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MODEL INDEX 
Model Page Model Page Model Page 

AD515 ................ 1-153 INA101 ................ 2-7 OPA2111DIE.... 11-30 
ADC10HT ...... 5-3 INA101/BS9000 ... 13-11 OPA8780/883B .... 12-110 
ADC71 5-13 INA1D1DIE ........... 11-18 OPA8785/883B .... 12-120 
ADC72.. .... . ... 5-21 INA102 ............ 2-18 PCI-3000 .............. 16-4 
ADC73..... . ..... 5-29 INA102DIE ...... 11-20 PCI-20000 ............. 16-4 
ADC76JG/KG ... 5-40 INA104 .. 2-26 PCM52 ................ 6-164 
ADC76AM/BM/JM/KM .5-48 INA105 ...... 2-36 PCM53JG ............ 6-164 
ADC80 ................ 5-56 INA110 .... 2-46 PCM53JP ............ 6-168 
ADC80H ............. 5-64 INA258/883B ........ 12-61 PCM54 ................ 6-180 
ADC84... . ... 5-72 IS0100 .............. 3-6 PCM55 ................ 6-180 
ADC85 .............. 5-72 LOG100 4-15 PCM75.. .5-123 
ADC87/883B... .. 12-8 MCS Series ........... 16-5 PGA100 ........ 2-58 
ADC574. . ........ 5-80 MP32 ....... 8-3 PGA102 ............... 2-66 
ADC600. 5-89 MPC4D. . ... 9-3 PGA200. .2-76 
ADC674. 5-93 MPC80.... ....... 9-10 PGA201 2-76 
ADC731 . 5-29 MPC8S .... .... .. ... 9-3 PSB100 ............. 14-7 
ADC803 ....... 5-102 MPC16S ............ 9-10 PWR1XX ...... 14-9 
ADC804. . .... 5-114 MPC800 ............ 9-17 PWR2XX .... 14-11 
DAC10HT ........... 6-5 MPC801 .............. 9-24 PWR3XX .14-13 
DAC63 ............... 6-12 MPY100 4-23 PWR4XX. . .... 14-15 
DAC70 ................ 6-20 MPY100/BS9000 .... 13-12 PWR5XX .............. 14-17 
DAC71 ............... 6-28 MPY534 .............. 4-31 PWR6XX ............. 14-19 
DAC71-CCD ......... 6-35 MPY634 .............. 4-38 PWR7XX .............. 14-23 
DAC72 . . . . ...... 6-20 Microcomputer PWR8XX .............. 14-25 
DAC73..... . .... 6-41 1/0 Systems ....... 16-2 PWR70 ............... 14-27 
DAC74.... . .. 6-49 Microterminals ....... 16-1 PWR71 ............... 14-29 
DAC80-CBI ........... 6-64 OPA11HT .. : .. 1-9 PWR72 ............... 14-31 
DAC80-CCO .......... 6-72 OPA21 ... . . .. 1-13 PWR74 ............... 14-33 
DAC82 ................. 6-78 OPA27 ... 1-17 REF10 ........... 4-46 
DAC85 ................. 6-85 OPA27/BS9000 ..... 13-13 REF101 ................ 4-52 
DAC87/883B ......... 12-24 OPA27DIE .. 11-22 SCADAR .............. 16-5 
DAC87-CBI-1 ........ 12-36 OPA27HT ............ 1-29 SDM854 ................. 8-7 
DAC90 .. 6-93 OPA37 ................ 1-17 SDM856 ..... 8-12 
DAC700. 6-98 OPA37/BS9000 ...... 13-14 SDM857 ............... 8-12 
DAC701 ............. 6-98 OPA37DIE ........... 11-24 SHC76 .................. 7-3 
DAC702. . .... 6-98 OPA37HT ..... 1-29 SHC85 ................. 7-11 
DAC702/BS9000 ..... 13-9 OPA101 .1-33 SHC298AM ........... 7-15 
DAC703 ..... 6-98 OPA102 .............. 1-33 SHC600 ............... 7-21 
DAC703/BS9000 .... 13-10 OPA103 ... 1-45 SHC803 .............. 7-24 
DAC705 ....... 6-106 OPA104 1-49 SHC804 ............... 7-24 
DAC706 .......... 6-106 OPA105/883B ....... 12-74 SHC5320 .............. 7-30 
DAC707... . ..... 6-106 OPA106/883B ....... 12-84 UAF11 ................. 4-60 
DAC708. . ..... 6-106 OPA111 ................ 1-53 UAF21 ................. 4-60 
DAC709.. . ..... 6-106 OPA111/BS9000 .... 13-15 UAF41. . ....... 4-68 
DAC710.. . ... 6-116 OPA111DIE .......... 11-26 VFC32......... .. 10-3 
DAC711 ....... 6-116 OPA111HT ............ 1-63 VFC32/BS9000 ...... 13-17 
DAC736 ......... 6-41 OPA121 ............... 1-67 VFC32DIE ............ 11-32 
DAC800 ........ 6-123 OPA121/BS9000 .... 13-16 VFC32/883B ....... 12-135 
DAC811 ...... 6-130 OPA128 .............. 1-73 VFC42 ................ 10-11 
DAC811DIE .......... 11-3 OPA156 ............... 1-81 VFC52 ................ 10-11 
DAC812 .. 6-138 OPA356 . .. . ....... 1-81 VFC62 ................ 10-17 
DAC850 ............. 6-144 OPA201 ............... 1-87 VFC62/BS9000 ...... 13-18 
DAC851 ............. 6-144 OPA404 ............... 1-95 VFC100 .............. 10-25 
DAC870/883B ....... 12-48 OPA501 .............. 1-103 VFC320 ............... 10-40 
OAC1200. . ..... 6-151 OPA511 . . .... 1-111 VFC320/BS9000 ..... 13-19 
DAC1201 ............. 6-155 OPA512 ....... 1-116 XTR100 ................ 2-82 
OAC1600 ..... 6-160 OPA600 .. . ... 1-121 XTR101 ................ 2-94 
DAC7700DIE ......... 11-8 OPA600/883B ....... 12-94 XTR110 ............... 2-104 
DAC7701DIE ........ 11-13 OPA605 .............. 1-129 ?<TR110DIE .......... 11-34 
Data Communication OPA606 ... ..... .1-135 100MS ................. 3-17 

Devices. . .... 16-5 OPA606DIE ........ 11-28 546 ..................... 14-3 
OlV100 ....... 4-7 OPA2111 ............. 1-143 550 ..................... 14-3 

Model Page 

551 .................... 14-3 
552.. . .. 14-3 
553.. . ......... 14-3 
554 ................... 14-3 
556. . ...... 14-3 
558 .. 
560 .. 
561. 
562. 

............. 14-3 

. ......... 14-3 
14-3 
14-3 

700 ................... 14-35 
710 ............ 14-37 
722 ......... 14-41 
724 ................... 14-45 
3329/03. . .... 1-157 
3450.. . ..... 3-19 
3451. . ........... 3-19 
3452.. .3-19 
3455.. 3-19 
3500.. . . . ...... 1-159 
3500/883B ......... 12-147 
3507J ....... 1-161 
3508J ................ 1-163 
3510 .................. 1-165 
3510VM/883B ...... 12-158 
3521 .. 1-167 
3522... . ....... 1-167 
3523 .. ..... 1-170 
3527.. . ...... 1-172 
3528 ................. 1-174 
3550.. . .......... 1-176 
3551 .. 1-180 
3553.... . ..... 1-184 
3554 ..... 1-188 
3571. . ........... 1-196 
3572.. . . ....... 1-196 
3573. 1-202 
3580 ...... 1-206 
3581... .1-206 
3582 .................. 1-206 
3583 .................. 1-210 
3584 .................. 1-214 
3606 .................. 2-114 
3627 .................. 2-122 
3650.. . ... 3-21 
3652 ......... 3-21 
3656 .................... 3-29 
4023/25 . . . . . .. ........ 4-80 
4085.. 4-82 
4115/04...... 4-88 
4127.. ..... ... 4-90 
4203.... ... . ... 4-97 
4204.. ....... . ... 4-99 
4206 .................... 4-99 
4213 ................... 4-105 
4213/BS9000 ......... 13-20 
4213/883B ..... ..... 12-166 
4214 ................... 4-109 
4302 ................... 4-111 
4340 ................... 4-117 
4341 .................. 4-119 
4423 ................... 4-123 

A complete price list for these products is located inside the back cover. 
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Building An Unequalled Reputation, Worldwide, 
for Quality, Performance, Reliability 
Data acquisition, signal conditioning, and computer I/O components 
and systems from Burr-Brown are recognized and used worldwide. 
Over the past two decades these products have earned a reputation for 
superior quality, exceptional performance, and consistent reliability-

··perhaps the best reputation for workmanship in our industry. 

Cost effectiveness of our products has been proven in a host of· 
applications: in industrial and process control; test instrumentation, . 
aerospace systems, environmental monitoring, medical-clinical, and 
analytical instrumentation. 

We have built our credibility by being totally responsive to our 
customers' requirements. Knowing the problems encountered in the 
real world, we apply the best, most appropriate, and proven technol
ogies to achieve practical solutions. 

Our integrated circuits have become more complex, more sophisti
cated as we continue to combine and .vertically integrate multiple 
functions into smaller, space-saving packages. When you .select these 
versatile "mini-systems" your design and assembly time is decreased 
while your products' performance and reliability are increased. And 
today you pay less, per function, as these microcircuits and subsystems 
work more efficiently for you. 

At Burr-Brown, quality and reliability are built-in by conservative 
cjesigns, ·carefully selected components and manufacturing processes, 
by intensive, thorough testing, and stringent quality control. 

Customers also give Burr-Brown high marks for service and support. 
Our technical literature is among the best in the industry and our 
global applications and sales force is factory trained-highly qualified 

. to help you in product selection and use. Wherever in the world you 
contact us, you can be assured of prompt, courteous, efficient service-
and superb product performance. 
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BURR-BROWN 
INTEGRATED CIRCUITS 

DATA BOOK 

The Burr-Brown Integrated Circuits Data Book contains detailed 
product data sheets for our broad line of precision integrated circuits 
for signal processing, data acquisition, and data transmission. In 
addition, it includes supplementary data for these products, such as 
screening programs available, a list of other technical literature that 
you may order, accessories, and information on how to interface with 
Burr-Brown. 

To acquaint you with the full breadth of the Burr-Brown product line, 
we also include information on the products from our Data Acquisition 
And Control Systems Division. Additional detailed manuals are avail
able for most of these products upon request. Contact your local 
Burr-Brown Sales Office listed inside the back cover. 

For your convenience the Data Book is separated into 16 major 
sections: Operational Amplifiers, Instrumentation Amplifiers, Isolation 
Amplifiers, Analog Circuit Functions, Analog-to-Digital Converters, 
Digital-to-Analog Converters, Sample/Hold Amplifiers; Data Acquisi
tion Components, CMOS Multiplexers, VOltage-to-Frequency Conver
ters, High Performance Chips, Military Products, BS9000 Products, 
Modular Power Supplies, Accessories, and System and Subsystem 
Products. Each right-hand page has a margin tab on the outer edge. 
The tab index on page V provides a visual guide to the major sections. 

At the beginning of each product section, you will find explanatory 
material and a selection guide to assist you in selecting the product 
most suitable for your applications. The selection guide also contains 
page numbers for individual product data sheets. 

An index of products in this Data Book, listed in alphanumeric order, 
is found on the inside of the front cover. A general table of contents 
appears on page IV. 
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INTERFACING WiTH BURR-BROWN 

PLACING AN ORDER 
Orders may be placed via mail, telephone, TWX or TELEX with any authorized Burr-Brown field sales 
office, sales representative, or our headquarters in Tucson. Our offices are listed inside the back cover of 
this Data Book. When placing your order, please provide complete information, including model number 
with all option designations, product description or name, quantity desired, and ship-to and bill-to 
addresses. 

TECHNICAL ASSISTANCE 
Burr-Brown has a large and competent field sales force, backed-up by an experienced staff of 
applications specialists. They will be most happy to assist you in selecting the right product for your 
application. This service is available, wit~out charge, from all sales offices and from our headquarters in 
Tucson. 

DATA SHEETS/LITERATURE 
Product data sheets or manuals,similar to those in this Data Book but perhaps containing more recent 
revisions, are available for most of the produc'ts listed in this Data Book. Application Notes and other 
supporting literature are also availabl!3 on request. If you wish a copy of any of these items simply contact 
your nearest Burr-Brown sales Office or representative. 

PRICES AND TERMS 
Prices listed in this catalog, unless otherwise noted, apply only to domestic USA customers: all other 
customers should contact.their local Burr-Brown representative for price information. 

All prices are FOB Tucson, Arizona, USA, in U.S. dollars. Applicable federal,state, and local taxes are 
extra. Terms are net 30 days. Prices and specifications are subject to change without notice. 

QUOTATIONS 
Price quotations made by Burr-Brown or its authorized field sales representatives are valid for 30 days. 
Delivery quotations are subject to reconfirmation at the time of order placement. 

RETURNS AND WARRANTY SERVICE 
When returning products for any reason, it is necessary to contact Burr-Brown, prior to shipping, for 

. authorization and shipping instructions. In the U.S., contact our Tucson headquarters. In other 
countries, contact your nearest Burr-Brown field sales office or representative. Returned units should be 
shipped prepaid and must be accompanied by the original purchase order number and date, and an 
explanation of the malfunction . Upon receipt of the returned unit, Burr-6rown will verify the malfunction. 
and will inform you of the warranty status, cost to repair or replace. credits. and status of replacement 
units where applicable. 
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HIGH RELIABILITY 
PROGRAMS 

Burr-Brown is committed to providing products of high quality and reliability. This is manifested by designing 
for conservative stress levels, careful selection of components and processes, comprehensive testing 
procedures, thorough quality control practices, and optional programs of military screening. The Burr-Brown 
Q-Progam, described below, is intended as a reliable enhancement of standard Burr-Brown products by 
subjecting them to a defined program of environmental stresses. 

An even more comprehensive reliability program, aimed particularly at the needs of military customers, is the 
IMIL program which includes manufacturing procedures per MIL-M-3B510 and screening procedures per 
MIL-STD-BB3. This program, and the products available under it, are described in section eleven of this Data 
Book. 

THE Q-PROGRAM 
The Burr-Brown Q-Program is designed to further enhance the reliability of Burr-Brown microcircuits at a 
reasonable cost. The Q-Program is appropriate for some military and aerospace applications, industrial 
control systems, medical patient monitoring instrumentation, and other applications where failure may be 
expensive or where replacement of parts is difficult and inconvenient. The Q-Program consists of the screen
ing of standard Burr-Brown microcircuits in accordance with applicable test methods of MIL-STD-BB3. The 
screening sequences. shown below identify the mechanical, electrical, and thermal stresses applied to all 
Q-Products. 

Q-SCREENING SEQUENCE 

STEP SCREEN PROCEDURE 
RoutinelY INTERNAL VISUAL INSPECTION Burr-Brown QC411 B I copies available on request) 
performed 100% Iprecapi 
on all Burr-Brown ELECTRICAL TEST, 100% Per appropriate Burr-Brown product data sheet 

P.odU'j Ipostcapi 
STABILIZATioN BAKE MIL-STD-BB3, Method 100B 
TEMPERATURE CYCLING MIL-STD-BB3, Method 1010 
HERMETICITY, GROSS LEAK MIL-STD-BB3, Method 1014 
HERMETICITY, FINE LEAK MIL-STD-BB3, Method 1014 
BURN-IN MIL-STD-BB3, Method 1015 
CONSTANT ACCELERATION MIL-STD-BB3, Method 2001 

(j) 
I centrifuge I 
FINAL ELECTRICAL TEST Per appropriate Burr-Brown product data sheet 
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Explanation of Screening Steps ... 

- INTERNAL VISUAL INSPECTION 
This is a microscopic examination of the product performed prior to capping in order to verify 
conformance to Burr-Brown standards of quality for material, methods of construction, and work
manship: Its purpose is to detect and eliminate devices with internal defects which could lead to failures 
under the thermal, mechanical, and electrical stresses of extended operation~ 

-100% ELECTRICAL TEST 
Each product is tested in accordance with the appropriate Burr-Brown product data sheet., These tests 
will normally include static and dynamic tests at +25°C, as well as drift tests Qver ,the operating 
temperature range. 

(!)sTABiliZATION BAKE 
In this step the product is stored at an elevated temperature without electrical stress applied. The 
purpose is to stabilize circuit parameters through accelerated aging. 

@TEMPERATURE CYCLING 
The product is alternately exposed to extremes of high and low temperature such as would be 
experi,enced when parts or equipment are transferred to and from heated shelters in arctic areas. The 
purpose is to check for permanent changes in operating characteristics and physical damage resulting, 
principally from variation in dimensions and other physical properties. 

(!.(9tERMETICITY - GROSS AND FINE lEAK 
The purpose of these two tests is to verify the hermeticity of the seal of integrated circuits having 
internal cavities which are evacuated or filled with gas. The test is intended to determine those devices 
which,when exposed for long periods to atmosphere containing high concentration of water vapor Or 
other gaseous contaminants, would degrade in performance and become latent failures. 

@BURN-IN' 
During burn-in the device is subjected to a high temperature for an extended period of time, with power 
applied. The burn-in screen is performed in order to eliminate marginal devices with inherent defects. In 
the absence of burn-in, these defective devices would be expected to result in infant mortality or ear'ly 
lifetime failures under use conditions. 

@CONSTANT ACCELERATION 
This test subjects the product to a constant acceleration force in a centrifuge. The purpose is to detect 
and eliminate devices having structural and mechanical weaknesses that :::ould' lead to failure when 
subjected to mecha'nical stresses during application. 

(!)FINAL ELECTRICAL TEST 
This is a repetition of the 100% electrical test above. Devices which pass this test, after successfully 
passing the above screening test. are qualified as Q-parts. 
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'HANDLING PROCEDURES FOR MICROCIRCUI'TS 
In developing handling procedures for microcircuits it is well to keep in mind that virtually all semiconductor devices 
are vulnerable in some degree to damage from the discharge of electrostatic energy. This is due to the small 
dimensions involved. It should be noted that electrostatic damage (ESD) to semiconductor devices can cause 
effects ranging from a degradation in performance, to latent failure, or immediate failure, of the device involved. 
We at Burr-Brown are directly concerned with this subject because our products are designed to achieve the highest 
performance and precision. Often, this depends upon a high degree of device matching or precision within the 
microcircuit and any degradation due to ESD is unacceptable. Accordingly, we have developed a set of guidelines 
that will minimize the exposure of our products to possible electrostatic damage during manufacturing and 
handling at Burr-Brown. We strongly recommend that our customers adopt similar procedures throughout their 
handling and utilization of these and other semiconductor products. These guidelines are summarized below: 
GUIDELINES . 
1. Eliminate souces of e:SD by removing static generating materials from all areas that handle products, by 

grounding ~II operators, equipment; and work stations where products are handled or stored, arid by 
transporting and shipping products in static-free containers. 

2. Shield products from potential dallJage by using a conductive Faraday shield where practical. 
3. Shunt electrostatic charges and voltage potentials to zero where practical by connecting together all leads of 

each device by means of a conductive material. 
ELIMINATE SOURCES OF ESD 
It is highly desirable to eliminate static-generating materials from close proximity to products. This includes the 
elimination of all plastics, such as wrapping and packing materials, which have not been properly treated to achieve 
antistatic properties. 
Antistatic isa term used to describe insulators which have been treated to reduce their very high surface resistance 
from a value in excess of a million meghoms to a value in the vicinity of one megohm. 
The human body has been electrically characterized as a capacitor ranging from 100 to 200 picofarads and a 
resistance ranging from 500 ohms to several thousand ohms. As in electrical applications, the best way to prevent an 
accumUlation of charge, or to drain the accumUlation of existing charge on a capacitor, is to short the capacitor 
terminals together. The body'is one plate of the capacitor with earth being the other. The only way to effectively 
short this capacitor is to connect the body to earth ground. For reasons of safety, this connection should include 
approximately one megohm of series resistance, or a ground fault interrupter. There should be periodic 
measurement to assure proper continuity all the way from the wrist strap connection to earth ground, and that the 
safety protection is operational. The Wrist strap must have continuity to the skin in order to drain off the accumulated 
charge. Work station surfaces should be m'etallic or conductive plastic and should also be grounded through one 
megohm of series resistance, or have ground fault interrupters. 
Static-free containers are important in storing and transporting product because the product could act asone plate 
of the capacitor and the container the other plate. Thus, it is possible to induce a charge, and therefore create a 
voltage, on the product without ohmic contact. Because of area and spacing considerations only unusual situations 
could cause damage, but it is nevertheless a possibility. 
SHIELDING 
In 'even the most optimum environments, there is always the potential for some accumulation of charge. The most 
positive control is fo shield the product from potentially damaging electrostatic fieldS by use of a highly conductive 
I Faraday) shield. Antistatic enclosures or wrappers are only low enough in resistance to disperse accumulated. 
charge. The Faraday shield must be low enough in resistance to completely conduct any electrostatic field around 
the product and prevent any field inside the enclosure. To be totally effective the Faraday shield must completely 
enclose the product. In addition, only antistatic materials may be used inside the container to assLire that internal 
charge is not developed. 
SHUNTING 
Shunting is one of the most cost-effectiveways to protect products during assembly, testing, packing, unpacking, 
and handling. With a short circuit across sensitive terminals, it is nearly impossible to develop the voltages required 
for damage to occur. The limitation to this occurs when it is possible to induce large voltages internally in complex 
microcircuits. We can only shunt or short the exterior connections. 
OTHER MEASURES 
To help minimize the buildup of electrostatic charge it is desirable to control relative humidity to as high a value as 
practical (50% is recommended). In addition,. where it is not possible to ground all surfaces, or where non
conducting surfaces cannot be completely eliminated, a good alternative may be the use of ionized air blowers. 
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BURR-BROWN:' ... 
TECHNICAL" LIBRARY 

The Burr-Brown engineei-ing staff, in. cooperation with 
McGraw-Hili have authored the world's most extensive 
and authoritative library dealing with the art of analog 
signal conditioning, conversion, and computation. These 
books,· respected and referenced throughout the 
international engineering community, are available to 
you directly fr~m Burr-Brown. . .. . 

FUNCTION CIRCUITS 
Design and . Applications 
This new volume in the growing Burr-Brown series is the 
first to deal with the inuIti-fac~ted area of analog function 
circuits. FUNCTION CIRCUITS explores in depth both 
the design theory and numerous applications for such 
analog functions as Multipliers, Dividers, Logarithmic 
Amplifiers, Exponentiators, RMS Converters, arid 
Active Filters. It also shows clearly how to specify and 
test these functions, . which are increasingly becoming 
available in the form of integrated circuits. As in previous 
Burr-Brown books, the emphasis is on practicality while 
maintaining a rigorous treatment of theory. Numerous 
graphs and formulas are presented to allow the user to 
obtain optimum circuit performance (over 300 pages and 
200 illustrations). 

DESIGNING WITH . 
OPERATIONAL AMPLIFIERS 
Applications Alternatives 
This latest volume in Burr-Brown's well-known series on 
Operation~1 Amplifiers presents a wealth" of new 
applications and circ]Jit'techniques which have evolved 
since publication"" of the previous two books. The" 
applications are presented in a manner that will aid the 
user in developing further circuits. In addition to 
providing completed designs, the" applications include 
explaIiations of circuit "operation. Practical limitations 
are discussed and pertinent design equations presented to 
allow ada ptation to specific application requirements. 

New applications include amplifier performance 
improvement techniques, signal analyzers, signal 
conditioners, absolute-value circuits, signal generators, 
computing circuits, data transinissioncircuits, and test 
an'measurement circuits (approximately 270 pages and 
200 illustrations). 

OPERATIONAL AMPLIFIERS 
" Design and Applic~tions 

Covering ba~ic theory, test methods,amplifier" design 
techniques, and appiications, this pioneer work provides 
practical information which can be directly applied to 
instru.mentation d"esign. " 

Th~ book is divided into two principal parts and two 
appendices. Part I considers the design of operational 
amplifiers, offers insight into the factors determining 
performance characteristics, and outlines the techniques 
available for their control. Part II presents awiderange of 
practical operational "amplifier applications, and· 

" provides sufficient descriptions o( operation to" permit 
design adaption from the specific circuits described. In 
Appendix A the basic theory of operational amplifiers is" 
reviewed to provide an accompanying reference: 
Appendix B gives concise definitions of the performance 
parameters used to characterize operational amplifiers; 
and provides associated test circuits (over 470 pages and 
300 illustrations). 
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APPLICATIONS OF 
OPERATIONAL AMPLIFIERS 
Third Generation Techniques 

This is the second volume in the opera
tional amplifier series. More than just a 
collection of circuit or theoretical analy
sis, the book presents numerous appli
cations of operational amplifiers in a var
iety of electronic equipm~nt: specialized. 
amplifiers, signal controls, processors, 
waveform generators, and special-purpose 
circuits. It is a storehouse of detailed 
practical information, featuring numer
ous circuit diagrams, circuit values, per
tinent design equations, error sources, 

APPLICATION NOTES 

and test-based comments· on the effi
ciency of the arrangements and devices 
(over 230 pages and 170 illustrations) .. 

BURR-BROWN UPDATE 
The Burr-Brown Update is published 
several times per year to keep our cus
tomers informed about new product devel
opments, literature, and applications; If 
you would iike to receive this publica
tion on a regular basis, please contact 
your nearest Burr-Brown sales office or 
representative and ask to be put on our 
Update mailing list. . 
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OPERATIONAL AMPLIFIERS 

Burr-Brown operational amplifiers are iisted in eight applica
tions groups and are described below. This enables the user to 
determine and select the best operational amplifier available 
for a design requirement. Instrumentation amplifiers and isola
tion amplifiers are described in sections 2 and 3 respectively. 

General Purpose-General purpose operational amplifiers are 
suited for a wide variety of applications. They give moderately 
good performance over a wide range of parameters at moderate 
cost. This applications group contains both FEr and bipolar 
input models with frequencyresponses of O.5MHz to 1.5MHz 
and offset voltages as low as 1mV. . 

Low Drift-Low drift operational amplifiers are best suited for 
applications where accuracy must be preserved over a sub- . 
stantial temperature range. These amplifiers are optimized to 
minimize the initial input offset voltage and input offset voltage 
change with temperature. Input offset drifts from O.1pV/oC to 
5pV/oC are available within this group~ 

Low Bias Current-Low bias current operational amplifiers 
consist of FET input designs. This group includes amplifiers 
with input bias currents from O.01pA to1nA. Applications with 
large feedback resistances or large source resistances (long 
time constants, integrators, current sources, etc.) and buffer 
applications will benefit by the use of low bias current 
amplifiers. . 
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LowNoise'--This group contains low noise'bipola~ and FET 
input operational' amplifiers. Burr-Brown units offer guaran
teed noise spectral density, 100% tested. In applications like 
low noise signal conditioning, light measurements, radiation 
measurements,photodiode circuits or low noise data acquisi
tion, the fully characterized and tested voltage noise peiior
mance of these units allows the designer to truly bound noise 
errors. . . .. : 

Wideband-Wideband operational amplifiershave bandwidths 
greater than 10M Hz. This group also ,contains fast settling and 
high slew rate amplifiers. These, amplifiers reduce phase 
errors at high frequencies and accurately: reproduce complex 
waveforms. These a,mplifiers are wellsuited for pulse, video, 
fast settling, and multiplexing appiications. 

. . " . . 

High Voltage-The amplifiers in this group are designed to 
provide large output voltage swings and to operate on wide 
ranges of supply voltage. Qutput voltages greater than ±10V 
and up to ±145V are available in this applications group (up to 
290V, single supply). These amplifiers provide good frequency 
response and peiiormance in other parameters. Most models 
have electrically isolat'ed packages and automatic' thermal 
sensing and shutdown., All units have FET inputs to m'inimize 
bias current errors when the amplifier is used with the large 
resistances usually found with high voltage amplifiers. 

, ;' .. 
High Current-These amplifiers provide output currents from 
±10mA to ±10A. They are used with small load resistances, 
coax cable impedance,and with power booster applications. 
Many units have self-coritained'thermal sensing and shutdown 
to ,automatically prote~t the amplifiers from overheating and 
damage. All of these units have electrically isolated packages. 

Unity-Gain Buffer (Power Booster)-Unity-gain buffer ampli
fi,ers have a wide variety of applications. They are used to 
boost the output current capability of another amplifier, buffer 
an impedancethat might load acritical circuit or to be an in'put 
impedance converter from an input which must not be loaded. 
These amplifiers may also be used inside the feedback loop of 
another operational amplifier to form a current-boosted, com
positeamplifier. 
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SELECTION GUIDE 

GENERAL PURPOSE 

These moderately priced FET and bipolar. op amps offer good 
performance over a wide range of parameters. These are good 
options when a special function op amp is not required. You can be 

confident that Burr-Brown's quality and reliability are inherent in 
their design. 

GENERAL PURPOSE 

Offset Voltage, 
Bias Open 

Frequency 
max 

Current Loop 
Response 

At Temp (25'C), G'ain, Unity Slew 
Rated 

25'C, Drift, max min Gain Rate 
Output, min 

Temp 
Description Model (±mV) (±pVI'C) (nA) (dB) (MHz) (Vlpsec) (±V) (±mA) Rangel1l Package Page 

Low Power OPA21GZ 0.5 5 50 114 0.3 0.2 13.6 1.3 Ind DIP 1-13 
OPA21EZ 0.1 1 25 120 0.3 0.2 13.7 1.4 Ind DIP 1-13 

Swltchable OPA201AG 0.5 5 50 114 0.5 0.1 13.5 5 Com DIP 1-87 
Input OPA201BG 0.2 2 40 114 0.5 0.1 13.5 5 Com DIP 1-87 

OPA201CG 0.1 1 25 120 0.5 0.1 13.5 5 Com DIP 1-87 
OPA201SG 0.2 2 40 114 0.5 0.1 13.5 5 MIL DIP 1-87 

FET· OPA103AM 0.50 25 -0.002 106 1 1.3 10 5 Ind· TO-99 1-45 
OPA103BM 0.50 15 -0.001 106 1 1.3 10 5 Ind TO-99 1-45 
OPA103CM 0.25 5 -0.001 106 1 1.3 10 5 Ind TO-99 1-45 
OPA103DM 0.25 2 -0.001 106 1 1.3 .10 5 Ind TO-99 1-45 

Low Cost OPA121KP 3 10 ±C.010 106 2 2 10 5 Com DIP 1-67 
FET OPA121KM 2 10 ±0.005 110 2 2 10 5 Com TO-99 1-67 

Wide Temp OPAllHT 5 5121 - ±25 94 12.0 7.0 .. 10 15 -55°C to TO-99 1-9 
Range +175'C 

OPA27HT 0.05 0.25'" lpA 120 6 1.9' 12 16121 ~55'C to TO-99 1-29 
+200'C 

OPA37V!T 0.05 0.25121 lpA 120 36 11.9 12 16121 -55'Clo TO-99 1-29 
+200'C 

OPA111HT 0.5 8121 0.002 114 2 2 10 5 -55'C to TO-99 1-63 
+200'C . 

NOTES: (I) Com = 0 to +70'C; Ind = -25'C to +85'C; MIL = -55'C to +125'C. (2) Typical. 

LOW DRIFT 

Low offset voltage drift vs temperature performance in both FET 
and bipolar input types is obtained by our sophisticated drift 
compensation techniques. First, the drift is measured and then 

special laser trim techniques are used. to minimize the drift and the 
initial offset voltage'at 25°C. Finally, "max drift" performance is 
retested for conformance with specifications. 

LOW DRIFT, (:S;5IlVl'C) 

Offset Voltage, 
Bias Open 

Frequency 
max 

Current Loop 
Response 

At Temp (25'C) .. Gain. Unity Slaw 
Rated 

25'C Drift max min Gain Rate 
Output, min 

Temp 
Description Model (±mV) (±PVI' C) (nA) (dB) (MHz) (VljlS8c) (±V) (±n\A) Rangel1l Package Page 

FET OPA103CM 0.25 5 -0.001 106 I 1.3 10 5 Ind TO-99 1-45 
OPA103DM 0.25 '2 -0.001 106 1 1.3' 10 5 Ind TO-99 1-45 

OPA111AM 0.5 5 ±D.002 114 2 2 II I; Ind .' TO-99 I-53 
OPAlllBM 0.25 .1 ±0.001 120 2 2 11 5 Ind TO-99 1-53 
OPA111SM 0.5 5 ±0.OO2 114 2 2 11 5 MIL TO-99 I-53 

Wldeband OPA156AM 2 5 0.05 94 6 14 10 5 MIL TO-99 1-81 
OPA356AM 2 5 0.05 94 6 14 10 5 Com TO-99 1-81 

OPA606LM 0.5 5 ±0,O1 100 13 35 12 5 Com TO-99 1-135 

Dual FET OPA2111BM 0.5 2.8 ±0.004 114 2 2 11 5 Ind TO:99 1-143 
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LOW DRIFT (:S5pVI"C) (Continued) 

Offset Voltage, 
Bias Open 

Frequency 
max Current Loop 

Response 

At Temp (25',C), Gain, Unity Slew 
Rated 

25'C Drift max min Gain Rate 
Output, min 

Temp 
Description Model (±mV) (±pVl'C) (nA) (dB) (MHz) (Vlpsec) (±V) (±mA) Rangenl Package Page 

Bipolar OPA27A 0.025 0.6 ±40 120 8 1.9 12 16.6, MIL 1-17 

OPA37A 0.025 0.6 ±40 120 .63121 11.9 12 16.6 MIL 1-17 

OPA27B 0.060 1.3 ±55 120 8 1.9 12 16.6 MIL 1-17 
OPA37B 0.060 1.3 ±55 120 63m, 11.9 12 16.6 MIL 1-17 

OPA27C 0.100 1.8 ±80 117 8 1.9 12 16.6 MIL 1-17 

OPA37C 0.100 1.8 ±80 117 63121 . 11.9 12 16.6 MIL ,TO-991 1-17 

OPA27E 0.025 0.6 ±40 120 8 1.9 12 16.6 Ind DIP 1-17 
OPA37E 0.025 0.6 ±40 120 63121 11.9 12 16.6 Ind 1-17 
OPA27F' 0.060 1.3 ±55 120 8 1.9 12 16.6 Ind 1-17 

OPA37F 0.060 1.3 ±55 120 63121 11.9 12 16.6' Ind 1-17 
OPA27G 0.100 1.8 ±60 117 8 1.9 12 16.6 Ind 1-17 
OPA37G 0.100 1.8 ±80 117 63121 11.9 12 16.6 Ind 1-17 

OPA27GP 0.100 1.8 ±80 117 8 1.9 12 16.6 Com DIP 1-17 
OPA37GP 0.100 1.8 ±80 117 63121 11.9 12 16.6 Com DIP 1-17 

Ultra-Low OPA128LM 0.5 5 ±751A 110 1 3 10 5 Com TO-99 1-73 
Bias FET 

Low Power OPA21EZ 0.1 1 25 120 0.3 0.2 13 5 Ind DIP 1-13 
OPA21GZ 0.5 5 50 114 0.3 0.2 13 5 Ind DIP 1-13 

NOTES: (1) Com; 0 to +70'C, Ind; -25'C to +85'C, MIL; -55'C to +125'C. (2) Gain,bandwidth product lor OPA37. Av; 5 minimum. 

LOW BIAS CURRENT 

Our many years of experience hi designing, manufacturing and 
testing FET amplifiers gives us unique abilities in providing low 
and ultra low bias current op amps. These amplifiers offer bias 

currents as low as 75fA (75 X 10-15 amps) and low voltage drift as 
low as IIlV/oC. With offset voltage laser-trimmed to as low as 
250llV, the need for expensive trim pot adjustmenis is eliminated. 

LOW BIAS CURRENT (:S100pA) 

Offset Voltage, 
Bias Open 

Fraquency 
max Current Loop 

Response 

At Temp (25'9), Gain, Unity Slew 
Rated 

25'C, Drift, max min Gain Rate 
Output, min 

Temp 
Description Modelill (±mV) (±pVrC) (pA) (dB) (MHz) (Vlpsec) (±V) (±mA) Range·11 Package Page 

Premium OPA111AM 0.5 5 ±2 114 2 2 11 5 Ind TO-99 1-53 
Performance OPAlllBM 0.25 1 ±1 120 2 2 11 5 Ind TO-99 1-53 

OPA111SM 0.5 5 ±2 li4 2 2 11 5 MIL TO-99 1-53 

Low Bias OPA103AM 0.50 25 -2 106 1 1.3 10 5 Ind TO-99 1-45 
Current OPA103BM 0.50 15 -1 106 1 1.3 10 5 Ind TO-99 1-45' 

OPA103CM 0.25 5 -1 106 1 1.3 10 5 Ind TO-99 1-45 
OPA103DM 0.25 2 -1 106 1 1.3 '10 5 Ind TO-99 1-45 

Low Noi .. OPA101AM 0.50 10 -15 94 10 6.5, 12 12 Ind TO-99 1-33 
OPA101BM 0.25 5 -10 94 10 6.5 12 12 Ind TO-99 1-33 
OPA102AM 0.50 10 -15 94 40 14 12 12 Ind TO-99 1-33 
OPA102BM 0.25 5 ,-10 94 40 14 12 12 Ind TO-99 1-33 

Ultra-Low OPA104AM 1.0 25 -0.300 106 1 2.2 ,10 5 Ind TO-99 1'-49 
Bias OPA104BM 0.50 15 -0.150 106 1 2.2 10 5 Ind TO-99 1-49 
Current OPA104CM 0.50 10 -0.Q75 106 1 2.2 10 5 Ind TO-99 1-49 

3528AM, (0) 0.50 15 -0.300 88 0.7 0.3 10 5 Ind TO-99 1-174 
3528BM, (0) 0.25 5 -0.150 92 0.7 0.3 10 5 Ind TO-99 1-174 
3528CM, (0) 0.50 10 -0.075 90 0.7 0.3 10 5 Ind TO-99 1-174 

OPA12~JM 1 20 ±0.300 94 1 3 10 5 Com TO-99 1-73 
OPA128KM 0.5 10 ±0.150 110 1 3 10 5 Com TO-99 1-73 
OPA128LM 0.5 5 ±D.Or5 110 1 3 10 5 Com '-0-99 1-73 
OPA128SM 0.5 10 ±0.150 110 1 3 10 5 MIL TO-99 1-73 

Dual FET OPA2111AM 0.75 6 ±8 110 2 2 11 5 Ind TO-99 1-143 
OPA2111BM 0.5 2.8 ±4 114 2 2 11 5 Ind TO-99 1-143 
OPA2111SM 0.75 6 ±8 110 2 2 ,11 5 MIL TO-99 1-143 

Ouad FET OPA404AG 1 3141 ±8 88 6.4 35 11.5 5 Ind DIP 1-95 
OPA404BG 0.75 3141 ±4 92 6.4 35 12 5 Ind DIP 1-95 
OPA404SG 1 3'41 ±8 88 6.4 35 11.5 5 MIL DIP 1-95 

Low Cost OPA121KM 2 10 ±5 110 2 2 11 5 Com TO-99 1-67 
OPA121KP 3 10, ±10 106 2 2 11 5 Com DIP 1-67 

1-4 



LOW BIAS CURRENT ($100pA) (Continued) 

Offset Vollege, 
Bias Open 

Frequency 
max 

Current Loop 
Response 

At Temp (25°C), Gain, .Unlty Slew 
Rated 

25°C, Orift, max min Gain Rate 
Output, min 

Temp 
Description Model111 (±mV) (±/lVlOC) (pA) (dB) (MHz) (Vll'Sec) (±V) (±mA) Rangel21 Package Page 

Wideband 3554AM, (0) 2 50 -50 100 1000 1000 10 100 Ind TO-3 1-188 
3554BM, (0) 1 15 -50 100 1000 1000 10 100 Ind TO-3 1-188 
3554SM, (0) ,. 25 -50 100 1000 1000 10 100 MIL TO-3 1-188 

OPA156AM 2 5 50 94 6 14 10 5 MIL TO-99 1-81 
OPA356AM 2 5 50 94 6 14 10 5 Com TO-99 1-81 

OPA606KM 1.5 Sf'" ±15 95 12.5 33 11 5 Com TO-99 1-135 
OPA606LM 0.5 5 ±10 100 13 35 12 5 Com TO-99 1-135 
OPA606SM 1.5 5141 ±15 95 12.5 33 11 5 MIL TO-99 1-135 
OPA606KP 3 10141 ±25 90 12 30 11 5 Com DIP 1-135 

High 3571AM, (0) 2 40 -100 94 0.5 3 30 lA Ind TO-3 1-196 
Current 3572AM 2 40 -100 94 0.5 3 30 2A Ind TO-3 1-196 

High 3580J 10 30 -50 86 5 15 30 60 Com TO-3 1-206 
Voltage 3581J 3 25 -20 94 5 20 70 30 Com TO-3 1-206 

3582J, (0) 3 25 -20 100 5 20 145 15 Com TO-3 1-206 
3S83AM, (0) 3 25 -20 105 5 30 140 75 Ind TO-3 ·1-210 
3583JM 3 25 -20 94 5 30 140 75 Com TO-3 1-210 
3584JM, (0) 3 25 -20 100 20 150 145 15 Com TO-3 1-214 

Fast OPA600VM 4 20 -100 B6 6000131 500 10 200 MIL DIP 12-94 
Settling OPA600UM 5 100 -100 B6 SOOOl31 500 10 200 MIL DIP 12-94 

Ll'wCost, AD515JH 3 50 0.300 86 0.35 1 10 5 Com TO-99 1-153 
Ultra-Low AD515KH 1 15 0.150 92 0.35 1 10 5 Com TO-99 1-153 
Bias Current AD515LH 1 25 0.075 B8 0.35 1 10 5 Com TO-99 1-153 

NOTES: (1) "(0)" indicates product also available with screening for increased reliability. See High Reliability Screening, section 12. (2) Com = 0 to 
+70°C; Ind = -25°C to +B5°C; MIL = -55°C to +125°C. (3) Gain-bandwidth product. (4) Typical. 

LOW NOISE 

Now both FET and bipolar input op amps are offered with 
guaranteed low noise specifications. Until now the designer had to 
rely on "typical" specs for his demanding low noise designs. These 

fully characterized parts allow a truly complete error budget 
calculation. 

LOW NOISE (Guaranteed e.) 

Noise 
Frequency 

Voltage Bias 
Offset 

Open 
Response 

at Current 
Voltage, max 

Loop Slew 
10kHz, (25°C) At Temp Gain, Rate, 

Rated 
Temp 

max ~ax 25°C Drift min GBW min 
Output, min 

Range 
Description Model (nVlJRi) (pA) (±mV) (±/lVl'C) (dB) (MHz) (Vll'Sec) (±V) (±mA) '" Package Page 

Bipolar OPA27A 3.B ±40nA 0.025 0.6 120 B 1.7 12 16.6 MIL 1-17 
OPA37A 3.B ±40nA 0.025 0.6 120 63 11 12 16.6 MIL 1-17 

OPA27B 3.B ±55nA 0.060 1.3 120 8 1.7 12 16.6 MIL 1-17 

OPA37B 3.B ±55nA 0.060 1.3 120 63 11 12 16.6 MIL 1-17 
OPA27C 4.5 ±BOnA 0.100 I.B 117 B 1.7 12 16.6 MIL 1-17 
OPA37C 4.5 ±BOnA 0.100 I.B 117 63 11 12 16.6 MIL TO-991 1-17 
OPA27E 3.8 ±40nA 0.025 0.6 120 B 11 12 16.6 Ind ,DIP 1-17 
OPA37E 3.8 ±40nA 0.025 0.6 120 63 11 12 16.6 Ind 1-17 
OPA27F 3.8 ±55nA 0.060 1.3 120 8 1.7 12 1'6.6 Ind 1-17 
OPA37F 3':8 ±55nA 0.060 1.3 120 63 11 12 16.6 Ind 1-17' 

OPA27G 4.5 ±BOnA 0.100 I.B 117 B 1.7 12 16.6 Ind ;-17 

OPA37G 4.5 ±BOnA 0.100 I.B 117 63 11 12 16.6 Ind 1-17 

FET OPA101AM B -15 0.5 10 94 20 5 12 12 Ind TO-99 1-33 
OPA101BM 8 -10 0.25 5 94 20 5 12 12 Ind TO-99 1-33 

OPA102AM 8 -15 0.5 10 94 40 10 12 12 Ind TO-99 1-33 

OPA102BM 8 -10 0.25 5 94 40 10 12 12 Ind TO-99 1-33 

OPA111AM 8 ±2 0.5 5 114 2 1 11 5 Ind TO-99 1-53 
OPAll1BM 8 ±1 0.25 1 120 2 1 11 5 Ind TO-99 1-53 
OPA111SM 8 ±2 0.5 5 114 2 1 11 5 MIL TO~99 1-53 

OPA606LM 13 ±10 0.5 5 100 13 25 12 5 Com TO-99 1-135 

Low Cost OPA27GP 4.5 ±80nA 0.100 1.8 117 8 1.9121 10 16.6 Com DIP 1-17 
OPA37GP 4.5 ±80nA 0.100 1.8 117 63 11.9121 10 16.6 Com DIP 1-17 

Dual FET OPA2·111AM 8 ±8 0.75 6 110 2 1 11 5 Ind TO-99 1-143 
OPA2111BM 8 ±4 0.5 2.8 114 2 I 11 5 Ind TO-99 1-143 
OPA2111SM 8 ±4 0.75 6 110 2 1 11 5 MIL TO-99 1-143 

NOTES: (I) Ind = -25'C to +85'C; MIL = -55'C to +125'C; Com =O'C to +70'C. (2) Typical. 
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UNITY-GAIN BUFFER (Power Booster) 

These versatile amplifiers: boost the output current capability of 
another amplifier; buffer an impedance that might load a critical 
circuit; may be used inside the feedback loop of another op amp to 

form ~ current-boosted, composite a)Ilplifier. Currents as high ~ 
±IOOmA are available with speeds of 2000V I jLsec. ' 

Rated 
Output, min 

Description Model (±V)I (±mA) 

Noninverting 3553AM 10 I 200 

NOTES: (1) Ind = -25°C to +85°C. 

WIDE BANDWIDTH 

UNITY-GAIN BUFFER 

Frequency Response 

-3dB Full Power Slew Rate Gain 
(MHz) BW(MHz) (V/psec) (VI''') 

300 32 2000 -1 

Open 
Input Loop 

Impedance Gain .Temp 
(0) (dB) Range'11 Package Page 

10" NA Ind TO-3, 1-184 

Design expertise in wideband' circuits combines with our fullYBurr-Brown high speed amplifiers also offer outstanding DC 
developed technology to create cost effective wideband op amps. performance specifications. 

WIDE BANDWIDTH (2:5MHz) 

Frequ'ency Response Offsel Voltage. 
Open 

Slew max Loop 
Rate, Is Com-

Rated 
At Temp Gain, Temp 

GBW min ±0.1'lb pensa- Output, min 
25°C Drift min Range 

Description M9c;tell1l (MHz) (V/poec) (nsec) tion (±V) (±mA) (±mV) (±pVlOC) (dB) ~, Package Page 

FET 3554AM, (0) 1700, 1000 '. 120 ext 10 100 2 50 100 Ind TO-3 1-188 
3554BM. (0) A= 1000 120 ext. 10 100 1 ',15 Hio Ind T0-3 1-188 
3554SM, (0) 1000 1000 120 ext 10 100 1 25 100 MIL TO-3 1-188 

3551J , 50, A=10 250 400 ext. 10 10 1 50131 88 Com TO-99 1-180 
35515, (O) 50,A=10 250 400 ext. 10 10 1 50f31 Sa MIL TO-99 '1-180 

3550J 10,A=10 65 ~OO Int 10 10 1 50131 88 Coin TO-99 1-176 
3550K 20,A=1 100 400 int. 10 10 1 SOl31 88 Com TO-99 1-176 
35505, (0) 10,A=1 65 400 jnt. 10 10 1 50131 88 MIL TO-99 .1-176 

Bipolar 3508J .100, A=100 20 - e~t. 10 10 5 SO'31 98 Com TO-99 1-163 
3507J, (0) 20, A=10 80 200 ext. 10 10 10 30131 83 Com TO-99 1-161 

FET OPA156AM 6,A=1 10 1.5psec jnt. 10 5 2 5 94 MIL TO-99 1-81 
OPA356AM 6,A=1 10 1.5Psec jnt. 10 5 2 5 94 Com TO-99 1-81 
OPA60511 200, A=1000 300131 300 ext 10 30 1 25 96131 Com DIP 1-129 
OPA605A 200, A=1000 300~' 300 ext 10 30 1 25 96'" Ind DIP 1-129 
OPA605K 200, A=1000 300131 300 ext. 10 30: 0,5 5 96131 Com DIP 1-129 
DPA605C 200, A=1000 300131 300 ext. 10 30 0,5 5 96131 Ind ,DIP 1-129 

OPA606KM 12,5 22 1psec int. 11 5 1.5 5131 95 Com TO-99 1-135 
OPA606LM 13 25 1psec int. 12 5 0.5 5 100 Com TO-99 1-135 
OPA606sM 12,5 22 1psec jnt. 11 5 1.5 5'~ 95' MIL TO-99 1-135 
OPA606KP .12 20 1psec int. 11 5 3 10131 90 Com TO-99 1-135 

Ouad FET OPA404AG 6.4 24 600 Int 11,5 5 1 3131 86, Ind DIP 1-95 
OPA404BG 6.4 26 600 jnt. 12 5 0.75 3131 92 Ind DIP 1-95 
OPA404sG 6.4 24 600 rnt. 11.5 5 1 3131 88 MIL DIP 1-95 

Low Noise OPA27A 6,A=1 1.7 - int.I"! 12 16.6 0.025 0.6 120 MIL 1-17 
Bipolar OPA37A 63 .. A = 5 11 - lnt.141 12 16.6 0.025 0.6 120 MIL 1-17 

OPA27B 8,A=1 1.7 - int.I .. 1 12 16.6 0.060 1.3 120 MIL 1-17 
OPA37B 63,A=5 11 - int.141 12 16.6 0.060 1.3 120 MIL 1-17 
OPA27C 8,A=1 1.7 - int.C41 12 16.6 0.100 1.8 117 MIL: '-17 
OPA37C 63;A=5 11 - int.(41 12 16.6 0.100 1,8 117 MIL TO-991 1-17 
OPA27E B,A=l 1,7 - int.141 12 16,6 0.025 0.6 120 Ind DIP 1-17 
OPA37E ,63,A=5 11 - int.C41 12 16,6 0,025 0.6 120 Ind 1-17 
OPA27F B;A=l 1.7 - int.141 12 16,6 0,060 1.3 120 Ind 1-17 
OPA37F. 63',A=5 11 - int.141 '12 16.6 0.060 1,3 120 Ind 1-17 
OPA27G 8,A=1 1,7 - int.'4J 12 16.6 0:100 1,B 117 Ind 1-17 
OPA37G 63, A=5 11 - Int. f4J 12 16·6 0,100 1,8 117 Ind 1-17 

Low NOise OPA101AM 20, A=100 5 2.5psec Int. 12· 12 0.5 10 94 Ind TO-99 1-33 
FET OPA101BM 20, A=100 5 2.5psec int. 12 12 0,25 5 94 Ind TO-99 1-33 

OPA102AM 40. A=l00 1'0 1.5psec Int. 12 12 0,5 10 84 Ind rO-99 1-33 
OPA102BM 40, A=l00 10 1,5psec Int. 12 12 0.25 5 94 Ind TO-99 1-33 

Fast QPA600UM 6000, A=1ooo 500 80 I ext. 9 180 5 100 86 MIL DIP 12-94 
Settling OPA600VM 6000, A=1000 500 80 ext. 9 180 4 2q 86 MIL DIP 12-94 

OPA600BM 5000, A=1000 500 80 ext. 9 180 ±5 ±80 66 Ind DIP 1-121 
OPA600CM 5000,A=1000 500 80 ext. 9 180 ±4 ±40 66 Ind DIP 1-121 
OPA600sM 5000, A=1000 500 80 ext 9 180 ±5 ±100 86 MIL DIP 1-121 
OPA600TM 5000, A=1000 500 80 ext 9 180 ±4 ±80 86 MIL ' DIP 1-121 

Unl1y-Gain 355:iA"" :(Of 32 2000 - ...,. 10 200 50 300131 NA Ind TO-3 1-184 
Buffer 
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WIDE BANDWIDTH (2:5MHz) (Continued) 

Frequency Response Offset Voltage, 
Open 

Slew 
max 

Loop 
Rate, ts Com-

Rated 
At Temp Gain, Temp 

GBW min ±0.1% pensa-
Output, min 

25'C Drift min Range 
Description Modellll (MHz) (Vlpsee) (nsee) tion (±V) (±mA) (±mV) (±pVl'C) (dB) '21 Package Page 

Low Cost OPA27GP 8,A= 1 1.9131 - Int. 12 16.6 0.100 1.8 117 Com DIP 1-17 
OPA37GP 63, A= 5 11.9131 - int.'41 12 16.6 0.100 1.8 117 Com DIP 1-17 

Wide Temp OPA27HT 6,A=1 1.9 - int. 12 16.6'31 0.050 0.25131 120 -55'C TO-99 1-29 
Range OPA37HT 36, A=5 11.9 - int.141 12 16.6'31 0.050 0.25131 120 to TO-99 1-29 

+200'C 

OPAllHT 12,A=1 4 1.5psec ext. 10 15 5131 5 98' -55'C TO-99 1-9 
to 

+200'C 

NOTES: (1) "(0)" indicates product also available with screening for increased reliability. See High Reliability Screening, section 12. (2) Com = 0 to 
+70'C; Ind = -25'C to +85'C; MIL = -55'C to +125'C. (3) Typical. (4) G = 5 min for OPA37. 

HIGH VOLTAGE-HIGH CURRENT 
These Ie op amp designs set the pace for the industry and are a 

product of our extensive hybrid circuit technology. Output currents 
up to ±IOA peak and voltages up to ±145V are available. 

Output voltages> ±30V to ±145V. 

HIGH VOLTAGE 

Offset Voltage, 
Bias 

Frequency 
max 

Current 
Response 

Open 
Rated Output, 

At Temp (25'C), Unity Slew Loop Temp 
min 

25'C Drift max Gain Rate Gain Aange 
Description Modelm (±V) (±mA) (±mV) (±pW'C) (pA) (MHz) (Vlpsec) (dB) '21 Package Page 

FET 3584JM, (0) 145 15 3 25 -20 20131 150 120 Com TO-3 1-214 
3583AM. (0) 140 75 3 25 -20 5 30 118 Ind TO-3 1-210 
3583JM 140 75 3 25 -20 5 30 118 Com TO-3 1-210 
3582J 145 15 3 25 -20 5 20 118 Com TO-3 1-206 
3581J 70 30 3 25 -20 5 20 112 Com TO-3 '1-206 
3580J 30 60 10 30 -50 5 15 106 Com TO-3 1-206 

3571AM, (0) 30 1A'41 2 40 -100 0.5 3 94 Ind TO-3 1-196 
3572AM 30 2A'~J 2 40 -100 0.5 3 84 Ind TO-3 1-196 

NOTES: (1) "(0)" indicates product also available with screening for increased reliability. See High Aeliabllity Screening, section 12. (2) Com = 0 to 
+70'C; Ind '" -25'C to +85'C; MIL = -55'C to +125'C. (3) Gain-bandwidth product. (4) 2A peak. (5) 5A peak. 

Output currents> ±15mA to ±10A 

HIGH CURRENT 

Offset Voltage, 
Bias 

Frequency 
max 

Current 
Response 

Open 
Rated Output, 

At Temp (25'C), Unity Slew Loop Temp 
min 

25'C, Drift, max Gain Aate Gain Range 
Description Model'lI (±V) (±mA) (±mV) (±pVI'C) (pA) (MHz) (Vll'sec) (dB) ,2> Package Page 

High Power OPA501AM 20 lOA 10 65 40nA 1 1.35 94 Ind TO-3 1-103 
OPA501BM 26 lOA 5 40 20nA 1 1.35 98 Ind TO-3 1-103 
OPA501AM 20 lOA 10 65 40nA 1 1.35 94 MIL TO-3 1-103 
OPA501SM 26 lOA 5 40 20nA 'I 1.35 98 MIL TO-3 1-103 

OPA511AM 22 5A 10 65 40 1 1 91 Ind TO-3 1-111 

OPA512BM 35 'lOA 6 65 30 4 2.5 110 Ind TO-3 1-116 
OPA512SM 35 15A 3 40 20 4 2.5 110 MIL TO-3 1-116 

3573AM 20 2Af5J 10 65 40nA 1 2.6 94 Ind TO-3 1-202 
3572AM 30 2AI51 2 40 -100 0.5 3 94 Ind TO-3 1-196 
357,IAM, (0) 30 1AI41 2 40 -100 0.5 3 94 Ind TO-3 1-196, 

Wideband 3554AM, (0) 10 100 2 50 -50 1700131 1200 100 Ind TO-3 1-188 
3554BM, (0) 10 100 1 15 -50 1700131 1200 100 Ind TO-3 1-188 
3554SM, (0) 10 100 1 25 -50 1700131 1200 100 MIL TO-3 1-188 

High Voltage 3584JM, (0) 145 15 3 25 -20 20'31 150 126 Com TO-3 1-214 
3583AM 140 75 3 25 -20 5 30 118 Ind TO-3 1-210 
3583JM 140 75 3 25 ' -20 5 30 118 Com TO-3 1-210 
3582J 145 15 3 25 -20 5 20 118 Com TO-3 1-206 
3581J 70 30 3 25 -20 5 20 112 Com TO-3 1-206 
3580J ,30 60 10 30 -50 5 15 106 Com TO-3 1-206 

Booster 3553AM, (0) 10 200 50 300181 -200 300 2000 NA Ind TO-3 1-184 
(Buffer) 3329/03 10 100 50 - Bipolar 5 - NA Ind DIP 1-157 

NOTES: (1) "(O)",indicates product a,lso available with screening for increased reliability. See High Reliability Screening, section 12. (2) Com = 0 to 
+70'C; Ind = -25'C to +85'C; MIL = -55'C to +125'C. (3) Gain-!>andwidth product. (4) 2A peak. (5) 5A peak, (6) Typical. 
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GLOSSARY OF TERMS AND DEFINITIONS I 
. Operational Amplifiers 

COMMON-MODE INPUT IMPEDANCE 
The effective impedance (resistance in parallel with 
capacitance) between either input of an amplifier and its 
common, or ground terminal. 

COMMON-MODE REJECTION (CMR) 
When both inputs of a differential amplifier experience 
the same common-mode voltage (CMV), the output 
should, ideally, be ·unaffected. CMR is the ratio of the 
common-mode input voltage change to the differential 
input voltage (error voltage) which produces the same 
output change. 

CMR (in dB) = 2010g lO CMV/Error Voltage 
Thus a CMR of 80dB means that IV of common-mode 
voltage will cause an error of lOOpV (referred to input). 

COMMON-MODE VOLTAGE (CMV) 
That portion of an input signal which is common to both 
inputs of a differential amplifier. Mathematically it is 
defined as the average of the signals at the two inputs: 

CMV = (e, + e,)/2 
COMMON-MODE VOLTAGE GAIN 
The ratio of the output signal voltage (ideally zero) to the 
common-mode input signal voltage. 

COMMON-MODE VOLTAGE RANGE 
The range· of input voltage for linear, nonsaturated 
operation. 

DIFFERENTIAL INPUT IMPEDANCE 
The apparent impedance, resistance in parallel with 
capacitance, between the two input terminals. 

FULL POWER FREQUENCY RESPONSE 
The maximum frequency at which a device can supply its 
peak-ta-peak rated output voltage and current, without 
introducing significant distortion. 
GAIN-BANDWIDTH PRODUCT 
A product of small signal, open-loop gain and frequency 
at that gain. 

INPUT BIAS CURRENT 
The J;>C input current required at each input of an 
amplifier to provide zero output voltage when the input 
signal and input offset voltage are zero. The specified 
maximum is for each input. 

INPUT BIAS CURRENT VS SUPPLY VOLTAGE· 
The sensitivity of input bias current to the power supply 
voltages. 

INPUT BIAS CURRENT VS TEMPERATURE 
The sensitivity of input bias current to temperature. 

INPUT CURRENT NOISE 
The input current which WOUld produce, at the output of 
a noiseless amplifier, the same output as that produced by 
the inherent noise generated internally in the amplifier 
when.the source resistances are large. 

INPUT OFFSET CURRENT 
The difference of the two input bias currents of a 
differential amplifier .. 

INPUT OFFSET VOLTAGE 
The DC input voltage required to provide zero voltage at 
the output of an amplifier when the input signal and input 
bias currents are zero. 

INPUT OFFSET VOLTAGE VS SUPPLY VOLTAGE 
I/PSRR 
The sensitivity of input offset voltage to the power supply 
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volta~s. Both power supply magnitudes are changed in 
the same direction and over the operating voltage range. 

INPUT OFFSET VOLTAGE VS TEMPERATURE 
(DRIFT) 
The rate of change of input offset voltage with 
temperature. At Burr-Brown, this is the change in input 
offset voltage from 25°C to the maximum specification 
temperature, plus the change in input offset voltage from 
25°C to the minimum specification temperature, this 
quantity divided by the specification temperature range. 

INPUT OFFSET VOLTAGE VS TIME 
The sensitivity of input offset voltage to time. 

INPUT VOLTAGE NOISE 
The differential input voltage which would produce, at 
the output of a noiseless amplifier, the. same output as 
that produced by the inherent noise generated internally 
in the amplifier when the source resistances are small. 

MAXIMUM SAFE INPUT VOLTAGE 
The maximum, peak value, continuous voltage that may 
be applied at, or between. the inputs without damage. 

OPEN-LOOP GAIN 
The ratio of the output signal voltage to the differential 
input signal voltage. 

OPERATING TEMPERATURE RANGE 
The temperature range, ambient unless otherwise 
indic~ted, over which the amplifier may be safely 
operated. 

OUTPUT RESISTANCE 
The open-loop output source resistance with respect to 
ground. 

POWER SUPPLY RATED VOLTAGE 
The normal value of power supply voltage at which the 
amplifier is designed to operate. 

POWER SUPPLY VOLTAGE RANGE 
The range of power supply voltage over which the 
amplifier may be safely operated. 

QUIESCENT CURRENT 
The current required from the power supply to operate 
the amplfiier with no load and with the output at zero. 

RATED OUTPUT 
The peak output voltage and current which can be 
continuously, simultaneously supplied. 

SETTLING TIME 
The time required, after application of a step input signal. 
for the output voltage to settle and remain within a 
specified error band around the final value. 

SLEW RATE 
The maximum rate of charge of the output voltage when 
supplying rated output. 

SPECIFICATION TEMPERATURE RANGE 
The temperature range over which the "versus 
temperature" specifications are specified. 

STORAGE TEMPERATURE RANGE 
The temperature range over which the amplifier may be 
safely stored, unpowered. 

UNITY-GAIN FREQUENCY RESPONSE 
The frequency at which the open-loop becomes unity. . . 



BURR-BROWN® 

IElElI OPA11HT 

Wide Temperature-Range 
General Purpose 

OPERATIONAL AMPLIFIER 

FEATURES 

_ -55°C TO +175°C SPECIFICATIONS 

- 30nA MAX. I~PUT BIAS CURRENT AT +175°C 

- ±BmV. MAX. INPUT OFFSET VOLTAGE AT +175°C 

- ±5pV/oC TYP. INPUT OFFSET VOLTAGE COEFFICIENT 

-12MHz BANDWIDTH. TYPICAL 

- HERMETIC PACKAGE WITH STANDARD PINOUT 
. (741-TYPE) 

DESCRIPTION 

These specifications give you a versatile operational 
amplifier that will work in circuits that are subjected 
to extremely wide temperature ranges. Typical ap
plications for OPAl I HT include general purpose 
gain blocks, high-speed pulse amplifiers, audio 
amplifiers, high-frequency active filters, high-speed 
integrators, and photo diode amplifiers. 

You're assured of this product's .performance over 
the _55°C to +I75"C range because we conduct 100% 
screening procedures in accordance with MIL-STD-
883, method 5004, class B. Burn-in is performed at 
200°C. Our sample and inspection procedures include 
both destructive and nondestructive bonding wire 

pull tests in accordance with Method 2011 of MIL
STD-883. The product is assembled in a clean-room 
environment. 
Model OPAIIHT is internally compensated for 
stability at all gains. Pins are available for special 
tailoring of the bandwidth compensation. Significant 
advantages in high gain, wide bandwidth, low-bias 
current, high output current and high cominon
mode rejection are provided ~y OPA11HT. Inputs 
are protected against common-mode voltages up to 
the value of the power supplies while the output is 
current limited to offer short circuited protection. 
TO-99 hermetic package has standard 741-type 
pinout arrangement. 

Intarnatlonal Airport Industrial Park· P.O. Box 11400· Tucson. Arizona B5734· Tal. 1602) 746·1I1t • Twx: 9t 0-952· II 11 • Cabla: BBRCORp· Talax: fi8.6491 

PDS-476 
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SPECIFICATIONS 
ELECTRICAL 
Specifications at ±15VDC and T" :::; +175°C unless otherwise noted. MECHANICAL 

MODEL OPAllHT 

CHARACTERISTIC I SYMBOL I MIN I TYP I MAX UNIT TO-99 PACKAGE 

OPEN LOOP GAIN, DC, single-ended Av 
No load 103 dB 
RL= 2k!l 94 100 dB F:=U RATED OUTPUT 
Voltage, RL 2kil Yom ±10 ±12 V 

L- J • 
Current ITA = 25°C', 10m ±15 ±23 mA 

, ; 
DYNAMIC RESPONSEITA 25°CI ,lerl!I!1 FJ I Smail-Signal Bandwidth 10QBI 12 MHz 
Full-Power BandWidth} You, = ±10V BWfp 50 75 kHz 
Slew Rate' RL = 2kO SR 4 7 Vlp.sec 

... ".,11111 1 Settling Time 10.1%1 1.5 ",sec 
Rise Time 110% to 90%, small-signal I 30 nsec 

Plene -.l.--D 

INPUT OFFSET VOLTAGE V'o .. ~m-Initial I without adj. at 25°CI ±1 ±5 mV 
Over Temperature ~ 

TA= +175'C ±6 mV ~!\\ N f TA= -55'C ±7 mV T ' +:,')} T 
Average Via coefficient ±5 p.VfOC 

~J Average Vic coefficient vs 
supply voltagelTA = 25°CI +10 +200 p.VN 

INPUT BIAS CURRENT Jib 

Initial at +25°C ±10 ±25 nA NOTE: 

Over Temperature LaMb in trUl po,ltion within .onY' 

TA =+175'0 ±30 nA 
C.25mm) R (I) MMC It .... In' plan •. 

TA =-55'0 ±40 nA ~In numb,a" $hown for r.f.rarn;a only. 

Average lib coefficient ±0.1 nAloe Number. mlV not bel m.r~.d 0" jllcklge. 

INPUT DIFFERENCE CURRENT lio 
DIM 

INCHES MILLIMETERS 

Initial at +25°C ±10 ±25 nA MIN MAX MIN M!IX 

Over Temperature A .335 .370 8.51 9.40 

TA=+175'C. ±30 nA • ',305 .335 1.75 8.S1 

TA =-55'C ±40 nA 
c ,165 .185 4.19 4.70 

Average 110 coefficient ±a.1 nAloe 
0 .016 .021 0.41 0.53 

• • 010 .04 • 0.25 1.02 

INPUT IMPEDANCE ITA 25°CI F .010 .04. 0.25 1.02 

Dilferential r( 100 300 Mil G .200 BASIC 5.08 BASIC 

c( 3 pF H .028 .034 0.71 0.86 

Common Mode ,,(CM) 1000 Mil 
J .029 .04' 0.74 1.14 

· .500 - 12.7 
C(ICM) 3 pF L .110 .160 2.79 4.06 

INPUT VOLTAGE RANGE M 45° BASIC 45D BASIC 

Ci>mmonMode ±11 V N .oos .105 2.41 2.67 

Dilferential Mode ±12 V .. 
Common~Mode Rejection CMR 80 100 dB 

Over Temperature I-55°C ';.TA'; +175'0) 100 dB 

POWER SUPPLYITA 25°C 1 CONNECTION .DIAGRAM 
Rated Voltage Vee ±15 V 
Vollage Range, derated ±8 to±22 .V 
Current. quiescent I. ±3 ±3.7 mA BANDWIDTH CONTROL 

Over Temperature 1-55°C .; TA .; +175'0) ±3 mA 
Power Supply Rejection OFFSET ADJ. 

Ratio ITA = +175'C) PSrr 80 100 dB 8 
TEMPERATURE RANGE 1 7 

v+ 

Specification -55DC :s; T A::; +1 7SDC 
Operating -55'C S T A S +200°C -Storage -65DC<TA<+250DC -IN 2 6 OUT 

+ 

3 5 
+IN 4 OFFSET ADJ. 

V-

(TOP VIEW) 

PIIli 4 IS CONNECTED TO CASE 
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TYPICAL PERFORMANCE CURVES 
(at ±15VDC and T. = +25"C unless otherwise specified)' 

OPEN LOOP FREQUENCY RESPONSEll I COMMON MODE VOLTAGE RANGE vs. SUPPLY VOLTAGE 

iii 
~ 
c: 
'iii 
Cl 

" Cl 

l!! 
'0 
> 
c. 
g 
~ 
~ 
o 

120' .... -..--..--..--..--..--1""1 

100 lk 10k lOOk 1M 10M 
Frequency (t-Izl 

STEP RESPONSE IN FOLLOWER CONFIGURATIONI21 

I I I 

~ ~ " Positive Going 

,,~ I .1 .. 1 .. 1 
~""i ~~Ft+ . ~ i'" 

jI' 

T~ +\75~ 
Time 10.5jAsecldiv) 

OUTPUT VOLTAGE SWING vs. FREQUENCY 

20V'~~~~~:::l::::::r:::~ S 10Vt 

~ l:::::~~~~ 
g> 1V ...... ---f--""'''8~--+----f '3: 
rn 

" j' 
'0 O.1Vt----+---=::..:....l--~~:.---_I 
> 
'" ill 
D.. 0.01VL-__ ..J.. ___ L.... __ .J.. __ -l 

« 
E 

" '0 
2 

'" 

10k lOOk 1M 10M 100M 

Frequency IHzl 

. INPUT BIAS CURRENT AND DIFFERENCE CURRENT 
AS A FUNCTION OF TEMPERATURE 

20 

" " 1\ 
Cl I\. .. 
::; 10 
1:: 
~ 
" () 

'S 
c. s. 

II 
-50 

I\. 

" 1" .... l' 
i""ii I- ." 

o .+50 +100 +150 +200 +250 
Temperature °C 

" Cl 
.:ij 
a: 

" '0 
o 
::; 
c: 
o 
E 
E 
o 
() 

iii 
~ 
c: 
'iij 
Cl 

.r; 
~ 
c: 
'ii 
Cl 

t 
'0 >. 

f 

20 

15 

10 

5 

o 
±5V 

~ 

V V 

V V 

±10V ±15V ±20V 

Supply Voltage 

OPEN LOOP VOLTAGE GAIN vs. TEMPERATURE 

120 

JO\ 
J5V V 

r-
100 

.. : : 
-. . 

V ~ 
.. . . 

±nsrr ,f,Srt 
80 

-55,-35/-15+5125456585 125 165 ·205 245 

Temperature (OC) 

EQUIVALENT INPUT NOISE vs. BANDWIDTH 
100,----r--;r----r--,--.,. 

0.1 '-'-..... _....1 __ ..1..._-"_--' 
100 1 k 10k lOOk 1M 10M 

Upper 3dB Frequency (Hz) 
(lower 3dB Frequency = 10Hz) . 

. OPEN-LOOP FREQUENCY AND PHASE RESPONSE 

120 

100 

80 

80 

40 

20 

o 

I--

~ 
I--

... 
"'~~N.p/,;, 
~ .. "'" ....... 

"" ~ """ 
l-
I' 

I 
I 
600 

1000 

1400 

1800 

-20 
10 100 1k 10k lOOk 1M 10M 100M 

Frequency (Hz) 

1. Capacitance values shown are compensation from pin 8 to common. Not required for stability. See Figure 1. 2. See Figure 3. 
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APPLICATIONS 

BANDWIDTH COMPENSATION 

The frequency response of the OPA II HT can be adjusted 
by use of an external compensation capacitor from pin 8 
to common as· shown in Figure I. The open-loop 
frequency response curves illustrate the effect of various 
values of capacitance. The OPA II HT is stable at any gain 
level without the use of compensation. provided that stray 
wiring capacitance an<!! or load capacitance are. not 
excessive. and that moderate values of feedback res
istance are used (RFR ~ IOkO). A load capacitance of 
=50pF is desirable in all fe~dback configurations. 

STABILITY 

Because the OPAl I HT ·is an extremely-fast amplifier 
with high gain. stray wiring capacitance and inductance in 
power supply leads can cause circuit oscillation. This can 
be prevented by proper circuit layout (all leads or patterns 
as short as possible) and by properly by passing the power 
supply lines to common at points close tei the amplifier. In 
addition. it is recommended that the load be bypassed by 
a 50pF capacitor. see Figure I. 

OFFSET VOLTAGE. AND ADJUSTMENT 

Although the offset voltage of these amplifiers is only a 
few millivolts. it may in some cases be desirable to null 
this offset. This is done by use of a IOOkO potentiometer 
as shown in Figure 2. . 

TEST CIRCUIT· DYNAMIC RESPONSE 

The test circuit of Figure 3 is used for measurement of 
slew rate. settling time. rise time and overshoot. Both rise 
time and overshoot are measured for a small output signal 
(VOl"! = ±IOOmV). Slew rate and, settling time are 
measured for a lOY. pop. square wave .. 

VOLTAGE REGULATOR AT 200"C 

In many applications. a regulated source of ±15V is 
needed. A voltage regulator that typically will operate up 
to +17SOC is shown in Figure 4. This regulator accepts 
+16V to +30V at its input and provides +15Vat 20mA at 
its output. A complementary version may be constructed 
to provide -ISV by using the OPAI,l HT with a 2NI711 
transistor. Short-circuit protection should be added if 
required. 

SUPPLY BYPASS ..L 1 . l. 
COMPENSATION (OPTIONALI 

LOAD 

FIGURE I. Compensated Amplifier with Supply Load 
Bypassing. . 

FIGURE2. External Adjustment of Offset Voltage. 

FIGURE 3. Dynamic Response Test Circuit. 

IIPIIT 
+IIVII +IDV 

5.OIUI 

RAOJ 
VOlTAlE 
ADJUST 

47k1l 

1.81111 

OUTPUT 
+15Vat 

20IIIA 

IIIOnF 

FIGURE 4. A +ISV Voltage Regulator that will 
Operate at +I75OC. 
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BURR-BROWN® 

IElElI OPA21 

Low-Power Precision 
OPERATIONAL AMPLIFIER 

FEATURES 
• LOW SUPPLY CURRENT 

230pA max al Vee = ±15V 
• WIDE SUPPLY RANGE 

±2.5V 10 ±18V 
• LOW OFFSET VOLTAGE 

100pV max 
• LOW OFFSET VOLTAGE DRIFT 

1.0pV/oC max 

DESCRIPTION 
A unique circuit design, state-of-the-art monolithic 
processing and advanced laser-trimming techniques 
are used to provide a low power amplifier with out
standing parameters-truly "instrumentation grade" 
performance over a wide voltage supply range. 

OFFSET TRIM 

APPLICATIONS 
• PORTABLE EQUIPMENT 
• BATERY OPERATION 
• IMPROVED REPLACEMENT FOR OP-21 

The OPA2l consumes only 6.9mW of power at Vee 
= ±15V and l.lmW at Vee = ±2.5V but offers far 
higher performance than MOS op-amps. 

The OPA21 is internally compensated for unity-gain 
stability. 

SIMPLIFIED CIRCUIT 

International Airport Induslrlal Park· P.O. Box 11400· TUC$on. Arizana 85734 . Tol.1602) 746·1111 • Twx: 910.952·1111 • Cable: 8BRCORp· Telex: 66·6491 

PDS-482B 
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SPECIFICATIONS 
ELECTRICAL 
At T. ; +25'C and ±Vcc = 2.5VDC to 15VDC, unles. otherwise noted. 

OPA21E' OPA21G 

PARAMETERS CONOITIONS MIN TYP MAX MIN TYP MAX UNITS 

INPUT OffSET VOLTAGE 
OFFSI;'T VOLTAGE'" 40 100 300 500 pV 

-25'C to +85'C 75 200 500 1000 pV 
Drift -25'C to +85'C 0.5 1.0 . 2.5 5.0 pvrc 
Offset Adjustment Range ±4 mV 

INPUT OFFSET CURRENT 

Offset Current 0.3 1 1.2' 4 nA 
-25'C to +85'C 0.5 2 2 6 , riA 

INPUT BIAS CURRENT 

Bias Current 7 25 15 50 nA 
-25'C to +85'C 9 40 18 75 nA 

INPUT NOISE 

Voltage O.IHz to 10Hz 1.0 pV p-p 
yoltage Density fo;IHz 60 nVl../Hz 

fo; 10Hz 20 nVl../Hz 
fo;100Hz 20 nVl../Hz 

Current Density fo=IHz 0.7 pAl../Hz 
fo = 10Hz 0.25 pAl/Hz 
fo;100Hz 0.07 pAl../Hz 

INPUT RESISTANCE 

Differential 6 4 MCl 
Common·Mode 10"112 ClllpF 

INPUT VOLTAGE RANG., 

Input Voltage Range -12.5 V 
+14.3 V 

-25'C to -I-85'C -12.0 V 
+14,0 V 

COMMON-MODE REJECTION RATIO 

CMRR VOM = ':',2V to +14V, RL = 100kCl 100 110 84 100 dB 
-25'C to +85'C 96 105 60 95 dB 

POWER SUPPLY REJECTION RATIO 

PSRR ±Vcc = 2.5V to 18V, RL = 100kCl 104 114 90 100 dB , 
-25'C to +85'C 100 108 85 95 dB 

LARGE SIGNAL VOLTAGE GAIN '. 

Open-Loop Voltage Gain RL; 10kCl 1000 2000 500 1000 VlmV 
120 126 114 120 dB 

-25'C to +85'C 500 1500 250 1000 ,VlmV 
114 124 108 . 120 dB 

RATED OUTPUT 

Output Voltage Swing RL ;10kCl -13.7 -14.2 -13.6 V 
+14.0 +14.1 +13.8 V 

Output Current I RL= 2kCl 5 mA 
-25'C to +85'C, RL = 10kCl -13.5 V 

+13.8 +13.6 V 
Output Resistance 'Open-Loop 500 Cl 

DYNAMIC RESPONSE I 
Slew Rate / CL = l00pF, RL = 25kCl 0.2 Vlps.c 
Closed-Loop Bandwidth AcL = +1, RL = 10kCl 300 kHz 

POWER SUPPLY ! 
Rated Voltage ±15 VDC 
Voltage Range Derated ±2.5 ±18 VOC 
Current Quiescent 10 = OMA 

±Vcc=2.5V 170 210 250 pA 
±Vcc= 15V 200 230 . 325 pA 
±Vcc = 2.5V, -25'C to +85'C 210 275 325 pA 

±Vcc = 15V, -25'C to +85'C ' 230 325 375 pA 

TEMPERATURE RANGE 

Specification Ambient -25 +85 "C 

Opelatlng Ambient -55 +125 'c 

NOTE: (1) Gua,n,teed fully warmed-up. 'Speclflcat,on ssme as OPA21E. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ................................................. ±18V 
Internal Power Dissipation'" ............................. 500mW 
Input Voltage ...................................... Supply Voltage 
Dilferentiallnput Voltage .................................... ±30V 
Output Short Circuit Duration ......................... Indelinite 
Storage Temperature Range ................. -65°C to +150°C 
Operating Temperature Range ............... -55°C to +125°C 
Lead Temperature Range (soldering. 60sec) .......... +300°C 

NOTE: (1) Maximum package power dissipation VB ambient temper-
ature: 

Package 
Type 

8-Pin Hermetic DIP (ZI 

MECHANICAL 

PI J.L_ L _ -j 

Maximum Ambient 
Temperature 

for Rating 

+75°C 

Derate Above 
Maximum Ambient 

Temperature 

6.7mWrC 

8-PIN HERMETIC DIP 
("Z"'SUFFIX) 

NOTE: 
Leads in true position within 0.01" 
10.25mm) R at MMC at seating plane. 

Pin material and plating composition 
conform to Method 2003 IsolderabilitYI 
of MIL-STD-883 I except paragraph 3.2). 

Pin numbers shown for 
reference only. Numbers 
may not be marked on 
pagkage. 

PIN CONFIGURATION 

ITOPVIEW) 

OFFSET TRIM 

-IN 

+IN 

·NO INTERNAL CONNECTION, 

ORDERING INFORMATION 

NC· 

+Vcc 

OUTPUT 

OFFSET 
TRIM 

OPA21 E Z 

Basic Model Number =r T 
Performance Grade Code --,-----.... 

E, G = -25°C to +85°C 

Package Code ------------' 
Z = a-Pin Hermetic DIP 

TYPICAL PERFORMANCE CURVES 
ITA = +25°C. ±Vcc = t5VDC unless otherwise noted) 
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VOLTAGE NOISE vs FREQUENCY 
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BURR-BROWN® 

IElElI OPA27 
OPA37 

Ultra-Low Noise . Precision 
OPERATIONAL AMPLIFIERS 

FEATURES 
• LOW NOISE: 100% lasted. 3.8nV/ Viii max 811kHz 
• Ldw OFFSET: 2s,.,V mix 
• LOW DRIFT: D.6pV/oC mix 
• HIGH OPEN-LOOP GAIN: 120dB min 
• HIGH COMMON-MODE REJECTION: 114dB min 
• HIGH POWER SUPPLY REJECTION: lOOdB min 
• FITS OP-07. OP-05. AD51D. AD517 SOCKETS 

DESCRIPTION 
The OPA27/37 is an ultra-low noise, high precision 
monolithic operational amplifier. 

Laser-trimmed thin-film resistors provide excellent 
long-term voltage offset stability and allow superior 
voltage offset compared to common zener-zap 
techniques. 
A unique bias current cancellation circuit (patent 
pending) allows bias and offset current specifica
tions to be met over the full -55°C to +125°C 
temperature range. 
The OPA27 is internally compensated for unity
gain stability. The decompensated OPA37 requires 
a closed-loop gain 2: 5. 

The Burr-Brown OPA27/37 is an improved re
placement for the industry-standard OP-27/0P-37. 

APPLICATIONS 
• PRECISION INSTRUMENTATION 
• DATA ACQUISITION 
• TEST EQUIPMENT 
• PROFESSIONAL AUDIO EQUIPMENT 
• TRANSDUCER AMPLIFIER 
• RADIATION HARD EQUIPMENT 

+Vee 

-Vee 
OPA1IIr1 8lMPUflED CIRCUIT 

Inlerna"Dl1I' AIrport 'ndus'r'.' Park· P.O. Box 11400· Tucson. Arlzonl 85734· T".I602J 746-1111 • Twx: 910-952·'111 • Cabl.; RRReORP • T.I.x: 86-6491 

PDS-466F 
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SPECIFICATIONS 
ELECTRICAL 
At Voc = P15VDC and T. = +25·C unless otherwise noted. 

OPAZ1I37A, OPAZ1I37E OPAZ1137B,OPAZ1137F OPAZ1137C,OPA27137G 

PARAMETER CONDITIONS MIN TVP MAX MIN .TVP MAX MIN TVP MAX UNITS 

INPUT 

NOISE 
'Voltage, 10 = 10Hz 100% teated. (A. E) 3.1 5.5 3.5 5.5 3.8 8.0 nV/.jHz 

10 = 30Hz 100% teated, (A, E) 2.9 4.5 3.1 4.5 3.3 5.6 nV/.jHz 
10 = 1kHz 100% teated, (A, E) 2.7 3.8 3.0 3.8 3.2 .4.5 nV/.jHz 
I. = O.lHz to 10Hz 0.07 0.18 0.08 0.18 0,09 0.25 /IV, p-p 

Current,'11 fo ::;: 10Hz 100% teated, (A. E) 1.7 4.0 1.7 4.0 1.7 pA/.jHz 
10 = 30Hz 100% teated, (A, E) 1.0 2.3 1.0 2.3 1.0 pA/.jHz 
10 = 1kHz 100% tested. (A, E) 0.4 0.6 0.4 0.6 0.4 0.6 pA/.jHz 

OFFSET VpLTAGE'21 
Input Offset Voltege ±6 ±25 ±12 ±eo ±25 ±100 /IV 
Average Drift'" TAo MIN to T" MAX ±C.2 ±0.6 ±C.3 ±1.3 ±C.4 ±1.8 /lV/·C 
Long Term Stability'" 0.2 1 0.3 1.5 0.4 2.0 /lV/mo 
Supply Rejection ±Voc = 4 to 18V 100 134 100 125 94 120 .dB 

±Voc = 4 to 18V ±C.2 ±10 ±C.6 ±10 ±1 ±20 /lVN 

BIAS CURRENT 
Input Bias Current ±11 ±40 ±13 ±55 . ±15 ±80 nA 

OFFSET CURRENT 
,Input Offset Current 6 35 8 50 10 75 nA 

IMPEDANCE 
COmmon-Mode 3 2,5 2 GO 

VOLTAGE RANGE 
Common-Mode Input Range ±11 ±12.3 ±11 ±12.3 ±11 ±12.3 V 
COmmon-Mode Rejection V'N = ±l1VDC: 114 128 106 125 100 122 dB 

OPEN-LOOP GAIN, I;)C 

Open-Loop Voltage Gain R,;<:2kO 120 126 120 125 117 124 dB 
R,;<:ikO 118 125 118 '125 124 dB 

FREQUENCY RESPONSE .. 
" 

Gain-Bandwidth Product '" OPA27 5 8 5 8 5 8 MHz 
OPA37 45 63 45 63 45 63. MHz 

Slew Rate ctil V.=±10V, 
R,=2kO 

OPA27,G=+l 1.7 1.9 1.7 1.9 1.7 1.9 V//lBec 
OPA37,G=+5 11 11.9 11 11.9 11 11.9 V//lBec 

Settling Time, 0.01% OPA27,G=+1 25 25 25 IJS8C 
OPA37,G=+5 25 25 25 psec 

RATED OUTPUT 

Voltage Output R,;<:2kO ±12 ±13.8 ±12 ±13.8 ±12 "=13.8 V 
R,;<:8000 ±10 ±12.8 ±10 ±12.8 ±10 ±12.8 V 

Oulput Resistance DC, open loop 70 70 70 0 
Short Circuit current R,=OO 25 80 25 80 25 60 mA 

POWER SUPPLY 

Ratad Voltage ±15 ±15 ±15 VDC 
Voilage Range, 

Derated Performance ±4 ±22 ±4 ±22 ±4 ±22 VDC 
Current, Quiescent 10=OmADC 3 4.7 3 4.7 3.3 5.7 mA 

TEMPERATURE RANGE 

Specification 
A,B,C(J,Z) -55 +125 -55 +125 -55 +125 ·C, 
E, F, G (J,Z) " -25 +85 -25 +65 -25 +85 ·C 
G(P) 0 +70 ·C 

Operating: j, Z -55 +125 -55 +125 -55 +125 ·C 
P -25 +85 ·C 

NOTES: (1) Measured with industry-standard noise test circuit (Figures 1 and 2). Due to 'errors introduced by this method, theae cu'rrent noise specifications snOUIO 
be used for comperison purposes only. (2) Offset voltage specifications on grades A and E are also guaranleed with units fully warmed up. Gradea B, C, F, and G are 
measured with automatic test equipment after approximately 0.5 second from power turn-on. (3) Unnulled or nulled with 8kO to 20kO potentiometer. (4) Long
term voltage offset vs time trend line does not inciude warm-up drift. (5) Typical specification only on piastic package units. Siew rate varies on all units due to 
differing test mathods. Minimum specifiCation appliea to ope~-looP test. 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At VCIJ = ±15VDC and T. = T .. IN 10 T .... unless otherwise noted. 

OPA27137A, OPA27137E OPA27/37B. OPA27/37F OPA27137C. OPA27137G 

PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

TEMPERATURE RANGE 

Specification Range 
A. B, C (J, Z) -55 +125 -55 +125 -55 +125 ·C 
E, F, G (J, Z) -25 +85 -25 +85 -:25 +85 ·C 
G (P) 0 +70 ·C 

INPUT ; 

OFFSET VOLTAGE'" 
Input Offset Voltage 

A,B,C ±24 ±80 ±45 ±200 ±SO ±300 ;,V 
E, F, G ±17 ±50 ±33 ±140 ±48 ±220 /IV 

Average Drlftf21 TA MIN to TA MAX ±0.2 ±D.6 ±0.3 ±1.3 ±0.4 ±1.8 /lVI·C 
Supply Rejection 

A, B, C ±Vcc = 4.5 to 18.'{ 96 130 94 127 86 122 dB 
E, F, G ±Vcc = 4.5 to 18V 97 130 96 127 90 122 dB 

BIAS CURRENT 
Input Bias Current 

A,B,C ±16 ±SO ±22 ±95 ±29 ±150 nA 
E,F,G ±13 ±SO ±16 ±95 ±21 ±150 nA 

OFFSET CURRENT 
Input Offset Current 

A,B,C 23 50 25 85 35 135 nA 
. E, F, G 12 50 14 85 20 135 nA 

VOLTAGE RANGE 
Common-Mode Input Range 

A,B,C ±10.3 ±11.5 ±10.3 ±11.5 ±10.3 ±11.5 V 
E,F,G ±10.5 ±11.8 ±10.5 ±11.8 ±10.5 ±11.8 V 

Common-Mode Rejection V .. = ±l1VDC 
A,B,C 108 124 100 122 94 120 dB 
E,F,G 110 125 102 124 96 122 dB 

OPEN-LOOP GAIN. DC 

Open,Loop Voltage Gain RL ~ 2kO 
A,B,C 116 121 114 120 110 118 dB 
E, F, G 118 123 117 122 113 ·120 dB 

RATED OUTPUT 

.Voltage Output RL = 2kO 
A,B,C ±11.5 ±13.7 ±11.0 ±13.5 ±10.5 ±13.3 V 
E, F, G ±11.7 ±13.8 ±11.4 ±13.6 ±11.0 ±13.4 V 

Short Circuit Current Vo =OVDC 25 25 25 mA 

NOTES: (1) Offset voltage specilications on grades A and E are al80 guan.nteed with the units lully warmed up. Grades B, C, F, and G are measured with automatic 
equipment after approximately 0.5 second. (2) Unnulled or nulled wllh 8kO to 20kO potentiometer. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ........................................... ±22V 
Internal Power Dissipation'U ......................... 500mW 
Input Voltage'Z' ........................................... ±22V 
Output Short Circuit Duratlon'3l .................. Indefinite 
Differential Input Voltage") ............................. ±O.7V 
Differential Input Current'" ........................... ±25mA 
Storage Temperature Range: 

J. Z ........................................ -65·C to +150·C 
P ......................................... -55°C to +125°C 

Operating Temperature Range: 
A. B. C. E. F. G (J. Z) ... :: .............. -55°C to +125°C 
G (P) ....................................... -25·C to +65°C 

Lead Temperatune Range (Soldering. 60sec) ..... +3OO·C 
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NOTES: 
1. Maximum package power dissipation va ambient temperature: 

Maximum Derate Above 
Ambient Temp- Maximum Ambient 

Package Type erature lor Rating Temperature 

TO-99 (J) 8O·C 7.1mWrC 
8-Pin Hermetic DIP (Z) 7500 6.7mW/oC 
8-Pln Plao!l.c DIP (P) 62°C 5.6mW/oC 

2. For supply voltages leso than ±22V. the absolute maximum Input voltage 
is equal to the supply voltage. 

3. To common with ±VCC = 15V. 
4. The Inputs are protected by back-ta-beck diodes. Current limiting resis

tors are not used In order to achlevo low noise. "differantiallnput volt
age exceeds ±D.7V. the Input currant should be limited to 25mA .. 



ORDERING INFORMATION 

OPAXX Y Z 

BasiG'Model Number------'--=-r--·..j '. 1. 
PerformanGe Grade Code: J 

A, B, C = -55·C to +125°C 
E, F, G = -25·C to +85·C 
GP = O·C to +70·C 

PaGkage Code:----------------l 
J':: TO-99 
Z = 8-Pin HermetiG DIP 
P = 8-Pin PlastiG DIP 

MECHANICAL 

"J" PACKAGE, TO-99 
INCHES MILLIMETERS 

DIM MIN MAlI MIN MAlI 

.335 .370 8.51 '''0 

.306 ,33' 7.75 8.51 

,,.sa ".19 4.70 

.016 .021 0.41 0.63 

.040 ~2' 
,010 0.215 1.02 

.200 BASIC 5.08 BASIC 

,029 ,03' 0.11 0.86 

.02' .04' 0.74 

12.7 

,110 ,160 2.79 "4.08 
45° 8AStC 45° BASIC 
.ao, .• os 2.41 2.67 

Leads In true position within 0,01· 
(O.25mm) Rat MMGat seating plane, 

Pin numbers shown for nafenance only, 
Numbers mey not be marked on packege, 

Pin meterlal and plating composltlo~ 
conlonm to method 2003 (solderability) 
of MIL-STD-883' (except paragraph 3,2), 

"P" PACKAGE, 8-PIN .PLASTIC 

NOTE: 
Leads in'true position within ,010· 
(.25mm) Rat MMG'et seating plane. 

Pin numberS shown for 
reference only. Numbers 
may'riot be marked on 
package. 
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"Z" PACKAGE, 8-PIN HERMETIC 

NOTE: 
Leads In true position within 0,01· 
(O.25mm) R at MMG at seating plane. 

Pin' numbers shown for reference only. 
Numbers may not be marked on package. 

Pin material and plating composition 
conform to method 2003 (solderability) 
01 MIL-STD-883 (except paragraph 3.2). 

CONNECTION DjAGRAMS 

TOP VIEW 



VOLTAGE GAIN 
TOTAL = SO.OOO 

NOTE: ALL CAPACITOR VALUES ARE FOR 
NONPOLARIZEO CAPACITORS ONLY. 
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FI(jURE I. 0.1 Hz to 10Hz Noise Test Circuit. FIGURE 2. Low Frequency Noise. 

TYPICAL PERFORMANCE CURVES 
T A ~ +25' C. ±Vcc ~ ±15VDC unless otherwise noted. 
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INPUT VOLTAGE NOISE SPECTRAL DENSITY 
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TYPICAL PERFORMANCE CURVES (CONT) 
T A = +250 C. ±Ycc :: ±15VDC u!11ess otherwise no~ed. 
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INPUT OFFSET VOLTAGE CHANGE 
DUE TO THERMAL SHOCK 
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TYPICAL PERFORMANCE CURVES (CO NT) . 
T A = +25Q C, ±VCC = ±15VDC unless otherwise noted. 
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APPLICATIONS INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 

The OPA27/37 offset voltage is laser-trimmed and will 
require no further trim for most applications. Offset volt
age drift will not be degraded when the input offset is 
nulled with a IOko. trim potentiometer. Other potenti
ometer values from lko. to IMo. can be used but Vos 
drift will be degraded by an additional 0.1 to 0.2p.V/oC. 

Nulling large system offsets by use of the offset trim 
adjust will degrade drift performance by approximately 
0.3p.V /oC per millivolt of offset. Large system offsets 
can be nulleci without drift degradation by input 
summing. 

The conventional offset voltage trim circuit is shown in 
Figure 3. For trimming very-small offsets, the higher 
resolution circuit shown in Figure 4 is recommended. 

The OPA27/37 can replace 741-type operational ampli
fiers by removing or modifying the trim circuit. 

-Vee 

FIGURE 3. Offset Voltage Trim. 

6 

±4mV TYPICAL 
TRIM RANGE 

'lkO to lMO 
TRIM POTENTIOMETER 
(10kO RECOMMENDED) 

4.7kO 

±28OpV TYPICAL 
TRIM RANGE 

-Vee • 1 kO TRIM 
POTENTIOMETER 

FIGURE 4. High Resolution Offset Voltage Trim. 

THERMOELECTRIC POTENTIALS 

The OPA27/37 is laser-trimmed to microvolt-level input 
offset voltage and for very-low input offset voltage drift. 

Careful layout and,circuit design techniques are neces-. 
sary to prevent offset and drift errors from external 
thermoelectric potentials. Dissimilar metal junctions 
can generate small EMF's if care is not taken to elimi
nate either their sources (lead-to-PC, wiring, etc.) or 
their temperature difference. See Figure 7. 

Short, direct mounting of the OPA27/37 with close 
spacing of the input pins is highly recommended. Poor 
layout can result in circuit drifts and offsets which are an 
order of magnitude greater than the operational ampli
fier alone. 

NOISE: BIPOLAR VERSUS FET 

Low-noise circuit design requires careful analysis of all 
noise sources. External noise sources can dominate in 
many cases, so consider the effect of source resistance; on 
overall operational amplifier noise performance. At low 
source impedances, the lower voltage noise of a bipolar 
operational amplifier is superior,' but at higher impe
dances the high current noise of a bipolar amplifier 
becomes a serious liability. Above about 15ko. the Burr
Brown OP A1l1 low-noise FET operational amplifier is 
recommended for lower total noise than the OPA27 (see 
Figure 5). 

_ 1000 

~ ~ = -OPAlll + Resistor 
m;! - + . Eo ~.<'" 

~ =~ ;~=+~-, 

c :;;100 ~ 
"i - R. n .~ ~I Resistor Noise 
8. ~ - " Only-
Ul F- OPAlll + Resistor ~ 
~~ 10' _ Eo-v'e,'+(i,Rs)'+4kTR. 
~ ..... Resistor Noise 
&~ Only 

~ ~OrA27 + Resiftor I 
F. 1kHz 

>! 1 
100 lk 10k lOOk 1M 

Sou rce R~sistance (RI ), n 

FIGURE 5. Voltage Noise Spectral Density Versus 
Source Resistance. 

COMPENSATION 

10M 

Aithough internally compensated for unity-gain stabil
ity, the OPA27 may require a small capacitor in parallel 

. with a feedback resistor (Rc) which is greater than 2kO. 
This capacitor will compensate the pole generated by Rc 
and CIN and eliminate peaking or oscillation. 

INPUT PROTECTION 

Back-to-back diodes are used for input protection on 
the OPA27/37. Exceeding a few hundred millivolts dif
ferential input signal will cause current to flow and 
without external current limiting resistors the input will 
be destroyed. 

Accidental static discharge as well as high current can 
damage the amplifier's input circuit. Although the unit 
may still be functional, important parameters such as 
input offset voltage, drift, and noise may be perma
nently damaged if any precision operational amplifier is 
subjected to abuse. 

Transient conditions can cause feed through due to the 
amplifier's finite slew-rate. When using the OP-27 as a 
unity-gain buffer (follower) a feedback resistor of Iko. is 
recommended (see Figure 6). 
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R, 

INPUT. 

FIGURE 6. Pulsed Operation. 

APPLICATIONS CIRCUITS 

A. 141 NOISE WITH CIRCUIT WELL· 
SHIELDED FROM AIR CURRENTS AND 
RFI. (NOTE SCALE CHANGL) 

B. OP-01AH WITH CIRCUIT WELL·SHIELDEO 
FROM AIR CURRENTS AND RFI. 

C. OPA21AJ WITH CIRCUIT WELL-SHIELDED 
FROM AIR CURRENTS AND RFI. 
(REPRESENTS ULTIMATE OPA21 PER· 
FDRMANCE POTENTIAL) 

D. OPA21 WITH CIRCUIT UNSHIELDED AND 
EXPOSED TO NORMAL LAB BENCH·TOP 
AIR CURRENTS. (EXTERNAL THERMO· 
ELECTRIC POTENTIALS FAR EXCEED 
DPA2T NOISE.) 

E. OPA2T WITH HEAT SINK AND SHIELD" 
WHICH PROTECTS INPUT LEADS FROM 
AIR CURRENTS. CONDITIONS SAME AS 
(01. (NOTE IMPRDVEMENT.I 

• AVAILABLE FROM BURR·BROWN: 
MODEL DBD1HS 

>-+--() OUTPUT 

FIGURE 7. Low Frequency Noise Comparison. 
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G - 40dB It 1kHz 

1.B1k", 

METAL FILM RESISTORS 
FILM CAPACITORS 

R, AND C, PER CARTRIDGE MANUFACTURER·S RECOMMENDATIONS 

FIGURE 8. Low-Noise RIAA Preamplifier. 

10mV/mm 
5mm/ilC 

T 
I 



R, = 50n 

INPUT 

FIGURE 9. Unity-Gain Buffer. 

INPUT Ikn 6 

FIGURE II. Unity-Gain Inverting Amplifier. 

lkn 
~""'---"i 

INPUT 

500pf :x: 
':"' 

OUTPUT 

OUTPUT 

OUTPUT 

FIGURE 12. High Slew Rate Unity-Gain Inverting 
Amplifier. 

-IN 

R, 

10m R. 

5ko 

+IN 

R, = 50n 

OUTPUT 

INPUT 

FIGURE 10. High Slew Rate Unity-Gain Buffer. 

METAL fiLM RESISTORS 
fiLM CAPACITORS 

G = 50dB 111kHz 

I/lf OUTPUT 

~l 0 

RL AND CL PER HEAD MANUfACTURER'S RECOMMENOATIONS 

FIGURE 13. NAB Tape Head Preamplifier. 

Vos -lOpV RTI 
GAIN =100 
CMRR-l06dB 
BANDWIDTH - 500kHz 

I BURR.BROWN 
I 3627 
I DiffERENTIAL 

31 AMPLIfiER 

--

OUTPUT 

DifFERENTIAL VOLTAGE GAIN = I + 2R,/R. 

FIGURE 14. Low Noise Instrumentation Amplifier. 
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IkO 

D.lt/lOUTPUT 

2kO 

FREQUENCY RESPONSE 
= 1kHz TO 50kHz 

. FIGURE 15. Hydrophone Preamplifier. 

1000 

DEXTER 1M 
THERMOPILE 
DETECTOR 

O.I/IF 

lookO 

OUTPUT 

RESPONSIVITY - 2.5 X IO'V/W 
OUTPUT NOISE",,: 3DpV rms. O.lHz 1010Hz 

NOTE: USE METAL FILM RESISTORS AND 
PLASTIC fiLM CAPACITOR. 
CIRCUIT MUST 8E WELL SHIELDED 
TO ACHIEVE LOW NOISE. 

FIGURE 16. Long-wavelength Infrared Detector 
Amplifier. 

INPUT 10kO 

01 4.99kO 

9.76kO 
,---""''\0---..., BALANCE 

TRIM 
5000 

OUTPUT 

+Vcc 

ITllNPUT GAIN 

"I" +1 
"0" -I 

FIGURE 17. High Performance Synchronous 
. Demodulator. 
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INPUT 

GAIN = -IOIOV/V 
Vas = 2pV 
DRIFT = o.07/1V/'C 
0, - InV/$z .1 10Hz 

D.9nV/$z 81 100Hz 
0.B7nV/$z allkHz 

FULL POWER BANDWIDTH = 180kHz 
GAIN BANDWIDTH - 500MHz 
EQUIVALENT NOISE RESISTANCE = 500 

200 2kO 

200 2kO 

H = 10 EACH OPA37EZ 

SIGNAL·TO·NOISE RATIO a: .Jff 
SINCE AMPLIFIER NOISE IS 
UNCORRELATEO 

2kO 

FIGURE 18. Ultra-low Noise "N" Stage Parallel 
Amplifier. 



20110 

VIRTEC VIOOO 
PLANAR TUNNEL 

DIODE 

,:r..~ itll~F,..-__ ....... __ -. ___ -._ ... 
VIDEO >----'--0 OUTPUT 

2DDO 

FIGURE 19. RF Detector and Video Amplifier. 

IIlpF/2DV 

...L 1+ 

r22--~ ----I 
I 
I 
I 
I 
I 
I c::::J c::::J 

I 
I 
L _______ _ 

SIEMENS lHI 948 

+15V 

FIGURE 20. Balanced Pyroelectric Infrared Detector. 

e~ . AIRPAX 
MAGNETIC 

PICKUP 

FIGURE 21. Magnetic Tachometer. 

Ikn 

lOBO 10110 

OUTPUT 

1000n 1000n 

4.8V 

OUTPUT 

'OUT ex: RPM x N 
WHERE N = NUMBER OF BEAR TEETH 
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BURR-BROWN® 

11:31:31 OPA27HT 
OPA37HT 

Wide Temperature Range Precision 
. OPERATIONAL AMPLIFIERS 

FEATURES 
• FULLY SPECIFIED OVER -55°C to +200°C 
• LOW OFFSET: ±400pV max at +200° C 
• LOW DRIFT: ±0.4pV/oC 
• ULTRA-LOW NOISE 
• MONOLITHIC 
• HERMETIC TO-99 PACKAGE 
o 100% 8URN-IN AT +200°C 

DESCRIPTION 
The OPA27/37HT is an ultra-low noise, high preci
sion monolithic operational amplifier. 

Laser trimmed thin-film resistors provide excellent 
long-term voltage offset stability and allow superior 
voltage offset and drift performance. 

The OPA27/37HT are tested and guaranteed over 
an extremely wide temperature range: -55°C to 
+200°C. In addition, they have demonstrated an 
ability to withstand a total dose of 2 X 10' RAD (Si) 
gam.ma and a neutron fluence of I XIO IJ , IMEV 
equivalent n/cm2• 

The OPA27HT is inter~ally compensated for unity
gain stabiiity. The decompensated OPA37HT requires 
a closed-loop gain ~ 5. 

The Burr-Brown OPA27/37HT use an industry
standard OP27/37 pinout and they can replace 
many existing amplifiers in low-source-impedance 
applications. 

APPLICATIONS 
• DOWN-HOLE INSTRUMENTATION 
• WELL LOGGING 
• ENGINE CONTROLS 
• EXTREMELY SEVERE ENVIRONMENT 
• TRANSDUCER AMPLIFIER 
• RADIATION HARD EQUIPMENT 

OPA21I37HT SIMPLIFIED CIRCUIT 

+Vcc 

-Vee 

Inlernalional Airporllnduslrlal Park - P.O. 80x 11400· Tucson. Arizona 85734 . Tel. (60l) 746-1111 - Twx: 910-952-1111 - Cabl.: 88RCORP - Telex: 66-6491 

PDS-656A 
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SPECIFICATIONS 
ELECTRICAL 
AI Vee = 15VDC" T. = Indicaled lemperalure. 

+25'C -55' C TO +125' C +:200'C 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

NOISE 
Vollage, 10 = 10Hz ". 3.1 8.5 5.6 nVl.JHz 

10= 30Hz ". 2,9 4.0 4.5 nVl.JHz 
10= 1kHz ". 2.7 3,6 4.0 nVl.JHz 
I. = O,IHz to 10Hz 0,07 pV. pop 

Current, fo = 1kHz 0.4 0,5 0,8 pAl.JHz 

OFFSET VOLTAGE'" 
Input Offset Voltage ±25 ±75 ±37 ±200 ±150 ±400 pV 
Average Driftl31 T ... MIN to T" MAX ±0.4 INI'C 
Long Term Stability f41 T. = +125'C 8 pVlkHr. 
S~pply Rejection '" ±V"" = 4V to 18V 100 134 94 127 94 127 dB 

±Vcc '" 4V to 18V ±0,2 ±10 ±0.45 ±20 ±0,45 ±20 pVN 

BIAS CURRENT 
Input Bias Current 430 lpA 600 2JJA 3.4pA SpA nA 

OFFSET CURRENT 
Input Offset Cu".nt ±40 ±180 ±50 ±200 ±300 ±550 nA 

IMPEDANCE 
Common-Mode 3 GO 

VOLTAGE RANGE 
Common-Mode Input Range ±11 ±12,3 ±10.3 ±11.5 ±9.0 ±11.0 V 
Common-Mode Rejection VIN = ±10VDC151 106 128 100 122 96 119 dB 

OPEN-LOOP GAIN, DC 

Open-Loop. Voltage Gain R,;o;2kO 120 126 ±109 120 104 113 dB 
R,;o; lkO ±116 125 dB 

FREQUENCY RESPONSE 

Gain-Bandwidth Product OPA27HT 6 7 6 MHz 
Av = 1000VN OPA37HT 36 38 41 MHz 

Slew Rate Vo=±10V, R,=2kO 
OPA27HT, G = +1 1.9 . 1.7 3.5 VII'S 
OPA37HT, G = +5 11.9 10 16 VlJJS 

Settling Time, 0,01% OPA27HT, G = +1 25 JJS 
OPA37HT, G = +5 25 JJS 

RATED OUTPUT 

Voltage Output R,;;e2kO ±12 ±13.9 ±11 ±13.8 ±10.5 ±13,jo V 
Output Resistance DC, open loop o 70 0 
Short Circuit Current R,=OO 35 60 25 15 rnA 

POWER SUPPLY 

Rated Voltage ±15 ±15 ±15 VDC 
Voltage Range. 

Derated Performance ±4 ±18 VDC 
Current. Quiescent 10 = OmADC 3.6 4.7 4.3 6 6.1 8 rnA 

TEMPERATURE· RANGE 

Specification!$} Ambient temp. -55 +200 'C 
Operating (Typical) Ambient temp. -65 +225 'C 
Storage Ambient temp. -65 +225 'C 
e JU,nction·Ambient 175 'C 

NOTES: (1) Noise testing available-inquire. (2) OUset voltage specifications on grade HT are also guaranteed with units'fully warmed up. (3) Unnulled or nulled 
with BkO to 20kO potentiometer. (4) Long-term. voltage offset vs time trend line does not include v.rarm-up drift. (5) Common-n;t0de.rejection specified at +200°C 
wilh V'N = ±9VDC. (6) 100% tested at -55'C, +25'C and +200'C using forced-air environment. +125'C specification is guaranleed by design, (7) tVee = 6V to 18V 
al +200'C. 0 
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ABSOLUTE MAXIMUM RATINGS 

Supply... . .•. .. . . .. . .... . . . .•. . . ... ... . .. . ..... ±18VDC 
Internal Power Dissipation'" ..........•........... SOOmW 
Dil,erential Input Voltage'" .•..........•......•.. ±0.7VDC 
Input Voltage Range'" .......................... ±18VDC 
Storage Temperature Range. . • . . . . . . . . .. -6S'C to +22S'C 
Operating Temperature Range .. ; ........ -6S'C to +22S'C 
Lead Temperature (soldering, to seconds) ....... " +300'C 
Output Short Circuit Duration'''.. ..•. •. . . .. ... Continuous 
Junction Temperature ............................ +2S0'C 

NOTES: (1) Packages must be derated based on f}JC = 45°C/W or 8JA ::::: 

175°CIW. (2) The inputs are protected by back-ta-back diodes. Current 
limiting resistors are not used in order to achieve low noise. If differential 
input voltage exceeds ±O.7V, the input current should be limited to 
2SmA. (3) For supply voltages less than ±18VDC. the absolute maximum 
input voltage is equal to the supply voltage. (4) Short circuit may be to 
power supply common only. Rating applies to +25°C ambient. Observe 
dissipation limit and TJ. 

MECHANICAL 

"M" PACKAGE TO-99 (Hermetic) 

~e~~;:in true position within .010" Pin numbers shown for reference 
(.25mmR)at MMC at seating plane. only. Numbers may not be marked 

on packag~. 

~~:~ Lli I =!--i 
C - -=-:J r 
Se~tl"g F K 

P"no II III __ J 
---Il.--o 

'r-
.m'" -!-t ~+C!: --"T G 

0" .• 0 ---1----* 

Pin matenal and plating composI
tion conform to Method 2003 (sol
derability) of MIL-STO·883 (except 
paragraph 3.2). . 

INCHES MILLIMETERS 
DIM M" MAX MI' MAX 

'" JJ5 

'21 
OAO 

'" 

'" 

ORDERING INFORMATION 

OPAXX HT 
Basic Model Number ______ :=1_ .. ....1 J 
Pedormance Grade --------------1 

HT = -55°C to +200'C 

CONNECTION DIAGRAM 

TOP ViEW 
Offset Trim 

Output 

-Vee and Case 

TYPICAL PERFORMANCE CURVES 
T A = +25Q C, Vee = ±15VDC unless otherwise noted. 

.OPEN-LOOP FREQUENCY RESPONSE INPUT VOLTAGE NOISE SPECTRAL DENSITY 
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c 80 '0; 
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Z 
II> 
Cl 
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\ 
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~- II "', +2S·C 

'0 
> 

20 -SS·C I 
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COMMON-MODE REJECTION va FREQUENCY 
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~ 
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11 OPA27 
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SUPPLY CURRENT vs TEMPERATURE 
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CMR AND PSR vs TEMPERATURE 
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5VCMR 

CMR 
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Ambient Temperature ("C) 

APPLICATIONS INFORMATION 
These amplifiers are capable of unusually low voltage 
offset and drift and to achieve this ultimate capability. 
attention must be paid to externally generated thermal 
EMF contributions. Dissimilar metal junctions together 
with temperature gradients can generate' thermocouple 
voltages that exceed the OPA27/37HT amplifier drift. 

The OP A27/ 37HT are extremely wide-temperature range 
versions ofthe standard Burr-Brown OPA27'and OPA37. 
These high-temperature amplifiers do not employ bias 
current cancellation but note that their noise current per
formance has not been degraded. 

Eutectic die attach is used exclusively for the OPA27HT 
and OPA37HT. Hermeticity is assured by 100% fine leak 
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\ 

-o +50 +100 +150 +200 +250 

Ambient Temperature ("C) 

BIAS AND OFFSET CURRENT va TEMPERATURE 
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testing. Units are 100% burned-in for 28 hours at +200°C 
for increased reliability. 

6 

±4mV Typical Trim Range 

OFFSET TRIM CIRCUIT 
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BURR-BROWN® 

IElElI OPA101 
OPA102 

Low Noise - Wideband 
PRECISIONJFET INPUT OPERATIONAL 

AMPLIFIER 
FEAT~RES 

- GUARANTEED NOISE SPECTRAL DENSITY· 
100% Tested 

-LOW VOLTAGE NOISE· 8nV/y1IZ max allOkHz 

-LOW VOLTAGE DRIFT - 5pV/oC max IB grada) 

-LOW OFFSET VOLTAGE· 250pV max IB grade) 

-LOW BIAS CURRENTS -IOpA max al 
25°C Ambient IB Grade) 

- HIGH SPEED -IOVI psec min IOPAI02) 

- GAIN BANDWIOTH PRODUCT· 40MHz IOPAI02.) 

DESCRIPTION 
The OPAIOI and OPAI02 are the firstFET 
operational amplifiers available with noise charac
teristics (voltage spectral density) guaranteed and 
100% tested. 

The amplifiers have a complementary set of speci
fications permitting low errors in signal conditioning 
. applications; low noise, low bias current, high open
loop gain, high common-mode rejection, iow offset 
voltage, low offset voltage drift, etc. 

APPLICATIONS 
- LOW NOISE SIGNAL CONDITIONING 

- LIGHT MEASURMENTS 

- RADIATION MEASUREMENTS 

- PIN DIODE APPLICATIONS 

- DENSITOMETERS 

- PHOTODIODE/PHOTOMUL TlPLIER CIRCUITS 

- LOW NOISE DATA ACQUISITION 

In addition, the amplifiers have moderately high 
speed. The OPAIOI is compensated for unity gain 
stability and has a slew rate of 5V/ psec, min. The 
OPAI02 is compensated for gains of 3V/V and 
above and has a slew rate of IOV / psec, min. 

Each unit is laser-trimmed for low offset voltage and 
low offset voltage drift versus temperature. Bias 
currents are specified with the units fully warmed up' 
at +25"C ambient temperature. 

. +vee 

* DPA1Dl ONLY '--__<i>--_~-------__<i>__ ___ --\.4 ·Vec 

International Alrportlnduslrlal Park· P.O. Box 11400· Tucson. Arizona B5734· Tel. 1602) 741H 111 • Twx: 911J.952·1111 • Cable: BBReORP· Telex: 66-6491 

PDS-434A 

1-33 



SPECIFICATIONS 
ELECTRICAL 
Specillcations at TA - +25°C and +Vcc - +15VDC unless otherwise noted - - - -
MODEL I OPA101/1D2AM J OPA10l/102BM I 
PARAMETER I CONDITION J MIN I TYP I MAX MIN I TYP MAX I UNITS 

INPUT NOISE 
Voltage Noise Density 10 1 Hz11) 100 200 80 100 nVIVIiz 

10 = 10Hz 32 80 25 30 nVl.JHZ 
10 = 100Hz 14 30 11 15 nVl../HZ 
10 = 1kHz 9 15 8 12 nVl../HZ 
10 = 10kHz 7 8 7 8 nVl,jHz 
10 = 100kHz 6.5 8 6.5 8 nVl,jHz 

Ie; 111 Corner Frequency 125 100 'Hz 
Voltage Noise Ie = O.IHz to 10Hz(1) 1.3 2.6 1.0 1.3 "V, POp 

Ie = 10Hz 10 10kHi i.O 1.2 . 0.8 1.0 "V,rms 
Ie = 1 OHz 10 100kHz 2.1 2.6 2.1 2.6 "V,rms 

CUrrent Noise Density 10 = 0.1 Hz Ihru 10kHz 2.0. 1.4 IAlv'Hz 
CUrrent Noise Ie =O.IHz to 10Hz 38 26 lA, pop 

Ie = 10Hz to 10kHz 200 140 IA,rms 

DYNAMIC RESPONSE 
Bandwidth, Unily Gain Small Signal 

OPA10l 10 . MHz 
OPA102 Note 2 • 

Gain-Bandwidth Product ACL';'I00 
OPA10l 20 MHz 
OPA102 40 MHz 

Full Power Bandwidth Vo = 2OV, pop; RL = 1 kO 
OPA10l 80 100 . kHz 
OPAl 02 160 210 kHz 

Slew Rate Vo,= ±IOV; RL = lkO 
OPA10l ACL=-1 5 6.5 . 

VI"sec 
OPA102 ACL.= -3' 10 14 VI"sec 

Settling Time COPA10l} Vo = ±5V; AcL = -1; 
RL=:lkO 

0=1% 2 I'sec 
0=0.1% 2.5 "sec 
0=0.01% 10 "sec , 

Settling Time (OPA102) Vo = ±5V; ACL = -3; 
RL= lkO 

0=1% 1 "sec 
0=0.1% 1.5 J,l.sec 
0=0.01% 8 "sec 

Small-Signal Overshoot RL = lkO; CL = l00pF 
OPA10l ACL=+1 "5 % 
OPA102 ACL=+3 20 % 

Rise Time 10% to 90%, Small Signal 
OpAl0l 40 nsec 
OPA1~ 30 nsec 

Phase Margin RL= lkO 
OPA10l ACL=+1 60 Degrees 
OPA102 ACL=+3 45 Degrees 

Overload Recovery(3) 
OPAtOl ACL = -I, 50% overdrive 1 ",sec 
OPA102 ACL = -3, 5O'!b overdrive 0.8 "sec 

OPEN-LOOP GAIN DC 
Full Load Vo = ±10V; RL - lkO 94 105 dB 
No Load Vo = ±10V; RL" 10kO 96 108 dB 

" 

RATED OUTPUT 
Voltage 10-±12mA ±12 ±13 V 
Current Vo=±12V ±12 ±3O mA 
Oulpul Resistance Open-Loop, I = DC 500 11 
Shorl-Circuit Current ±45 mA 
Capacitive Load Range Phase Margin" 25° 

OPA101 ACL=+1 500 pF 
OPA102 ACL=+3 300 pF 

INPUT OFFSET VOLTAGE 
Initial Offset TA +25°C ±100 ±500 ±50 ±250 "V 

vs Temperature -25°C" TA ,,+85°C ±6 ±10 ±3 ±5 "VI"C 
vs Supply Voltage ±5VDC" I Vcc I ,,±20VDC ±10 ±50 IlVN 
vsTime ±10 "Vlmo. 

Adjustment Range Circuit in "Connection ±1 mV 
Diagram" 

INPUT BIAS CURRENT 
Initial Bias TA +2SOC -12 -15 -6 -10 , pA 

vs Temperature Nole4 
vs Supply Voltage NoleS . 

1-34 



ELECTRICAL (CONT) 

MODEL 
PARAMETER I CONDITION 

INPUT DIFFERENCE CURRENT 
Initial Difference TA-+25°C 

vs Temperature 
vs Supply Vollage 

INPUT IMPEDANCE 
Dilferential 

Resistance 
Capacitance 

Common-mode 
Resistance 
Capacitance 

INPUT VOLTAGE RANGE 
Common-mode Voltage Range Linear Operation 
Common-mode Rejection fo= DC. VeM=±10V 

POWER SUPPLY 
Rated Voltage 
Voltage Range Derated Performance 
Current. Quiescent 

TEMPERATURE RANGE 
SpeCification 
Operating Derated Performance 
Storage 

NOTES: ·Specifications same as for OPA10l/102AM. 
1. Parameter is untested and is not guaranteed. This specification is 

established to a 90% confidence level. 
2. Minimum stable gain for the OPAl 02 is 3VN. 

ABSOLUTE MAXIMUM RATINGS 

Supply 
Internal Power Dissipation(11 
Differential Input Voltagel2) 
inpul Voltage. Either Inpu«2) 
Slorage Temperature Range 
Operating Temperalure Range 
Lead Temperature (soldering. 10 seconds) 
Output Short.-Circuil Duration(3) 
Junction Temperature' 

NOTES: 

±20VDC 
750mW 
±20VDC 
±20VDC 
-65°C to +1500C 
-55°C 10 +125°C 
+3000C 
60 seconds 
+175°C 

1. Package must be derated according to the details in the 
Application Information section. 

2. For supply voltages less than ±20VDC, the absolute maxjmum 
input is equal to the supply voltage. 

3. Short..circuit may be to ground only. See discussion of Thermal 
Model in the Application Infqrmatjon sect jon. 

CONNECTION DIAGRAM 

+VIN 

OUTPUT 

"'Optjonal to improve 
r~solution and limit range. 

NOTE: Ollset voltage adjustmenlallacts voltage drift vs temperature 
by approximately ±0.3I'VfOC for each IOOI'V of ollset adjusted. 

I 
I 

OPA10l1102AM J OPA10l/102BM 
MINI TYP MAX I MIN I TYP I MAX J UNITS 

80 

±5 

-25 
-55 
-65 

±3 ±6 ±1.5 ±4 pA 
Note 4 
NoteS 

1012 n 
1 pF 

1013 II 
3 pF 

±I I Vee 1-31 V 
105 dB 

±15 VDC 
±20 VDC 

5.8 8 mA 

+85 °C 
+125 °C 
+150 °C 

3. Time required for output to return from saturation to linear operation 
following the removal of an input overdrive signal. 

4. Doubles approximately every B.SoC. 
5. See Typical Performance Curves. 

MECHANICAL SPECIFICATIONS 

INCHES MILLIMETERS rAj elM MIN MAX MIN MAX 
A .489 .522 12.42 3.2a om---' C .243 .307 8.17 7.80 ~j if==bt 0 .018 .021 0.41 0.53 

E .0;·0 .040 0.25 1.02 L.:ng K F .010 .040 0.25 1.02 

G .200 BASIC 5.08 BASIC D~ ~ ~~ Plane 1 
K .500 -- 12.7 --
l .110 t .180 2.791 4.08 ...Il o 
M 45' BASIC 45' BASIC 

~>' N .095 I .105 2.41 I 2.87 

NOTE: 'r I rO 0, 

~ Leads in true position within .010" • ~ ~ 0. + ., t 
(.25mm I Rat MMC at seating plane. t • 
Pin numbers shown for reference ~ L 
only. Numbers may not be . - N 
marked on package. Weight: 2 grams 
Pin material and plating composition 
conform to method 2003 
IsolderabilitYI of MIL-STD-883 
lexcept paragraph 3.21. 

PIN CONFIGURATION 

POSITIVE SUPPLY 
(+Vee) 

OUTPUT 
(Vourl 

Order Number: 
OPA101AM OPA101BM 
OPA102AM OPA102BM 

NEGATIVE SUPPLY (-Veel 
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TYPICAL PERFORMANCE CURVES 
iTA = +25°C, ±Vcc = ±15VDC, unless olherwtse noted. Performance curves apply to both OPA10l and OPA102 unless otherwise noted.) 
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APPLICATION INFORMATION 
INTRODUCTION 

The availability of detailed noise spectral density charac
teristics for the OPAl 0 I I 102 amplifiers allows an 
accurate noise error analysis in a variety of different 
circuit configurations. The fact that the spectral 'char
acteristics are guaranteed maximums allows absolute 
noise errors to be truly bounded. Other FET amplifiers 
normally use simpler specifications of rms noise in a 
given bandwidth (typically 10Hz to 10kHz) and peak-to
peak noise (typically specified in the band 0.1 Hz to 
10Hz). These specifications do not contain enough 
information to allow accurate analysis of noise behavior 
in any but the simplest of circuit configurations. 

+ 

FIGURE I. Noise Model of OPAIOII 102. 

Noise in the OPAIOI 1102 can be modeled as shown in 
Figure I. This model is the same form as the DC model 
for offset voltage (Eos) and bias currents (18). I n fact. if 
the voltage en(t) and currents in(t) are thought of as 
general instantaneous error sources. then they could 
represent either noise or DC offsets. The error equations 
for the general instantaneous model are shown in Figure 
2 below. 

FIGURE 2. Circuit With Error Sources. 

If the instantaneous terms represent DC errors (i.e .• 
offset voltage and bias currents) the equation is a useful 
tool to compute actual errors. It is not. however. useful in 
the same direct way to compute noise errors. The basic 
problem is that noise cannot be predicted as a function of 
time. It is a random variable and must be described in 
probabilistic terms. It is normally described by some type 
of average - most commonly the rms value. 
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Nnns ~ v' liT fc>2(t) dt (I) 

where N,m, is the tms value of some random variable net). 
I n the case of amplifier noise. net) represents either en(t) 
or in(t). 

The internal noise sources in operational amplifiers are 
normally uncorrelated. That IS. they are randomly related 
to each other in time and there is no systematic phase 
relationship. U ncorrelated noise quantities are combined 
as root-sum-squares. Thus. if nl(t). n~(t). and nJ(t) are 
uncorrelated then their combined value is 

(2) 

The basic approach in noise error calculations then is to 
identify the noise sources. segment them into conveniently 
handled groups (in terms of the shape of their noise 
spectrai densities). compute the rms value of each group. 
and then combine them by root-sum-squares to get the 
total noise. 

TYPICAL APPLICATION 

The circuit in Figure 3 is a common application of a low 
noise FET amplifier. It will be used to demonstrate the 
above noise calculation method. 

FIGURE 3. Pin Photo Diode Application. 

CR I is a PIN photo diode connected in the photovoltaic 
mode(ilO bias voltage) w~ich produces an output current 
i;n when exposed to the light. h. 

A more complete circuit IS shown in Figure4. The values 
shown for CI and RI are typical for small geometry PIN 
diodes with sensitivities in the range of 0.5 AI W. The 
value of C~ is what would be expected from stray 
capacitance with moderately careful layout (O.5pF to 
2pF). A larger value of C~ would normally be used to 
limit the bandwidth and reduce the voltage noise at 
higher frequencies. 

,,\UIVlllnt circuit lor CRt 
___________________ I~ 

I -----

8. 

--------~-------~! 
Nata: In+ shorted In this conflgurstlon: 

FIGURE 4. Noise Model of Photo Diode Application. 



In Figure 4, en and in represent the amplifier's voltage and 
current spectral'densities, en(w) and in(a.) respectively. 
These are shown in Figure S. 
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611. CURRENT NOISE 

FIGURE S.Noise Voltage and Current Spectral Dellsity. 

Figure 6 shows the desired "gain" of the circuit 
(transimpedance of eol i'n = Z2(S». It has a single-pole 
rolloff at f2 = 1/(27fR2C2) = w2/27f. Outputnoisl:: is 
minimized iff2 is m.ade smaller. Normally R2 is chosen for 
ihedesired DC transimpedance based on the full scale 
input current (i'n full scale) and maximum output (eo 
max)., Then C2 is chosen to make f2 as slmill as possible 

. consistent with the necessary signal frequency response. 

108 

IZ=/ 
'~ 

15.11t 

" 10 100 Ik 10k, lOOk 1M 10 M 

frII(ulIICr IHzI 

FIGURE 6. Transimpedance. 

Voltage Noise 

Figure 7 shows the noise voltage gain for the circuit in 
Figure 4. It is derived from the equation 

e - e [ A ] -e I [_1_] 
o-n l +A13- n tr l 

, ' 1+ AI3 

where: 

,A ='A(w) is the open-loop gain 

(3) 

8, = P(w)is the feedback factor. It is the amount of 
output voltage feedback to the input of the op amp. 

AP = A(w) pew) is the loop gain. It is the amount of the 
output voltage feedback to the input and then 
amplifie!i and returned to the output. 

lOOk 
j~I"'I~ ~ 10k 10PAI01 

Ik ~ '3 = 310kHz 

~IOO 
IIIl All " ~ 'a=B73~ \ "-l 

--l; .5 . &I 10 ~: t+ Hz/HI \ If' ~IH~ I I 
'Z = I .9kHz i\-,. , T (I +CI/CzI = ZB 

0.1 

0.01 " 
I 

# K3 = 1.83 x 10-3 = !!!!.~+~] 
0.0010.01 

t/- II '. HI 
0.1 I 10 100 Ik 10k lOOk 1M 10M 

Frequlnc, IHz~ 

FIGURE 7. Noise Voltage Gain. 

Note that for large loop gain (AP»I) 

(4) 

For the circuit in Figure 4 it can be shown that 

(S) 

This may be rearranged to 

R2 + R, [ T,S + I ] 
P R, T2S + I 

(Sa) 

(Sb) 

(Sc) 

I I 
Then. t~ = 27fT, and f2 = 27fT> (Sd) 

For very low frequencies (f«f.). s approaches zero and 
equation S becomes 

= 1+ &. 
(6) 

P R, 

For very high frequencies (l»f2). s approaches infinity 
and equation S becomes 

(7) 
I ,C, 

7f =1 + C2 

1-40 



The noise voltage spectral density at the output is 
obtained by multiplying the amplifier's noise voltage 
spectral density (Figure Sa) times the circuits noise gain 
(Figure 7). Since both curves are plotted on log-log scales 
the multiplication can be performed by the addition of 
the two curves. The result is shown in Figure S. 

. 
II = 0.01 Hz .~ 1I.';87~ I -I' Ie = 100Hz": : .. 

f l2 = 15.9kHz J, 
I la = 3fIOIHz 

I . , ! I 

~n_1 1(1) (2): Lf31 I '\1' 
I I 

I , 
I , 

l:i I I , 
'> 1000 K211 + el/e21 : , ..... ~ ,I ~I :s -... I I - --- 20B 

100 - 1A'~i" 88 II 1/ , ;; 
;: 10~':-H2 I ' .. 

I ~ II 1~':"'- -8.8 1\ ":l' 
H2 ,I • 

K2(l+-! • 
0.1 HI 

0.01 O.OIal __ .,( ._. t--Ka' K2 

0.01 0.1 I 10 100 Ik 10k lOOk 1M 10M 
Frequancy 1Hz! 

FIGURE S. Output Noise Voltage Spectral Density. 

The total rms noise at the amplifier's output due to the 
amplifier's internal voltage noise is derived from the e.,(w) 
function in Figure S with the following expression: 

(S) 

It is both convenient and informative to calculate the rms 
noise using a piecewise approach (region-by-region) for 
each of the four regions indicated in Figure 8. 
Region I; f, = 0.01 Hz to f, = 100Hz 

(9) 

(9a) 

'ntis region has the characteristic of (/ f or "pink" noise 
(slope of -lOdB per decade on, the log-log plot of en(w». 
The selection of 0.01 Hz is somewhat arbitrary but It can 
be, shown that for this example there would be only 
negligible additional contribution by extending fl several 
decades lower. Note that KI(I + R,I R.) is the value ofe" 
at f= I Hz. 

Region 2; f, = 100Hz to f, = 673Hz 

, R, 
Enl nn. = K, (I + - ) ..j f,-f, 

R, 
107 

= SnV /V'iiZ (I + 108 )..j 673 - 100 

= 0.21}lV 

(10) 

(lOa) 
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This is a region of "white" noise which leads to the form 
of equation (10). 

Region 3; f, = 673Hz to f, = IS.9kHz 

j [,' r' 
En3 rms = K2· K3 -=- _ ....:.. 

3 3 (II) 

j( 15 9k)' (673)' 
= SnV 1v'!fZ (1.63 x 10-') -~---3-(lla) 

This is the region of increasing noise gain (slope of 
+20dB/decade on the log-log plot) caused by the lead 
network formed by the resistance Rill R, and the capaci
tance (C I + C,). Note that K,. K, is the value of the eo (w) 
function for this segment projected back to I Hz . 

Region 4; f> IS.9kHz 

CI I 1T 
En. ,m, = K, (I + C, hi [2"] f, - f2 (12) 

= SnV/.JHZ (I + 215) JtT] 3S0k - IS.9k (12a) 

= ISS.S}lV 

This is a region of white noise with a single order rolloffat 
f, = 3S0kHz caused by the intersection of the I I {3 curve 
and the open-loop gain curve. The value of 3S0kHz is 
obtained from observing the intersection point of Figure 
7. The 1T/2 applied to f, is to convert from a 3dB corner 
frequency to an effective noise bandwidth. 

Current Noise 

The output voltage component due to current noise is 
equal to: 
En; = in X Z,(s) 

where Z,(s) = R, II X~, 

(13) 

(l3a) 

This voltage may be obtained by combining the in
formation from figures 5 (b) and 6 together with the open 
loop gain curve of Figure 7. The result is shown in Figure 
9 below. 

Haglon CD ® ® 
121= 15.9~HZ-

2.2-
1/ -. 

1-1.4- -
,;:' 

.to"1, 

~ 13 = 380kHz 

Ii Ifr7 '> 
~ 
i IrrB 
~ 

Iu-I' 
0.1 10 100 Ik 10k lOOk 1M 

Frequency IHzI 

FIGURE 9. Output Voltage Due to Noise Current. 

Using the same techniques that were used for the voltage 
noise: 

Region I; 0.1 Hz to 10kHz 



Enil = 1.4 X 10-8 v' IOk- 0.1 

=1.4Jly 

Region 2; 10kHz to IS.9kHz 

-12 j (IS.9k); (10k); 
En;2 = 1.4 x 10 -. -3- --3-

= 1.4JlV 

Region 3; f> ·IS.9kHz 

En;3 = 2.2 X 10-8 j ; 380k - IS:9k . 

= 16.8t1V 

En; to,,' = 10-6 J (l.4i + (1.4)2 + (16.8)' 

Resistor Noise 

(14) 

(l4a) 

(l4b) 

(14c) 

For a complete noise analysis of the circuit in Figure 4, 
the noise of the feed back resistor, R2, must also be 
included. The thermal noise of the resistor is given by: 

ER rms = v' 4kTRB (IS) 
K = Boltzmann's constant = 1.38 x 10-23 

Joules/"Kelvin 
T = Absolute temperature (degrees Kelvin) 
R = Resistance (ohms) . 
B =' Effective noise bandwidth (Hz) (ideal filter 

assumed) 

At 2SoC this becomes 
ER rms :!! 0.13 v'Rif 
ER rms in ~V 
RinMO 
B in Hz 

For the circuit in Figure 4 
R, = 1070 = IOMO 

B =; (f,) =; IS.9k 

Then 

ER rms=(41InV/\!iiilv'B 

=(4'llnV/v'HZ) j I IS.9kHz 

= 64.9JlV rms 

Total Noise 
The total noise may now be computed from 

En to,,' = J En" + En,' + En;' + Enl + EnR' +- En;' (16) 

=J2.67' +0.21' + IS.I' + IS8.5' +64.9' + 16.9' (16a) 

,=v'7.1 +0.04+228+2SI22+4212+286 (I6b) 

= 173JlV rms. 

Conclusions 
Examination of the results in equation (l6b) together 
with the curves in Figure 8 leads to some interesting 
conclusions. I n this example 84% of the noise comes from 
En4. From Figure 8 it is seen that this is the· area beyond 
the pole formed by R, and C2. 

The En4 contribution could be reduced several ways. The 
most common method is to increase C2. This reduces f2 
and the value of K2(1 + CI/C2) (see Figure 8). It also 
reduces the signal bandwidth (see Figure 6) and the final 
value of C2 is normally a compromise between noise gain 
and necessary signal bandwidth. : 

It should be noted that increasing C, will'also affectf. 
since f. is determined by (C, + C2)(see equation (Sb». 
Normally C2 is larger than C, and f2 will change more 
than f. for a given change in C2. 
The other means of reducing the noise in region 4 
involves changing amplifier parameters. For example. 
the use of a slower amplifier would move the open-loop 
gain curve to the left and decrease f;. Of course, reducing 
the value of K" tlie noise floor, would also reduce the 
noise in this region. 

The second largest component is ·the resistor noise EnR 
(14% of the total noise). A lower resistor value decreases 
re-sistor noise as a function ofVR. but it also lowers the 
desired signal gain as a direct function of R. Thus, 
lowering Rreduces the signal-to-noise ratio at the output 
which shows that the feedback resistor should be as large 
as possible. The noise contribution due to R, can be 
decreased by raising the value of C, (lowering f,) but this 
reduces signal ba~dwidth. 

It is interesting to note that the current noisc; of the 
amplifier accounted for only I % of the total E~. This is 
different than would be expected when comparing the 
current and voltage spectral densities with the size of the 
feedback resistor. For example, if we define a char

, acteristic value of resistance as 
en(w) 

R,h''''',rl'''' =. in(w) at f= 10kHz 

8nV/VHZ 

1.4fA/v'HZ 

S.7MO 

(17) 

Thus, in simple transimpedance circuits with feedback 
resistors .greater than the characteristic. value, the 
amplifier's current noise would cause more output noise 
than the amplifier's voltage noise. Based on this and the 
10M!! feedback resistor in the example, the amplifier 
rioise current would be expected to have a higher 
contribution than the noise voltage. The reason it does 
not in the example of Figure 4 is that the noise voltage has 
high gain at higher frequencies (Figure 7) and the noise 
current does not (Figure 6). 

The fourth largest component of total noise comes from 
En; (0.8%). Decreasing C, will also lower,the term K,(I + 
C,fC,). In t/lis case, f, will stay fixed and fa will move to 
the right (i.e .. the+20dB/ decade slope segment will move 
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to the right). This can have a significant reduction on 
noise without lowering the sign'al bandwidth. This points 
out the importance of maintaining low capacitance at the 
amplifier's input in low noise applications. 

Shielding and Guarding 
The low noise, low bias current and high input impedance 
of the OPAIOI/ 102 are well suited to a number of 
precision applications. In order to fully benefit from the 
outstanding specifications of this unit, careful layout, 
shielding, and guarding are required. Careless signal 
wiring or printed circuit board layout can easily degrade 
circuit 'performance several orders of magnitude below 
the capability of the OPA 10 1/ 102. 

As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input ,leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. The metal case ofthe OPAIOI /102 is connected 
to pin 8 and is not connected to any internal amplifier 
circuitry. Thus it is possible to use the case as a shield to 
reduce noise pickup. 

Unless care is used, leakage currents across printed circuit 
boards can easily exceed the bias current of the 0 PAlO I / 
102. To avoid leakage problems, it is recommended that a 
Teflon IC sock,et be used or that at least the signal input 
lead ofthe amplifier be wired to a Teflon standoff. If this 
is not done and instead theOPA101 /102 islo be soldered 
directly into a printed circuit board, utmost care must be 

OUTPUT 

IBonOM VIEWJ 

Board layout lor Input GuardIng wllh T0-89 Package, 

, FIGURE 10. Connection of Case Guard and Input Guard. 

Cz = 30pF 

ShIeld 

" 
HZ= looMn 

+ 

VOUT = ·lln x Zz 

FIGURE I I. Ultra-Low Current to Voltage Converter. 

used in pldllning the board layout. A "guard" pattern 
should completely surround the two amplifier input leads 
and should'be connected to a low impedance,point whi«;h 
is at the signal input potential (see Figure 10). The 
amplifier case, pin 8, should also be connected to the 
guard. This insures that the entire amplifier circuitry is 
fully surrounded by the guard potential. This minimizes 
the voltage placed across any leakage paths and thus 
reduces leakage currents. I n addition, noise pickup is also 
reduced. 

Figures II, 12, and 13 show typical applications using the 
guard and case shielding. 

Cleanliness is also a prime concern in low bias current 
circuits. It is recommended that after installation is 
complete the assembly be washed with a low residue 
solvent such as TMC Freon followed by rinsing with 
deionized water. The use of some form of high dielectric 
conformal coating s,uch as a good two-part urathane 
should be considered if the assembly will be used in air 
environment which could deposit contaminants on the 
low current circuitry. 

FIGURE 12. Ultra-High Input Impedance Noninverting 
Circuit. 

'V Eoa V - '-- rT [' In + IB + -] dl 
OUT - CZ ' 0 Hi H, 

FIGURE 13. Low Drift Integrator. 

Thermal Model 

Figure 14 is the thermal model forthe OPA 10 1/102 where: 

TJ = Junction temperature (output load) 
TJ* = Junction temperature (no load) 
Tc = Case temperature 
T A = Ambient temperature 
BCA = Thermal resistance, case-to-ambient 
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6HS = Effective thermal resistance of the heat sink 
PDQ = Quiescent power dissipation " 

I +Vcc II +QUIESCENT +1 -Vce! L QUIESCENT 
p[)x = Power dissipation in the output transistor 

= (VOUT - VCC) lOUT 

(In a complementary output stage only one output 
transistor is conducting current at a 'time.) 

, INTERNAL POWER DISSIPATION 

Tl TJ. 
~------------~------~~--~ 

TC 

BcA = l5O"C1W 

FIGURE 14. OPAlOI/I02 Therm,al Model 

Pox 

This model is obviously not the simple one-power soUrce 
model used with most linear integrated circuits. It is. 
however, a more accurate model for multichip hybrid 
integrated circuits where the quiescent power is dissipated 
in the input stage and the internal power dissipation due 
to the load is dissipated in a somewhat physically 
separated output stage. 

The model in Figure 14 must be used in conjunction with 
the OPA 10 III 02's absolute maximum ratings of internal 
power dissipation and junction temperature to determine 
the derated power dissipation capability of the package. 

As an example of how to use this model. consider this 
problem: Determine the output transistor junction tem
perature when the output has its maximum load resistance 
and is operated at the worst-case output voltage con
ditions. Assume Vcc = ±ISVDC and TA = 2S"C. 

Maximum p[)x occurs where VOl:.,. = 1/2Vcc. Then 

(IS) 

T; = T A + PDQ [62 + (6H5 II 6eA)] 

+ p[)x [61 + 62 + (6H5 II 6CA)] (19) 

Substituting appropriate values yields 

Tj = 2S" + {30V x SmA)[SS"qW + 90"C/W] 

+ {Isvi [7S"q W + sS"q W + 90"q W] 
4 x IkO 

= 2S"C + 42"C + 14"C = T" + S6"C 

= SI"C 

The conclusion is that under a worst-case output voltage 
condition and with a I kO load the junction temperature 
rise is S6"C above ambient. Thus. under these conditions. 
the device could be operated in an ambient up to 119"C 
without exceeding the 17S"C junction temperature rating. 

A similar analysis for conditions of the output short
circuited to ground where 

J PI>X ss = Vee J(tlUlput limit I (20) 

shows that the maximum junction temperature rating of 
17S"C is exceeded. Thus. the output should not be 
shorted to ground for sustained periods of time. 

HEAT SINK 

, The heat sink used on the OPAl 0 1/ 102 should not be 
removed. It has the effect of reducing the package 
thermal resistance from ISO"C i W to about 90"C per watt. 
Removing the heat sink would naturally increase the 
junction temperature of the amplifier which would in 
turn raise the input bias current. The change in thermal 
resistance also affects the noise performance. Removing 
the heat sink would increase the noise in the I, f region. 
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IElElI 
For a 1883B version of this 
product see OPA105/883B in 
the Military Products section. 

OPA103 

low Drift - Low Bias Current FET Input 
OPERATIONAL AMPLIFIER 

FEATURES 

• LOW BIAS CURRENT. IpA. max 

• HIGH INPUT IMPEDANCE. 101Sn 

• ULTRA-LOW DRIFT. 2/o1V/oC. max 

• LOW OFFSET VOLTAGE. D.25mV. max 

• LOW QUIESCENT CURRENT. 1.5mA. max 

• HERMETICALLY SEALED TO-99 PACKAGE 

DESCRIPTION 

APPLICATIONS 
• CURRENT TO VOLTAGE CONVERSION 

• LONG TERM PRECISION INTEGRATION 

• PRECISION VOLTAGE AMPLIFICATION FOR 
HIGH INPUT IMPEDANCE APPLICATIONS SUCH AS: 
. • photo currant detectors 

• pH electrodes 
• biological probesltransducers 

The OPAI03 is a precision low bias current opera- rapid thermal response for quick stabilization after 
tional amplifier. Guaranteed low initial offset voltage turn-on or temperature changes. 
(O.2SmV, max) and associated drift versus tempera- The amplifier is free from latch-up and is protected 
ture (2/01 V te, max) is achieved bylaser-adjusting the for· continuous output shorts to common. As an 
amplifier during manufacturing. This feature. and added protection feature, either of the trim pins can 
guaranteed· low bias current (I pA, max), allow be accidentally shorted to a potential greater than the 
greater system accuracy with no external components. negative supply voltage without damage. 

Quiesc,<nt current (I.SmA, max) is unaffected by The standard pin configuration (741 type) of the 
changes in ambient temperature or power supply OPAI03 allows the user drop-in replacement capabi
voltage. Other characterlstics of the OPAI03 include lity. A pin 8 case connection permits the reduction of 
internal compensation for unity-gain stability and noise and leakage by employing guarding techniques. 

OFF8£T 
TRIM 

'nlern."on.' AlrporllndUltrl,' Park· P.O. 88x 11400· Tucson. Arizona 85734 -TIl. 16021 746-t111 -Twx: 910-952-1111 • Cabla: BBReORP - Talax: 66-6491 
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SPECIFICATIONS 
ELECTRICAL 
AI TA = +25°C and +Vcc = +15VDC unless olherwise noled - -

MODEL I OPA103AM I OPA103BM I OPA103CM I OPA103DM I 
I MIN I TVP I MAX I MINI TVPI MAXI MINI TVP I MAX I MIN I TVP I MAX I UNITS 

OPEN-LOOP GAIN, DC, VOUT + ±10V 

Raled Load, RL ;;. 2kO 100 106 · · · · · · dB 
RL ;;'101<0 112 · · · dB 

TA = -25°C 10 +85°C, RL ;;. 2kO 94 100 · · · · · · dB 
RATED OUTPUT 

Vonage al RL =,2kO, TA - -25°C 10 +85°C ±IO. ±12 · · · · · · V 
RL = 10kO, TA = -25°C 10 +85°C ±12 ±13 · · · · · · V 

Current, TA = -25°C to +85°C; Vo = ±1OV ±5 ±IO · · · · · · mA 
Oulpul Impedance 3 · · ,. 

kO 
Load Capacilance(11 500 1000 · · · · · · pF 
Short Circuit Currenl 10 25 · · · · · · mA 
FREQUENCY RESPONSE 

Unity Gain, Small Signal I · · · MHz 
Full Power Response 14 20 · · · · · · kHz 
Slew Rale 0.9 1.3 · · · · · · V/llsec 
Settling Time (0.1%) 9 · · · ,..ec 
Settling Time (0.01%) 20 · · · ,",sec 
Overload Recovery(2l, '50% overdrive 4 15 · · · · · · ,..ec 
INPUT OFFSET VOLTAGE 

Inllial Offsel, TA = +25°C ±200 ±5oo ±Ioo ±250 ±Ioo ±250 pV 
vs Temperature, TA = -25°C 10 +85°C ±15 ±25 ±IO ±15 ±3 ±5 ±I ±2 pVfOC 
vs Supply Voltage, TA = -25°C 10 +85°C ±20 ±2oo · · pVN 

INPUT BIAS CURRENTI31 

Initial Bias, TA = +250C -2 -I -I -I pA 
vs Supply Vollage 0,005 · .' pA 

INPUT DIFFERENCE CURRENT, 

Inilial Difference, 'fA = +25OC I I ±c.31 I ±c.21 I I ±c.21 I I ±c.21 I pA 

INPUT IMPEDANCE 
Dillerenllal 10"1~:~ · · · 011 pF 
Common-mode 101>111. · · · • 0 II pF 
INPUT NOISE 

Vollage. fo = 10Hz 55 · · · 

I 

nV/~Hz 
fo = 100Hz 35 · · · nV/y'Hz 
fo = 1kHz 30 · · · nV/y'Hz 
fo = 10kHz 25 · · · nV/y'Hz 
fe =O.IHz IQ 10Hz 3.0 · · · pVI~PI 

Currenl. fe = 0.1 Hz 10 10Hz 0.01 · · '. pA IP-PI 
fe = 10Hz 10 10kHz 0.003 · · · i pA, rms 
fo = 1kHz 0.6 · · · fAI",Hi 

INPUT VOLTAGE RANGE 

Differential ±20 · · · V, 

Common-mode, TA = -25°C '10 +85°C, ±IO ±12 · · · · · · V 
Common-mode Rejection, VIN = ±IOV 76 86 · · · · · · dB 
Maximum Safe Input Vollage ±Vcc · · · V 

POWER SUPPLY 

Raled Vollage ±15 · .. · VDC 
Vollage Range, deraled performance ±5 ±20 · · · · · · VDC 
Current, quiescent TA = -25°C to +85°C 1.0 1.5 · · · · · · mA 

TEMPERATURE RANGE '8mblanll 
Specification -25 +85 °C 
Operallng -55 +125 °C 
Slorage -65 +150 °C 
8 junction - ambient 235 ·ciw 

'·Specificalions same as for OPA103AM. 

NOTES: 
1. Slabilily guaranleed wilh load capecilance S 5OOpF. 
2. Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input 

overdrive signal. . 
3 .. Bias current is tested and guaranteed after 5 minutes of operation at TA = +25~C. For higher temperature the ~ias current doubles every +1"OOC. 
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MECHANICAL CONNECTION DIAGRAM 

TO-99 PACKAGE INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .335 .370 8.51 9.40 

.305 .335 7.75 8.61 

C .166 .185 4.19 4.70 

0 .018 .021 0.41 0.53 

E .010 .040 0.25 1.02 

. 010 .04 • 0.25 1.02 

G .200 BASIC 5.OB BASIC 

H .02B .034 0.71 0.86 

.029 .04' 0.74 1.14 

.500 12.7 

L .110 .160 2.19 4." 
M 45° BASIC 45° BASIC 

N .095 .105 2.41 2.67 

Weighl: 1 gram 

WN~le: 
H /" Leads in true position within .OU)," 

1.25mml R al MMC al sealing plane. Pin male rial and plaling composilion 
(TOP VIEW) 

Pin numbers shown for reference only. conform 10 Melhod 2003 Isolderabilily, 
Numbers may nol be marked on package. of MIL-STD-883 lexcepl paragraph 3.21. 

TYPICAL PERFORMANCE CURVES 
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APPL'CATIONS INFORMATION 

THERMAL RESPONSE TIME 

Th~rmal response time is an important parameter in low 
drift operational amplifiers like the OPA 103. A lo,w drift 
speCification would be of little value if the amplifier took 
a long time to stabilize after turn-on or ambient tempera~ 
ture change. The TO-99 package arid careful cir~uit 

design provide the necessary quick thermal response. 
Typical warm-up drift of the OPA 103 is approx,imately 
20, seconqs (see Typical Performance Curves). 

GUARDING AND SHIELDING 
The ultra710w bias current and high input impedance of 
the OPAI03 are well-suited to a number of stringent 
applications. However. careless signal wiring of printed 
circuit board layout can degrade circuit performance 
several orders of magnitude below the capability of the 
OPAI03. 

As in any situation where high impedances are involved. 
careful shielding is required to reduce "hum" pickUp in 
input leads. If large feedback resistors are used. they 
should also be shielded along with the external input 
Circuitry. ' 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the OPAI03. To avoid leakage 
p'roblems. it is recommended that the signal input lead of 
the OPAI03 be wired toa Tellonstandoff. IftheOPAI03 
is to be soldered directly into a printed circuit board. 
utmost care must bi: used in phinning the board layout. A 
"guard" pattern 'should completely surround the two 
amplifier input leads aildshould be connected to a loY\' 
impedance point which is at the signal input potential. 

The amplifier case should' be connected to any input 
~hield or guard via pin ~. This insures that the amplifier 
itself is fully surrounded by guard potential. minimizing 
bot,h leakage and nolsepickup. Figure (illustrates the use 
of,the 'guard. The resistor Rl shown in Figure I is 
optional. It may be used to compensate effects of very 
large source resistances. However. note that its use would 
also increase the noise due to the thermal noise of Rl. ' 

OFFSET VOLTAGE A~"UStMENT 
AI~hough the OPAI03 has a low initial offset voltage 
(250}l V). some applications may, require external nulling' 
of this small offset.' Figure 2 shows the recommended 
Fircuit fouidjustment of the offset voltage. External 
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offset voltage adjustment changes the laser adjusted offset 
voltage temperature drift slightly. The drift will change 
approximately 0.3/JV/"C. for every IOO/JV of offset 
adjustment. 

INPUT 

INVERTINO AMPLIFIER 

.. ~ -_-::----. 
I 

INPUTO-----+---i'""' 

FOLLOWER, 

RZ 

NONINVERnNa AMPLIFlE!I 

(lOTTOM VIEW) 
oRa I1IIJ 111 .. 111 t. COllpnlll +VCC t\. 
III VIIY 1.,.1 laura ralltanCII. ~V7 ~o I 

OUTPUT 0& ~E 
Bard layvut lar Input &ulrdlng V 0 4 ~ ~ 
wHh Tf1.119 PlCklg.. • CC ~ 

, aUARD ~ 

FIGURE I. Connection of Input Guard. 

'-----{JV· 

fIGURE 2. External Nulling of O~fset Voltage. 
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For a /8836 version of this 
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the Military Products section. 

OPA104 

Ultra-Low Bias Current Low Drift FET Input 
OPERATIONAL AMPLIFIER . 

FEATURES 
• SPECIFICATIONS GUARANTEED OVER TEMPERATURE 

• UL TRA·LOW BIAS CURRRENT. 75fA. max 
• HIGH INPUT IMPEDANCE. 10150 

• LOW DRIFT. JOl-tV/ac. max 
• LOW OFFSET VOLTAGE. 0.5mV. max 

• LOW QUIESCENT CURRENT. I.5mA. max 

DESCRIPTION 
The OPAI04 is a precision low. bias current opera
tional amplifier. Guaranteed low initiaf offset volt
age (O.SmV, max) and associated drift versus temper- . 
ature (lOp. V / oe, max) is achieved by laser-adjusting 
the amplifier during manufacturing. The low offset, 
in addition to the guaranteed low bias current (75fA, 
max), aliows greater system accuracy with no exter
nal components. 

Quiescent current (I.SmA, max) isuilaffected by 
changes in ambient temperature or power supply 
voltage. Other characteristics of the OPA 104 include 

. internal compensation for unity-gain stability and 

APPLICATIONS· 
• CURRENT TO VOLTAGE CONVERSION 

• LONG TERM PRECISION. INTEGRATION 
• PRECISION VOLTAGE AMPLIFICATION FOR 

HIGH INPUT IMPEDANCE APPLICATIONS SUCH AS: 
• photo currant detectors 
• pH electrodes 
• biological probesltransducers 

rapid thermal response for quick st;lbili7.ation after 
turn-on or ainbient temperature changes. 

The amplifier is free from latch-up and is protected 
for continuous output shorts to common. As .an 
added protection feature, either of the trim pins can 
be accidently shorted to a potential greater than the 
negative supply voltage wit~out damage. 
The standard pin configuration (741 type) of the 
OpAI04 allows the user drop-in repllicement capa
bility; A pin 8 case connection permits the reduction 
of noise and leakage by employing guarding 
techniques. 

+-_-'-:_-+_--iINTERMEOIATE 
STAGES 

OFFSET 
TRIM 

INPUT STAGE OUTPUT STAGE 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734 • Iel.I602I.746·\I \I • Twx: 911).952·1111 . Cable: BBRCORP • Telex: 66·6491 

PDS-4SIB 

1-49 



SPECIFICATIONS 
ELECTRICAL 
AI TA.= +25°C and ±Vcc = ±15VDC unless olherwise noled. 

MODEL 

'GAIN, DC, YOUT = ±1OY 
"B • ..., ~OBa ........ ~"J 

T A = -25°C 10 +85°C. RL .. 2kfl 
A.t.'II!b OUTJOUT 

Vollage al RL = 2kfi. TA - -25°C 10 +85°C. 
RL = 10kfl. T" = -25°C 10 +85°C 

Current TA = -25°C to +85°C 
Oulpullmpedance 

I ~l::~ bl;CUil CU~~I . 

I ~nll~ Gain •• Smalisignal 
FUll Power Response 
Slew Rale 
Settling Time (0.1'!1t1. Av=-l. Vo =010 ±10V 
Seitling Time (0.01 '!Itl. Av = -1. Vo = 0 10 ±10V 
Overload 5O'!It overdrive 

IINPU1 u .... ". yuLTAGE . 

Inilial Offael. T" - +25°C 
vs Temparalure. T,,;: -25°C 10 +85"C 
vs Supply Voltage. T" = +25°C . 
vs ::tupp', volt.ge. T" = -25°C 10+85oC 

I INPUT 

Ini~~~I:;iyT~;I::;C 
INPU1 !CURRENT 

I.nilial Difference. T" = +25°C 

INPU1 
·umerentl •• 

INPU1'NOIIE 
yonage. 10 = 10HZ 

fo = 100Hz 
fo = 1kHz 
fo = 10kHz 
fa=O.IHz to 10Hz 

Currenl. fa = 0.1 Hz 1010Hz 
fa = 10Hz 10 10kHz 
fo = 1kHz 

INPU1' ygLrAOl: llANOl: 
Dlnerenllal . . '. 
Common-made. TA = -25°C 10 +85°C. 
Common-mode RejeClion al Y,N = ±lOV 
Maximum Sate Input Voltage . 

~~:'PLY 
Voltage deraled parformance 

. Curn'nt. quiescent T" = -25°C to +85°C 

! • ,,_no",,' !. RANGE (ambient) 

Dparatlng 
Storage 

I , junction - ambient 

'SpecificatlOns ssme as for OPA l04AM. 

NOTES: 

I 
MIN 

.W 

92 

!~~ 
±5 

500. 
10 

25 
1.6 

I 

±20 
±10 
66 

±5 

-~o 

-55 
-65 

1. Stability guaranteed wilh load capacitance S SOOpF 

OPA104AM 

TVP 

'\10 

100 

±12 
±13 
±10 

3 
1000 
2~ 

1 
35 
2.2 
6 

18 
4 

±200 
±15 
±10 
'±20 

1 

I ±80 I 

I~~:;:: ~:~ 

~~ 
35 
35 
6 
3 
10 

0.25 

±12 
76 

±Vs 

±15 

1.0 

235 

I OPA1jM8M I I 
MAX MIN TVP MAX MIN·I TVP MAX UNITS 

0" 

· dB 

· V · V 
mA 
kri 

~ 
MHz 
kHz 

V/,.sec · "sec 
Ilsec 

15 ,.sec 

±1000 ±200 ±SOO ±2oo ±SOD ,.V 
±25 ±10 ±15 ±5 ±10 ,.VloC 
±loo ,.VN 
±150 ,.VN 

-300 -150 -75 fA . fAN 

I ±aD I I I ±40 I I fA 

~:: ~~ 

~~~~ · 
~~~Vifz 
,.V. pop · fA.p-p 

:~$. 
V . · V 

80 80 dB 
V 

VDC 
±20 VDC 
1.5 . mA 

TOO -v 
+125 · °C 
+150 · .0C 

°CIW 

2. Overload recovery is defined as the time requir~ fortheoutput to return from saturation to linear operation following the removal of a 50% input Qverdnve signal. 

3. Bias currenl is tested and guaranteed after 5 minutes of oparalion at T" = +25°C. For higher lemperature the bias current double. approximalely every +l00C 
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MECHANICAL CONNECTION DIAGRAM 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX .. .335 .370 8.51 9.40 

B .305 .335 7.75 B.51 

C .165 .185 4.19 4.70 

0 .016 ,021 0.41 0.53 

E .010 .040 0.25 1.02 

.010 .040 O.:o!'S 1.02 

G .200 BASIC 5.08 BASIC 

H .028 .034 0.71 0.86 

.029 .045 0.74 1.14 

.500 12.7 

.110 ,160 2.79 4.06 

M 45° BASIC 45° BASIC 

N .095 .105 2.41 2.67 

Weight: 1 gram 

WN~te 
H /' Leads in true position within .010" 

I .2Smm J A at MMC at seating plane. Pin material and plating composition 
Pin numbers shown for reference only. conform to Method 2003 ,solderability 
Numbers may not be marked on package of Mll·STD·883 I except paragraph 3.2 . 

TYPICAL PERFORMANCE CURVES 
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-135~ 
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.iij 

1 1 
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1 I 1 
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~ 105 
0> 

A +25°C 
!l! 100 
0 
> 

95 

TA I +BrC 
1 

30 

OUTPUT VOLTAGE "s 
FREQUENCV 

~+I 
~L - 2kll 

5 Vs = ~2bv- I ~R 
fp= 2lTVop 

Vs +15V 

Vs +10V 

Vs +5V 

(TOPVIEWI 

" :> 

1,.3 

12 

~1.1 

~ 1 .. 
~O.9 

0.8 

FREQUENCV 
CHARACTERISTICS 

I 
~ I 

i'o.. Sle~Ra\e 

r-- <9~ 
-TO''',~~ 

~ I!oo-
I'.. o ·180 

, 10 100 lk 10k lOOk 1M 
J J I 1 o 0.7 

Frequency IHzl 

VOLTAGE FOLLOWER 
LARGE SIGNAL RESPONSE 

+15 

~+10 

j+S 
§; 0 

~ -5 
:> 
0-10 

-15 

RL - 2kU CL - 500pF 

I ~ 
I 1\ 
I \ 

\ 
o 10 20 '30 40 

Time ("sec) 

COMMON·MODE REJECTION 
mI20r--r~--r--r~--' 
~ 

~100t:=+::+:=+::+:~~ u I-
.~ 80~-+--+--+--+--+--1 

~.60~-+--+--+--+--+--1 
" ~. 40 ~-+'-+--+--+--+--1 
c 
~ 20~-+~~~~--+-~ 

g 
U 0 10 15 

Common-Mode 
Input Voltage (±VI 

~ +40 

&+20 .. 
'5 0 
> 
~ -20 

~-40 

10 15 20 
Supply Voltage (VDCI 

TRANSIENT RESPONSE 

, R" ~kll, fL =15OOPF 

i ~ 
, 

i 
, 

! 

i 1\1 
o 2,3 

Time I J.'sec I 

CMRR AND PSRR 

+PSRR 

== ::r.. !\.. 
~ I'\.. 

CMRR ~ !\.. 
~ 

·PSRR ~ .5 
10 100 lk 10k lOOk 1M & 

~ 
u 
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1 10 100 lk 10k lOOk 1M ·50 ·25 0 ~25 ~50 ~75~100 
FrequenCy 1Hz) 

QUIESCENT 
SUPPL V CURRENT 

TA = ·25°C :fA = +25°C 

TA=+85°C I I 

10 15 20 
Supply Voltage) +V I 

STABILIZATION TIME·OF 
INPUT OFFSET VOLTAGE FROM 

POWER TURN ON 

~ 
/ 

o 10 20 30 40 50 
Time F rom Power 

Turn-on (sec) 

.5 

" g' .. 
.c 
U 

0 

0 

0 

Temperature (OCi 

MAXIMUM 
POWER DISSIPATION 

1'. 
..... , 

I' 
..... 

o '50 100 150 
Ambient T einperature (OC) 

INPUT OFFSET VOLTAGE"s 
THERMAL SHOCK _s TIME 

f:::t; ':' +2~oCJ. -Tc = +85°C 
I 

/ 
J 

V 
o 15 30 45 60 75 

Time (SBC) 



APPLICATIONS INFORMATION 
THERMAL RESPONSE TIME 
Thermal response time is an important parameter in low 
drift operational amplifiers like theOPA 104. A low drift 
specification would be oflittle value if the amplifier tooka 
long time to stabilize after turn-on or ambienttempera
ture change. The 10-99 package arid careful circuit 
design provide the necessary quick thermal, response. 
Typical warm-up drift of the OPA 104 is approximately 
20 seconds (see Typical Performance Curves). 

GUARDING AND SHIELDING 
The ultra-low bias current and high input impedance of 
the OPAI04 are well-suited to a number of stringent 
applications. However. careless signal wiring of printed 
circuit board layout can degrade circuit performance 
several orders of magnitude below the capability of the 
OPAI04. ' 

As in any situation where high impedances are involved. 
careful shielding is required to reduce "humft pickup in 
input leads. If large feedback resistors are used. they 
should also be shielded lilong with the external input 
circuitry. 

Leakage currents across printed circuit boards cali easily 
exceed the bias current of the OPAI04. To avoid leakage 
problems. it is recommended that the signal input lead of 
theOPAI04 be wired toa Teflonstandoff.lftheOPAl04 
is to be soldered directly into a printed circuit board. 
utmost care must be used in planning the board layout. A 
"guard" pattern should completely surround the two 
amplifier input leads and should be connected to a low 
impedance point which is at the signal input potential. 

The amplifier case should be connected t6 any input 
shield or guard via pin 8. This insures that the amplifier 
itself is fully surrounded by guard potential. minimizing 
both leakage and noise pickUp. Figure I illustrates the use 
of the guard. 

OFFSET VOLTAGE ADJUSTMENT 
Although the OP A 104 has a low initial offset voltage 
(500!, V), some applications may require extcrm,1 nulling 
of this small offset. Figure 2 shows the recommended 
circuit for adjustment of the offset voltage. External 
offset voltage adjustment changes the laser adjusted offset 
voltage temperature drift slightly. The drift will change 
approximately 0.3!,YI"C. for every IOOpY of offset 
adjustment. ' 

TYPICAL APPLICATION 
The circuit in Figllre 3 is a common application of a low 
noise FET amplifier. Noise calculations are often im
portant when using low current photodiodes: 
CR I is a PIN photodiode connected in the photovoltaic 
'mode (no bias voltage) which produces an output current 
ii. when exposed to the light. A. 
A more complete circuit is shown in Figure 4. The values 
,shown for C, and R\ are typical for small geometry PIN 
diodes with sensitivities in the range of 0.5 A/W. The 
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value of C2 (O.SpF t02pF)is what would be typicaily 
required to compensate for,the pole generated by the 
capacitance at the input nope. A larger value of C2 could 
be used to limit the bandwidth and, reduce the voltage 
noise at higher frequencies. 

INPUT o---'\M~\;._ r-::'::::;::;~~~l 
, 
I GUARD 

OUTPUT 

INVERT!NS AMPLIFIER 

,,-
I 

OUTPUT 

INPUT 0----".-+--'--7-\ 

FOllOWER , R2 

Ht r-- I OUTPUT 
\ 

INPUT \ 

NONINVERn.s'iiPlifiu 

(BOTTOM VIEWI 

BOlrd layaut far Input BUlrdl III 
whh TO'" Plcklge. 

+~\\7~01 OUTPUT 
OS 32 

.vl/4 ~~ 
SUARO ~ 

FIGURE I. Connection of Input Guard. 

An, poIantIDmll1r 
~IClU\tD 
tDllI! Flnp. 

V· 

FIGURE 2. External Nulling of OffsetYoltage. 

A 

" ,,.----,-+.,---.,--..,---1 

FIGURE 3. Pin Photodiode App1icl!tion. 

L ________ :.." __ .J 

II1II: In. IIiIrtId In Ihl. niiliguridan. 

FIGURE 4. Model of Photodiode Application. 



BURR-BROWN® 

IElElI OPA111 

Low Noise Precision Di/e'® 
OPERATIONAL AMPLIFIER 

FEATURES 
• LOW NOISE: 100% tested. 8nV/JHz max at 10kHz 

• LOW BIAS CURRENT: IpA max 

• LOW OFFSET: 250pV max 

• LOW DRIFT: IpV/oC max 

• HIGH OPEN·LOOP GAIN: 120dB min 

• HIGH COMMON·MODE REJECTION: 100dB min 

DESCRIPTION 
The OP Alll is a precision monolithic dielectrically· 
isolated FET (Dikl'®) operational amplifier. Out
standing performance characteristics allow its use in 
the most critical instrumentation applications. 

Noise, bias current, voltage offset, drift, open-loop 
gain, common-mode rejection, and power supply 
rejection are superior to BIFET® amplifiers. 

Very-low bias current is obtained by !iielectric isola
tion with on-chip guarding. 

Laser trimming of thin-film resistors gives very-low 
offset and drift. Extremely-low noise is achieved 
with new circuit design techniques (patented). A new 
cascode design allows high precision input specifica
tions and reduced susceptibility to flicker noise. 

Standard 741 pin configuration allows upgrading of 
existing designs to higher performance levels. 

BIFET®National Semiconductor Corp., Di.litdSJBurr~Brown Corp. 

APPLICATIONS 
• PRECISION INSTRUMENTATION 

• DATA ACQUISITION 

• TEST EQUIPMENT 

• OPTOELECTRONICS 

• MEDICAL EQUIPMENT-CAT SCANNER 

• RADIATION HARD EQUIPMENT 

CASE AND SUBSTRATE 

TRIM IDkO 2ko Zko 

TRIM IOkO 2kO 2kO 

'PATENTED 

DPAm SIMPUFIED CIRCUIT 

Inlematlonal Airport Industrial Park· P.O. Box I t4OO· Tucson. Arizona 85734 - Tel_ (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-&491 

PDS·526F 
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SPECIFICATIONS 
ELECTRICAL 
At Vee ~ ±15VDC and T. = +25°C unless otherwise noted. Pin B connected to ground. 

OPA111AM OPA111BM OPA111SM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

NOISE 
Voltage, '0 = 10Hz 100% tested 40 80 30 60 40 SO nVl.,fHz 

fo = 100Hz 100% tested 15 40 11 30 15 40 nVl.,fHz 
fo=1kHz 100% tested 8 15 7 12 8 15 nVl.,fHz 
f. = 10kHz 100% tested 6 8 6 8 6 8 nVl.,fHz 
f. = 10Hz to 10kHz 100% tested 0.7 1.2 0.6 1.0 0.7 1.2 pV, rms 
f. = O.IHz tq 10Hz n> 

1.6 3.3 1.2 2.5 1.6 3,::' pV, pop 
Current, fa ::;,O.1Hz to 10Hz '" 9.5 15 7.5 12 9.5 15 fA, POp 

f. = O.IHz thru 20kHz '" 0.5 0.8 0.4 0.6 0.5 0.8 fA/v'Hz 

OFFSET VOLTAGE'" 
Input Offset Voltage Vcm=OVDC ±100 ±500 ±50 ±250 ±100 ±500 pV 
Average Drift TA';' TMIN to TMAX ±2 ±5 ±a.5 ±1 ±2 ±5 pV/oC 
Supply Rejection Vee - ±10V to ±18V 90 110 100 110 90 il0 dB 

±3 ±31 ±3 ±10 ±3 ±31 pVN 

BIAS CURRENT'" 
Input Bias Current Vcm'=OVDC ±0.8 ±2 ±0.5 ±1 ±0.8 ±2 pA 

OFFSET CURRENT'" 
,.nput Offset Current V.m= OVDC ±0.5 ±1.5 ±0.25 ±0.75 ±0.5 ±1.5 pA 

IMPEDANCE 
Differential 10" 111 10" 111 10" 111 011 pF 
Commcin~Mode 10" 113 10" 113 10" 113 011 pF 

VOLTAGE RANGE 
Common-Mode Input Range ±10 ±11 ±10 ±11 ±10 ±11 V 
Common-Mode Rejection V1N =±10VDC 90 110 100 110 90 110 dB 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gain RL~2kO 114 125 120 125 114 125 dB 

FREQUENCY RESPONSE 

Unity Gain, Small Signal 2 2 2 MHz 
Full Power Response 20V pop, R, = 2k 16 32 16 32 . 16 32 kHz 
Slew Rate Vo = ±10V, R, = 2k .1 2 1 2 1 2 Vlpsec 
Settling Time, 0.1% Gain = -1, RL. = 2k 6 6 6 p~c 

0.01% 10V step 10 10 10 poec 
Overload Recovery, 

50% OverdrivBI31 Gain =-1 5 5 5 psac 

RATED OUTPUT 

Voltage Output R,=2kO ±11 ±12 ±11 ±12 ,±11 ±12 V 
Current Output. Vo =±10VDC ±5.5 ±10 ±5.5 ±10 ±5,5 ±10 rnA 
Output Resistance DC, open loop 100 100 100 0 
Load Capacitance Stability Gain=+1 1000 1000 1000 pF 
Short Circuit Current 10 40 10 40 10 40 rnA 

POWER SUPPLY 

Rated Voltage ±15 ±15 ±15 VDC 
Voltage Range, 

Derated Performance ±5 ±18 ±5 ±18 ±5 ±18 vec 
Current. Quiescent 10=OmADC 2.5 3.5 2.5 3.5 2.5 3.5 rnA 

TEMPERATURE RANGE 

Sp"ecification Ambient temp. -25 +85 -25 +85 -55 +125 'oC 

Operating Ambient temp. -55 +125 -55 +125 -55 +125 °C 
Storage Ambient temp. -65 +150 -65 +150 -65 +150 °C 
8 Junction-Ambient 200 200 200 °C/W 

NOTES: (1) Sample tested-this parameter Is guaranteed. (2) Offset voltage, off.et current, and bias current are measured with the units fully warmed 
up. (3) Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% Input overdrive. 
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ELECTRICAL [FULL TEMPERATURE RANGE SPECIFICATIO.NS] 
At Vee = ±15VDC and T. = T .. ,N 10 T .. .,. unless otherwise noted. 

I OPA111AM OPA111BM OPA111SM 

PARAMETER CONDITIONS 1 MIN TYP MAX MIN TYP MAX .1 MIN TYP MAX UNITS 

TEMPERATURE RANGE 

Sp.clflcation Rang. Ambient I.mp. -25 +85 -25 +85 -55 +125 ·C 

INPUT 

OFFSET VOLTAGE'" 
Input Olls.t Volt.ge V ... = OVDC ±220 ±1000 ±110 ±500 ±300 ±15oo pV 
Average Drift ±2 ±5 ±0.5 ±1 ±2 ±5 pvrc 
Supply R.j.ctlon Vee - ±10V 10 ±18V 88 100 90 100 86 100 dB 

±10 ±50 ±10 ±32 ±10 ±50 pVN 

BIAS CURRENT'" 
Input Bias Current V ... = OVDC ±50 ±250 ±30 ±130 ±820 ±4100 pA 

OFFSET CURRENT''' 
Input Olls.t Current V,m = OVDC ±30 ±2oo ±15 ±100 ±510 ±3100 pA 

VOLTAGE RANGE 
Common-Mod. Input R.ng. ±10 ±11 ±10 ±11 ±10 ±11 V 
Common-Mode R.J.ctlon V,. = ±10VDC 86 100 90 100 86 100 dB 

OPEN-LOOP GAIN. DC 

Op.n-Loop Voltage Gain RL '" 2kO 110 120 114 120 110 120 I dB 

RATED OUTPUT 

Volt.g. Output RL = 2kO ±10.5 ±11 ±11 ±11 ±11 ±11 V 
Curr.nt Output V. = ±10VOC ±5.25 ±10 ±5.25 ±10 ±5.25 ±10 mA 
Short Circuit Current V. = OVOC 10 40 10 40 10 40 mA 

POWER SUPPLY 

Current, Quiescent I. = OmADC 2.5 3.5 2.5 3.5 2.5 3.5 1 rnA 

NOTES: (1) Oll •• t voll.ge, off •• t curr.nt, and bias curr.nt are m.asured with the units fully w.rmed up. 

ORDERING INFORMATION 

OPAlll 
:=r-

CONNECTION DIAGRAM 

TOP VIEW . aUBSTRm AND CASE 
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ABSOLUTE MAXIMUM. RATINGS 

Supply ........... ,................................. ±18VOC 
Internal Power Dissipationl1l •••••••••••••••••••••••••• 500mW 
Olll.reniialinput Volt.g ... • ••..•.•.•••.•..•..••.•... :. ±36VOC 
Input Volt.g. Rang.'~ .. .. .... .. .. .... ...... .... .. ... ±18VOC 
Stor.g. Temp.rature R.nge ••.•..•.•..•..••. -65'C to +150'C 
Oper.ting Temp.ratur. Range ............... -55'C to +125'C· 
L •• d Temp.rature (soldering. 10 seconds) .•...••••.••• +3OO'C 
Output Short Circuit OurationC3.1 •••• • • • • •• • • • . • • • •• Continuous 
Junction Temperature ••..•.••••.•.••••••••..•.••.•••. +175°C 

NOTES: 
(1) Packag.s must b. derated bas.d on 8.0 = 150' C/W or 8", = 200' C/W. 
(2) For supply voltag.s I.ss than ±18VOC the absolute maximum Input 

voltag. i. equal to +18V > V,N > -Vee -6V. See Figure 2. 
(3) Short circuit may·b. to pow.r supply common only. Rating appli •• to 

+25'C ambient. Observe dls.ipatlon limit andTJ. 

MECHANICAL "M" PACKAGE TO-99· (Hermetic) .. 
NOTE: Pin numbers shown for reference 
Leads in true position within .010" 

only. Numbers may not be marked 

(_mFr:~_~- on packag •. 

Pin material and plating composi-
tion conform to Method 2003 (801-

L~ d.rabillty) of MIL-STO-883 (.xc.pt 
paragraph 3.2). 

~n. F K 

INCHES MILLIMETERS 
OIM MIN MAX MIN MAX 

Pion. \I I ll--.J · .335 .370 8.51 9.40 · .3" ~" 7.75 8.S1 

---I.-D C .18S .185 4.19 4.70 

D .0Ut .02' 0.41 0.53 .>n- • .010 .040 0.25 1.02 

~. 
F . 0tO .... 0.25 1.02 

G .2Q08ASIC 5.08 BASIC 

T ~~ &-i r H .028 .03' 0.11 0.8e 

J .... .... 0.74 t.14 

M oa 60 · .... -- 12.7 --

r L . 110 .180 2.79 .... 
M 4So BASIC 45° BASIC · .... .Ulp 2.4' 2.87 



TYPICAL PERFORMANCE CURVES 
T. = +25' C, Vee = ±15VDC unless otherwise noted. 
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TYPICAL PI;RFORMANCE··CURVES [CONT] 
T. = +25'C. Vee = ±15VDC unl_ otherwise nOted. 

OPEN-LOOP GAIN MAXIMUM UNDISTORTED OUTPUT 

140 
vs TEMPERATURE VOLTAGE vs FREQUENCY 
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. Closed-Loop Gain (VN)' 

APPLICATIONS 
INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 

, 

lk 

The OP AlIl offset voltage is laser-trimmed and will 
require no further trim for most applications., As with 
most amplifiers, externally trimming the reml\ining offset 
can change drift performance by about O.3p.VloC for 
eachlOOp.V of adjusted offset. Note that the trim (Figure 
I) is similar to operational amplifiers such as 741 and 
ADS47. The OPAlll can replace most other amplifiers 
by leaving the external null circuit unconnected. 

INPUT PROTECTION 
Conventional monolithic FET operational amplifiers 
require external current-limiting resistors to protect th~ir 
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FIGURE 1. Offset Voltage Trim. 



inputs against destructive currents that can flow when 
input FET gate-to-substrate isolation diodes are forward
biased. Most BIFET amplifiers can be destroyed by the 
loss of - Vee. 
Unlike BIFET amplifiers, the Di/e, OPAlll requires 
input current limiting resistors only if its input voltage is 
greater than 6 volts more negative than =Vcc. A IOkfl 
series resistor will limit input current to a safe level with 
up to ±ISV input levels'even if both supply voltages are 
lost. 

Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
device. In precision operational amplifiers (both bipolar 
and FET types), this may cause a noticeable degradation 
of offset voltage and drift. 

Static protection is recommended when handling any 
precision IC operational amplifier. 

+2 

~ 
H - Maximum Safe Current 

+1 
.. I,. . -« g - + ' 

1: V _ 

~ 0 ::0 
0 -
'5 a. 
.5 

-1 
Maximum Sale Current 

-2 
-15 -10 -5 0 +5 +10 +15 

Input Voilag. (V) 

FIGURE 2. Input Current vs Input Voltage with ±Vcc 
Pins Grounded. 

GUARDING AND SHIELDiNG 

As in any situation where high impedances are involved, 
careful shielding is rquired to reduce "hum" pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. 
Leakage currents across printed circuit boards can easily 
exceed the bias curent of the OPAlll. To avoid leakage 
problems, it is recommended that the signal input lead of 
the OPAlll be wired to a Teflon standoff. Ifthe OPAIll 
is to be soldered directly into a printed circuit board, 
utmost care must be used in planning the board layout. 
A "guard" pattern should completely surround the high 
impedance input leads and should be connected to a low 
impedance point which is at the signal input potential. 

The amplifier case should be connected to any input 
shield or guard via pin 8. This insures that the amplifier 
itself is fully sUrrounded by guard potential, minimizing 
both leakage and noise pickUp (see Figllre 3). 

If guarding is not required, pin 8 (case) should be 
connected to ground. 

NON·INVERTING 

INVERTING 

BUFFER 

TJ1.811 BOTTOM VIEW 

OUT 

BOARD LAYOUT 
fOR INPUT GUMDINS 

GuanllGp and bDIIDIl Df bDlrd. 
llIImale: UII Tlllan" IIJn"'" 
(or .lnIIUw! Input pin •. 

. Tellon" E. 1. Du Pont de Nemoul8 & Co. 

FIGURE 3. Connection of Input Guard. 

NOISE:FET VERSUS BIPOLAR 
Low noise circuit design requires careful analysis of all 
noise sources. External noise sources can dominate in 

, many cases, so consider the effect of source resistance on 
overall operational amplifier noise performance. At low 
source impedances, the lower voltage noise of a bipolar 
operational amplifier is superior, but at higher impedan
ces the high current noise of a bipolar amplifier becomes 
a serious liability. Above about ISkfl the OPAlll will 
have lower total noise than an OP-27 (see Figure 4): 

Source Resistance (R.). n 

FIGURE 4. Voltage Noise Spectral Density Versus 
Source Resistance. 

BIAS CURRENT CHANGE VERSUS 
COMMON-MODE VOLTAGE 
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The input bias currents of most popular BIFET opera
tional amplifiers 'are affected by common-mode voltage 
(Figure S). Higher input FET gate-to-drain voltage 
causes leakage and ionization(bias) currents to increase. 
Due to its cascode input stage, the extremely-low bias 
current ofthe OPAlIl is not compromised by common
mode voltage. 
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APPLICATIONS CIRCUITS 

Figures 6 through 18 are 'circuit diagrams of various 
applications for the OPAlil. . 

lOOOMO 

PYROELECTRIC 
OUTPUT • 

OETECT0r-R -;-..--I-~ 

'" T~ NOTE: PYROELECTRIC DETECTORS RESPOND 
TO RATE-OF-CHANRE (AC SIGNAL) ONLY . 

. FIGURE 6. PyroeIectdc Infrared Detector. 

INPUl'o-----~ 

FIGURE 9. LoW"Drooil Positive Peak Detector. 
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VIDEO BANDWIDTH: DC Ii 50kHz 

FIGURE 7. Zero"Bias Schottky Diode Square-Law 
RF Detector. 

FIGURE 8, Computerized Axial Tomography (CAT) 
. Scanner Channel Amplifier. 

>--..... ---0 OUTPuT 

. DROOP - 100000/III 

*REVEISE POUIITY FOR NEGATIVE 
PEAK DETECTION 
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FIGURE 10. High Impedance.(10140) Amplifier. 
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\. 
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~ 
-15V • 

CIRCUIT MUST BE 
WELL SHIELDED. 

FIGURE II. Sensitive Photodiode Amplifier. 

OFFSET VOLTAGE = 
251¥>VDC MAXIMUM 
WITH NO OFFSET ADJUST 

INPUT 

511DpF 511DpF "FOR 50Ifz USE 3.18Mo AND 8.37MO 

FIGURE 12. 160Hz Reject Filter. 

375.lkO IpF 

187.5110 

AU 

-. -. 
LOW FREQUENCY CUTOFF = 

_ 1I(21TRFCFI = 1116Hz 

1Io=-AQ/CF 

FIGURE 13. Piezoelectric Transducer Charge Amplifier. 

INPUT 

RT 

-.. G = 26dB 
MIDBAND 

OUTPUT 

IDUkO 

FIGURE 14. RIAA Equalized Phono Preamplifier. 

PIN DIODE 
(SILICON 
DETECTOR CORP. 
S/Io04I·II·2I.oIlIIr---~'II'-"""" 

\r-----t; 

+5voe 

FIGURE 15. High Sensitivity (under InW) Fiber Optic 
Receiver for 9600 Baud Manchester Data. 

IN~--~y---~--__ ~~-----+----------------~~ 
375.1k0 

>---+-------.~ OUT 

r 
FIGURE 16. 0.6Hz Second Order Low-Pass Filter. 
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BURR-BROWN® 

IElElI 'OPA111HT 

Wide Temperature Range Dile'@) 
OPERATIONAL AMPLIFIER 

FEATURES APPLICATIONS 
• FULLY SPECIFIED OVER -55°C to +2DO°C • WELL LOGGING 

• LOW BIAS CURRENT • DOWN·HOLE INSTRUMENTATION 
" 

• LOW NOISE • ENGINE CONTROLS 

• MONOLITHIC • EMISSIONS CONTROLS 

• HERMETIC TO·99 PACKAGE • EXTREMELY'SEVERE ENVIRONMENT 

• 100% BURN·IN AT +200°C • RADIATION HARD EQUIPMENT 

DESCRIPTION 
The OPAlllHT is a precision monolithic dielectrically- CASE AND SUBSTRATE 
isolated. FET (Diie,@l) operational amplifier. Out
standing performance characteristics allow its use in 
the most critical instrumentation applications. 

The OPAlllHT is tested and guaranteed over an 
extremely wide temperature range: -SS"C to +200°C. 
In addition, it has demonstrated an ability to with
stand a total dose of 10 X 106 RAD (Si) of 2.SMe V 
electrons, and a neutron fluence of I X'lOu , IMeV 
equivalent n/cmz. 

Laser trimmed thin-ftlm resistors give very-low offset 
and drift. Extremely-low noise is achieved with new 
circuit design techniques (patented). A new cascode 
design allows high precision input specifications and 
reduced susceptibility to flicker noise. 

Standard 741 pin configuration allows upgrading of 
existing designs to higher performance levels. 

~. Burr·Brown Coro. 

TRIM 1000n 

5 
TRIM 1000n 

• PATENTED 

ZIIn 2kn 

2kn an 

DPA111HT S1MPUF1ED CIRCUIT 

• 
-Vc:c 

In1ernltioRiI Alrporllndua1r111 Pirie· p.o; Boi 11400· Tucson. Arizona 85734· Tel. 1fi1121 7411-1111 • Tw.: 910-952·1111 • CIlIIe: BBRCORP· Tele.: 66-6491 

PDS-6SSA 
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SPECIFICATIONS 
ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At V"" = ±15VDC, T. = Indicated temperature, Pin 8 connected to ground. 

+25·C -55·C TO +l25·C: +2OO"C 

PARAMETER CONDITIONS IIIN T'(P MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT NOISE 

Voltage, 10 - 10Hz '" 40 50 65 nVl,fHz 
10 = 100Hz '" 15 17 19 nVl,fHz 
10 = 1kHz .. , 8 9 9.5 nVl,fHz 
'0 = 10kHz 6 7 

I 
8 nVl,fHz 

I. = 10Hz to 10kHz '" 0.7 0.8 0.9 pV,rms 
I. = O.IHz to 10Hz 1.6 pV, p-p 

Current, I. = O.lHz to 10Hz 9.5 fA,p-p 
fo = O.IHz thru 20kHz 0.5 fAl,fHz 

OFFSET VOLTAGE'" 
Input Offset Voltaga V",,='OVDC ±loo ±500 ±300 ±2mV : ±1.8mV ±5mV pV 
Average Drift TA,=TMINtoTMAX ±2 ±8 "v/·C 
Supply Rejection V"" =' ±9V to ±15V 90 ;10 .86 100 80 97 dB 

±3 ±31 ±10 ±SO ±14 ±loo pVN 

BIAS CURRENT'""" 
Input Bias Current V ... =OVDC 0.8 2 820 2.1nA 85nA 150nA pA 

OFFSET CURRENT""" 
Input Offset Current Vc ... =OVDC ±0.5 ±1.5 ±510 ±1.6nA ±5nA. ±50nA pA· 

IIiPEDANCE 
Differential .10"" 1 0" pF 
Common-Moda 10",,3 0" pF 

VOLTAGE RANGE .' 
Common-Mode Input Range ±10 ±11 ±10 ±11 ±10 ±11 V 
Common-Mode Rejection V'N= ±10VDC 90 110 86 100 80 95 dB 

OPEN-LOOP GAIN, DC 

Opan-Loop Voltage Gain RL 2: 2kO 114 125 108 120 90 99 dB 

FREQUENCY RESPONBE 

Unity Gain, Small Signal 2 1.5 0.6 MHz 
Full Power Response 20V p-p, RL = 2kO 32 17 11 kHz 
Slaw Rate Vo = ±10V, RL = 2k!1 1 2 1.1 0.7 VIps 
58l1l1ng nme, 0.1'1b Gain=-I,RL=2kO 6 po 

0.01'1b 10Vstep 10 po 
Overload Recovery, 

5O'Ib Overdrive'" Gain =-1 5 po 

RATED OUTPUT 

Voltage Output RL=2kO ±10' ±13 ±10 ±12.9 ±10 ±12.7 V 
Current Output Vo=±10VDC ±S ±10 ±5 ±10 ±5 ±10 mA 
Output Resistance DC, opan loop 100 0 
Load CapaCitance Stability Galn=+1 1000 pF 
Short Circuit Current 10 40 mA 

POWER SUPPLY 

Rated Voltage ±15 ±15 ±15 VDC 
Voltage Rang!!. 

Derated Performance ±S ±18 VDC 
Current, Quleseent 1o = OmADC 2.3 3.5 2.4 3.5 2.4 3.7 mA 

TEIIPERATURE RANGE 

Specification'"' Ambient temp. -55 +200 ·C 
Operating Ambient temp. -65 +225 ·C 
St9raga Ambient temp. -65 +225 "C 
/J Junction-Ambient 175 ·CIW 

NOTES: . (1) Noise testing available-Inquire. (2) Offset voltage, offset current, and bias current on grade HT are also guaranteed with the units fully warmed 
up. (3) Bias current and ollaet current double approximately every 10·C up to about 130·C. (4) Overload recovery Is defined as the time required for the output to 
return from saturation to linear operation 'following the removal of a 50'1b Input overdrive. (5) l00'lb tested at -55·C, +25·C, and +200·C using forced-air 
environment. +l25·C spaclficatlon Is guaranteed by design. . . 
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Basic Model Number 

Performance Grade 
HT = -55°C to +200·C 
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CONNECTION DIAGRAM MECHANICAL 

TOP VIEW SUBSTRATE AND CASE 

ABSOLUTE MAXIMUM RATINGS 

Supply ••..••..••••••••••.••.•..••••••..••••.• " ±18VDC 
Internal Power Disslpailon·lI • •• • •••••• •••••••• •••• SOOmW 
Differential Input Voltage ••••.••.•••••••.••••.••• ±36VDC 
Input Voltage Range •.••••..••. :...... •.•••••••• ±18VDC 
Storage Temperature Range. . • . • • • • • . • •. -6S'C to +22S'C 
Operating Temperature Range. • . • • • . • . .• -6S'C to +225'C 
Lead Temperature (soldering. 10 seconds) • • • • • • • .. +300'C 
Output Short Circuit Duration"" •• :........... Continuous 
Junction Temperature. • • . • • • • • . • • • • • • • . • . • • • • • • .• +2S0'C 

NOTES: (1) Packages must be derated based on 8JO = 45'C/W or 8,. = 
175'C/W. (2) Short Circuit may be to power supply common only. Rating 
applies to +25'C ambient. Observe dissipation limit and TJ• 

"M" PACKAGE 
NOTE: 
Leads in true position within .010" 
(.25mmR)at MMC at seating plane. 

J;~j 
p,.ne II III~ 

--&.-0 
Ni 

TO-99 (Hermetic) 

Pin numbers shown for reference 
only. Numbers may"not be marked 
on p~ckage. 

Pin material and plating composi
tion conform to Method 2003 (sol
derability) of MIL-STD-883 (except 
paragraph 3.2). 

INCHES MILLIMETERS 
e.M M •• MAX M., MAX '. .335 .370 . .3OS 

.. 165 ".HI ".70 

.ou~ 0.4' 0.53 

.010 .. 0 0.25 1.02 

.010 ... 0 0.25 , 0' 

.200 BASIC 5.08 BASIC 

• Q28 .03 • 0.88 

. 029 ... 

.• 00 

.110 .160 2.19 

.5° BASIC .50 BASIC 
.",. 2.61 

TYPICAL PERFORMANCE CURVES 
T. = +25'C. Voo = ±15VDC unless otherwise noted. 
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+200'C SMALL SIGNAL TRANSIENT RESPONSE' 

APPLICATIONS INFOR,MATION 
To preserve this amplifier's low bias current, pin 8 (case 
connection) should be~driven in a guard mode or it 
should be comiected lo'common: Recommended guard 
circuits are shown in the standard OPAllI data sheet. 

The OPAllIHT is unity-gairi stable overits full-SSoC to 
+200°C te~peiature range. The OPAUlHT is an 
extremely wide teIDperature version of the standard 
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Burr-Brown model OPAIlI. It is' built 'and tested for 
severe service applications. 

Eutectic die' attach is 'used exclusively for the OP AllIHT. 
Hermeticity is assured by 100% fine leak testing. 

Units are 100% 'burned-in for 28 hours at· +200°C for 
incre8sed reliability. ' 



BURR-BROWN® 

113131 OPA121 

Low Cost Precision Di/er® 
OPERATIONAL AMPLIFIER 

FEATURES 
• LOW NOISE: 6nV/v'Hz Iyp al 10kHz 

• LOW BIAS CURRENT: 5pA max 

• LOW OFFSET: 2mVmax 

• LOW DRIFT: 3pV/oC Iyp 

• HIGH OPEN-LOOP GAIN: nildB min 

• HIGH COMMON-MODE REJECTION: 86itB min 

DESCRIPTION 
The OPA121 is a precision monolithic dielectrically
isolated FET (Di;e;t~ operational amplifier. 
Outstanding performance characterisiics are now 
available for low-cost applications. 

Noise, bias current, voltage offset, drift, open-loop 
gain, common-mode rejection, and power supply 
rejection are superior to BIFET@> amplifiers. 

Very-low bias current is obtained by dielectric isola
tion with on-chip guarding. 

Laser trimming of thin-film resistors gives very-low 
offset and drift. Extremely-low noise is achieved 
with new circuit design techniques (patented). A new 
cascode design allows high precision input specifica-
tions and reduced susceptibility to flicker noise. \ 
noise. 

Standard 741 pin configuration allows upgrading of 
existing designs to higher performance levels. 

BIFE'fS National Semiconductor Corp., Di~8 Burr-Brown Corp. 

APPLICATIONS 
• OPTOELECTRONICS 

• DATA ACQUISITION 

• TEST EQUIPMENT 

• MEDICAL EQUIPMENT 

• RADIATION HARD EQUIPMENT 

TRIM loto 2110 2kO 

TRIM loto 2110 2110 

'PATENTED 
~----~~-----+--~-l'4 

-Vee 

OPAI21 81MPLIFIED CIRCUIT 

InlernaliDmlI Airport Induslrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (602) 746-1111 • Twx: 910-952·1111 •. Cable: BBRCORP • Telex: 66·6491 

PDS·539A 
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SPECIFICATIONS 
ELECTRICAL 
At Vcc = ±15VDC and T. = +25°C unless otherwise noted. Pin 8 connected to ground. 

OPAl21KM OPAl21KP 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

NOISE 
Voltage. 10 = 10Hz '" 40 50 nVlJHz 

1o = 100Hz '" 15 18 nVlJHz 
10=lkHz '" 8 10 nVlJHz 
10= 10kHz '" 6 7 nVlJHz 
I. = 10Hz to 10kHz '" 0.7 0.8 tN.rms 
I. = O.IHz to 10Hz '" 1.6 2 tN. p-p 

Current. I. = 0.1 Hz to 10Hz '" 15 21 IA.p-p 
10 = O.IHz thru 20kHz '" o.iI 1.1 IAIJHi 

OFFSET VOLTAGE'" 
Input Offset Voltage Vom= OVDC ±0.5 ±2 ±0.5 ±3 mV 
Average Drift TA=TM1NtoTMoU: ±3 ±10 ±3 ±10 pVloC 
Supply Rejection Veo = ±10V to ±18V 86 104 86 104 dB 

±6 ±50 ±6 ±50 pVIV 

BIAS CURRENT'" 
Input Bias Current Yom =OVDC ±1 ±5 ±1 ±10 pA 

OFFSET CURRENT'" 
Input Offset Current Vom= OVDC ±0.7 ±4 ±0.7 ±8 pA 

IMPEDANCE 
Differential 10" 111 10" 111 011 pF 
Common-Mode 10"11 3 10"113 011 pF 

VOLTAGE RANGE 
Common-Mode Input Range ±10 ±11 ±10 ±11 V 
Common-Mode Rejection V'N = ±10VDC 86 104 82 100 dB 

OPEN-LOOP GAiN, DC 

-Open-Loop Voltage Gain RL~2kO 110 120 106 114 dB 

FREQUENCY RESPONSE 

Unity Gain. Smalt Signal 2 2 MHz 
Full Power Response 20V pop, RL = 2kO 32 32 kHz 
Slew Rate Vo = ±10V, RL = 2kO 2 2 VlpSec 
Settling Time, 0.1% Gain = -1, RL = 2kO 6 6 pSec 

0.01% 10Vstep 10 10 /lsee 
Overload Recovery I 

50% Overdrive13J Gain=-1 5 5 pSec , 

RATED OUTpUT 

Voltage Output RL= 2kO ±11 ±12 ±11 ±12 V 
Current Output Vo=±10VDC ±5.5 ±10 ±5.5 ±10 mA 
Output Resistance DC, open loop 100 100 0 
Load Capacitance Stability Gain=+1 1000 1000 pF 
Short Circuit Current 10 40 10 40 mA 

POWER SUPPLY 

Rated Voltage ±15 ±15 VDC 
Voltage Range, 

Derated Performance ±5 ±18 ±5 ±18 VDC 
Current, Quiescent 1o = OmADC 2.5 4.0 2.5 4.5 mA 

TEMPERATURE RANGE 

Specification Ambient temp. 0 +70 0 +70 ·C 
Operating Ambient temp. -40 +85 -25 +85 °C 
Storage Ambient temp. -65 +150 -55 +125 ·C 
8 Junction-Ambient 200 150 °CIW 

NOTES: (1) Sample tested. (2) Offsat voltage, offset current, and bias current are also specilied with the units lully warmed up. (3) Overload recovery 
Is defined as the time"required for the output to return from saturation to linear operation following the removal of a 50% Input overdrive. 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At ·Vcc = ±15VDC and T. = +T MIN 10 TMAX unless otherwise noted. 

OPA121KM OPA121KP 

PARAMETER CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

TEMPERATURE RANGE 

Specification Range Ambient temp. 0 +70 0 +70 ·C 

INPUT 

OFFSET VOLTAGE'" 
Input Offset Voltage V,m ~ OVDC ±1 ±3 ±1 ±5 mV 
Average Drift ±3 ±10 ±3 ±10 JJV/'C 
Supply Rejection Vee ~ ±10V to ±18V 82 94 82 94 dB 

±20 ±80 ±20 ±80 JJVIV 

BIAS CURRENT'" 
Input Bias Current V,m ~ OVDC ±23 ±115 ±23 ±250 pA 

Device operating 

OFFSET CURRENT'" 
Input Offset Current V'm~ OVDC ±16 ±100 ±16 ±200 pA 

Device operating 

VOLTAGE RANGE 
Common-Mode Input Range ±10 ±11 ±10 ±11 V 
Common-Mode Rejection V'N~±10VDC 82 98 80 96 dB 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gain RL",2kO 106 116 100 110 dB 

RATED OUTPUT 

Voltage Output RL~ 2kO ±lD.5 ±11 ±10.5 ±11 V 
Current Output V.~±10VDC ±5.25 ±10 ±5.25 ±10 mA 
Short Circuit Current V.~OVDC 10 40 10 40 mA 

POWER SUPPLY 

Current. Quiescent 1.~OmADC 2.5 4.5 2.5 5.0 mA 

NOTES: (1) Offset voltage. offset current. and bias current are measur~d with the units fully warmed up. 

MECHANICAL 

"M" PACKAGE TO-99 (Hermetic) 

Pin numbers shown lor reference onty. Numbers may not be marked 
on package. 

Pin material and plating composition conlorm to Method 2003 (solder
ability) 01 MIL-5TD-883 (except parag,raph 3,2). 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .335 .370 8.61 9.40 

B . 305 .335 7.75 8.51 . 

.165 .185 4.19 4.70 

0 .016 .021 0.41 0.53 

.010 .040 0.25 1.02 

F .010 .040 0.25 1.02 

G .200 BASIC .. 5.08 BASIC 

H .028 .034 0.71 0.86 

J .029 .045 0.74 1.14 

K .500 12.7 

.11Q .160 2.79 4.06 

M 45° BASIC 45° BASIC 

N .095 .105 2.41 2.67 
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"P"PACKAGE a-pin Plastic m ,,, ",m_ ~ •• "., ~~-
8 5 only Numbers may not be marked 

on package 

01 4~ 

LA] 

~ 
--., r-- F 

--, 
r: 

_~.::1 M \r 
H_ I--G 

NOTE: Leads In true position within 0.10· (0.25mm) R at MMC at 
seating plane., 

INCHES MILLIMETERS 
DIM MIN MAX . MIN MAX 
A .370 .400 9.40 10.16 

• .230 .290 5.84 7.37 

C .120 ,200 3,OS 5.09 

0 .015 .Q23 0.38 0,59 

F .D3D .070 0.76 1.78 

G .100 BASIC 2.54 BASIC 

H .030 .050 0.76 1.27 

J .OOB .015 0.20 0.38 

K .070 .135 1.78 3.43 

L .300 BASIC 7.62 BASIC 

M -- 10° -- 10° 

N .010 .030 0.25 0.76 



CONNECTION DIAGRAMS 

"M" PACKAGE TO-99 (Hermetic) 

SUBSTRATE AND CASE 

TOP VIEW 

ABSOLUTE MAXIMUM RATINGS 

Supply .••.••.•.••.•••.•..••.••.•..••••.•••...•.••...•• ±18VDC 
Internal Power DISSipation'" ••••••..••.•.••.•••••.•.••.•• 500inw 
Dlfferantlallnput Voltage •••••••••••..••••.•••....••.. ±36VDC 
Input Voltage Range ••••••••..•••..•••••••.....••••••• ±18VDC 

,Storage Temparature Range •.•..•.••.•..•. -65°C to +l50°C (KM) 
-55OC to +125°C (KP) 

Operating Temparature Range •••..•.•..••• -40°C to +85°C (KM) 
-25°C to +85°C (KP) 

Lead Temparatura (soldering. 10 seconds) •••••...••••••• +300°C 
Output Short Circuit Ourationl21 ••••••••••••••••• ; ••• 90ntinuous 
Junction Temparatura •••••••.••.•••••••••••.•..•••.•.••• +175°C 

NOTES: 
1. Peckages must be derated based on 6,. = 15O"CIW (KP) or 6,. =' 

2OO°CIW (KM). 
2. For supply voltages less than ±18VDC the absolute maximum Input 

voltage is equal to +18V > V,N > -Vee -6V. See typical curve.. ' 
3'-Short circuit may be to power supply common only, Rating applies to 

+25°C ambient. Observe dissipation limit and TJ.. ' 

"P" PACKAGE Plastic Mini-DIP 

OFFSET 
TRIM 

-IN 

+IN 

-Vee 

TOP VIEW 

ORDERING INFORMATION 

OUTPUT 

OFFSET 
TRIM 

OPA121 K X 

Basic model number----=---..J J 
Performance grade----------'

K,= O°C to +70°C 

PackagecDde-------------------~ 
. M = TO-99 metal can 

P = Plastic mini-DIP 

TYPICAL PERFORMANCE CURVES 
T. = +25°C. Vee = ±15VDC unle.s otherwise noted, 

lk 
INPUT VOLTAGE NOISE SPECTRAL DENSITY 

~ 100 :;: 

! II : 

-.. KP 

.=. 
]l 
0 ~ z .. 

10 '" :J 
KM 

~ 

'0 
> 

, 
I I I I 
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1M 
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BIAS AND OFFSET CURRENT 
vs TEMPERATURE 
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TYPICAL PERFORMANCE CURVES [CONT] 
T. = +25'C. Vex; = ±15VDC unless otherwise noted. . 

BIAS AND OFFSET CURRENT 
vs INPUT COMMON MODE VOLTAGE 

10 

111111111 
< Bla. Current 
So 
E 
~ ~~s.t Current 

" <.) 

ill KM 
iii 0.1 

O.ot 
-15 -10 -5 0 +5 +10 +15 

Common-Mode Voltage (V) 

COMMON-MODE REJECTION 
vs FREOUENCY 
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INPUT CURRENT VS. 'INPUT VOLTAGE 
WITH ±Vcc PINS GROUNDED 
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POWER SUPPLY REJECTION 
vs FREQUENCY 

140 
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~ 

.~ 100 
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~ --"! Co 60 go I'~ 
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Iii 40 
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11. 20 
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1 10 100 lk 10k lOOk 1M 10M 

Frequency (Hz) 

OPEN-LOOP FREQUENCY RESPONSE 
140 

r-!-: t--KM::I 
120 -45 
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APPLICATIONS 
INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 

The OPAI21 offset voltage is laser-trimmed and will 
require no further trim for most applications_ As with 
most amplifiers, externally trimming the remaining offset 
can change drift performance by about O_3p.V/oC for 
each lOOp. V of adjusted offset. Note that the trim (Figure 
I) is similar to operational amplifiers such as 741 and 
ADS47. The OPAI21 can replace most BIFET amplifiers 
by leaving the external null circuit unconnected_ 



-Vee 

FIGURE I. Offset Voltage Trim. 

!NPUT PROTECTION 

8 

±IOIIIV TYPICAL 
TRIM RANGE 

;,OKO TOIMO 
TRIM POTENTIOMETER 
(IOOkO RECOMMENDED) 

Conventional monolithic FET operational amplifiers 
require external current-limiting resistors to protect their 
iriputs against destructive cD.rrents that can flow when 
input FET gate-to-substrate isolation diodes are forward
biased. Most BIFET amplifiers can be destroyed by the 
loss of-Vee. 

Unlike BIFET amplifiers, the Dire' OPAlIl requires 
input current limiting resistors only if its input voltage is 
greater than 6 volts more negative than -V ce. A JOkn 
series resistor will limit input current to a safe level with 
up to ±15V input levels even if both supply voltages are 
lost. 

Static damage can cause subtle changes in amplifier 
iliput characteristics without necessarily destroying the 
device. In precision operational amplifiers (both bipolar 
and FET types), this may cause a noticeable degradation 
of offset voltage and drift. 

Static protection is recommended when handling any 
precision IC operational amplifier. 

GUARDING AND SHIELDING 
As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickUp in 
input leads. If large feedback resistors are used, they 
should· also be shielded along with the external input 
circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias curent of the. OPAl21. To avoid leakage 
problems, it is recommended that the signal input lead of 
the OP Al2l be wired to a Teflon standoff. If the OPAl2l 
is to be soldered directly into a.printed circuit board, 
utmost care must be used in planning the board layout. 
A "guard" pattern should completely surround the high 
impedance input leads and should be connected to a low 
impedance point which is at the signal input potential. 

The amplifier case should be connected to any input 
shield or guard via pin 8. This insures that the amplifier 
itself is fully surrounded by guard potential, minimizing 
both leakage and noise pickup (see Figure 2). 

If guarding is n.ot required, pin 8 (case) should be 
connected to ground. 

NON·INVERTING 

INVERTING 

OUT 

BOARD' LAYOUT . 
FOR INPUT aUAROINS 

Suard lOp and bonom of board. 
Alternate: U$" Teflone Bllndofl 
for '"1111\1 .. Inpul pins. 

Teflon" E. I. Du Pont 
de Nemours & Co. 

BUFFER 

TO-ll1l BOTTOM VIEW 

MI.NI·OIP BOTTOM VIEW 

:~, 6: l:JJa 
5tlJ tlJ4 

FIGURE 2. Co.nnection of Input Guard. 

BrAS CURRENT CHANGE VERSUS 
COMMON-MODE VOLTAGE 
The' input bias currents of most popular BIFET opera
tional amplifiers are affected by common-mode voltage 
(Figure 3). Higher' input FET· gate-io-drain voltage 
causes leakage and ionization(bias) currents toincrease. 
Due to its cascode input stage, the extremely-low bias 
current of the OPAl2l is not compromised by common-

. mode voltage. 

Common-Mode Voltage (VDC) 

FIGURE 3. Input Bias Current Versus Common-Mode 
Voltage. 
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BURR-BROWN® 

IElElI OPA128 

Oife'® Electrometer-Grade 
OPERATIONAL AMPLIFIER 

FEATURES 
• ULTRA-LOW BIAS CURRENT: 75fA max 

• LOW OFFSET: 5DDpV max 

• LOW DRIFT: 5pV/o C max 

• HIGH OPEN-LOOP GAIN: 1I0dB min 

• HIGH CPMMON-MODE REJECTION: 90dB min 

• IMPROVED REPLACEMENT FOR AD515 AND AD549 

DESCRIPTION 
The OPAI28 is an ultra-low bias current monolithic 
operational amplifier. Using advanced geometry 
dielectrically-isolated FET (Di/e'®) inputs, this 
monolithic amplifier achieves a performance level 
exceeding even the best hybrid electrometer amplifiers. 

Laser-trimmed thin-film resistors give outstanding 
voltage offset and rlI:ift performance. 

A noise-free cascode and low-noise processing. give 
the OPAl28 excellent low-level signal handling 
capabilities. Flicker noise is very low. 

The OPAl28 is an improved pin-for-pin replacement 

APPLICATIONS 

• ELECTROMETER 

• MASS SPECTROMETER 

• CHROMATOGRAPH 

• ION GAUGE 

• PHOTODETECTOR 

• RADIATION-HARD EQUIPMENT 

Case (Guard) 

Trim 1kQ 28kO 2BkO 

fur the ADS IS. 5l--M-+---~ 
lkO 

2kO Trim 

Di/e'@ Burr-Brown Corp. 
~--__ -4 ________ ~ __ ~4 

OPA128 Simplified Circuil 

International Airport Induslrial Park - P.O. Box 11400· Tucson. Arizona 85734 - Tel. 16021 746·1111 • Twx: 910-952·1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-{;S3 
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,SPECIFICATIONS 
ELECTRICAL 
At Vee - + 15VOC and T" = +25°C unless otherwise noted. Pin 8 connected to ground. 

OPA128JM OPA128KM OPA128LM OPA128SM 

PARAMETER CONDITIONS MIN TYP MAX MIN TY!! MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

BIAS CURRENT'" , 
Input Bias Current VCM ~ aVDC, 

RL> 10kQ ±150 ±300 ±75 ±150 ±40 . ±75 ±75 ±150 fA 

OFFSET CURRENT'" 
Input Offset Current VCM - OVDC. 

R, -10kO 65 30 30 30 fA 

OFFSET VOLTAGE'" 
Input Offset Voltage VCM -- OVDC ±260 ±1000 ±140 ,,500 ±140 ±500 ±140 ±500 pV 
Average Drift TA - TMIN to TMAX ±20 ±10 ±5 ±10 pVl·C 
Supply Aejection 80 120 90 120 90 120 90 120 dB 

'. ±1 ±100 ±1 ±32 ±1 ±32 ±1 ±32 pVN 

NOISEI41 

Voltage, 10 -=- 10Hz 92 92 92 92 nVlv'Hz 
fo ". 100Hz 78 78 78 78 nVlv'Hz 
fo....:. 1kHz 27 27 '27 27 nVlv'Hz 
fo ~ 10kHz 15 15 15 15 nVlv'Hz 
fa =-- 10Hz to 10kHz 2.4 2.4 2.4 2.4 pV, rms 
fe - O.lHz to 10Hz 4 4 4 4 pV. p-p 

Current, fa';::: O.lHz to 10Hz 4.2 3 2.3 3 fA. p-p 
fo = O.lHz thru 20kHz 0.22 0.16 0.12 0.16 fAlv'Hz 

IMPEDANCE 
Differential 10"111 10" 111 10"111 10"111 011 pF 
Common-Mode 10"112 10"112 10"112 10"112 011 pF 

VOLTAGE RANGE 
Common-Mode Input Range ±10 ±12 ±10 ±12 ±10 ±12 ±10 ±12 V 
Common-Mode Rejection . V'N ~ ±10VDC 80 118 90 118 90 118 90 118 dB 

OPEN-LOOP GAIN, DC . 

Open-Loop Voltage Gain RL~2kQ 94 128 110 128 110 128 110 128 dB 

FREQUENCY RESPONSE 

Unity Gain, Small Signal '" 0.5 1 0.5 1 '0.5' 1 0.5 1 MHz 
Full Power Response 20V P-P. R, ~ 2kO 47 47 47 47 kHz 
Slew Rate Vo~±10V. R,=2kO ,0.5 3 1 3 1 3 1 3 VIps 
Settling Time, 0.1% Gain = -1, RL = 2kO 5 5 5 5 ps 

0.01% lOV slep 10 10 10 10 ps 
Overload Recovery. 

50% Overdrivel3J Gain =-1 5 5 5 5 ps' 

RATED OUTPUT 

Voltage Output R, = 2kO ±10.5 Hi ±10.5 ±13 ±10.5 ±13 ±10.5 ±13 V 
Current Output Vo = ±10VDC ±5 ±10 ±5 ±10 ±5 ±10 ±5 ±10 rnA 
Output. Resistance DC. open loop 100 100 100 100 0 . 
Load Capacitance Stability Gain =+1 '1000 1000 1000 1000 pF 
Short Circuit Current 10 29 40 10 29 40 10 29 .40 10 29 40 rnA 

POWER SUPPLY 

Rated Voltage ±15 ±15 ±15 ±15 VDC 
Voltage Range, 

Derated Performance ±5 ±18 ±5 ±18 ±5 ±18 ±5 ±18 VDC 
Current, Quiescent 10 = OrnADC 0.9 1.5 0.9 1.5 0.9 1.5 0.9 1.5 rnA 

TEMPERATURE RANGE 

Specification Ambient temp. 0 +70 0 +70 0 +70 -55 +125 ·C 
Operating Ambiept temp. -55 +125 -55 +125 -55 +125 -55 +125 ·C 
Storage Ambient temp. -65 +150 -65 '+150 -65 +150 -65 +150 ·C 
fJ Junction-Ambie!lt 200 200 200 200 ·C/W 

~O!ES: (1) OffseJ voltage, offset curren~, and bias current are measured with the Units fully warmed up, Bias current doubles approximately every 11°C. (2) Sample 
tested. (3) Overload recovery is defined as'the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive. 
(4) Noise test available-inquire. 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At Vee;:; ±15VDC and T ... = TWIN to TMAlC unless otherwise noted. 

OPA128JM OPA128KM OPA128LM OPA128SM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 

Specification Range Ambient temp. 0 +70 0 +70 '0 +70 -55 +125 ·C 

INPUT 

BIAS CURRENT'" 
Input Bias ,?urrent VOM~OVDC ±2.5 ±8 ±1.3 ±4 ±0.7 .±2 ±43 ±170 pA 

OFFSET CURRENT'" 
Input Offset Current VOM ~OVDC 1.1 0.6 0.6 18 pA 

OFFSET VOLTAGE'" 
Input Offset Voltage VOM ~OVDC ±2.2mV ±lmV ±750 ±1.SmV pV 
Average Drift ±20 ±10 ±5 ±10 pVl·C 
Supply Aejection 74 114 80 114 80 114 80 106 dB 

±2 ±200 ±2 ±100 ±2 ±100 ±5 ±100 pVN 

VOLTAGE RANGE 
±1O Common~Mode Input Range ±11 ±10 ±11 ±10 ±11 ±10 ±11 V 

Common· Mode Aejection V'N ~ ±10VDC 74 112 80 112 80 112 74 104 dB 

OPEN-LOOP GAIN, DC 

Open·Loop Voltage Gain A,,,,2kO 90 125 104 125 104 125 90 122 dB 

RATED OUTPUT 

Voltage Output A, =2kO ±10.5 ±10.5 ±10.5 ±10.5 V 
Currente Output Vo = ±10VDC ±5 ±5 ±5 ±5 rnA 
Short Circuit Current Vo = OVDC 10 22 10 22 10 22 10 18 rnA 

POWER SUPPLY 

Current. Quiescent I =OrnADC 0.9 1.8 0.9 1.8 0.9 1.8 0.9 2 rnA 

NOTES: (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up. 

ORDERING INFORMATION 

OPA128 X M 

Basic Model Number ______ =r--< T 
Performance Grade. -

J, K, L = DOG to +70oG 
S = -55°G to +125°G 

Package Gode ____________ ..J 

M = TO-99 metal can 

CONNECTION DIAGRAM 

TopView Substrate and Case 
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ABSOLUTE MAXIMUM RATINGS 

Supply. . .•.. . . .••.•. . . . . . .. . . ... ....... . . ... . .. ±18VDC 
Internal Power Dissipation'" ..... ,.. .•.•. . . ... . . .. 500mW 
Differential Input Voltage ..............•........ ·. ±36VDC 
Input Voltage Range. . . • . . . . . . . . . . . . . . • . . . . . . . .. ±18VDC 
Storage Temperature Range .... '" .....• -65°C to +150°C 
Operating Temperature Range ...•..•...• -55°C to +125°C 
lead Temperature (solderin'g, 10 seconds). . . ... . .. +300°C 
Output Short Circuit Duration'" ........•..... Continuous 
Junction Temp.erature .............•..........•... +175°C 

NOTES: (1) Packages must be derated based'p~ (JCA;::::' 1S0°CIW or (JJA;::::" 

200°CIW. (2) Short circuit may be to power supply common only. 
Rating a~plies to +25°C ambient. ObserVe dissipation limit and TJ. 

MECHANICAL 

"M" PACKAGE TO-99 (Hermetic) 
NOTE: Leads in true position within .010" (.25mrn) A at MMC at 

seating plane. . 
Pin numbers shown for reference only. Numbers may not 
be marked on package. 
Pin material and plating composition conform to Method 
2003 (solderability) of MIL-STD-883 (except paragraph 3.2). 

~. 
L Y1 INCHfS MILLIMETERS 

D'M M'N MAX 'MIN MAX 

m 

~.: -:J x 
.305 .335 

'" 4>0 

"···IIIII~ ." '" 053 .'. ..0 ." , 0, 
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TYPICAL PERFORMANCE CURVES 
TA:;;' +25°C, ±15VOC unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 
TA:::: +25°C. ±15VDC unless otherwise noted. 
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APPLICATIONS INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 

The OPAI28 offset voltage is laser-trimmed and will 
require rio further trim for most applications. As with most 
amplfiers, externally trimming the remaining offset can 
change drift performance by about O.3jJ.V 1°C for each 
IOO~V of adjusted offset. Note that the trim (Figure I) is 
similar to operational amplifiers such as HA-si80 and 
AbsiS. The OPAI28 can repla~e many other amplifiers 
by leaving the external null circuit unconnected. 

FIGURE I. Offset Voltage Trim. 

INPUT PROTECTION 

±lOmV TYPICAL 
TRIM RANRE 

·lOKO TO lMO 
TRIM POTENTIOMETER 

(lDOleO RECO~MENOEOI 

'Conventional monolithic FET operational amplifiers' 
inputs must be protected against destructive currents that 
can flow when input FET gate-to-substrate isolation diodes 
are forward-biased. Most BIFET® amplifiers can be 
destroyed by the loss of -Vee. " 

Because of 'its dielectric isolation, no special protection is 
needed on the OPAI28. Of course, the differential and 
common-mode voltage' limits should be observed. 

Static damage can cause subtle changes in amplifier input 
characteristics without necessarily destroying the deviCe. In 
precision operational amplifiers (both bipolar and FET 
types), this may caus'e a noticeable degradatipn of offset 
yoltage and drift. 

Static protection is recommended when handling any 
precision Ie operational amplifier. 

GUARDING AND SHIELDING 
As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input leads. If large feedback resistors are used,th<:y should 
also be shiel~ed along with the external input circuitry. 
Leakage currents across printed 'circuit boards can easily 
exceed the bias current of the OPAI28. To avoid leakage 
problems, it is recommended that the signai input lead of 
the, OPAI28 be wired to a Teflon standoff. If the input is to 
l!e soldered directly into a printed circuit board, utmost care 
must ,be used in planning the board l~yoi1t. A "guard" 

BIFET® Nationa~ Semiconductor Corp. 

pattern should completely surround the high impedance 
input leads and should be connected to a low impedance 
point which is at the signal input potential. 

The amplifier case sho,uld be connected to any input shield 
or guard via pin 8. This insures that the amplifier itself is 
fully surrounded by guard potential, minimizing both 
leakage and noise pickup (see Figure 2). 

Triboelectric charge (static electricity generated by friction) 
can be a troublesome noise source from cables connected 
to the input of an electrometer amplifier. Special low-noise 
cable will minimize this effect but the optimum solution is 
to mount the signal sourc~ directly at the electrometer input 
with short, rigid, wiring to preclude microphonic noise 
generation. 

TESTING 
AcCurately testing the OPAl28 is extremely difficult due to 
its high level of performance. Ordinary test equipment may 
not be able to resolve the amplifier's extremely low bias 
current. 

Inaccurate bias current measurements can be due to: 

I. Test socket leakage 
2. Unclean package 
3. Humidity or dew point condensation 
4. Circuit con,tamination from fingerprints or anti-static 

treatment chemicals 
S. Test ambient temperature 
6. Load power dissipation. 

NOH',INVERTING BUFFER 

INVERTING T0-99 BOTTOM VIEW 

OUT 

BOARD LAYOUT 
FOR, INPUT GUARDING 

Guard top and bottom of board. 
Alternate: us. T.llon" standoll 
lor •• nsiliv. Input pins. 

,Teflon" E. I. Du Pont de Nemours & Co, 

F}GURE 2. Connection ofinput Guard. 
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FIGURE 3. High Impedance (10"0) Amplifier. 
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FIGURE 5. Low-Droop Positive Peak Detector. 
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CIRCUIT MUST BE 
WELL SHIELDED. 

FIGURE 7.·Sensitive Photodiode Amplifier. 

BIASED 
CURRENT 

TRANSDUCER 

REFIOI 
+5V 

FIGURE 9. Biased Current-to-Voltage Converter. 
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Vo = -IV/riA 

FIGURE 8. Current-to-Voltage Converter. 
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Vo '" ImV/pA 
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BURR-BROWN® 

113131 OPA156A 
OPA356A 

Wide-Bandwidth Dife'® 
OPERATIONAL AMPLIFIER 

FEATURES 
• WIDE BANDWIDTH. 4MHz min 
• HIGH SLEW RATE. IOV/pSBC min 
• LOW BIAS CURRENT. 50pA max at TA = +25°C 
• LOW OFFSET VOLTAGE. 2mV max 
• LOW DRIFT. 5pV/oC max 

DESCRIPTION 
The OPA156A/356A is a wide-bandwidth monoli
thic dielectrically-isolated FET (Difel') opera
tional amplifier. Improved circuit design and di-· 
electric isolation allow, lower . bias currerit than 
BIFET LFl56A amplifiers. Bias current is specified 
under warmed-up and operating conditions. not at a 

BIFETi8 National Semic"bnductor Corp., Difele Burr-Brown. Corp. 

APPLICATIONS 
• OPTO.ELECTRONICS 
• DATA ACQUISITION 
• IMPROVED REPLACEMENT FOR INDUSTRY

STANDARD LFI56A BIFET8 OPERATIONAL 
AMPLIFIER 

JUNCTION temperature of +25°C. 

Laser-trimmed thin-film resistors offer improved 
offset voltage and noise performance. 
The'OPAl56A is internally compensated for unity-
gain stability. ' 

Inlernllional Airport Industrial Park· P.O. Box 11400· Tuclon. Arizona 85734· T81.(6021 746-1111 . Twx: 910-952·1111 . Cabll: BBRCQRP· Tellx: 66-8491 

PDS·S48A 
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SPECIFICATIONS 
ELECTRICAL 
At ±Vee = 15VDC and T. = +zsoC unless otherwise specilled. 

OPAl58A OPA358A 

PARAMeTER CONDITIONS MIN TYP MAX MIN nP MAX UNITS 

FREQUENCY RESPONSE 
Slew Rate Vo = ±10V, RL = 2kO 

G=+1 10 14 10 14 Vlpsec 
Settling Time, 0.01'111'" 10V Step, RL = 2kO 4 4 paec 
Gain Bandwidth 4 6 4 6 MHz 

INPUT 

NOISE 
Voltage: '° = 100Hz R.=1000 25 25 nVl,fHi 

10= 1kHz R. = 1000 15 15 nVl,fHi 
Current: 1o"; 100Hz 0.005 0.005 pAl,fHi 

'° = 1kHz 0.005 0.005 pAf,fHi 

OFFSET VOLTAGE'2t 
Input Ollset Voltage R.=500 ±1' ±2 ±1 ±2 mV 
Average Drift T,,=TMINtoTMAX ±3 ±5 ±3 ±5 ,.,VloC 
Supply R~Jectlon A+Vee = A-Vee 65 100 85 100 dB 

±10 ±57 ±10 ±57 ,.,VN 

BIAS CURRENT'" 
Input Bias Current V ... = OVDC, 30 50 30 50 , pA 

OFFSET CURRENT'" 
Input Offset Current V ... = OVDC 3 10 3 10 pA 

INPUT IMPEDANCE 
Resistance II Capecltance 

,"," 
10"113 10'211 3 011 pF 

VOLTAGE RANGE, 
Common-Mode Input Range ±11 ±12 ±11 ±12 V 
Common-Mode Rejection V;';=±10VDC 65 100 65 100 dB 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gain RL ;;'2kO 94 106 94 106 dB 
50 200 50 200 V/mV 

RATED OUTPUT 

Voltege Output RL=10kO ±12 ±13 ±12 ±13 V 
R:~2kn ±10 ±12 ±10 ±12 V 

POWER SUPPLY 

Rated Voliage ±15 ±15 VDC 
Voltage Range, Derated 

Perfo;mance ±5 ±20 ±5 ±18 VDC 
Current, Quiescent io=OmADC 5 7 5 10 mA 

TEMPERATURE RANGE 

Specification Ambient temp. -55 ' +125 0 +70 "C 
Storage Amblentteinp. -65 +150 -65 +150 "C 
B Junction-Ambient 150 150 °CIW 

NOTES: (1) Sample tested-this parameter I. not guaranteed. See settling time test circuit (Figure 2). (2) Ollset voltage, offset current, and bla. current 
are measured with the unit. lully warmed up. 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At ±Vcc = 15VDC and T. = TWN 10 T .... unle" otherwise noted. 

OPA158A OPA35IA 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 

Speclflcallon Aange Ambionttemp. -55 +125, 0 +70 'C 

INPUT 

OFFSET VOLTAGE'" 
Input Ollset Voltage A. = 500 ±1 ±2.5 ±1 ±2.3 mV 
Average Drill A. = SOO ±3 ±5 ±3 ±5 • "VI'C 
Supply Aejecllon ~+Vee=~-V .. 85 100 85 100 dB 

±10 ±57 ±10 ±57 "VlV 

BIAS CURRENT'" 
Input Bias Currant V"" = OVDC 15 25 3 5 nA 

OFFSET CURRENT'" 
Input Offset Currant V"" = OVDC 6 10, 0.6 1 nA 

VOLTAGE RANGE 
Common·Mode Input Aange ±11 ±12 ±11 ±12 V 
Common·Mode Rejection V'N = ±10VDC 85 100 85 100 dB 

OPEN-LOOP GAIN, DC , 
Open-Loop Voltage Gain A.2: 2kO 66 92 66 92 dB 

25 40 25 40 VlmV 

RATED OUTPUT 

Voltage Output A. = 10kO ±12 ±13 ±12 ±13 V 
A. = 2kO ±10 ±12 ±10 ±12 V 

NOTE: (1) Offset voltage, off.et currant, and bias currant ara measurad with the units fully warmed up. 

ORDERING INFORMATION 

OPA X 56A •• X!" 
Basic model number =r=TT 
Temperature range ------.... -

1 = -55°C to +125°C 
3 = O°C ,to +70°C 

Package code ----~:-----'-----' 
M = TO-99 

CONNECTION DIAGRAMS 

TOP VIEW 

-Vee 

• NO INTERNAL CONIIECTION 
CASE IS INTERNAllY CONNECTED TO Vee 

1-83 

ABSOLUTE MAXIMUM RATINGS 

Supply: OPA156A ...... , ............................. ±22VDC 
OPA358A................................... ±18VDC 

Internal Powar Dlsalpallon'" ............................ 670mW 
Dlflerentl., Input VOltage'" .......................... ±40VDC 
Input Voltage Aange"'.. .. .. .. .. .. .. .. .. .. .. .. .. .. ... ±20VDC 
Storage Temperatura Aange •••••••••••••••• , -85'C to +150'C 
Operallng Temperatura Range. • • • • • • • • • . • • •• -55'C to +125'C 
Lead Temperatura (aoldering, 10 seconds) ••••.••••••• +300'C 
Output Short Circuit Durallon'" •••••••••••••••••• Continuous 
Juncllon Temperatura .................... .' .......... , +1SO'C 

NOTES: (1) Packages must be derated based on BJC = 45'CIW or BJA = 
lSO'CIW. (2) For supply voltages lesa than ±18VDC the absolute maxi
mum input voltage is aqualto the supply voltage. (3) Short circuit may 
be to powar supply common only. Aallng applies to +25'C ambient. 
Observe diaslpallon limit and T,. 

MECHANICAL 

"M" PACKAGE: TO-99 

Pin material and plallng 
composition conform to 
Method 2003 (solderability) 
of MIL-STD-883 (except 
paragraph 3.2). 

NOTE: Leads in true posi
'lion within 0.01" (O.25mm) 
A at MMC at sealing piane. 

Pin numbers shown for ref
erence only. Numbers may 
not be marked on package. 

The TO-99 can and leads 
ara bright acid lin plated. 

'n 

IIoICHES ... 
m ... , .. ,,, 
~, - .. , ". '" '" 2DOIAS'C 'Sc. .... !I1c: 

CIa 0J0I 011 0 .. 
,~. 

MIO '2' 

... H· .... 'C ... 
r,. .c. 



TYPICAL PERFORMANCE 'CURVES 
T. = +25'C. Vee = ±15VDC unle .. otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 
T,,;;: +25°C, Vee;;: ±15VDC unless otherwise noted. 
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APPLICATIONS INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 
The OPAl56A offset voltage is laser-trimmed and will 
require no further trim for most applications. As with 
most amplifiers, externally trimming the remaining offset 
can change drift performance by about O.5,.,.V/oC for 
each millivolt of adjusted offset. Note that the trim (Fig
ure I) is s'imilar to operational amplifiers such as LFl56 
and OP-16. The OPAl56A can replace most other ampli-

. fiers by leaving the external null circuit unconnected. 

+vcc 

-VocO 

±50mV TYPICAL 
TRIM RANGE 

*IOkO TO IMO 
TRIM POTENTIOMETER 

1I00kO RECOMMENDED) 

FIGURE I. Offset Voltage Trim. 

INPUT PROTECTION 

Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
device. In precision operational amplifiers (both bipolar 

LARGE SIGNAL TRANSIENT RESPONSE 

~ .. 
~ 
g 
"5 
c. 
"5 
o 

Time (poee) 

and FET types), this may cause a noticeable degradation 
of offset voltage and drift. 

Static protection is recommended when handling any 
precision IC operational amplifier. 

If the input voltage exceeds the supply voltage, current 
must be limited to ImA to prevent damage. 

CIRCUIT LAYOUT 

Wideband amplifiers require good circuit layout tech
niques and adequate power supply bypassing. Short, 
direct connections and good high frequency bypass 
capacitors (ceramic or tantalum) will help avoid noise 
pickup or oscillation. 

2kO 0.1% 
+15V 

+5V r: 2kO 0.1% 
-5V -.l ul--.-...,.,rv--...... --t 

-15V 

5kO 
0.1% 

SUMMING 
NODE' 5kO 0.1% 

FIGURE 2. Settling Time Test Circuit. 
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APPLICATIONS CIRCUITS 

1000n 

+15VDC 

Ikn 
INPUlo--¥i'r--+----'=-t 

+I5VDC 

~~-4-o OUTPUT >=----4-0 OUTPUT 

-15VDC 

FIGURE 3. Inverting Amplifier. 

-IN 

lOin RS 

+1. 

G = -10 INPUT 0-------=-1 

-15VDC 

FIGURE 4. Noninverting Buffer. 

CMR = IJJOdB I,p 
la = 50pA mIx 
BAIN = lDO 
BANDWIDTH = IDOIcHz typ 
R'N = ID12n 

"r--- ----- ~.----, 
2 25kn 25kn 5 

I 
I 
I 
I 

31 

I 
I 
I 
I 

25kn 

1...----, 

I 
I 
I 

. INA105 I 
DIFFERENTIAL II 

___ ~~'~R_J 
DIFFERENTIAL VOLTAGE GAIN = I + 2RF/RG 

FIGURE 5. Wide band FET Input Instrumeritation Amplifier. 

'Mn 

OUTPUT 
VOLTAGE :>=-B ___ -oEo 

Eo = III R = IV/pA 

FIGURE 6. Absolute Value Current-to-Voltage Converter. 
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BURR-BROWN ® 

IElElI OPA201 

PAT. PEND. 

Switchable-Input Operational Amplifier 
SWOPAMp™ . 

FEATURES 
• TWO PRECISION INPUT STAGES 

SELECTABLE BY DIGITAL SIGNAL 

• EXCELLENT INPUT SPECIFICATIONS 
Vas 100pVmax 
DRIFT: o.5pV/oC Iyp 
18 25nA max 

• LOW POWER 
±Vcc 2.5V 10 lBV 
10 500pA max 

DESCRIPTION 
The OPA201 is a switchable-input operational amp
lifier (Swop Amp'"). It contains two independent 
differential input stages and one outputstage. Either 
of the input stages may be connected to the output 
stage under the control of the· Channel Select digital 

. input signal which is TTL-compatible or user
programmable. The OPA201 is easy to use and. 
f~nctions as an operational amplifier that can switch 
between two sets of inputs. 

Each input stage provides excellent input character
istics: low offset voltage (lOO/oLV, max), low offset 
voltage drift versus'temperature (I/oLV/oC, max), 
and low bias current (25nA, max). 

Additionally, the Swop Amp is a low power device. 
It draws less than 500/oLA (max) over the supply 
range ±2.5V to ±18V. It is well suited for portable, 
remote, and other battery powered applications. 
Also, its low power consumption and excellent 
specifications make it well suited for isolation circuit 
applications. Burr-Brown's state-of-the-art mono
lithic design and processing; compatible thin-film 

APPLICATIONS 
• AUTO-ZERO SYSTEMS 

• TWO-CHANNEL MULTIPLEXER WITH GAIN 

• SWITCHABLE-GAIN CIRCUITS 

• SWITCHABLE-BANDWIDTH CIRCUITS 

• SYNCHRONOUS MODULATOR/DEMODULATOR 

• BATTERY OPERATED SYSTEMS 

resistors, and active laser trimming produce a truly 
unique highly versatile circuit. The unique switch
able input stage design allows solutiQns to very 
demanding analog circuit design problems. 

CHANNEL 
STATUS 
STATUS 
COMMON 

CHANNEL 
SELECt 

OFFSET 
TRIM 

OFFSET 
TRIM 

OUTPUT· 

.VCC. 

CHANNEL 
SELECT 
THRESHOLD 
CONTROL 

Inlernational Alrporllndullrlal Park· P.O. Box 114011· Tuclon. Arizona 85734· TIl. (6021746·1111 • Twx: 9111-952·1111· Cable: BBRCORp· Telax: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
At T. ; +25' C and ±Vee ; 15VDC unless otherwise noted. Specilications are lor either channell or 2 unless otherwise noted. 

OPA201AG/AG OPA201BG/SG OPA201CG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

OPEN-LOOP GAIN, DC VouT=±10V 
Rated Load R,;10kll 114 130 114 130 120 130 dB 

T,.,=TM1NtoTMAX 120 120 120 dB 

RATED OUTPUT 
Voltage R,; 10kll ±13.5 ±14 ±13.5 ±14 ±13.5 ±14 V 
Current VOUT = ±10V 5 5 5 rnA 
Output Impedance 0.5 0.5 0.5 kll 
Short Circuit Current 10 10 10 rnA 

INPUT OFFSET VOLTAGE 
Either Channel 

Voltage OffsetC1J 120 500 70 200 35 100 pV 
Average Drift T,.=TMINtoTMAX 1.4 0.9 0.5 pvrc 
YO Supply ±Vee = ±2.5V to ±18V 8 32 5 18 4 10 pVN 

10 6 5 pVN 
Match Between 

Channels 1 and 2 
Initial ISO 500 65 100 25 50 pV 

INPUT BIAS CURRENT 
Initial Bias Current IS 50 13 40 12 25 nA 
Over Temperature 22 18 17 nA 

INPUT OFFSET CURRENT 
Initial Offset Current 1.4 4 0.75 2 0.7 I nA 
Over Temperature 2.4 1.3 1.2 nA 

FREQUENCY RESPONSE 
Gain Bandwidth G"'100VN 500 500 500 kHz 
Full Power Response 20V, pop, R,; 10kll 4 4 4 kHz 
Slow Rate VOUT = ±10V, RL = 10kCl 0.1 0.18 0.1 0.18 0.1 0.18 V/psec 
Solllln9 Time O. I'll G = tVN,R, = 10kll 49 49 49 psec 

0.01% 10V Slep ·52 52 52 psec 

INPUT IMPEDANCE 
Differential 6 6 6 Mil 
Common-Mode 10" Ii 2 10" Ii 2 10" Ii 2 Il II pF 

INPUT NOISE 
Voltage fa =0.1 to 10Hz I I 1 PV,,fifz 
Voltage DenSity fo=1Hz 85 85 85 nVI Hz 

fo = 10Hz 27 27 27 nVlJHz 
to = 100Hz 27 27 27 nVlJHz 
to= 1kHz 27 27 27 nVlJHz 

Current fa =0.1 to 10Hz 1.5 1.5 1.5 PAJffi 
Current Density fo=1Hz 1000 1000 1000 IA! Hz 

fo = 10Hz 300 300 300 IA!JHz 
I, = 100Hz 100 100 100 IA/JHz 
fo=lkHz 100 100 100 IA/JHz 

INPUT VOLTAGE RANGE 
Common-Mode -12.5 +12.5 -12.5 +12.5 -12.5 +12.5 V 

T ... =TMINtoTMAX ±12 ±12 ±12 V 
Common-Mode Rejection VIN=+10V 85 94 90 98 95 98 dB 

T" = TMIN to TMAX 92 95 97 dB 

POWER SUPPLY 
Rated Voltage ±15 ±15 ±15 VDC 
Voltage Range, 

derated performance ±2.5 ±1a ±2.5 ±1a ±2.5 ±1B vec 
Current, quiescent 425 500 425 500 425 500 pA 

DIGITAL SIGNALS 
Threshold control 

(TC) Voltage Range -Vee +Vee-5 -Vee 
Channel Select (CSEL) 121 

+Vee- 5 -Vee +Vcc- 5 V 

Voltage Range -Vee +Vee -Vee +Vee -Vee +Vee V 
V1H (selects ch. 1) VTc+2 +Vee +Vee+ 2 +Vee +Vee+ 2 +Vee V 
VIL (select.s C,h. 2) -Vee VTC + 0.6 VTC+ 0.8 -Vee VTC+ 0.6 -Vee +0.8 -Vee Vee + 0.6 ' Vro+0.6 V 

T ... = TMIN to TMAX -Vee -Vee -Vee V 

I" VeSEL = +Vcc <1 50 <I 50 <I 50 pA 

I" VCSEl = VTC = OV ·25 60 25· 60 25 61t pA 
Status Common (SC) 

Voltage Range -Vee '" -Vee '" -Vee '" V 
Channel Status 

(CSTA = CSEL)'" 
Yo, tOl= 1mA, Vsc = OV 0.4 0.4 0.4 V 
VOH Vpllnup = 15V, Vsc = OV 2.0 IS 2.0 15 2.0 IS V 
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ELECTRICAL (CO NT) 

OPA201AG/RG OPA201BG/SG OPA201CG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL SIGNALS 
10H (OFF) <1 20 <1 20 <1 20 pA 

Switching Time 
Between Channels TMIN:S:T"S-TMAJ( 5 5 5 ""ec 

CROSSTALK 
DC V1N to OFF -100 -130 -120 -130 -120 -130 dB 
50Hz Channel = ±12V -108 -lOB -lOB dB 

TEMPERATURE RANGE (ambient) 
Specification 

A. 8, C Grades -25 +B5 -25 +B5 -25 +B5 'C 
S Grade -55 +125 'C 

Operating -55 +125 -55 ' +125 -55 +125 'C 
Storage -65 +150 -65 +150 -65 +150 'C 

NOTES: 

1. Voltage offsel is also guaranteed fully warmed-up. 
2. VTC = Voltage on threshold control, pin 10. VIH, VII •• VOH. VOL. IIH. IlL. IOH. 10L. refers to yoltage and·current, input and output, high and low logic states. 
3. Maximum voltage at Status Common must not be more positive than the Channel Select voltage (pin 11) or Threshold Control voltage (pin 10). 

MECHANICAL 

NOTES: 1. Lead. in true position within 0.01" 
(O.2Smm) R at ... tlng plane. 

I A I 

~~.~ : : :~~JJ 
, , 

-T!I~1Y ~1T' ..... ~ I 
R I I' 

L_I I I 
. . " I.- ~GJ JI..-D 

A 
INCHES MILLIMETERS 

DIM M'N ..... M'N ..... · .", . ,., 11.1' .... 
• ... ." 0.22 ... 
C ., .. . 170 ." .32 
D .015 ... , 0." 0.53 
F .... .000 1.14 '.5O 
G ,UIDBASIC U4BASIC 

J"LL_ . ....: H - .... 2.1' , - . 012 .... '3D 
K .'5O - ,.00 
L .. BA31e 7.e:IIWJlC 
M co ". co " . • - .000 ... '.5O 
R . ,,, .175 ... .... 

ORDERING INFORMATION 

OPA201 

::r 
G 

ABSOLUTE MAXIMUM RATINGS 

Supply ••••••••••••••••••••••••••••••••••••••••••• ±18VDC 
Internal Power Dlsslpation.,1 •••••••••• ' ••••••••••••••••• 500mW 
Differenliallnpul Voltage'" ••••••••••••••••••••••••.•• ±36VDC 
Input Voltage Range''' ••••••••••••••••••••••••••••••• ±18VDC 
Storage Temperature Range ••••••••••••••••.•• -SS·C to +IS0·C 
Operating Temperature Range •••••••••••••••• -SS'C to +12S·C 
Lead Temperature (soldering. 10 seconds) ••••••.•••.•••• +300°C 
Output Short Circuit Duratlon'3I •••••••••• " ••••••••• Contlnuou. 
Junction Temperature. • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• +175°C 

NOTES: 
1. 8,. = 100·CIW 
2. For .upply voltage. Ie •• than ±18VDC the absolute maximum input 

voltage I. equal to the supply voltage. . 
3: Short circuit may be to power .upply common. or ±Vcc: . 

PIN CONFIGURATION 

OFFSET ,.,r----------------------... ~ NC 
ADJUST 

-IN, 

+IN, 

CHANNEL 
STATUS 

STATUS 
COMMON 
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TYPICAL PERFORMANCE CURVES 
T,,:;:: +25°C, ±Vcc = 15VDC. specifications are for both channels unless otherwise noted. 
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THEORY OF OPERATION 
A simplfied schematic of the OPA201 Swop Amp is 
shown in Figure I. The circuit has four main parts: (A) 
input stage I, (B) input stage 2, (C) active load and 
output amplifier. and (D) channel select circuit. The two 
precision differential input stages are identical, with 
offset and drift laser-trimmed for very-tight matching. 
The input stages share a balanced, high precision active 
load and external offset adjust pins, so offset trim affects 
both channels (see "Using the Swop Amp" section for 
independent trim techniques). The input stages also 
share a gain stage and complementary output stage. The 
biasing circuits for the two input stages are well matched, 
so the characteristics of the two amplifiers are very 
nearly identical. 

B 
I 
A 
S 

so the channel status can be referenced to ground or -V. 

The complete circuit functions as a high precision 
operational amplifier which can switch between two sets 
of inputs under control of a I-bit logic signal: 

USING THE SWOP AMP 
Designing with the Swop Amp is basically the same as 
designing with any precision operational amplifer, with 
the added versatility of switchable inputs. Feedback is 
connected from the output to each differential input to 
configure each channel as an inverting or noninverting 
amplifier, integrator, or other analog circuit function. 
The transfer functions for channels I and 2 may be 
identical to the point of sharing feedback elements, or 
they may be completely independent. Feedback resistors 
for the off channel are driven by the output as part of 

CHANNEL 
STATUS 
[CSTAI 

STATUS 

D 
COMIION 

(SC) 

>--0 OUTPUT 

Y",AO.IUST 

FIGURE I. OPA 201 Simplified Schematic. 

Under control of the channel select circuitry, only one 
input stage at a time is active. The selected input stage 
controls the output amplifier, while the unselected input 
stage is turned off by deactivating its bias circuitry. With 
no current in the unselected stage, it has negligible input 
bias current, and the OFF channel cannot send signals 
to the output amplifier (see Crosstalk specifications and 
Typical Performance Curves). 

The channel select circuitry is simple but versatile, and 
its use is fully described in the "Using the Swop Amp" 
section. The trip point for changing channels is set by 
the threshold control, pin 10 .. This provides TTL
compatible levels for the channel select voltage on pin II 
when pin 10 is grounded. An open collector output 
transistor provides the logic inverse of the channel select 
voltage at the channel status pin. The emitter of this 
transistor, status common, is also brought out to a pin 
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the load resistance. Error analysis involving Eo., IB, 1o., 
and Vom is the same as for any operational amplifier. 

The OFF channel may be modeled as an open circuit in 
most applications, with input currents typically under 
ISpA for input voltages within the specified common
mode range (see Typical Performance Curves). Although 
crosstalk is specified for OFF channel input voltages 
equal to the common-mode input range extremes, the 
same crosstalk characteristics are typically observed for 
all input voltages between ~Vcc and (+Vcc -IVDC). 
Rejection of signals applied to the OFF channel's inputs 
is outstanding, as shown by the -120dB Crosstalk 
specifications and Typical Performance Curves for cross
talk versus frequency. 

CHANNEL SELECTION 
Four pins are involved in the channel select logic, 



providing programmable input logic level~ for channel 
select and an output status indicating which channel has 
been selected. Programmable logic levels allow the logic 
to be referenced .to ground or virtually any voltage. 
Referencing the logic to -v is especially useful in 
applications where the supply voltage is low, for example 
±3V. The pin-by-pin description and recommended 
connections describe the versatile but simple channel 
select techniques (refer to Figures 2 and 3). 

Pin 10 - Threshold Control 
Pin 10 sets the threshold voltage for channel switching, 
such that the switching point is two diode drops (=1.3V) 
more positive than the Threshold Control voltage. This 
results in TTL compatibility when pin 10 is grounded. 
Pin 10 must be at least 5V more negative than +Vee, and 
should be tied to -Vee when the minimum supply 
voltages are used (±2.5V or +5V). This results in TTL 
compatibility for logic referenced to -Vee. 

Pin 11 - Channel Select 
The voltage on pin 11 determines which input stage is 
active. A logic high selects channel l,logic low selects 
channel 2. Logic voltages are referenced to the Threshold 
Control, pin 10, and are TTL-, CMOS-, and open 
collector-compatible. 

Pin 4 - Channel Status 
Channel Status- is an open collector output indicating 
which channel has been selected. It is the logic inverse of 
the Channel Select input referenced to Status Common, 
pin 5. This function is not required in many applications, 
and pin 4 should be left unconnected if not used. When 
using Channel Status, a pullup resistor is connected 
between pin 4 and a potential more positive than pin 5 
(usually +V or ground). The logic low (indicating 
channell selected) will be less than 0.4V more positive 
than pin 5 if the pullup resistor sets a current of lmA or 
less. Logic high will be the voltage connected to. the 
pullup resistor. 

Pin 5 - Status Common 
Status Common sets the reference point for Channel 
Status, and is usually connected to the same potential as 
the Threshold Control. Pin 5 must be more negative 
than pins 10 and 11 at all times, and should be connected 
to -:-Vee if the Channel Status function is not used. 
,Status Common must be at least 5V more negative. than 
+Vee. ' 

OFFSET ADJUSTMENT 

The input offset voltage is laser-trimmed and will not 
require user-adjustment for most applications. Pins 1 
and 7 may be used to adjust the offset of the active 
channel to zero (see Figure 4). This will also affect the 
offset of the inactive channel (both offsets move in the 
same direction as the pot is adjusted). This technique 
may be used to make the offset for each channel equal in 
magnitude and opposite in polarity, which is desirable in 
many applications. Besides the complementary nature 
of the adjusted offsets, their magnitudes-will now be less 
than one-half of the Vos match specification. . 
An inexpensive CMOS IC, CD4007 (dual-Complemen-
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Noll: " V" CIII go 
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CHI 

CH2 
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CHANNEL 
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FIGURE 2. Channel Selection for Ground-Referenced 
Channel Select Signals. 

(~ 
11.-
1110 

CHI 

CH2 

-Yee 

FIGURE 3. Channel Selection for -Vee Referenced 
Logic Signals. 

~ 
-Yee t 10111Ul OFFSET ADJUST 

FIGURE 4. Basic Offset Adjustment. 

tary Pair Plus Inverter), may be used to alternately 
connect dual-offset adjust potentiometers (see Figure 5) 
allowing independent V~, adjustment. In this circuit, the 
channel status output from the Swop Amp is 'used to 
drive the CMOS logic, which connects one wiper or the 



other to -Vee. Thus RI adjusts the offset of channel I 
while R2 affects the offset only when channel 2 is 
selected. 

Nole: Dlgllal Channel Seleci 
circuli nol shown. 

3 

10 

12 
CD4007 

11 

13 

14 

FIGURE S. Independent Dual-Offset Adjustment. 

Note: The CMOS logic requires -Vee (3V minimum) 
and common. The Status Common (pin S) must be 
connected to -Vee. 

APPLICATIONS 
The OP A201 is ideal for a variety of applications where 
a precision amplifier and switch are needed. Since the 
two input stages are contained on the same IC and are 
precision laser-trimmed, their offsets match very closely. 
Therefore, the OPA201 can be used as an auto-zeroing 
circuit as well as a dual-channel or switchable-gain 
amplifier. It can also be extended to become a low 
power 4-channel Swop Amp or dual-channel instrumen
tation amplifier under control of TTL level logic. Gen
eral purpose and unique applications are only limited by 
the user's imagination. 

Software auto-zeroing using the Swop Amp is easy to 
perform (Figure 6). One channel processes signals and 
the other channel has the input grounded (both channels 
have the same gain). The system generating the error 
signal may be a VFC, Iso Amp, ADC, Modulator, etc. 
When the zero-input channel is selected, 

1 V",os = system error voltage 
You, = V",os + Av Vo,2 Vo"- = Channel 2 Vas 

.Av = Swop Amp voltage gain 
= 1+ (R2/RI) 
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When the signal channel is selected, 

You, = VOITO, + AvVod + AVVIN 

Subtracting the "zero" V ° from signal Vo leaves a 
corrected output voltage 

You, = AVVIN + Av (Vod - Vo,2) 
= Av (VIN + /lVo,) 

Using this technique, system errors may be reduced to 
the Yo, match error (SOIlV untrimmed for CG grade) of 
the Swop Amp. Obviously the channel used for zeroing 
could have a voltage reference or AC waveform for gain 
calibration for an input, instead of ground. 

Auto-zeroing may be free-ru-nning, with the Swop Amp 
functioning as a chopper, by connecting an oscillator to 
the channel select. Figure 6 shows pin 10 grounded, 
which allows TTL level interfacing. By programming 
this pin with a voltage level, other logic levels can be 
accommodated. 

R. 

v. 0--+----11 SYm .... 
GENERATED 

OFFSET 
ERROR 

v .. 

FIGURE 6. Input Amplifier for Auto-Zeroing Systems. 

The OPA201 requires only external resistors to make a 
dual-channel amplifier (2-channel multiplexer with gain). 
Gain for either channel may be noninverting (Figure 7) 
or inverting (Figure 8) with the usual operational ampli
fier gain equations applying in each case. In the non
inverting case, feedback is connected from the output to 
each input, with a common feedback resistor for equal 
gains. The advantage, in inverting gain circuits, is that 
the signal does not produce a common-mode voltage 
which can introduce error or input swing limitations. 
This is especially important in low supply voltage appli
cations where oommon-mode range becomes limited. 
Also one channel can be noninverting and the other 
inverting, which is particularly useful in absolute value 
circuits. Note that in order to achieve the specified open
loop gain and maximum output voltage swing, the total 
output load including both feedback networks should 
not be less than IOkO (see Figures 7 and 8). 

Amplifiers with switch able transfer functions are de
signed much like dual-channel amplifiers, except both 
inputs are connected in parallel, with each channel 
configured for a different transfer function. Figure 9 
shows a circuit that has a gain of 10 for Channel Select 
HIGH (channel I selected) and a gain of 1000 for 
Channel Select LOW (channel 2 selected). In this case, 
the channel select may be thought of as a gain select. 



v., H. 

H, 

AVl =AV2= 1 +R2/R, 
H, = H. = (H, II H,I 
for btlance of bias cuntnl .Heels 

IH, 'I (H, + H,II " 10lI0 for output currenl raling 

VOU! 

FIGURE 7. Selectable Input Amplifier, Noninverting. 

H, 

Av 1 =-R.IR, 
H, =H,!I H, 
A, , = -H,IH, . 
H. = H,!! lie-
H, Ii IH, +H,) Ii (Ii,. H,) ,,10110 

8 

Vour 

FIGURE 8. Selectable Input Amplifier, Inverting. 

V,. 

A, = 100nd 1000 

FIGURE 9. Switchable Gain Amplifier. 

This concept also applies to switchable bandwidth cir
cuits, where AC coupling (high-pass) or smoothing 
(low-pass) characteristics need to be. switched in under 

digital control. A wide variety. of operational amplifier 
function circuits may be made selectable or switchable 
using these techniques. 

Figure 10 shows a two:-ehanneI differential amplifier. 
This concept can be expanded to a full high input 
impedance instrumentation amplifier by adding four 
input buffer amplifiers or by using two front end Swop 
Amps followed by an operational amp (Figure 11). 

'" +~~~~--------~~-------------, 

V .. 

H,=H, 
Re=Re R,=", 
SELECT ClWlllEL 2: V. = V., ""'" SELECT CtwINEL 1: Vo = V .. l1,/li, 

FIGURE 10. Low Power Dual-Channel Differential 
Amplifier. 

FIGURE II. Low Power Dual-Channel Instrumen
tation Amplifier. 

1-94 



BURR-BROWN® 

IEElElI OPA404 

Quad High-Speed Precision 
O//e'® OPERATIONAL AMPLIFIER 

FEATURES 
• WIDE BANDWIDTH: 6.4MHz 
• HIGH SLEW RATE: 35V/ps 
• LOW OFFSET: ±750pV max 
• LOW BIAS CURRENT: ±4pA max 
EI FAST SETTLING: 1.5ps 10 0.01% 
• STANDAD QUAD PINOUT 

DESCRIPTION 
The OPA404 is a high performance monolithic 
D//e'® (dielectrically-isolated FET) quad opera
tional amplifier. It offers an unusual combination of 
very-low bias current together with wide bandwidth 
and fast slew rate. 

Noise, bias current, voltage offset, drift, and speed 
are superior to BIFET® amplifiers. 

Laser trimming of thin-film resistors gives very-low 
offset and drift-the best available in a quad FET 
op amp. 

The OPA404's input cascode design allows high 
precision input specifications and uncompromised 
high-speed performance. 

APPLICATIONS 
• PRECISION INSTRUMENTATION 
• OPTOELECTRONICS 
• SONAR. ULTRASOUND 
• PROFESSIONAL AUDIO EQUIPMENT 
• MEDICAL EQUIPMENT 
• DETECTOR ARRAYS 

Standard quad op amp pin configuration allows 
upgrading of existing designs to higher performance 
levels. The OPA404 is unity-gain stable. 

~---4----""---{" 

Di/'e'@ Burr-Brown Corp .• BIFETe National Semiconductor Corp. 

OPA404 Simplified Circuit 
(Each Amplifier) 

-Vee 

Internalional Airport Industrl.1 Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (6021746·1111· Twx: 910-952·1111 • Cable: BBRCORp· Telex: 66·6491 

PDS·677 
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SPECIFICATIONS 
ELECTRICAL 
At Vee = ±15VDC and TA = +25'C unless otherwise noted: 

OPA404AG OPA404BG OPA404SG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

NOISE'" 
Voltage: fo = 10Hz 32 32 32 nVlVHZ 

fo = 100Hz 19 19 19 nVlVHZ 
fo=lkHz 15 15 15 nVlVHZ 
fo = 10kHz 12 12 12 nVlVHZ 
f. = 10Hz to 10kHz 1.4 1.4 1.4 pV,rms 
f. = O.IHz to 10Hz 0.95 0.95 0.95 "V, p-p 

Current: f. = O.IHz to 10Hz 12 12 12 fA,p-p 
fo = O.IHz thru 20kHz 0.6 0.6 0.6 fAlVHZ 

OFFSET VOLTAGE'" 
Input Offset Voltage VeM =OVDC ±260 ±lmV ±260 ±750 ±260 ±lmV "V' 
Average Orift T,., = TMIN to TMAX ±3 ±3 ±3 ,NI'C 
Supply Aejection ±Vcc = 12V to 18V 80 100 86 100 80 100 dB 

10 100 10 50 10 100 "V/v 
Channel Separation 100Hz, AL = 2kO 125 1~5 125 dB 

BIAS CURRENT'" 
Input Bias Current VeM =OVDC ±1 ±8 ±1 ±4 ±1 ±8 pA 

OFFSET CURRENT'" 
Input Offset Current VeM= OVDC 0.5 8 0.5 4 0.5 8 pA 

IMPEDANCE 
Differential 10" 111 10" 111 10"111 011 pF 
Common-Mode 10" 113 10" 113 10" 113 011 pF 

VOLTAGE RANGE 
Common-Mode Input Range ±10.5 +13, ±10.5 +13, ±10.5 +13, V 

-11 -11 -11 
Common-Mode Rejection V'N=±10VDC 88 100 92 100 88 100 dB 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gain RL<':2kO 88 100 92 100 88 100 dB 

FREQUENCY RESPONSE 

Gain Bandwidth Gain = 100 4 6.4 5 6.4 4 6.4 MHz 
Full Power Response 20V p-p, AL = 2kO 570 570 570 kHz 
Slew Aate Vo = ±10V, AL = 2kO 24 35 28 35 24 35 VIpS 

Settling Time: 0.1% Gain = -I, AL = 2kO 0.6 0.6 0.6 pS 

0.01% CL=100pF, 1.5 1.5 1.5 pS 

10V step 

RATED OUTPUT 

Voltage Output AL= 2kO ±11.5 +13.2, ±11.5 +13.2, ±11.5 +13.2, V 
-13.8 -13.8 -13.8 

Current Output Vo=±10VDC ±5 ±10 ±5 ±10 ±5 ±10 mA 
Output ReSistance lMHz, open loop 80 80 80 0 
Load Capacitance Stability Gain=+1 1000 1000 1000 pF 
Short Circuit Current ±10 ±18 ±10 ±18 ±10 ±18 mA 

POWER SUPPLY 

Aated Voltage ±15 ±15 ±15 VDC 
Voltage Aange, 

Derated Performance ±5 ±18 ±5 ±18 ±5 ±18 VDC 
Current, Quiescent 10 = OmADC 9 10 9 10 9 10 mA 

TEMPERATURE RANGE 

Specification Ambient temp. -25 +85 -25' +85 -55 +125 'C 
Operating Ambient temp. -55 +125 -55 +125 -55 +125 'C 
Storage Ambient temp. -65 +150 -65 +150 -65 +150 'C 
8 Junction-Ambient 85' 85 85 'CIW 

NOTES: (1) Noise testing available-inquire. (2) Offset voltage, offset current, and bias current are also guaranteed with the units fully warmed up. 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At Vee:;;: ±15VDC and TA = TMIN to T MAX unless otherwise noted. 

OPA4D4AG OPA4D4BG OPA4D4SG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 

Specification Range Ambient temp. -25 +85 -25 +85 -55 +125 °c 

INPUT 

OFFSET VOLTAGE'" 
Input Offset Voltage V'M ~OVDC ±450 ±2mV ±450 ±1.5mV ±550 ±2.5mV pV 
Average Drift ±3 ±3 ±3 pvrc 
Supply Rejection 75 96 80 96 70 93 dB 

16 178 16 100 22 316 /iV/V 

BIAS CURRENT'" 
Input Bias Current V'M = OVDC ±32 ±200 ±32 ±100 ±500 ±5nA pA 

OFFSET CURRENT'" 
Input Offset Current V'M =OVDC 17. 100 17 50 260 2.5nA pA 

VOLTAGE RANGE 
Common-Mode Input Range ±10.2 +12.7, ±10.2 +12.7 ±10.0 +12.6 

I 
-10.6 -10.6 -10.5 V 

Common-Mode Rejection V'N = ±10VDC 82 99 86 99 80 98 dB 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gain RL 2: 2kCl 82 94 86 94 80 88 dB 

RATED OUTPUT 

Voltage Output RL=2kCl ±11.5 +12.9, ±11.5 +12.9, ±11 +12.7, V 
-13.8 -13.8 -13.8 

Current Output Vo= ±10VDC ±5 ±9 ±5 ±9 ±5 ±8 mA 
Short Circuit Current Vo=OVDC ±10 ±12 ±10 ±12 ±8 ±10 mA 

POWER SUPPLY 

Current, Quiescent 1o = OmADC 9.3 10.5 9.3 10.5 9.4 11 mA 

NOTES: (1) Ollset voltage, offset current, and bias current are also guaranteed with the units lully warmed up. 

ORDERING INFORMATION .' 

OPA404 X X 

Basic model number ==r--- T 
Performance g~ade -----------' 

A B = -25°C to +85°C 
S' = -'-55°C to +125°C 

Packagecode----------------------~ 
G = 14-pin ceramic DIP 

CONNECTION DIAGRAM 

Top View 
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ABSOLUTE MAXIMUM RATINGS 

Supply. , ...... , . . . . . • • . . . . . .. . .. .. • . .. .. . .. .. • .. ..... . .... ±18VDC 
Internal Power Dissipation'11 ............................... 1000mW 
Differential Input Voltage'" .. ... .. .. .. • .. .. .. .. .. .. .. .. .... ±36VDC 
Input Voltage Range'" .................................... ±18VDC 
Storage Temperature Range ....................... -65°C to +150°C 
Operating Temperature Range .................... -55°C to +125°C 
Lead Temperature (soldering, 10 seconds) ............•.•.•• +300°C 
Output Short Circuit Duration '31 •••••••••••••••••••••••• Continuous 
Junction Temperatut:9 ..................................... +175°C 

NOTES: 
(1) Packages must be derated based on 8" = 15° CIW or 8", = 85° CIW. 
(2) For supply voltages less than ±18VDC the absolute maximum input 

voltage is equal to: 18V > V'N > -Vee - 8V. See Figure 2. 
(3) Short circuit may be to power supply common only. Rating applies to 

+250 C ambient. Observe dissipation limit and TJ. 

MECHANICAL 
"G" Package 

NOTE: 

• , 7 ~ Leads in true position within .010" 
(.25mm) R at MMC at seating plane . 

L F~l_-l Pin numbers shown for reference only. 
A =-:::-.! Numbers may not be marked on package . 

Pin material and plating compositio~ 
conlorm to Method 2003 (soiderabiiity) 
01 MIL-STD-883 (except paragraph 3.2). 

.,. 
~. 16li 4n 
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TYPICAL PERFORMANCE CURVES 
Tit - ~25(1 C" Vee;;:: ±1SVDC unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES [CONT] 
T ... .:... +-25" C, Vee ;:: ±15VD~ unles~ otherwise noted 
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TYPICAL PERFORMANCE CURVES [CONT] 
T A :: +250 C. Vee;::' ±15VOC unless otherwise noted 
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APPLICATIONS INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 

The OPA404 offset voltage is laser-trimmed and will 
require no further trim for. most applications. If desired, 
offset voltage can be trimmed by summing (see Figure J). 
With this trim method there will b~ no degradation of 
input offset drift. 

In o---.,.,.,--....... --i 

20Q 

4>--~OOut 

-15V 

±2mV 

~---15"0"'kQ--"""'~ ~:i:l 

+15V 

FIGURE 1. Offset Voltage Trim. 
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INPUT PROTECTION 
Conventional monolithic FET operational amplifiers 
require external current-limiting resistors to protect their 
inputs against destructive currents that can flow when 
input FET gate-to-substrate isolation diodes are forward
biased. Most BIFET® amplifiers can be destroyed by the 
loss of -Vee 

Unlike BIFET® amplifiers, the Oife'® OPA404 
requires input current limiting resistors only if its input 
voltage can exceed -8V. A IOkO series resistor will limit 
the input current to a safe value with up to ± 15V input 
levels even if both supply voltages are lost. (See Figure 2 
and Absolute Maximum Ratings). 

+2 

~ 
Maximum Safe Current 

+1 

< 
§. - + 

" V .". 
~ 0 
<3 -
" Q. 

E 
-1 

Maximum Safe Current 

-2 
-15 -10 -5 0 +5 +10 +15 

Inpu! Voltage (V) 

FIGURE 2. Input Current vs Input Voltage with ±Vee 
Pins Grounded. 

Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
device. In precision operational amplifiers (both bipolar 
and FET types), this may cause a noticeable degradation 
of offset voltage and drift. 

Static protection is recommended when handling ·any 
precision IC operational amplifier. 

GUARDING AND SHIELDING 

As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickUp in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the OPA404. To avoid leakage, 
utmost care must be used in planning the board layout. 
A "guard" pattern should completely surround the high 
impedance input leads and should be connected to a low 
impedance point which is at the signal input ptotential 
(see Figure 3). 
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Non-Inverting 

In 

Inverting 

For input guarding, 
guard top and bottom of board. 

Out 

FIGURE 3. Connection of Input Guard. 

HANDLING AND TESTING 

Measuring the unusually low bias current of the OPA404 
is difficult without specialized test equipment; most 
commercial benchtop testers cannot accurately measure 
the OPA404 bias current. Low-leakage test sockets and 
special test fixtures are recommended if incoming inspec
tion of bias current is to be performed. 

To prevent surface leakage between pins, the DIP package 
should not be handled by bare fingers. Oils and salts 
from fingerprints or careless handling can create leakage 
currents that exceed the specified OPA404 bias currents. 

If necessary, DIP packages and PC board assemblies can 
be cleaned with Freon TF®, baked for 30 minutes at 
85°C, rinsed with de-ionized water, and baked again for 
30 ininutes at 85°C. Surface contamination can be 
prevented by the application of a high-quality conformal 
coating to the cleaned PC boa~d assembly. 

BIAS CURRENT CHANGE VERSUS 
COMMON-MODE VOLTAGE 

The input bias currents of most popular BIFET® opera
tional amplifiers are affected by common-mode voltage 
(Figure 4). Higher input FET gate-to-drain voltage 
causes leakage and ionization (bias) currents to increase. 
Due to its cascode input stage, the extremely-low bias 
current of the OPA404 is not compromised by common
mode voltage. 
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FIGURE 4.- Input Bias Current Versus Common-Mode 
Voltage. 

APPLICATIONS CIRCUITS 

Figures 5 through 7 are circuit diagrams of various 
applications for the OPA404. 

IN914 
IMO 

Input 0-----., 

FIGURE 6. Low-Droop Positive Peak Detector. 
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FIGURE 5. Auto-Zero Amplifier. 
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Output 
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* Reverse polarity for negative peak detection. 
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FIGURE 7. Voltage-Controlled Microamp Currrent Source. 
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BURR-BROWN® 

IElElI OPAS01 

For a IBB3B version of this 
product, see OPAB7BS/BB3B in 
the Military Products sect!onc 

High Current - High Power 
OPERATIONAL AMPLIFIER 

FEATURES 

• WIDE SUPPLY RANGE 
±1O to ±40 Volls 

• HIGH OUTPUT CURRENT 
. ±10 Amps Peak 

• HIGH OUTPUT POWER 
260 WaHs Peak 

• SMAll SIZE: TO·3 PACKAGE 

DESCRIPTION 

The OPA501 is a high power operational amplifier. 
Its high current output stage delivers ±IOA yet the 
amplifier is unity-gain stable and it can be used in any 
operational amplifier configuration. The 260W peak 
output capability allows the OPA501 to drive loads 
(such as motors) with a greater safety margin. 

Safe operating area is fully specified and output 
current limiting is provided to protect both the 
amplifier and the load from excessive current. 

This hybrid Ie is housed in an 8-pin hermetic TO-3 
package. The electrically-isolated package allows 
direct mounting to chassis or heat sink without an 
insulating washer or spacer which would increase 
thermal resistance. 

APPLICATIONS 

• SERVO AMPLIFIER 
• MOTOR DRIVER 
• ACTUATOR CONTROL 
• AUDIO AMPLIFIER 
• SYNCRO DRIVER 
• POWER SUPPLY REGULATOR 

,Vee 

SIMPLIFIED CIRCUIT 

OUT 

Inlemallonal Airport Induslrlal Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 16021 746·1111 . Twx: 911J.952·1I11 . Cable: BBRCORp· Telex: 66·6491 

PDS-l90C 
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SPECIFICATIONS 
ELECTRICAL 

. At TC = +25'C and ±Vcc = 28VDC ,OPA501RM/AM,; ±Vcc = 34VDC I OPA501SM/BM) unless otherwise noted. 

OPA501RM/AM OPA501SM/BM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

RATED OUTPUTI')12, , 
Output Curren I. RL=2il,RM/AM, ±10 A 

ContinuQus(3} RL = 2.6U ,SM/BM, ±10 A 
Oulput Vollage(3) 10 = 10A peak ±20 23 ±26 ±29 V 

DYNAMIC RESPONSE 
Bandwidth, Unity Gain Small Signal 1 MHz 
Full Power Bandwidth Vo = 40Vp-p, RL = 8U 10 16 kHz 
Slew Rate RL = 5U ,RM/AM' 1.35 Vips 

RL=6SU ,SM/BM, 1.35 Vips 

INPUT OFFSET VOLTA"GE 
Initial Olfset ±5 ±10 ±2 ±5 mV 
vs Temperature -25~C < T< +85'C (AM/BM) ±10 ±65 ~V/'C 

-55'C < T< +125'C (AM/SM) I ±10 ±4O ~VI'C 
vs Supply Voltage ±35 ~VN 

INPUT BIAS CURRENT 
Initial Tease = +25' C 15 40 20 nA 
vs Temperature ±D.05 nA/'C 
vs Supply Voltage ±D.02 nAN 

INPUT DIFFERENCE 
CURRENT 
Initial Tease = +25' C ±5 ±10 ±2 ±3 nA 
vs Temperature -25'C < T < +85'C (AM/BM) ±D.01 nAJoe 

-55'C<T<+125'C (RM/SM) ±D.01 nAloe 

OPEN-LOOP GAIN, DC AL'; 5ilIRM/AM) 94 115 dB 
RL = 6.5il 'SWBM) 98 115 dB 

INPUT IMPEDANCE 
Differentiat 10 Mil 
Common-mode 250 Mil 

INPUT NOISE 
Voliage Noise fn = 0.3Hz to 10Hz 3 "V, pop 

fn = 10Hz to 10kHz 5 #lV, rms 
Current Noise fn = 0.3Hz to 10Hz 20 pA,p-p 

fn = 10Hz to 10kHz 4.5 pA, rrns 

INPUT VOLTAGE RANGE 
Common-mode Voltage(') Linear Operation ±ilVccl-6, ±IIVccl-3) V 

Common-mode Rejection F = DC, VCM =±qVccHl, 70 110 80 dB 

POWER SUPPLY 
Aated Voltage ±28 ±34 V 
Operating Voltage Range ±10 ±38 ±4O V 
Current. quiescent ±2.6 ±10 . rnA 

TEMPERATURE RANGE case 
Specification, RM/SM -55 +125 'c 

AM/BM -25 +65 'c 
Operating, derated 

perlormance, AM/BM -55 +125 'c 
Siorage -65 +150 'c 
THERMAL RESISTANCE Steady State BJC 2.0 2.2 ' . 'CIW 

'Speciflcation same as for OPA501 RM/ AM. 

NOTES: 
1. Package must be derated, based on a junction to case thermal resistance of 2.2'C/W or a junction to ambient thermal resistance of so'ciw. 

,2. Safe Operating Area and Power Derating Curves must be observed. 
3. With ±Rsc = O. Peak output current is typically greater than 10A If duty cycfeand pulse width limitations are observed. Output current greater 

than 10A is not guaranteed. 
4. The absolute maximum voltage is 3V less than supply voltage. 
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ABSOLUTE MAXIMUM RATINGS 

Power supply voltage (Vee) ....•.••••......•..••.•..•........•....•...............•..•••. ±40VDC 
Power dissipation at +25°C(')f~I •.•..•....•.•...••....................•................•.•..... 79W 
Differential input voltage.· ..•...•.•.......•.......•...................• : ...........•.•... ±Vec-3V 
Common-mode input voltage ...•...................•....••.••........•............•........ ±Vee 
Opera:.ng temperature range ............... '.' •••.. '.' ........•.•......•.......•.•.. -55"C to + 125°C 
Storage temperature range ......•.........•......••••.....•.•............••....... -65"C to +150°C 
Lead temperature (soldering, IOsec) ••....•...•.............•..•.••.....•................... +300°C 
Junction temperature .••..••......•......•.........•.....•..•.................•.......•.. +200°C 
Output short-circuit durationl3l •••• , •••••••••••••••••••••••••••••••••••••••••••••••••••• continuous 

NOTES: 
1. At case temperature 01 +25·C. Derate at 2.2·CfW above case temperature 01 +25·C. 
2. Average dissipation. . CONNECTION DIAGRAM 
3. Within safe operating area and with appropriate derating. 

ORI;)ERING INFORMATION 

Basic Model NumbSr 
Performance Grade Code 

A. B = -25° C to +85° C 
R. S = -55°C to +125°C 

OPA501 
=r-

x 
T 

M 

Package Code -------------' 
TO-3 

MECHANICAL 

Seating Plane 

o -"'t--

Q 

1-105 

(TOPVIEWI 

(+Rscl 
+CURRENT 

LIMIT 

-CURRENT 
LIMIT 
(-Rscl OPA501AM 

OPA501BM 
OPA501RM 
OPA501SM NO INTERNAL 

CONNECTION 

NOTE: 
Leads in true position within .O1()" 

(.25mml R@ MMC at s.ating piane. 

Pin numbers shown for reference only. 
Nombers may not be marked on package. 

INCHES MILLIMETERS 

DIM MiN MAX MIN MAX 

A 1.510 1.550 38.35 39.37 

B .745 .770 18.92 19.56 

C .240 .290 6.10 7.37 

D .038 .042 0.97 1.07 

E .080 .105 2.03 2.67 

F 40· BASIC 40· BASIC 

G .500 BASIC 12.7 BASIC 

H 1.186 BASIC 30.12 BASIC 

J .583 BASIC 15.06 BASIC 

K .400 i .500 10.16 i 12.70 
Q .151.l .161 3.84.1 4.09 

R .960 I 1.020 24.89 25.91 



TYPICAL PERFORMANCE CURVES 
'ITypical at +25" case and ±Vcc = 2SVDC unless otherwise noted.) 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 
PROPER GROUNDING AND POWER 
SUPPLY BYPASSING 

Particular attention should be given'to proper grounding 
practices because the large output currents can cause 
significant ground-loop errors. Figure I illustrates proper 
connections, 

FIGURE 1. Proper Power Supply Connections. 

Note that the connections are such that the load curerit does 
not flow through, the wire, connecting the signal ground 
point to the power supply common. Also, power supply and 
load leads should be' run physically separated from the 
amplifier input and signal leads. 

The amplifier should be power-supply-bypassed with 
lOJLF tantalum capacitors connected as close to pins 3 
and 6 as possible. The capacitors should be connected to 
the load ground rather than the signal ground .. 

CURRENT LIMITS 

The OPA50 I amplifier is clesigned so that both the positive 
and negative load current limits can be set iildependently 
with external resistors R+sc and R-sc respectively. The 
approximate value of these resistors is given by the 
equaiion: 

, (0.65 ') Rsc = --- - 0.0437 ohms 
IUMIT 

IUMIT is the desir~d maximum current in amperes. The 
power dissipation of the current limit resistor is: 

P max = Rsc (IuMrr)2 watts 

Rse is in ohms and IUMrr is in amperes. 

Current limit resistors carry the full amplifier output current 
so lead lengths should be minimized. Highly inductive 
resistors can cause loop instability. Variation in IUMIT with 
case temperature is shown in the Typical Performance 
Curves. 

The amplifier should be used with as Iowa current. limit as 
possible for its particular application. This will minimize the 
chance of damaging the amplifier under abnormal load 

conditions aJ1d will increase reliability by limiting internal 
power dissipation. 

The current limits may be used togenerate other functions 
such as constant current supplies and torque or stall current 
limits for servomotor applications. 

HEAT SINKING 

The OPA50 I requires a heat sink to lImit output transistor 
junction temperature (Tl) to an absolute maximum of 
+ 200"C. The steady-state thermal circuit is illustrated in 
Figure 2. 

TJ, 

I HEAT I JUNCTION 
SOURCE I 

9JC 

TC"'I CASE 

9CS 

TS", 
HEAT SINK 

9SA 

TA~ 
AMBIENT 

" 

FIGURE 2. Simplified Steady-State Heat Flow Model. 

Junction temperature (Ti) is found from the equation: 

Tl = PD (Ihe + Ocs + OSAj + T A 

Where PD = average amplifier power dissipation (W) 
OIC = junction to case' thermal resistance (CfW) 
Oe; = device mounting thermal resistance 

("e;W) 
OSA = heat sink thermal resistance ("e; W) 
T A = ambient temperature ("C) 

For most heat sink calculations the quiescent power 
dissipation is very low «I watt) and can be disregarded 
with only a small error. 

The minimum size heat sink can be found from the 
equation: 

Tl - TA 
OSA = --- - Oes - OIC 

PD 
Example: Find the maximum thermal resistance (smallest 
heat sink) that can be used for an OPA501 with ±Vcc = 
28VDC. Output voltage is + IOVDC across a Ion resistor 
and ambient temperature is +50°C: 

. +IOVDC 
PD = [(+28VDC) - (+IOVDc)JX IOn = 18W' 

200°C - 50°C " 
OSA = -O.l"e;W - 2.2°CfW 

18W '. 

OSA= 6.03°CfW maximum 

As large a heat sink as possible should be used. Oes depends 
on the flatness of the heat sink, the thermal compound used, 
and the rough'ness of the mating surfaces. 
Typical values are betweenO:lo'CfWaild 0.3°CfW for a 
TO-3 package properly mounted on a heat sink. / 
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The OPASOI mouritingflange is electrically-isolated and 
can be mounted directly to a heat sinl<. without insulating 
washers or spacers. Screws with Bellville spring washers are 
recommended to maintain positive clamping pressure on 
heat sink mounting surfaces. Long periods of thermal 
cycling can loosen mounting screws and increase Bcs. 

The output transistor thermal resistance (BJd is a function 
of output current pulse width, pulse shape, and duty cycle. 
Long duration pulses. allow the junction temperature 
to approach its steady state value while shorter pulses .cause 
a lower peak junction temperature due to the junction's 
thermal time constant. Heat is conducted rapidly away 
froin the junction so that as duty cycle decreases, junction 
temperature decreases. 

Steady state BI~' is rated at 2.2°C; W maximum. In appli
cations where the amplifier's output current" alternates 
between oU,tput transistors-for example, an AC amplifier
the-- transistor BI (" will depend on frequency as shown in 
Figure 3. 

DUTY CYCl,E = 0.5 FOR EACH T.RANSISTOR 

to-t-+--IWH-++tt++t+t-+-t-+tH-ftH 
o?.O.s 

...... 

!!; 1'-0 

:::; 0.6 
I' 

"" IE 
'" co OA z 

U;-~++~+-++H-+-++H-+-++H-+-++H 

O+-~u.~~~~~~~LU~~~ 

0.1 . 10 1111 Ik 10k 

FREQUENCY.(HzI 

FIGURE 3. Effective OJ(" for Applications Where Output 
Current Alternates Between Output Trans
istors. 

Example: OPASOISM with ±Vcc = 28VDC; heat sink 
liSA = O.4°C/W; output = 11.2VAC, rms 400Hz 
(sine) at SA, rms; 'Power Factor = 1.0; assume 
a mounting resistimce of O.I°C;W and an 
ambient tempeTature of+2S°C. 

The power dissipated by .the OPASOI, PD, is equal to the 
power delivered by the power supp'lies, Ps; min.us the 
power delivered fo the load, PL. 

Peak output current is (SA)(V2) = 7.07A peak. 
Ps = (Vcc)(IAvt;) = (28V)(2/1I")(7.07A) = 126W. 

Note thaI the power delivered by the power supply is 
equal to its voltage times the average current (not rms). 
Average is equal to 2/11" times peak for a sine wave. 

PI. = (J1.2VAC)(SA) = S6W. 
: . . 

Average power. dissipation of the amplifier is 126W -
S6W = 70W. From Figure 3, the effective value of Blc at 
400Hz is 0.6 X tlie rated BIC, threrfore, BJC = l.32°C;W. 

This accounts for the fact that each output transistor is 
"resting" during alternate half cycles. 

The junction temperature will b~: 

This is well below the maximum junction temperature 
limit of 200°C.· Best circuit reliability can' be achieved, 
however, by keeping junction temperature to a min
imum. In this case, a lower ±Vcc could be used to 
further reduce amplifier power dissipation. . 

· At frequencies of SOHz or less the junction temperature 
will change in response to the instantaneous dissipa
tion-the product of the instantaneous voltage and cur-

· rent across the power transistors. Under approximately 
SOHz the junction will heat in response to the peak dissi
pation condition: which occurs at an output of one-half 
the power supply voltage. In the previous example, the 
peak dissipation can be found as follows: 

, Peak dissipat.ioh occurs at half of 28V = 14V output. 
The load impedance ZLO~D =;11.2V/SA = 2.24(l 
The load current at peak dissipation = 

. 14V/2.240 =6.2SA. 
The peak dissipation = (14V)(6.25A) = 87.5W. 

Furthermore, the BIC at this low frequency is equal to its 
specified value of 2.2°C;W (see Figure 3). In this case, 
the junction temperature would be: 

TJ = (87.SW)(2.2 + 0.1 + O.4°C(W) + 25°C = 261°C. 

This exceeds the maximum specified junction tempera
ture and is clearly unacceptable. More examples of this 
type of calculation can be found in Burr-Brown Applica-

· tion Note AN-123: . 

SAFE 'OPERATING AREA (SOA) 

In addition to the limits imposed by power dissipation, 
the amplifier's output transistors are also limited by a 

10. 
MAXIMUM SPECIFIED I' '" '-.r.~ ~~ B 

iI CURRENT 'T l\: !'l!o-> 

4 
' PDWER .. "- "-

DISSIPA~r l....o" " 

~~ ~ L1r ~ 
g 2 

SE~O~D BREAKDOWN ~ ~~ \ ... z ... LIMIT l1--'" - TCASE = +25"C '" 1.0 ::> \ u 0.6 - T JUNCTION;' +2IIJOC 
5 

0.6 _RJC = UOCIW \ .... , 
5 
co 0.4 

0.2 MAXIMUM'} RM/AM, 
SPECIFIED I 
VOLTAjlE SM/BM 

0.1 
I 2 4 6 a'IO 20 40 BOBO 1111 

VOLTAGE ACROSS OUTPUT TRANSISTOR IV) 

FIGUR E 4, Transistor Safe Operating Area at +25°C 
Cas~ Temperature. 
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second breakdown region. This occurs because of in
creased emitter current density due to current crowding 
at higher operating voltages. Both the dissipation and 
second breakdown limits depend on time and temper
ature. Figure 4 shows each output transistor's SOA at a 
case temperature of +25°C. 
Limits for short pulse widths are substantially greater 
than for steady state (DC). At a caSe temperature of 
+ I 25"C the SOA limits are reduced (see Figure 5). The 
SOA shown in these curves is based on a conservative 
linear derating of both the power dissipation and the 
second breakdown region. 

10 I ~ ~ "- "!\~": 8 
'MAXIMUM ~ 

l-
e -'SPECIFIED " "110~~-I-

4 CURRENT I\.. ,~~ ~ 

2 
'~~~, .. '\\ 

s: "\ ~'\ ~\ \ ... TCASE = +125·C i5 1.0 a: T JUNCTION = +2III"C "-a: OJ """""";'0JC = 2.2"CIW ' ::0 
~ \ \ .. I ... l1.li 

::0 

" ... 
5 0.4 
'" 1\ D.2 ~ 

MAXIMUM 
SPECIFIED } RM/A~~ 

~ VOLTAGE SM/8M 
0.1 

'10 4D 110 80 100 1 2 4 6 810 

VOLTAGE ACROSS OUTPUT TRA,.SI8TOR IVI 

FIGURE 5. Transistor Safe Operating Area at +125'C 
Case Temperature. 

Resistive loads are ,easy to analyze by simply plotting 
load lines on the SOAcurve.1f the curve re'presenting the 
load line stays within the,OPASO I output transistor SOA 
curve and all other parameters are observed, such as case 
temperature, etc., the amplifier will be safe. The load line 
can swing through the larger. SOA limits, if their time 
duration constrai,nts are strictly observed. 

Reactive loads present a more complex problem since the 
output voltage and current are not in phase. This results 
in the reactive load line becoming elliptical (when plotted 
on linear axes) which requires a larger SOA for safe 
operation. ' 

Although detailed analysis is beyond the scope of this 
data sheet, the load line can be viewed on an oscilloscope 
as shown in Figure 6. The X-Y display is driven by the 
voltage across the load and by the current into the load. 

This set up can also display voltage and current stress 
across the OPASO I output transistors as sh~wn in Figure 
7. This data can then be compared to the SOA limits. 

The amplifier is designed to operate with electromotive
force-generating loads such as servomotors, relays, and 
actuators. Careful attention must be paid to both the load 
characteristics and the amplifier's SOA to ensure safe 
operation. 

TEST 
SIGNALo--V-A ...... 
IN 

°BOTH LEAOS OF HORIZONTAL 
AND VERTICAL INPUTS MUST 
FLOAT WITH RESPECT TO EACH OTHER 

FIGURE 6. Loadline Display. 

10pF 

'~ Jv+ 
--If------, 

TEST 
SIGNAL.o-V-A~ 
IN 

°BOTH LEAOS OF HORIZONTAL 
AND VERTICAL INPUTS MUST 

·VCC 

FLOAT WITH RESPECT TO EACH OTHER 

FIGURE 7. Output Transistor Safe Operating Area 
Stress Dispiay. 

+28VDC 

·28VDC 

FIGURE 8. Servomotor Amplifier. 
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',Figure 8 shows the OPA-501 configured as a DC perma
nent magnet motor driver. The arma'ture current (I,d and 
motor voltage (V m) are monitored within an oscilloscope 
in the X-V mode displaying 1,\ and Vm respectively: 
Slewing the motor with a 4Hz sine wave results in the 
motor power cllipse of Figure 9. The inpui level ha; been 
adjusted to give ±20V. pk. across the moior. An exam
ination of the power ellipse indicates that the instan-

+8 

'INSTAN· INSTAN· 
TANEOUS TANEOUS 
POWE~ AMPLIFIER 

TO POWER 
-4 ·8 A MOTOR DISSIPATION 

PMI U12M4T MOTOR. NO LOAD 
1 = 4Hz. SINE WAVE 

±VCC = 28V. Te = 25· 
Ay= .m 

, V·A V·, 

o 
88 

160 
192 
193 

138 
60 
32 
16 
'0 

FIGURE 9. D.C. Servomotor Load Line. 

taneous power delivered to the motor exceeds the 
amplifier output transistor's sa~e operating area at a case 
temperature of +25°C. The point at which the motor 
shows OV at -6.9A is a problem. The voltage across the 
output transistor is 28V - OV' = 28V. Checking the SOA 
curve shows that the amplifier can safely withstand this 
condition for slightly under 5msec, At 4Hz this transient 
swing outside the DC SOA region is ~xceedec! for much 
longer than Smsec. Continued operation under these 
conditions will result in failure. Peak junction tempera
tures should not exceed +200° C. Perhaps a motor with a' 
higher impedance winding should be considered for this 
application. Current limiting and lower supply voltage 
can also reduce dissipation. 

Motors used in servo applications often required a 
surprisingly large current to accelerate quickly. Worst 
case conditior.s occur when the motor is operating at full 
speed and is suddenly slammed into reverse ("plugging"). 
This condition is illustrated in Figure 10 when a DC 
servomotor is driven by a bipolar square wave. As the 
motor r~verses direction a large surge current flows, 
causing very high peakpower diESipation in the amplifier. 
After several time constants (deterini:led by the inertia 
moment) the current drops to a lower steady-state value, 
Loading the motor increases the motor average power 
and amplifier dissipation. SOA curves should be checked 

, for safe operation l!!ider these surge conditions. 

The OPA50 I current limits may be set to clip the high 
surge cUrrents to a safe level. This is shown in Figure II. 
Note that the current limit ,does limit the servo motor 
peak acceleration. 

Inductive loads should be investigated for high peak 
transients generated by a collapsing magnetic field. 
Resistive damping can reduce this problem and although 
the amplifier has substrate diodes as part of the Darlington 
output transistor structure, external diodes are recom
mended for heavy clamping. 

Fast. diodes such as those normally used as rectifiers in 
switching power supplies are suitable. 

+10 

o 

-5, 

·10 

+10 

o 

PMI UI2M4TIiIOTDR. HDlDAD 
1 = 4H2. SQUARE WAVE 
±VCC = 28V, Te= 25· 

AV = .10 

FIGURE 10. Servomotor Drive - "Plugging" 

+5, 

A 0 

·5 

+10 

·10 

PMI UI2M4TMOTOR. NO LOAD 
f = 4Hz. SQUARE WAVE, 

±VCC'; 28VDC. ±RSC = ~.15!l. 
Te=25·.Av=+ID 

FIGURE II: Servomotor Drive With Current Limit. 

1-110 



BURR-BROWN® 

IElElI OPA511 

High Current-High Power 
OPERATIONAL AMPLIFIER 

FEATU~ES DESCRIPTION 
III WIDE SUPPLY RANGE: ±10V to ±30V 
III HIGH OUTPUT CURRENT: 5A peak 

The OPA511 is a high voltage, high current opera
tional amplifier designed to drive a wide variety of 
resistive and reactive loads. Its complementary class 
AI B output stage provides superior performance in 
applications requiring freedom from cross-over dis
tortion. User-set current li!!lit circuitry provides pro
tection to the.amplifier and load in fault conditions. 

• CLASS AlB OUTPUT STAGE: Low distortion 
• SMALL TO-3 PACKAGE 

APPLICATIONS 
• SERVO AMPLIFIER 
• MOTOR DRIVER 
• SYNCRD EXCITATION 
• AUDIO AMPLIFIER 
• TEST PIN DRIVER 

The OPA511 employs a laser-trimmed monolithic 
integrated circuit to bias the output transigtors, pro
viding. excellent low-lever signal fidelity and high 
output voltage swing. The reduced internal parts 
count made possible with this bias Ie improves per
formance and reliability. 

This hybrid integrated circuit is housed in a hermeti
cally sealed TO-3 package and all circuitry is electri
cally isolated from the case. This allows direct 
mounting to a chassis or heat sink without cumber
some insulating hardware and provides optimum 
heat transfer. 

+Vs 

r---------------, 
I I 
1 1 
1 ~~I------~~ 

RCL-

I BIAS CURREIIT: 
>------"I~ CIRCUIT LIMIT I 

I ~+I-------' 

.-----....... -~ OUT 

I I ~--~--~ 
I I L ____________ ...1 

-Vs 

Intern,lIonal Airport Induslrlal Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 16021 746·1111 . Twx: 910·952·1111 . Cable: BBRCORP • Telex: 66·6491 

PDS-599 
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SPECIFICATIONS 
ELECTRICAL 
At Tc = +25'C and V. = ±28VDC unles. otherwise noted. 

OPA511AM 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

INPUT 

OFFSET VOLTAGE 
Initial Olfset ±5 ±10 mV 
vs Temperature Full temperature range ±10 ±65 pvrc 
vs Supply Voltage ±35 ±2oo pVN 
VB Power ±20 pVlW 

BIAS CURRENT 
Initial ±15 ±40 nA 
vs Temperature Full temperature range ±0.05 ±0.4 nAloe 
vs Supply Voltage ±0.02 ' nAN 

OFFSET CURRENT 
Initial ±5 ±10 nA 
vs Temperature Full temperature range ±0.01 nAl"C 

INPUT IMPEDANCE 
Common-Mode 200 MO 
Dillerentlal 10 MO 

VOLTAGE RANGE'" 
Common-Mode Voltage Full temperature range ±(lV.I-6) ±(lV.I-3) V 
Common-Mode Rejection VCM=V.-8V 70 110 dB 

GAIN 

Open-Loop Gain at 10Hz Full temperature range, full load 91 113 dB 
Gain-Bandwidth Product at lMHz To = +25'C, lull load I MHz 
Power Bandwidth Tc = +25'C, 10 = 4A, Vo = 40V pop 15 23 kHz 
Pha.e Margin Full temperalure range 45 Degraa. 

OUTPUT 

Voltage Swing 10=5A ±(lV.I- 8) . ±(lV.,-5) -. V 
Full temperature range, 10 = 2A ±(IV.I- 6) ±(lV.I-5) V 
Full temperature range, 10 = 56rnA ±(,V., -5) V 

Current, Peak ±5 A 
Settling Time to 0.1% 2V step 2 ps 

Slew Rate RL = 2.50 ±1.0 1.8 VIps 
Capacitive Load: Unity Gain Full temperature range 3.3 nF 

Gain >4 Full temperature range SOAm, 

POWER SUPPLY 

Voltage Full temperature range ±10 ±28 ±3O V 
Current, Quleseant 20 30 mA 

THERMAL 

RESISTANCE 
AC Junction to Case l3) I > 60Hz 1.9 2.1 'CIW 
DC Junction to Case I>60Hz 2.4 2.6 'CIW 
Junction to Air 30 'CIW 

TEMPERATURE RANGE, case -25 +65 'C 

NOTES: (1) +V. and -V. danote the positive and negative supply voltage respectively. Total V.I. measured Irom +V. to -V.. (2) SOA = Sale Operatins 
Area. (3) Rating applies if the output current alternates between both output transl.tors at a rate laster than 60Hz. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, +Vs to -Vs ............................ 6BV 
Output Current: source .................................... SA 

sink. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. see SOA 
Power Dissipation, internaln! . .................. , . . . . . . . .. 67W 
Input Voltage: differential. ......................... ±(IVsl- 3V) 

common-mode ............................ ±Vs 
Temperature: junctionl1l .............................. +200°C 

pin solder, 10sec . . . . . . . . . . . . . . . . . . . . . . .. +300°C 
Temperature Range: storage................. -65°C to +150°C 

operating (case) ......... -25°C to +85°C 

NOTE: (1) Long term operation at the maximum junction temper
ature will result in reduced product life. Derate internal power 
dissipation to achieve high MTTF. 

MECHANICAL 

ORDERING INFORMATION 

OPA511 A M 

Basic Model Number ______ =r---I T J 
Grade Code -
Package Code (TO-3) ________ ---1 

CONNECTION DIAGRAM 

(TOP VIEW) 

+IN 

-IN 

+CURRENT 
LIMIT (+Rce) 

OUTPUT 

NO INTERNAL 
CONNECTION 

-CURRENT 
LIMIT (-Rce) 

NOTE: Leads in true position within .010" (.25mm) R at MMC at seating plane. 
Pin numbers shown for reference only. Numbers may not be marked on package. 

INC iES 
I DIM MIN MAl MIN MAX 

A I.S10 I.S50 38.3S 39.37 
B .74S 770 18.92 19.56 

.240 .290 6.10 7.37 

.038 .042 0.97 .07 
E .080 2.03 2. 
F 40· !ASII 40· 3ASIC 
G .SOO !ASII 12.7 BASIC 
H ~ 30.12 BASIC 

.S8~ !ASII lS.06 BASIC 
K_ .400 .500 10.16 12. 

.ISI .181 !.84 4.09 
R .980 1.020 24.89 2S.91 
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TYPICAL PERFORMANCE CURVES 
TA = 25°C. Vs = ±28VDC unless otherwise noted. 
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APPLICATIONS INFORMATION 
POWER SUPPLIES 

Specifications for the OPA5I1 are based on a nominal 
operating voltage of ±28V. A single power supply or 
unbalanced supplies may be used so long as the maxi
mum total operating voltage (total of +Vs and -Vs) is 
not greater than 68V. 

CURRENT LIMITS 

Current limit resistors must be provided for proper 
operation. Independent positive and negative current 
limit values may be selected by choice of ReI.+ and RCL
respectively. Resistor values are calculated by: 

RCL = 0.65jILlM (amps) - 0.01 

This is the nominal current limit value at room tempera
ture. The maximum output current decreases at high 
temperature as shown in the typical performance curve. 
Most wire-wound resistors are satisfactory, but some 
highly inductive types may cause loop stability prob
lems. Be sure to evaluate performance with the actual 
resistors to be used in production. 

Current limited ~ .....,~ 
4 

HEAT SINKING 
Power amplifiers are rated by case temperature (not 
ambient temperature). The maximum allowable power 
dissipation is a function of the case temperature as 
shown in the power derating curve. Load characteristics, 
signal conditions, and power supply voltage determine 
the power dissipated by the amplifier. The case tempera
ture will be determined by the heat sinking conditions. 
Sufficient heat sinking must be provided to keep the case 
temperature within safe bounds given the power dissi
pated and ambient temperature. See Applications Note 
AN-83 for further details. 

SAFE OPERATING AREA (SOA) 
The safe area plot provides a comprehensive summary of 
the power handling limitations of a power amplifier, 
including maximum current, voltage and power as well 
as the secondary breakdown region (see Figure I). It 
shows the allowable output current as a function of the 
power supply to output voltage differential (voltage 
across the cond ucting power device).· See Applications 
Note AN-123 for details on SOA. 
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BURR-BROWN® 

11:31:31 OPA512 

Very-High Current-High Power 
OPERATIONAL AMPLIFIER 

FEATURES 
• WIDE SUPPLY RANGE: ±lOV to ±50V 
• HIGH OUTPUT CURRENT: 15A peak 
• CLASS AlB OUTPUT STAGE: Low distortion 
.VOLTAGE,CURRENT LIMIT PROTECTION CIRCUIT 
• SMALL TO-3 PACKAGE 

DESCRIPTION 
The OPA512 is a high voltage, very-high current 
operational amplifier designed to drive a wide var
iety of resistive and reactive loads. Its complemen
tary class AI B output stage provides superior per
formance in applications requiring freedom from 
cross-over distortion. User-set current limit circuitry 
provides protection to the amplifier and load in fault 
conditions. A resistor-programmable voltage-current 
limiter circuit may be used to further protect the 
amplifier from damaging conditions. 

APPLICATIONS 
• SERVO AMPLIFIER 
• MOTOR DRIVER 
• SYNCRO EXCITATION 
• AUDIO AMPLIFIER 
• TEST PIN DRIVER 

The OPA512 employs a laser-trimmed monolithic 
integrated circuit to bias the output transistors, pro
viding excellent low-level signal fidelity and high 
output voltage swing. The reduced internal parts 
count made possible with this monolithic Ie 
improves performance and reliability. 

This hybrid integrated circuit is housed ina hermet
ically-sealed TO-3 package and ali circuitry is elec
trically-isolated from the case. This allows direct 
mounting to a chassis or heat sink without cumber
some insulating hardware and provides optimum 
heat transfer. . 

3 +vs 

r---~-----------' 
I I 
I I 
I I RcL. 
I BIAS l OUT 

>---~II:-1 CIRCUIT '1J~i~t:====~=t:~7=-:,1:Rc'L_ 
I B 0 

I I 

I : L ____________ ...J .!: Rvo 
~ IOPTIONALI 

--'--

-v • 

. Inllrnallonal Alrporllnduslrlal Park· P.O. Box 11400· Tucson. Arizona 85734· TI1,J602I746-1II1 . Twx: 91~52·1II1 . Cable: BBRCORP . TIIIx: 66·6491 

PDS-600 
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SPECIFICATIONS 
ELECTRICAL 

. At Tc ;::: +25°C and Vs;::: ±40VDC unless otherwise noted. 

OPA512BM OPA512SM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

OFFSET VOLTAGE 
Initial Offsel ±2 ±6 ±1 ±3 mV 
vs Temperature Specified temp. range ±10 ±6S ±40 "W·C 
vs Supply Voltage ±30 ±200 "VN 
vs Power ±20 pV/w 

BIAS CURRENT 
Initial 12 30 10 20 nA 
vs Temperature Specified temp. range ±SO 400 pA/·C 
vs Supply Voltage ±10 pAN 

OFFSET CURRENT 
Initial ±12 ±30 ±S ±10 nA 
vs Temperature Specified temp. range ±SO' pArc 

INPUT IMPEDANCE, 
DC 200 Mn 

INPUT CAPACITANCE 3 pF 

VOLTAGE RANGE 
Common-Mode Voltage Specified temp. range ±(lVsl- 5) ±(IVsl- 3) V 
Common-Mode 

Aejection Specified temp. range 74 100 dB 

GAIN 

Open-Loop Gain 
at 10Hz 1kn load 110 dB 

Specified temp. range, 
sn load 96 10a dB 

Gain-Bandwidth 
Product,1MHz sn load 4 MHz 

Power Bandwidth an load 13 20 kHz 
Phase Margin Specified temp. range, 

sn load 20 Degrees 

OUTPUT 

Voltage Swing!1) BM at 10A, SM at 1SA ±(lVsl-6) ±(lVsl-7) V 
Specified temp. range, 

10 = SOmA ±(lVsl-S) V 
10=SA ±(lVsl-S) V 

Current, Peak 10 15 A 
Settling Time to 0.1% 2V step 2 "s 
Slew Rate 2.5 4 , Vips 
Capacitive Load Specified temp. range, 

G=1 1.5 nF 
Specified temp. range, 

G>10 SOAI21 

POWER SUPPLY 

Voltage Specified temp. range ±10 ±40 ±4S ±SO V 
Current, Quiescent 25 50 35 rnA 

THERMAL 

RESISTANCE 
AC Junction to 9asel31 Tc = -SS·C to +12S·C, 

f>80Hz O.S 0.9 . ·C/w 
DC JUnction to Case Tc = -SS·C to +12S·C 1.25 1.4 ·C/w 
Junction to Air Tc = -SS·C to +12S·C 30 ·C/w 

TEMPERATUR~ 

RANGE, specified Tc. -25 +SS -55 +125 ·C 
.. 

·Speclflcation same as OPAS12BM. 

NOTES: (1) +V. and -Vs denote the Rositive and negative supply voltage respectively. Total Vs is measured from +Vs to -Vs. (2) SOA = Safe Operating 
Area. (3) Rating applies if the output current alternates between both output transistors at a rate fas.ter than 60Hz. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, +Vs to -Vs . . . . . . • • . . . . . • . . . . . . . . • . . . .. 100V 
Output Current: source ................................... 1SA 

sink .. '" •..........• '.' . •• . . . . • • • • ••. see SOA 
Power Dissipation, internal'~' . . . . . . . . . . . . . . . . . . . . . . . . . . .. 125W 
Input Voltage: differential ...•. c ••...•..•.•••.••... ±(lVsl - 3V) 

. common-mode . ............. '.' ........... ~ ±vs 
Temperature: pin solder, 105 ..................•....... +300ClC 

junction'u ............ ........•........ .. +200°C 
Temperature Range: 5toragel21 ............... -65°C to +150°C 

operating (case) .....•.. -SS'C to +12S'C 

NOTE: '(1) Long term operation at the maximum junction temper
ature will result in reduced product life. Derate internal power 

. dissipation to achieve high MT.TF. (2) 0PASI2BM, -SS'C to 
+100·C. 

MECHANICAL 

ORDERING INFORMATION 

OPA512 X M 
Basic Model N~mber ______ ==t......,.... T 
Performance Grade Code ----------'

B = --'25°C to +85°C 
S = -55°C to +125°C 

Package Code (TO-3) -----------' 
M = TO-3 

CONNECTION DIAGRAM 

ITOP VIEW) 

+IN 

-IN 

Av. 

+RCL 

OUTPUT 

-RCL 

-CURRENT 
LIMIT 

NOTE: leads in true position within .010" (.25mm) R at MMC at seating plane. 
Pin numbers shown for reference only. Numbers may not be marked on package 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1.510 1.550 38.35 39.37 
B .745 .770 18.92 19.56 
C .240 .290 6.10 7.37 
0 .038 .042 .97 1.07 
E .080 .108 2.03 2.67 
F 40' BASIC 40' BASIC 

G .500 BASIC 12.7 BASIC 
H 1.186 BASIC 30.12 BASIC 
J .593 BASIC 15.06 BASIC 
K .400 .500 10.16 12.70 

a .151 .161 3.84 '4.09 
R .980 1.020 24.89 25.91 
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TYPICAL PERFORMANCE CURVES 
TA ::::: 25°C, VS = ±40VOC unless otherwise noted. 
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APPLICATIONS INFORMATION 
POWER SUPPLIES 

Specifications for the OPA512 are based oil a nominal 
operating voltage of ±40V. A single power supply or 
unbalanced supplies may be used as long as the maxi
mum total operating voltage (total of +Vs and -Vs) is 
not greater than 90V(IOOV for "S" grade version). 

CURRENT LIMITS 

Current limit resistors must be provided for proper 
operation. Independent positive and negative current 
limit values may be selected by choice of RCL+ and RCL
respectively. Resistor values are calculated by: 

RCL = 0.65{ILIM (amps) - 0.007 

This is the nominal current limit value at room tempera
ture. The maximum output current decreases at high 
temperature as shown in the typical performance curve. 
Most wire-wound resistors are satisfactory, but some 
highly inductive types may cause loop stability prob
lems. Be sure to evaluate performance with the actual 
resistors to be used in production. 

HEAT SINKING 

Power amplifiers are rated by case temperature (not 
ambient temperature). The maximum allowable power 
dissipation is a function of the case temperature as 
sh'own in the .power derating curve. Load characteristics, 
signal conditions, and power supply voltage determine 
the power dissipated by the amplifier. The case tempera
ture will be determined by the heat sinking conditions. 
Sufficient heat sinking must be provided to keep the case 
temperature within safe bounds given the power dissi
pated and ambient temperature. See Applications Note 
AN-83 for further details. 

SAFE OPERATING AREA (SOA) 

The safe area plot provides acomprehensive summary of 
the power handling limitations of a power amplifier, 
including maximum current, voltage and power as well 
as the secondary breakdown region (see Figure I). It 
shows the allowable output current as a function of the 
power supply to output voltage differential (voltage 
across the conducting power device). See Applications 
Note AN-123 for details on SOA. ' 

VOLTAGE-CURRENT LIMITER CIRCUITRY 

The voltage-current (V-I) limiter circuit provides a means 
to, protect the; amplifier from SOA damage such as a 

Voltage Across Output Transistor (V) 

FIGURE I. Safe Operating Area. 

short circuit to ground, yet allows high output currents 
, to flow under normal load conditions: Sensing both the 
output current and the output voltage, this limiter circuit 
increases the current limit value as the output voltage 
approaches the power supply voltage (where power dis
sipation is low). This type of limiting is achieved by con
necting pin 7 through a programming resistor to ground. ' 
The V-I limiter circuit is governed by the equation: 

where: 

0.28 Vo 
0.65 + 20 + RVI 

ILIMIT = --'-----
RCL + 0.007 

[LIMIT is the maximum current available at a given 
output voltage. 

RVI is the value (kO) of the resistor from pin 7 to 
ground. 

RCL is the current limit resistor in ohms. 

Vo is the instantaneous output voltage in volts. 

Reactive or EMF generating loads may produce unusual 
(perhaps undesirable) waveforms with the V-I limit cir
cuit driven into limit. Since current peaks in a reactive 
load do' not align with the output voltage peaks, the 
output waveform will not appear as a simple voltage
limited waveform. Response of the load to the limiter, in 
fact, may produce a "backfire" reaction producing unus
ual output waveforms. 
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BURR-BROWN® 

IElElI OPA600 

Fast-Settling Wideband 
OPERATIONAL AMPLIFIER 

FEATURES 
• FAST SETTLING: 80ns 10 ±O.l% 

115ns 10 ±0.01% 
• FULL DIFFERENTIAL FET INPUT 
• "':'25°C 10 +85°C AND 

-55°C to +125°C TEMPERATURE RANGES 

• ±10V OUTPUT; 200mA 
• GAIN 8ANDWIDTH PRODUCT: 5GHz 

DESCRIPTION 
The OPA600 is a wide band operational amplifier 
specifically designed for fast settling to ±0.01% 
accuracy. It is stable, easy to use, has good phase 
ma~gin with minimum overshoot, and it has excellent 
DC performance. It utilizes an FET input stage to 
give low input bias current. Its DC stability over 
temperature is outstanding. The slew rate exceeds 
400Vl's. All of this combines to form an outstanding 
amplifier for large and small signals. 
form an outstanding amplifier for large and small 
signals. 

High accuracy w'ith fast settling time is achieved by 
using a high open-loop gain which provides the 
accuracy at high frequencies. The thermally balanced 
design maintains this accuracy without droop or 

APPLICATIONS 
• VOLTAGE CONTROLLED OSCILLATOR DRIVER 
.• LARGE SIGNAL, WIDE8AND DRIVERS 
• HIGH SPEED D/A CONVERTER OUTPUT AMPLIFIER 
• VIDEO PULSE AMPLIFIER 

thermal tail. External frequency compensation allows 
the user to optimize the settling time for various 
gains and load conditions. 

The OPA600 is useful in a broad range of video, 
high speed test circuits and ECM applications. It is 
particularly well suited to operate as a voltage 
controlled oscillator (VCO) driver. It makes an 
excellent digital-to-analog converter output amplifier. 
It is a workhorse in test equipment where fast pulses, 
large signals, and 500. drive are important. It is a 
good choice for sample/holds, integrators, fast 
waveform generators, and multiplexers. 

The OPA600 is specified over the industrial temp
erature range (OPA600BM, CM) and military temp
erature range (OPA600SM, TM). The OPA600 is 
housed in a welded, hermetic metal package. 

Offset Offset 
Frequency 

Compensation 
Frequency 

Compensation +Vcc 
Frequency 

Common Compensation 

(Case) p 14 11 

50n 

3r-----------~----------~ 
-Input 

6 -Vee 

International Airport Industrial Park· P.O. Box·1 t4oo· Tucson. Arizona 85734 . Tel. (6021 746·1 I t I . Twx: 910·952·t lIt· Cable: BBRCORP . Telex: 66·649t 

PDS·672 
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SPECIFICATIONS 
ELECTRICAL 
At Vee = ±15VDC and TA = +25°C unless otherwise specified. 

OPA600CM, TM'" OPA600BM, SM 

PARAMETER CONOITIONS MIN TYP MAX MIN TYP MAX UNITS 

OUTPUT 

Vollage R, = 2kO ±10 V 
RL = 500121 ±9 V 

Current Rl = 500(2. ±180 ±200 mA 
Current Pulse Rl = 500(3) ±180 ±200 mA 
Resistance Open loop DC 75. 0 
Short-Circuit Current To COMMON only. tMAX = 1S(4) 250 300 mA 

DYNAMIC RESPONSE 

Settling Time"': to ±0.01% (±1mV) II VOUT = 10V 100 125 ns 
to ±0.1% (±10mV) fJ. VOUT = 10V 80 105 ns 
to ±1% (±100mV) llVouT = 10V 70 95 ns 

Gain-Bandwidth Product (open-loop) Cc = OpF, G = 1V1V 150 MHz 
Cc = OpF, G = 10VIV 500 MHz 
Cc = OpF, G = 100VIV 1.5 GHz 
Co = OpF, G = 1000VIV 5 GHz 
'Cc = OpF, G = 10,OOOVIV 10 GHz 

Bandwidth (-3dB small signal)t61 G = +1V1V 125 MHz 
G = -1VIV 90 MHz 
G = -10VlV 95 MHz 
G = -100VIV 20 MHz 
G ". -.1000VIV 6 MHz 
Over Temperature ? MHz 

Full Power Bandwidth VauT = ±5V, G = -1VIV, Ce = 3.3pF, R, -1000 16 MHz 

Slew Rate VauT = ±5V, G = -1000VIV, Ce = OpF, R, = 1000 500 Vips 
VOUT = ±5V, G = -1V!V t41 400 440 Vips 

Phase Margin G = -1VIV, Ce = 3.3pF 40 Degrees 

GAIN 

Open-Loop Voltage Gain f = DC, R, = 2kO, T. = +25°C 86 94 dB 

INPUT 

Offset Voltage(7~ TA = +25°C ±1 ±4 ±2 ±5 mV 
T. = -25°C to +85°C ±5 ±10 mV 
TA = -55~C to +125°C ±6 ±15 mV 

Offset Voltage Drift TA = -25°C to +85°C ±20 ±80 pVloC 
TA = -55°C to +125°C ±20 ±100 iNrC 

Bias Current TA = +25°C -20 -100 pA 
TA = +25°C to +125°C -20 -100 nA 

Offset Current TA = +25°C 20 pA 
TA = +551;>C to +125°C 20 nA 

Power Supply Rejection Ratio Vee ~ ±15V, ±1V 200 500 pVIV 
Common-:-Mode Voltage Range -10 +7 V 
Common-Mode Rejection Ratio VeM = -5V to +5V 60 80 dB 
Impedance Differential and Common-Mode 10"112 OllpF 
Voltage Noise 10kHz Bandwidth 20 nVl.JHZ 

POWER SUPPLY 

Rated (Vee) ±15 VDC 
Operating Range ±9 ±16 VDC 
Quiescent Current ±30 ±38 mA 

TEMPERATURE RANGE (Ambient) 

Operating: BM, CM '-25 +85 °C 
SM,TM -55 +125 °C 

Storage -65 +150 °C 
8Jc, (junction to case) 30 °CIW 
8CA • (case to ambient 35 °CIW 

• Specification same as OPA600CM, TM. 
NOTES: (1) BM, CM grades: -25°C to +85°C, SM, TM grades: -55°C to +125°C. (2) Pin 9 connected to +Vee, pin 7 connected to -Vee. Observe power dissipation 
ratings. (3) Pin 9 and pin 7 open. Single pulse t = 100ns. Observe power dissipation ratings. (4) Pin 9 and pin 7 open: See section on Current Boost. (5) G = 
-1V1V. Optimum settling time and slew rate achieved by individually compensating each device. Refer "to section on Compensation. (6) Frequency compensation as 
discussed in section on Compensation. {7} Adjustable to zero. 
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r-Aj DHr 

Io. t f-G 0 ) 0 .:. :. a 0 
1 B 

16 9 
000.)0000 

T-r i~~~Hl . +- U ~ K 

-'-II u U U 0 0 D Se.t1ng Plane 

-1-0 -G-
INCHES MILLIMETERS 

mM M," MA< M," MA> 

• ,1303 .DSO 24.40 2-4.59 

[ "\ • .700 .806 19.30 20.45 

C .176 ,180 4.46 4.83 

~ i D .014 .022 0.38 0.68 

U 0 0 .100 BASIC 2.U BASIC 

I-L----l H .1315 ,1156 3.43 3.a4 

K .230 .270 5.S.4 8.88 

L ao BASIC 15.2. BASIC 

R .085 .115 2.'" 2.92 

NOTES: 
1. ,Leads in true position within 0.010" 

(0.25mm) Rat MMC at seating plane. 
2. Pin numbers shown for reference only. 

ORDERING INFORMATION 
Voltage 

Temperature Oll.et 
Model Range ('e) Drill (PVl'C) 

OPA600BM -25 to +85 ±80 
OPA600CM -25 to +85 ±20 
OPA600SM -55 to +125 ±10 
OPA600TM -25 to +125 ±20 

CONNECTION DIAGRAM 

Offset Error Null (optional) 

10kO· +Vee 

-Input 

+Input 

Current Boost(2 ) 

_VeeI'll 

Current Boostl21 

NOTES: (1) Refer to Figure 4 for recommended frequency compensation. 
(2) Connect pin 9 to pin 12 and connect pin 7 to pin 6 for maximum output 
current. See Application Information fO,rfurther information. (3) Bypass 
each power supply lead as close as possible to the amplifier pins. A 1JlF 
CS13 tantalum capacitor is recommended. (4) There is no internal 
connection. An external connection may be made. (5) It is recommended 
that the amplifier be mounted with the case in contact with a ground plane 
for good thermal transfer and optimum AC performance. 

ABSOLUTE MAXIMUM RATINGS I1I 

Supply Voltage. +Vee to -Vee ........•....•................... ±17 
Power Dissipation, At TCAse +125°C I2 ) ••••••••••••••••••••••• 1.6W 
Input Voltage: Differential ................................... ±Vcc 

Common-~10de ...................•...•..•.... ±Vee 
Output Short Circuit Duration to Common. . . . . . . . . . . . . . . . .. <5sec 
Temperature: Pin (soldering, 20sec) ....................... +300°C 

Junctionn ), TJ • • • • . . • • • • • • • . • • • • • • • • • • • • • • • •• +175°C 
Temperature Range: Storage:. " ................. -65°C to +150°C 

Operating (case) ............ -55°C to +125°C 

NOTES: (1) Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. Exposure to 
absolute maximum conditions for extended periods may affect device 
reliability. (2) Long term operation at the maximum junction temperature 
will result in reduced product life. Derate internal pow~r dissipation to 
achieve high MTTF. 

TYPICAL PERFORMANCE CURVES 
Typical at TA = +25°C and ±Vcc = 15VDC, unless otherwise specified,. 
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INSTALLATION AND, 
OPERATION 
WIRING PRECAUTIONS 

The OPA600 is a wideband, high frequency operational 
amplifier with a gain-bandwidth product exceeding 5G H·z. 
This capability can be realized by observing a few wiring 
precautions and using high frequency layout techniques. 
In general, all printed circuit board conductors should 
be wide to provide low resistance, low impedance signal 
paths and should be as short as possible. The entire phys
ical circuit should be as small as is practical. Stray capaci
tances should be minimized, especially at high impe
dance nodes, such as the input terminals of the amplifier 
and compensation pins. Stray signal coupling from the 
output to the input should be minimized. AII.circuit ele
ment leads should be as short as possible and low values 
of resistance should be used. This will give the best cir
cuit performance as it will minimize the time constants 
formed with the circuit capacitances and will eliminate 
stray, unwanted tuned circuits. 

Grounding is the most important application considera
tion for the OPA600, as it is with all high frequency 
circuits. Ultra-high frequency transistors are used in the 
design of the OPA600 and oscillations at frequencies of 
500MHz and above can be stimulated if good grounding 

techniques are not used. A ground plane is highly 
recommended. It should connect all areas of the pattern 
side of the printed circuit that are not otherwise used. 
The ground plane provides a low resistance, low induc
tance common return path for all signal and power 
returns. The ground plane also reduces stray signal 
pickup. 

Point-to-point wiring is not recommended. However, if 
point-to-point wiring is uSed, a single-point ground 
should be used. The input signal return, the load signal 
return and the power supply common should all be con
nected at the same physical point. This eliminates com
mon current paths or ground loops which can cause 
unwanted feedback. 

Each power supply lead should be bypassed to ground as 
near as possible to the amplifier pins. A l/iF CS13 tanta
lum capacitor is recommended. A parallel O:OI/iF ceramic 
may be added if desired. This is especially important 
when driving high current loads. Prope'r!y bypassed and 
modulation-free power supply lines allow full amplifier 
output and optimum settling time performance. 

OPA600 circuit common is connected to pins I and 13; 
these pins should be connected to the ground plane. The 
input signal return, load return, and power supply com
mmon should also -be connected to the ground plane. 
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The case of the OPA600 is internally connected to circuit 
common, and as indicated above, pins I and 13 should be 
connected to the ground plane. Ideally, the case should 
be mechanically connected to the ground plane for good 
thermal transfer, but because this is difficult in practice, 
the OPA600 should be fully inserted into the printed 
circuit board with the case very close to the ground plane 
to make the best possible thermal coimection. If the case 
and ground plane are physically connected or are in 
close thermal proximity, the ground plane will provide 
heat sinking which will reduce the case temperature rise. 
The minimum OPA600 pin length will minimize lead 
inductance, thereby maximizing performance. 

COMPENSATION 
The OPA600 uses external frequency compensation so 
that the user may optimize the bandwidth or settling 
time for his particular application. Several performance 
curves aid in the selection of the correct compensations 
capacitance value. The Bode plot shows amplitude and 
phase versus frequency for several values of compensa
tion. A related curve shows the recommended compen
sation capacitance versus clQsed-loop gain. 

Figure I shows a recommended circuit schematic. Com
ponent values and compensation for amplifiers with sev
eral different closed-loop gains are shown. This circuit 
will yield the specified settling time. Because each device 
is unique and slightly different, as is each user's circuit, 
optimum settling time will be achieved by individually 
compensating each device in its own circuit, if desired. A 
10% to 20% improvement in settling time has been experi
enced from the values indicated in the Electrical Specifi
cations table. 

Closed 
Loop 

Gain R, A2 A3 A4 C, .C2 C3 C4 AS 

-I open 100 short open 6.8 a 0 .. 

·1 620 620 short open 3.3 4.7 0 56. 

·10 100 1k short open I 2.2 a 100 

·100 100 3.3k 3.3k 3.2k 0 I 0 100 

·1000 100 3.3k 3.3k 116 0 a 4.7 100 

FIGURE I. Recommended Amplifier Circuits and 
Frequency Compensation. 

The primary compensation capacitors are C, and C, (see 
Figure I). They are connected between pins 4 and Sand 
between pins II and 14. Both C, and C, should be the 
same value. As Figure 1 and the performance curves 
show, larger closed-loop configurations require less capa
citance and improved gain-bandwidth product can be 
realized. Note that no compensation capacitor is required 
for closed-loop gains equal to or above 100V/V. If upon 
initial application the user's circuit is unstable, and 
remains so after checking for proper bypassing, ground
ing, etc., it may be necessary to increase the compensa
tion slightly to eliminate oscillations. Do not over com
pensate. It should not be necesary to increase C, and C, 
beyond IOpF to lSpF. It may also be necessary to indi
vidually optimize C, and C, for improved performance. 

The flat high frequency response of the OPA600 is pre
served and high frequency peaking is minimized by con
necting a small capacitor in parallel with the feedback 
resistor (see Figure I). This capacitor compensates for 
the closed-loop, high frequency, transfer function zero 
that results from the time constant formed by the input 
capacitance of the amplifier, typically 2pF, and the input 
and feedback resistors. The selected compensation capa
citor may be a trimmer, a fixed capacitor or a planned 
PC board capacitance. The capacitance value is strongly 
dependent on circuit layout and closed-loop gain. It will 
typically be 2pF for a clean layout using low resistances 
(lkO) and up to IOpF for circuits using larger resitances. 
Using small resistor values will preserve the phase mar
gin and avoid peaking by keeping the break frequency of 
this zero sufficiently high. When high closed-loop gains 
are required, a three-resistor attenuator is recommended 
to avoid using a large value resistor with its long time 
constant. 

CAPACITIVE LOADS 
The OPA600 will drive large capacitive loads (up to 
lOOp F) when properly compensated and settling times of 
under ISOns are achievable. The effect of a capacitive 
load is to decrease the phase margin of the amplifier, 
which may cause high frequency peaking or oscillations. 
A solution is to increase the compensation capacitance, 
somewhat slowing the amplifier's ability to respond. The 
recommended compensation capacitance value as a func
tion of load capacitance is shown in Figure 2. (Use two 
capci'tors, each with the value indicated.) Alternately, 
without increasing the OPA600's compensation capaci
tance, the capacitive load may be buffered by connecting 
a small resistance, usually SO to SO~, in series with the 
Output, pin 8. 
For very-large capacitive loads, greater than 100pF, it 
will be necessary to use doublet compensation. Refer to 
Figure 3 and discussion on slew rate. This places the 
dominant pole at the input stage. Settling time will be 
approximately 50% slower; slew· rate should increase. 
Load capacitance should be minimized for optimum 
high frequency performance. 

Because of its large output capability, the OPA600 is 
particularly well suited for driving loads via coaxial 
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FIGURE 2. Capacitive Load Compensation and Response. 

cables. Note that the capacitance of coaxial cable 
(29pF / foot of length for RG-58) will not load the ampli
fier when the coaxial cable or transmission line is termi
nated in its characteristic impedance. 

SETTLING TIME 

Settling time is defined as the total time required, froin 
the input signal step, for the output to settle to within the 
specified error band around the final value. This error 
band is expressed as a percentage of the magnitude of 
the output transition, a 10V step. 

Settling time is a complete dynamic measure of the 
OPA600's total pe·rformance. It includes the slew rate 
time,'a large signal dynamic parameter, and the time to 
accurately reach the final value, a small sighal parameter 
that is a function of bandwidth and open-loop gain. Per
formance curves show the OPA600 settling time to ±I%, 
±O.l%, and±O.Oi%. The best settling time is achieved in 
low closed-loop gain circuits. 

Settling time is dependent upon compensation. Under
compensation will result in small phase' margin, over
shoot or instability. Over-compensation will result in 
poor settling time. 

Figure I shows the recommended compensation to yield 
the specified settling time. Improved or optimum settling 
time may be achieved by individually compensating each 
device in the user's circuit since individual devices vary 
slightly from one to another, as do user's circuits. 

SLEW RATE 

Slew rate is primarly an output, large signal parameter. 
It has virtually no dependence upon the closed-loop gain 
or small signal bandwidth. Slew rate is dependent upon 
compensation and decreasing the compensation capaci
tor value will increase the available slew rate as shown in 
the performance curve. 

Tpe OPA600 slew rate may be increased by u'sing an 
alternate compensation as shown in Figure 3. The slew 
rate will increase between 700 and 800V / J.!S typical, with 
0.01% settling time increasing to between 175 and 190ns 
typical, and 0.1% settling time increasing to between. 110 
and 120ns typical. 

=3pF' 

600n 

600n 

'-3pF typo should match stray capacitance between pin 3 and common. 

3pF .---11----, 
600n 

~3pF typo should match stray capacitance between pin 3 and common. 

FIGURE 3. Amplifier Circuit for Increased Slew Rate. 

For alternate doublet compensation refer to Figure 3. 
For a closed-loop gain equal to.-I, delete C, and C2 and 
add a series RC circuit (R = 220, C = O.OIJ.!F) between 
pins 14 and 4. Make no connections to pins II and 5. 
AbsolutelY'minimze the capacitance to these pins. If a 
connector is used for the OPA600, it is recommended 
that sockets for pins II and 5 be removed. For a PC 
board mount, it is recommended that the PC board 
holes be overdriIled for pins II and 5 and adjacent 
ground plane copper be removed. Effectively this com
pensation places the dominant pole at the input stage, 
allowing the output stage to have no compensation and 
to slew as fast as possible. Bandwidth and settling time 
are impaired only slightly. For closed-loop gains other 
than -I, different values of Rand C may be required. 

OFFSET ADJUSTMENT 
The offset voltage of the OPA600 may be adjusted to 
zero by connectirig a 5kO resistor in series with a IOkO 
iinear potentiometer in series with ariother 5kOresistor 
between pins 2 and 15, as shown in Figure 4. It is imp or-

. tant that one end of each of ihetwo resistors be located 
very close to pins 2 and 15 to isolate and avoid loading 
these sensitive terminals; The potentiometer should be a 
small noninductive type with t\:le wiper connected to the 
positive supply. The leads connecting these components 
should be short, no longer than 0.5-inch, to avoid stray 
capacitance and stray signal pick-up. If the potenti
ometer must be located away from the immediate vicin-
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FIGURE 4. Offset Null Circuit. 

ity of the OPA600, extreme care must be observed with 
the sensitive leads. Locate the two 5kfl resistors very 
close to pins 2 and 15. 

Never connect +Vcc directly to pin 2 or 15. Do not 
attempt to eliminate the 5kn resistors because at extreme 
rotation, the potentiometer will directly connect +Vce to 
pin 2 or 15 and permanent damage will result. 

Offset voltage adjustment is optional. The potentiometer 
and two resistors are omitted when the offset voltage is 
considered sufficiently low for the particular application. 
For each microvolt of offset voltage adjusted, the off
set voltage temperature sensitivity will change b, 
±O.004IN 1°C. 

CURRENT BOOST 

External ability to bypass the internal current limiting 
resistors has been proyided in the OPA600. This is 
referred to as current boost. Current boost enables the 
OPA600 to' deliver large currents into heavy loads 
(±200mA at ±IOV). To bypass the resistors and activate 
the current boost, connect pin 7 to -Vee at.pin 6 with a 
short lead to minimize lead inductance and connect pin 9 
to +Vec at pin 12 with a short lead. 

CAUTION-Activating current boost by bypassing the 
internal current limiting resistors can permanently d'\m
age the OPA600 under fault conditions. See section on 
short circuit protection. 

Not activating current boost is especially useful for 
initial breadboarding. The son (±5%) current limiting 
resistor in the collector circuit of each of the output 
transistors causes the output transistors to saturate; this 
limits the power dissipation in the output stage in case of 
a fault. Operating with the current boost not activated 
may also b.e desirable with small-signal outputs (i.e., 
±IV) or. when the load current is small. 

Each resistor is internally capaci-ively-bypassed (O.OIJLF, 
±20%) to allow the amplifier to deliver large pulses of 
current, such as to charge diode junctions or circuit capa
citance and still respond quickly. The length of time that 

the OPA600 can deliver these current pulses is limited by 
the RC time constant. 

The internal voltage drops, output voltage available, 
power dissipation, and maximum output current can be 
determined for the user's application by knowing the 
load resistance and computing: 

VOUT = 14 [RLOAD -;- (50 + RLOAD)] 

This applies for RLOAD less than lOon and the current 
boost not activated. When RLOAD is large, the peak out
put voltage is typically ±IIV, which is determined by 
other factors within the OPA600. 

SHORT-CIRCUIT PROTECTION 

The OPA600 is short-circuit-protected for momentary 
short to common .«5s), typical of tho.e enountered 
when probing a circuit during experimental breadboard
ing or troubleshooting. This is true only if pins 7 and 9 
are open (current boost not activated). An internal son 
resistor is in series with the collector of each of the out
put transistors, which under fault conditions will cause 
the output transistors to saturate and limit the power 
dissipation in the output stage. Extended application of 
an output short can damage the amplifier due to exces
sive power dissipation. 

The OPA600 is not short-circuit-protected when the cur
rent boost is activated_ The large output current capabil
ity of the OPA600 will cause excessive power dissipation 
and permanent damage will result even for momentary 
shorts to ground. 
Output shorts to either supply will destroy the OPA600 
whether the current boost is activated or not. 

HEAT SINKING AND POWER DISSIPATION 
The OPA600 is intended as a printed circuit board 
mounted device, and as such does not require a heat 
sink. It is' specified for ambient temperature operation 
from -55°C to + 125°C. However, the power dissipation 
must be kept within safe limits. At extreme temperature 
and under full load conditions, some form of heat sink
ing will be necessary. The use of a heat sink, or other 
heat dissipating means such as proximity to the ground 
plane, will result in cooler operating temperatures, better 
temperature performance, and improved reliability. 

It may be necessary to physically connect the OPA600 to 
the printed circuit board ground plane, attach fins, tabs, 
etc., to dissipate the generated heat. Because of the wide 
variety of possibilities, this task is left to the user. For all 
applications it is recommended that the OPA600 be fully 
inserted into the printed circuit board and that the pin 
length be short. Heat will be dissipated through the 
ground plane and the AC performam;e will be its best. 

With a maximum case temperature of + 125°C and not 
exceeding the maximum junction of +175°C, a maxi
mum power dissipation of 600mW is allowed in either 
output transistor. 
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TESTING 

For static and low frequency dynamic measurements, 
the OPA600 may be tested in conventional operational 
amplifier test circuits, provided proper ground tech
niques are observed, excessive lead lengths are avoided, 
and care is maintained to avoid parasitic oscillations. 
The circuit in Figure 3 is recommended for low fre
quency functional testing, in.coming inspection, etc. This 
circuit is less susceptible to stray capacitance, excessive 
lead length, parasitic tuned circuits, changing capacitive 
loads, etc. It does not yield optimum settling time. We 
recommend placing a resistor (approximately 3000) in 
series with each piece of test equipment, such as a DVM, 
to isolate loading effects on the OPA600. 

Input 

Input = ±5V 
Output = ±5V 
Error Output ±0.5mV (±0.01%) 

To realize the full performance capabilities ofthe OPA600, 
high frequency techniques must be employed and the test 
fixture must not limit the amplifier. Settling time is the 
most critical dynamic test and Figure 5 shows a recom
mended OPA600 settling time test circuit schematic. 
Good grounding, truly square drive signals, minimum 
stray coupling, and small physical size are important. 

The input pulse generator must have a flat topped, fast 
settling pulse to measure the true settling time of the 
amplifier. A circuit that generates a ±5V flat topped 
pulse is shown in Figure 6. 

(2) HP2835 

-~ 
(1) 0.020 Matched -15VDC -15VDC 
(2) With c. = C. = 3.3pF typical. C, optimized for circuit layout. and RL = 500. t. < 100ns. 
(3) Use 5100 with generator of Figure 6. 

FIGURE 5. Settling Time and Slew Rate Test Circuit. 

+15VDC 

IN4148 6400 

Input 

'ALT 2N3906 
2N2907 

FIGURE 6. Flat Top' Pulse Generator. 

1/2W 

Input = TTL 
Output.= ±5V 
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BURR-BROWN® 

IElElI OPA605 

Wideband - Fast Settling 
OPERATIONAL AMPLIFIER 

. FEATURES APPLICATIONS 

• FAST SETTLING - 500nsac max to 0.1% • PULSE AMPLIFIERS 
• WIDE BANDWIDTH -200M Hz Gain -Bandwidth Product • FAST D/A CONVERTERS 

• FAST SLEWING - 300V//lsac slaw rata. ACL ;;;. 50 • LINE DRIVERS 

• LARGE OUTPUT CURRENT - ±30mA min at ±10V 

• HIGH GAIN - 80dB min al ±30mA oulpul 

• lOW VOLTAGE OFFSET AND DRIFT - 5OO/lV max. 
5/lV/oC max 

DESCRIPTION 
The OPA605 is aesigned to offer a well balanced set 
of both AC and DC specifications. Versatility in fast 
settling. wide band and steady state AC applications 
is provided by the use cif a single external com
pensationoeapacitor. This allows the user to ·optimize 
speed and stability for any particular application .. 

The full ±30mA guaranteed minimum output current 
(at ± IOV) allows the user to realize the high speed 
features of the OPA605. Unlike most integrated 
circuit wide band amplifiers additional current boost-

• WAVEFORM GENERATORS 

• HIGH SPEED TEST EQUIPMENT 

er circuitry is not needed for most applications. 

The 500nsec max to O.I(ii settling time specification is 
guaranteed with a load of soon and IOOpF. Also the 
open-loop gain is guaranteed at the full ±30mA 
output. 

In addition to the excellent wideband and fast settling 
characteristics. the OPA605 also offers llutstanding 
DC performance. Offset voltages are as low as 500/l V 
max and offset voltage drift versus temperature of 
only 5/lV "C max is available. 

International Alrporllnduslrlal Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 1602) 746·1111· Tw~: 910·952·1111 . Cable: BBRCORp· Telex: 66·6491 

PDS443 
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SPECIFICATIONS 
ELECTRICAL 
Specifications at TA = +25°C and +Vcc = +15VDC unless otherwise noted - -
MOOEL OPA805GH/OPA805AM I OPA805KGlOPA805CM I 
PARAMETER CONDITION MIN TYP MAX MIN TYP .MAX UNITS 

OPEN·LOOP GAIN, DC 
Full Load Vo - ±IOV; RL - 33011 80 96 dB 
No load Vo = ±10V; RL,~ lOkI} 102 dB 

RATED OUTPUT / 

Voltage 10 = ±30mA ±10 ±12 V 
Current Vo =±10V ±30 ±50 mA 
Output Resistance Open Loop 200 II 
Short Circuit Current Internal Limits( 11 ±30 ±50 ±eo mA 
Capacitive Load(2) ACL =-1, Cc =20pF 500 pF 

DYNAMIC RESPONSE 

Gain-Bandwidth Product 
ACL = 1000, Cc =0 200 MHz 
ACL = -1. Cc = 20pF" 20 MHz 

Slew Rate RL =33011, Vo =OIO·+IOV,. 
ACL ;;. 50, Cc = 0 '010-10V .300 V/p.sec 
ACL = -I, Cc = 20pF 80 94 V/lJsec 

Full Power Bandwidth RL = 330f1. Vo = ±10V, 1.3 1.5 MHz 
ACL=-I,Cc'=20pF 

Settling Time, Av = -1(3) Cc " 20pF, RL = 50011, 
CL = loopF, Vo = 0 10 +10V, 
010 ~10V . 

t=1% 200 nsec 
• =0.1% 300 500 nsec 
.=0.01% 400 nsec 

Small-Signal 9vershoot Av =-1, Cc =20pF, RL =59011 0 20 % 
CL = l00pF 

INPUT OFFSET VOLTAGE 
Initial Offset TA -'- +25°C ±O.25 ±1.0 ±0.5 mV 

vs Temperature TL toTH, VCM=O . ±25 ±5 "VfOC 
vs Supply Voltage ±30 ±2oo .' "ViV 

Adjustment'Range('l " Circuit in ,±9 mV 
~'Connection Diagram" 

'INPUT BIAS CURRENT 

Initial Bias TA - +25°C, VCM - 0 -10 -35 pA 
vs Temperature TL toTH NoteS 
vs Supply Voltage 0.2 pAN 
vs VCM Note 6 

INPUT DIFFERRENCE CURRENT 

'nitial Difference TA = +25°C, VCM = 0 ±2 pA 
vs Temperature NoteS 
VB Supply Voltage 0.05 . pAN 

. VOLTAGE NOISE DENSITY Rs';;; lOOn 

fo -10Hz 80 nV/\ Hz 
fo = 100Hz 30 : nV/\ Hz 
fo = 1kHz 20 nV/\ Hz ' 
fo = 10kHz , 12 nV/v'Hz 
fo = 100kHz 12 nvv1Hz. 

INPUT IMPEDANCE 

Differential 
. Resistance . 101.1 !l 

Capacitance 3 pF 
,; 'Common·Mode 

Resistance 1011 !l 
CaD8ciiance 3 pF 

INPUT'VOL TAGE RANGE 

Common-Mode Voltage linear Operation 
Range: ±10 ±12 V 

Common-Mode Rejection 70 90 80 90 dB 

POWER SUPPLY 

Rated Voltage ±15 VDC 
Voltage Range Derated Performance ±5 ±18 VDC 
Current. Quiescent ±7.2 ±9 mA 

TEMPERATURE RANGE 

Specification 
GH. KG Grades TL toTH 0 +70 °C 
AM, CM Grailes TL toTH -25 +85 °C 

Operating Derated Performance' -55 +125 °C 
Storage -65 +150 .0C 

. NOTES: 'Specificatlons same as for OPAB05H/OPA605A. (1) Currenllimlt may be Increased with external reslslors. (2) Al
lowable capacitive' load' depends on several. factors. See Compensation section •. (3) Settling Time measured In circuit of 
Figure 4. (4) Adjustment affects voltage drift vs temperalure by approximalely ±O.3pVl'C f.or each looliV of offset.adjusted. 
(5) Doubles approximately every 8:5'C. (6) See Typical Performance Curves. . . 
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ABSOLUTE MAXiMUM RATINGS 

Supply ±20VDC 
Internal Power Dissipation (1) 

Differenliallnput Voltage121 ±20'.1DC 
Input Voltage, Either Input(2) ±20VOC 
Storage Tempe,ature Range -65'C to +1500C 
Operating Temperature Range -5S>::C to t125;;)C 
Lead Temperature (so:dering 10 seconds) +3000C 
Output Short-Circuit Duration(3) Continuous 
Junction Temperature +175°C 

NOTES: 
1. Package must ~a derated according to details in the Applications 

Information section .. 
2. For supply voltages 1~3S elan ±20VDC, the absolute m&xlmum input 

is equal to the supply voltage. 
3. Short circuit to ground only. See Short Circuit Protact;on discu5sion 

in the Application Information section. 

MECHANICAL 

METAL PACKAGE-"M" 

INCHES 
DIM MIN . MAX 

A .B60 .8S0 

.490 .510 

.170 .250 

o .016 .021 

G' .100 BASIC 

.115 .155 

.150 .300 

.300 BASIC 

.080 .120 

NOTES: 
1. Leads in true position 

within .010- 1.25mml R· 
at MMC at seatlilg p!aiie. 

2. Pin mateiial and plating 
COi:iposition conform to 
Method 2003 I soldeiability '. 
of MIL~STO·883 I except 
paragraph 3.2' 

Pin numbe:'s showi1 for 
r61~ronce cr;ly. ~h':iT!t:eiS are 
rio! marked on package. 

MILLIMETE'RS 
MIN MAX 

21.S4 22.35 

12.45 12.95 

4.32 6.35 

0.41 0.53 

2.54 BASIC 

2.92 3.94 

3.81 7.62 

7.62 BASIC 

2.03 3.05 

PIN CONFIGURATION 

1. No Internal ConnectIon. 
2. Or:lional Frequency CompensatIon. 
3. Ollset Adjust. 
4. tnvertmg Input. 
5. Noninverling Input. 
6.-Vee. 
7. Optional Short Circuit Adjust. 
8. Cptronal Short CirCUli Adjust. 
9. Olf:;:::! Adjust. 

10. Ou~put 

". +Vcc 

014 10 
013" 20 
012 30 
011 40 
010 50 
09 60 
08 70 

'2. Frequen~y Compp.nsalion. E;iot!om V'eIY 

'3. No Internal Connecti:)n·. Pm numbNs show" lor reference only. 
'4. No Internal Connp.~tlon. Numooq nre nol marked on package. 

• Ca~e on melal pack.age PIn 13 is case on metal umt. 

COi-4NECTION DIAGRAM 
OFFSET VOLTAGE 

ADJUSTMENTIII 

NOT~S: 

1. Offset voltage adjustment affects vol:age drift vs temperature by 
apprc:.crmatel).' ±O.3,uV/~C for ae:c;i JOOp\' of o~i$at adjusted. 

2. Opiioiil:.1 rS:3iSiCi3 to iilcmase current lirr.;ts. See 
App:icatior. l;;foimatio:1. 

3. Opt:onal freque;-;:::y cOi.1panzaticn. See Applications Information. 
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CERAMIC PACKAGE-uG" 

f 'lJ 
\ PIN 1 L . 
.. DENOT1i:S rN 

. Pllrm=1 G 
"- I-~. -l~!:~.n~.PL'HE tJ 
NOTES: 
1. Leads in true position within .010-

I .2Smm I R at MMC at seating plane 
2. Pin matsriD.i enC: plating composition 

c.:nform to Method 2003 
f30ide,a~m:y) of MiL¥STD-883 
le;:c3tJt paragra.ph 3.21 

INCHES MILLIMETERS 
elM MIN MAX MIN MAX 

.131'J 19.5' 20.57 

.480 .500 . 1'2-,19 12.70 

3.94 5.46 

.100 BASIC 

.oae . ~ 10 2.03 2.79 

.ooe J .• " 
3.81 5.33 

.300.B~SIC 7.62 BASIC 

.30 



TYPICAL PERFORMANCE CURVES 

60 

,Ii: 
, Co 50 

8 
.: 40 
$I g 
S 30 
~ 

,g 20 
ill 
~ 

i!!. 10 
E 
o 
u o 

COMPENSATION CAPACITANCE 
AND SLEW RATE VS 

NON INVERTING GAIN 

N~ni~Ve~i~g g~in ~ U 
.1.1 R,+Ri 
1//3= Ri_ 

f--1 

1\ 

\~ ~~ ~ 
V~ 
I· ~I' 
1 3 5 10. 100 1000 

120 

~ 100 

.~ 80 
<!l 
g60 

1 40 
i!!. o 20 

o 

~ +10 

" CI +5 
J! 
0 

0 > 
:; 
£l- -5 

" 0 
-10 

~ O. 

" u 
:; 1. 
iii 
:; 

1 

0 

Co 10 
E 

~ 102 
0; 

E 
~ 10 3 

Noninverting Gain 

OPEN-LOOP GAIN 
VS FREQUENCY 

..... Cc,OpF 

l~ '" li Cc =20pF '" '" '" .. \ ,,~ 
V 

10 100 lk 10k lOOk 1M 10M 100M 
Frequency I Hz I 

LARGE SIGNAL TRANSIENT 
RESPONSE 

I i 
L 

J1 \ 
V \ 

I : ~ 

I I \ 
Ace = +lVIV, Cc = 40pF 

Re = 500/1, Ce = l00pF 

o 200 400 600 800 1000 1200 
Time Insec· 

BIAS CURRENT VS 
COMMON-MODE VOLTAGE 

I 
V 

V 
-10 -5 o +5 +10 
CommOfl-mode Voltage IVI 

ITA = +25°C, Vcc = ±15VDC unless olherwise noledl 

POWER DERATING 
2,0r---,..-'--.,----,.----, 

" ,12 

Ti =TA + Pox !91 +/12 +9CAI 
+ Poa 162 + 6CA) 

! 1,01-~.._i!'I.~=''I_--+--_I 
i5 

; 
00,5 
Il. 

O~-~~-~-~-~ 
-25 25 75 125 175 

'" 0 

" ! 
CI 

45 " t;l 
::: 
:2 90 
Ul 

ill .. 135 .r: 
Il. 

180 

~ 120 
~ 

,12 100 

~ '¥. 80 

-a 60 
Co 

~, 40 

~ 20 

o 

-< § 7, 5 

!} 
+1 
'E 7. 

~ 
" u 
C 6. 

~ 
" 

0 

5 

;p, 0 

t 

OPEN-LOOP PHASE SHIFT 
VS FREQUENCY 

\ 1\ C~=OPF 
;\ , Cc ,20PF 

f\.. 
Cc'= 20pF "\ " 

Cc = OpF ...... ~ 

10 100 lk 10kl00klM 10M 100M 
Frequency I Hz I 

POWER SUPPLY REJECTION 
VS FREQUENCY 

, ....... -~SR 

)~ 
+PSR '\ '" '\ '" '\ 

10 100 lk 10k lOOk 1M 10M 100M 
Freq.uency I tiz I 

QUIESCENT CURRENT VS 
. SUPPLY VOLTAGE 

TA~-25oJ 

TA =+8506 TA = +25°C 

10 15 20 

Supply Vollage. ±VCC IV, 

1-132 

1.6 

1.4 

~ 1.2 

~ 
~ 1.0 
:; 
&! 0.8 

0.6 

O. 4 

. 

AC PARAMETERS 
VS TEMPERATURE 

Ace = -lVIV 

Cc =20pF 

" .~ - ....... 
,r--.. 

Is 

SR 

BW 

-75 -50 -25 0 +25' +50 +75 +100 +125 
Temperature 1°C) 

Iii 
:' 120 
~ 

~ 100 

" .., 
80 a: 

" 'C 60 0 
~ 
~ 40 0 
E 
E 20 
0 
u 

0 

~ 110 
~ 

.2 100 
~ . ., 90 
a: 
~ 80 
o 
E c: 70 
o 

~ 60 

8 0 

0 

0 

COMMON-MODE REJECTION 
VS FREQUENCY 

...... 
"\ 

"\ 
'\ 

10 100 lk 10k lOOk 1M 10M 100M 
Frequency I Hz I 

COMMON-MODE REJECTION VS 
COMMON-MODE VOLTAGE 

±Vcc =±15V 

r "\ 

-15 -10 -5 0 5 10 15 
Common-mode Voltage 

OFFSET VOLTAGE VS TIME 

1=0 is po~er lu~n on 

1 
Jeramil Case 

1\ 
\ 
~ 
o 

1 
I 

yelal Case 

N....J 
3 

Time {mini 
4 



APPLICATION INFORMATION 

SLEW RATE 

Slew rate is a large signal output parameter. It is primarily 
dependent oil the compensatiori capacitor value (Cd and 
has almost no dependence on changes in the closed loop 
gain or bandwidth. Typical values of slew rate versus 
compensation capacitor'value are shown in the Typical 
Performance Curves. Decreasing the compensation ca
pacitance increases the slew rate but reduces the frequency 
stability of the closed-loop circuit. Stray circuit capaci
tances may appear as added compensation to the ampli
fier. Therefore. stray capacitances should be minimized to 
avoid limiting slew rate performance. 

BANDWIDTH 
The closed-loop bandwidth is a small signal parameter. It 
is dependent on the open-loop frequency response of the 
op amp (which is determined by the value of the 
compensation capacitor. Cd and the external closed-loop 
circuitry applied to the amplifier. Requirements for 
increased bandwidth and more frequency stability result 
in opposing constraints on the circuitry and generally the 
final selection of circuit values represents it compromise 
between the two needs. 

SETTLING TIME 
Settling time is defined as the total time required. 
measured from the input signal step. for the output to 
settle to within the specified error band around the final 
value. The error band is expressed as a percent of the full 
scale output voltage ( 10V) and the output transition is 
from OV to +IOV or OV to -IOV. 

Settling time depends on slew rate (discussed above) and 
the time to reach the final value after the slew portion of 
the transition is complete. The latter is a function of the 
closed-loop bandwidth (discussed above) and the c1osed
loop gain. Thus. settling time is a function of both the 
open-loop frequency compensation (value of Cd and the 
particular closed-loop circuit configuration. The best 
settling time is generally obtained at low gains. 

COMPENSATION. 
The OPA605 uses external frequency compensation 
which allows the user to optimize slew rate. bandwidth 
and settling time for a particular application. As men
tioned previously. compensation is normally a com
promise between the desired speed and the necessary 
frequency stability - the higher the speed the lower the 
value of Cc and the less stable the circuit. Several of the 
Typical Performance Curves provide information to aid 
in the sele::tion of the correct value of compensation 
capacitor. In addition. several typical circuits show 
recommended compensation in different applications. 

The value of compensation capacitor required for stability 
is a function of the amount of negative feedback used in 
the particular application. 

This is characterized as I f3. where f3 is the "feedback 
factor". I f3 is also equal to the' gain in noninverting 
configurations (see figures 2 and J). 

FIGURE I. Unity Gain Follower. 

Ai A, = lKu 

lKu 

1 A,+ AI 
-=--=2 
fl Ai 

FIGURE 2. Unity Gain Inverting. 

AI = lOOn 

I AI+ AI _= __ =10 
fl Ai 

FIGURE J. Gain of+IOV. 

)-oNY"-" VOUT 
16n 

ll-oNY ....... YOUT 
16n 

The OPA605 may.be compensated in either one of two 
ways. In the primary'compensation method. C. is con
nected between pins 10 and 12. Alternately the amplifier 
may be compensated with C,! between pins 12 and 2 (see 
Connection Diagram). Normally the use of C. is recom
mended. The use of Ct"' will give lower output impedance 
at higher frequencies. This can .be an advantage in some 
applications. but the effects are subtle and must be 
determined empirically. 

Improved stability with larger capacitive loads may be 
obtained by connecting a small resistor (a value of 160 is 
recommended) in series with the outpui (see figures 2 
through 4); 
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Flat high frequency closed-loop frequency response may 
be preserved and any high frequency peaking reduced by 
connecting a small capacitor <e, in the,examples) in 
parallel with the feedback resistor. This capacitor will 
compensate for the high frequency closed-loop transfer 
function zero formed by the capacitance at the amplifier's 
input and the input and feedback resistors. C, may be a 
trimmer capacitor, a,fixed capacitor or a planned printed 
circuit board capacitance. Typical values range from OpF 
toSpF. 

WIRING PRECAUTIONS 

Of all the wiring prec~utions. grounding is the most 
important. A good ground plane and good grounding 
practices should, be used. The ground plane should 
connect all ~eas of the pattern side'of the printed circuit 
board that are not otherwise used. The ground plane 
provides a low resistance. low ind uctance common return 
path for all signal and power returns. 

If point-to-point wiring is used (no ground plane). single 
point groundi,ng should be used. The input signal return. 
the load signal return and the power supply common 
should all be connected at the same physical point. This 
will eliminate any common current paths or ground loops 
which could cause signal modulation or' unwanted 
feedback. 

Each power supply lead. should be bypassed to ground as 
near as possible to the amplifier pins. 

All printed circuit board conductors should be wide to 
provide low resistance. low inductance connections. and 
should be as sllort as possible. In general. the entire 
physical circuit sh'ould be as small as practical. Stray 
capacitance should be minimized especially at high 
impedance nodes. Pin 4. the inverting input is especially 
sensitive to capacitance and all connections to that point 
must be short., 

Error Slgnll. "s" 
r---- ±5mV 'Dr VOUT 

R4 Ikll within ±O.I% 0' IOV. 

CF' 3 ID 5pF ty~. 

,121 
R "0" 
5 (31 'V 

I C• IC2 
':' IpF -;-47lJpF 

+VCC ·VCC 
NOTES: 
I, Fnt rlCll'IIrY dlolla. HP~·2811. 
2. R5optlonll. ImproV81 'lliquancy IIlblllty whln driving Ilrge 

CIPICltlVI IOldl. 
3. Rlllillve IOld It VOUT II 500n due ID ,I K , .. dlllck 1lI1111m. 
4. NDllncludad on prlnlld circuit "yolll 

FIGURE 4. Dynamic Test Circuit. 

Input and feedback resistors should be kept as small in 
value as practic~I:' values less than S.6kH are recom
mended. This will minimize performance limitations 
caused by the time constants formed by these resistors 
and circuit capacitances. 

Shldld 11111 II pltllrn Iidl connlClDr. 

FIGURE S. Dynamic Test Circuit Layout. 

SHORT CIRCUIT PROTECTION 

Short circuit protection to common is provided by 
internal current limiting resistors. (Output shorts to either 
supply can destroy the de'vice.) The current limits may be 
increased by paralleling the internal resistors with external 
resistors. Rm(T connected betweell pins' 7 and 10 and pins 
8 and 10. The short-circuit current is then 1st, = O.OS + 
0.6; REX'! (in amps). The power derating constraints'must 
be observed when modifying the current limits. Details 
are given by the thermal model. 

THERMAL MODEL 

Figure 6 is the thermal model for the OPA60S where: 

TJ = Junction temperature (output load) 
TJ* = Junction temperature (no load) 
T l" .= Case temperature ' . 
T A = Ambient temperature 
9("A = Thermal resistance, case·to-ambient 
PUQ = Quiescent power dissipation 

I+VC"{:lltQUIESCENT +I-Vccll-QUIESCENT 
PI)X = Power dissipation in the output transistor 

= (Vour ,- Vee) lOUT 

(In a complementary output stage only one output 
transistor is conducting current at a time.) 

T' J TJ 

82= 81= 
, 3O"C1W 4flOC1W 

POo TC 

8CA 
TA 

9CA I M:C:II Clr;:~/:1 
,TJ = TA + POo 182 + ~CAJ + POX 181 + Hz + 8CAI 

FIGURE 6. Thermal Model. 

This model yields a Power Deraling curve which is a 
function of PI>Q. See Typical Performance Curves. 
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BURR-BROWN® 

IElElI OPA606 

Wide-Bandwidth O//e'® 
OPERATIONAL AMPLIFIER 

FEATURES 
• WIOE BANDWIDTH, 13MHz typ 
• HIGH SLEW RATE, 35V/psec typ 
• LOW BIAS CURRENT, 10pA max at TA ;., +25°C 
• LOW OFFSET VOLTAGE, 500pV max 
• LOW DISTORTION, 0.0035% typ at 10kHz 

DESCRIPTION 
The OPA606 is a wide-bandwidth monolithic dielec
trically-isolated FET (Direl'@) operational ampli
fier featuring a wider bandwidth and lower bias cur
rent than BIFET® LFl56A amplifiers. Bias current 
is specified under warmed-up and operating condi-

Di/e,1t!I Burr·Brown Corp .• B.ifct@l National Semiconductor Corp. 

APPLICATIONS 
• OPTOELECTRONICS 
• DATA ACQUISITION 
• TEST EQUIPMENT 
• AUDIO AMPLIFIERS 

tions, not at a JUNCTION temperature of +25°C. ' 

Laser-trimmed thin-film resistors offer improved 
offset voltage and noise performance. 

The OPA606 is internally compensated for unity~ 
gain stability. 

Inlernational Alrporllndu,lrlal Park· P.O. Box 11400· Tucson. Arizona 85734 • Tel. (6021746·1111 . Twx: 911J.952·1111 • Cable: BBRCORp· Telex: 66·6491 

PDS-598 
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SPECIFICATIONS 
ELECTRICAL 
At V"" ; ±15VDC and T. ; + 25·C unless olherwise specified. 

OPA806KM/SM OPA606LM OPA606KP 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

FREQUENCY RESPONSE 

Gain Bandwidlh Small signal 10 12.5 11 13 9 12 MHz 
Full Power Response 20V p-p, AL ; 2kn 515 550 470 kHz 
Slew Aate Vo; ±10V, 22 33 25 35 20 30 ·VI".ec 

AL; 2kn 
Settling Timee1 ': 0.1% Gain:= -1, 1.0 1.0 1.0 ".ec 

AL ; 2kn 
0.01% 10V step 2.1 2.1 2.1 ".ec 

Tolal Harmonic Distortion G ; +1, 20V p-p 0.0035 0.0035 0.0035 % 
AL; 2kn, '.' 
f; 10kHz 

INPUT 

OFFSET VOLTAGE'" 
Input Offset Voltage VOM; OVDC ±180 ±1.5mV ±1oo ±5oo ±3oo ±3mV IlV 
Average Drift TA = TMIN to TMAX ±5 ±3 ±5 ±10 /lVl·C 
Supply Aejection V .. ; ±10V to ±18V 82 100 90 104 80 90 dB 

±10 ±79 ±6 ±32 ±32 ±'1oo /lVN 

BIAS CURRENT'" 
Input Bias Current VCM; OVDC ±7 ±15 ±5 ±10 ±8 ±25 pA 

OFFSET CUARENT''' 
Input Offset Current VCM; OVDC ±0.6 ±10 ±0.4 ±5 ±1 ±15 pA 

NOISE 
Voltage, fo ; 10Hz 100% tested (L) 37 30 40 37 nVl$. 

100Hz 100% tested (L) 21 20 28 21 nVl.JHz 
1kHz 100% tested (L) 14 13 16 14 nVl$. 
10kHz '" 12 11 13 12 nVl$. 
20kHz '" 11 10.5 13 11 nVl$. 

fa ; 10Hz to 10kHz '" 1.3 1.2 1.5 1.3 /lV rms 
Current, fo; 0.1Hz thru 20kHz .. , 1.5 1.3 2 1.7 fAl$. 

IMPEDANCE: 
Differential 10" 111 10" 111 10" 111 nil pF 
Common-Mode 10" 113 10"11 3 10" II 3 nil pF 

VOLTAGE RANGE 
Common-Mode Input Aange ±10.5 ±11.5 ±11 ±11.6 ±10.2 ±11 V 
Common-Mode Rejec~iOn V,"; ±10VDC 80 95 85 96 78 90 dB 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gain AL 2: 2kn 95 115 100 118 90 110 dB 

RATED OUTPUT 

Voltage Output AL; 2kO ±11 ±12.2 ±12 ±12.6 ±11 ±12 V 
Current Output Vo; ±10VDC ±5 ±10 ±5 ±10 ±5 ±10 mA 
Output Aesistance DC, open loop 40 40 40 n 
Load Capacitance Stability Gain = +1 1000 1000 1000 pF 
Short Circuit Current 10 20 10 20 10 20 mA 

POWER SUPPLY 

Aated Voltage ±15 ±15 ±15 VDC 
Voltage Aange, 

Derated Performance ±5 ±18 ±5 ±18 ±5 ±18 VDC 
Current. Quiescent· 10 ;.OmADC 6.5 9.5 6.2 9 6.5 10 mA 

TEMPEAATURE RANGE 

Specification Ambient temp. 
KM, KP, Lt,I 0 +70 0 +70 0 +70 ·C 

SM -55 +125 ·C 
Operating Ambient Temp. -55 +125 -55 +125 -25 +85 ·C 
8 Junction-Ambient 200 200 155 ·C/w 

NOTES: (1) See settling lime test circuit in Figure 2. (2) Offset voltage, offset current, and bias current are measured with the units fully warmed up. (3) Sample 
tested-this parameter Is guaranteed on L grade only. 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At Vee == ±15VPC and T ... = TMIN to TMAX unless otherwise noted. 

OPA606KM/SM OPA606LM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN 

TEMPERATURE RANGE 

Specification Range Ambient temp. KM 0 +70 0 +70 0 
SM -55 +125 

INPUT 

OFFSET VOLTAGE'" 
Input Offset Voltage VCM; OVOC KM ±400 ±2mV ±335 ±750 

SM ±680 ±3mV 
Average Drift ±5 ±3 ±5 
Supply Aejection Vo< ; ±1OV to ±18V 80 98 85 100 78 

±13 ±100 ±10 ±S6 

BIAS CURRENT'" 
Input Bias Current VCM; OVDC KM ±1S8 ±339 ±113 ±226 

SM ±7.2 ±1S.4 

OFFSET CURRENT'" 
Input Offset Current VCM = aVDC KM ±14 ±226 ±9 ±113 

SM ±614 ±10.2nA 

VOLTAGE RANGE 
Common-Mode Input Range ±10.4 ±11.4 ±10.9 ±11.S ±10 
Common-Mode Rejection V,"; ±IOVDC 78 92 82 95 7S 

OPEN-LOOP GAIN, DC 

Open-loop Voltage Gain A, '" 2kD 90 106 9S 112 88 

RATED OUTPUT 

Voltage Output A,; 2kD ±10.S ±12 ±11.S ±12.4 ±10.4 
Current Output Vo; ±10VDC ±S ±10 ±S ±10 ±S 

POWER SUPPLY 

Current, Quiescent lo;OmADC 6.6 10 6.4 9.S 

NOTES: (1) Offset voltage, offset current, and bias current are measured with the. units fully warmed up. 

ORDERING INFORMATION CONNECTION DIAGRAMS 

OPA606 X 

Basic model number ~ T 
Performance grade __________ ---1_ 

K, L = O°C to +70°C 
S = -55°C to +125°C 

X 

Packagecode-----------------________ ~ 
M = TO-99 metal can 
P = B-pin plastic DIP (K grade only) 

ABSOLUTE MAXIMUM RATINGS 

Supply .•......•••.....•..••..••..•.....•.....•..............•• " ±18VDC 
Internal Power Oissipatlon t1l • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 500mW 
Differential Input Voltage .........•........•.............•...•..• ±36VDC 
Input Voltage Aange'" ........................................... ±18VDC 
Storage Temperature Range. . . .. M = -65°C to +150°C. P = -40°C to +85°C 
Operating Temperature Range ..• M; -SS·C to +12S·C. p; -40·C to +8S·C 
lead Temperature (soldering. ·10 seconds). . . . . . . . . • . . . . . • . . . . . . . . .• +300°C 
Output Short Circuit Duration l31 ••••••••••••••••••••••••••••••• Continuous 
Junction Temperature ............................................ +175°C 

NOTES: (1) Packages must be derated based on 8JC ; 1S·CIW or 8J.. (2) For 
supply voltages less than ±18VDC, the absolute maximum input voltage is equal to 
the negative supply voltage. (3) Short circuit may be to power supply common 
only. Rating applies to +25°C ambient. Observe dissipation limit and TJ. 
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TOP VIEW 

MECHANICAL 

TOP VIEW 

OFFSET 
TRIM 

-IN 

+IN 

-Vee 

-Vee 

OPA608KP I 
TYP MAX I UNITS 

+70 ·C 
·C 

±750 ±3.5mV pV 
pV 

±10 pV/·C 
95 dB 

±18 ±126 pVN 

±18t ±S66 pA 
nA 

±23 ±339 pA 
pA 

±10.9 V 
88 dB 

104 dB 

±11.8 V 
±10 mA 

6.6 10.5 mA 

. TO-99 

CASE IS CONNECTED TO Vcc 

NC 

'tVee 

OUTPUT 

OFFSET 
TRIM 

DIP 
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MECHANICAL 

"M"PACKAGE 
NOTE: Leads int~e position 
within 0.01" (0.25mm) R at 
MMC at seating plane. 

TO-99 (Hermetic) 
Pin nUl1Jbers shown for refer~ 
enca only. Numbers may not be 
~arked on pa~kage. . 

Pin material and plating com
position conform to Method . 
2003 (solderability) of MIL
STD-883 (except paragraph 3.2). 

, .. 
. :J35 I !II 

.'" .10 
01' al .,., 

0010 on 

.1001a,sIC !o"'ASIC 

.02l.D:M OM 

n • .... 

"P" PACKAGE 
NOTE: Leads in true position 
within 0.01" (0.25mm) R at 
MMC at Seating plane. 

W'· o. • 

. . 'ii~ .F··. 

Plastic DIP 
Pin numbers shown for refer
ence only. Numbers may not be 
marked on package. 

Pin material and plating com
position conform to Method 
2003 (solderability) of MIL
STD-883 (except paragreph 3.2). 

"CHES MIU.lMHER5 
IN MAX MIN MAlI 

7.:17 .. ~ 
.D30 .01'0 D." I." 
.IOO ...... C 2.MBMIC 
.a, 
.* 
.JOG_AS,C 7.UIASIC 
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TYPICAL PERFO.RMANCE CURVES 
TA = +25·C. Vee = ±15VDC unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
TA = +25D C. Vee = ±15VDC unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 
Ta = +25°C. Vee = ±15VDC unless otherwise noted. 

SMALL SIGNAL TRANSIENT RESPONSE 
+80 

:> +40 
.s 
" ~ 
g o 
:5 
c. 
:5 o -40 

0.5 
Time (poec) 

APPLICATIONS INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 
The OPA606 offset voltage is laser-trimmed and will 
require no further trim for most applications. As with 
most amplifiers, externallylrimming the remaining offset 
can change drift performance by about O.5IlV JOC for 
each millivolt of adjusted offset. Note that the trim (Fig
ure I) is similar to operational amplifiers such as LFI56 
and OP-16. The OPA606 can replace most other amplifi
ers by leaving the external null circuit unconnected. 

O+Vcc 

0 
±50mV TYPICAL 

TRIM RANGE 

"10kO TO lMO 
TRIM POTENTIOMETER 

-Vee 0 l100kO RECOMMENDED) 

FIGURE I. Offset Voltage Trim. 

INPUT PROTECTION 

Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
device. In precision operational amplif1ers (both bipolar 
and FET types), this may cause a noticeable degradation 

LARGE SIGNAL TRANSIENT RESPONSE 

+15 

-15 

Time (psec) 

of offset voltage and drift. Static protection is recom
mended when handling any precision IC operational 
amplifier. 

If the input voltage exceeds the amplifier's negative 
supply voltage, input current limiting must be used to 
prevent damage. 

CIRCUIT LAYOUT 

Wide band amplifiers require good circuit layout tech
niques and adequate power supply bypassing. Short, 
direct connections and good high frequency bypass 
capacitors (ceramic or tantalum) will help avoid noise 
pickup or oscillation. 

2kO 0.1% 
+15V 

+5Vjo 2kO 0.1% 

-5V 
5kO 
0.1% 

-15V SUMMING 

NODE 5kO 0.1% 
G =-1 

+15V 

FIGURE 2. Settling Time Test Circuit. 
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GUARDING AND SHIELDING 
As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the OPA606. To avoid leakage 
problems, it is recommended that the signal input lead of 
the OPA606 be wired to a Teflon· standoff. If the 
OPA606 is to be soldered directly into a printed circuit 
board, utmost care must be used in planning the board 
layout. 

A "guard" pattern should completely surround the high 
impedance input leads and should be connected to a low 
impedance point which is at the signal input potential 
(see Figure 3). 

NON·IIIVERTlitG 

IIIVERTIIIG 

OUT. 

DOAnD LAYOUT 
FOR "'PUT GUnROIllG 

Guard lup and bottom 01 board. 
Allernale: u.e Tellon" .landoll 
lor sensitive input pins. 

Teflono!l E. I. Du Pont 
de Nemours & Co. 

BUFFER 

I~ 

TD·90 OOTTOr.' VIEW 

r.u1ll·DlP eDTTOr~ VIEW 

APPUCAT~ONS CIRCU~TS FIGURE 3. Connection of Input Guard. 

IOkn 

+15VDC 

INPUT o-~Ii.knr.,:-' -+-~ 

BANDWIDTH > I MHz 
Ts = l.8psec 10.01%) 
GAIN ~ -IOV/V 

-15VOC 

FIGURE 4. Inverting Amplifier. 

>,'---+-0 OUTPUT 

IMn 

+15VOC 

IIIPUT o------'--=i 

BANDWIDTH> 12MH, 
GAllI ~ +IV/V 
RIN .... 10130 

-15VOC 

FIGURE 5. Noninverting Buffer. 

OUTPUT 
VOLTAGE 

>''--~---<)Eo 

Eo ~ III R ~ IV/"A 

FIGURE 6. Absolute Value Current-to-Voltage Converter .. 

1-141 

>'--_o-0 OUTPUT 



=0.2pF IF NECESSARY TO 

r _____ ..;~ ~ ~R':V':~ :~~~EAKING 
I . I 
I I 
I I 

a METAL.FILM : 150kO 150kO 150kO : 

RESISTORS 

+15V 

OUTPUT 
PIN PHOTODIODE 

~ MOTOROLA 
MRD721 

O.lpF - -15V 

IOkO 
1. CIRCUIT MUST BE WELL SHIELDED. 
2. STRAY CAPACITANCE IS CRITICAL 
3. BANDWIDTH - I MHz. 
4. OUTPUT - 2.2V/mW/cm' 

+15V 

FIGURE 7. High-Speed Pllo.todetector. 

49.90 • 2.49ko 

7.32kO 

C, 
20pF 

10kO 

R, 
~~--~~~~-o--, 

1000 I 
OPTIMIZE RESPONSE LOAD =;= 
FOR PARTICULAR LOAD -:-
CONDITION WITII C, AND R,. 

FIGURE 8. Isolating Load Capacitance from Buffer. 

DIFFERENTIAL GAIN = I + 12 x IOkO)/R. 

r l 
ft. 

10kO 
DIFFERENTIAL DIFFERENTIAL 

[' 
2kO 

lOkO "1 
1. BANDWIDTH - 1.2MHz 
2. DIFFERENTIAL GAIN = 11 
3. DIFFERENTIAL OUTPUT - 5DV p.p 
4. DIFFERENTIAL SLEW Rm - 65V1 pllC 

FIGURE 9. Differential Input/Differential Output 
Amplifier . 

TOTAL MID·BAND GAIN = 40dB 

SEE: ··TOPOLOGY CONSIDERATIONS FOR RIAA 
PHD NO PREAMPLIFIERS··. AES REPRINT #1719. 
OCTOBER 1980. BY WALTER G.JUNG 

10pF 

OUTPUT O.IPFJ 1.05kO 

O.3PF1 1. LOAD RAND C PER CARTRIDGE MANUFACTURER·S RECOMMENDATIONS. 
2. USE METAL FILM RESISTORS AND PLASTIC FILM CAPACITORS. 
3. BYPASS ±Vcc ADEQUATELY. -=-

10kO 
3.74kO 

2000 

FIGURE 10. Low Noise/Low Distortion RIAA Preamplifier. 
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BURR-BROWN® 

1E§i~1 
OPA2111 

Dual Low Noise Precision 
Oife'® OPERATIONAL AMPLIFIER 

FEATURES 
• LOW NOISE: 100% tested: BnV/v'Hz max at 10kHz 
o LOW BIAS CURRENT: 4pA max 
o LOW OFFSET: 500pV max 
o LOW DRIFT: 2.BpV/oC 
o HIGH OPEN LOOP GAIN: 114dB min 
e HIGH COMMON·MODE REJECTION: 96dB min 

DESCRIPTION 
The OPA211l is a high precision monolithic 
Dire'® (dielectrically·isolated FET) operational 
amplifier. Outstanding performance characteristics 
allow its use in the most critical instrumentation 
applications. 

Noise, bias current, voltage offset, drift, open-loop 
gain, common-mode rejection, and power supply 
rejection are superior to BIFET® amplifiers. 

Very-low bias current is obtained, by dielectric isola
tion with on-chip guarding. 
Laser-trimming of thin film resistors gives very-low 
offset and drift. Extremely-low noise is achieved with 
new circuit design techniques (patented). A new cas
code design allows high precision input specifications 
and reduced susceptibility to flicker noise. 

,Standard dual op-amp pin configuration allows 
upgrading of existing designs to higher performance 
levels. 

BIFET8 National Semiconductor Corp., Dire' S Burr·Brown Corp. 

'PATENTED' 

APPLICATIONS 
• PRECISION INSTRUMENTATION 
• DATA ACQUISITION 
• TEST EQUIPMENT 
• PROFESSIONAL AUDIO EQUIPMENT 
• MEDICAL EQUIPMENT 
• DETECTOR ARRAYS 

~----+-----~~--~4 

-Vee 

OPA2l11 SIMPLIFIED CIRCUIT 
(EACH AMPLIFIER) 

International AirportlndUltrlal Park· P.O. Box 11400· Tucson. Arizona 85734 • Tel. (602J 746·1111 . Twx: 91(J.952·1I1I . Cable: BBRCORp· Telex: 66·6491 

PDS·S40A 
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SPECIFICATIONS 
ELECTRICAL 
At V"" = ±15VDC and T. = +25'C unleaa otherwise noted. 

OPA2111AM OPA2111BM OPA2111SM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

NOISE 
Voltage, f. = 10Hz 100'110 tested 40 80 30 80 40 80 nVlVHZ 

1.= 100Hz lOO'!1otested 15 40 11 30 15 40 nVl,fHi 
f. = 1kHz lOO'!1otestad 8 15 7 12 8 15 nVl,fHi 
f.=10kHz 100'110 tested 8 8 8 8 :6 8 nVl,fHi 
fo = 10Hz to 10kHz lOO'!1otested 0.7 1.2 0.6 1.0 0.7 1.2 pV,rms 
f. = O.IHz to 10Hz '" 1.6 3.3 1.2 2.5 1.6 3.3 /lV, pop 

Current, f. = O.IHz to 10Hz '" 15 24 12 19 15 24 fA,pop 
f. = O.IHz thru 20kHz '" 0.8 1.3 0.6 1.0 0.8 1.0 fAl,fHi 

OFFSET VOLTAGEw 

Input Off~t Voltage vc .. = OVDC ±D.l ±D.75 ±a.05 ±D.5 ±a.l ±0:75 mV 
Average Drift TA = TMIN to TMAX ±2 ±6 ±0.5 ±2.8 ±2 ±6 pV/'C 
Match 1 0.5 2 /lVrC 
Supply Rejection 90 110 98 110 90 110 dB 

±3 ±31 ±3 ±18 ±3 ±al pVN 
Channel Separation 100Hz, R. = 2kO 136 136 136 dB 

BIAS CURRENT''' 
Initial Bies Current Vc .. = OVDC ±2 ±8 ±1.2 ±4 ±2 ±8 pA 
Match 1 0.5 1 pA 

OFFSET CURRENT'" ' 
Input Offset Current VOM = OVDC ±1.2 ±6 ±0.6 ±3 ±1.2 ±6 pA 

IMPEDANCE 
Differential 10"111 10"111 10"111 011 pF 
Common-Mode 10"113, 10"113 10"113 011 pF 

VOLTAGE RAilGE 
Common-Mode Input Range ±10 ±11 ±10 ±11 ±10 ±11 V 
Common-Mode Rejection V,.=±10VDC 90 110 98 110,' 90 110 riB 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gain R.~2kO 110 125 114 125 110 125 dB 
Match 3 2 3 dB 

FREQUENCY RESPONSE 

Unity Gain, Small Signal 2 2 2 MHz 
Full Power Response 20V pop, R. = 2kO 16 32 16' 32 16 32 kHz 
Slew Rate Vo=±IOV,R.=2~0 I 2 I 2 I 2 Vlpsec 
Set1ling Time, 0.1'110 Gain = -I, R. = 2kO 6 6 6 psec 

0.01'110 10Vstep 10 10 10 psec 
Overioad Recovery, 

50% Overdrivew Gain=-1 5 5 5 psec 

RATED OUTPUT 

Voltage Output R.=2kO ±11 ±12 ±Il ±12 ±11 ±12 V 
Current Output Vo=±IOVDC ±5 ±IO ±5 ±IO ±5 ±IO mA 
Output Resistance DC, open loop 100 100 100 n 
Load CapaCitance Stability Gain=+1 1000 1000 1000 pF 
Short Circuit C~rrent 10 40 10 40 10 40 mA 

POWER SUPPLY 

Rated Voltage ±15 ±15 ±15 VDC 
Voltage Range, 

Derated Performance ±5 ±16 ±5 ±18 ±5 ±18 VDC 
Current. Quiescent. 10 = OmADC 5 7 5 7 5 7 mA 

TEMPERATURE RANGE 

Specification Ambient temp. -25 +85 -25 +85 -55 +125 ·C 
Operating Ambient temp. -55 +125 -55 +125 -55 +125 ·C 
Storege Ambient temp. -65 +150 -55 • +ISO -55 . +1 SO ·C 
8 Junction-Ambient 200 200 200 'CIW 

NOTES: (I) Sample tested-parameter is guaranteed. (2) Offset voltage, offset current, and bias current are measured with the units fully warmed up. (3) Overload 
recovery is defined es the time required for the output to return from saturation to linear operation following the removal of a SO'llo Input overdrive. 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At Vee = ±15VDC and TA = T MIN to T MAX unless otherwise noted. 

OPA2111AM OPA2111BM OPA2111SM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 

Specification Range Ambient temp. -25 +85 -25 +85 -55 +125 ·C 

INPUT 

OFFSET VOLTAGE'" 
Input Offset Voltage VOM= OVDC ±0.22 ±1.2 ±0.08 ±0.75 ±0.3 ±1.5 mV 

.Average Drift ±2 ±6 ±0.5 ±2.8 ±2 ±6 ,.,VI·C 
Match 1 0.5 2 ,.,VI·C 
Supply Rejection 86 100 90 100 86 100 dB 

±10 ±50 ±10 ±32 ±10 ±50 ,.,VN 

BIAS CURRENT'" 
Initial Bias Current VOM =OVDC ±125 ±lnA ±75 ±500 ±2.0nA ±16.3nA pA 
Match 60 30 lnA pA 

OFFSET;CURRENT'" 
Input Offset Current VOM = OVDC ±75 ±750 ±38 ' ±375 ±1.3nA ±12nA pA 

VOLTAGE RANGE 
Common-Mode Input Range ·±10 ±11 ±10 ±11 ±10 ±11 V 
Common·Mode Rejection V,N= ±10VDC 86 100 90 100 88 100 dB 

OPEN-LOOP GAIN. DC 

Open-Leap Voltage Gain RL;':2kCl 106 120 110 120 106 120 dB 
Match 5 3 5 dB 

RATED OUTPUT 

Voltage Output RL= 2kCl ±10.5 ±11 ±10.5 ±11 ±10.5 ±11 V 
Current Output Vo=±10VDC ±5 ±10 ±5 ±10 ±5 ±10 mA 
Short Circuit Current Vo=OVDC 10 40 10 40 10 40 mA 

POWER SUPPLY 

Current. aui~scent 1o = OmADC 5 8 5 8 5 8 mA 

NOTES: (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up. 

ORDERING INFORMATION 

OPA2111 X M 
Basic model number ____ =r_..J., T 
Performance grade --------'-

A. B = -25°C to +85°C 
S = -55°C to +125°C 

Packagecode--------------------~ 

M = TO-99 metal can 

CONNECTION DIAGRAM 

TOP VIEW +Vee AID CASE 

-Vee 
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ABSOLUTE MAXIMUM RATINGS 
Supply ..... '.' . .. .. .. . .. . .. .. . . .. . .. .. .. .. .. .. . . . ... ±18VDC 
Internal Power Dissipation t1J •••••••••••••••••••••••••• 500mW 
Differential Input Voltage ........................... ±36VDC 
Input Voltage Range (SeeOPAll1) ................. ±18VDC 
Storage Temperature Range ................. -65°C to +150°C 
Operating Temperature Range ............... -55°C to +125°C 
lead Temperature (soldering. 10 seconds) ............. +300° C 
Output Short Circuit Duration l21 ••••••••••••••••••• Continuous 
Junction Temperature ................................ +175°C 

NOTES. 
(1) Packages must be derated based on BJc::; 150°C/W or BJA::; 200°CIW. 
(2) Short circuit may be to power supply common only. Rating applies to 

+25°C ambient. Observe dissipation limit and TJ • 

MECHANICAL "M" PACKAGE TO-99 (Hermetic 
NOTE: Pin numbers shown· for reference 
Leads in true pOSition within ,010" 

only. Numbers may not be marked 
(.25mmR)at MMC at seating plane. 

~ 
on package. 

Pin material and plating composi-
tion conform to Method 2003 (sol-
derability) of MIL-STD-883 (except 

b: -4i paragraph 3.2). 

INCHES MILLIMETERS 
elM MIN MAX MIN MAX 

Plone IIIII~ A 335 ". e" , .. 
B .306 .335 , " 8.51 

---8.-0 0 .165 .e. ." ." 
° .016 .21 .41 . ., 

Nj , ... 040 0" I., 

L 
, .010 .040 0" '0, 

1°]'0 ~, G .200 BASIC 508 8ASIC 

H .02B 03' .11 086 

T + ~ =rJ 
, . 029 04 • .14 11. 

M . , , . K .• 00 .21 

L 11. '00 21' ... 
'r' M 4!oD BASIC 45D BASIC 

N 095 I.' , .. ,01 



TYPICAL PERFORMANCE CURVES 
T. = +25·C, Vee = ±15VDC unless otherwise noted .. 
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TYPICAL PERFORMANCE CURVES [CONT] 
TA = +25'C. Vee = ±15VDC unless otherwise noted. 
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APPLICATIONS INFORMATION! 
OFFSET VOLTAGE ADJUSTMENT 

The OPA2l1l" offset voltage is laser-trimmed and will 
require no further trim for most applications. 

Offset voltage can be trimmed by summing (see Figure I). 
With this trim method there will be no degradation of 
input offset drift. 

>---4~ OUT 

-15V 

±2mV 
OFFSET 

t---~,......--~ TRIM 
1~ 

FIGURE 1. Offset Voltage Trim. 

INPUT PROTECTION 

lon~o 

+15V 

Static damage can cause subtle changes in amplifier input 
characteristics without necessarily destroying the device. In 
precision operational amplifiers (both bipolar and FET 
types), this may cause a noticeable degradation of offset 
voltage and drift. 

Static protection is recommended when handling any pre
cision IC operational amplifier. 

GUARDING AND SHIELDING 

As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickUp in 
input leads. Iflarge feedback resistors are used, they should 
also be shielded along with the external input circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the OPA2l1l. To avoid leakage 
problems, it is recommended that the signal input lead of 
the OP A2111 be wired to a Teflon standoff. lethe OP A2111 
is to be soldered directly into a printed circuit board, 
utmost care must be used in planning the board layout. A 
"guard" pattern should completely surround the high 
impedance input leads and should be connected to a low 
impedance point which is at the signal input potential (see 
Figure 2). 

NOISE: FET VERSUS BIPOLAR 
Low noise circuit design requires careful analysis of all 
noise solirces. External noise sources can dominate in 
many cases, so consider the effect of source resistance on 
overall operational amplifier noise performance. At low 
source impedances,· the low voltage noise of a bipolar 
operational amplifier is superior, but at higher impedances 

NON·INVERTING 

III 

IfIVERTIIIG 

BUFFER 

TO·99 BOTTOM VIEW 

4 

~o 
Ie 70 

OUT 

DOARD LAYOUT 
FOR INPUT GUARDING 

Guard lap and bo"om 01 board. 
Allernale: use Telloo'" slandoll 
for seoslllve lopul pins. 

Teflon@ E. I. Ou Pont de Nemours & Co. 

FIGURE 2. Connection of Input Guard. 

the high current noise of a bipolar amplifier becomes a 
serious liability. Above about 15kO the OPA2111 will have 
lower total noise than an OP-27 (see Figure 3). 

~ 
1000 

~~¥.~+--;;ON 
.~ ~ ~ -. OPA2111 + Resislor ". 
"'~ + Eo ./'C"V 
0;;100 ~ Rs ~~ ~. .. Resistoi'Noise 
'" Q. 

9i~ 
• Only-

"'~ 'S:r: 10 
OP~111 + Re@1!JIP'" 

Eo Je/- + (inRs 2 + 4kTRs 

z, 
Resistor Noise &~ 

l!! 
1~ 

Only BM_ 

g OP-27 + Resistor 

100 1k 10k 100k 1M 

Source Resistance (Rs), 0 

FIGURE 3. Voltage Noise Spectral Density Versus 
Source Resistance. 

BIAS CURRENT CHANGE VERSUS 
COMMON-MODE VOLTAGE 

10M 

The input bias currents of most popular BIFET® opera
tional amplifiers are affected by common-mode voltage 
(Figure 4), Higher input FET gate-to-drain voltage causes 
leakage and ioni2ation (bias) currents to increase. Due to 
its cascode input stage, the extremely-low bias current of 
the OPA2111 is not compromised by common-mode volt
age. 
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80 

70 T. = 25"C; curves laken from t-L~1~~i-lI.I-+I+++-I 
mfg. published typical dala ~ I 

;( 60 

So 50 
E 40 ~ 
" 30 C) .. .. 20 
iii 
:; 
Q. 

10 
S. 0 

-10 

-20 
-10 -5 o +5 +10 

Common-Mode Voltage (VDC) 

FIGURE 4. Input Bias Current Versus Common-Mode 
Voltage. 

APPLICATIONS CIRCUITS 

Figures 5 through 15 are circuit diagrams of various appli
catious for the OPA2111. 

OPERATE 
0-0 o--"<~~ 
II 
ZERO ' ........ 

.... 

IMO 

:>.:. ....... -0 OUT 

" 0 aaln = -100 
Vas S SpV' 

DRIfT s O.028pV/"C 

ZERO DROOP S 'li/Iluc 

REFERRED TO INPUT 

FIGURE 5. Auto-Zero Amplifier. 

111814 

.. 
INPUT Q------t 11814 

FIGURE 7. Low-Droop Positive Peak Detector. 

ID.Skn D.03I'F 

O.OIpF RIGHT 

3650 
3650 IpF OUTPUT 

-= L -IF INPUT 

-=- -=- -=- -= 

ID.5kn O.03I'F 

LEFT 

365n 
3650 IpF OUTPUT 

-= R 
INPUT -1": 

G = 26dB. MIDBAND I· 
-= -=- -=-

FIGURE 6.RIAA Equalized Stereo preamplifier. 

~ 
D.OII'F POlYSTTRENE 

>----+---~ OUTPUT 

DROOP - D.5IaVluc 

• REVERSE POLARITT FOR NEGATIVE 
PEAK DETECTION 
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PIN PIIOTODIODE 
UOT PII-04OA GUARD 

\!\ 
~ , " ~\--r-~.--' 

-. 
'. ,1 ' .. 

OUTPUT 

5 X IO"V/WATT 

CIRCUIT MUST BE 
WELL SHIELDED. 

IN 

B.3MCl 944kCl 

NOTE: LOWER VALUE RESISTORS 
WILL HAVE LOWER THERMAL 
NOISE BUT CAPACITORS 
MUST BE SCALED LARGER. 

B.3MCl 7.BMCl 

Av = 2.6 
10 = 10Hz 
-24dB/OCTAVE 

FIGURE 8. Sensitive Photodiode Amplifier. 
FIGURE 9, 10Hz Fourth-Order Butterworth Low-Pass 

Filter. 

INPUT 

! 

I 
I 

IOkO 

IOkO 

IOkO 

IOkO 

IOkO 

IOkCl 

I to 
I ,.... I 
I I ........ , I 
I I.... -I 
1--------------~1120PA2111 .. >---------------
I I ,:, I 
I I ,~ I 

I I." N=10 I 
5 ea. OPA2111BM 

FIGURE 10. 'N'Stage Parallel-Input Amplifier. 
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SINCE SIGNAL VOLTAGE SUIIS DIRECTLY WITH N 
BUT AMPLIFIER NOISE VOLTAOE SUMS AS VJl. 
SIGNAL· TO·NOISE RATIO IMPROVES BY J[ 

Av = -1010 
eo = 1.gnV/$> TVP' AT 10kHz 
BW = 30kHz TVP 
GBW = 30.3 MHz TVP 
Vos = ±161JV TYP' 
!>Vos/!>T = ±0.161JV/'C TYP' 
I. ,,; 40pA max . 
liN -10"Cl II 3DpF 

'THEORETICAL PERFORMANCE 
ACHIEVABLE FROM OPA2I11BM 
WITH UNCORRELATED RANOOM 
DISTRIBUTION OF PARAMET~RS. 

lDkO 

OUTPUT 

f 



-IN o-----~ 

5kO' 

1010 R. 

5kO 

+IN o------~ 

I. = ±4pA max 
GAIN = 100 
CMRR - 1000B 
BIN = 10130 

r-----:-----------------. 
I I 
I I 

21 25/c0 25/c0 15 

25ko 

25kO 

, 
I 
I , 

>-i-' --<~tJOUTPUT 
18 

I 
I 

DIFFERENTIAL II 
AMPLIFIER __________ J 

DIFFERENTIAL VOLTAGE GAIN = 1 + 2R.tR. 

FIGURE 11. FET Input Instrumentation Amplifier. 

INPUT 

1000 

5.MMo· 5.MMO· 

IOOOpF 

2.67MO· 

500pF 500pF 

• FOR 50Hz USE 3.16MO AND 6.37Mo 

GAIN = 101 

FIGURE 12. High-Impedance 60Hz Reject Filter with Gain. 
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BURR-BROWN® 

IElElI 

FET -Input Electrometer 
OPERATIONAL AMPLIFIER 

FEATURES 
• ULTRA-LOW BIAS CURRENT: o.o75pA max 

• LOW POWER: 1.5mA max 

• LOW OFFSET: 1mV max 

• LOW DRIFT: 15pV/oC max 

• LOW COST 

• REPLACES ANALOG DEVICES Ao515 

DESCRIPTION 
The Burr-BJ"own ADSIS is a monolithic pin-for-pin 
replacement for the hybrid Analog Devices ADSlS 
ultra-low bias current operational amplifier. 

Laser-trimmed offset voltage and very-low bias 
current are important features of this popular 
amplifier. Monolithic construction allows lower cost 
and higher reliability than hybrid designs. 

The ADSlS is available in three electrical grades; all 
are specified over O°C to +70°C and supplied in a 
TO-99 hermetic package. 

APPLICATIONS 

• pH SENSORS 

• INTEGRATORS 

• TEST EQUIPMENT 

• ELECTRO-OPTICS 

• CHARGE AMPLIFIERS 

• GAS DETECTORS 

0il 

Trim Trim 

AD515 

AD515 

7 +Vc:c 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tal. (602) 748-1111 • Twx: 910-952·1111 • Cable: BBRCORp· Telex: 66·6491 . 

PDS-654 
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SPECIFICATIONS 
ELECTRICAL 
At Vee = ±15VDC and TA:;;;: +25°0 unless otherwise noted. Pin 8 connected to.ground. 

AD515J AD515K AD515L I 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX I UNITS 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gsinlll RL~2kn 20k 40k 25k VN 
RL~10kn 40k lOOk SOk VN 

T MIN to T MAX, 

RL~2k 15k 40k 25k VN 

RATED OUTPUT 

Voltage Outpu\: RL ~ 2kn TMIN to TMAX ±10 ±12. · · · · V 
RL ~ 10kn TMIN to TMAX ±12 ±13 · · · · V 

Load CapaCitance Stability Gain=+1 1000 .' · pF 
Short Circuit Current 10 25 SO · · · · · · mA 

FREQUENCY RESPONSE 

Unity Gain, Small Signal 350 · · kHz 
FuJI Power Respons~ 20Vp-p, 

RL~2k 5 16 · · · · kHz 
Slew Rate Vo=±10V, 

RL~2k, 

Gain~-1 0.3 1.0 · · · · VIpS 
Overload Recovery Gain=-1' 16 100 · · · · pS 

INPUT 

OFFSET VOLTAGE'" 
Input Ollset Voltage VCM~OVDC 0.4 3.0 · 1.0 · 1.0 mV 
Average Drift TMIN to TMAX 50 15 25 pVl"C 
Supply Rejection • TMIN to TMA.IC 68 86 ~O 74 dB 

50' 400 100 200. pVN 

BIAS CURRENT'" 
Input Bias Currllnt VCM~OVDC 300 150 . 75 fA 

Either Input 

IMPEDANCE 
Differential 10" 111.6 · · nil pF 
Common-Mode 10" II 0.8 · · ·n II pF 

VOLTAGE RANGE'" 
Differential Input Range ±20 · · V 
Common-Mode Input Range ±10 ±11 · · · · V 
Common-Mode Rejection V'N~±10VDC 66 94 80 70 dB 

NOISE 
Voltage: O.IHz to 10Hz 4.0 · · pVp-p 

lo~ 10Hz 75 · · nVlVHz 
10~I00Hz 55 · · nVlVHz 
10 ~ 1kHz 50 · · nVlVHz 

Current: O.IHz to 10Hz 0.003 · · pAp-p 
10 ~ 10Hz to 10kHz 0.01 · · pArms 

POWER SUPPLY 

Rated Voltage ±15 · · . VDC 
Voltage Range, 

Derated Performance ±5 ±18 .. · · · VDC 
Current. Quiescent 10~OmADC 0.8 I.S · '. · · mA 

TEMPERATURE RANGE 

Specification Range Ambient temp. 0 +70 · · · · "C 
Storage Ambient temp. ..,65 +150 · · · · "C 

• Specification same as AD515J. ". . 

NOTES: (1) With or without nulling 01 Vas. (2) Offset voltage, offset current, and bias current are measured with the units fully warmed up. (3) If it is possible for 
the input voltage to exceed the supply voltage, a series protection resistor should be added to limit input current to O.SmA. The input devices can withstand overload 
currents 01 0.3mA indefinitely without damage. 
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ORDERING INFORMATION 

Basic model number 

'Performance grade 
J, K, L = O·C to +70·C 

Package code 
H= TO~99 metal can 

CONNECTION DIAGRAM 

Top View Guard and Case 

-Vee 

AD515 X H =r T 

ABSOLUTE MAXIMUM RATINGS 

Supply. . . • . . • • . • . . • • . • • • • • • . . . • . • • • • • • • • . . • • • .. ±18VDC 
Inlernal Power Dissipation'" . . . • • • •.• • • • • • • • • • . • . •• 500mW 
Differential Input Voltage'" . .••••••••.•••••••.•.. ±36VDC 
Input Voltage Range'" •.•••••••••••••••••..•.••. ±18VDC 
Storage Temperature Range. • • • . . • • • • • •• -65'C to +150'C 
Operating Temperature Range. • • . • • • . • .• -55'C to +125'C 
Lead Temperature (soldering, 10 seconds) . . . • • • • •• +300'C 
Output Short Circuit Duration'3I •.•.••.•••.••• Continuous 
Junction Temperature. • • . • • • • • • . . . • • • • . • . • • • • • • •• +175'C 

NOTES: . (I) Packages musl be derated based on S", = 150'C/W or SJ. = 
200·C/W. (2) For supply vollages less Ihan ±18VDC Ihe absolute 
maximum input voltage Is equal 10 the supply vollage. (3) Short circuit 
may be to power supply common only. Rating applies to +2S'C ambient. 
Observe dissipation limit and TJ. 

MECHANICAL 

TO-99 (Hermetic) 

O'M M'N M'N MAX 

.336 .310 a.Sl IUO ., .. .335 7·.75 

,liS ,185 ..19 

.011 .021 0 .• ' 0.53 

.010 .... 0.25 

.0,0 ... 0 , 02 

.:ZOO.ASIC 5,08 BASIC 

.l12li .- 071 0.8& 

. 02" .... .... 12.7 

.110 2.7' .. .. 
4SoaA$IC 45° BASIC .... ., .. 2.67 

TYPICAL PERFORMANCE CURVES 
T. = +25'C, Vee = ±15VDC unless otherwise noled. 

i 
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E 
a c 

E 
~ 
" 0 

::! 
iii 

NORMALIZED BIAS CURRENT vs TEMPERATURE 

Ik 

100 

10 

0.1 

0.01 
-SO 

-' 

, 

-25 o +25 +50 +75 +100 +125 

Amblenl Temperature ('C) 

iii" 
:!!!. 
.5 

" <!I 

" '" ~. 
> 

1-155 

OPEN-LOOP FREQUENCY RESPONSE 
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POWER SUPPLY REJECTION vs FREQUENCY 
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APPLICATIONS INFORMATION 
OFFSET VOLTAGE ADJUSTMENT " 

6 

FIGURE 1. Offset Voltage Trim. 

INPUT PROTECTION 
The AD515 requires input protection op.ly if the source is 
not current limited. Limiting input current to O.SmA 
with a series resistor is recommended when input voltage 
exceeds supply voltage. 

Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 

. device. In precision operational amplifiers (both bipolar 
and.FET types), this may cause a noticeable degradation 
of offset voltage and drift. 

Static protection is recommended: whenharidling any 
precision IC operational amplifier. 

GUARDING AND SHIELDING 
, . .'. . 

As in any situation where high impedances are involved, 
careful shielding is required to reduce :hum" pickup in 
input leads. If large feedback resistors are used? they 
should also be shielded along with the external input 
circuitry. 

COMMON-MODE REJECTION vs FREQUENCY 

140 

CD 120 
:!!. 
r: 100 
0 

~ .. 
80 'iii 

0:: .. 
80 " -g 

::;; 
.!: 40 
0 
E 
E 20 0 
(J 

0 
1 10 100 lk 10k lOOk 1M 10M 

Frequency (Hz)' 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the AD515. To avoid leilkage 
problems, it is recommended that the signal input lead of 
the AD5l5 be wired to a Teflon standoff. If the lead is to 
be soldered directly into a printed circuit board, utmost 
care must be used in planning the board layout. 

A "guard" pattern should completely surround the high 
impedance input leads and should be connected to a low 
impedance point which is at the signalinput potential. 
The amplifier case ~hould be connected to any input 
shield or guard via pin 8. This insures that the amplifier 
itself is fully surrounded 'by guard potential, minimizing 
both leakage and noise pickup (see Figure 2). 

Non-Inverting Buffer 

Inverting TO-99 BoHom View 

Board layoullor Input guarding: 
Guard top and bottom 01 board. 
Alternate-use TeflQn i8l standoff for sensitlve"input pins. 

Teflon. E. I .. Ou Pont de Nemours & Co. 

FIGURE 2. Connection of Input Guard. 
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BURR-BROWN® 

IElElI 3329/03 

. NOT RECOMMENDED 
FOR NEW DESIGNS 

HYBRID Ie POWER BOOSTER 

FEATURES 
• ±100mA OUTPUT 
• SHORT CIRCUIT PROTECTED 

• NO HEAT SINK REQUIRED 

• DUAL·IN-LiNE PACKAGE 

DESCRIPTION 
The Model 3329/03 is a power booster amplifier 
designed for use in cascade with IC or discrete 
component operational· amplifiers inside the 
feedback loop. Current output of up to ±IOOmA at 
±IOVDC is proVided without the need for a heat 
sink. The unit is short circuit protected over the full 
temperature range or -40°C to +SSoC. Output current 
is limited to ±ISmA by· internal circuitry. No 
external components are required. The high full 
power frequency (lMHz) and slJlall signal 
bandwidth of SMHz insure that the unit will not 
degrade the frequency response of the operational 
amplifier used. 
The class B output stage provides high output 
current with a minimum of quiescent power supply 
drain .. The low open loop output impedance (100) 
insures stable operation with large capacitive loads, 
and virtually eliminates the closed loop gain loading 
effect of low impedance loads such as SOO 
terminated lines. --Because of the 10kO input 
impedance of the booster, the currentoutput require
ments of the operational amplifier are minimal. 

International Airport Induslrlal Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (602/746·1111· Twx: 910-952·1111 • Cable: BBRCORP· Telex: 66·6491 

PDS·225E 
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MECHANICAL SPECIFICATIONS 
nim.:nsions in millimdtrs are shown in parentheses. . 

PHYSICAL DIMENSIONS 

DIMPLE OVER 
~O. 1 PIN POSITION 

.IS"'YP·(]C 1 ' .. ' 

:11-.02 typo 
(.S I), 

Weight: 0.12 Oz. (3.40 grams) max. 
Material: Black Epoxy 
Pins: Tin plated nickel 
Connector: Fits any commercial 

dual-in-line connector 

CONNECTION DIAGRAM 

'(BOTTOM VIEW) 

V+ yI4"t-t 
-4---i--+ 

, I I 

+-+-+ 
1 I I 

t-+-+ 
I I I 

Output ·010+ s-()... Input 
I I T 
+-+-f-
, 1 I 
-r--+7-O- V-

I <to L _ .300" 
(7.62) 

Pin Spacing 0.1" 
(2.5mm) 

APPLICATIONS INFORMATION 
Power SupplV R.equirements 
The Model 3329/03 is designed to operate over a powet sup· 
ply range cif ± 12 VDC to ± 18 VDC. Output voltage swing is 
guaranteed to be in excess of ± 10 volts at full load. when op
erating on supplies of ± 15 VDC. For other values of supply 
voltage, the output swing varies'in,proportion. 

Gain and Stability 

The voltage gain of the 3329/03 is approximately 1.0. The 
accuracy of this gain is relatively unimportant, since the boo
ster is used inside the feedback loop of an operational ampli
fier. The booster by itself is compietely stable under all 
conditions of capacitive loading. Because of it's very low 
output impedance. the 3329/03 t~nds to isolate the associ
ated operational amplifier from the effects of capacitive load. 

The input impedance of the booster is approximately equal 
to 100 x (load impedance). Thus, for a 100 olu)1load, the 
input impedance is approximately 10k ohnis. The effective 
output impedance of the booster is approximately equal to 
the output impedance of the operational amplifier, divided 
by 100. 

For most general purpose operational amplifiers the dynamic 
output impedance is on tlie order of I kn. When a low im-

pedance load (e.g. SOn) is being driven. a severe loading 
effect occurs which greatly reduces the effective open loop 
gain and bandwidth. Effectively. the unloaded gain and 
bandwidth of the operational amplifier'would be multipled 
by the loading factor~ "" .05. if the load is son. ' 

, '1050 ' 

When'the 3329/03 booster is used. however. the effective, 
open loop output impedance is Ion. The loading factor now 

is~g = .866. and the gain and bandwidth are reduced only 

slightly by this loading. 

Input and Output Protection 

The output stage of the 3329/03 is current limited to insure 
survival of the booster if the output ,is shunted to ground. 
The unit is safe even under continuous, short circuit at +8SoC. 
No heat sink is required. 

The input circuitry will withstand overvoltage up to the value 
of supply voltage. 

Temperatura Range 

The 3329/03 will operate over the-400 C to +8SoC temper
ature range. Storage temperature range may vary from -550 C 
to +1000 C. 

3329/03 POWER BOOSTER SPECIFICATIONS 

Rated Full Power '-3dB Input Signal Input Input Output Powe~ Supplv Requireme~ts Output Response Response Range Offset Voltage Impedance Impedance 

Vo 10 
Volts mA kill. Mfll. Volts mVolts Nom. Rated Range Quies. Current 
(min) (min) (min) (min) (min) (max)' k!l (typ.) on (typ.) Volts Volts mA (max) 

! 10' f.IOO iooo 5 ± 10 ±SO 10 10 ±IS 
± 12 

± I 5 to ±IS 
-
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BURR-BROWN® 

I EElEi I 
For a /8838 version of this 
product, see 3500/8838 in 
the Military Products section. 

3500 SERIES 

NOT RECOMMENDED FOR 
NEW DESIGNS 

low Bias Current 
OPERATIONAL AMPLIFIERS 

FEATURES 

o LOW BIAS CURRENT. ±15nA, max 
<) LOW DRIFT, ±IJl\l/oC. max 
o LOW NOISE. 1.4JlV. POp 
• WIDE SUPPLY RANGE, ±3VOC to ±20VOC 
• INTERNAL COMPENSATION 
o REPLACES 741 TYPE AMPLIFIERS 

DESCRIPTION 
The 3500 IC op amps are designed for low input 
current while maintaining slew rate and bandwidth 
adequate forinost applications. The low input bi&s 
current is achieved by a unique bias current cancelling 
circuit. This method insures that the bias 'current 
rema·ins low over the full temperature and common
mode voltage ranges. The same circuitry gives the am~ 
plifier high impedance, both differential and common
mode. The amplifier maintains internal current levels 
essentially constant over the full range of power 
supply voltages. Thus the offset voltage and drift 
remain low for all combinations of supply voltage. 
Both military and industrial temperature range ver
sions iHe ·offered. Drift selected. units are offered at 
±l, ±3, ±5, ±1O, and ±20I'V/"C, max. The 3500 is 
also a low noise Ie op iurtp, as illustrated by the 

APPLICATIONS 

• GENERAL PURPOSE AMPLIFIER 
o AtJALOG COMPUTATION 
o PRECISION BUFFER 
o LOW DRIFT INTEGRATOR 
o BRIDGE AMPLIFIER 
o STABLE REFERENCE CIRCUITS 

typical performance curves. Both current and voltage 
noise are low, including the low frequency "flicker" 
and "popcorn" noise which usually prevent the use of 
IC op amps for low-level signal processing. 
The 3500 is internally compensated for unconditional 
stability for all feedback configurations, even with 
capacitive loads. The slew rate is independent of 
supply voltage level. The input stage of the 3500 
series exhibits no latch-up when the common-mode 
voltage range is exceeded. The input impedance 
remains high with differential inputs as high as ±30 
volts, thus the amplifier can be used as a sensitive 
comparator. The output stage is internally current
limited to provide protection against continuous 
short circuits. The 3500 is interchangeable with 741 
type amplifiers but gives greatly improved performance. 

Internatllinal Alrportlnduslrlal Park· P.O. Box 11400 - Tucson. Arizona B5734 - Tel. 16021 746·1111 • Twx: 910-952-1111 - Cable: BBRCoRP - Telex: 66-6491 
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SPECIFICATIONS 
ELECTRICAL 
Typical at TA = +2SoC and ±Vee = ISVDC unless otherwise noted. 

MODEL 3500 SERIES 
3500A 3500B 3500c 
3500R 3500S 3500T 3500E 

OPEN-LOOP G,tIIN,DC, no load, min 93dB 
, 

l00dS" 

RATED OUTPUT 
Voltage, min ±10V 
Current, min ±IOmA 
Output Impedance 2kn Ikn 

FREQUENCY, RESPONSE 
Unity Gain, Small Signal I.SMHz 
Full Power Sine Wave, min 10kHz 12kHz 1SkHz 12kHz 
Slew Aate, min 0.6V/~sec 0.8V1~ec 1.0Vl~sec 0.8V/~sec 

INPUT OFFSET VOLTAGE 
Initial Offset at 2SoC, max ±5mV ±2mV '±lmV±SOO~V ±SOO~V 

A;'g. vs Temp.I-2SoC to +~CI max ±20~VloC IAI ±S~VfOC IBI ±3~VloC ICI +1~VfOC 

I-SSoC to +12soCI max ±20~VfOC IAI ±IOI'VfOC IS) ±5~VfOC (TJ --
vs Supply Voltage ±40~VN 
vsTime ±2l'Vlday , ±5I'Vlmo 

INPUT BIAS CURRENT 
At 2SoC leither inpull, max ±30nA ±20nA ±ISnA ±SOnA 
Avg. vs Temp. 1-2SoC to +8SOCI niax ±1.OnAfOC IAI ±O.SnAfOC IBI ±0.3nAfOC ICI ±O.SnAfOC 

I-5SoC to +1 2SOC I max ±1.SnAfOC IAI ±1.0nAloC 151 ±O.SnAfOC (TJ --
vs Supply Voltage ±O.2nAIV 

, 

INPUT DIFFERENCE CURRENT 
At2S0C' ±ISnA ±IOnA ±7nA ±3OnA, max 
Avg. vs Temp. 1-2SoC to +8SOCI ±O.SnAfOC IAI ±O.2nAfOC IBI ±O.lnAfOC ICI ±O.3nAfOC, max 

' 'I-SSoC to +I2soCI ±O.7nAfOC IAI ±O.snAt°C 151 '±0.2nA/oC ITI -
vs Supply Voltage ±O.InAN 

INPUT IMPEDANCE 
Differential l07nll3pF 
Common Mode Sxl09nll3pF " , 

INPUT NOISE 
Voltage, 0.01 Hz to 10Hz, pop 2,Ol'V 

, , 
10Hz to 10kHz, rms 1.41'V' 

Current, 0.01 Hz, pop 200pA 
10Hz to 10kHz, rms 35pA . 

INPUT VOLTAGE RANGE 
Common-mode Voltage, min ±11V 
Common-mode Aejection at ±10V lOOdB 

, 

Maximum Sale Input Voltage'" ±Vee 

POWER 'SUPPLY 
Voltage, rated specification ±ISV 

, 

Operating Aange ±3Vto ±20V 
, 

Current. quiescent, ".ax ±3.SmA 

TEMPERATURE 
Operating, Aated Sp&cs A, B, C -2SoC to +85°C 

, 

A,S,T -5SoC 10 +12SoC 
, --

Storage' -65°C 10 +IS00C 

'Specifications the saine as the 3S00A or 3S00R. 
·'Typlcai. 

.. '" signal voltage 'is applied to the input In the 
absence of power supply voltage, series resistance 
should be used to limit input current to 2OmA. 

ABSOLUTE MAXIMUM RATINGS 
Supply _______________________ ±20VDC 

Internal Power Dissipation(1) SOOmW 
Differential Input Voltage(2) +40VDC 
Input Voltage Aange(21 +20VDC 
Storage Temperature Aange -6S" C to +1SO" C 
Operating Temperature Aange -SS"C to +12S"C 
Lead Temperature ,Soldering, 10 seconds, +300"C 
Output Short Circuit Ouration(3) Continuous 
Junction Temperature +1500 C 

NOTES: 
1. Package must be derated based on: OJe = 4SoCIW'or 8JA = IS00CIW. 
2. For supply voltages less than ±20VDC the absolute maximum inpul voltage is equal 10 the supply voltage. ' 
3. Short circuit may be to power supply common only. Aating applieMo +BSoC ambient. 
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MECHANICAL 

TO-99 

rr:=1 
L- 11 • 1 ; 

C-rlrl!1 FJ 1 
IIIII 1 Seating 

Plane --11--0 
Order Number: 

3S00A 
3S00B 
3S00C 
3S00A 
3S00S 
3S00T 

Lm- 3500E 

i 
,0.' ~1\\ N } T ' .. +,o'JJ t M .-:;/ 

¥J Weight: 1.0 grams 

INCHES MILLIMETERS 
DIM MIN MAX M)N MAX 

A .335 .370 8.51 9.40 

• .305 .335 7.75 8.51 

c .165 .185 4,19 4.70 

0 .016 .021 0.41 0.53 

E .010 ,040 0.25 1.02 F .010 .040 0.25 1.02 

G .2DO BASIC 5.08 BASIC 

H .028 .034 0.71 0.86 J .029 .045 0.14 -1.14 

K .500 -- 12.7 --L .110 ,160 2.19 4.06 

'M 450 BASIC 45° BASIC 

N .09' .106 2.41 2.67 

PIN CONI:,I(aURA.TION 

NC' 

-Vcc, CASE , 

-No Internal Connection 



BURR-BROWN® 

IElElI 

Fast-Slewing 
OPERATIONAL AMPLIFIER 

FEATURES 

• 120V/J.lsec SLEW RATE 
• 20MHz GAIN-BANDWIDTH PRODUCT 

• INTERCHANGEABLE WITH 741 TYPES 

DESCRIPTION 
Burr-Brown model 3507J is intended for use in 
circuits requiring fast transient response-pulse am
plifiers, D I A converters, comparators, fast followers, 
etc. Key parameters such as slew rate, settling time 
and bandwidth are orders of magnitude better than 
for moSt other lC op amps. 

The 3507 J is compensated to allow faster slewing and 
greater bandwidth for gains of 3 or more. For gains 
greater than 3, the gain -rolloff is 6dBI octave. By use 
of a single external20pF compensation capacitor the 
3S07J can be staliilized at all gains including unity. In 
addition, by use of an alternate compensation 
technique, it is possible to stabilize the 3507 J at unity 
gain without sacrificing its faster slew rate. 

The 3S07J is pin-compatible with other standard IC 
op amps while offering greater speed .and higher 
output current. It also is input- and output-protected 
to prevent damage if the output is shorted to 
common, or the input is shorted to supply voltage. 

3507J 

International Airport Industrial Pari< • P.O. Box 11400 • Tucson. Arizona 85734 • Tel. (602) 746·1111 • Twx: 911).952·1111 • Cable: BBRCDRP • Telex: 66·6491 
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SPECIFICATIONS 

ELECTRICAL 
Typical at ±15VQC and +25°C unless otherwise noted. 

MODEL 3507J 

TYPICAL GUARANTEED 

OPEN-LOOP GAIN, DC 
No Load SOdB 
2kOLoad B3dB 77dB 

RATED OUTPUT 

Voltage (lkO (oadl ±12V ±10V 
Current +2OmA +10mA 

DYNAMIC RESPONSE 

Small Signal Bandwidth (OdB) -
Gain-Bandwidth Product (ACL = 10) 20MHz 
Full Power Bandwidth 1.6MHz 1.2MHz 
Slew Rate 120V/~sec 6OV/~sei; 
SeHlIng Time (0.1%) 200nsec 
Rise Time' (10-90%, small sign~J) 25nsec SOnsee 
Overshoot - -
INPUT OFFSET VOLTAGE 

Initial (without adjust) at +25°C ±5mV ±10mV 
Over Temperature ±14mV 
(avg. ooC to +700C) ±30~VfOC 
vs Supply Voltage ±30~VN 2OO~VN 

vsTime ±50~V/mo 

. INPUT BIAS CURRENT 

Initial at +25°C +SOnA +250nA 
Over Temperature +500nA 
(avg. ooC to +700 C) ±O.5nAfOC 

INPUT DIFFERENCE CURRENT 

Initial at +25°C ±20nA ±SOnA 
Over Temperature ±l00nA 
(avg. OOC to +700 C) +0.1 nAloe 

INPUT IMPEDANCE 

Differential l00MO 113pF 40MO 
Common-Mode 1 OOOM!l. II 3pF 

INPUT VOLTAGE RANGE 

Common-Mode (linear operation) ±12V ±10V 
Differential (between inputs) ±15V 
Absolute Max (either input) ±Supply 
Common-Mode Rejection 90dB 74dB 

POWER SUPPLY 

Rated Voltage ±15VDC 
Voltage Range, derated ±8Vto ±20V 
Current, quiecscent ±4mA ±6mA 

TEMPERATURE RANGE 

Speciflcetions OOCto +70oC 
Operating -25°C to +85°C 
Siorage . -ll5°C to +150oC 
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MECHANICAL 

TO-99 PACKAGE 

NOTE: 
Leads in true position within 0.10" 
10.25mm) R at MMC at seating plane. 

Pin numbers shown for reference only. 
Nuinbers may not be marked on package . 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .335 .370 8.51 9.40 

B .305 .335 7.75 8.51 

C ,165 .185 4.19 4.10 

0 .016 .021 0.41 0.53 

.010 .040 0.25 1.02 

.010 .040 0.25 1.02 

G .200 BASIC 5.08 BASIC 

H .028 .034 0.71. 0.86 

.02" .04" 0.74 1,14 

K .500 12.7 

·L .110 .160 2.79 '.06 
M 45° BASIC 450 BASIC 

.oss .105 2.41 2.67 

CONNECTION DIAGRAM 

BANDWIDTH CONTROL 

-Vee 

ITOPVIEW) 



BURR-BROWN;® 

IE3I~1 

. WadebanlO1 
OPERAT~ONAl AMPl~f~[E1R1 

fEATURES 
o I DOmHz GAIN BANDWIDTH PRODUCT 

o 5nA INPUT BIAS CURENT 

o I03dB OPEM·LOOP GAIrJ 

DeSCIFU P1f'~OU\Jl 
Burr-Brown model 3508J is a wideband operational 
amplifier intended for use in circuits requiring 
extended bandwidth and high gain. Typical examples 
of applications are: RF signal amplifiers, fast 
recovery voltage references, high speed integrators, 
high frequency active filters, and photodiode am-
plifiers. . 

Model 3508J is internally compensated for stability 
at gains greater than five and thus has a high gain
bandwidth product and fast slew rate. The 3508J 
can be externally compensated by use of a single 
capacitor, and can thus be stabilized at any value of 
gain. By use of an alternate compensation scheme 
the 3508J can be stabilized at unity gain without 
sacrificing slew rate. 

In addition to its wide bandwidth and high gain the 
amplifier has a number of other significant ad· 
vantages over other Ie op amps; low bias current, 
high output current, and high common-mode reo 
jection. Inputs are protected against voltages up to 
the value of the power supplies. The output is 
current-limited to provide short-circuit protection. 

3508J 

International Airport Induslrlal Park· P.O. 80x 11400· Tucson. Arizona 85734 • Tel. 1602) 746·1111 • Twx: 91()'952·1I11 . Cable: 88RCORP . Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
Typical al ±15V and +25'C unless olherwise nOled. 

MODEL 3S0aJ 

TYPICAL GUARANTEED 

OPEN-LOOP GAIN, DC 
No Load 106dB 
2kO Load 103dB 98dB 

RATED OUTPUT 
Vollage ±12V ±10V 
Current ±18mA ±10mA 

DYNAMIC RESPONSE 
Gain-Bandwidlh Produci (ACL = 10) 100MHz 
Full Power Bandwidlh 800kHz 320kHz 
Slew Rale 3SVlpsec 20Vlpsec 
Rise Time (10-90%, small signal) 17nsee 45nsec 

INPUT OFFSET VOLTAGE 
Inilial (wilhouladJusl) al +25'C ±3mV ±5mV 
Over Temperature ±7mV 
(avg. O'C 10 +70'C) ±30/IV/'C 
vs Supply Voltage ±30/lVN ±200/lVN 
vsTime ±50/lVlmo 

INPUT BIAS CURREI!IT 
Initial al +25'C ±15nA ±25nA 
Over Temperalure ±40nA 
(8vg. O'C 10 +70'C) ±O.5nA/'C 

INPUT DIFFERENCE CURRENT 
Inilial al +25'C ±5nA ±25nA 
Over Temperature ±40nA 
(avg. O'C 10 +7Q'C) ±0.2nA/'C 

INPUT IMPEDANCE 
Differential 300MO 113pF 40MO 
Common-Mode 1000MO 113pF 

INPUT VOLTAGE RANGE 
Common-Mode (linear operation) ±13V ±11V 
Differential-Mode (between inpuls) ±12V 
Absolule Max (eilher inpul) ±Supply 
Common-Mode Rejection 100dB 74dB 

POWER SUPPLY 
Raled Volta.ge ±15VDC 
Vollage Range, deraled ±8V10 ±22V 
Current, quiescent ±3mA ±4mA 

TEMPERATURE RANGE 
Specificallon O'C10 +70'C 
Operaling -25'C 10 +85'C . 
Siorage -65'C 10 +150'C 
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MECHANICAL 

.. TO-99 PACKAGE 

NOTE: 
Leads In Irue posllion within 0.10· 
(0.25mml R al MMC al sealing plane. 

Pin numbers shown for reference only. 
Numbers may nol be marked on package. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .336 .370 8.151 1.40 

.• 00 .3315 7.75 8.151 

C ,11& .1815 4.19 4.70 

0 ,Q18 .021 0.41 0. •• 

E .010 .040 0.2. '.02 
F ,010 .040 0.25 '.02 
G .2008ASIC 15.08 BASIC 

H .028 .... 0.71 0 .... .... .... 0.74 1.'4 .- 12.7 

.1'0 .'5O 2.79 .... 
M 45° BASIC 46° BASIC 

N .... . , .. 2.41 2.87 

CONNECTION DIAGRAM 

BANDWIDTH CONTROL 

-Vee 

(TOP VIEW) 



BURR-BROWN@ 

IElElI 
For a 18838 version of this 
product, see 3510/8838 in 
the Military Products section. 

3510 

NOT RECOMMENDED 
FOR NEW DESIGNS 

Very-low Drift - Precision 
OPERATIONAL AMPLIFIER 

FEATURES 
o VERHoW DRIFT - ±O.5I1V 1°C max 

• VERHoW OFFSET - ±601lV max 

• LOW BIAS CURRENT - ±15nA max 

o HIGH OPEN-LOOP GAIN - 120dB min 

o HIGH CMR - II odB min 

• VERY-LOW THERMAL FEEDBACK - ±o.lI1V/V 

DESCRIPTION 
High overall accuracy is offered by Burr-Brown's 
3510 Operational Amplifier. It's designed expressly 
for use in high gain analog circuits where very-low 
drift and high accuracy are essential requirements. 

This precision instrumentation grade op amp 
provides an economical method to maintain high 

circuit accuracy and reliability over temperature 
ranges from -25De to +ssDe, surpassing competitive 
units rated for only ODe to +70De. 

Additional performance features of the 35 I 0 include 
high open-loop gain, extremely-low initial offset 
voltage, high eMR, very-low thermal feedback, low 
input bias current and very-low voltage drift vs 
temperature. 

Burr-Brown's rigid control of monolithic processing 
and its rigid quality control standards result in very
low voltage and current noise in the 3510. It's 
specifically designed for use in low level analog signal 
processing. Performance specifications are met 
exactly by precision trimming at the wafer level with 
complete testing before shipment. Performance of 
the 3510 significantly exceeds that of Burr-Brown's 
popular 3500 op amp. 

Inlernational Airport Induslrial Park· P.O. Box 11400 • Tucson. Arizona 85734 • Tai. (602) 746·1111 • Twx: 910.952·1.111 . Cable: BBRCORP • Telex: 66·6491 
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ELECTRICAL SPECIFICATIONS 
Specifications at TA = 25°C and ±15VDC, unless otherwise nOled. Standard specifications after warm-up. 

35 lOAM. 

MODELS Min Typ 

OPEN lOOP GAIN, DC 
2kO Load 120 

RATED OUTPUT 
Voltage ±IO 
Current ±IO 
Output Resistance 300 
Load Capacitance 1000 

FREQUENCY RESPONSE 
Unity Gain. Open Loop. Small Signal Cr = 4700pF 0.4 

Closed-Loop Gain, Cr = D. Stable Operation ;;'10 
Full Power Response, C, = D, An = 10 7 12 
Slew Rate, €c = D, ACL = 10 O.S 0.8 

INPUT OFFSET VOLTAGE 
Initial Offset, 25°C 
vs Temp!!1 - unllulled VOl 
\'5 Templll - nulled Vos 
vsTime 0.2 

Power Supply Rejection 110 130 
Thermal Feedback, RL = 2kO, f = 1Hz ±O.I 

INPUT BIAS CURRENT 

Initial Bias. 25°C 
vs Tempol 
vs Supply Voltage ±O.I 

INPUT DIFFERENCE CURRENT 
Initial Difference. 25°C 
vs TemplL! 
vs Supply Voltage ±IO 

INPUT IMPEDANCE 
Differential I II 3 
Common-mode- 10 II 3 

INPUT NOISE. 
Voltage, O.IHz to ,10Hz' 0.8 

f,= 10Hz 14 
f, = 100Hz - 12 
f,= 1kHz 12 

Current, 0.1 Hz to 10Hz SO 
f,= 10Hz 0.8 
f; = 100Hz 0.46 
f, = 1kHz 0.35 

INPUT VOLTAGE RANGE 
Common-mode Voltage Range, linear operation ±dV,J-3} 
Common-.mode Rejection at ±IOV 110 
Maximum Safe Input Voltage ±V" 

POWER SUPPLY 
Rated Voltage ±IS 
Voltage Range, derated performance ±l 
Quiescent Curr~nt ±2.S 

TEMPEI'IATURE RANGE 
Specification, (A, B, C) -2S 

, (S) 
Operating, derated performance ·55 
Storage -65 
6 junction-case 40 
o junction-ambient 190 

·Specification limits, same as 3510A 
(I) Temperature coefficient specifications: ·2-S"C to +85"C for AM, 8M. eM 

-SS"C to +12S"C for SM 

Max 

ISO 
2.0 
2.5 

±3S 
±0.6 

±20 
±O.4 

±20 
±l.S 

+8S 

+125 
+150 
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3SIOBM/3SIOSM 

Min Typ Max 

· 
· · · · 

· · · .. 
· · 

120 
1.0 
1.4 · · · · , 

±2S 
±0.4 · 
±IS 

±O.2S · 
· · 
· · · · · · · , 

· 
· · -· 

· · · · · 
· · -SS +125 

· · · · · · 

3SIOCM 

Min Typ 

· 
· · · · 

· .. 
· · · · 

· · · · 

· 

· 
· · 
· · ... 
· · • · · 

· · · 
· · · 

· 
· · · · 

Max UNITS 

dB 

V 
rnA 
0 
pF 

MHz 
V/V 
kHz 

Vll'scc 

60 ,..V 
O.S ,..V/'C 
0.7 ,..V/,C 

,..V/mo 
dB 

,..V/V 

±IS nA 
±O.2S nA/,C 

nA/V 

±IO nA 
.±O.IS nA/,C 

pA/V 

MO II pF 
GO II pF 

,..V, pop 

nV/Jiii 
nV/Jiii 
nV/Jiii 
pA,p-p 
pAIJiii 
pAIJiii 
pA/v'Hz 

V 
dB 
V 

VDC · VDC 

· . rnA 

· 'C 
'c 

· · 'C· 
'C/W 
'C/W 



3521 SERIES 
3522 SERIES 

NOT RECOMMENDED 
FOR NEW DESIGNS 

Ultra-low Drift - FET Input 
OPERATIONAL AMPl~FIEIRS 

FEATURES 
• ULTRA-LOW DRIFT. II'V/oC max 
• LOW INITIAL OFFSET VOLTAGE. 2501'V. max 
• LOW BIAS CURRENT. IpA. max 
o LOW NOISE 

o HIIlH COMMON-MODE REJECTION. 90dB. Iyp 
II WIDE POWER SUPPLY RANGE. ±5VDC 10 ±20VDC 

DESCRIPTION 
With input offset voltage drifts as low as II'V JOC, the 
Burr-Brown 35211C Operational Amplifier provides 
FET input performance combined with drift equal to 
the best bipolar IC's (e.g., BB3500E). The specfacular , 
performance is achieved through truly state-of-the
art hybrid design and manufacturing, including 
monolithic FET pairs and active laser-trimming. 

The 3521 and 3522 have an exceptionally fast 
thermal response. This fast warm-up is' achieved 
without any heat-sinking. 

While low drift and FET input impedance are the 
outstanding features of the 3521 and 3522 other 
specifications have not been compromised. They are 
internally compensated for unity-gain configuration 
and the initial voltage offset is guaranteed less than 
2501' V so for most applications the 3521 is ready to 
"plug-in. and go." Like other low drift Ie's from 
Burr-Brown the 3521 and 3522 have ample speed and 
bandwidth for most any application. (Slew rate = 
0.6 V /I'sec). The high common-mode rejection ratio 
(90dB, typ.) enables them to be used as a 0.01% 
accurate buffer with low drift and extremely-high 
input impedance. The 3521/3522 also have very-low 
input noise to complement the low drift. The output 
is current limited to provide protection for contin
uous output shorts to common. . 

The 3521/3522 are pin-compatible with 741-type 
amplifiers, but provide FET input performance 
with ultra-low drift while exceeding all other spe
cifications for general purpose operational amplifiers 
of the 741-type. BUi r-Brown tests and guarantees all 
units to meet all maxi min specifications. 

+VCC 

OUTPUT 

Inlernational Airport Industrial Park· P.O. Box 11400 . Tucson. Arizona 85734 . Tel. (6021 746·1111 . Twx: 910·952·1111 . Cable: 88RCORP . Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +25°C and ±15VDC power supply unless otherwise noted. 

MODELS 

OPEN-LOOP GAIN, DC 
Rated Load, min 

RATED OUTPUT 

Voltage. min 
Current. min 
Output Impedance 

FREQUENCY RESPONSE 

Unity Gain. Open-Loop 
Full Power Response, min 
Slew Rate, min 

INPUT OFFSET VOLTAGE 

Initial Offset. 25°C. max 
vs Temp (OOC to +700 C I. "max 
vs Temp (-25°C to +85°CI 
vs Supply Voltage 
vs Time 

INPUT BIAS CURRENT 

Initial Bias, 25°C. max 
(doubles every +IOOC) 
vs Supply Voltage 

INPUT DIFFERENCE CURRENT 

Initial dillerence. 25°C 

INPUT IMPEDANCE 

Differential 
Common·mode 

INPUT NOISE 

Voltage. 0.01 Hz -10Hz. Pop 
VoHage.l0Hz-lkHz. rms 
Current. O.OIHz -10Hz. pop 
Current.l0Hz -1kHz. rrns 

INPUT VOLTAGE RANGE 

Common-mode Voltage 
Common·mode Rejection 
Max. Sale Input Voltage 

POWER SUPPLY 

Rated Voltage 
Voltage Range. derated 
Current,.quiescent 

TEMPERATURE RANGE 

Specification 
Operating 
Storage 

'Specification same as for 3521 H. 
"-55°C to +125°C for 3521 R. 

3521H 3521J 

94dB 

+10V 
±10mA 
lOOn 

1.5MHz 
10kHz 

0.6V1~sec 

±500/lV 250~V 

±10I'VI"C' ±5I'VloC 
±151'VfOC ±8p.VloC 
±25p.V/v 
5/lVimo 

-20pA 

lpA/V 

±2pA 

1011n 
1012fi 

4"V 
2"V 

0.3pA 
0.6pA " 

±10V 
90dB 

±Supply 

±15VDC 
±5to ±20VDC 

±4mA 

~rc to +700 C J 
25°C to +85°C 

fSoc to +15005 

3521K 

, 

250/lV 
2/lVfOC 

.±4/lV/oC 

-15pA 

.' 

, 
, 
, 
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MECHANICAL 

(T0-99 PACKAGE 1 

3521L 3521R F~~ L-=:J • 
~ ,~ 

, 

, 

~rl!I!1 FJ 1 
s",,", IIIII 1 
p~n. ---I-- 0 

250/lV 250~V 

±1/lVI"C ±5p.VloC 
±2p.V/oC ±2~VI"C 

L~ • ~~. N ~ -;r ... + ,.'l. T " ~ 

~J 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

-10pA 
A .335 .370 8.51 9.40 

e .305 .335 7.75 8.51 

, C .165 .185 4.19 4.70 

0 .016 .021 0.41 0.53-

E .010 ,040 0.25 1.02 

F .010 .040 0.25 1.02 

G .200 BASIC 5.08 BASIC 

H .028 .034 0.71 0.86 

J .029 ,045 0.74 1.14 

K .500 _. 12.7 _. 
L .110 .160 2.79 '.06 
M 45° BASIC 45° BASIC 

N .095 .105 2.41 2.67 

CONNECTION DIAGRAM 

, 

\TOPVIEWI 

TAB 

-55°C to +125°C 
-55°C to +125°C . 

-Vee 



ELECTRICAL (CO NT) 
Typical at +25°C and ±15VDC power supply unless otherwise noted. 

MODELS 

OPEN-LOOP GAIN, DC 

Rated Load, min 

RATED OUTPUT 

Voltage, min 
Current, min 
Output Impedance 

FREQUENCY RESPONSE 

Unity Gain. Open-loop 
Full Power Response. min 
Slew Rate, min 

INPUT OFFSET VOLTAGE 

Initial Offset. 25DC, max 
vs Temp (OOe to +70°C), max 

(-55°C to +12soCI, max 
vs Supply Voltage 
vsTime 

INPUT BIAS CURRENT"" 

Input Bias, 25°C, max 
(doubles every +10oCI 
vs Supply Voltage 

INPUT DIFFERENCE CURRENT 

Initial Difference. +2SoC 

INPUT IMPEDANCE 

Differential 
Common-mode 

INPUT NOISE 

Voltage. O.OIHz to 10Hz. Pop 
Voltage, 10Hz to 1 kHz, rms 
Current. 0.01 Hz to 10Hz. Pop 
Current, 10Hz to 1kHz. rms 

INPUT VOLTAGE RANGE 

Common-mode Voltage 
Common-mode Rejection 
Max. Safe Input Voltage 

POWER SUPPLY 

Rated Voltage 
Voltage Range, derated 
Current, quiescent 

TEMPERATURE RANGE 

Specification 
Operating 
Storage 

"Specification same as for 3522J. 
"'After Warm-Up. 

3522J 3522K 

94dB 

±tOV 
±10mA 
loon 

lMHz 
10kHz 

0.6V/~sec 

±lmV ±500~V 

±50~V/DC ±10~V/DC 

±25~V/mo 

±10~V/mo 

-10pA -SpA 

±O.lpAlV 

±2pA ±lpA 

101111 
1012n 

4~V 

2~V 
0.3pA 
0.6pA 

±~OV 

90dB 
±Supply 

±ISVDC 
±SVDC to ±20VDC 

±4mA 

OOCto +70oC 
-25°C to +85°C 
-6SoC to +150°C 
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3522L 3522S 

±500~V ±500~V 

±10~V/°C 
±2S~V/°C 

-lpA -SpA 

±O.SpA ±lpA 

-55°C to + 125°C 
-55°C to +125°C 



BURR-BROWN® 

IElElI 3523 SERIES 

NOT RECOMMENDED 
FOR NEW DESIGNS 

Ultra..;Low Bias Current FET 
OPERATIONAL AMPLIFIERS 

FEATURES 

• BIAS CURRENT. 0.1 pA. max 

• OFFSET VOLTAGE, 500llV, max 

• VOLTAGE DRIFT. 25pV/oC. max 

• INPUT IMPEDANCE. 1013n 

• Noise (10Hz), 0.003pA, p.p 

DESCRIPTION 

The Burr-Brown 3523 Series amplifiers are the first 
IC operational amplifiers to achieve sUb-picoampere 
input currents without exhibiting excessive offset 
voltage. voltage drift and voltage noise. The high 
common-mode rejection, ultra-low bias current, and 
)Olln input impedance of the 3523 make it the best 
choice for a variety of buffer and electrometer 
applications. These include pH measurement, photo
current amplification, long term integration, and low 
droop sample/hold or track/hold applications. 
Because its input offset voltage is laser-trimmed to 
less than 5001< V, the 3523 can usually be used without 

V+ 

offset nUlling. This is a distinct advantage in 
applications where it is desired to locate the 3523 
near the signal source (e.g., in a signal probe): 

The package of the 3523 is designed to preserve its 
ability to measure ultra-low currents and to avoid 
noise pickup. The case guard (pin no. 8) may be 
connected to a point which is at signal potential. This 
miniinizes leakage current input from pins to case . 
Also, it shields the amplifier's sensitive input 
circuitry from power line frequency "hum", 
switching transients, and other sources of electrical 
noise. 
Bias current s'pecifications of the 3523 are guaranteed 
after warm-up in ambient air with no heat sink. Thus, 
the ultra-low bias current specifications become even 
more significant since internal power dissipation can 
easily raise Case temperature by 20"C in many 
applications. 

The bias current on many FET amplifiers is a strong 
function of applied common-mode voltage. This is 
not the case with the 3523. The input stage dc;sign of 
the 3523 make the input bias. current virtually 
independent of the common-mode voltage over its 
full range. 

~----~--------------------~~----~----~--------~--------, 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona B5734 . Tel. (6021746·1111 . Twx: 91()'952·11I1 . Cable: BBRCORp· Telex: 66·6491 

PDS·309D 
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ElECTR!CAl SPECIfiCATIONS 
Specifications typical at 2S"C and ±15VDC power supply unless otherwise noted. 

MODELS 35231 )52JK 352JL 

OPEN-LOOP GAIN. DC no load IOOdB 
I kn. load. min 94dB 

RATED OUTPUT 
Voltage, min .':IOV 
Current min .±lOmA 
Output Impedance loon 

FREQUENCY RESPONSE 

Unity Gain. Open-Loop 1~1I11 

Full POWtT RC!.POIlSI!, min' IOkH,. 
Slew n ate, min O.6V/J..Iscc 

INPUr OFFSET VOLTAGE 

Initial Offset. 25"C, max ±lmV ±SOO~V ±500~V 

\IS. Temp (One to 70"C), max ±50~V !"C ±25IlV(C ±25jJVi"C 
'liS. Supply Vollage ±25J.1V/V 
vs. Time ±5JJV/mo 

INPUT BIAS CURRENT 

Initial bias. 2S"C. max -O.SpA -a.25pA -a.lpA 
(doubles every +IO"C) 
'liS. Supply Voltage ±O.OlpAi V 

INPUT DIFFERENCE CURRENT 

Initial difference. 25°C ±O.2pA ±O.lpA ±O.05pA 

INPUT IMPEDANCE 

Differential IOI~n 

Common-mode JOlin 

INPUT NOISE 

Voltage • . 00Hl to 10Hz, p-p 4~V 
10Hz to 10kHz, rms 2~V 

Current •. 01Hz to 10Hz. p-p .OO3pA 
10Hz to IOk.Hz, rms O.OlpA 

INPUT VOLTAGE RANGE 

Common-mode Voltage ±~V,I-2)V 
Common-mode Rejection at IOV 80dB 
Ma.<. Safe Input Voltage ±Supply 

POWER SUPPLY 

Rated Voltage ±15VDC 
Voluige Range. derated ±5VDC to ±20VDC 
Current, quiescent ±4mA 

TEMPERATURE RANGE 

Specification O"C to +70"C 
Operaiing -5S"C to + 12S"C 
Storage -6S"C to + 150"C 
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MECHANICAL 

INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 

A .335 .370 8.51 9.40 

8 .305 .335 7.75 8.51 

C .165 .185 4.19 4.70 

D .016 .021 0.41 0.53 

E .010 .040 0.25 1.02 

F .010 _040 0.25 1.02 

G .200 BASIC 5.08 BASIC 

H .028 .034 0.71 0.86 

J .029 .045 0.74 1.14 

K .500 -- 12.7 --
L .110 .160 2.79 4.06 

M 45° BASIC 45° BASIC 

N .095 .105 2.41 I 2.67 

Dimensions in inches are in parentheses. 
Pin material and plating composition 
conform to Method 2003 "(solderability) 
or' Mil-Std-883 1 except paragraph 3.21· 

NOTE: 
Leads in true position within .010" 
(.25mm) R @ MMC at seating plane. 

Pin numbers shown for reference only. 

Numbers may not be marked on package. 

CONNECTION 
DIAGRAM 

TOP VIEW 

10 k!l 



BURR-BROWN® 

11.31.31 3527 

NOT RECOMMENDED 
FOR NEW DESIGNS 

Low Drift - Low Bias Current FET Input 
OPERATIONAL AMPLIFIER 

FEATURES 
• LOWER PRICED 

• ULTRA-LOW DRIFT. 2~V/oC. max 

• LOW INITIAL OFFSET VOLTAGE. 250~V. max 

• LOW BIAS CURRENT. 2pA. max 

• LOW NOISE 

DESCRIPTION 
The Burr-Brown 3527 is a precision operational 
amplifier. It offers excellent performance at 
moderate cost through the use of hybrid 
construction, monolithic ICs. matched FETs. thin
film resistors, and active laser trimming. 

The 3527 low. initial offset voltage (250~V max) 
allows higher design accuracy at lower installed cost. 
Costly pots and external nulling of the offset voltage 
are not required for most applications. Also. higher 
system reliability is achieved by using fewer parts. 

The offset voltage temperature drift of the 3527 is 
exceptionally low (2~ V /"C max) and is compatible 
with the best bipolar. amplifiers (BB3500E). It is 

APPLICATIONS 
• CURRENT-To-VoLTAGE CONVERSION 

• LONG TERM INTEGRATION 

• LOW DROOP SAMPLE/HOLD CIRCUITS 

• PRECISION VOLTAGE AMPLIFICATION 

• HIGH INPUT RESISTANCE BUFFER 

achieved by laser adjusting the offset during 
manufacture and means that high system accuracy is 
maintained over the temperature range. 

The low bias current (guaranteed 2pA max) allows 
the use of larger feedback resistor values, and smaller 
bias current errors are realizable. 

Of course, all the other desirable features of high 
quality op amps are engineered into the ~527. It has 
low input noise. is free from latch up, is short circuit 
protected for continuous output shorts to common, 
is internally compensated for unity gain stability, and 
is pin compatible with 741 amplifiers. Guarding is 
achieved by the pin 8 case connection. 

For increased reliability screening, consult Burr
Brown. 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 1602\ 746-1111 • Twx: 910-952·1111 . Cable: BBRCORP· Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
Specifications typical at TA = 25°C and ±15VDC supplies, unless otherwise noted. 

MODELS I Min 

OPEN LOOP GAtN, DC 
No Load 
RL =2kl! 100 

RATED OUTPUT 
Voltage ±10 
Current ±10 
Output tmpedance 
Load Capacitance 

FREQUENCY RESPONSE 
Unity Gain, Open Loop 
Full Power Response 10 
Stew Rate 0.6 
Settling Time (0.01%1 

INPUT OFFSET VOLTAGE 
Initial Oftset, 25°C 
vs. Temp. (-25°C to +85°CI 
vs. Supply Voltage 
vs. Time 

INPUT BIAS CURRENT 
Initial Bias. 25°C 
vs. Temp 
vs. Supply Voltage 

INPUT DIFFERENCE CURRENT 
Initial Difference. 25°C I 
INPUT IMPEDANCE 
Differential 
Common-mode 

INPUT NOISE 
Voltage, fo 10Hz 

fo = 100Hz 
fo = 1kHz 
fo = 10kHz 

0.3Hz to 10Hz, pop 
10Hz to 10kHz, rms 
Current, 0.3Hz to 10Hz, pop 

10Hz to 10kHz, rms 

INPUT VOLTAGE RANGE 
Common-mode Voltage Range 
Common-mode Rejection at ±10V 
Max. Safe Input Voltage 

POWER SUPPLY 
Rated Voltage ! 
Voltage Range, derated pertormanCj ±5' 
Current. Quiescent 

TEMPERATURE RANGE (ambientl 
Specification 
Operating 
Storage 
8 junction-ambient 

.. ·Speclflcatlons same as for 3527 AM. 
··Doubles every +10°C. 

-25 
-55 
-65 

3527AM 3527BM 3527CM 
Typ Max I Min I Typ Max I Min I Typ 

t12 
lOB 

±12 
±20 
600 
1000 

1 
14 
0.9 
45 

±200 ±500 ±100 ±250 ±100 
±5 ±10 ±2 ±5 ±1 

±75 
±20 

-2 -5 -0.7. -2 -2 .. -. .. 
±5 

±a.3 I I L L J 
1012 
1015 

75 
35 
30 
25 
2.6 
3 
15 
60 

±(lV.I-31 

I ::.1 
±15 

±20 . 
2.6 4 . 

+85 -
+125 
+150 -

235 . 
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Max I Units MECHANICAL TO-99 
PACKAGE 

dB 
dB Order Number: 3527AM, 3527BM, 

3527CM Weight: 1 gram 

V f:=1 mA 
n 
pF L- II : Lrmr-d ! MHz 

kHz 
V/l'sec 
p'sec 

s .. t;n.11111 1 ±250 ~V 
±2 ~VloC Plane -.n....-- 0 

~VlV .1 ~Vlmo 

-5 pA .,.~,~~ J T 1 + ~ 
M 08 6° 

pAN 

~J pA 

I! 
NOTE: 
Leads in true position within .010" 

n f.25mm) R @I MMC 8t seating plane. 

nVlv~ 
Pin numbers shown tor reference only. 
N~mbers may not be marked on package. 

nVl.,fHz 
nVlv'Hz INCHES MILLIMETERS 

nVlv'Hz DIM MIN MAX MIN MAX 

~V A .335 .370 B.51 9.40 

~V B .305 .335 7.75 8.51 

fA c .165 .185 4.19 4.70 

fA 0 .016 .021 0.41 0.53 

E .010 .040 0.25 1.02 

F .010 .040 0.25 1.02 
V 0 .2008A51C 5.088ASIC 

dB H .028 .034 0.71 0.86 
VDC J .029 .045 0.74 1.14 

K .500 - 12.7 --
VDe L .110 .160 2.79 4.06 

VDC M 450 BASIC 450 BASIC 

mA N .095 .105 2.41 2.67 

°C Pin IUllh:rial ~Ind pl.lling l·nmpdsilioll 
°C I.:onform In mdhod 20().\ (:o,oldl.:r.lhilily) 
°C of MII.-STD-K!O (I.:.X"pl pilragrapll .1.2). 

°C/W 

CONNECTION DIAGRAM 

(TOPVIEWI 



BURR-BROWN® 
3528 

IElElI 

NOT RECOMMENDED 
FOR NEW DESIGNS 

Ultra Low Bias Current 
FET ,OPERATIONAL AMPLIFIER 

FEATURES 
• 75fA MAX INPUT BIAS CURRENT 

• 250pV MAX OFFSET VOLTAGE 

• 5pV/oC MAX OFFSET VOLTAGEORIFT 

APPLICATIONS 
• PHOTODIODE AMPLIFIER 

• PHOTOMULTIPLIER TUBE AMPLIFIER 

• LOW DRIFT INTEGRATOR 

• CURRENT·TO·VOLTAGE CONVERTER 

DESCRIPTION 
An excellent combination of specifications for 
applications requiring ultra low input bias currents 
are provided by the 3528 amplifier family. These 
applications include photometers, selective ion 
detectors, long term integrators and low-droop 
sample hold circuits. . 

The 3528 is unique in that in addition to providing 
bias currents as low as 75fA (3528CM) it also 
provides very low offset voltage drift (51J.V j"C max. 
3528BM) and offset voltage (250IJ. V, 3528BM). Thus, 
user trimming offset voltage' with an external 
potentiometer is usually avoided. 

The output is protected from damage due to short 
circuits to ground or either supply and the unit is 
specified over the full -25°C to +85°C temperature 
range rather than the more limited O°C t070°C range. 

Inlernallonal Alrporllnduslrlal Park· P.O. Box 11400· Tucson. Arizona 85734· T81. (6021 746-1111 . Twx: 910·952·1111 . Cable: 88RCORp· Telex: 66·6491 

PDS·389 

1-174 



ELECTRICAL SPECIFICATIONS 

At T" = 2S"C and +V = +ISVDC unless otherwise noted - " -
3528AM 352RBM 3528CM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

OPEN LOOP GAIN, DC 
R, ;;'2k Vo = 20V p-p 88 93 92 95 90 93 
RI.;;:= 10k Vo = 20V p-p 94 114 100 · 98 · dB 

RATED OUTPUT 
Voltage R .. = 2kn ±IO ±J2 · · · · V 

R, = 10k ±12 ±13 · · · · V 
Current Vo = ±IOV ±5 ±IO · · · · rnA 
Output Resistance Open loop f=DC I.S ,3 · · · · kn 
Short Circuit Current R, = on 19 · · rnA 

DYNAMIC RESPONSE 
Bandwidth. Unity Gain Small Signal 0.7 · · MHz 
Full Power Bandwidth R, = 2k!l 5 II · · · · kHz 
Slew Rate R,. = 2k!l 0.3 0.7 · · · · VIII-sec 
Settling time to 1% 30 · · "s 

toO.I% 150 · · "s 
to 0.01% I · · ms 

INPUT OFFSET VOLTAGE 
Initial Offset T. = 25°C ±2oo ±SOO ±Ioo ±250 ±2oo ±500 "V 
vs Temperature -25°C .. T ... +85°C ±5 ±15 ±2 ±5 ±5 ±IO "V/"C 
vs Supply Voltage ±Vl'{" = ISV to 2OV.to5V ±25 ±Ioo · · · · "V/V 
vs Time 20 · · IlVjmo 

INPUT BIAS CURRENT 
Initial T. = 25°C -300 -150 ±75 fA 
at Temperature at TA = 85"C -40 -60 ·20 -30 -10 -15 pA 
vs Supply Voltage I · · fA/V 

INPUT DIFFERENCE CURRENT 
Initial T" = 2S"C ±80 ±40 ±20 fA 
al Temperature at TA = 85"C ±8 ±4 ±2 pA 

INPUT IMPEDANCE 
Differential 10" II 0.8 · · n II pI' 
Common·mode 10" II I · · n II pI' 

INPUT NOISE 
Voltage Noise Density fo= 1Hz 475 · · nV/VHz 

fo = 10Hz 120 · · nV/VHz 
fo = 100Hz 55 · · nV/VHz 
fo = 1kHz 40 · · nV/VHz 

fo = 10kHz 40 · · nV/VHz 

Voltage Noise f. = 0.3Hz to 10Hz 6 · · "V, p-p 
f. = 10Hz to 10kHz 4 · · p,V,rms 

Current Noise Density fo -IHz 0.25 0.2 0.15 fA/VHz 
fo= 10Hz 0.25 0.2 0.15 fA/VHz 

fo = 100Hz 0.25 0.2 0.15 fA/VHz 
fo= 1kHz 0.25 0.2 0.15 fA/VHz 

Current Noise f. - 0.3Hz to 10Hz 7 5 4 fA, p-p 
f. = 10Hz to 10kHz 26 20 15 fA,rms 

INPUT VOLTAGE RANGE 
Common·mode Voltage Range Linear Operation ±(jV,J-3) · · V 
Common·mode Rejection f = DC, V,·" = ±IOV 66 74 80 86 70 86 dB 
Max. Safe I nput Voltage ±Vcc · · V 

POWER SUPPLY 
Rated Voltage ±15 · · V 
Voltage Range, derated performance ±5 ±20 · · · · V 
Current, quiescent I 1.5 · · · · rnA 

TEMPERATURE RANGE (ambient) 
Specification -25 +85 · · · · °C 
Operating, derated performance -55 +125 · · · · °C 
Storage -65 +150 .. · · · °C 
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BURR-BROWN@ 

IElElI 3550SERIES 

Fast-Settling FET 
OPERATIONAL AMPLIFIERS 

FEATURES 

• SETTLING TIME [0.01 %1. 6oonsec. max 

• TRUE DIFFERENTIAL INPUT 

• SLEW RATE. lDOV/pSec. min 

• FULL POWER. 1.5MHz. min 

• INPUT IMPEDANCE. IOll n 
• INTERNALLY COMPENSATED 

• STABLE OPERATION. looopF. typ 

DESCRIPTION 
The 3550 is specifically designed for fast transient 
applications such as D / A and A/ D conversion. 
sample/hold, multiplexer buffering and pulse 
amplification where the' primary amplifier . 
'requirements are fast settling, good accuracy, and 
high input impedance . 

Because the 3550 is internally compensated, 
elaborate compensation schemes requiring external 
components are not necessary_ The smooth 
6dB/octave rolloff or' open-loop gain and the low 
output impedance provides the excellent step 
response and smooth settling without sacrificing 
frequency stability (no oscillations even with 1000pF 
of capacitive load)! A 10 to I improvement in settling 
time with large capacitive loads can be obtained with 

. the addition of a single capacitor. 

Unlike many wideband and fast settling amplifiers 
the 3550 has a true differential input. This means it 
can provide its excellent transient performance in the 
inverting, non-inverting, current to voltage, and 
difference configurations. 

The 3550J and S have identical specifications except 
for temperature range: The 3550J is specified for One 
to +70oe and the 3550S is specified for -55"e to 
+I 25°e. The 3550K has improved dynamic 
specifications and is specified over the ooe to + 70"e 
temperature range. 

International Airport Industrial Park - P.O. Box 11400 - Tucson. Arizona B5734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 
ELECTRICAL 
Specilicalions typical at +25·C and ±15VDC Power Supply unleaa otherwise noted. 

MODELS 35SOJ 3550K 3550S MECHANICAL 
OPEN LOOP GAIN, DC 
No load l00dB 
1 kO, load min BBdB 

RATED OUTPUT 
Voltage, min ±10V 
Current. min ±10mA 
Open-loop Output Resistance 1000 at lMHz 

DYNAMIC RESPONSE 
Bandwidth (OdB, small signal) 10MHz 20MHz 10MHz 
Full Power Response, min 1.0MHz 1.5MHz 1.0MHz 
Slew Rate, min 65V1psec l00Vlpsec 65V1ps8C 
Settling Time (0.01%), max lps8c O.Bpsec lpsec 

f:~ 
L- II~ Lrlrnl-:J K 

s ... ;".IIIII_~ 
Plane ~D 

INPUT OFFSET VOLTAGE 
Initial Offset, +25·C, max ±lmV 

va Temperature ±5D/.1V/·C 
vs Supply Voltage ±5OD/.IVN 
ysTlme ±10D/.IV/mo 

INPUT BIAS CURRENT 
Initial Bias, +25·C, max -100pA (alter lull warm-up) 

VB Temperature doubles every 10· C 
vs Supply Voltage ±lpAN\ 

L~ • ~9t N f M 0, .0 1 yJ 
NOTE: 

INPUT DIFFERENCE CURRENT LeadS In true pOsitIon within .010" 

Initial Difference, +2S·C ±40pA L25mml A @) MMC al sealing plane. 

INPUT IMPEDANCE 
Pm '.1umbers shown for relerence onlv. 
Numbers mav not be marked on package. 

Differential 10"01l3pF 
Common Mode 10"01l3pF 

BOTTOM'VIEW 
Dimensions In inches are in parentheses. 

INPUT NOISE 
Voltage, O.OIHz -10Hz, p-p 2D/.1V Pin material and plating composition 

10Hz -10kHz, rms 4pV conlorm to method 2003 (solderability) 
Current, O.OIHz -10Hz, p-p 0.2pA 01 MII-8td-8B3 (except paragraph 3.2) 

10Hz -10kHz, rms I.SpA 

INPUT VOLTAGE RANGE 
Common-Mode Vollage ±(lV .. I-S)V 
Common-Mode ReJeclion 70dB at +5V, -10V 
Sale Input Voltage, max ±Supply 

INCHES MILLIMETERS 
OIM MIN MAX MIN MAX 

A .335 .370 a.Sl 9.40 

• .305 .335 7.75 a.S1 

c ,165 .185 4.19 4.70 

POWER SUPPLY 0 .016 .Q21 0.41 0.53 

Rated Voltage ±15VDC E .010 .040 0.25 1.02 

Voltage Range, derated ±SVDC to ±20VDC F .0'0 .040 0.25 1.02 

Current, qulescentl11 limA (15mA max) 0 .200 BASIC 5.08 BASIC 

TEMPERATURE RANGE 
Specification O·Cto +70·C 1-55.Cto+125.C 
Operating -55·C to +125·C -55·C to +125·C 
Storage -65·C to +150·C 

H .028 .034 0.7' 0.86 J .029 . 045 0.74 , , . 
K .500 12.7 

L .110 '60 2.79 4.06 

M 45° BASIC 45° 8ASIC 

NOTES: 
N .095 ,OS 2.41 2.67 

1. The use 01 a finned heat sink Is recommended. 

CONNECTION DIAGRAM 

TOP VIEW 
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TYPICAL PERFORMANCE CURVES 
T. = +25DC,±Vcc = 15VOC unless otherwise indicated. 
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APPLICATIONS 
SETTLING TIME 

Settling time of an amplifier is defined (see Figure I) as 
the total time required, after an input step signal, for the 
output to "settle" within a specified error band around 
the final value. This error band is expressed as a 
percentage of the magnitude of the step transition. A 
recommended test circuit for settling time is shown in 
Figure 2. The output error signal appears, attenuated by 
a factor of two, at point A and may be observed at. this 
point with the aid of an oscilloscope. The diodes act as 
limiters to prevent overloading the oscilloscope during 
the fast leading edge of the input signal. All resistors 
should be 2kO or less to eliminate degradation of 
performance due to stray capac,itance. A typical mea
surement desired is the settling time to 0.01% for a 
lO-volt step input. This is the time required for the signal 
at point A to decrease to 0.5m V or less and remain below 
this level. 

OUTPUT ERROR BAND 
INPUT I \ _A ______ L __ 

V'T -1 -SETILING TIME 

FIGURE 1. Concept of Settling Time. 

TIME 

Settling time for noninverting circuits can also be 
measured but requires the use of ultra-fast differential 
amplifier test fixtures. For the 3550 settling time is equal 
for inverting or noninverting circuits of equal gain. 

TO OSCILLOSCOPE 

FIGURE 2. Settling Time Test Circuit. 

Because settling time is affected by bandwidth which in 
turn is dependent upon closed-loop gain, the settling 
time of any operational amplifier will be a function of 
closed loop gain. Settling Time versus Gain curves 
illustrate this effect for the 3550 at several levels of 
settling accuracy. 
The 3550 is remarkably tolerant of load capacitance 
because of its stable, 6dB/octave gain rolloff and low 
output impedance. Settling Time versus Load Capaci
tance curves show this characteristic for the unity-gain 
configuration. For larger values of load capacitance the 
compensation technique of Figure 3 may be used to 
optimize the response. The slight negative feedback 
provided by Cc tends to reduce any ringing at the top of 

the output voltage waveform without significantly 
affecting the slew rate. See the Settling Time versus Load 
Capacitance curves for typcial improvements in settling 
time. 

R, 
OPTIONAL 
COMPENSATION 
CAPACITANCE 
Co =0.02 C, 

FIGURE 3. Compensation for Load Capacitance. 

WIRING RECOMMENDATIONS 

In order to fully realize the high frequency performance 
capabilities of the 3550, proper attention must be given 
to layout, component selection and grounding. All leads 
associated with the input and feedback elements should 
be as short as possible and all connections should be 
made as close to the amplifier terminals as possible. 
Input and feed~ack resistors should be made as small as 
possible consistent with other circuit constraints. 
Capacitance from the ouput to noninverting input can 
cause high frequency oscillations, particularly in high 
gain circuits operating from large source impedance. 
Careful layout of wiring or PC board patterns is the only 
satisfactory way of preventing such problems. 

In order to prevent high frequency oscillations due to 
lead inductance the power supply leads should be 
bypassed. This should be done by connecting a lOJ.'F 
tantalum capacitor in parallel with a O.OOIJ.'F ceramic 
capacitor from pins 7 and 4 to the power supply 
common. 

INPUT AND OUTPUT VOLTAGE RANGE 

Although the 3550 is specified for best operation on 
. power supply voltage of ±15VDC, it will operate with 

minor performance changes over a power supply voltage 
range of ±5VDC to ±20VDC. Many of the curves show 
performance of the 3550 when operated from supplies 
other than ±15VDC, 
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BURR-BROWN@, 

IElElI 3551 SERIES 

Wideband and Fast-Settling FET 
OPERATIONAL AMPLIFIERS 

FEATURES 
• REDUCES WIDEBAND ERRORS 

50MHz Galn:bandwldth product IACL;;>1D1 
250V/liS slew rate ICf = 01 

• VERSATILE 
Single compensation capacitor allows 
optimum response 
True differential Input 

• PRESERVES DC ACCURACY 
Bias, current 100pA. max 
Laser-trimmed IIlIu! voltage 

DESCRIPTION 
The 3551 is designed to offer the user versatility in 
wideband steady state and fast transient 
applications. The use ,of a single external 
compensation capacitor allows the user to optimize 
frequency response for maximum bandwidth for a 
variety of closed loop gains and capacitive loads. 
The amplifier is stable at closed loop gains of greater 
than IOV IV. with no external compensation and 
may be stabilized at all gains with the single IOpF 
c,ompensation capacitor. 

In addition to the excellent dynamic response 
characteristics, the 3551 also has good DC 
properties. The Use of a monolithic FET input stage 
gives the 3551 very low input bias and offset currents. 

<Vcc 
Freq. 

Compo 

·Vcc 

This is in contrast to the high'input currents usually 
associated with fast amplifiers having bipolar input 
stages. Also, the input offset voltage and offset 
voltage drift are low as a result of Burr~Brown 's laser
trimming techniques. 

Unlike many wideband and fast settling amplifiers, 
the 3551 has a true differential illPut. This means it 
can provide its excellent wideband response in the 
inv'erting, noninverting, currenHo-vo!tage and 
difference configurations. ' 

The 3551 ilian excellent choice for applications such 
as fast D I A and AI D converters, high speed 
comparators and fast sampling circuits, to name just 
ak~ , 

Internallonal Alrporllnduslrlal Park· P.o. Box 11400· Tucson. Arizona 85734· T81.(6021746-1111 • Twx: 910-952·1111 . Cable: BBRCDRp· Telex: 66·6491-

I'I)S-3DI8 
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SPECIFICATIONS 
MECHANICAL TO-99 

ELECTRICAL 
Specifications typical at 2SoC and ±ISVDC Power Supply unless otherwise noted. 

B 

MODELS 3551J I 3551S 

II • OPEN LOOP GAIN, DC 1- ~ ; 
No Load 100dB L/lDI-;J I 1 kn, Load min 88dB 

RATED OUTPUT 

Voltage, min ±10V 

s .. t'o, IIIII 1 Current, min ±10mA 
Open Loop Output Resistance loon at lMHz 

Plana --I.-- 0 
DYNAMIC RESPONSE 

Gain-Bandwidth Product 1if • Gain = 1000 SOMHz 
Gain = 10 SOMHz ,.' '~I\ \ N r Slew Rate IC, = 01 2S0Vlp.ec T 'o;,~ •• ')) T 

tNPUT OFFSET VOLTAGE 

Initial Offset, 2SoC, max ±lmV yJ 
VS. Temp(1) ±SOpwoC 
vs. Supply Voltage ±SOOpVN 
vs. Time ±100pV/mo 

NOTE: 
INPUT BIAS CURRENT Leads In true positton within .010" 

Initial Bias, 25°C, max -400pA latter full warm-up I 
1.2Smml R @ MMC at leating plane. 

ys. Temperature doubles every 100 e Pin number. mown for reference only. 

vs. Supply Voltage ±lpAIV Numbers may not be marked on package 

INPUT DIFFERENCE CURRENT 

Initial Difference,'25°C ±40pA INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

INPUT IMPEDANCE • .335 .370 8.51 9.40 
Differential 10110 II 3pF B .305 .335 7.75 8.51 

Common-mode 10110 II 3pF c .165 .185 4.19 4.70 

INPUT NOISE 0 .016 .0:21 0.41 0.53 

E .010 .040 0.25 1.02 
Voltage, 0.01 Hz to 10Hz, pop 20pV F .010 .040 0.25 1.02 
Voltage, 10Hz to 10kHz, rms 4pV G .200 BASIC 5.08 BASIC 

Current, 0.01 Hz to 10Hz, pop 0.2pA H .028· ,034 0." 0.86 

Current, 10Hz to 10kHz, rms I.SpA J .02" .045 0.74 1.14 

INPUT VOLTAGE RANGE K .500 -- 12.7 --
L .110 .160 2.79 4.06 

Common-mode Voltage ±>lVcc I-SIV M 45° BASIC 45° BASIC 
Common·mode Rejection 70dS at +SV, -10V N .096 .105 2.41 2.67 

Max. Safe Input Voltage ±Supply 

POWER SUPPLY Pin material and plating.composition 

Rated Voltage ±ISVDC 
conform to method 2003 (solderability) 

Voltage Range, derated ±SVDC to ±20VDC 
of MiI~Std~883 lexcept paragraph 3.21 

Current, quiescenU11 limA (ISmA max) 

TEMPERATURE RANGE 

Specification O·C to +700 C I -SS·C to +12SOC CONNECTION DIAGRAM 
Operating -SsoC to +12SoC -SS·C to +12SoC 

r--l~---, Storage -65°C to +IS0·C Cf . 

NOTE: TAB Frequency I 

1. The use of a finned heat sink is recommended. 
Oft-et 8 CompensatiOnt 
Trim 

r-- 1 7 
+VCC I 

I 
I 

I _...J -IN 2 6 
I 

+ 
Output 

I +11" 3 5 
Offset 

I Optional 4 Trim -VCCI 
~ffs.t Adj ust ___ ~_..J 

20kL-to +VCC 
The case 15 electrically Isolated. 
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TYPICAL PERFORMANCE CURVES 
T A = 2SoC V s = ±lS VDC unless otherwise indicated. 
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SLEW RATE vs. 
COMPENSATION CAPACITANCE 
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APPLICATIONS 
WIRING RECOMMENDATIONS 
In order to fully realize the high frequency performance 
capabilities of the 3551, proper attention must be given to 
layout, component selection and grounding. All leads associ
ated with the input and feedback elements should be as short 
as possib Ie and all connections should be made as close to the 
amplifier terminals as possible. Input and feedback resistors 
should be made as small as possible consistent with other 
circuit constraints. Capacitance from the output to non
inverting input can cause high frequency oscillations, parti
cularly in high gain circuits operating from large source im
pedances. Careful layout of wiring or PC board patterns is 
the only satisfactory way of preventing such problems. 

Load 

(a) Inverting Circuits 

Load 

(b) Non·lnvertlng Circuits 

FIGURE 1. Proper Grounding Methods. 

Provision for phase compensation should always be 
made on the PC board even if initial calculations and 

breadboarding may indicate that none is needed. 

In order to prevent high frequency oscillations due to lead 
inductance the power supply ieads should be bypassed_ This 
should be done by connecting a 10 f.1f tantalum capacitor 
in parallel with a 0.00 I f.1f ceramic capacitor from pins 7 and 
4 to the power supply common. 

INPUT AND OUTPUT VOLTAGE RANGE 
Although the 3551 is specified for best operation on power 
supply voltage of ±15 VDC, it will operate with minor pcr
formance changes over -a power supply voltage range of 
±5 VDC to ±20 VDC. Many of the performance curves show 
performance of the 3551 when operated from supplies other 
than ±15 VDC. 

INPUT/OUTPUT PROTECTION 
All of the amplifiers listed in the specification table are de
signed to withstand input voltages as high as the supply 
voltage, without damage to the amplifier. Thus, inputs may 
be subjected to either supply voltage, in any combination, . 
without damage. 

Output stages are internally current limited and will with
stand short-circuit-to-ground conditions. However, applica
tion of nonzero potential to the output pin may calISe per
manent damage and should he prevented hy the IHI1I",r I"e
cautions. 

SETTLING TIME 
Settling time of an amplifier is defined as the total time re
quired, after an input step signal, for the output to "settle" 
within a specified error band around t~e final value. This 
error band is expressed as a percentage of t~e magnitude of 
the step transition. 

Because settling time is affected by bandwidth which in turn 
- is dependent upon closed loop gain, the settling time of any 

operational amplifier will be a function of closed loop gain. 
Settling time vs. gain curves illustrate this effect for the 
3551 at several levels ofsettling accuracy. 
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BURR -BROWN® 

IElElI 

Wideband - Fast-Slewing 
BUFFER AMPLIFIER 

FEATURES 
• GAIN = .99V/V 
• OUTPUT CUR.R.ENT. ±200mA 

• BANDWIDTH. 300MHz 

• SLEW RATE. 2000V/psec 

• ELECTRICALLY ISOLATED CASE 

• EXTENDS OP AMP DRIVING CAPABILITY WHILE 
PR.ESERVING BANDWIDTH & SETTLING TIME 

DESCRIPTION 
The 3553 is a unity-gain amplitier designed to be used 
either as a signal buffer. or as the power output stage . 
for an operational amplifier. Because of its wideband 
response (300MHz, -3dB bandwidth) and fast 
slewing capability (2000V / Ilsec) the 3553 is capable 
of following very fast signals. When used inside the 
feedback loop of an operational amplifier, these high 
speed characteristics are essential in order to preserve 
the performance and stability of the. feedback 
amplifier circuit. 

With its ±200mA of output current capability, the 
3553 is capable of driving a signal of ±lOV into a son 
load. This power capability, coupled with its 
extremely high speed and wide bandwidth, makes the 
3553 ideally suited for line driving applications where 
fast pulses or wide band signals are involved; 

In addition to its fast/wideband characteristics and 
high output current, the 3553 has low input offset 
voltage and drift. This adds to its versatility, 
particularly in stand-alone buffer amplifier 
applications. 

The 3553 is packaged in a reliable hermetically sealed 
TO-3 package for environmental ruggedness. The 
metal case is completely electrically isolated. This 
simplifies mounting and reduces cost since the need 
for insulating spacers and bushings is eliminated. 

3553 

Inllmatlonal Airport Indualrlll Park· P.O. Box 11400· TUClon. Arizona 85734· T81.(802I 746-1111 . Twx: Y11J.952·1111 • Cable: BBRCORp· Telex: 66·6491 

PDS·329B 
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SPECIFICATIONS 
Specifications are typical at +2SoC Case Temperature and ± 15 VDC power supply 
unless otherwise noted. 

ELECTRICAL 

MODEL 3553AM 

GAIN, DC 
No Load 0.9R V/V 
50 n Load, min 0.92 V/V 

RATED OUTPUT 
Voltage, min :!:IOV 
Current, min 1200 rnA 
Output Resistance In 

DYNAMIC RESPONSE 
Slew Rate, min 2000 VIIJsec 
Full Power Bandwidth, min 32MHz 
Small Signal -3d B Bandwidth 300 MHz 
Settling Time to 1% 7.2 nsec 

to .01% 14.5 nsec 

INPUT PARAMETERS 
Input Voltage, linear range ±IO V 
Input Voltage, absolute, max ±Supply Voltage 
Input Impedance 1011 n 
Input Bias Current @ +2 SoC ·200 pA 

(doubles/+ 10°C) 

OUTPUT OFFSET VOLTAGE 
Initial Offset @ +2So C, max 150 mV 
vs. Te·mperature (average) -2SoC to +8SoC ±300 "V/oc 

POWER SUPPL Y 
Rated Voltage ±IS VDC 
Voltage R,ange, derated ±S VDC to ±20 VDC 
Current. QUiescent, max ±80 rnA 

typ t50 rnA 

TEMPERATURE RANGE (Case) 
Specification ",25°C to +8SoC 
Operation (derate above + 120°C Case) -55°C to + 125°C 
Storage -65°C to + 150°C 
6JC Thermal Resistance, junction to case 60 CjW 
lilA Thermal Resistance, junction to ambient 330CjW 

+Vee 

Output 
+----+·---0 

-Vee 

SIMPLIFIED SCHEMATIC 

1-185 

MECHANICAL 
M PACKAGE ITO-3) 

10.16mm 
(0.400") 

mm ~1 56") max mix 2.S41 39.62mm~ 
(0.100")· , 

~ I f 1 d 
t n n n II 1o.=-=-16mm-""--t 

U U U U (0.4") min 

12.7mm (.500")dia 
(BOTTOM 

VIEW) 

Pin material and plating compOSition 
conform to Method 2003 (solderability) 
of MjI·Std·883 [excsct csraQraph 3.2) 

CONNECTION DIAGRAM 

(TOP VIEW) 

Input 

*No internal connection 
CONNECTOR: 0803MC 
HEATSII'oIKS: OB03HS 120C/W 

OB04HS 4.2oC/W 
OBOSHS 30C/W 

N.C. * 

case is 
electricallv 
isolated 



TYPICAL PERFORMANCE CURVES 
Typical at 25 0 C and r~ted supply voltage unless otherwise noted. 
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APPLICATION INFORMATION 
BOOSTER AMPLIFIER 
One of the primary applications for the 3553 is that of a 
current booster for an operational amplifier. The circuit 
of Figure I is typical of such applications. Note that the 
3553 is used inside the feedback loop and becomes, effec
tively, the output stage of the composite amplifier. Be
cause the 3553 has unity voltage gain, wideband response, 
fast slewing rate, and very little phase delay, the dynamic 
response of the operational amplifier' is virtually' unaffected 
by the addition of the booster. 

The already low offset voltage of the 3553 is effectively 
reduced by a factor equal to the open loop gain of the 
operational amplifier and becomes a negligible factor in 
total offset error of the circuit.. 

Input impedance of the 3553 is extremely high, thus requir
ing almost no drive current from the operational amplifier. 
On the other hand, the presence of the 35'53 in the circuit 
increases the output current capability to ±:WO rnA, drasti
cally lowers the output impedance of the loop, and permits 
the driving oflow impedance load's such as a terminated son 
coaxial line. 
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Capacitive loads, often a source of instability and oscillations 
in operational amplifier circuit's, are buffered .by the pre
sence of the 3553. In driving heavily capacitive loads the 
slew rate of the 3553 wm be seen to decrease. This is due 
simply to the large currents required by fast voltage slewing 
in a capacitive load, dV 

Ic = Cload Cit . 
The internal current limit of the 3553 (approximately 
600 rnA) places a limit on the slewing rate !under such 
conditions. 

.. 
or 

CompOsite Amplifier 

FIGURE 1. Model 3553 as a power booster. 



BUFFER AMPLIFIER 
The 3553 may also be used, as shown in Figure 2, as a 
unity gain buffer amplifier. No operational amplifier is 
required in this mode of operation·. Since the 3553 is then 
operated without feedback, it's offset voltage and drift 
are translated to the output. While the gain is not 
precisely unity in this mode, the accuracy is adequate for 
many applications. 

INPUT/OUTPUT PROTECTION 
The output stage of the 3553 is current limited at 
approximately 6OOmA. This will provide a measure of 
output short circuit protection for the amplifier for a 
period of time as determined by the heatsinking used, the 
amplifier's thermal resistance, the ambient temperature, 
etc. The amplifier's output stage transistors should not be 
allowed to exceed 150°C (175°C absolute max). 

The input stage is designed to allow the application of 
either supply voltage without damage to the amplifier. 

POWER DISSIPATION. I 
The power dissipation capability of the 3553 varies with 
ambient temperature and with the type of heat sink used. 
A heat sink may be used to increase the dissipation 
capability or to achieve a given dissipation capability at 
higher temperature. The power derating curve is given in 
the Typical Performance Curves. 

WIRING RECOMMENDATIONS 
No special wiring techniques are necessary with the 3553. 
However, it is recommended, as a good engineering 
practice, that the power supply lines be bypassed to 
common at a point near the amplifier. (A 1.0~F 
electrolytic in parallel with a IOOOpF ceramic is 
recommended.) If the 3553 is used with a wideband 
operational amplifier, all leads must be kept as short as 
possible to minimize stray capacitance and unwanted 
feedback paths. 

FIGURE 2. Model 3553 as a Unity Gain Buffer. 

1-187 



BURR-BROWN® 

113131 3554 

Wideband - Fast-Settling 
OPERATIONAL AMPLIFIER 

FEATURES 
• SLEW RATE. l000Vusec 

• FAST SETTLING. 150nsec. max (to ±.05Dfo) 

• GAIN·BANDWIDTH PRODUCT. 1.7GHz 

• FULL DIFFERENTIAL INPUT 

DESCRIPTION 
The 3554 is a full differential input, wideband 
operational amplifIer. It is designed specifically for 
the amplifIcation or conditioning of wideband data 
signals and fast pulses. It features an unbeatable 
combination of gain-bandwidth product, settling 
time and slew rate.· It uses hybrid construction. On 
the beryllia substrate are matched input FETs, thin
film resistors and high speed silicon dice. Active laser 
trimming and complete testing provide superior 
performance at a very moderate price. 

The 3554 has a slew rate of lOOOV I ,",sec and will 
output ±IOV and ±IOOmA. When used as a fast 

APPLICATIONS 
• PULSE AMPLIFIERS 

• TEST EQUIPMENT 

• WAVEFORM GENERATORS 

• FAST D/A CONVERTERS 

settling amplifIer, the 3554 will settle to ±o.05% of 
the final value within 150ilsec. A single external 
compensation capacitor allows the user to optimize 
the bandwidth, slew rate or settling time in the 
particular application. . 

The 3554 is reliable and rugged and addresses almost 
any application when speed and bandwidth are 
serious· considerations. It is particularly a good 
choice for use in fast settling circuits,. fas~ D / A 
converters, multiplexer buffers, comparators, 
waveform generators, integrators, and fast current 
amplifiers. It is available in several grades to allow 
selection of just the performance required. 

Intlrnatlonal Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734 • Tel. (602) 7411-1111 • Twx: 910-952·1111 • Cable: BBRCORP • TIIIX: 66-64111 

PDS-33IB 
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TYPICAL CIRCUITS 

5.6kn Ikn 

2 pF 

S60n 

270pF 

47pF 1 ·0 r 1000pF son 

XI Inverter Xl Noninverter 

r-_R~IJIVovo~n ____ ~~ __ R~2~1~00~n~ ____ ,DI 

560n S.6kn 

·0 

Error 
Signal 

HP 5082-2811 

1.2pfO 
Hot Carrier Diodes 

ei:;: tlOV 

I, = If = 4(~)S.C 
,:>0-<1 ..... -<> Amplifier 

Outpul 

XIO Inverter 

loon 10kn 

Xl 00 Inverter 

NOTES: 

+V cc-v cc 

Settling Time Test Circuit Schematic 

View from Component Side. 
Shaded area is the pattern side conductor. 

C 

Settling Time Test Circuit Layout 

1. These circuits are optimized for driving large capacitive loads (to 470pF). 
2. The 3554 is stable at gains of greater than S5 (eL <;; 1 OOpF) without any frequency compensation. 
3. 4Snsec is optimum. Very fast rise times (IO-20nsec) may saturate the input stage causing less than 

optimum settl~ng time performance. 
*Indicates component that may be eliminated when large capacitive loads are not being driven by the device. 
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ELECTRICAL SPECIFICATIONS 
AI TnsE = 25"C and ±ISVDC. unless otherwise noted. 

PARAMETERS 

OPEN-LOOP GAIN,DC 
No Load 
Rated load 

RATED OUTPUT 
Voltage 
Current 
Output Resistarice, open loop 

DYNAMIC RESPONSE 
Bandwidth (OdB. small signal) 
Gain-bandwidth Product 

Full Power Bandwidth 
Slew Rate 
Settling Time 10±1% 

10±.I% 
10 ±.OS% 
10±.01% 

INPUT OFFSET VuLTAGE 
Initial offset, T A = 2S"C 

vs. Temp (TA = -2S'C 10 +8S"C) 
vs .. Temp (TA, =, -SS·C 10 +12S'C) 
vs. Supply Voltage . 

INPUT BIAS CURRENT 
Initial bias. 25"C 

vs. Temp 
VS. Supply Voltage 

INPUT DIFFERENCE CURRENT 
Initial difference. 2S"C 

INPUT IMPEDANCE 
Differential 
Commot:l-mode 

INPUT NOISE 
Voltage. f.= 1Hz 

f, = 10Hz " 

f. = 100Hz 
f. = 1kHz 
f. = 10kHz 
f.= 100kHz 
f.= IMHz 
t; = .31iz 1010Hz 
f. = 10Hz 10 IMHz 

Current: fa = .3Hz to 10Hz 
f. = 10Hz 10 IMHz 

INPUT VOLTAGE RANGE 
Common-mode Voltage Range 
Common-m9de Rejection 
Max. Safe Input Voltage 

POWER SUPPLY 
Rated Voltage 
Voltage, Range. derated performance 
Current. quiescent 

TEMPERATURE RANGE (ambienl). 
Specification 
Operating. derated performance 
Storage 

8 junction-case 
(1 junction-ambient 

• Specifications same as for 3554AM 
,. Doubles C\icry + rOT 

CONDITIONS 

R, = loon 

10 = ±JOOmA 
Vo = ±IOV 
f= 10M Hz 

CF ='0 
CF = 0, 0 = 10 V IV 
CF =0, 0 = 100V/V 

CF =0,,0 = 1000V/V 
CF=O, V. = 20y'p-p, R,= loon 
CF=O,V.=20Y.p-p, R,= loon 

A= I 
A= I 
A= I 
,A= I 

R, = loon 
R, = loon 
R, = loon 
R, = loon 
R, = loon 
R,'= loon 
R, = loon 
R, = loon 

'R,= loon 
R, = lOon 
It, = loon 

Linear Operation 
f =. DC. V"M = +7V. -IOV 

3SS4AM 

MIN TYP 

100 106 
90 96 

±IO ±II 
±IOO ±12S 

20 

70t 90 
ISO 225 
425 725 
1000 1700 
16 19 

1000 1200 
60 
120 
140 
200 

±O.S 
±20 

±80 

0 -10 .. 
±I 

±2 

10" II 2 
10" II 2 

125 
SO 
25 
IS 
10 
8 
7 
2 
8 
45 
2 

±(iVcx~4) 
44 78 

±Supply 

±IS 
±s 
+17 +35 

-25 
-55 
-65 

IS 
45 
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3SS4BM 

MAX MIN TYP MAX 

· · · 
· · · 

· · · 

ISO 
250 

±2 ±0.2 ±I 
±SO ±8 ±IS 

±300 · · 
· · · -SO 

· .. · ±IO 

· 
· · · 

· · · 
· · · 

±18 
+45, 

+85 -25 +85 
+125 -55 +125 
+150 -65 +150 

IS 
45 

3SS4SM 
UNITS 

MIN TYP MAX 

· · · dB 
dB 

· · · V 
mA 
.n 

· · · MHz 
MHz 
MHz 
MHz 
MHz 

V:"J.lsec 
nsec 
nsec 
osee 
nsec 

±O.2 ±I mV 
",V,I"C 

±12 ±25 ",V/"C 

· · ~V V 

· · · pA 

pA,V · . · · pA 

· 1111 pF 
11'11 pF 

· · · nV. v'Hz 
nV. v'Hz 
nV,v'Hz 
nV v'iiZ 
nv;v'Hz 
nV; v'iil 
nV; v'Hz 
~V. p-p 
",V.rms' 
fA. p-p 
pA. rms 

· · · V 
dB 
.v 

· · · Y.DC 
VDC 
mA 

-Sf +125 "C 
-55 +125 "C 
-65 +150 "C 

IS "CIW 
45 "C W 



TYPICAL PERFORMANCE CURVES 
at TC = +2SoC and ± I SVDC unless otherwise noted. 
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DIM 
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MECHANICAL AMPLIFIER CONNECTIONS 
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D-L 
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$,:,+~. " . . '. 1 'c( ..... ~' 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

1.510 1.550 38.35 39.31 Pin material and 
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.038 :042 0.97 1.07 Method 2003 
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40° BASIC 400 BASIC .Mil:Std-883 

.500 BASIC 12.7 BASIC I except para-
1.186 BASIC 30.12 BASIC graph 3.21. 
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NOTE 
LearJs In trUI POSItIon w,th,n 010" 
1.25mml R @I MMC ~t ,eltlng plene 
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APPLICATIONS INFORMATION 

WIRING PRECAUTIONS 
The 3554 is a wideband, high frequency operational 
amplifier that has a gain-bandwidth product exceeding 1 
Gigahertz. The full performance capability of this 
amplifier will be realized by observing a few wiring 
precautions and high frequency techniques. 

Of all the wiring precautions, grounding is the most 
important and is described in an individual section. The 
mechanical circuit layout also is very important. All 
circuit element leads should be as short as possible. All 
printed circuit board conductors should be wide to 
provide low resistance, low inductance connections and 
should be as short as possible. In general, the entire 

. physical circuit should be as small as practical. Stray 
capacitances should be minimized especially at high 
impedance nodes such as the input terminals of the 
amplifier. Pin 5, the inverting input, is especially sensitive 
and all associated connections must be short. Stray signal 
coupling from the output to the input or to pin 8 should 
be minimized. A recommended printed circuit board 
layout is shown with the "Typical Circuits." It also may 
be used for test purposes as described below. 

When designing high frequency circuits low resistor 
values should be used; resistor values less than 5.6kO are 
recommended. This practice will give the best circuit 
performance as the time constants formed with the circuit 
capacitances will not limit the performance of the 
amplifier. 

GROUNDING 
As with all high frequency circuits a ground plane and 
good grounding techniques should be used. The ground 
plane should connect all areas of the pattern side of the 
printed circuit board that are not otherwise used. The 
ground plane provides a low resistance, low inductance 
common return path for all signal and power returns. The 
ground plane also reduces stray signal pick up. An 
example of an adequate ground plane and good high 
frequency techniques is the Settling Time Test Circuit 
Layout shown with the "Typical Circuits." 

Each power supply lead should be bypassed to ground as 
near as possible to the amplifier pins. A combination of a 
I/LF tantalum capacitor in parallel with a 470pF ceramic 
capacitor is a suitable bypass. 

In invertmg applications it is recommended that pin 6, 
the noninverting input, be grounded rather than being 
connected to a bias current compensating resistor. This 
assures a good signal ground at the noninverting input. 
A slight offset error will result; however, because the 

'resistor values normally used in high fr,equency circuits 
are small and the bias current is small, the offset error will 
be minimal. 

If point-to-point wiring is used or a ground plane is not, 
single point grounding should be used. The input signal 
return and the load signal return and the power supply 
common should all be connected at the same physical 
point. This will eliminate any common current paths or 
ground loops which could cause signal modulation or 
unwanted feedback. 

It is recommended that the case of the 3554 not be 
grounded during use (it may, if desired). A grounded case 
will add a slight capacitance to each pin. To an already 
functional circuit, grounding the case will probably 
require slight compensation readjustment and the 
compensation capacitor values will be slightly different 
from those recommended in the typical performance 
curves. There is no internal connection to the casco 

Proper grounding is the single most important aspect of 
high frequency circuitry. 

GUARDING 
The input terminals of the 3554 may be surrounded by a 
guard ring to divert leakage currents from the input 
terminals. This technique is particularly important in low 
bias current and high input impedance applications. The 
guard, a conductive path that completely surrounds the 
two amplifier inputs, should be connected to a low 
impedance point which is at the input signal potential. It 
blocks unwanted printed circuit board leakage currents 
from reaching the input terminals. The guard also will 
reduce stray signal coupling to the input. 

In high frequency applications guarding may not be 
desirable as it increases the input capacitance and can 
degrade performance. The effects of input. capacitance, 
however, can be compensated by a small capacitor placed 
across the feedback resistor. This is described further in 
the following section. 

COMPENSATION 
The 3554 uses external frequency compensation so that 
the user may optimize the bandwidth or slew rate or 
settling time for his particular application. Several typical 
performance curves are provided to aid in the selection of 
the correct compensation capacitance value. In addition 
several typical circuits show recommended compensation 
in different applications. 

The primary compensation capacitor, CF , is connected 
between pins I and 3. As the performance curves show, 
larger closed-loop gain configurations require less 
capacitance and an improved gain-bandwidth product 
will"be realized. Note that no compensation capacitor is 
required for close"d-loop gains above 55V / V and when 
the load capacitance is, less than IOOpF. 

When driving large capacitive loads, 470pF and greater, 
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an additi!3nal capacitor, Ca, is connected between pin 8 
and ground. This capacitor is typically lOOOpF. It is 
particularly necessary in low closed loop volt~ge gain 
configurations. The value may be varied to optimize 
performance and will depend upon the load capacitance 
value. In addition, the performance may be optimized by 
connecting a smalltesistance in series with the output and 
a small capacitor' from pin I to 5. See the "Typical 
Circ.uits" for the XIO Inverter. . 

The flat high frequency response of the 3554 ~y be 
preserved and any high frequency peaking avoided by 
comiecting a small capacitor in parallel with the feedback 
resistor. This capacitor will compensate for the c1osed
loop, high frequency, transfer function zero that results 
from the time constant formed by the input capacitance . 
of the amplifier, typically 2pF, and the input and 
feedback resistors. Using sma]1 resistor values will keep 
the break frequency· of this zero sufficiently high, 
avoiding peaking and preserving the phase margin. 
Resistor values less than 5.6kO are recommended. The 
selected compensation capacitor may be a trimmer, a 
fixed capacitor or a planned PC board capacitance. The 
capacitance value is strongly dependent on circuit.layout 
and closed-loop gain. It will typically be 2pF for a clean 
layout using low resistances (lkO) and up to IOpF for 
circuits using larger resistances. 

SETTLING TIME 
Settling time is truly. a complete dynamic measure of the 
3554'5 total performance. It includes the slew rate time, a 
large· signal dynamic parameter,. and the time to 
accurately reach the final value, a small signal parameter 
that is a function of bandwidth and open loop-gain. The 
settling time may be optimized for the particular 
application by selection of the closed-loop gain and the 
compensation capacitance. The best" settling time is 
observed in low closed-Joop gain circuits. A performance 
curve show.s the settling time to three different error 
bands. . 

Settling time is defined as the total time required, from 
the signal input step, for the output to settle to within tlie 
specified error band around the final value. This error 
band is expressed as a percentage of the magnitude of the 
output transition. 

SLEW RATE 
Siewrate is primarily an output, large signal parameter. It 
has virtually no dependence upon the closed-loop gain or 
the bandwidth, per se. It is dependent qpon 
compensation. Decreasing the compensation capacitor 
value will increase the available slew rate as shown in the 
performance curve. Stray capacitances may appear to the 
amplifier as compensation. To avoid limiting the slew 
rate pt:rformance, stray capacitances should be 
minimized. 

CAPACITIVE LOADS 
The 3554 will drive large capacitive loads (up to IOOOpF) 
when properly compensated. See the section on 
"Compensation." The effect of a capacitive load is to 
decrease the phase margin of the amplifier. With 
compensation the amplifier will provide stable operation 
even with large capacitive loads .. 

The 3554 is particularly well suited fot driving 500 loads 
connected via coaxial cables due to its ±IOOmA output 
drive capability. The capacitance of the coaxial cable, . 
29pF/foot of length for RG-58, does not ltiad the 
amplifier when the coaxial cable or transmission line is 
terminated in the characteristic impedance of the 
transmission line. 

OFFSET VOLTAGE ADJUSTMENT 
The offset voltage of the 3554 may be adjusted to zero by 
connecting a 20kO linear potentiometer between pins 4 
and 8 with the wiper connected to the positive supply. A 
small, noninductive potentiometer is recommended. The . 
leads connecting the potentiometer to pins 4 and 8 should 
be extremely short to avoid stray capacitance and stray 
signal pickUp. Stray coupling from the output, pin I, to 
pin 4 (negative feedback) or to pin 8 (positive feedback) 
should be avoided or oscillation may occur. 

The potentiometer is optional and may be omitted when 
the guaranteed offset 'l(oltage is considered sufficiently 
low for the particular application. 

For each microvolt of offset voltage adjusted, the offset 
voltage temperature drift will change by ±O.OO4IN /"C. 

HEAT SINKING 
The 3554 does not require a heat. sink for operation in 
most environments. The use of a heatsink, however, will 
reduce the internal thermal rise and will result in cooler 
operating temperatures. At extreme temperature and 
under full load conditions a heat sink will be necessary as 
indicated in the "Maximum Power Dissipation" curve. A 
heat sink with 8 holes for the 8 amplifier pins should be 
used. Burr-Brown has heat sinks available in three sizes -
3°C/W, 4.2°CjWandl2"C/W. A separate pr~duct data 
sheet is available upon request. 

When heat sinking the 3554, it is recommended that the 
heat sink be connected to the amplifier case and the 
combination not connected to the ground plane. For a 
single-sided printed circuit board, the heat sink may be 
mounted between the 3554 and the·nonconductive side of 
the PC board, and insulating washers, etc., will not be 
required. The addition of a heat sink to an already 
functional circuit will probably require slight 
compensation readjustment for optimum performance 
due to the change in stray capacitances. The added stray 
capacitance from the heat sink to each pin will depend on 
the thickness and type of heat sink used. 
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SHORT CIRCUIT PROTECTION 
The 3554 is short circuit protected for continuous output 
shorts to common. Output shorts to either supply will 
destroy the device, even for momentary connections. 
Output shorts to other potential sources are not 
recommended as they may cause permanent damage. 

TESTING 
The 3554 may be tested in conventional operational 
. amplifier test circuits; however. to realize the full 
performance capabilities of the 3554, the test fixture must 
not limit the full dynamic performance capability of the 

amplifier. High frequency techniques must be employed. 
The most critical dynamic test is for settling time. The 
3554 Settling Time Test Circuit Schematic and a test 
circuit layout is shown with the "Typical Circuits." The 
input pulse generator must have a flat topped, fast 
settling pulse to measure the true settling time of the 
amplifier. The layout exemplifies the high frequency 
considerations that must be obser:ved. The layout also 
may be used as a guide for other test circuits. Good 
grounding, truly square drive signals, minimum stray 
coupling and small physical size are important. 
Every jSS4 is thoroughly tested prior to shipment 
assuring"the user that all parameters equal or exceed their 
specifications. 
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IElElI 

High Current - High Power 
OPERATIONAL AMPLIFIERS 

FEATURES 
• HIGH CURRENT 

. Up to 5A Peak; 2A Continuous 

• EASY TO USE 
Adjustable Current limits 
Electrically Isolated Case 
Small Size - H-Pin TO-3 Package 

• HIGH VOLTAGE 
Up to lOV POp Output 

• SELF-PROTECTEO 
Self-Contained Automatic Ther.mal 
Sensing and Shutdown 

• HIGH POWER 
Delivers up to lOW to Load 

3571 
3572 

International Airport Industrial Park - P.O. Box 11400 - TUCBon. Ariz.ona 85734 - Tat(602) 746·1111 - Twx: 910-952-1111 - Cable: RBRCORp· Talex: 66-6491 

PDS-JJ4C 

1-196 



DESCRIPTION 

The 3571 AM and 3572AM are high output current 
integrated circuit operational amplifiers.· Their per
formance, ease of use and compact size make them ideal 
to use i.n a variety of high current applications. They are 
especially well suited for driving permanent magnet DC 
servo and torque motors. 

The equivalent circuit for the 3571 AM and 3572AM is 
shown in Figure I. The design uses a monolithic FET 
input stage for high input impedance, low bias current, 
and low voltage drift versus temperature. The high input 
impedance provides negligible source impedance loading 
errors when the noninverting circuit configuration is 
used. The low bias currents minimize offset errors when 
large values of source and feedback resistors are used. 

The input offset voltage at 25"C and the input offset 
voltage drift versus temperature are compensated by 
state-of-the-art laser trimming techniques. The offset 
voltage is low enough so that trimming will not be 
required in most applications. The excellent input char
acteristics and the high gain available mean that the use 
of a preamplifier, sometimes required with other servo 
type amplifiers, will not be necessary with the 3571 AM 
and 3572AM. 

The output stage isa class AB design which provides low 
distortion and minimizes quiescent current drain. The 
output circuitry provides for external current limiting 
resistors for both positive and negative output currents. 
This allows the user to select the current limit value suited 
to his particular application. This is especially desirable 
for driving permanent magnet motors where the high 
current seen during direction reversal (plugging) can 
demagnetize the motor. 

The3571 AM and 3572AM have been designed to operate 
over a relatively wide supply range (±15V DC to ±40V DC) 
while still maintaining the high output current capability. 
This allows the user a wide range for the selection of the 
proper output voltage and current and makes the ampli-

FIGURE I. Equivalent Circuit 

fiers usefl.\l for many different types of loads. 

The output circuit has a unique protection feature which 
is practical only in integrated circuit amplifiers - self
contained automatic thermal-sensing and shut-off cir
cuitry which automatically turns the amplifier off when 
the internal temperature reaches approximately 150"C. 
This is accomplished by sensing the substrate temperature 
and deactivating the amplifiers biasing network when the 
temperature reaches 150"C. As this happens, the output 
load current limits at a safe value and the amplifier's 
quiescent current decreases. The output .current may 
remain at a low value or oscillate between two values 
depending on the amount of power being dissipated and 
the heat sink conditions seen by the amplifier. In either 
case, the amplifier will not sustain internal damage and 
will return to normal operation within a few st;conds after 
the abnormal load condition is removed. 

Internal thermal protection removes some of the con
straints of power derating for abnormal operating condi
tions. The amplifier will protect itself for many conditions 
of excess power dissipation (see Power Derating Curve). 
This allows the use of a smaller heat sink to protect 
against abnormal output conditions since the amplifier 
has its own internal protection for many conditions of 
excess power dissipation. The output constraints of the 
Safe Operating Area Curves must still be observed. 

The 3571AM and 3572AM have several other features 
that improve their utility. For instance, the metal case of 
the units is completely electrically isolated. (This can be 
contrasted to most power semiconductors where the case 
is connected to the collector of the device.) This simplifies 
mounting and reduces cost because the need for insulating 
spacers and bushings is eliminated. The hermetically 
sealed package improves reliability and will withstand 
severe environments better than discrete component 
amplifiers. The small package size makes mounting more 
convenient. 

+Vcc 
} 

+sc 

} 
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SPECIFICATIONS 
ELECTRICAL. 
Typical at T caoe = 25°C and ±Vcc = ±35VDC max unless otherwise noted. 

MODELS 3571AM I 3572AM 

RATED OUTPUT (to load I 
Power to Load 
Continuous, min(1) 30W SOW 
Peek. minll) SOW 150W 

Output Voltage. ±(IVcc 1-5)V 
Continuous, min(1) ±30Vat±IA ±3OVat±2A 
Peek. mlnll) ±3OVat2A ±3OA at5A· 

Load Capacitance. min. Cc = 0 3300pF 
Cc=1000pF 15,.F 

DISSIPATION RATING 

At 25°C Case Temperature 33W J. SOW 
Derating Above 25°C See Typical Performance Curves 
Thermal Resistance. Case to Free Air 3O"CIW 
Thermal Time Constant (no heat sink) 2 minutes 
Thermal Resistance. Junction'io Case 2.5°CIW 

POWER SUPPLY 

Voltage. ±Vce ±15VDC to ±40VDC 
Quiescent Current. max ±35mA 

OPEN LOOP 
Gain min. at Rload - 300 (3572AM) 94dB 

Rload = &on (3571AM) 
Outpullmpedance 2.50 

FREQUENCY RESPONSE 

Unity Gain Bandwidth. Small Signal 500kHz 
Full Power Bandwidth 16kHz. at Vpk = 30V 
Slew Rate. Ce = 1000pF 3vr,.sec 

INPUT OFFSET.VOLTAGE 

Initial at 25°C. max ±2mV 
Drift vs. Temp., max ±40,.vroC 
Drift vs. Supply Voltage ±100,.VN 
Drift vs. Time 5O",V/mo 
Drift vs.'Power Dissipation (Tc constant) 20,.VIW 

INPUT BIAS CURRENT 

Initial ,at 25~C, max -100pA 
Drift vs" Temp. doubles every 10°C 
Drift vs. Supply Voltage 0.5pAN 

INPUT OFFSET CURRENT 

Initial at 250 (: ±50pA 
Driftvs. Temp. doubles every 10°C 
Drift vs. Supply Voltage 0.5pAN 

INPUT IMPEDANCE 

Differential 10no 1I10pF 
Common-mode 10110 

INPUT NOISE 

Voltage O.OIHz to 10Hz. pop 4,.V 
10Hz to 1 kHz, rms 3,.V 

Current 0.01 Hz to 10Hz, POp 'pA 
10Hz to 1 kHz, rms O.lpA 

INPUT VOLTAGE RANGE 

Max Safe Differential Voltage (+Vee +1 -Vee II 
Max Safe Common-mode Voltage +Vee to ,Vee 
Common-mode Voltage, Linear Operation ±( IVee I -101V 
Common-mode Rejection SOdB min.; SOdB. typo 

TEMPERATURE RANGE (Case) 

Specification -25°C to +65°C 
Operating -550 C to +125°C 
Storage -55°C to +125OC 

NOTE: 
1. Safe Operating Area and Power Derating limitations must be observed. 
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MECHANICAL 

-.. -U=f;~ 
o-L 

a ~H~. 
, F~t(' 1\ . :-I 

(;9 .. 1 + ',- R 

, " '. 1 't(~ ... ~' 
. '. . 

NOTE: 
Leads in true position within 0.010· 
O.25m~ A at MMC at seating plane. 

Pin numbers shown for reference only. 
Numbers may not be marked on package. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 1.510 1.550 38.35 39.37 

• .745 .770 lB.91 19.66 

c .300 .400 7.62 10.16 

0 .038 .04' 0.97 1.07 

.080· .105 2.03 .67 

40° BASIC 40° BASIC 

.500 BASIC 12.7 BASIC 
1.188 BASIC 30.12 BASIC 

J .583 BASIC 15.06 BASIC 

K AOO .500 10.16 12.70 

a .151 ,161 3.84 4.09 

R .980 1.020 24.89 25.91 

CONNECTION DIAGRAM 
.TOPVIEW· 

OUTPUT 

-IN 
-SC 

R-se 

The case is electrically isolated. It is recommended 
that the case be grounded during use. 

*A 1000pF ±20% ceramic capaCitor is recommended 
for all circuit configurations and at all amplifier 
gains. The capacitor's lead lengths should be short. 
For gains above 10VN, Ce is not absolutely required 
but is recommended. 
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INSTALLATION AND OPERATING INSTRUCTIONS 

GENERAL PRECAUTIONS 

Current Limiting 

It is recommended that during initial amplifier setup. 
particularly in breadboarding and when a lack offamili
arity with the amplifier exists. that the current limit be set 
at about 250mA (Rs(" ~ 5.6!l). This will allow verification 
of the circuit and will minimize the possibility of damaging 
the amplifier. Later. when the circuit configuration and 
connections have been proven. the current limits can be 
raised to the desired value. . 

Minimum Heat Sink 

The 3571 AM and 3572,<\M require a minimum heat sink 
of l6"C W or lower in order to insure tho:rmal stability 
(mounting on a 3" x 3" x 0.06" piece of80% copper-clad 
printed circuit board material will be sufficient). Normally. 
this will not be a consideration since a larger heat sink will 
be used to provide the proper power dissipation as 
described ill the Thermal Considerations section which 
follows. 

Proper Grounding and Power Supply Bypassing 

Particular attention should be given to proper grounding 
practices because the large output currents can cause 
significant grounding-loop errors. Proper connections 
are shown in Figure 2. 

FIGURE 2. Proper Power Supply Connections. 

Note that the connections are such that the load current 
does not flow through the wire connecting the signal 
ground point to the power supply common. Also. power 
supply and load leads should be physically separated 
from the amplifier input and signal leads. 

The amplifier power supply should be bypassed with 50j.lF 
tantalum capacitors connected in parallel with O.Olj.lF 
ceramic capacitors connected as close to pins 3 and 6 as 
possible. The capacitors should be connected to the load 
ground rather than the signal ground. 

CURRENT LIMITS 

The amplifiers are designed so that both the positive and 
negative load current limits can be adjusted with external 
resisturs. R+se and R.se respectively. The value of the 
resistors are given by the following equations: 

R . = 1.3 (volts) . R 1.5 (volts) 
+se I+limit(amps) ·se 1.limit(amps) 

hmi, is the desired mal.\imum current. The maximum 
power dissipation of the resistors is Pm,,, = Rs(" (llimi,)'. The 
current limits determined ,by the equations above are 
accurate to about ±IOL(i. The variation of llimit versus 
temperature is shown in the Typical Performance Curves. 
Both +V("(" and -V("(" must be on for,the current limits to 
function. 

To avoid introducing unwanted inductance into the 
current limit circuitry. which may introduce oscillations 
and permanent damage. both current limit resistors must 
be noninductive. Do not use wire wound resistors. 
Carbon composition resistors are preferred and parallel
ing them can provide a wide current limit range at the 
wattage needed. . 

The maximum value of the negative current limit resistor 
is 15!! (100mA. min). Exceeding this value. or an open 
circuit. could permanently damage the internal 75f!, 
thin-film r~sistor which parallel R.se. 

The amplifier should be used with as Iowa current limit 
as possible for the particular application. This will 
minimize the chance of damaging the amplifier under 
abnormal load conditions and increase reliability by 
limiting the internal power dissipation of the amplifier. 

THERMAL CONSIDERATIONS 

The3571 AM and 3572AM are rated for 150"C maximum 
junction temperature. The thermal resistance from junc
tion to case (OJ,) is 2.5"C W. The corresponding Power 
Der.ating Curve is given in the Typical Performance 
Curves. 

The internal power dissipation of the amplifier is given by 
the equation Pil = Pill) + Pm. where Pill) is the quiescent 
power dissipation and Pili. is the power dissipated in the 
output stage due to the load. (For.±V("(" = ±40V. PIlO = SO 
x 0.035 = 2.SW. max). For the case where the amplifier is 
driving a grounded load (Rd with a DC voltage (±V,,",) 
the maximum value of Pili. occurs at ±V,,'" = ±V("(". 2 and 
is equal to Pili. m", = (±v("d 4RI.. Figure 3 shows Pil as 
function of the output voltage wit~ the load resistance as 
a running parameter. 

;: 50 
0 
"-

" 40 0 
1; 
'" :~ 
0 
~ 
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0 
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Oi 
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FIGURE 3. Internal Power Dissipation vs. Output 
Voltage. 
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Pm for any other value of V",,, can be computed from 

1',,1. = (±V,," - ±V"",) . Ir. = (±V,," _ ±V"",) (±V"",). 
RI. 

The use of an adeljuate heat sink is mandatory and 
thermal resistance of the heat sink (0",) can be determined 
from the eljuation: 

0", = (T, - T I I'll) - OJ,· 

where TJ is the desired amplifier junction temperature 
(+150"C. max). T" is the ambient temperature. 1'" is the 
amplifiers dissipation. 1'" = 1'''0 + 1'", .. and Ojc is the 
junction to case thermal resistance of the amplifier. Burr
Brown Application Note AN-83 entitled. "How to Deter
mine What Heat Sink to Use". is available for additional 
information. 

The electrically isolated case of the 3571 A M and 3572A M 
simplifies mounting the amplifiers to the heat sink (and 
the heai sink to any other assemblies) since there is no 
need for electrical insulation. Thermal joint compound 
and lock washers should be used to prevent mechanical 
relaxation due to thermal stresses. 

Safe Operating Area 
There are additional coristraints on the output voltage 
and current other than those just due to the maximum 
internal power dissipation of the amplifiers. These are 
related to the prevention of secondary breakdown in the 
output stage transistors. These restrictions are shown in 
the Safe Operating Area Curves in the Typical Perform
ance Curves. 

Application Constraint 

Because of the possibility of damaging the output stage if 
freljuency instability (oscillations) occurs. applications 
with an inductive load which will activate the current 
limit of the amplifier. are limited to a load impedance 
phase angle of less than 60"C leading. over the freljuency 
band of 10kHz to 100kHz. Increasing the load's series 
resistance will decrease the angle. if necessary. Larger 
inductive loads may be applied if current limit is not 
activated. 

Frequency Compensation 

The optimum value of the compensation capacitor is 
1000pF. A ±20cii tolerance ceramic capacitor is recom
mended. The compensation capacitor should be used 
with all circuit configurations and at all amplifier gains 
(see note on Connection Diagram). 

TYPICAL APPLICATIONS· 

TACHOMETER FEEDBACK 
~----~~~~~~ 

VOUT 
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CURRENT FEEDBACK 
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BURR-BROWN@ 

IElElI 3573 

High Current -High Power 
OPERATIONAL AMPLIFIER, 

FEATURES 
- HIGH OUTPUT POWER 

100 WaHs Peak 
40 Watts Continuous 

- WIDE SUPPLY RANGE 
±10 tu34 Volts' 

- HIGH OUTPUT CURRENT 
.... 1;, A ,"nlO D", .. ~ 
.J..U nll'l''' I Gal\. 

±2 Amps Continuous 

-SMALL SIZE: TO·3 PACKAGE 

-LOW COST 

APPLICATIONS 
-DC MOTORS 

-AC MOTORS 

-ACTUATORS 

• ELECTRONIC VALVES 

-SYNCROS 

DESCRIPTION 
If you need to supply iOO watts peak or 40 watts 
continuous, yet must choose a small, easy to use op 
amp, you'll find the 3573 a logical solution. This' 
hybrid Ie delivers ±5A peak minimum at ±20V 

, minimum to the load when operated from ±28V 
power supplies. The design of this op amp has been 
optimized for low cost while preserving moderately 
good input and distortion characteristics. 

Output circuitry provides for external current, 
limiting resistors for both positive and negative 
currents. This allows current limits to be set to values 
'dictated by the op amp's application. 3573 is, 

internally frequency compensated, and is 
unconditionally stable with ,capacitive loads to 
3300pF. 

Housed in a small, rugged, hermetically sealed 8-lead 
TO-) package, 3573 will withstand severe 
environments far better than, discrete component 
amplifiers. The metal case,is completely electrically 
isolated from the amplifier circuitry. Thus, mounting 
is easier (no isolation washers or spacers) and' the 
hazards of a case connected to the output or supply 
voltage is eliminated. 

Inllmillanil Alrplf'llndtJalrlll Park· P.O. Bax 114110· Tuelln. Arizanl 85734 . TIl. 16021 746,1111 • Twx: 910-952·1111 . Clbie: BBRCORP . Telax: 66-6491 

PDS·393A 
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ELECTRICAL SPECIFICATIONS 

At T C"_ = 2SoC and ±Vcc = ±28VDC unless otherwise nOled. 

ABSOLUTE MAXIMUM RATINGS 
3S73AM 

Supply Voltage Range ±34VDC 
PARAMETER CONDITIONS MIN TVP MAX UNITS Internal Power Dissipalionfll 45W 

Differential Input VoltagcUl ±62VDC 

dB 
Input Voltage Range'2J ±3IVDC 

OPEN LOOP GAIN. DC RI. ;. 30n 94 115 
Storage Temperature Range -(WC to I SO'C 
Lead Temperature (soldering, 10 sec) 300'C 

RATED OUTPUT Output Short-Circuit Durationl ]) Continuous 
Power to load'" Junction Temperature ISO'C 
Continuous 40 W I. Package must be derated based on a junction to Peak 100 W 

case thermal resistance af2.SoC/W, or a junction Output Current 
to ambient thermal resistance of 30°C/W. Continuous ±2 A 

Peak ±S A 2. For supply yoltages less than ±34VDC, the 
Output· Voltage lou,=±SAI41 ±20 ±23 V absolute maximum voltage is three volts less than 

supply v~ltage. 
DVNAMIC RESPONSE 3. Safe Operating Area and Power Derating Curves 

Bandwidth. Unity Gain Small Signal I MHz must be observed. 
Full Power Bandwidth 15 23 kHz 4. With R±SC = O. 
Slew Rate I.3S I.S V ~s 

MECHANICAL 
INPUT OFFSET VOLTAGE 

i8=R 
Initial Offset ±S ±IO mV 
vs Temperature -2S"C .. T _ .. 8S"C ±IO .±65 ~V .. c 
vs Supply Voltage ±3S "V/V 

INPUT BIAS CURRENT 

s ... '.""M-' till dJ Initial T_ = 25"C IS 40 nA + vs Temperature ±o.OS nA .. c 
vs Supply Voltage ±o.02 nA V . 0--1.-

INPUT DIFFERENCE Q 5H~ 
CURRENT 

I F~"''''' :--l Initial T, •• = 2S"C ±S ±IO nA 
vs Temperature -25"C .. T _ .. 8S"C ±o.OI nA "c ®","r'+~ '1 \1..J.. .... ~. 

INPUT IMPEDANCE NOTE: Leads In true pOSition within .010" 
Differential 10 MO (.25mm) R at MMC al sealing plane. Common-mode 2S0 Mn 

Pin numbers shown for reference only. 
Numbers may not be marked on package. 

INPUT NOISE 
Voltage Noise (, = O.3Hz to 10Hz 3 ~V p-p INCHES MILLIMETERS 

f. = 10Hz to 10kHz 5 ~Vrms DIM MIN MAX MIN MAX 

Current Noise f. = 0.3Hz to 10Hz 20 pA p-p A 1.510 1.550 38.35 39.37 
f. = 10Hz to 10kHz 4.5 pA rms B .745 .no 18.92 19.56 

.C .240 .290 6.10 7.37 
0 .038 .042 .97 1.07 
E .OBO .1OS 2.03 2.67 

INPUT VOLTAGE RANGE F 40~ BASIC 40" BASIC 
G .500 BASIC 12.7 BASIC 

Common-~ode Vollage linear Operation ±(1Vc~-6)' ±~Vccl-3) V· H 1.186 BASIC 30.12 BASIC 
Common-mode Rejection f= DC. VCM = ±22 70 110 dB J .593 BASIC 15.06 BASIC 

K .400 .500' 10.16 12.10 
Q .151 I .161 3.84 4.09 

POWER SUPPLY R .980 1.020 24.89 25.91 
Rated Voltage ±28 V 
Voltage Range, derated ±IO ±34 V 

CONNECTION DIAGRAM Current. quiescent ±26 ±S mA 

(TOP VIEW) R+SC 
TEMPERATURE RANGE 

Specification -25 +85 "C +SC' 
Operating,derated performance -25 +85 .. c 

+Vcc J 2 
Storage 1 -65 +150 "C Output 

I J--
+IN 4 

R -SC 
-IN 5 

8}--

-Vee 6 7 -SC 

No Internal Connection 
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TYPICAL PERFORMANCE CURVES 
(Typical at 2S"Case and ±Vn" = ±2K VDC unleiS otherwise noted.) 

POWER DERATING CURVE 
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INSTALLATION AND OPERATING 
INSTRUCTIONS 

GENERAL PRECAUTIONS 

CURRENT LIMITING 
It is recommended that during initial amplifier setup, 
particularly in breadboarding and when a lack of 
familiarity with the amplifier exists, that the current limit 
be set at about 250mA (Rsc = 2.60). This will allow 
verification of the circuit and will minimize the possibility 
of damaging the amplifier. Later, when the circuit 
configuration and connections have been proven, the 
current limits can be raised to the desired value. 

PROPER GROUNDING & POWER SUPPLY 
BYPASSING 

Particular attention should be given to proper grounding 
practices because the large output currents can cause 
significant ground loop errors. Figure I illustrates proper 
connections. "-

fIGURE I. Proper Power Supply Connections. 

Note that the connections are such that the load current 
does not flow through the wire connecting the signal 
ground point to the power supply common. Also, power 
supply and load leads should be run physically separated 
from the amplifier input and signal leads. 

The amplifier should be power supply bypassed with 
50/lF tantalum capacitors connected in parallel with 0.01 
/IF ceramic capacitors connected as close to pins 3 and 6 
as possible. The capacitors should be connected to the 
load ground rather than the signal ground. 

CURRENT LIMITS 

The amplifier is designed so that both the positive and 
negtive load current limits can be adjusted with external 
resistors, R+5c and R.sc respectively. The value of the, 
resistors are given by the following equation: 

0.65 (volts) 
Rsc = -:--:"---:

llimit (amps) 

hmit is the desired maximum current. The maximum 
power dissipation of the resistors is P max = Rsc (Ilimit)2. The 
current limits determined by the equations above are 
accurate to about ±100/0. The variation of llimii,'VS 

temperature is shown in the Typical Performance Curves. 

The amplifier should be used with as Iowa current limit as ' 
possible for the particular application. This will minimize 
the chance of damaging the amplifier under abnormal 
load conditions and increase reliability by limiting the 
internal power dissipation of the amplifier. 

THERMAL CONSIDERATIONS 

The 3573AM is rated for 150·C maximum junction 
temperature. The thermal resistance from junction to 
case (lij') is 2.8°CjW per watt. The corresponding Power 
Derating Curve is given in the Typical Performance 
Curves section. 
The internal power dissipation of the amplifier is given by 
the equation Po = POQ + POL where POQ is the quiescent 
power dissipation and POL is the power dissipated in the 
output stage due to the load. 

The thermal resistance of the required heat sink (thu) can 
be determined from the equation: 

, -lij' 

where TJ is the desired amplifier junction temperature 
(+150°C max), TA is the ambient temperature, Po is the 
amplifier's dissipation. Po = POQ + POL, and lij, is the 
junction to case thermal resistance of the amplifier. 
The electrically isolated case of the 3573AM simplifies 
mounting the amplifiers to the heat sink (and the heat 
sink to any other assemblies) since there is no need for 
electrical insulation. Thermal joint compound and lock, 
washers should be used to prevent mechanical relaxation 
due to thermal stresses. 

SAFE OPERATING AREA 
There are additional constraints on the output voltage 
and current other than those just due to the maximum 
internal power dissipation of the amplifiers. These are 
related to the prevention of secondary breakdown in the 
output stage 'transistors. These restrictions are shown in 
the SAFE OPERATING AREA CURVES in the 
Typical Performance Curves. 
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BURR-BROWNI8 

IElElI 
For a /883B version of this 
product, see OPA8780i883B in 
the Military Products section. 

3580 
3581 
3582 

. High Voltage 
OPERATIONAL AMPLIFIERS 

FEATURES 

• KIGH OUTPUT SWINGS, up to ±145V (3582) 

.• LARGE LOAD CURRENTS, up to ±60mA (3580) 

• DlFFICUL TTO DAMAGE, automatic thermal shutoff 

• REDUCES SOURCE LOADING, 10 II n Input Z 

• PRESERVES SYSTEM ACCURACY, 
11 OdB CMR 20pA bias current 

OFFSET TRIM 

3 ,-VV".---. 

+IN 

DESCRIPTION 

The 3580 series' is the first family of Integrated 
Circuit. operational amplifiers' which will provide 
output voltage swings of up to ±145V. 

The monolithic FET input stage has low bias currents 
(20pA) which minimizes the offset voltages caused by 
the bias current and the large resistance normally 
associated with high voltage circuits. 

The 3580 series is packaged in aTO-3 package which 
will dissipate over 3W of power without a heat sink 
and 4.5W with a suitable heat sink .. 

The input stage is protected against overvoltages and: 
the output stage is protected against short-circuits
to-ground. A special thermal sensing circuit prevents 
damage to the amplifier by automatically shutting 
the amplifier down when too much power is being 
dissipated. 

+Vee 

OUTPUT. 

. ,vee 

International Airport Industrial Park· P.O. Box 11400: Tucson. Arizona 85734· Tal. (6021 746·1111 - Twx: 910-952-1111 - eable:BBReORP -Telex: 66-64in 
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THEORY OF OPERATION 

® 
NO 

INTERNAL 
CONNECTION 

.Vce 
7 

FIGURE I. Simplifier Schematic of 3580. 

FIGURE 2. Simplified Schematic of 3581 and 3582. 

+300voe 

HOH+ HI 
'0 = 'j I I 

1 

+IOV,,; 'i"; +290V 
+5V ,,; '0 ,,; +290V 

FIGURE 3. Operation from a Single Supply. 

The 3580 family of integrated circuit high voltage 
amplif.iers provides performance which previously was 
only available in bulky modular packages (see Figures I 
and 2). In addition to the smaller size and inherent 
reliability, the integrated circuit construction offers other 

advantages not normally available in modular or discrete 
component units. The amplifiers have thermal sensing 
and shut-off circuitry which automatically turns the 
amplifier off when the internal temperature reaches 
approximately 150nC. This is accomplished by sensing 
the substrate temperature and deactivating the input 
stage current source when the temperature reaches a 
critical level. As this happens, the output load current 
limits at a safe value and the amplifier's quiescent current 
decreases. 

If the cause of the abnormal power dissipation is 
continuous (such as a short circuit across the load) the 
output current may remain at a low value or oscillate 
between two values depending on the amount of power 
being dissipated and the heat sink conditions seen by the 
amplifier. I n either case, the amplifier will not sustain 
internal damage and will return to normal operation 
within a few seconds after the abnormal condition is 
removed. 

The incorporation of thermal sensing and shut-off in the 
amplifier will allow the use of a smaller heat sink than 
would otherwise be required. This is due to the fact that 
the amplifier will protect itself and does not require a 
massive· heat sink for protection under .abnormal 
conditions: 

. Another unique feature of the 3580 family is the thorough 
testing of the unit receiver. In addition to the normal 
tests, all amplifiers are 100% tested for input protection at 
the full rated differential voltage(+V"" -V('e). Each unit is 
also 100% tested for output short circuit to common·at 
maximum supply voltage. 

The 3581 and 3582 have a unique feature that is 
important in many high voltage applications. In these 
two models the input bias current is virtually indepe.ndent 
of the applied common-mode voltage. This .is accom
plished by the true cascode input stage which keeps the 
drain-to-source voltage of the input transistors constant 
as the common-mode voltage changes. 

OPERATION FROM A SINGLE SUPPLY 
It may be desirable in some applications to operate the 
amplifiers from a single supply. The circuit in Figure 3 
illustrates a typical application. 

Note that there are restrictions on the input and output 
voltages (e; and en) which are necessary in order to keep 
the amplifier circuits operating in a linear manner. 

It should be noted that when the 3581 and 3582 amplifiers 
are operated from a single supply, the output stage, which 
is still sh'ort-circuit-current limited and thermally 
protected, is not protected against short circuits to 
ground (the 3580 will still be short circuit protected under 
these conditions). When the amplifiers are operated from 
a single supply, the voltage across one of the output 
transistors is high enough that secondary breakdown is a 
consideration. The output current must be limited in 
order to prevent damage. This can be done by keeping the 
load resistor larger than SkU for the 3582 and greater 
than I kU for the 3581. 
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SPECIFICATIONS 
ELECTRICAL MECHANICAL 
Typical at TeASE = ·t25°C max unless otherwise noted. 

_._c~;[ ~ MODELS 'I 3580J I 3581J I 3582J 

POWER SUPPLY 
Vollage. ±Vee ~15VDC to +32VDC to ::70VDC to 

!35VDC !75VDC ±150VDC 
Quiescent Current. max !10mA !BmA !6.SmA 

RATED OUTPUT o-L 
Voltage. ±'IVecl -5 VDC. min ~10VDC to ±27VDCto ±65VDCto 

-30VDC !70VDC ~145VDC 

~H~ Current. min ±60mA ::30mA . !1SmA 
Current. Short Circuit +100mA :l"50mA !2SmA a 
Load Capacitance, max 10nF 

OPEN-LOOP GAIN I :<1(' 1-. :--l 
No Load. DC .106dB 112dB 118dB ® :+~. R 
Rated Load. DC. min 86dB 94dB 100dB r- '~..;.-.. :' 1 
FREQUENCY RESPONSE 

Unity Gain Bandwidth. Small Signal SMHz. min 
Full Power Bandwidth 100kHz 60kHz 30kHz 
Slew Rate 15V/ps 2DV/"s 20V/"s NOTE: 

Settling Time. 0.1% t2"s 
I.. •• ds in trUI position within .010" 
(.25mml R (IJI MMC at ', .. ting plana. 

INPUT OFFSET VOLTAGE 

Initial at TeASE - +25°C. max -10mV -3mV '3mV INCHES MILLIMETERS 
Driftvs Temp. max '30"V/oC -25"V/oC ""25#-,V/oC DIM MIN MAX MIN MAX 
Drift vs Supply Voltage 100"VlV 20"VlV 2D"VN A 1,510 1.550 38.35 39.37 

Drift vs Time 100"V/mo 50j..lV/mo 50"V/mo. • .745 .770 18.92 19.56 

INPUT BIAS CURRENT '. c .3DO .400 7.62 10.16 

Initial at TeASE == +25"C. max -50pA -20pA -2DpA 
0 .038 .04' C.97 1.07 

• .oeo .105 2.03 2.67 
Drift vs Temp doubles every 10°C 

F 40° BASIC 400 BASIC 
Drift vs Supply Voltage D.5pAN O.2pAN O.2pAN - G .600 BASIC 12.7 BASIC 

INPUT OFFSET CURRENT H 1.1B6 BASIC 30.12 BASIC 

Initial at TeASE = +25°C. max t20pA J .583 BASIC 15.06 BASIC 

Drift vsTemp doubles eyery 100 e K .400 .500 10.16 12.70 

Drift vs Supply Voltage 0.5pAN 0.2pAIV D.2pAN a .151 .161 3.84 '.09 
R .980 1.020 24.89 25.91 

INPUT IMPEDANCE 
Differential 10"!'l 10pF 
Common-mode 10"!! 

Pin material and plating composition 
conform to Method 2003 (solderabilitY) 

INPUT NOISE of Mil-Std-883 [except paragraph 3.21 . 

VoltageO.01Hz to 10Hz. pop 5"V ORDER NUMBER: 3580J 

10Hz to 1 kHz. rms l"V 1.7"V 1.7"V 3581J 

Current 0.01 Hz to 10Hz. pop lpA D.3pA O.3pA 3582J 

INPUT VOLTAGE RANGE WEIGHT: 15 GRAMS 

Max Safe Differential Voltage(11 +Vec + -Vee I CASE: METAL 

Max Safe Common-mode Voltag~ +Vee to -Vee 
Common-mode VOlt~ge. ~inear PIN 
Operation Vee -8 V + Vee -10 V ± ,Veel -10 V CONFIGURATION 

Common-mode Reject!on 86dB 110dB 110dB TOP VIEW 
TEMPERATURE Case OPTIONAL 

Specification O°C to 70°C OFFSET OFFSET 

Operating -55°C to t 125°C ADJUST TRIM 

Storage -55°C' to + 150°C r---, 
+vcc 100~ 

NOTE: To 3 
2 

1 OUTPUT 
1. On Models 3581 and 3582 the inputs may be damaged by pulses arpins 5 or 6 with +vcc L 

dV/dt;>lVinsl. Any possible damage can be eliminated by limiting the input current to 150mA 4 
OFFSET 

with external reSistors in series with Ihose pins. No external protection is needed for slower TRIM 
voltage. 5 

-IN 

6 
8 N.C. 

+IN 7 NO INTERNAL 

-Vee 
CONNECTIDN 

CONNECTOR: OB03MC 
HEAT SINK: 0803HS 

0804HS 
080SHS 

-The case is electrically isolated. It is recommended 
that the case be gro\Jnded during use. , 
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TYPICAL PERFORMANCE CURVES 
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BURR-BROWN® 

IElElI 3583 

High Voltage - High Current 
OPERATIONAL AMPLIFIER 

FEATURES 

• HIGH OUTPUT SWINGS, Up to ±140V 

• LARGE LOAD CURRENTS, ±75mA 

• PROTECTED OUTPUT STAGE, Automatic Thermal Shutoff 

• REDUCES SOURCE LOADING, 10 II 0 Input Z 

• PRESERVES SYSTEM ACCURACY, 
nOdB CMR 20pA Bias Current 

DESCRIPTION 
The 3583 is the first integrated circuit operational' 
amplifier to provide output voltage swings of±140V 
with currents as high as ±75mA. 

The amplifier operates over a wide 'supply ringe 
(±50VDC to±150VDC) and has excellent input 
characteristics (11OdB CMR, 3mV Vo~, 25p.V jnC 
j. VOSI j. T). 

The monolithic FET input stage has low bias current 
(20pA) which minimizes the offset voltages caused by 
the bias current and the large resistances normally 
associated witli high voltage circuits. 

The input stage is protected against overvoltages and 
the output stage is protected against short-circuits to 
ground for supply voltages below ± IOOVDC. A 
special thermal sensing circuit prevents· damage to 
the amplifier by automatically shutting the amplifier 
down when too much,power is being dissipated. 

Two temperature ranges are available: O°C to +70°C 
(3583JM) and -25°C to +85°C (3583AM). 

APPLICATIONS 

• PROGRAMMABLE POWER SUPPLY 
OUTPUT AMPLIFIER 

• HIGH VOLTAGE CURRENT SOURCE 

• POWER BOOSTER 

• HIGH VOLTAGE INTEGRATOR 

• DIFFERENTIAL AMPLIFIER FOR HIGH 
COMMON-MODE VOL TAGECIRCUITS 

Inlarnatlonal Airport 'Industrial Part . P.O. Box 11400 ' Tucson. Arizona 85734 ' Tal. (602] 746-t III ' Twx: 910.952·1111 . Cabla: BBRCORP , Tallx: 66-8491 

PDS·343C 
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SPECIFICATIONS 
ELECTRICAL 
Specifications typical at TeASE = +25°C and ±Vcc = 150VDC unless otherwise noted. 

MOOELS 3583AM I 3583JM 

POWER SUPPL Y 

Voltage, ±Vcc ±50VDC to ±t50VDC 
Quiescent Current, max 8.5mA 

RATED OUTPUT 

Voltage. ±, I Vccl-10.VDC. min ±40VDC to ±140VDC 
Current. min ±75mA 
Current. Short Circuit ±100mA 
Load Capacitance, max 10nF 

OPEN-LOOP GAIN 

No Load. DC 118dB 
Rated Load. DC 94dB. min: 105dB. typ 

FREQUENCY RESPONSE 

Unity Gain Bandwidth. Small Signal 5MHz 
Full Power Bandwidth. RL =:: 10kU 60kHz 
Slew Rate 30Vlpsec 
Settling Time. 0.1 % 12JJsec 

INPUT OFFSET VOLTAGE TA - +25°C 

Initial at 25°C, max ±3mV 
Drift vs Temp. ma)t ±23#/oC 
Drill vs Supply Voltage ±20pVIV 
Drift vs Time ±50",V/mo 

INPUT BIAS CURRENT 

Initial at 25°C, max -20pA 
Driftvs Temp doubles every lOoC 
Drill vs Supply Voltage O.2pAIV 

INPUT OFFSET CURRENT 

Initial at 25°C ±20pA 
Drift vs Temp doubles every 100 e 
Drift vs Supply Voltage O.2pAIV 

INPUT IMPEDANCE 

Differential 101111 1110pF. 
Common-mode 101111 

INPUT NOISE 

Voltage 0,01 Hz to 10Hz. p-p 5pV 
10Hz to 1kHz. rms 1.7pV 

Current 0.01Hz to 10Hz. p-p 0.3pA 

INPUT VOLTAGE RANGE 

Max Safe Differential Voltage(1) ,+Vce +I-Veel 
Max Safe Common-mode Voltage +Vee to-Vee 
Common-mode Voltage. Linear 

Operation ±II Vccl-l0lV 
Common-mode Rejection 110dB 

TEMPERATURE RANGE (Ca.e) 

Specification -2SoC to +85°C 10°C to 70°C 
Operating -55°C to +125°C 
Storage -55°C to +125°C 

NOTES: 
1. The inputs may be damaged by pulses at pins 5 or 6 with dVldt;;, 1 Vlnsec. 

Any possible damage can be eliminated by limiting the input current to 
1S0mA with external resistors in series with those pins. No external protection 
is needed for slower voltage changes. 

1-211 

~----------------------~ 
MECHANICAL 

NOTE: 
Leads in true position within .010" 
1.2Smml R (II MMC II .. ating plane. 

Pin numbers shown for reterence onlv. 
Number, may not be marked on package .• 

ORDER NUMBER: 
3583AM 3583JM 

WEIGHT: 
15.1 Grams 

MATING CONNECTOR: 
0803MC 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1.510 1.550 38.35 39.31 

.745 .170 18.92 19.56 

24. .290 6.10 7.37 

0 .038 .042 0.97 1.07 

.DB. .105 2.03 2.67 

F 400 BASIC 40° BASIC 

~ .500 BASIC 12.7 BASIC 

H 1.186 BASIC 30.12 BASIC 

J .6838ASIC 15.06 SASIC 

K .400 .500 10.16 12.70 

a .151 .161 3.84 4.09 

.9S0 1.020 24.89 25.91 

CONNECTION DIAGRAM 

Optional 
tTopVlewl 

Offset Adjust i - - - -, Offset Trim 

To <100kll 
+VCC --+-~ 

L 4 
Offset Trim 

-IN 

• No internal connection. 
The metal case is electrically isolated. 
It is recommended that the case be 
grouMed during use. 
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TYPICAL PERFORMANCE CURVES 
Typical at TeASE '= +25°C and ±Vcc = 150VDC unless otherwise noted. 
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APPLICATIONS INFORMATION 

The 3583 is a high voltage, high output current integrated 
circuit operational amplifier. Its ease of use. compact size, 
and excellent input and output specifications makes it 
well suited for a wide variety of high voltage applications. 

The equivalent circuit for the 3583 is shown in Figure I. 
The design uses a monolithic FET input stage for high 
input impedance, low bias current, and low voltage drift 
versus temperature. The qffset voltage at 2S"C and the 
drift versus temperature are compensated by state-of-the
art laser-trimming techniques. They are low enough so 
that user-trimming will not be required in most applica
ions. The high input impedance provides negligible 
source impedance loading errors when the noninverting 
circuit configuration is used. The low bias currents 
minimize offset errors when large values of source and 
feedback resistors are used .. 

FIGURE l. 3583 Equivalent Circuit. 

A true cascade input stage is used together with con
siderable protection circuitry. There are voltage limiting 
transistors to prevent damage due to reverse. bias 
breakdown of the input pair and current limiting resistors 
to limit the input current to I mA with the inputs at ± ISO 
volts. The units are conservatively rated (and 100% 
tested) at full rated differential voltage (+ISOV a:nd 
-150V) but typically will withstand a Socii overvoltage 
without damage. 

The· unit operates over a wide supply range (±SOV to 
± 150V) with outstanding common-mode rejection (II OdB). 
It also has another feature which is important in many 
high voltage applications. The input bias current is 
virtually independent of applied common-mode voltage. 
The output circuit has a unique protection feature which 
is only practical in integrated-circuit amplifiers - self
contained automatic thermal sensing and shutoff cir
cuitry which automatically turns the amplifier off when 
the internal temperature reaches approximately 150°C. 
This is accomplished by sensing the substrate temperature 
and deactivating the amplifier's biasing network when 
the temperature reaches 150°C. As this happens, the 
output load current limits at a safe value and the 
amplifier's quiescent current decreases. The .output 
current will remain at a low value or oscillate petween 
two values depending on the amount of power being 
dissipated and the heat sink conditions seen by the 
amplifier. In either case, the amplifier will not sustain 
internal damage and will return to normal operation 
within a few seconds afterthe abnormal load conditionis 
removed. 

The internal thermal protection removes some of the· 
constraints of power derating for abnormal operating 
conditions. The amplifier will protect itself for many 
conditions of excess power dissipation (see the Power 
Derating C~rve). This allows the use o(a smaller heat 
sink to protect against abnormal output conditions since 
the amplifier has its own internal protection for many 
conditions of excess power dissipation. The output 
constraints of the Recommended 5afe Operating Area 
curves must still be observed. 

The 3583 has several other features that improve its 
utility. For instance, the metal case of the unit is 
completely electrically isolated. (This can be contrasted 
to most power semiconductors where the case is connected 
to the collector of the device.) This simplifies mounting 
and reduces cost since the need for insulating spacers and 
bushings is eliminated. The hermetically sealed package 
improves reliability and will more easily withstand severe 
environments than do discrete component amplifiers. 

. The small package size reduces weight and makes 
mounting more convenient. 

Burr-Brown offers three heat sinks as ac~ssories; 
0803H5 with a thermal resistance of 12°Cfwatt, 
0804H5 at 4.2°Cfwatt, and 0805H5 at 3°C/watt. 
A convenient mating cMnector, 0803 MC is also available. 
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BURR-BROWN@! 

IEiElI 

High Voltage 
OPERATIONAL AMPLIFIER 

FEATURES 
• TYPICAL GAIN·BANDWIDTH. 50MHz 
• OUTPUT. +l45V 

;. PROTECTED OUTPUT. automaUc thermal shulllfl 
• BIAS CURRENT. ·20pA 
• CMR. lIOdB 
• SLEW RATE. 150V/ps 

APPLICATIONS 
., ANALOG SIMULATORS 
• DlGITALLY·CONTROLLED POWER SUPPLIES 
• CRT DEFLECTION ' 
• ELECTROSTATIC TRANSDUCERS 

DESCRIPTION 
The 3S84 is a high voltage, integrated circuit operational 
amplifier that will provide up to ±14SV output. 

The amplifier will provide a gain-bandwidth product of 
20MHz minimum; SOMHz typical. The amplifier uses 
external frequency Compensation (one R and one C) so 
that the user may optimize the bandwidth and slew rate 
for his particular application. 

,The amplifier' operates over a wide supply range 
(±70VDC to ±ISOVDC) and has excellent input 
characteristics (1IOdB CMR, 3mV Ea.. and 2Sp.V j"C E .. 
. Drift). The input stage is a FET, The low -20pA bias 
Current minimizes the offset errors caused by the large 
value resistors normally used in high voltage circuits. 

The input stage is protected against overvoltages and the 
output stage is protected against short circuits to ground. 
A special thermal senSing circuit helps to prevent damage 
to the amplifier by automatically shutting the'amplifier 
down when too much power is being dissipated. 

3584 

Inllmatlonal Airport Indllllrill Park· P.O. Bn 11400· Tuclon. Arizona 85734 • TIl. 16021 748-1111 • Twx: 9111-952·1111.· Clble: BBRCORP • Tellx: B1I-64II1 

PDS·376A 
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DISC.USSION 
The 3S84 is a high voltage, integrated circuit operational 
amplifier. Its ease of use, compact size, and excellent 
input and output specifications makes it well suited for a 
wide variety of high voltage and high speed applications. 

The design uses a monolithic FET input stage for high 
input impedance, low bias current, and low voltage drift 
versus temperature. The offset. voltage and the drift are 
laser trimmed. They are low enough so that user trimming 
will not be required in most applications. 

To achieve the high common-mode voltage capability 
and rejection a true cascode input stage is used together 
with considerable protection circuitry. There are voltage 
limiting diodes to prevent damage due to reverse bias 
breakdown of the input pair and current limiting resistors 
to limit the steady state input current to I rnA with the 
inputs at ±ISO volts. The units are conservatively rated 
(and 100% tested) at full rated differential voltage (+ISO 
and -ISOV) but typically will withstand a SO% 
overvoltage without damage. 

It also has another feature which is important in many 
high voltage applications. The input bias current is 
virtually independent of applied common-mode voltage. 
This is a benefit of the true cascode input stage which 
keeps the drain to source voltage of the input transistors 
constant as the common-mode voltage changes.' . 

The amplifier contains automatic thermal sensing and 
shut-off circuitry which automatically turns the amplifier 
off when the internal (substrate) temperature reaches 
approximately ISO·C. This is accomplished by sensing 
the substrate temperature and deactivating all current 
sources when the temperature reaches a critical level. As 
this happens, the output current gradually decreases to 
zero. The output current may remain at a low value or 
oscillate between 2 values depending on the amount of 
power being dissipated and the heat sink conditions seen 
by the amplifier. In either case, the amplifier will not 
sustain internal damage and will return to normal 
operation within a few seconds after 'the abnormal 
condition is removed. 

The incorporation of thermal sensing and shut-off in the 
amplifier will require a smaller heat sink than normal. 
This is due to the fact that the amplifier will protect itself 
and does not require a massive heat sink for protection 
under abnormally high power dissipation. 

The 3S84 has several other features that improve its 
utility. The metal case of the unit is completely electrically 
isolated. This simplifies mounting and reduces cost since 
the need for insulating spacers is eliminated. The 
hermetically sealed package improves reliability and will 
withstand severe environments better. And the small 
package size reduces weight and makes mounting more 
convenient. . 

OPERATION FROM A SINGLE SUPPLY 
It may be desirable in some applications to operate the 
amplifiers from a single supply. The circuit in Figure I 
illustrates a typical application. Note that there are 
restrictions on the input and output voltages (ei and eo) 
which are necessary in order to keep the amplifier circuits 
operating in a linear manner. 

It should be noted that when the amplifier is operated 
from a single supply, the output stage, which is still shon 
circuit current limited and thermally protected, is not 
protected for short circuits to ground under all operating 
conditions. Consult the safe operating area curve. 

+300V 

RO + RI 
eo = ej <-R-1 - ) 

+10V ~ ej ~ +290V 

+sv ... 0 .;; + HOV 

FIGURE I. Operation from a single supply. 

+130VDC to +285VDC 

+5VDC +15VDC 

(I) 

1 J 22 

j{ 
1 IS 

(2) 
IIAC80·COJ.J 

21 

12 

-15VDC 

NOTES: 

1. May be connected to + 15VDC. 
2. Us. for DAC gain adjust. Vout = (IDAC OUT)(Rf). 
3. Optional offset adjust. 

FIGURE 2. High Speed, High Voltage DAC. 



SPECIFICATIONS 
ELECTRICAL Typical at 2S"C and ±V;~ max unless otherwise noted. 

MOOELS. 3584JM 

POWER SUPPLY 
Voltage. ±v .. ±70 to ±ISO VDC 

Quiescent Currenl. max ±6:SmA 

RATED OUTPUT 
Voltage. ± ( I v . .! -S)VDC. min ±6S to ±14S' VDC 
Current. min ±ISmA 
Current. Short Circuit ±2SmA 
Load Capacitance. max. 10 nF 

OPEN LOOP GAIN 
No Load. DC 120 dB 
Rated load. DC. min IDOdB 

FREQUENCY RESPONSE 
Unit), Gain Bandwidth. Small Signal 7MHz 
Gain-bandwidth Product. f= I kHz,G = 100 20 MHz. min 
Full Power Bandwidth. G = 100 135 kHz 
Slew Rate.G = 100 I ISOVj", 
ScttlingTime.O.I%.G= 100 12 ps 

INPUT OFFSET VOLTAGE 
Initial (q! 2S"C. max 3 mV 
Drifl \IS Temp. max 25 pVrC 
Drift \IS Supply Voltage 20 pV, V 
Drift vs Time 50p.V;mo 

INPUT BIAS CURRENT 
Initial @ lSoC. max, -20 pA 
Drift YS Temp doubles every JO°C 
Drift vs Supply Voltage 0.2 pA/V 

INPUT OFFSET CURRENT 
Initial@ 2S'C ±20pA 
Drift vs Temp doubles e.elJ/ IO'C 
Drift YS Supply Voltaic 0.2 pA/V 

INPUT IMPEDANCE 
Differential 10" 0 II 10 pF 
Common Mode 1011 n 

INPUT NOISE 
Voltase 0.01 Hz to 10 Hz pop SpY 

10 Hz to I kHz rms 1.7 pV 
Current 0.01 Hz to 10 Hz p-p . 0.3 pA 

INPUT VOLTAGE RANGE 
Max. Safe Differential Voltascll! (+V"+I-V,,I) 
Max Safe Common Mode Voltage +vccto aVc< 

Common Mode Voltage. Linear 
Operation ±( I V" I -IO)V 

Common Mode Rejection IIOdD 

TEMPERATURE RANGE (Case) 
Specification: O'C to 70'C 
Operating -SS'C to +12S·C 
Storage -SS'C to +ISO"C 

(I) The inputs may be damaged by pulses at pins S or 6 wit~ dV/dt ~ I V/ns. Any possible damage 
can be eliminated by limiting the input currenllo lSOmA with external resiston in series with tbose 
pins. No external protection is needed for ~lo\!IU -Yekage changes. 
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MECHANICAL 
TO-3 

mm .. (1.56") 

10.16mm 
(0.40") 
max 2.54' ~ rr 39.62mm . 

(0.10") ----t---...L--
~ f . 1 
T' ~~ ~ ~ (b~~;7n 

1.01mm -II- f 
(0.04")dia 

Pin material and plating composition 
conform to Method 2003 (solderability) 
of Mil-Std-SS3 (except paragraph 3.2( 

CONNECTION 
DIAGRAM 

(TOP VIEW) 

Optional 
Offset Orrset 

Adjust r __ , .Trim 

~
. , +Vcc 

100kU ·3 2 
To -+ 
+Ycc L 

Orrset 
Trim 

-IN 
Compensation 

Connector: OS03MC 

Heatsinks: OSOJHS, 0804HS, or 0805HS 

Compensation 

Gain Q. Rc 
10 nF 2000 

10 SOD F 2kO 
100 SOpF 20kO 

1000 not required 

for intermediate values of pin. It and C values may be 
interpo:ated. 
I he case IS electrically isolated. It is recommended that the 
case' be grounded during use. . . 



TYPICAL PERFORMANCE CURVES 
Typical at 25°C and ±V cc max unless otherwise noted. 
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INSTRUMENTATION 
AMPLIFIERS 

WHAT IS AN INSTRUMENTATION AMPLIFIER? 

An instrumentation amplifier is a closed-loop, differential input gain block. It 
is a committed circuit with the primary function of accurately amplifying the 
voltage applied to its inputs. 

Ideally, the instrumentation amplifier responds only to the difference 
between the two input signals and exhibits extremely-high impedances 
between the two input terminals, and from each terminal to ground. The 
output voltage is developed single-ended with respect to ground and is equal 
to the product of amplifier gain and the difference of the two input voltages 
(see Figure 1). 

FIGURE 1. Idealized Model of an Instrumentation Amplifier. 

The amplifier gain G is normally set by the user with a single external 
resistor. The properties of this model may be summarized as infinite input 
impedance, zero output impedance, the output voltage proportional to only 
the difference voltage (e2 - e1), a precisely known gain constant (implying no 
nonlinearity), and unlimited bandwidth. This amplifier would completely 
reject Signal components common to both inputs (common-mode rejection) 
and would exhibit no DC offset voltage or drift. 
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CHARACTERISTICS OF 
INSTRUMENTATION AMPLIFIERS 

It is desirable to achieve, as close as possible, the characteristics ofthe ideal 
instrumentation amplifier. The following paragraphs are a discussion of the, 
other-than-ideal, characteristics of the instrumentation amplifiers. 

Input Impedance - A simple model of realistic instrumentation amplifier is 
shown in Figure 2. The impedance Zid represents the differential input 
impedance. The common-mode input impedance Zicm is represented as two 

FIGURE 2. Simple Model of an Instrumentation Amplifier Shown in 
a Typical Application Configuration~ 

equal components, 2Zicm, from each input to ground. These finite resistances 
contribute an effective gain error due to loading of the source resistance. 
The instrumentation amplifier provides a load on the source of Zi = Zid II Zicm. 
If source impedance is Rs = Rs; + Rs2, the gain error caused by this loading 
is: 

If Rs is 10kn and Zi is 10Mn, 10 x 103 

Gain Error:!!: to x 106 = 0.1% 

The DC common-mode input impedance Zicm will be independent of gain. 
The DC differential input impedance Zid may vary as a function of gain. 
Specifications give the worst-case value. The nonzero output impedance of 
the amplifier will also create a gain error, the value of which depends on the 
load resistance. 

Nonlinearity - The linearity of gain is possibly of more importance than the 
gain accuracy, since the value of the gain can be adjusted to compensate for 
simple gain errors. The nonlinearity is specified tobethe peak deviation from 
a "best fit" straightline, expressed as a percent of peak-to-peak full scale 
output. 

Common-mode Rejection - As illustrated in Figure 2, the output voltage has 
two components. One component is proportional to the differential input 

. voltage ed = (e2 - e1). The second component is proportional to the common-
mode input Voltage. The common-mode voltage which appears at the 
amplifier's input terminals is defined as Ecm = e2 + e1/2. This may consist of 
some common-mode voltage in the source itself, ecm, (such as bridge 
excitation·) plus any noise voltage, en, between the source common and the 
amplifier common. As shown in Figure 2, the constant G represents the 
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differential amplifier gain factor (fixed by the external gain-setting resistor). 
The const;3.nt (G/CMRR) represents the commo-mode signal gain of the 
amplifier. The CMRR (common-mode rejection ratio) is the ratio of dif
ferential gain to common-mode gain. Thus CMRR is proportional to the 
differential gain and CMRR increases as the differential (gain G) increased; 
Hence, CMRR is usually specified forthe maximum and the minimum values 
of gain of the amplifier. The common-mode rejection may b.e expressed in 
dB as - CMRR (dB) = 20 log,o CMRR. 

For an ideal instrumentation amplifier the output voltage component due to 
common-mode voltage should be zero. For a realistic instrumentation 
amplifier, the CMRR though very high, is still not infinite and sowill cause an 
error voltage of Ecm/CMRR x G to appear at the output. 

Source I"mpedance Unbalance - If the source impedances are unbalanced 
the source voltages (ecm + en) are divided unequally upon the common
mode impedances and a differential signal is developed at the amplifier's 
input. This error signal cannot be separated from the desired signal. In the 
circuitin Figure2 ifRs2 =0, Rs1 =1kO, ecm+en =10V, and Zcm =100MO, then 
the effect of unbalance is to generate a voltage. 

)08 103 10V 

. e2 -el = 10V-IOV 108 + 103 = 10V 108+ 103 - lOS 

If ed full scale is 1 OmV then this error is: 
O.lmV 

Error=--= 1% of full scale. 
10mV 

O.lmV 

Offset Voltage and Drift - Most instrumentation amplifiers are two stage 
devices - they have a variable gain input stage and a fixed gain output stage. 
If Vi and Vo are the offset voltages ofthe input and output stages respectively, 
then the amplifiers total offset voltage referred to the input (RTI) =Vi +Vo/G 
where G is the amplifier's gain. [Note that Eos (RTI) x G.] , 

The initial offset voltage is usually adjustable to zero and therefore, the 
voltage drift is the more significant term since it cannot be nulled. The offset 
voltage drift also has two components - one due to the input stage of the 
amplifier and the other due to the output stage. When the amplifier is 
operated at high gain,the drift of the input stage predominates. At low values 
of gain, the drift of the output stage will be the major component of drift. 
When the total output <;lrift is referred to the input, the effective inputvoltage 
drift is largest for low values of gain. Output voltage drift will always be 
lowest at low gains. If AVi/AT = 2p,V/oC and AVo/AT = 500p,VjOC and the 
amplifier in a gain of 1000V/v is nulled at 25°C, then at 650C the offset 
voltage will be: 

Eo, (RTl) 650 = 40°C 12Ilv/oc+ (soollv/oc/looov/V)I 
= 40°C (2.SIlV/oC) = IOOIlV = O.lmV 

If the full scale input is 10mV then the error due to voltage drift is: 

Error = 0.1 mV /1 OmV = 1 % of full scale. 

Input Bias and Offset Currents - The input bias currents are the currents that 
flow out of (or into) either of the two inputs of the amplifier. They are the base 
currents for bipolar input stages and the JFET leakage currents for FET input 
stage. Offset currents are the difference of the two bias currents. 

The bias currents flowing into the source resistances will generate offset 
voltages of Eos2 = 1 B2 X Rs2 and Eos1 = 1 B1 X Rs1. If Rs1 = Rs2 = Rs/2 the offset 
voltage at the input is Eos2 - Eos1 = los x Rx/2. This input referred offset error 
may be compared directly with the input voltage to compute percent error. 
(Note that the sou rce must be returned to power supply common or Rs wi II be 
infinite and the amplifier will saturate.) 
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APPLICATIONS OF INSTRUMENTATION
AMPLIFIERS 

Instrumentation amplifiers are generally used in applications where ex
tracting and accurately amplifying loW level differential signals riding on 
high common-mode voltages (±10V) is very important. Such applications 
reqUire high input imped~nce, high CMRR, low inp,ut noise, and excellent 
DC levels stability (low offset voltage drift). 

Instrumentation amplifiers are used as transducer amplifiers for various 
types of transducers such as strain gage bridges, load cells, thermistor 
networks, thermocouples, current shunts, biological probes, weather 
gauges and so forth. Other applications include recorder preamplifiers, 
multiplexer buffers, servo error amplifiers, current sensors, signal con
ditioners in process control and data acquisition systems, and 'in general 
measurements of small differential signals riding on common-mode 
voltages. 

The small size, low cost, and high performance of these amplifiers offer an 
attractive approach for data acquisition applications, that is, assigning a 
fixed-gain amplifier to each transducer and locating the amplifier physically 
near the transducer. This approach largely eliminates common-mode noise 
pickup problems since a high level signal (rather than a low level transducer 
signal) is then retransmitted to the data gathering station. The result is a 
higher signal/noise ratio at the output. Using one amplifier per point may 
well be more economical, as well as offering better peformance and 
flexibility, than the approach of using low level multiplexers. 
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SELECTION GUIDE 

INSTRUMENTATION AMPLIFIERS 

Gain 
Input Parameters 

Dynamic 
Accuracy. Gain Non- CMR, DC to Offset Response, 
G=100, Drift, Linearity. 60Hz, G = 10, Voltage G =100, Temp 

Gain 25'C, G =100 G=100, lkn Unbal., vs Temp, ±3dB BW Range 
Description Model Range max (ppm/'C) max(%) min (dB) max (pVre) (kHz) '" Package Page 

Very-High INA104HP 1_1000121 0.15 22 ±0.007 96 ±(2± 20/G) 25 Com DIP 2-26 
Accuracy INA104JP 1_1000121 0.15 22 ±0.OO3 96 ±(0.25 ± 10/G) 25 Com DIP 2-26 

INA104KP 1_1000121 0.15 22 ±0.003 96 ±(0.75 ± 10/G) 25 Com DIP 2-26 
INA104AM 1-1000121 0.15 22131 ±0.007 96 ±(2 ± 20/G) 25 Ind DIP 2-26 
INA104BM 1_1000121 0.15 22'31 ±0.003 96 ±(0.75 ± 10/G) 25 Ind DIP 2-26 
INA104CM 1-1000121 0.15 22131 ±0.OO3 96 ±(0.25 ± 10/G) 25 Ind DIP 2-26 
INA104SM 1_1000121 0.t5 22131 ±0.003 96 ±(0.75 ± 10/G) 25 MIL DIP 2-26 

INA101AM 1_1000121 0.03 22141 ±0.007 96 ±(2+20/G) 25 Ind TO-100 2-7 
INA101CM 1-1000121 0.03 22141 ±0.004 96 ±(0.25 + 10/G) 25 Ind TO-100 2-7 
INA101SM 1-1000121 0.03 22(41 ±0.004 96 ±(0.25 + 10/G) 25 MIL TO-100 2-7 
INA101AG 1-1000121 0.03 22131 ±0.007 96 ±(2+20/G) 25 Ind DIP 2-7 
INA101CG 1-1000121 0.03 22131 ±0.003 96 ±(0.25 + 10/G) 25 Ind DIP 2-7 
INA101SG 1-1000121 0.03 22131 ±0.003 96 ±(0.25 + 10/G) 25 MIL DIP 2-7 
INA101HP 1-1000121 0.3 22131 ±0.007 90dB ±(2 + 20/G) typ 25 Com DIP 2-7 

Low Quiescent INA102AG 1,10,100, 0.25 20 ±0.05 80 ±(5+ 10/G) 3 Ind DIP 2-18 
Power INA102CG 1000 0.15 15 ±0.02 90 ±(2+5/G) 3 Ind DIP 2-18 

Fast Settling INA110AG 1,10,100, 0.2 40 ±0.02 87 ±(5+100/G) 470 Ind DIP 2-46 
FET Input, INA110BG 200,500 0.1 20 ±0.01 96 ±(2+50/G) 470 Ind DIP 2-46 

Buffer, 3627AM lVIV, fixed 0.01 5 ±O.OO1 13J 90 30 600131 Ind TO-99 2-122 
Unity-Gain 3627BM lVIV, fixed 0.01 5 ±O.OOl I11 100 20 800131 Ind TO-99 2-122 
Differential INA105AM WIV, fixed 0.01 5 ±0.01 80 20 1000131 Ind TO-99 2-36 

INA105BM lVIV, fixed 0.01 5 ±0.001 86 10 1000131 Ind TO-99 2-36 
INA105KP lVIV. fixed 0.01 ,151 ±0.001 72 5'51 1000131 Com DIP 2'36 

PROGRAMMABLE GAIN AMPLIFIERS 

Noninverting PGA100AG Gain set 0.05 10 ±0.01 NA 6151 5MHz Ind DIP 2-58 
Multiplexed PGA100BG with4-bit 0.02 10 ±O.OOS NA 6151 5MHz Ind DIP 2-58 
Input word " 2, 

4,8, ... 128 

PGA102AG Gain set 0.02 20 0.01 - 3, G =100 250 Ind DIP 2-66 
PGA102BG with 2-bit 0.01 20 0.01 - 3, G =100 250 Ind DIP 2-66 
PGA102SG word 1, 10 0.01 20 0.01 -' 3,G=100 250 Ind DIP 2-66 
PGA102KP 100 0.02 50 0.01 - 3, G = 100 250 Com DIP 2-66 

lnstrumen- PGA200AG Gain set 0.05 20 ±0.007 96 2(G =100) 30 Ind DIP 2-76 
talion PGA200BG with2-bit 0.02 10 ±0.003 96 O.4(G =100) 30 Ind DIP 2-76 
Amplifier word " 10, 
Input 100,1000 

Differential 3606AG Gain set 0.05 10 0.004 90, G=1 ±(3+50/G) 40 Ind DIP 2-114 
Input 3606AM wilh3-bit 0.05 10 0.004 90,G =1 ±(3+ 50/G) 40 Ind DIP 2-114 

3606BG word " 2, 4 0.02 10 0.004 90, G=1 ±(1 +20/G) 40 Ind DIP 2-114 
3606BM 8 ... 1024 0.02 10 0.004 90,G=1 ±(1 +20/G) 40 Ind DIP 2-114 

:PRECISION TRANSMITTERS 

Span Input Parameters Output Parameters 

Un- Offset CMR, Offset FS Output 
trimmed Non- Temp Offset Voltage vs DC, Current Current Current Temp 

Error, Linearity, Drift Voltage, Temp, max min Range Error, Error, Range Pack-
Description Model max(%) max (%) (ppm/°C) max (PV) CpW'C) (dB) (rnA) max (PA) max (PA) '" age Page 

Two-Wire XTR100AM -3 0.01 ±100 ±50 ±1 90 ·4-20 ±4 ±20 Ind DIP 2-82 
XTR100AP -3 0.01 ±100 ±50 ±1 90 4-20 ±4 ±20 Ind DIP 2-82 
XTR100BM -3 0.01 ±100 ±25 ±0.5 90 4-20 ±4 ±20 Ind ' DIP 2-82 
XTR10QBP -3 0.01 ±1QO ±25 ±0.5 90 4-20 ±4 ±20 Ind DiP 2-62 

XTR101AG -5 0.01 ±100. ±60 ±1.5 90 4-20 ±10 ±40 Ind DIP 2-94 
XTR101BG -5 0.01 ±100 ±30 ±0.75 90 4-20 ±6 ±30 Ind DI.? 2-94 

Three- XTR110AG 0.6 0.025 50 - - - 4-20, rM 

±96 Ind DIP 2-104 
Wire and XTR110BG 0.2 0.005 30 - - - 0-20, ±16 ±32 Ind DIP 2-104 
Current 5-25 
Source XTR110KP 0.6 0.025 50 - - - '" ±64 ±9fi Com DIP 2-104 

NOTES: (1) Corry - 0 to +70°C; Ind - -25°C to +85°C; MIL - -55°C to +125°C, (2) Set with external resistor. (3) Unity-gam. (4) With zero TC external I~slstor. 

(5) Typical. (6) Man.~ more ra.nges with appropriate circuit. 
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GLOSSARY OF TERMS & DEFINITIONS 
Instrumentation Amplifiers 

COMMON-MODE INPUT IMPEDANCE 
The· effective impedance (resistance in parallel with. 
capacitance) between either input of an amplifier and its 
common, or ground, terminal. 

COMMON-MODE REJECTION (CMR) 
When both inputs of a differential amplifier experience 
the same common-mode voltage (CMV), the output 
should, ideally, be unaffected. CMR is the ratio of the 
common-mode input voltage change to the differential 
input voltage (error voltage) which produces the same 
output change. 

CMR (in dB) = 20 10glO CMV/Error Voltage 

Thus a CMR of SOdB means that I V of common-mode 
voltage will cause an error of 100l'V (referred to input). 

COMMON-MODE REJECTION RATIO (CMRR) 
The ratio of the differential voltage gain of an amplifier to 
its common-mode voltage gain. 

COMMON-MODE VOLTAGE (CMV) . 
That portion of an input signal which is common to both 
inputs of a differential amplifier. Mathematically it is 
defined as the average of the signals at the two inputs: 

CMV = el + e2/2 

FEEDBACK 
The return of a portion of the output signal from a device 
to the input of the device. 

FULL POWER FREQUENCY RESPONSE 
The maximum sinewave frequency at which a device can 
supply its peak-ta-peak rated output voltage and current, 
without introducing significant distortion. 

GAIN 
The rat.io of the output signal to the associated input 
signal of a device. 

GAIN ERROR 
The difference between the actual gain of an amplifier. 
and the one predicted by the ideal gain expression. 

INPUT BIAS CURRENT 
The DC input current required at each input of an 
amplifier to provide zero output voltage when the input 
signal and input offset voltage are zero. The specified 
maximum is for each input. 

INPUT BIAS CURRENT DRIFT 
The rate of change of input bias current with temperature 
or time. 

INPUT GUARDING 
The use of an input shield that is sometimes driven to 
follow the voltage level of the input signal and, thereby, 
remove leakage and loss~inducing voltage differences 
between the input signal path and surrounding stray 
conduction paths. 

INPUT OFFSET CURRENT 
. The difference of the two input bias currents in a 
differential amplifier. 

INPUT OFFSET VOLTAGE 
The DC input voltage required to provide zero voltage at . 
the output of an amplifier when the input signal and input 
bias currents are zero. 

INPUT PROTECTION 
A means of protecting an input of a device from damage 
due to the application of excessive input voltage. 

INSTRUMENTATION AMPLIFIER 
A closed-loop differential input gain block exhibiting 
high input impedance and high common-mode rejection. 
Its primary function is to accurately amplify the voltage 
applied to its inputs. 

NONLINEARITY 
The peak deviation from a best straightline (curve fitting 
on input-output graph) expressed as a percent of peak-to
peak full scale output. 

OVERLOAD RECOVERY TIME 
The timeJequired for the output of an amplifier to return 
from saturation to linear operation, following the 
removal of an input overdrive signal. 

SETTLING TIME 
The time required, after application of a step input signal. 
for the output voltage to settle and remain within a 
specified error band around the final value. 

SLEW RATE 
The maximum rate of change of an output voltage when 
supplying the rated output. 
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BURR-BROWN® 

IElElI INA101 

Very-High Accuracy 
INSTRUMENTATION AMPLIFIER 

FEATURES 
• ULTRA-LOW VOLTAGE DRIFT - o.25/LV/oC 
• LOW OFFSET VOLTAGE - 25/LV 
• LOW NONLINEARITY - 0_002% 
• LOW NOISE - 13nV/ JHi at 10 = 1 kHz 
• HIGH CMR -106dB at 60Hz 
• HIGH INPUT IMPEDANCE - 1010n 
• LOW COST. TO-IOO. CERAMIC DIP AND PLASTIC 

PACKAGE 

DESCRIPTION 
The INAIOI is a high accuracy, multistage, inte
grated-circuit instrumentation amplifier designed for 
signal conditioning requirements where very-high 
performance is desired. All circuits, including the 
interconnected laser-trimmed thin-film resistors, are 
integrated on a single monolithic substrate. 

DFFSET ADJUST 

COMMON 

M Package 

APPLICATIONS 
• AMPLIFICATION OF SIGNALS 

FROM SOURCES SUCH AS: 
Strain Gagas 
Thermocouples 
RTOs 

• REMOTE TRANSDUCERS 
• LOW LEVEL SIGNALS 
• MEDICAL INSTRUMENTATION 

A multiam plifier design is used to provide the highest 
performance and maximum versatility with mono
lithic construction for low cost. The input stage uses 
Burr-Brown's ultra-low drift, low noise technology 
to provide exceptional input characteristics. 

OFFSET ADJUST 

G and P Packages 

Inlernatlonal Airport Induslrlal Park· P.O. Box 11400· Tucson. Arizona 85734 . Tel. 16021 746·1111 • Twx: 910-952·1111 • Cable: B8RCORp· Telex: 66·6491 

PDS-454F 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C with ±15VDC power supply and in circuit of Figure 2 unless otherwise noted. 

MODEL INAI01AMlAG INAI01SM/SG INAI01CMlCG , INAI01HP 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

GAIN 
Range of Gain I 1000 · · · · · · VN 
Gain Equation G=ltI40klR,) · · · VN 
Error From Equation, oem ±10.04tO.00016 ±IO.l+O.0003G · 0 · · ±10.1t ±10.3t % 

-O.02/G) -O.05/G) 0.00015G) O.OOO2G) 
-O.05/G -O.I01G 

Gain Temp. Coefficient!31 
G=1 2 5 0 0 · · · · ppm/oC 
G=10 20 100 0 0 10 · · · ppml'C 
G =100 22 110 0 · 11 · · · ppml"C 
G=I000 22 • 110 0 0 11 · · · ppml"C 

Nonlinearity, DCII) ±10.002+10"'G) ±10.005t2Xl0"'G) ±IO.OOI ±10.OO2 ±IO.OOI ±10.002 · · %01 p-p FS 
tl0"'G) +10"'G) +lO"'G) +10"'G) 

RATED OUTPUT 
Voltage ±IO ±12.5 · 0 · · 0 0 V 
Current ±5 ±10 · 0 · · 0 · mA 
Output Impedance 0.2 0 · 0 Cl 
Capacitive Load 1000 · · · pF 

INPUT OFFSET VOLTAGE 
Initial Offset at +25°C ±125+200/G) ±150+400/G) ±1'0+ ±125 ±1'0+ ±125+ ±(125+ ±(25ot .V 

l00/G) +200/G) l00IG) 200IG) 450IG) 900IG) 
va Temperature ±(2+20IG) ±10.75 ±(0.25+ ±(2+20IG) .VI'C 

+lOIG) 101G) 
YSSupply ±(H20IG) · 0 0 .VN 
va Time ±(H20IG) · 0 · /lV/rna 
INPUT BIAS CURRENT 
Initial Bias Current 
. (each input) t15 t30 tl0 · t5 t20 0 · nA 

va Temperature to.2 0 · · nAl"C 
YSSupply ±0.1 0 · nAN 
Initial Offset Current t15 t30 tl0 · t5 t20 0 0 nA 
YS ,Temperature ±0.5 0 0 · nAl"C 
INPUT IMPEDANCE 
Differential 10"113 0 0 · 'QllpF 
Common·mode 101°!13 0 · · ClllpF 
INPUT VOLTAGE RANGE 
Range, Linear Response tl0 t12 0 0 · 0 · · V 
CMR with 1kn Source Imbal. 

DC to 60Hz, G=1 SO 90 0 '. 0 · · 65 as dB 
DC 1060Hz, G=10 9B 106 0 · 0 · 90 95' dB 
DC 1060Hz, G=I00 10 1000 106 110 · · 0 0 100 105 dB 

INPUT NOISE 
Input Voltage Noise 

fa=O.01Hz to 10Hz O.S 0 0 0 pV, pop 
Density, G=1000. 

nVl.JHi fo=10Hz . IS 0 · · fo=100Hz 15' 0 0 · nVl{Hi 
fo=1kHz 13 0 0 · nVl:;Hi 

Input Current Noise 
fB=O.01Hz to 10Hz 50 0 0 · pA, pop 

Density 
pA/.JHi fo=10Hz O.S 0 0 · fo=100Hz 0.46 0 

, 
0 · pN{Hi 

fo=lkHz 0.35 0 · · pN:;Hi 
DYNAMIC RESPONSE 
Small Signal, ±3dB Flatness 

G=I, 300 0 · 0 kHz 
G=10 140 0 · · kHz 
G =100 25 0 · 0 kHz 
G=1000 2.5 · · · kHz 

Small Signal, ±1% Flatness 
G=1 20 · · 0 kHz 
G=IQ 10 · · · kHz 
G=IOO 1 · 0 · kHz 
G =1000 200 · 0 · Hz 

Full Power, G=1 to 100 6.4 .. 0 · kHz 
Slew Rate, G=1 to 100 0.2 0.4 .' 0 · 0 · · Vips 
S.lIIing Tim,,(O.I%) 

G=I' 30 40 · · 0 0 · · ps 
G =100 40 55 0 · 0 · · 0 ps 
G = 1000 350 470 0 · · · · 0 ps 

S.lIIing Tim. 10.01%) 
G=1 30 45 0 · 0 · 0 0 ps 
G=I00 50 70 · · · · · 0 ps 
G =1000 500 650 0 0 0 · · 0 ps 

POWER SUPPLY 
Raled Voltage tiS · 0 · V 
Voltage Range t5 ±20 · 0 0 · 0 0 V 
Current, Quiescentl21 ±B.7 ±S,5 0 0 · · · · mA 
TEMPERATURE RANGE'" 
Specification -25 +85 -55 +125 0 0 0 +70 'C 
Operation -55 +125 · 0 0 · -25 +85 'C 
Storage -65 +150 · 0 0 0 -40 +85 'C 

• Specifications same as for INA101AM/AG. . 
NOTES: (1) Typically the tolerance of Ra will be the major source of gain error. (2) Nonlinearity Is the maximum peak deviation from the best straight-line as a percentage ( 
peak-to-peak full scale output. (3) Not including the TCR of RG. (4) Adjustable to zero at anyone gain. (5) BJC output st~ge = 113°C/W, 8Jc quiescent circuitry = 19°C/V 
BOA = 83°CfW. . 
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MECHANICAL 

M Package 

TO-100 Case::::: -Vee 

leads in true position within 
0.010" (0.25mm) R at MMC 
at seating plane. 

Pin numbers shown for 
reference only. 
Numbers may not be marked 
on package. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .335 .370 8.51 9.40 

• .305 .335 7.75 8.51 

c ,165 .185 4.19 4.70 

0 .016 .021 0.41 0.53 

E .010 .040 0.25 1.02 

F .010 .040 0.25 1.02 

G .230 BASIC 5.84 BASIC 

H .028 ,034 0.71 0.B6 

J .Q29 .045 0.74 1.14 

K .500 - 12.70 --
L .120 .160 3.05 4.06 

M 36° BASIC 36° BASIC 

N .\10 .120 2.79 

BOTTOM VIEW 

ORDERING INFORMATION 

INA101 C G 
Basic Model Number _____ :=r---I T 
Performance Grade Code --------'

S: -55°C to +125°C 
A, C: -25°C to +85°C 

H: O°C to +70°C 

Package Code -------------' 
M: TO-100 
G: 14-Pin Hermetic DIP 
P: 14-Pin Plastic DIP 

TO-100 Hermetic DIP 
(M Suffix) (G Suffix) 

INA101AM INA101AG 
INA101CM INA101CG 
INA101SM INA101SG ' 

Plastic DIP 
(P Suffix). 

INA101HP 

ABSOLUTE MAXIMUM RATINGS 

3.05 

Supply ... 0 ••••••• 0 ••• ; 0 •••• 0 • • • • • • • • • • • • • • • • • • • • • • • • •• ±20V 
Internal Power Dissipation ......................... 600mW 
Input Voltage Range .. 0 ••••••••••••••••••••••••••••••••• ±Vcc 
Operating Temperature Range .. 0 •• 0 •••• 0 -SS·C to +12S·C 
Storage Temperature Range: 

M, G ....... 0 ................ 0 0 .......... -6SoC to +1S0·C 
P .. 0 .................... .'0 ................ -40·C to +8S·C 

Lead Temperature (soldering 10 seconds) ......... +300·C 
Output Short-Circuit Duration ...... Continuous to ground 
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G Package 
Hermetic DIP 

~I~~~IJ 
Leads in true position within 
0.Q1" (0.25mm) R at MMC at 
seating plane. 

CA~' 
Pin numbers shown for refer-
ence only. Numbers may not 

C 
be marked on package. 

~ 
INCHES MILLIMETERS 

t.t.~ I.lo ,~;) 
DIM MIN MAX MIN MAX 
A .670 .710 17.02 18.03 

C ... , .170 1.65 4.32 

0 .015 .021 0.38 0.53 
H G Plane 

F .04' .... 1,'4 1.52 

G .100 BAStC 2.54 BASIC 

ft 
H .02' .070 0.64 1.78 .... .012 0.20 0.30 

.120 .240 3:05 6.10 

.300 BASIC 7.62 BASIC 

l~~V 
M ,.0 ,. 
N .• DO .DO. 0.23 1.52 

P Package 

- t-F 

~ 

D Of ~ 
0. C 

1~ 
f 

-1--0 '-Seating 
-f-G Plane 

rrL:;] 

~ 

Case = -Vee 
Leads in true position within 
0.10" (0.25mm) R at MMC 
at seating plane. . 

Pin numbers shown for 
reference only. 
Numbers may not be marked 
on package. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .660 .785 16.76 19.94 

B .220 .280 5.59 7.11 

c - • 200 - .... 
C .015 .023 .. ,. 0.58 

F .030 .070 0.76 1.78 

G .100 BASIC 2.54 BASIC 

H .030 .095 
J •• DB .015 0.20 .0" 
K .100 2.54 -
L .300 BASIC 7.62 BASIC 

M - ,," - ,," 
N .020 .050 0.51 1.27 

I 



PIN CONFIGURATION 

-IN OUTPUT ~ COMMON 

+Vcc 13 -VCC 

-INPUT G 
12 + INPUT 

GAIN SENSE 1 or 11 GAIN SENSE 2 

P 
GAINSET1 5 10 GAIN SET 2 

TOP VIEW 

OFFSET AOJ. 9 ~ A20UTPUT 

OFFSET ADJ. 8 ~ A10UTPUT 

TOP VIEW 

. TYPICAL PERFORMANCE CURVES 
At +2S"C and in circuit of Figure 2 unless otherwise noted. 

TOTAL OFFSET VOL TAG"E 

0.01 r-.;;G:;.A;:;IN~N.;:;°rN.;:;LI:;.N;,;;E;.;A;.;R;.;ITYTV.;:;S..;:G:;.A;:;IN~:II" 

0.0003,-__ ~ ___ ~ __ "", 

10 100 1000 

60 

iii 40 
E 
c:: 
'iiI 
CI 20 

D 

10 

10 
:;; 
~ ., Ii 

Gain (VN) 

GAIN VS FREQUENCY 

GJooo 

G='loo 
~ 
~ , 

G='l'O 
'-, 

GJ 1% Error .... ~ 
1 

100 lk 10k lOOk 1M 
Frequency (HZ)I 

WARM-UP DRIFT VS TIME 

6 '" ,!!! 
0 
> 
ii 6 1\ 
= 0 

" 4 Co 

_\ 
.5 
.5 ., ~ 
'" c:: .. 
.c 
U " 1'-

0 2 3 4 S 
Time (Minutes) 

120 ... ..:C;;;M;;;R,;,V;.;S;S;;,O;U;R;,:;Cj::E:,I:,;;M;,:B;;,A;,;;LA;,;N;.;,C;;,E:...., 

'60~---+----4---~----~ 
60Hzec ••••• 

4O~1----3~.2~---1~0~·--~32----~100 
Source Resistance Imbalance (kO) 

CMR VS FREQUENCY 
120 G -100,1000 

100 
G=10 

" G=l " " Balanced '" Source 

iii 
'" a: 80 
:::; 
U 

60 

3200 r-___ D;R~I;;,FT.:.....:.V::.S.:G:.;A:;.IN:.... __ ..., 

3.2L... __ .... ___ ~_~ .... 

1 10 '100" ,1000 
Gain (VN) 

GAIN ERROR VS FREQUENCY 

0.01% '-__ ~ ____ ....I. ____ ._"""" 
10 100 lk 10k 10 100 lk 10k lOOk 

Frequency (Hz) Frequency (Hz) 

QUIESCENT CURRENT VS SUPPLY STEP RESPONSE 
±9 

v 
~ V 
V ±5 

+1 0 
G11 

S 
ft,lJ 

0 

1\ , 
""--0 -1 

o ±5 ±10 ±15 ±20 o 100 200 300 400 500 600 
Supply Voltage (V) Time (jdI) 



INPUT NOISE VOLTAGE 

lDOC r-_S~E~TT;.;.;;Lr-IN;.;G;..T;.;I;.;;M;;;E,,;V-TS..;G;..A;.;;IN.;..._, OUTPUT NOise VS GAIN 'IS FREQUENCY 100" GAIN $10001 
1000 30~----'------r------' 

~ 
,,; 

:; 320 f-----'-If------f-------.I 

" E 

~20~----~r------t-----1~ 

i= 
0> 
.5 

~ 
"0 
> 
~ 

~ 100 ~----~~----4=",....mt....f 
CIl 

~ 10~-----~----4~~~~ 

10 100 1000 
Gain (VN) 

;; 
c. ;; 
o 

10 100 1000 10 100 1000 
Gain (VN) Frequency (Hz I 

DISCUSSION OF' PERFORMANCE 
INSTRUMENTATION AMPLIFIERS 

Instrumentation amplifiers are differential input c1osed
loop gain blocks whose committed circuit accurately 
amplifies the voltage applied to their inputs. They 
respond only to the difference between the two input 
signals and exhibit extremely-high input impedance, 
both differentially and common-mode. Feedback net
works are packaged within the amplifier module. Only 
one external gain setting resistor must be added. An 
operational amplifier, on the other hand, is an open-loop, 
uncommitted device that requires external networks to 
close the loop. While op amps can be used to achieve the 
same basic function as instrumentation amplifiers, it is 
very difficult to reach the same level of performance. 
Using op amps often leads to design trade-o(fs when it is 
necessary to amplify low level signals in the presence of 
common-mode voltages while maintaining high input 
impedances. Figure I shows a simplified model of an 
instrumentation amplifier that eliminates most of the 
problems. 

eo=la+lb 

I. = G(It '111= G Id 

• G(II2 +811/2 G ICM 
eb=~=CMRR 

For INA10l G = 1 +4OIc/RG 
whlre RG lithe glln leRlng resistor. 

FIGURE I. Model of an Instrumentation Amplifier. 

THE INA101 
Simplified schematics of the INAIOI are shown on the 
first page. It is a three-amplifier device which provides all 

the desirable characteristics of a premium performance 
instrumentation amplifier. I n addition, it has features not 
normally found in integrated circuit' instrumentation 
amplifiers. 

The input section (AI and A2) incorporates high per
formance, low drift amplifier circuitry. The amplifiers are 
connected in the noninverting configuration to provide 
the high input impedance (10100) desirable iii the instru
mentation amplifier function. The offset voltage and 
offset voltage versus temperature is low due to the 
monolithic design and improved even further by the 
state-of-the~rt laser-trimming techniques. 

The output section (A3) is connected in a unity-gain 
difference amplifier configuration. A critical part of this 
stage is the matching of the four 10kO resistors which 
provide the difference function. These resistors must be 
initially well matched and the matching must be main
tained over temperature and time in order to retain 
excellent common-mode rejection. (The lO6dB minimum 
at 60Hz for gains greater than 100V IV is a significant 
improvement compared to most other integrated circuit 
instrumentation amplifiers.) 

All of the internal resistors are compatible thin-film 
nichrome formed with the integrated circuit. The critical 
resistors are laser-trimmed to provide the desired high 
gain accuracy and common-mode rejection. Nichrome 
ensures long-term stability of trimmed resistors and 
sjmultaneous achievement of excellent TCR and TCR 
tracking. This provides gain accuracy and common
mode rejection when the INAIOI is operated over wide 
temperature ranges. 

USING THE INA101 
Figure 2 shows the simplest configuration ofthe IN A I 0 I. 

. The gain is set by the external resistor. Rc; with a gain 
equation ofG = I + (40KI Rc;). The reference and TCR of 
Rc; contribute directly to the gain accuracy and drift. 

For gains greater than unity, resistor Ro is connected 
externally between pins I and 4. At high gains where the 
value of R" becomes small, additional resistance (i.e., 
relays, sockets) in the R" circuit will contribute to a gain 
error. Care should be taken to minimize this effect. 
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I 
I 
I 
I 
I 
I 

This circuit may ba usad as I raplacamanl 
lor Iha slngla pDlanliomater. ft will adlull 
oHlal and 'aave drlfl unchanged. 

L _______ .., 

OPTIONAL I 
OFFSET' I O.3~A 
ADJUST ,I, I +VCC , 

I 

:~ 
: 2 3 

+Vcc 

L __ ~ ___ .:.. __ 

8 OUTPUI 

FIGURE 2. Basic Circuit Connection for the INAIOI 
Including Optional Input Offset Null 
Potentiometer. ' 

The optional offset null capability is shown in Figure 2. 
The adjustment affects only the input stage component. of 
the offset voltage. Thus; the null condition will be 
disturbed when the gain is changed. Also, the input ,drift 
will be affected by approximately 0.31 p. V /"C peL I 00p. V 
of input offset voltage that is ,trimmed. Therefore, care 
should betaken when considering use of the control for 
removal of other sources of offset. Output offsetting can 
be accomplished in Figure 3 by applying a voltage to ' 
Common (pin 7) through a buffer amplifier. This limits 
the resistance in series with pin'7 to minimize CMR error. 
Resistance above 0.10 will cause, the ~ommon-mode 
rejection to fall beiow 106dB. Be certain to keep this 
resistance low. ' 

It is important to not exceed the input amplifiers' 
dynamic range. The amplified differential input signal 
and its associated common-mode voltage should not 
cause the output of Al or A, to exceed approximately 
±WV or nonlinear operation will result. 

BASIC CIRCUIT CONNECTION 
The basic circuit connection for the INAIOI is shown in 
Figure 2', The output voltage' is a function of the 
differential input voltage times the ,gain. 
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OPTIONAL OFFSET ADJUSTMENT PROCEDURE 
It is frequently desirable to null the input component of 
offset (Figure 2) and occasionally that of the output 

,(Figure 3). The quality of the potentiometer will affect the 
results, therefore, choose one with good temperature and 
mechanical-resistance stability. The procedure is as 
follows: ' 

I. Set EI = E2 = OV (be sure a good ground return path 
exists to the input). 

,2. Set the gain to the desired value by choosing Ra. 
, 3. Adjust to 100kO potentiometer in Figure 2 until the 

output reads OV ±lmV or desired setting. Note that 
the offset will change when the gain is changed. If the 
output component of offset is to be removed or if it is 
desired to establish an intentional offset, adjust the 
IOOkO potentiometer in, Figure 3 until ,the output 
reads OV ± I mV or desired setting. Note that the offset 
will not change with gain, but be sure to use a stable 
external amplifier with good DC characteristics. The 
range of adjustment is ±15mV as shown. For larger 
ranges change the ratio of R, to R2. 

l00kn 
R3 

FIGURE 3. Optional Output Offset Nulling or Offsetting 
Using External Amplifier (Low 

Impedance to Pin 7);, 

THERMAL EFFECTS ON OFFSET 
To maintain specified offset performance, especially in 
high gain, prevent air currents from circulating around 
the input pins. This can be done by using a skirted heat 
sink on the INAlOlM package. Rapid changes in die 
temperature and thermocouple effects on the pins will 
then be minimized, Surrounding the package with low 
power components, will also help to reduce air flow 
across thepackag~ and pins. 

,TYPICAL APPLICATIONS 
Many applications of instrumentation amplifiers involve 
the amplificatioll of low I,evel differential signals from 



bridges and transd ucers such as strain gages, thermo
couples, and RTD's. Some of the important parameters 
include common-mode rejection (differentiai"cancellation 
of common-mode offset and noise, see Figure I), input 
impedance, offset voltage and drift, gain accuracy,. 

linearity, and noise. The INAIOI accomplishes all of 
these with high precision. 

Figures 4 through 16 show some typical applications 
circuits. 

V 

TRANSDUCER RA_n 
OR SENSOR- -"l. -

EI RESISTANCE 
BRIDGE E2 

1 Ii- II 
R 

~E'N 

1 

,. .... ---,...... 

I , I 
I \ I 

I I I 
I I I 
I 

, 
I 

\ I 
\ I \ 

SHIE~ 
-~ 

\ 
\ 
\ 

: RG 
I 
I 

I 

+Vcc 

OPTIONAL 
OFFSET 
ADJUST 
IOOkll 

FIG URE 4. Amplification of a Differential Voltage from a Resistance Bridge. 

NOISE (110Hz HUM, 

r~---"""" 

I 
I ,-··oil I 
I ANALOBSIBNAL . 
I 
I 
\ 
\ 

TRANSFORMER 

NOISE (110Hz HUM, 

°Galn sansa will minimize 
gain error due 10 addlllonli 
resistance In the RG circuit. 

, 
\ 
I 
I , 
I 

I 

I 
\ 

I \ 

I I 
I ·1 I 

I I 
I 

i 
-~ 
'SHIELD 

RO 

FIGURE 5. Amplification of a Transformer-Coupled Analog Signal. 

IOOkO .. 
FOR BIAS ..1.. 
CURRENT V 
RETURN 

12 

+Vcc 

2Oko ~ 

DIGITAL 
IFMJ 

The range of +VDC Is OV 10 +7.5V 

FIGURE 6. Output Offsetting Used to Introduce a DC Voltage for Use with a Voltage-to-Frequency Converter. 
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+15VDC lirom 1IOIIHan pOWBr supply) 

12 

EOUT IV. p.p 

FIGURE 7. ECG Amplifier or Recorder Preamp for Biological Signals. 

'DOES NOT REOUIRE EXTERNAL ISOLATION POWER SUPPLY 

INPUT 
COMMON 

ISOLATION POWER SUPPLY 
722 

FIGURE 8. Precision Isolated Instrumentation Amplifier. 

CHANNEL SELECT 

FIGURE 9. Multiple Chan"lel Precision Instrumentation Amplifier., 
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GAIN SELECT 

'VREF AND GROUNO 
MAY BE USED FOR 
ERROR CORRECTION 

EOUT 

CONTROL LOGIC 

EOUT 



10 

l-k-i 20mA 
4mA~·V'N 
-lOmV +lOmV 

60kn 

GAIN = 400 

FIGURE 10. 4mA to 20mA Bridge Transmitter Using Single Supply Instrumentation Amplifier. 

E'N 0-----1 

\ 
v, R. 

j-~--d 
GROUND RESISTANCE 

FIGURE 11. Ground Resistance Loop Eliminator (INAI01 senses and amplifies VI accurately). 

IN914 
COLD 

JUNCTION 
COMPENSATION 

K 
THERMOCOUPLE 

loon 

9900 

IMn 

15kn 

+15V 

-15VDC 

FIGURE 12. Thermocouple Amplifier with Cold Junction Compensation. 
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EoUT 

EOUT 



.o.EN. 40.040 

OVERALL GAIN = .o.EouT/.o.E'N = 2000 

FIGURE 13. Differential Input/Differential Output Amplifier (twice the gairi of one INA). 

200psell 
CONTROL 

11 16,,----...... ...., 
81 

15 

CONTROL SI 

o Closed 
1 Open 

+15V 

8 

O.lpF 

lkO 

16 

82 S3 S4 85 MODE 

Closld Open Opln Ciosld AUI1J.Zlrolng 
Open Closed Closed Open Signal Amplification 

FIGURE 14. Auto-Zeroing Instrumentation Amplifier Ci~cuit. 
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+15V 

+15V 

~"":"---OEOUT 

l169n 
ADDRESS 
Ao A, GAIN 

D D 10 
0 I 20 
I 0 50 
I I 100 

-15V 

Ao A, 

FIGURE IS. Programmable Gain Instrumentation Amplifier. 

+15V +15V 

15 

-15V 

FIGURE 16. Programmable-Gain Instrumentation Amplifier Using the INAIO! and PGAl02. 
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BURR-BROWN@ 

IElElI INA102 

Low Power 
High Accuracy 

INSTRUMENTATION AMPLIFIER 

FEATURES 
• LOW QUIESCENT CURRENT:! 750JlA, max 

• INTERNAL GAINS: X 1. 10, 100, 1000 

• LOW GAIN DRIFT: 5ppm/o C, max 

• HIGH CMR: 90dB, min 

• LOW OFFSET VOLTAGE DRIFT: 2J1V/oC, max 

• LOW OFFSET VOLTAGE: 100JlV, max 

• LOW NONLINEARITY: 0.01%, max 

• HIGH INPUT IMPEDANCE: 1010n 
• LOW COST 

DESCRIPTION 
The INAI02 is a high-accuracy monolithic instru
mentation amplifier designed for signal conditioning 
applications where low quiescent power is desired. 
On-chip thin-film resistors provide excellent temper
ature and stability performance. State-of-the-art 
laser trimming technology insures high gain accu
racy and common-mode rejection while avoiding 
expensive external components. These features make 
the INAI02 ideally suited for battery powered and 
high volume applications. 
The INAI02 is also convenient to use. A gain of 1, 
10, 100, or 1000 may be selected by simply strapping 
the appropriate pins together. 5ppm/oC gain drift in 
low gains can then be achieved without external 
adjustment. When higher than specified CMR is 
required, CMR can be trimmed using the pins pro
vided. In addition, balanced ftItering can be accomp
lished in the output stage .. 

APPLICATIONS 
• AMPLIFICATION OF SIGNALS FROM SOURCES 

SUCH AS: 
Strain Gauges 
Thermocouples 
RTDs 

• REMOTE TRANSDUCER AMPLIFIER 

• LOW LEVEL SIGN~L AMPLIFIER 

• MEDICAL INSTRUMENTATION 

• MULTICHANNEL SYSTEMS 

• BATTERY POWERED EQUIPMENT 

OFfSET 
ADJUST 

+Vcc -Vee 

FILTER 

eM. 
TRIM 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (602) 746·1111 . Twx: 910-952·1111 . Cable: BBRCORp· Telex: 66·6491 

PDS-523A 
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SPECIFICATIONS 
ELECTRICAL 
At T. = +2So C with ±lSVDC power supply and in circuit of Figure 2 unless otherwise noted. 

MODEL INA102AG INA102CG 

CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

GAIN -10V;3; Vo;3; +10V 
Range of Gain 1 1000 VIV 
Gain Equation, G=I+ 

External. ±20% (40klRa)"' VIV 
Error, DC: G = 1 T.=+2SoC 0.1 O.OS % 

G=10 T.= +2SoC 0.1 O.OS % • G=100 T.=+2SoC 0.2S 0.15 % 
G =1000 T.=+2SoC 0.75 O.S % 
G=1 TA = TUIN to rM"" 0.16 0.06 % 
G=10 TA = TMIN to TM"" 0.19 0.11 % 
G=100 TA = TMIN to TM"" 0.37 0.21 % 
G =1000 TA;;;;; TUIN to rMAl( 0.93 0.62 % 

Gain Temp. Coefficient 
G=l 10 5 ppm/DC 
G=10 15 10 ppm/DC 
G=lOO' 20 IS ppm/DC 
G =1000 30 20 ppm/DC 

Nonlinearity, DC 
G=l T.=+25°C 0.03 0.01 %ofFS 
G=10 T.=+25°C 0.03 0.01 %ofFS 
G=100 T.=+25°C 0.05 0.02 %ofFS 
G =1000 T.=+25°C 0.1 0.05 %ofFS 
G=l TA = TMIN to TMAl( 0.045 0.015 %ofFS 
G=10 T,,=TMINtoTMAX 0.045 0.015 %ofFS 
G=100 TA = TUIN to 1M"" 0.075 0.03 %ofFS 
G = 1000 TA = Tr.UN to TutU: 0.15 0.1 %ofFS 

RATED OUTPUT 

Voltage RL-l0kQ ±(lVcc:I-2.5) . V 
Current ±1 mA 
Short-Circuit Current 2 mA 
Output Impedance 
G=1000 0.1 Q 

INPUT 

OFFSET VOLTAGE 
Initial Of18etl21 T.=+25°C ±300±300/G ±100±200/G pV 
vs Temperature ±5 ±10/G ±2±5/G pVloC 
vs Supply ±40±50/G ±10±20/G pVIV 
vsTime ±(20+ 30/G) pVlmo 

BIAS CURRENT 
Initial Bias Current 
(each input) TA = TUIN to TMAX ±25 50 6 30 nA 
vs Temperature ±0.1 nAloe 
vs Supply ±0.1 nAIV 

Initial Offset Current TA = TUIN to TMAX ±2.5 ±15 ±2.S ±10 nA 
vs Temperature ±0.1 nArC 

IMPEDANCE 
Differential 10'°112 QllpF 
Common-mode 10'°112 QllpF 

VOLTAGE RANGE 
Range, Linear Response T.=+25·C ±(IVccl-2.5) V 
CMRwithlkQ 

Source Imbalance 
G=1 DC to 60 Hz 80 94 90 94 dB 
G=10 DC to 60 Hz 80 100 90 100 dB 
G =10toloo0 DCto60Hz 80 100 90 100 dB 

NOISE 
Input Voltage Noise 
I. = O.OlHz to 10Hz 0.1 pV, p-p 
Density, G = 1000 

nVl.JHi, fo=10Hz 30 
fo = 100Hz 25 nVlVH!, 
fo = 1kHz 2S nVl.JHz 

Input Current Noise 
f. = O.OlHz to 10Hz 2S PA~ 
Density: fa = 10Hz 0.3 pAl Hz 

fo = 100Hz 0.2 pA/.Jiii: 
fo=lkHz O.lS pAl.JHz 

DYNAMIC RESPONSE 

Small Signal 
±3dB Flatness VOUT = O.1VAMS 
G=l 300 kHz 
G=10 30 kHz 
G=100 3 kHz 
G =1000 0.3 kHz 
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ELECTRICAL (CO NT) 

MODEL INA102AG INA102CG 

CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Small Signal, 
±1% Flalness VOUT!::: O.1VRMS 
G=1 30 kHz 
G=10 .3 kHz 
G =100 0.3 kHz 
G =1000 0.03 kHz 

Full Power, G = 110 100 VouT=10V, R, =10kQ 2.4 3 kHz 
Slew Rate, G = 1 to 100 VouT=10V, R,=10kQ 0.15 0.2 V!/lsec 
Settling Time R,=10kO, C,=100pF 

0.1%: G=1 10V step 50 psec 
G=100 360 psec 
G = 1000 3300 psec 

0.01%: G=1 10V step 60 pSec 
G =100 500 pSec 
G =1000 4500 pSec 

POWER SUPPLY 

Rated Voltage ±15 V 
Voltage Range ±3.5 ±18 V 
Quiescent Current(31 Vo = OV, ±500 ±750 /lA 

TA = TMIN to TMAX 

TEMPERATURE RANGE 

Specification -25 +85 "C 
Operation RL>50kn131 -25 +85 "C 
Storage -65 +150 "C 

·Specifications same as for INA102AG. 
NOTES: (1) The internal gain set resistors have an absolute tolerance of ±20%; however, their tracking is 50ppm/oC. Ra will add to the gain error'jf gains other than 
1: 10,100 or 1000"are set externally. (2) Adjustable to zero at anyone time. (3) At high temperature, output drive current is limited. An external buffer can be used if 
required. 

PIN CONFIGURATION 

OFFSET ADJUST ~ 
XID GAIN 2 

XIOO GAIN ~ 
XI 000 GAIN 4 
XIOOO GAIN ~ 

SENSE ~ 
GAIN SENSE ~ 

GAIN SET~ 
CMR TRIM 8 

MECHANICAL 

~ OFFSET ADJUST 

~+IN 
14)-IN 

~ FILTER 

~ +Vcc 

~ OUTPUT 

~ COMMON 

g)-Vee 

NOTE: 

ABSOLUTE MAXIMUM RATINGS 

Supply ............................... ±18V 
Input Voltage Range .................. ±Vcc 
Operating Temperature 

Range. . . . . . . . . . . . . . . . . -25°C to +85°C 
Storage Temperature 

Range ................. -65°C to +150°C 
Lead Temperature 

(soldering 10 seconds) ........... +300°C 
Output Short-Circuit 

Duration ............ Continuous to ground 

ORDERING INFORMATION 

INA102 X G 
Basic Model Number ~ T 
Performance Grade Code ____ --I 

A, C: -25°C to +85°C 

Package Code-------------l 
G: 16-pin Hermetic DIP 

INA102AG, INA102CG 

INCHES MILLIMETERS 

~6 [ J 

9 
Leads in true position within .010" OIM MIN MAX MIN MAX 
(.25mm) R at MMC at seating plane. 

A .790 .810 20.07 20.57 . , • Pin numbers shown for reference only. c .105 .170 2.67 4.32 

~A I'-O>j r-- ...... Numbers may not be marked on package. D .015 .021 0.38 0.53 

~-! 
F .0<18 .060 1.22 1.52 

G .100 BASIC 2.54 BASIC 

__ ,,~J", 
H .030 .070 0.76 1.78 

-N' J .OOB .012 0.20 0.30 

t -.~( K .120 .240 3.05 6.10 

L .300 BASIC 7.62 BASIC !.-c __ 
M '0° 10° 

.N .025 .060 0.64 1.52 
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TYPICAL PERFORMANCE CURVES 
At +25°C and In circuit of Figure 2 unless otherwise noted. 

120 
CMR VS SOURCE IMBALANCE 

G l10to 10lo 

GAIN VS FREQUENCY 
+80;---,----.----~--_r--_, 120· 

CMR VS FREQUENCY 

100 
+60~~,~~~_+----r_--_r--__; 100 

a: 
::;; 
U 80 

G-1 

RIMD 

60 
~VP-~" 

5Hz 

40 
100 1K 

I""'oa.. 

~'~O 
10K 100K 1M 

Source Resistance Imbalance (0) 

" 
iii" 
:2-
a: 80 
::;; 
U 

60 

40 
1 10 100 1k 

Frequency (Hz) Frequency (Hz) 

WARM-UP DRIFT VS TIME QUIESCENT CURRENT VS SUPPLY STEP RESPONSE 
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~ 
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E 
~ 60 0 
5 
u 50 0 
E 
" 400 
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o 
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o 

V. 0 

-
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V.~ 10V G ='1 

CL~ 1000pF ,--

r--
(no load) 

~ 

K 
1 

~ 1000 

1\ 
.-5 ~ ~ 

-10 ~ 

±5 ±10 ±15 ±20 .0 8 
Time (ms) Supply Voltage (V) 

2 3 4 5 6 
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1000 "8;;;;i;;i:diii~iHzi2;i;;j~===4· SOot 
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10 

5 
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1 

5 
3 

O. 
O. 
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O. 1 
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0.03 
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1 0.0 1 
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CL 100pF 

0.01%~ 

~/1% 
/. 1-' 

//~ 
-~../ 

·"'0.1% 
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0 I? 50 

"> 300 

~ 20 0' 
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~ 
"0 
O~ ....... 

~ 30 
Co 
.5 

1 

0 

0 
1 
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10 

G 1 

G 10 

G -100. G -1000 

100 1k 10k 
Gain (VN) Gain (VN) Frequency (Hz) 

DISCUSSION OF 
PERFORMANCE 
INSTRUMENTATION AMPLIFIERS 

Instrumentation amplifiers are differential input closed
loop gain blocks whose committed circuit accurately 
amplifies the voltage applied to their inputs. They 
respond mainly to the difference between the two input 
signals and exhibit extremely-high input impedance, 
both differential and common-mode. The feedback net
works of this instrumentation amplifier are included on 
the monolithic chip. No external resistors are required 
for gains of 1,10,100 and 1000 in the INAI02. 
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An operational amplifier, on the other hand, is an open
loop, uncommitted device that requries external net
works to close the loop .. While op amps can be used to 
achieve the ·same basic function as instrumentation 
amplifiers, it is very difficult to reach the same level of 
performance. Using op amps often leads to design trade
offs when it is necessary to amplify low level signals in 
the presence of common-mode voltages while maintain
ing high input impedances. Figure 1 shows a simplified 
model of an instrumentation. amplifier that eliminates 
most ofthe problems. 

THE INA102 
A simplified schematic of the INAI02 is shown on the 



GAIN SET 

IO=I.+1JJ 
.. = 81'2 .111= G 'd 

_ G(l2 + 11112 GeCM 
'b - -cMiiiI = CMRR 

GAIN SET IS 
PIN·PRUSRAMMABLE FOR 
XI. XIO. XIOO. XlOOO 
IN THE INA102 

FIGURE 1. Model of an Instrumentation Amplifier. 

first page. A three-amplifier configuration is used to 
provide the desirable characteristics of a premium per
formance instrumentation amplifier. In addition, it has 
features not normally found in integrated circuit instru
mentation amplifiers. 

The input buffers (AI and A2) incorporate high perfor
mance, low drift amplifier circuitry. The amplifiers are 
connected in the noninverting configuration to provide 
the high input impedance (10100) desirable in instrumen
tation amplifier applications. The offset voltage. and 
offset voltage versus temperature are low due to the 
monolithic design, and improved even further by state
of-the-art laser-trimming techniques. 

The output stage (A3) is connected in a unity-gain differ
ential amplifier configuration. A critical part of this stage 
is the matching of the Tour 20kO resistors which provide 
the difference function. These resistors must be initially 
well matched and the matching must be maintained over' 
temperature and time in order to retain good common
mode rejection; 

All of the internal resistors are made of thin-film ni
chrome on the integrated circuit. The critical resistors 
are laser-trimmed to provide the desired high gain accu
racy and common-mode rejection. Nichrome ensures 
long-term stability and provides excellent TCR and' 
TCR tracking. This provides gain accuracy and common
mode rejection when the INAI02 is operated over wide' 
temperature ranges. 

USING THE INA102 
Figure 2 shows the simplest configuration of the IN AI02. 
The output voltage is a function of the differential input 
voltage times the gain. 

A gain of I, 10, 100, or'1000 is selected by programming 
pins 2 through 7 (see Table I). Notice that for the gain of 
1000, a special gain sense is, provided to preserve accu
racy. Although this is not always required, gain errors 
caused by external resistance in series with the low value 
40.040 internal gain set resistor are thus eliminated. 

Other gains between I and 10, 10 and 100, and 100 and 
1000 can also be obtained by connecting an external res-

IOkO 

FIGURE 2. Basic Circuit Connection for the INAI02. 

istor between pin 6 and either pin 2, 3, or 4, respectively 
(see Figure 6 for application). 

G = I + (40/ RG) where RG is the total resistance between 
the two inverting inputs of the input 'op amps. At high 
gains, where the value of RG becomes small, additional 
resistance (Le., relays or sockets) in the RG circuit will 
contribute to a gain error. Care should be taken to min
imize this effect. 

TABLE I. Pin-Programmable Gain Connections. 
GAIN CONNECT PINS 

1 6to.7 
10 2 to 6 and7 
100 3t06and7 
1000 4 to 7 and separately 5 to 6 

OPTIONAL OFFSET ADJUSTMENT PROCEDURE 

It is sometimes desirable to nuil the input and! or output 
offset to achieve higher accuracy. The quality of the 
potentiometer will affect the results; therefore, choose 
one with good temperature and mechanical-resistance 
stability. . 

The optional offset null capabilities are shown in Figure 
3. Ito adjustment affects only the input stage component 
ofthe offset voltage. Note that the null condition will be 
disturbed when the gain is changed. Also, the input drift 
will be affected by approximately 0.31,..V!OC per 100,..V 
of input offset voltage that is trimmed. Therefore, care 
should be taken when considering use of the control for 
removal of other sources of offset. Output offset correc
tion can be accomplished with A .. RI, R2, and It3, by 
applying a voltage to Common (pin 10) through a buffer 
amplifier. This buffer limits the resistance in series with 
pin 10 to minimize CMR error. Resistance above 0.10 
will cause the common-mode rejection to fall below 
100dB. Be certain to keep this resistance low. 

It is important to not exceed the input amplifier's 
dynamic range. The amplified differential input signal 
and its associated common-mode voltage should not 
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100kO 

INPUT OFFSET 
ADJUST 

OUTPUT OFFSET 
ADJUST 

+15VDC 

IMn 100kO 

R, 

FIGURE 3. Optional Offset Nulling 

cause the output of AI or A2 to exceed approximately 
±12V with ±15V supplies or nonlinear operation will 
result. To protect against moisture, especially in high 
gain, sealing compound may be used. Current injected 
into the offset pins should be minimized. 

OPTIONAL FILTERING 

The IN AI02 has provisions for accomplishing filtering 
with one external capacitor between pins II and 13. This 
single-pole filter can be used to reduce noise outside the 
signal bandwidth, but with degradation to AC CMR. 

When it is important to preserve CMR versus frequency 
(especially at 60Hz), two capacitors should be used. The 
additional capacitor is connected between pins 8 and 10. 
This will maintain a balance of impedances in the output 
stage. Either of these capacitors could also be trimmed 
slightly to maximize CMR, if desired. Note that their 
ratio tracking will affect CMR over temperature. 

OPTIONAL COMMON-MODE REJECTION TRIM 

The INAI02 is laser-adjusted during manufacturing to 
.assure high CMR. However, if desired, a small resistance 
can be added in series with pin 10 to trim the CMR to an 
improved level. Depending upon the nature of the inter
nal imbalances, either a positive or negative resistance 

v 

.. -
SHIELD/ 

PROCEDURE: 
I. CONNECT CMV 

TO BOTH INPUTS. 
2. ADJUST POT 

FOR NEAR ZERO 
AT THE OUTPUT. IkO Iko 

200 
CMR 
ADJUST 

FIGURE 4. Optional Circuit for Externally Trimming 
CMR. 

value could be ~equired. The circuit shown in Figure 4 
acts as a bipolar potentiometer and allows easy adjust
ment ofCMR. 

TYPICAL APPLICATIONS 
Many applications of instrumentaition amplifiers involve 
the amplification of low level differential signals from 
bridges and transducers such as strain gauges, thermo
couples, and RTD's. Some of the important parameters 
include common-mode rejection (differential cancellation 
of common-mode offset and noise, see Figure 1), input 
impedance, offset voltage and drift, gain accuracy, linear
ity, and noise. The INAI02 accomplishes all ofthese with 
high precision at surprisingly low quiescent current. 
However, in higher gains (>10) with high source impe
dances (>lOOk!}), the bias current can cause a large 
offset at the output. This can saturate the output unless 
the source impedance is separated, e.g., two 500k!} paths 
instead of one 1M!} unbalanced input. The input offset 
current times 500k!} will then generate a small DC volt
age error. 
Figures 5 through 11 show some typical applications 
circuits. 

+15V 

11 

EouT = 1000 IE2 - E,I 

INAID2 REPLACES CLASSICAL THREE.(JP·AMP 
INSTRUMENTATION AMPLIFIER. 

FIGURE 5. Amplification of a Differential Voltage from a Resistance Bridge. 
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NOISE (8OHz HUM) 
# .. ~---.... ~ 

!::~:~U~~::~ CJ[] r---f-(f-..... Vr--+'--R-.-"'f" 
I I I I 

\ " : \ I \ ., 

11 

EOUT 

TRANSFORMER ~ ....... :::~. 
NOISE (60Hz HUM) V SHIELD 

EoUT = G (<1E'N) = eilher pin 2. 3. or 4 
= I + (4Ok/(R. + Rvll 

R. = (4Ok-Rv(G-III/(G-I) 
Rv - 4.4kn. 404n. or 40n In gains 

. 0110.100. or 1000 respectively 
NOle: Gain drIll will be hIgher Ihan Ihal 

specified wllh Internal re,lslora only. 

FIGURE 6. Amplification of a Transformer-Coupled Analog Signal Using External Gain Set. 

IN914 

COLD 
JUNCTION 

CDMPENSATID..L:N:-. --<~-"'IM""nlr-......J 
15tn 

+15VDC 

-15VDC -15VDC l+15VDC 

lOOkn 
. ZERO ADJUST 

-15VDC 

FIGURE 7. Isolated Thermocouple Amplifier with Cold Junction Compensation. 

FIGURE 8. ECG Amplifier or Recorder Preamp for Biological Signals. 
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IOOkO 
II 

IOOkO 

EOUT 

EOUT canlalnsa mldsclle 
DC vallage of +4.5V 

FIGURE 9. Single Supply Low Power Instrumentation Amplifier. 

XI 
o 

ISOLATION 
BARRIER .... 1 

I 
I 

SOLATION AMPLIFIER 

EOUT 

*DOES NOT REQUIRE EXTERNAl 
ISOLATION POWER SUPPLY 

BIAS CURRENT 
RETURN RESISTOR '-IM_Cl _______ ..-__ t-+-+ ______ ---' 

-15VOC +15V C +15VOC 
INPUT ISOLATION POWER SUPPLY I OUTPUT -- -15VOC 

COMMON 722 I COMMON Nate that X1000 glln uRle hiS nat baan 
used to faclllilte slmpllswlIChlng. 

FIGURE 10. Precision Isolated Instrumentation Amplifier. 

IN7 
IN6 
IN5 

CHANNEL SELECT r------., 
GAIN SELECT 

CONTROL LOGIC 

CP CE 

*As shawn channels 
o and 1 may be used 
for aulD oHset 
zeroing. and pin callbrlUon 
ruplCllvely. 

EOUT 

FIGURE Ii. Multiple Channel Precision Instrumentation Amplifier With Programmable Gain. 
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BURR-BROWN® 

IElElI INA104 

Very-High Accuracy 
INSTRUMENTATION AMPLIFIER 

FEATURES APPLICATIONS 
• VERSATILE FOUR·OP AMP DESIGN • AMPLIFICATION OF SIGNALS 
• ULTRA-LOW VOLTAGE DRIFT· D.25~V/oC. max FROM SOURCES SUCH AS: 

• LOW OFFSET VOLTAGE • 25~V. max 
• LOW NONLINEARITY· 0.002%. max 
• LOW NOISE ·13nV/y'ilZ at 10 = 1kHz 
• HIGH CMR ·106dB at 60Hz. min 
• HIGH INPUT IMPEDANCE· 1010n 
• LOW COST 

DESCRIPTION 
The INAlO4 is a high accuracy, multistage, inte
grated-circuit instrumentation amplifier designed for 
signal conditioning requirements where very-high 
performance is desired. 

A multiamplifier, monolithic design, which uses 
Burr-Brown's ultra-low drift, low noise technology, 
provides the highest performance with maximum 
versatility at the lowest cost and this makes the 
INAlO4 ideal for even high volume applications. 

Strain Gagas 
Thermocouples 
RTDs 

• REMOTE TRANSDUCER AMPLIFIER 
• LOW LEVEL SIGNAL CONDITIONER 
• MEDICAL INSTRUMENTATION 

Burr-Brown's compatible thin-film resistors and 
state-of-the-art wafer level laser-trimming techniques 
are used for minimizing offset voltage and temper
ature drift. This advanced technique also maximized 
common-mode rejection and gain accuracy. 

The INAlO4 also contains a fourth operational 
amplifier, specified separately, which can conven
iently be used for some important applications such 
as single capacitor active low-pass filtering, easy 
output level shifting, Common-mode voltage active 
guard drive, and increased gain (x 10,000 and greater). 

______________________ !~~I~l 

GAIN 

GAIN SENSE 

CMV SENSE 4 J------~ 

GAIN SENSE 

+IN 
Skn 

I 
I 
I 
I 
I 
I 

---@----@--- '6 --------·7 ________ J 
OFFSET ADJUST +Vee ·Vee COMMON A4 NONINVERTING INPUT 

NOTE: +IN AND -IN ARE WITH RESPECT TO" OUTPUT. 
IF A. IS USED IIVERTING. +11 AND -IN ARE REVERSED. 

A4 
SUMMIIIG 
JUNCTION 

Inle.natlonal AI.port Induslrlal Park· P.O. 80x 11400· Tucson. Arizona 85734· Tel. (6021746·1111 • Twx: 910-952·1111 - Cable: 88RCORP -.Telex: 66-6491 

PDS-488A 
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SPECIFICATIONS 
ELECTRICAL 
At T - +25°C with +15VDC power supply and in circuit oi Figure 1 unless otherwise noted A-

I INA104AM/HP I INA104BM/SM/JP I INA104CM/KP I 
MODEL IMIN I TYP I MAX MIN TYP MAX MIN TYP MAX UNITS 

INSTRUMENTATION AMPLIFIER 

GAIN 
Range of Gain 1 1000 VIV 

Gain Equation G = 1 + (40klRGI VIV 
Error From Equation, DC(1) ±(O.OS - O.05/G I ±(0.15 - O.IIGI %oIFS 

Gain Temp. Coellicientc21 
G=1 2 5 ppmfOC 
G=10 20 100 10 50 ppmfOC 
G= 100 22 110 - II 55 ppm/DC 
G = 1000 22 110 11 ·55 ppm/oC 

Nonlinearity, DC ±(0.002 + 1()"5G I ±10.005 + 2 x 10·5GI ±(0.001 ±(D.002 ±(0.001 ±(0.002 % 01 pop FS 
+10"GI + 10·5GI +10"GI + 10·5GI 

RATED OUTPUT 
Voltage ±10 +11.5, -12.5 V 
Current ±5 +11.5, -12.5 mA 
Output Impedance 0.2 0 

INPUT OFFSET VOLTAGE 
Initial Ollset at +25°C(31 ±25±200/G ±50±400/G ±10±100/G ±25±200/G ±10±100/G ±25±200/G "V 
vs Temperature ±2±20/G ±0.75±10/G ±0.25±10/G "VloC 
vs Supply ±(1 +50/G) llYN 
vsTime ±Il +20/G) "V/mo 

INPUT BIAS CURRENT 
Initial Bias Current ±15 ±30 ±10 ±5 ±20 nA 
(each input) 

vs Temperature ±0.2 nAloe 
vs Supply ±0.1 nAN 
Initial Ollset Current ±5 ±aD ±2 ±2 ±20 nA 
vs Temperature ±D.5 nAfOC 

INPUT IMPEDANCE 
Differential 1010 113 011 pF 
Common-mode 1010 113 011 pF 

INPUT VOLTAGE RANGE 
Range, Linear Response ±10 V 
CMR with lkO Source Imbal. 
DC to 60Hz, G = 1 SO 90 - dB 
DC to 60Hz, G = 10 96 106 dB 
DC to 60Hz, G = 100 to 1000 106 110 dB 

INPUT NOISE 
Input Voltage Noise 
I. = O.IHz to 10Hz 0.8 - "V, pop 

Density, G = 1000 
10= 10Hz IS - nVl.,jHz 
10= 100Hz 15 nVl.,jHz 
10 = 1kHz 13 nVl.,jHz 

Input Current Noise 
Is = 0.01 Hz to 10Hz 50 pA, pop 

Density 
10 = 10Hz 0.8 pAl.,jHz 
10 = 100Hz 0.46 pAl.,jHz 
10 = 1kHz 0.35 - pAl.,jHz 

DYNAMIC RESPONSE 
Small Signal, ±3dB Flatness 
G=1 300 kHz 
G=10 140 kHz 
G=I00 25 kHz 
G = 1000 2.5 kHz 

Small Signal, ±1% Flatness 
G=1 20 

, 
kHz 

G=10 10 kHz 
G= 100 1 kHz 
G = 1000 200 - - Hz 

Full Power, G = 1 - 100 6.4 kHz 
Slew Rate, G = 1 -100 0.2 0.4 VI"sec 
Settling Time (0.1%) 
G=1 30 40 ,usee 
G= 100 40 55 - - "sec 
G = 1000 350 470 - - - - "sec 

Settling Time (0.01%) 
G=1 30 45 - "sec 
G=I00 50 70 - ,- "sec 
G= 1000 500 650 - - - usec 
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ELECTRICAL (CONT) 

I 
MODEL IMINI 

OPEN·LOOP GAIN, Vo - ±lOC 
Rated Load RL ,,2kfl 100 

RL" 10kll 110 

RATED OUTPUT 
Voltage at RL = 2kfl 10 

RL = lOkI! 
Current 5 
Output Impadance 
Load Capacitance (unity-gain 
inverting) 

Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain. Small Signal 
Full Power 
Slew Rate 0.35 
Settling Time (unity gain) 
0.1% 
0.01% 

INPUT OFFSET VOLTAGE 
Initial. TA = +25°C 
vs Temperature 

INPUT BIAS CURRENT 

INPUT IMPEDANCE 
Differential 
Common-Mode 

RESISTORS,10kll 
Accuracy 

Drift 
Ratio Match 

Drift 

INPUT VOLTAGE NOISE 

F. = O.IHz to 10Hz 
Density 

fo= 10Hz 
fo = 100Hz 
fo = 1kHz' 

POWER SUPPLY, TOTAL 
Rated VOltage 
Voltage Range ±5 
Current. Quiescent 

TEMPERATURE RANGE 
Specification 

INA104HP/JP/KP O. 
INA104AM/BM/CM -25 
INA104SM -55 

Operation 
INA104HP/JP/KP -40 
INA104AM/BM/CM/SM -55 

Storage 
INA104HP/JP/KP -40 
INA104AM/BM/CM/SM ~5 

BJ-C 
BJ-A 

·Specifications same as for INA104HP. 

NOTES: 

INA1IMAM/HP I INA1IMBM/SM/JP I INA1IMCM/KP 

TVP MAX IMIN TVP MAX IMIN TVP I MAX 

. OUTPUT AMPLIFIER, A. 

115 
125 

+13, -14.5 
+13, -14.5 

7.5 
2 

2000 
10 

1 
9 

0.55 

37 
40 

±1 ±2 
±5 

+55 +150 

500 
100 

0.5 5 
30 50 

0.06 0.12 
5 

1.5 

35 
33 
32 

±15 
±20 

±S.1 ±9.6 

+70 
+85 
+125 

+85 
+85 

+85 
+150 

115 
350 

1. Typically the tolerance of RG will be the major source of gain error. 2. Not including the TeR Of,RG. 3. Adjustable to zero at anyone gain. 
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T 
1 UNITS 

dB 
dB 

V 
V 

rnA 
kll 

pF 
.mA 

MHz 
kHz 

VI~sec 

~sec 

~sec 

mV 
~V/oC 

nA 

kll 
Mll 

% 
ppmfOC 

% 
ppmfOC 

~V.P-P 

nVJHz 
nVJHz 
nVJHz 

V 
V 

mA 

·C 
·C 

'C 

'C 
'C 

'C 
'C 

OOC/W 
OOC/W 



MECHANICAL 

METAL HERMETIC DIP 
INCHES 

I;'> 9~ 

'" 

7628ASIC ,,, 

NOTE: Leads in true 
position within 0.01" 
(.25mm) R at MMC at 
seating plane. 

Pin numbers shown for 
reference only. 
Numbers are not 
marked on p~ckage. 

PLASTIC DIP 

-D 
-001 L 14--

NOTE: Leads in true 
position within 0.01" 
(.25mm) Rat MMC at 
seating plane. 

Pin numbers shown fa 
reference only_ 
Numbers are not 
marked on package. 

ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION 

Supply 

Internal Power Dissipation 

Input Voltage Range 

Operating Temperature ~ange 

Storage Temperature Range 

±20V 

980mW 

±Vcc 

-40°C to +85°C 

-40°C to +85°C 

Lead Temperature lsoldaring 10 seconds- +30QoC 

Output Short-circuit Duration 

PIN DESIGNATIONS 

1. GAIN SENSE 
2. +IN 
3. NEGATIVE SUPPLY 
4. COMMON-MODE VOLTAGE SENSE 
5.GAIN . 
6. COMMON 
7. NONINVERTING INPUT TO A4 
8. OUTPUT 
9. FEEDBACK RESISTOR 

.10. OUTPUT OF A4 
11. FEEDBACK RESISTOR 
12. SUMMING JUNCTION OF A4 
13. POSITIVE SUPPL Y 
1.4. GAIN 
15. OFFSET ADJUST 
16. OFFSET ADJUST 
H.-IN 
18. GAIN SENSE 

Continuous to ground 

,TOP VIEW, 

01 180 

02 170 

03 160 

04 150 

05 140 

06 130 

07 120 

0.8 110 

09 100 

TYPICAL PERFORMANCE CURVES 
At +25°C, ±Vcc = 15VDC, and in Circuit of Figure 1 unless otherwise specified. 

GAIN NONLINEARITY VS GAIN 

INA104 x 

""M_',"moo,~. 1 
Performance Grade Code ~ 

H, J, K: O·C to +70·C 

A, 8, C: -25· C to +85· C 
S: -55· C to +125· C 

x 

Package Code --------------' 
P - Plastic DIP 
M - Metal Hermetic DIP 

Plastic DIP 
(Hybripak): 

INA104HP 
INA104JP 
INA104KP 

Metal DIP 
INA104AM 
INA1048M 
INA104CM 
INA104SM 

TOTAL OFFSET VOLTAGE 
DRIFT VS GAIN 

0.01 r----r-----,---...." 120 
CMR VS SOURCE IMBALANCE 

3200 ..... ....;-~---..,..---., 

en 
u. 

cf. 
Q. 

'# 0.0031----i----"IL--...".-I 

£ :;; 
.~ 

Max 

" Typ 
~ 0.001 t-~--"""====:,-.-+_----I 
c 
'iii 
(!) 

0.0003L-__ --1 ___ .....1. ___ ...J 

10 100 1000 
Gain ,V/v, 

---- •• ~GG2~~-1000 

. ~ 
... ~~ . 
G = 100 .... 

-1000 ..... 
100 

'" " a:: 80 
::0 
(.1 

60 

40 

~ ". G = 10 .. 
... ::1 

G-1 ............ G=1 

~ 

60Hz __ 

DC ••••• 

r 
3.2 10 32 100 

Source Resistance Imbalance (Kfll 
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GAIN VS FREQUENCV CMR VS FREQUENCY GAIN ERROR VS FREQUENCV 

60 

iii 40 
:!'! 
0:: 

G =',000 

GJoo 

G=ll0 

"0 
r\. , 

'" , 

120 
G-loo.looo 

G-l0 

" G=1 '" 
100 

"-iii 
'C 

\ 

GJ 

\ 
~ 20 

~ 
a: 80 
::;: 
U Balanced "-\ 

1% Error "I, 

I 
\ 
\ 

o 

10 100 lk 10k lOOk 1M 

60 

40 
1 

Source 

10 100 lk 10k 

Freauency (Hz) Frequency (Hz) Frequency (Hz) 

WAElM-UP DRIFT VS TIME QUIESCENT CURRENT VS SUPPLY STEP RESPONSE 
10 

;; 
3 8 

t 
~ 6 

j 
o 4 
S 
a. 
.E 

±10 

~ 

1\ 
\ V 

G!1 
+10 

/ 
A=IJ 

1\ 

-+5 

~ 
;; 0 
" So 
" O~ 

~ 2 
~ 
u 

I\. 
"-'-

7 

V 6 ± 

"-~ 
-10 

o 6 9 
Time (Minutes) 

12 15 o ±5 ±10 ±15 
Supply Voltage (VoltS) 

±20 o 100 ~oo 300 400 500 600 
Time (~sec) 

INPUT NOISE VOLTAGE 
SETTLING TIME VS GAIN OUTPUT NOISE VS GAIN VS FREQUENCV (100 S GAIN S 1000) 

1000 1000 r-----r----r-----, 30r---~----~------~ 

RL=2kll i . CL = looopF 

.:! 3201----1r----f----.... 

" E 
i= 
co .= 
~ 100 I----,r----f---Nl~ 

5oo~~~ ~r== 
~loo~--~----t---~ 

" ~!~~~~~~~~~~~ E g 
.~ 10 ... , -

~ 
S 
a. 
.E 

32~~!&-~~__d 
1 10 100 1000 

oL-~"'iiIiii~ 
1 10 100 1000 10 100 

Frequency (Hz) 

1000 
Gain (VN) 

DISCUSSION 
OF PERFORMANCE. 

INSTRUMENTATION AMPLIFIERS 
Instrumentation amplifiers are closed-loop gain blocks 
whose committed circuitry accurately amplifies the 
voltage applied to their inputs. They respond only to the 
difference between the two input signals and. exhibit 
extremely-high input impedance, both differentially and 
common-mode. Feedback networks are packaged within 
the amplifier module. Only one external gain setting 
resistor must be added. An operational amplifier, on the 
other hand, is an open-loop, uncommitted device that 
requires external networks to close the loop. While 
operational amplifiers can be used to achieve the same 
basic function as instrumentation amplifiers, it is difficult 

Gain (VN) 

tei reach the same level of performance. Using operational 
amplifiers often leads to design trade-offs when it is 
necessary to amplify low level signals in the presence of 
common-mode voltages while maintaining high input 
impedances. 

THE lNA104 . 
A simplified schematic otthe INAlO4 is shown on the 
first page of this data sheet. It is a three-amplifier device 
which provides all the desirable characteristics of a 
premium performance instrumentation amplifier. In ad
dition,it has features not normally found on integrated 
circuit instrumentation amplifiers. 
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The input section (AI and A2) incorporates high per
formance, low drift amplifier circuitry. The amplifiers are 
connected in the iloninverting configuration to provide 



the high input impedance (10100) desirable in the instru
mentation amplifier function. The offset voltage and 
offset voltage versus temperature is low due to the 
monolithic design and improved even further by the 
state-of-the-art laser-trimming techniques. 

The output section (A3) is connected in a unity-gain 
difference amplifier configuration. A critical part of this 
stage is the matching of the four 10kO resistors which 
provide the difference function. These resistors must be 
initially well matched and the matching must be main
tained over temperature and time in order to retain 
excellent common-mode rejection. (The 106dB minimum 
at 60Hz for gains greater than 100V / V is a significant 
improvement compared to most other integrated circuit 
instrumentation amplifiers.) 

All of the internal resistors are compatible thin-film 
nichrome formed with the integrated circuit. The critical 
resistors are laser-trimmed to provide the desired hi~h 
gain accuracy and common-mode rejection. Nichrome 
ensures long-term stability of trimmed resistors and 
simultaneous achievement of excellent TCR and TCR 
tracking. This provides gain accuracy and common
mode rejection when the INAI04 is operated over wide 
temperature ranges. 

The fourth op-amp (A4) of the INA 104 adds a great deal 
of versatility and convenience to the amplifier. Its use 
allows easy implementation of active low-pass filtering, 
output offsetting, and additional gain generation. The 
pin connections make the use of this stage optional and 
the specifications appear separately in the table of 
Electrical Specifications. 

USING THE INA104 

Figure I shows the simplest configuration of the INAI04. 
The gain is set by the external resistor, Ro, with a gain 
equation ofG= I +(40Kj Ro). The reference and TCR of 
Ro contribute dfrectly to the gain accuracy and drift. 

For gains greater than unity, resistor Ro is connected 
externally between pins 5 and 14. At high gains where the 
value of Ra becomes small, additional resistance (i.e., 
relays, sockets) in the Ro ~ircuit will contribute to a gain 
error. Care should be taken to minimize this effect. 
However, this error can be virtually eliminated with the 
INAI04 by using the gain sense circuit connection. 

Pins 1,5, 14, and 18 are accessible so thata four-terminal 
connection can be made to Ro. (Pins I and 18 are the 
voltage sense termin'als since no signal current flows into 
the operational amplifiers' inputs.) This may be useful at 
high gains where the value of Ro becomes small. 

The optional offset adjust capability is shown in Figure 
I. The adjustment affects only the input stage component 
of the offset voltage. Thus, the null condition will be 
disturbed (if input offset is not adjusted to zero) when 
the gain is changed. Also, the input drift will be affected 
by approximately 0.311'VjOC per lOOI'V of input offset 
voltage that is trimmed. Therefore, care should be taken 
when considering use of the control for removal of other 
sources of offset. 

OPTIONAL OFFSET ADJUSTMENT PROCEDURE 
It is frequently desirable to null the input component of 
offset (Figure I) and occasionally that of the output 

II'Fj 
TANTALUM V 

I 
I Thlsclrcull mlY be ulld II rapllcemlntlor +v 
I Ihallngll pDlentiomeler.1I will IdJusl oIIlel CC 
lind la.va drill unchanged. 
I 
I L _______ , 

+VCC OPTIONAL 
OFFSET 
ADJUST 

I 
I 
I 
I 
I 
I 

:~ 
: 16 15 
L ________ _ 

foUT • 

'Connect pin 7 to Common 
Ind pin 10 to pin II whln Inllmal 
Amp '4 I. nol usad. 

FIGURE I. Basic Circuit Connection for the INAI04 . 
Including Optional Input Offset Null 
Potentiometer. 

(Figure 2). The quality of the potentiometer will affect the 
results, therefore, choose one with good temperature and 
mechanical-resistance stability. The procedure is. as 
follows: 
I. Set EI = E2 = OV (be sure a good ground return path 

exists to the input). . 
2. Set the gain to the desired value (greater than I) by 

choosing Ro. 
3. Adjust the 100kO potentiometer in Figure 1 until the 

output reads OV ±lmV or desired setting, Note that 
the offset will change when the gain is changed. If the 
output component of offset is to be removed or if it is 
desired to establish an intentional offset, adjust the 
100kO potentiometer in Figure 2 until the output 
reads OV ± I m V or desired setting. Note that the offset 
will not change with gain, but be sure to use -a stable 
amplifier with good DC characteristics. The range of 
adjustment is ±15mV as shown. For larger ranges 
change the ratio of RI to R2. The op amp is used to 
maintain a low resistance «0.10) from pin 6 to 
Common to avoid CMR degradation. 

BASIC CIRCUIT CONNECTION 

The basic circuit connection for the IN AI04 is shown in 
Figure I. The output voltage is a function of the 
differential input voltage times the gain. 
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+Vce 

/ 
REFERENCE 

.VCC R2 Ikn 

'A4.INTERNAL TO THE INAI04. EXTERNAL AMP 
IOPAZ7 OR EumV.) MAY ALSO BE USED. 

·15VDC 

FIGURE 2. Optional Output Offset NulIing or 
Offsetting Using an Amplifier(Lowlmpedance toPin 6). 

Figure I does not include additional internal op amp A •. ' 
Power supply bypassing with a I/-IF tantalum capacitor 
or equivalent is always recommended. 

In applications which do not use the fourth internal 
amplifier (A. - pins 7. 9. 10. I I. and 12). pin 7 should be 
connected to Common and pins 10 and II should be 
connected together. This will prev,ent the output of A. 
from saturating ("locking-up ") and affecting the offset of 
the instrumentation amplifier. AI. A2. and AJ. 

TYPICAL'APPLICATIONS 
Many applications ofinstrurnentation amplifiers involve 
the amplification of low-level differential, signals from 
bridges and transducers such as strain gages. thermo
couples. and RTD's. Some of the important parameters 
inClude common-mode rejection (differential cancelIation 
of commoncmodeoffset and noise), input impedance. 
offset voltage and drift, gain accuracy. linearity. and· 
noise. The INA 104 accomplishes alI of these with high 
precision. 

Figures 3 through 13 show some typical allplications 
circuits. 

Figure 3 shows how the output stage may be used to 
provide additional gain. If gains greater than I OOOV / V 
(10.000 up to 100,000 and greater) are desired it is better 
to place some gain in the output amplifier rather than the 
input stage due to the low values of Ro required (Ro < 
400 for (I + 40k/ Ro) > 1000). Note. however. that 
accuracy can degrade' due to very-high a~plification of 
offset, drift, and 'noise errors. 

Output offsetting ("zero suppression" or "zero elevation ') 
may be more easily accomplished with the INA 104 than 

+Vcc 

10 

EpUT = lEI' E2KIl +140k/RS)IIRF" OkIl 

'NOTE: A41nvartJthB output of thalnltrumantltlon Ampllflar. 
pin 8 to pin 10. Tharefore the equlNon for EOUT shows 
EI . EzlnstBld of E2' EI' 

. EOUT 

FIGURE 3. Additional Gain From Output Stage. 
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with most other IC instrumentation amplifiers as shown 
in Figure 4. The use of the extra internal op,amp. A., 
means that C M R of the·instrument amp is not disturbed. 
and that a convenient value of variable resistor can be 
used. The circuit shown in Figure 2 can also be used to 
achieve the desired offsetting by scaling the resistors. RI 
and R2. A low impedance path from pin 6 to Common 
should be provided to achieve the high CMR specified. 
Resistance above 0.10 wilI cause the CM R to faIl below 
106dB. 

.vcc~+Vcc 
R 

10 

R = I convenient value 
1<I00kn typlcallyl, 

Eout =IEI • EzlII + 140k/RSIJ + ZVREF 

'NOTE:,A4 InvBrtJ. lee Figura 3. 

FIGURE 4. Output Offsetting. 

EOUT 



SHIELD 
-_J_r

f \ I \ 
I \ 

/ 

FIGURE 5. Use of Guard Drive. 

·VCC 

Amplifier A. also allows active low-pass filtering to be 
implemented conveniently with a single capacitor. 
Filtering can be used for noise reduction or band-limiting 
of the output signal as shown in Figure 6. 

The common~mode voltage from the 26kO resistors in 
the input section appears at pin 4. Figure 5 shows how 
this voltage can be used to drive the shield of the input 
cable. Since the cable is driven at the common-mode 
voltage. the effects of distributed capacitance is reduced 
and the AC system common-mode rejection may be 
improved. Amplifier A. buffers the CMV at pin 4 from 
the input cable. 

+VCC Ip = 1112"c,lo4)Hz 

Clln larads used with A4 

C, 

Eout = lEI' E2)[(I + l4Dk/RSlllllll +2,,1104 xCIII 

'NOTE: A4 Invertl. 881 Figura 3. 

FIGURE 6. Active Low Pass Filtering. 

10 

£outl" 

+VCC 

~---EOUT 

'Intamal Op·Amp. A4' or 
Extarnal Amp IOPA27 or equlvllentl. 

EOUT = [E2 • EI + IECM/CMRRIlII +4Dk/RGI 

aa 3553 or 3329 
USld with A4 

'NOTE: A4 Invlrts 
lao Figura 3 

FIGURE 7. Output Power Boosting. 

'IntImal Op Amp. A4 or External Amp 
IOPA27GZ or equlvalentl . 

. RCMR TRIM = [2X ·11 RV/Il + X Rv/RI 

TRIM CMII\ TO 130da + 

EOUT 

~ 
IkO~ XRV Iko 

R 200 IkO 

Multlpiliaodbick gives potantlomater control over a variable "llltanca thaUI 
bipolar. allOWing ±CMR Irlm. 

FIGURE 8. CMR Trim. 
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TRA.SDUCER 
OR SEISOR-

v ' 

I , 
I"~---,.-... 

\ I 
\ , 
I I 
I I 
I I 
I \ 
I \ 

FIG U RE 9. Amplification ofa Differential Voltage from a Resistance Bridge. 

+VCC 

IOISE 160Hz HUM) 

E, ,....:----,.-... 

-~".o{] 
I , I \ , \ , \ 

I' I \ 
I 

I I 
I I ANALOG SIGNAL I I I 

I I 
\ I I , 
\ I \ 
\ I 

E2 -\~ . SHIELO 

"GUARD DRIVE COULD BE USfD TO IMPROVE CIRCUIT AC CMR. SEE FIGURE 5. 

FIGURE 10. Amplification ofa Transfo,rmer Coupled Analog Signal. 
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OPTIONAL 
OFFSfT 
ADJUST 
lODkn 

8 

EoUT 

l 



RA 

RL 

HIGH VOLTAGE 
PROTECTION 
DIODES ARE IN459 

+15V 

330kn 

LA 

+15V 

330kn 
·15V 

·15V EZ 

IMn 

14 

4O.04n RG 

5 

+ 15VDC (Irom IsolIUon pOWII' supplV with bVPllslng) 

G = 1000 

IMn·IOMn 

EOUT IV. p.p 

TO ISOLATION 
STAGE 

'INTERNAL OP AMP. A4• OR EXTERNAL AMP (OPA27GZ OR EQUIVALENT). RIGHT LEG DRIVER AMP GIVES HIGHER AC CMR. 

FIGURE II. ECG Amplifier or Recorder Preamp for Biological Signals. 

INPUT 
COMMON 

ISOLATION POWER SUPPLY 
7Z2 

ISOLATION AMPLIFIER 

'BYPASS AS SHOWN IN FIGURE I (I) DOES NOT REQUIRE AN EXTERNAL ISO PIS 

FIGURE 12. Precision Isolated Instrumentation Amplifier. 
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BURR-BROWN® 

1E3E31 INA105 

Precision Unity Gain 
DIFFERENTIAL AMPLIFIER 

FEATURES 
• CMR B6dB min over temp 
• GAIN ERROR 0.01% max 
• NONLINEARITY 0.001% max 
• 'NO EXTERNAL ADJUSTMENTS REQUIRED 
• EASY TO USE 
• COMPLETE SOLUTION 
• HIGHLY VERSATILE 
• LOW COST 
• TO-99 HERMETIC METAL AND LOW COST PLASTIC 

PACKAGES . 

APPLICATIONS 
• DIFFERENTIAL AMPLIFIER 
• BASIC INSTRUMENTATION AMPLIFIER BUILDING 

BLOCK . 

• UNITY-GAIN INVERTING AMPLIFIER 
• GAIN-OF-I12 AMPLIFIER 
• NONINVERTING GAIN-OF-2 AMPLIFIER 
• AVERAGE VALUE AMPLIFIER 
• ABSOLUTE VALUE AMPLIFIER 
• SUMMIN.GAMPLIFIER 
• SYNCHRONOUS' DEMODULATOR 
• L"'JRRENT RECEIVER WITH COMPLIANCE TO RAILS 
• 4mA 10 20mA TRANSMITTER, 
• VOLTAGE-CONTROLLED CURRENT SOURCE 
• ALL-PASS FILTERS 

DESCRIPTION 
The INAI05 is a precision unity-gain differential 

. amplifier. As a monolithiC circuit, it offers high reli
ability at low cost. ·It consists of a premium grade 
operational amplifier imd an on-chip preCision resis
tor network. 

As a special feature, the INAI05 can drive 20mA 
from the positive supply. This simplifies construc
tion of 4mA to 20mA current sources and transmit
ters. 

The INAI05 is completely self-contained and offers 
the user a highly versatile function. No adjustments 
to gain, offset, and CMR are necessary. This pro
vides. three important advantage:s:(I) lower initial 
design engineering time, (2) lower manufacturing 
assembly time and cost, and (3) easy cost-effective 
field repair of a precision circuit. 

Inlernational Airport Induslrlal Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 16021 746·1111 . Twx: 910.952·1111· Cable: BBRCORp· Telex: 66-6491 

PDS-617A 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C, Vee =: ±15V unless otherwise noted. 

INA105AM INA105BM INA105KP 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

GAIN 
Initial l1l 1 V/v 
Error 0.005 0.01 0.Q1 0.025 % 
vs Temperature 1 5 ppm/·C 
Nonlineariti21 0.0002 0.001 % 

OUTPUT 
Rated Voltage 10 = +20mA, -SmA 10 12 V 
Rated Current· Eo =10V +20, -5 rnA 
Impedance 0.Q1 Q 
Current Limit To common +40/-10 rnA 
Capacitive Load Stable operation 1000 pF 

INPUT 
Impedance Differential 50 kQ 

Common-mode 50 kQ 
Voltage Range Differential ±10 V 

Common-mode ±20 V 
Common-mode Rejection '3' T" =: TMIN to TNA)( 80 90 86 100 72 dB 

OFFSET VOLTAGE RT01 .. mll. 

Initial 50 250 500 /lV 
vs Temperature 5 20 5 10 /lVrC 
vs Supply ±Vcc = 6V to 18V 1 25 15 /lV/V 
vs Time 20 INlmo 

OUTPUT NOISE VOLTAGE RTO"1lll6) 

F. = 0.01 Hz to 10Hz 2.4 /lVp-p 
Fo= 10kHz 60 nVl../Hz 

DYNAMIC RESPONSE 
Small Signal -3dB 1 MHz 
Full PowerBW Vo =20V pop 30 50 kHz 
Slew Rate 2 3 VI/ls 
Settling Time: 0.1% Vo = 10V step 4 . 

/lS 
0.01% Vo = 10V step 5 /lS 
0.01% VCM =: 10V step, VOIFF =: OV 1.5 /lS 

POWER SUPPLY 
Rated ±15 V 
Voltage Range' Derated performance ±5 ±18 '. V 
Quiescent Current VOUT= OV ±1.5 ±2 rnA 

TEMPERATURE RANGE 
Specification ',-25 +85 0 +70 ·C 
Operation -55 +125 -25 +85 ·C 
Storage -65 +150 -40 +85 ·C 

.. 
SpeclllcatlOn same as lor INA105AM. 

NOTES: (1) Connected as difference amplifier (see Figure 4). (2) Nonlinearity is the maximum peak deviation from the best-fit straight line as a percent of full-scale 
peak~to-peak output. (3) With zero source impedance (see Maintaining CMR section). (4) Referred to output in unity-gain difference co~figuration. Note that this 
circuit has a gain of 2 for. the operational amplifier's offset Yoltage and noise Yoltage. (5) Includes effects of amplifier's Input bias and offset currents. (6) Includes 
effects of amplifier's input current noise and thermal noise cOl'"!tribution of resistor network. 

MECHANICAL 

TO-99 'PACKAGE 

~:;] 
L~ JI j 

L,!! HI ,J! 
.",,",11111 j p"".. ---L--D 

~ , " T. + C . .' 

~ , ,'. 

NOTE: Leads in true position within .010" 
(.25mm) R at MMC at seating plane. 

Pin numbel'3 shown for reference only. 
Numbers are not marked on package. 

INCHES MIlliMETERS 
DIM MIN MAX MIN MAX 

.335 .370 9."0 

.305 .338 

C . '85 .1815 4.19 4., • 
0 .o,e .021 0.'" 0.53 

.010 .D40 0.2S 1.02 

.010 .... 0.25 

.200 BASIC S.OS BASIC 

;028 .034 0.1'1 .... , .. , ,., .. 
,'DO 12.7 

.180 4,06 

.. S° BASIC .. 5° BASIC 
2.87 
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"P" PACKAGE 
Plastic DIP 

_R=, 
,~ '~N 
lm----'- R NOTE: Leads In true position 

wittllno.01~ (0.2Smm) R at MMCat 
. c . seating plane. Pin numbel1lshown 

--*. \1 lor relerence only. Numbetl may !1" \ nol be marked on package. Pin 
. K N malerialand plating composition 

. -1 -J ...\\.-J conrormlo"Mathod2003lsold8r-

J L. G ~ ... ~~", " ::~!~~~~ ~'~i"''''''' {''''''PI 

I 
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PIN DESIGNATIONS 

TOP VIEW 

INA10SAM 
INA105BM 

Case connected to -Vee internally. Make no connection. 

ORDERING INFORMATION 

INA105 X X 
Basic Model Number _________ ::r-l T 
Performance Grade ------------.... -

A, B: -25°C to +85°C 
K: O°C to +70°C 

Package Code -----------------' 
M: TO-99 metal can 
P: 8-pin mini plastic DIP 

PIN DESIGNATIONS 

TOP VIEW 
PLASTIC DIP 

INA10S 

Reference 1 ~8 No Internal 
Connection 

-In 21 .... ~7 +Vee 

+In at J~ ~6 Output 

-Vee 4 ~5 Sense 

ABSOLUTE MAXIMUPt8 RATINGS 

Supply .................................................... ±18V 
Input Voltage Range .. , .........................•..•..•.. ±Vcc 
Operating Temperature Range: M ...•..... -55°C to +125°C 

P •...•...... -40°C to +85°C 
Storage Temperature Range .........••..•. -65°C to +125°C 
Lead Temperature (soldering 10 seconds) .•......... +300°C 
Output Shoil Circuit to Common •......•.....•.. Continuous 

TYPICAL PERFORMANCE CURVES 
T.; 2S'C, ±Vcc; ISVDC unle •• otherwise noted. 

STEP RESPONSE 

POWER SUPPLY REJECTION 

-140 .-_-.-....;V:.:S;.:FTR;.:E:.:Q:.:U:.:E:;.N:.:C;.:Y_.,..-_~ 

-120 I--~;;:--+---l---t---t 

Frequency (Hz) 

:> +50 
§. 

t 
g 
'5' 
S-

o 

6 -50 

-110 

-100 

iii' -SO 
~ 
'a: 

~ -80 

-70 

-60 
10 

o S 10 
. Time (poec) 

CMR VS FREQUENCY 

8M 

...... 

AM,KP\ 

\ 
\ 
\ 

100 lk 10k lOOk 
Frequency'(Hz) 
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~ .. 
'" t: .. 
a: 
'5 
Q. 

.5 

o 5 
Time (psec) 

10 

COMMON-MODE INPUT RANGE VS SUPPLY 
36(Difference Amplifier Connected, Vo",; 0) 

30 

24 

18 

12 

6 

A 
~ II' .tv Ci ~ 

- -.~~0 CJ~ 
+.fS ~0 

./ 

~ 
7'1 

o 
3 6 9 12 15 18 21 

Supply Voltage (V) 



17.5 

15 

12.5 

~ 10 

$ 
a 7.S > 

2.S 

MAXIMUM VOUT VS lOUT 
(Posilive Swing) 

IV. = ~18VI 

'== "== t-l,sv 

r--I- t=l12V 

v. =±SV 

-

o 6 12 18 24 30 36 
lOUT (rnA) 

DISCUSSION OF 
PERFORMANCE 
The INA 105 is the new solution to a widely occurring 
problem-how to realize a very accurate unity-gain dif
ferential amplifier at low cost. Burr-Brown's solution is a 
reliable monolithic circuit including both operational 
amplifier and thin-film resistors on the chip. State-of
the-art laser-trimming techniques assure total error of 
less than ±0.015% (gain error, nonlinearity, offsets, and 
common-mode rejection). 

The performance of the unity-gain differential amplifier 
circuit can mistakenly be taken for granted. The neces
sary resistor accuracy is difficult to achieve, especially 
over temperature. Two classical techniques·employed for 
obtaining the necessary accuracy are either manual 
trimming or the use of available packaged matched and· 
tracking resistor networks. Both are expensive compared 
to the cost of the complete INAI05. 

The INAl05 provides the total solution. By using a 
computer-controlled laser-trimming procedure, both accu
racy and low cost are guaranteed. This makes external 
adjustment of gain, CMR, and offset voltage unneces
sary. The user can be assured of excellent accuracy over 
temperature due to the properties inherent in Burr
Brown's thin-film resistors. 

Other advantages are also apparent. Design, purchasing, 
and inventory costs are reduced. Labor time in adjusting 
independent resistors is eliminated both during manu
facturing and field repair. Best of all, expensive potenti
ometers are not required. This further enhances circuit 
reliability. 
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-17.5 

-15 

-12.5 

~ -10 

J-7.S 
-5 

-2.5 

I--

r--

I--

MAXIMUM VOUT VS lOUT 
(Negative Swing) 

V.-±18V 

I I 
- V·I=±ljV --. 
- V.=±12V 

f- vr±r 
.... 

o -2 -4 -6 -8 -10 -12 
-lOUT (rnA) 

BASIC POWER SUPPLY AND SIGNAL 
CONNECTIONS 
Figure 1 shows the proper connections for power supply 
and signal. Supplies should be decoupled with I/-lF tanta
lum capacitors as close to the amplifier as possible. To 
avoid gain and CMR errors introduced by the external 
circuit, connect grounds as indicated, being sure to min
imize ground resistance. 

FIGURE I. Basic Power Supply and Signal 
Connections. 



OFFSET ADJUSTMENT 

Figure 2 shows the offset adjustment circuit for the 
INAI05. This circuit will allow ±300/LV of adjustment 
and will not affect the gain accuracy or CMR. 

,---·--------1 
I iNA10S I 

21 Is 
I R, R, I 
I I 
I I 

Eo I i 6 

I I 
I I 
I I 

3: I 
I R, I 100 
I I 
I R. I +lSV 

L ----1 .. -_-_-_:;-~9;Nk .... ;-----J-: _!100kO 

Eo = E2 - E, 100 
Offst Adjustment 

Range = ±3001'V -lSV 

FIGURE 2. Offset Adjustment. 

MAINTAINING COMMON-MODE REJECTION 

Two factors are important in maintaining high CMR: (I) 
resistor matching and tracking (the internal INAI05 cir
cuitry does this for the user) and (2) source impedance 
including its imbalance. 

Referring to Figure 1, theCMR depends upon the match 
of the internal R4/ RJ ratio to the RI/ R, ratio. A CMR 
of IOOdB requires resistor matching of 0.002%. To main
tain 86dB, minimum CMR to +85°C, the resistor TCR 
tracking must be better than 2ppm/°C. These accuracies 
are difficult and expensive to reliably achieve with dis
crete components. 

Any source impedance adds directly to the input resis
tors, RI and RJ, and will degrade DC and AC CMR. 
Likewise any wiring resistance adds directly to any of the 
precision difference resistors. A resistance of 0.50 
(0.002% of 25kO) will degrade the 100dB CMR of the 
INAI05; 50 will degrade the CMR to 80dB. Don't be 
tempted to interchange pins I and 3 or pins 2 and 5. The 
resistors in the INA105 are carefully matched to faith
fully preserve the proper ratios. If they are switched, 
CMR and temperature drift performance will be degraded. 

When input filters are used preceding an instrumenta
tion amplifier (see Figure 5), care should also be taken to 
match RCs on the two input lines. For example, mis
matched input filters for high frequencies will reduce the 
CMR at lower frequencies, e.g, 60Hz. Differential filters 
will not de£rade AC CMR. 
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RESISTOR NOISE IN THE INA105 

Figure 3 shows the model for calculating resistor noise in 
the INAI05. Resistors have Johnson noise resulting from 
thermal agitation. The expression for this noise is: 

Where: 

ERMs = V4KTRB 

K = Boltzman's constant (J/oK) 
T = Absolute temperature ("K) 
R = Resistance (0) 
B = Bandwidth (Hz) 

R, II R. 

FIGURE 3. Resistor Noise Model. 

At room temperature, this noise becomes: 

EN = 1.3-10 .JR 
The three noise sources in Figure 2 are: 

ENI = 1.3-10 (R,/R1) v'R; 
EN2 = 1.3-10 y'R, 
ENJ = 1.3-10 (I + R,fRd VRJIIR4 

(V/VHz) 

The output noise (given RI = R, = RJ = R4 = 25kO) is: 

ENO = 2.6-10 .JR 
I ENo = 4InVRMS /VRz I 

For example, 

ENo within a 
100Hz BW = 410nVRMs 

= 2460nVp - p with a crest factor of 6 
(statistically includes 99.7% of all 
noise peak occurrences) 

This is the noise due to the resistors alone. It is included 
in the noise specification of the IN A105. 

APPliCATIONS CIRCUITS 
The INA105 is ideally suited for a wide range of circuit 
functions. Figures 4 through 29 show many applications 
circuits ranging from difference amplifiers and single
ended gain blocks to average and absolute value amplifi
ers. It is ideal as a current-loop receiver. Also, since the 
positive output current drive has been extended, it serves 
uniquely as a current transmitter for ranges such as 4mA 
to 20mA. 



-In 
E, 

\ \ 
\ I 
I \ 
I ~~Is-+-o 
\ \ 

+In 
Eo 

\ \ 

I \ 
31 A, 11 

\ 2SkO 2SkO 1 L _________ --I 

Eo=E,-E, 
Gain Error = 0.005% 
CMA=100dB 
Nonlinearity = 0.0002% 

FIGURE 4. Precision Dillerence Amplilier. 

r--- -'NA10S---- i 

Out 
Eo 

21 15 

A, I 
I 
I 
I 
I 
I 

31 

I 

i I L __________ .J 

Eo = (1 + 2A.tA,)(E, - E, ) 

For low source impedance applications, an input stdge using OPA37 
op amps will give the best low noise. offset. and temperature drift 
performance. At source impedances above about 10kCl, the bias cur· 
rent noise of the OPA37 reacting with the input impedance begins to 
dominate the noise performance .. For these applications. using the 
OPA111 or Dual OPA2111 FET input op amp will provide lower noise 
performance. For lower cost use the OPA121 plastic. To construct an 
eleclrom.ter use the OPAI28. . 

R, R. Gain CMRR Max Nol •• at 1kHz 
A .. A, (0) (0) (YN) (dB) I. (nVlJHi) 

OPA37A SO.5 2.Sk 100 128 40nA 
OPAlltB 202 10k 100 110 lpA 
OPA128LM 202 10k 100 118 7SIA 

FIGURE 5. Precision' Instrumentation Amplifier. 

-Yeo 

1000 
1% 

lIN 

Oto20mA 

2j----'NAios- - - ~--ls 
I I 
, I 
\ I 
, Is , , 
1 I 
I I 
I 'I 

31 I L ____________ .J 

4 
10 
38· 

Eo", 
Oto2V 

FIGURE 6. Current Receiver with Compliance to R"lIs. 

21 -- - -'NAios- - - - -is 
E, 0-...:..;.,-.,."........-_--""'--.;..:1 ~ 

I , 
I I 
1 I 
I >+.,....~OEo 
I \6 
I 1 
1 I 
1 1 L__ _ _____ --' 

1 3 
Eo==-E1 

Gain Error = 0.01% maximum 
Nonlinearity::;: 0.001% maximum 
Gain Drift = 2ppm/oC . 

FIGURE 7. Precision Unity-Gain Inverting Amplifier. 

+ISV 
2 

FIGURE 8. ±10V Precision Voltage Reference. 

2 

r-- --iNAios-l 
I 
\s 

I 
I 
I 
I 
I L. _____ ....J 

1 3 

AEF10 

4 

6 

+10V Out 

+SVOut 

-SYOut 

FIGURE 9. ±5V Precision Voltage Reference. 
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r-- -- -INAio5 - - - -l2 

I I 
I Is 
I I 
I I 
I I 
I >-+IS;;"""'_OEo l' I 

r-- - -'NAi05 - - - -l2 

I . I 
I Is 
I I 
I I 
I I 
1 
I ~~1~6~~ 

11 Eo 

I I 
I I . I 

31 L ____________ J 
Eo::::; E. Eo = (E, + E,j/2, ±O.01% maximum 

Gain Error = 0.001% maximum 
FIGURE 12. Precision Average Value AmplI!ier. 

FIGURE 10. Precision. Unity-Gain Buller. 

+Vcc 

I 
I 
16 
I 
I 
I 
I ___ J 

4 

+Vcc 

+Vccl2 

Common 

-10V 
to 

+10V 
Input 

o to +10V Output 
±2ppm/"C 

Device 

VFC320 
VFC100 
CACaO 
CAC703 
XTR110 

Output 

0-10kHz 
O-FC1.0CIC/2 
O-FS (12 bits) 
O-FS (16 bits) 
4-20mA 

* Unipolar Input Device 

FIGURE 11. Pseudoground Generator. FIGURE 13. Precision Bipolar OllseUlng •• 

Nol •• (60Hz hum) 

r~---~ 

I \ 
I I 
I I 

I I 
I I 
I. J 
I I 

'--
Nois. (60Hz hum) 

I \ 

I \ 
I I 
I 
I , 

I I 
\ I 
' , 

':;;;Ield 

2 13 

3 r----1NA1os - ---1 
51 I 

I 
I 
I 
I 
I 
I, 
I 
I 

I 1 
'--~----------....I 

FIGURE 14. IlIIIIrumentdon Amplifier Guard Drive Generation. 
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>-:-''''''''-0 Eo 

E, 

Eo~2XE, 

Gain Error = 0.01% maximum 
Gain Drift ~ 2ppm/'C 

FIGURE 15. Precision (Gain = 2) Amplilier. 

E, 

R 

C~ 

I 1 
1 1 
1 1 
I 16 

31 1 
I I 
I , 

11 I 
I I L ___________ J 

Eo (5) ~ _ 5 - lIRC 

E, (5) 5 + l/RC. 

FIGURE 16. AII·Pass Filler (provides unlly gain and 0' to 
180' phase shift output for frequencies of DC 
toooHz). 

. 2r - - - iNAlOs- - --15 
I I 
I I 
1 I 
1 Is 

11 I 
I 
I 
I L __________ J 

ED:;:: E1 + Ez ±O.O1% maximum 

FIGURE 17. Precision Summing Amplifier. 

E, 

2 5 
r- ------INA1OS--' 
I I 
I 1 
I 1 
I I 
1 16 

11 I 
I 
I 

31 I 
L ___________ -.J 
Eo ~ (RJR, + 1) ((E,+ E.)/2] 

FIGURE 18. Precision Summing Amplifier with Gain. 

Eo 

Eo 

Eo 
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I 
I 
16 

>~I~-DEo 

I 
I 
I ______ J 

Eo ~ E,/2. ±O.Ol% 

FIGURE 19. Precision (Gain = 1/2) Amplifier. Allows ±20V Input 
with ±15V Power Supplies. 

E, 

C 

A 

I 1 
I I 
I 1 
I ,6 

3' ~-tl--O Eo 
I 1 
1 , 

l' 1 
I I L ___________ J 

Eo (5) ~ + 5 -l/RC 

E, (5) 5 + lIRC 

FIGURE 20. AII·Pass Filler (provides unity g81n 8nd -1800 to O' 
phase shift output for frequencies of DC to ooHz) • 

E, 

I 
I 
I 
I 
I 
I 

3 1 

I 
I 
16 

>-'1-+-0 Eo, 

I 
I 
11 

L _________ .-J 
. Eo, - E02 ~ 2 (E. - E,) 

FIGURE 21. Differential Output Difference Amplifier. 



r - - - iNA105 - ~ - -1 
2 S 

I 
I 
I 
I 

31 
E, ()~~~~r--'--i 

I I 
E. 1 I 

1L ________ ---I 

FIGURE 22. Precision Summing Instrumentation Amplifier. 

L _________ -1 

10 = (E, - E.) (1I25k + 1/R) 

FIGURE 23. Precision Voltage-to-Current Converter with 
DIHerentlal'lnputs. 

r-----------, 
E. I INA105 15 

21 I 
I 'I 
I I i >-+16=-, ____ --'-_~ 

I 
I 
I 

E, i I 

31 11 L ________ ' __ J 

10 = (E, - Eol/R 

FIGURE 24. OIHerentlal Input VOltage-to-Current 
Converter lor Low lOUT. 

r- - - """7NAiiis---~ 

.31 

I 
I 
I 
I 11 L.._...: _______ --l 

10 = (E. - E,) (1 + 2R./R,) ('/25k + lIR) 

* See Figure 5 for op amp recommendation. 

10 ! 

FIGURE 25. Precision Voltage-Controlled Current 
Source with BuHered OIHerentlallnputs and 
Gain. 

FIGURE 26. Digitally-Controlled Gain 01 ±1 Amplilier. 
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E, 

R, 

49.SR, 

R, 

R, 

Conventional 
Instrumentation 

1"iN;.1Os-- - - - ---'2 
I I 

R, I I 
I 15 
I I 
I I 
I I 
I 16 

,1 I Eo ~ 200 (E, - E,) 

I 
I I 

31 I L __________ --1 

R, 

_Amplifier (e.g., INAIOI or INAI02)_.~. _____ INAIOS, ____ _ 
A~IOO A~2 

FIGURE 27. Boosllng Instrumentation Amplllier Common-Mode Range From ±5V to ±7.5V with 10V Full-Scale Output. 

r--- '"'7 INAI05 -----, 

21 Is 
I R, R, I 

0, 
I I 
I I 

IOpF 

I 16 
3 1 I 

I 
0, I I 

~-4~~-+~I~~~ I 

FIGURE 28. PrecIsIon Absolute Valua Bu"er. 

OtolOV 
In 

+ISV 

REFIO 

4 

IOV 

FIGURE 29. Precision 4 to 20mA Current Transmitter. 

R. 
2kCl 

I R·I L __________ .J 
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BURR-BROWN® 

IElElI INA110 

Fast-Settling FET -Input 
Very High Accuracy 

INSTRUMENTATION AMPLIFIER 

FEATURES 
• LOW BIAS CURRENT: 50pA. max 
• FAST SETTLING: 4J.1S to 0.01% 
• HIGH CMR: 106dB. min; 90dB at 10kHz 
• CONVENIENT INTERNAL GAINS: I. 10. 100. 200. 500 
• VERY-LOW GAIN DRIFT: 10 to 50ppm/oC 
• LOW OFFSET DRIFT: 2pV/oC 
• LOW COST 
• PINOUT COMPATIBLE WITH AD524 AND AD624. 

allowing upgrading 01 many existing applications 

DESCRIPTION 
The IN AlIO is a monolithic FET input instrumenta
tion amplifier with a maximum bias current of 
50pA. The circuit provides fast settling of 4"s to 
0.01%. Laser trimming guarantees exceptionally good 
DC performance. Voltage noise is low, and current 
noise is virtually zero. Internal gain set resistors 
guarantee high gain accuracy and low gain drift. 
Gains of I, 10, 100, 200, and 500 are provided. 

The inputs are inherently protected by P-channel 
FETs on each input. Differential and common
mode voltages should be limited to ±Vcc. When 
severe overvoltage exists, use diode cla\llps as shown 
in the application section. 

The INAIIO is ideally suited for applications requiring 
large input resistors for overVoltage protection or 
filtering. Input signals from high source impedances 
can easily be handled without degrading DC per
f ormance. Fast settling for rapid scanning data 
acquisition systems is now achievable with one 
comjlonent, the INAIIO. 

APPLICATIONS 
• Fast scanning rate multiplexed input data acquisition 

system amplifier 
• Fast differential puls.e amplifier 
• High speed. low drift gain block 
• Amplification 01 low level signals Irom high impe

dance sources and sensors 
• Instrumentation amplifier with input low pass filter

ing Using large series resistors 
• Instrumentation amplifier with overvoltage input 

protection using large series resistors 
• Amplification 01 signals Irom strain gauges. thermo

couples. and RTDs 

Input +Vcc -v"" 
Offset 
Adjust 

• Connect to RQ for desired gain. 

Output 
ellset 
Adjust 

International Airport Industrial Park - P.O. Box 11400· Tooson. Arizona 85734 - TeI.1602J.746-1111 - Twx: 910-952-1111 - Cable: BBRCORp· Telex: 66·64lIl 

PDS-645 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C, ±Vcc = 15VDC, RL = 2kCl unless otherwise noted. 

INAll0AG· INAll0BG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

GAIN 

Range 01 Gain 1 I I BOO I · I I . VIV 
Gain Equation'" G = 1 + [40K/(R. + 50Cl)} VIV 
Gain Error, DC: G = 1 0.002 0.04 · 0.02 % 

G=10 0.01 0.1 0.005 0.05 % • G=100 0.02 0.2 0.01 0.1 % 
G=200 0.04 0.4 0.02 0.2 % 
G=500 0.1 1.0 0.05 0.5 % 

Gain Temp. Coefficient: G = 1 ±3 ±20 · ±10 ppml"C 
G=10 ±4 ±20 ±2 ±10 ppm/oC 
G=100 ±6 ±40 ±3 ±20 ppm/oC 
G=200 ±10 ±60 ±5 ±30 ppm/oC 
G=500 ±25 ±100 ±10 ±50 ppm/oC 

Nonlinearity, DC: G = 1 ±0.001 ±0.01 ±0.OOO5 ±0.005 %oIFS 
G=10 ±0.002 ±0.01 ±0.001 ±0.005 %ofFS 
G =100 ±0.004 ±0.02 ±0.002 ±O.o1 %oIFS 
G=200 ±o.o06 ±0.02 ±0.003 ±O.o1 %oIFS 
G =500 ±0.01 ±0.04 ±0.005 ±0.02 %oIFS 

OUTPUT 

Voltage, RL = 2kCl Over temp ±10 ±12.7 · · V 
Current Over temp ±5 ±25 · · mA 
Short-Circuit CUrrent ±25 · mA 
Capacitive Load Stability' 5000 · pF 

INPUT 

OFFSET VOLTAGE'" 
Initi.1 Offset ±(100+10oo/G) ±(500+5000/G) ±(50+600/G) ±(250+3000/G) "V 

vs Temperature ±(2+20/G) ±(5+100/G) ±(1+10/G) ±(2+50/G) "VloC 
vs Supply Vee = ±6V to ±(4+60/G) ±[30+300/G) ±(2+30/G) ±[10+lBO/G) "VlV 

±lBV 

BIAS CURRENT 
Initial Bias Current Each input 20 100 10 50 pA 
Initial Offset Current 2 50 1 25 pA 
Impedance: Differenti.1 5Xl0"1J6 · ClllpF 

Common-Mode 2Xl0"lIl · ClllpF 

VOLTAGE RANGE Vir" Diff. = OVl31 

Range, Linear Response ±10 ±12 V 
CMR with lkCl Source Imbalance: 

G=l DC 70 90 BO 100 dB 
G=10 DC B7 104 96 112 dB 
G=100 DC 100 110 106 116 dB 
G=2oo DC 100 110 106 116 dB 
G=5oo DC 100 110 106 116 dB 

NOISE. Inputl .. ' 

Volt.ge, 10 = 10kHz 10 · nVl.,fHz 
I. = O.lHz to 10Hz 1 · "Vp-p 

Current, 10 = 10kHz 1.B · IAI.,fHz 
NOISE, Output'" 
Voltage, 10 = 10kHz 65 · nVl.,fHz 

I. = O.lHz to 10Hz B · "vp-p 

DYNAMIC RESPONSE 

Small Sign.l: G = 1 -3dB 2.5 · MHz 
G=10 2.5 · MHz 
G=100 470 · kHz 
G=2oo 240 · kHz 
G=500 100 · kHz 

Full Power Vo",= ±10V, 
RL= 2kCl 190 270 · · kHz 

Slew Rate G=l to 200 12 17 · · VlIJS 
Settling Time: 

O.l%,G=l Vo= 20Vstep 4 · IJS 
G=10 2 · IJS 
G=100 3 · IJS 
G=200 5 · IJS 
G=500 11 · "S 
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ELECTRICAL (CONT) 

INAll0AG INAll0BG 

·PARAMETER CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Settling Time: 
O.OI%,G=1 Vo =20V step 5 12.5 · · IJS 

G=10 3 ·7.5 · · IJS 
G=100 4 7.5 · · IJS 
G=2OO 7 12.5 · · IJS 
G=5OO 16 25 · · IJS 

Overload RecoveryC5. 50% overdrive 1 · ·IJS 

POWER SUPPLY 

Rated Voltage ±15 · V 
Voltage Range . ±6 ±18 · · V 
Quies~ent Current Vo=OV ±3.0 ±4.5 · · mA 

TEMPERATURE RANGE 

Specillcation -25 +85 · · 'c 
Openitlon -55 +125 · .. 'c 
Storage. -65 +t50 · · 'c 
9,. 100 · 'c/w 

• Same as INAll0AG. 

NOTES: (1) Gains other than 1, 10, 100, 200, and 500 can be set by adding an external resistor, A., betWeen pin 3and pins 11, 12, and 16. Gain accuracy is a lunction of 
A. and the Internal resistors which have a ±20% tolerance with 20ppm/'C drift. (2) Adjustable to zero. (3) For differential Input voltage other than zero, see Typical 
Performance Curves. (4) VN01SE RTI ::::;: "V~ INPUT + (VN OUTPUT/Gain)2. (5) Time required for output to return from saturation to linear operation following the 
removal of at:' input overdrive voltage. 

MECHANICAL 

Note: Leads in true position 
within 0.10" (0.25mm) 
R at seating plane. 

Pin numbers shown for 
reference only. Numbers 
may not be marked' 
on package. 

MILLIMETERS 
OOM 

." 

.110 •. 32 

. 021 0.53 . 
• 100IlASIC 2.MIIASIC .... .070 ." 1.78 

0.30 

.3008ASIC ... ,,' 

ABSOLUTE MAXIMUM RATINGS 

Supply ........................................... ±18V 
Input Voltage Range .••••••..•••••..••.•.•••.•••.•. ±Vcc 
Operating Temperature Rang!, •••••..•.• -55·C to +125·C 
Storage Temperature Range ••••••••...• -65·C to +150·C 
Lead Temperature (soldering 10 seconds) •••••••. +300·C 
Output Short-Circuit Duration ••• Continuous to Common 
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PIN CONFIGURATION 

-In 1 16 X200 
+In 2 15 Output Offset Adjust. 
A. 3 14 Output Offset Adjust 

Input Offset Adjust 4' 13 Xl0 
Input Offset Adjust 5 12 Xl00 

Reference 6 11 X500 
-Vee 7 10 Output Sense 
+Vee 8 9 Output 

ORDERING INFORMATION 

INA110 X G I . 

T Basic Model Number 

Performance Grade Code 
A, B: -25°C to +85°C 

Package Code 
G: 16-Pin Hermetic DIP 



TYPICAL PERFORMANCE CURVES 
TA ;:::: 25° C. ±Vcc ;:::: 15VDC unless otherwise noted. 

INPUT VOLTAGE RANGE VS SUPPLY 
±15r---~~--~----~----~ 

~±12~--__ +-____ +-__ ~~ ____ ~ 
" C> 

" " II: .. 
C> 
J!! g 
~ ±6 I----,JL---+----Ir----I 
E. 

±3~ __ ~ ____ ~ ____ ~ __ ~ 

±6 ±9 ±12 ±15 ±18 
Power Supply Voliage (V) 

BIAS CURRENT VS SUPPLY 
25~~~~~~--~~---, 
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~ 
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~ 151---;----r---+--~ :; 
o 
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m 10t:;;~ __ --f_--_r--., 
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c. 
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o L-__ ........ ____ ..L...._-.L __ ... 

±6 ±9 ±12 ±15 ±1S 
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CMR VS FREQUENCY 
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~ +1 .. 
S g 
:; 
~ -1 
o 

(G = 100) 

Time [us) 

OUTPUT SWING VS SUPPLY 
±16r-----r---~----~----_, 

~. 

" g> 
~ ±10 I----;---~"---_j--__I 
> 
:; 
c. 
:; 
o ±7~--~C---~----+---~ 

±1S 
Power Supply Voltage (V) 

BIAS CURRENT VS TEMPERATURE 
100nA 

10nA 

C 
~ 1nA 
:J 
0 

"' " m 100pA 

v 
V 

:; 
c. V E. 

ttl 
:!l. 

" 0 :g 
" '" II: 

'" C. 
c. 
:J 
en 
~ 
~ 
0 a. 

S .. 
E 
i= 
Ol 

" ~ en 

10pA -V' 
1pA 

/"'" 

-55 -25 +5 +35 +65 +95 +125 
Temperature (OC) 
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SO, 

60 

40 

20 

0 

20 

15 

10 

o 

1 

POWER SUPPLY REJECTION 
VS FREQUENCY 

Frequency (Hz) 

SETTLING TIME VS GAIN 
(0,01%, 20V STEP) 

I 
/ 

/ ............ ..,. 

1 10 100 1k 
Gain (V/v) 
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OUTPUT SWING VS LOAD RESISTANCE 
±16 

±12 

~ 
" Ol / 
J!! 

±S '0 
> 
:; 
c. 
:; 
0 ±4 / 

V 
0 400 600 1,2k 1,6k 2k 

Load Resistance (0) 

GAIN VS FREQUENCY 
1k 

100 
:;;-
~ 
" 'iii 
Cl 

10 

1 
10 100 1k 10k 100k 1M 10M 

Frequency (Hz) 
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o 
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= 100) 
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OUTPUT NOISE VOLTAGE 
VS FREQUENCY 
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TYPICAL PERFORMANCE CURVES (CONT) 
T. = 25·C. ±Vcc: = 15VDC unless otherwise noted. 

100 

~50 
:;; 
" ';; 20 

~ g 10 

~ 5 z 
:; 
Co 
.5 

INPUT NOISE VOLTAGE 
VS FREQUENCY 

I' 

"' ~ 

12 

~ ., 
9 '" l!l 

'0 
> .. 
" 6 0 

~ 
" 0 
E 
E 3 0 
() 

COMMON-MODE VOLTAGE VS 
DIFFERENTIAL INPUT VOLTAGE 

I' , 
I"'-.. 

............ 

10 100 lk 
Frequency (Hz) 

10k o 3 6 12 
Differential Input Voltage X Gain (V) = Vo 

DISCUSSION OF 
PERFORMANCE 
A simplified diagram ofthe INAlIO is shown on the first 
page. The design consists of the classical three opera
tional amplifier configuration with precision FET buffers 
on the input. The result is an instrumentation amplifier 
with premium performance not normally found in inte
grated circuits. 

The input section (AI and A2) incorporates high perfor
mance, low bias current, and low drift amplifier cir
cuitry. The amplifiers are connected in the noninverting 
configuration to provide high input impedance (JOI2!l). 
Laser-trimming is used to achieve low offset voltage. 
Input cascoding assures low bias current and high CMR. 
Thin-film resistors on the integrated circuit provide 
excellent gain accuracy and temperature stability. 

I:J.VIN 

Xl0 

,Xl00 

X200 

X500 

50 

~ 
., 40 

i 
o 
> 
;; 30 

~ 
~ 20 
.5 

~ 10 .. 
J:: 
() 

WARM UP DRIFT VS TIME -

"",-~ 

/ 
I 

o 2 3 
Time (minutes) 

The output section (A3) is connected in a unity-gain dif
ference amplifier configuration. Precision matching of 
the four IOk!l resistors, especially over temperature and 
time, assures high common-mode rejection. FIGURE 1. Basic Circuit Connection. 

BASIC POWER SUPPLY AND SIGNAL 
CONNECTIONS 

Figure I shows the proper connections for power supply 
and signal. Supplies should be decoupled with IILF tanta~, 
lum capacitors as close to the amplifier as possible. To 
avoid gain and CMR errors introduced by the external 
circuit, connect grounds as indicated, being sure to min
imize ground resistance. Resistance in series with the 
'reference (pin 6) will degrade CMR. Also to maintain 
stability, avoid capacitance from the output to the gain 
set, offset adjust, and input pins. The layout shown in 
Figure 2 is suggested for best performance. 

OFFSET ADJUSTMENT 
Figure 3 shows the offset adjustment circuit for the 
INAlIO. Both the offset of the input stage and output 
stage can be adjusted separately. Notice that the offset 
referred to the INAllO's·input (RTI) is the offset of the 
input stage plus the offset of the output stage divided by 
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FIGURE 2. Recommended PC Board Layout for 
INAlIO. 



+Vce -Vee 

VOUT 

IlVIN 

FIGURE 3. Offset Adjustment Circuit. 

the gain of the input stage. This allows specification of 
offset independent of gain. 

For systems using computer autozeroing techniques, 
neither offset nor offset drift are of concern. In many 
other applications the factory-trimmed offset gives excel
lent results. When greater accuracy is desired, one 
adjustment is usually sufficient. In high gains (>100) 
adjust only the input offset, and in low gains the output 
offset. For higher precision in all gains, both can be 
adjusted by first selecting high gain and adjusting input 
offset and then low gain and adjusting output offset. The 
offset adjustment will, however, add to the drift by 
approximately 0.33/L V / °C per IOO/L V of input offset volt
age that is adjusted. Therefore, care should be taken 
when considering use of adjustment. 

Output offsetting can be accomplished as shown in 
Figure 4 by applying a voltage to the reference (pin 6) 

V OUT 

/ R, 
VOUT:: VOFFSETTINO + IlVIN G. VOFFSETTING 

With ±Vcc = 15V, R, = 100kO. R. = lMO, 
R3 = 10kO. VOFFSETTINO = ±150mV. 

FIGURE 4. Output Offsetting. 

+Vcc 

I, 
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through a buffer. This limits the resistance in series with 
pin 6 to minimize CMR error. Be certain to keep this 
resistance low. Note that the offset error can be adjusted 
at this reference point with no appreciable degradation 
in offset drift. 

GAIN SELECTION 
Gain selection is accomplished by strapping the approp
riate pins together on the INAIIO. Table I shows possible 
gains from the internal resistors. Keep the connections as 
short as possible to maintain accuracy. 

TABLE 1. Internal Gain Connections. 

Connect pin 3 Gain Gain 
Gain to'pln- Accuracy (~.) Drift (ppmf'C) 

The following gains have guaranteed accuracy: 
1 none 0.02 10 
10 13 0.05 10 
100 12 0.1 20 
200 16 0.2 30 
500 11 0.5 50 

'M :;:'~f"" ~.~:MT~'';.~-I 10 
600 11 & 12 0.25 40 
700 11 & 16 2.0 40 
800 11, 12, & 16 2.0 BO 

Gains other than I, 10, 100, 200, and 500 can be set by 
adding an external resistor, RG, between pin 3 and pins 
12,'16, and II. Gain accuracy is a function of RG and the 
internal resistors which have a ±20% tolerance with 
20ppm/oC drift. The equation for choosing RG is shown 
below .. 

RG = 40k - 50n 
G-I 

Gain can also be changed in the output stage by adding 
resistance to the feedback loop shown in Figure 5. This is 
useful for increasing the total gain or reducing the input 
stage gain to prevent saturation of input amplifiers. 

The output gain can be changed as shown in Table II. 
Matching of RI and R3 is required to maintain high 
CMR. R2 sets the gain with no effect' on CMR. 

TABLE II. Output Stage Gain Control. 

Output Stage Gain R, and R3 R. 

2 1.2kO 2.74kO 
5 lkO 5110 

10 1.5kO 3400 

COMMON-MODE INPUT RANGE 
It is important' not to exceed tl;le input amplifiers' 
dynamic range (see Typical Performance Curves). The 
differential input signal and its associated common
mode voltage should not cause the output of AI and A2 
(input amplifiers) to exceed approximately ±IOV with 
±15V supplies or nonlinear operation will result. Such 
large common-mode voltages, when the INAIIO is in 
high gain, can cause saturation of the input stage even 
though the differential input is very small. This can be 
avoided by reducing the input stage gain and increasing 
the output stage gain with an H pad attenuator (see 
Figure 5). 



R. 

9 

R. 

FIGURE 5. Gain Adjustment of Output Stage Using H 
Pad Attenuator. 

OUTPUT SENSE 

An output sense has been provided to allow greater 
accuracy in connecting the load. By attaching this feed
back point to the load at the load site, IR drops due to 
load currents are eliminated since they are inside the 
feedback loop. Proper connection is shown in Figure I. 
When more current is to be supplied, a power booster 
can be placed within the feedback loop' as shown in 

. Figure 6. Buffer errors are minimized by the loop gain of 
the output amplifier. 

FIGURE 6. Current Boost.ing the Output. 

LOW BIAS CURRENT OF FET INPUT 
ELIMINATES DC ERRORS 
Because the INAIIO has FET inputs, bias currents drawn 
through input source resistors have a negligible effect on 
DC acc1.lracy. The picoamp levels produce no more than 
microvolts through megohm source~. Thus, input filtering 

. and input series protection are readily achievable. . 

A return path for the input bias currents must always be 
provided to prevent charging of stray capacitance. Other
wise the output can wander and saturate. A IMO to . 
IOMO resistor from the input to common will return 
floating sources such as transformers, thermocouples, 
and AC-coupled inputs (see Applications section). 

DYNAMIC PERFORMANCE 

The INAIIO is a fast-settling FET input instrumentation 
amplifier. Therefore, careful attention to. minimize stray 
capacitance is necessary to achieve specified performance. 
High source resistance will 'interact with input capaci
tance to reduce the overail bandwidth. Also, to maintain 
stability, avoid capacitance from the output to the gain 
set, offset adjust, and input pins (see Figure 2 for PC 
board layout). 
When using high ·source resistance (>20kO) in the 

. positive input only, bypass it til ground with at least 
50pF to maintain stability. 

The INAIIO is designed for fast settling with easy gain 
selection. It has especially excellent settling in high gain. 

, It can also be used in fast-settling unity-gain applications. 
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As with all such amplifiers,' the INAIIO does exhibit 
signficant gain peaking when set to a gain of I. It is, 
however, unconditionally stable. The gain peaking can 
be cancelled by band-limiting the negative input to 
400kHz with a simple external RC circuit for applications 
requiring flat response. 

Another distinct advantage of the INAIIO is the high 
frequency CMR response. High frequency noise and 
sharp common-mode transients will be rejected. To' 
preserve AC CMR, be sure to minimize stray capacitance 
on the input lines. Matching the RCs in the two inputs 
will help to maintain high AC CMR. 

APPLICATIONS 
In addition to general purpose uses, the IN AIIO is 
designed to accurately handle two important and demand
ing applications: (I) inputs with high source impedances 
such as capacitance! crystal! photodetector sensors. and 
low-pass filters and series-input protection devices, and 
(2) rapid-scanning data acquisition systems requiring 
fast settling time. Because the user has access to the 
output sense, current sources ·can also be. constructed 
using a minimum of external components. Figures 7 
through 24 show application circuits. 
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FIGURE 7. Transformer-Coupled Amplifier. 
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I , 
I 
I 

I 

I 
I 
/ 

llV'N I , 
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+15V 
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X200 

Driver minimizes degradation of CMR due to 
distributed capacitance on the input lines. 

FIGURE 8, Floating Source Instrumentation 
Amplifier. 

FIGURE 9. Instrumentation Amplifier with Shield 
Driver. 

+15V 

,.~--" 75kCl' 

I I \ 
\ , I , , I J 

I I I 
\ \ , 

X500 

VOOJf 

\ \ I 
I 

75kCl* 

-15 

FET input allows low-pass filtering with minimal effect on DC accuracy. 

* Larger resistors and a smaller capacitor can be used. 

FIGURE 10. Bridge Amplifier with 1Hz Low-Pass Input Filter. 
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+15V 

VOUT 

FIGURE II. AC-Coupled Differential Amplifier for 
Frequencies Greater Than 0.016Hz. 

H, 
O. 

10MCl ...... 
H. 

""Lr 

D. X500 
10MCl 

Pholodlodes 0, and D. should 
be matched for best accuracy. 

+15V 

K G An (H,/H,) 

VOUT 

FIGURE 13. Ratiometric Light Amplifier (Absorbance 
Measurement). 

{
In 1 

1 In 2 

slln 15 
In 16 

+15V 

FIGURE 14. Rapid-Scanning-Rate Data Acquisition 
Channel with 51's Settling to 0.01%. 
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+ISV 

Ao A" A, 
• Use manual switch or low resistance relay. 

Layout is critical' (see section on Dynamic Performance). 

FIGURE 12. Programmable-Gain Instrumentation 
Amplifier (Precision Noninverting or 
Inverting Buffer with Gain). 

+1SV 

VOUT 

Vour 

XSOO 

Gr~1000 

eNOISE ~ 7nVl$. 
TSETTLING O.01'*';::' l6ps 

FIGURE 15. Fast-Settling Low-Noise Instrumentation 
Amplifier with Gain of 1000. 



+15V 

V,N 

2kO 

500pF 500pF 

• For 50Hz use 3.16MO and 6.37MO. 
2kO potentiometer sets Q. 

FIGURE 16. Precision Gain-of-IO Amplifier with 60Hz 
Input Notch Filter. 

+VAEF~'10V 

50kO 

Zero 
Calibration 10 VZERO = 100l'V 

50kO 

+VRE,=10V 

Full
Scale 100 V's =' 10mV 

Calibration" .... ____ ... 

50kO 

+VREF;:;:10V 

+15V 

01 +15V 

V, R, 

f 02 
X200 

llVLN 
-15V 

+15V 

V, R, 

-15V 

For lower voltage, lower resistor noise: 
R, = R, = 20kO, 0, - D. = FOH300 (InA leakage) 

For higher voltage. higher resistor noise: 
R, = R, = 100kO, 0, - D. = 2N4117A (lpA leakage) 

Matching of RCs on inputs will affect CMR, but 
can be optimized by trimming R, or Ra. 

FIGURE 17. Input-Protected Instrumentation Ampli
fier with Minimal Degradation of DC 
Accuracy. 

+15V 

ADC71 
16-Bit 

Fast FET input allows high throughput for many channels with virtually no 
DC error from bias current interacting with switch and source resistance. 

FIGURE 18. Load Cell Weighing Scale Instrumentation Amplifier. 
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l:J.V1,N 

2SmV,. to 12SmV.. p_p 
Microphone 

24kO 

Ro EXT 

2000 

+1SV .' 

24kO 

-ISV 

Variable Gain ~ 161 to 801. 
Gain drift is dependent on RG EXT. 

FIGURE 19. Differential Input Power Amplifier. 

+1SV 

-ISV 

lou, ~ (II. Y,N) (G) (V10k + VR)) 
For OmA to 20mA output, R ~ SO.2S0 with (II. Y,N) (G) ~ W. 

FIGURE 20. Differential Input FET Buffered Current 
Source. 

V, 

V, 

990kO +1SV 

10kO 
XIOO 

990kO 

10kO 

CMR is dependent on ratio matching 
of external input resistors. 

VOUT 

FIGURE 21. Unity-Gain Differential Amplifier with 
Common-Mode Voltage Range,of 1000V. 
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For other gains: 

R.~ ~ -SO~ 
G -1 

X10 

X100 

X200 

XSOO 

R. 

X10 

'XlOO 

X200 

xsoo II 

R. 

+1SV 

Q, 

-1SV 

+1SV 

VOUT 

20V p-p FS 

Speaker 

6,VOUT 

FIGURE 22. Differential Input/Differential Output 
Amplifier. 



+15V 

Xl0 

-15V 

-15V +15V 

Code Gain Typical 0.01% Settling Time Xl0 Xl00 
PGA Gain 

Select 
00 10 
01 100 
10 1000 

6ps 
6ps 

12ps 

FIGURE 23, Digitally-Controlled Fast-Settling Programmable-Gain Instrumentation Amplifier. 

IN914 
Cold 

Junction 
Compen~ation 

K 
Thermocouple 

1000 

49900 

lMO 

15kO 

+15V 

Down-Scale 
Burn-out 
Indication 

X500 11 

lpF 

100kO 

+15VDC 

-15VDC 

15 

VOUT 

FIGURE 24. Thermocouple Amplifier with Cold Junction Compensation and Input Low-Pass Filtering «1Hz). 
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BURR-BROWN® 

IElElI PGA100 

Digitally-Controlled 
Programmable Gain/Multiplexed Input 

OPERATIONAL AMPLIFIER 

FEATURES 
• HIGH GAIN ACCURACY. ±O.1J2O/o. max IP grade) 
• LOW NONLINEARITY. ±O.OO5%. max IB grade) 
• FAST SETTLING. 5!L1ec to 0.01% 
• LOW CHANNEL·TO·CHANNEL CROSSTALK. ±D.003% 
• INPUT PROTECTION. ±20V. max above ±VCC 
• BANALOG INPUT CHANNELS WITH HIGH ZIN. 1011 0 
• 8 BINARY GAINS 1. 2. 4. 8. 111. 32. 64. 128 IV/V) 
• FULLY MICROPROCESSOR·COMPATIBLE 

DESCRIPTION 
The PG A I 00 is a precision, digitally-programmable
gain multiplexed-input amplifier. The user can select 
anyone of eight analog input channels simulta
neously with anyone of eight noninverting binarily 
weighted gain steps from I to 128 (V I V). The digital 
gain and channel select are latchable for micro
processor interface. Also, the fast 51lsecsettling time 
is ideal for rapid channel scanning in data acquisition 
systems. 

Precision laser-trimming of both offset voltage and 

CP 
CONTROLI INPUTS CEC 

A5C 
A,cC 

I ~ R 
R 

-
-

2R 
R 

APPLICATIONS 
• DATA ACQUISITION SYSTEM AMPLIFIER 
• SOFTWARE ERROR CORRECTI8N 
• AUTO·ZEROING CAPABILITY 
• DlGITALLY·CONTROLLED AUTORANGING SYSTEM 
• TEST EQUIPMENT 
• REMOTE INSTRUMENTATION SYSTEM 
• SYSTEM DYNAMIC RANGE AND RESOLUTION 

IMPROVEMENT 

gain accuracy, with good temperature tracking of 
feedback resistor ratios, permits direct use without 
adjustments. However, hardware or software cor
rection of errors is readily achievable. 

·1 n addition. gain scaling to gains other than I to 
128V IV can easily be accomplished. 

Microcircuit construction and the use of laser
trimmed thin~film feedback resistors achieve high 
accuracy. small size. and low cost not obtained with 
discrete designs 
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SPECIFICATIONS 
ELECTRICAL 
Specilications at TA = +25'C, ±Vee = 15VDC, VDO = +5VDC unless otherwise noted. 

PGA100AG PGA100BG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

GAIN,G 
Inaccuracy(1) G 1 to 128,10 lmA ±D.Ol ±D.05 ±O.OOS ±0.02 % 

vs Temperature(2) -25'C" TA" +85°C ±5 ±10 ppml"C 
vs Time ±O.OOl %ll000hrs. 

Nonlinearity(3) G=l to128,lo=lmA ±0.OO4 :tom ±O.OO2 ±O.OO5 %oIFS 
vs Temperature(2) -25'C" TA" +85'C ±2 ±5 . ppml"C 
vs Time ±D.OOI %/l000hrs. 

Warm-up Time 1 min 

RATED OUTPUT 
Voltage 10 -±2mA ±10 V 
Current Vo =±10V ±2 mA 
Output Resistance G" 128 0.05 n 
Short Circuit CUrrent ±15 mA 
Capacitive Load Range Phase Margin 2: 25° 1000 pF 

INPUT OFFSET VOLTAGE 
Initial TA +25'C ±O.l ±1 ±D.05 ±D.5 mV 

vs Temperature -25°C" TA ,,+85'C ±6 p.VloC 
vs Supply Voltage ±8VDC" I Vee I" ±18VDC ±10 ±80 p.VN 
vs Time ±15 p.Vlmo. 

INPUT BIAS CURRENT 
Initial TA +25°C 

"OFF" Channel ±10 pA 
"ON" Channel ±D.l ±1 nA 
vs Temperature Note 4 

INPUT DIFFERENCE CURRENT, 
BETWEEN CHANNELS 
Initial TA - +25°C 

"OFF" Channel ±20 pA 
"ON" Channel ±D.2 ±2 nA 
vs Temperature Note 4 

ANALOG INPUT CHARACTERISTICS 
Absolute Max Voltage No damage ±IIVccl+201 V 
Input Voltage Range Linear operation ±10 V 
Input Impedance 

"OFF" Channel /012 115 nil pF 
"ON" Channel 1011 II 25 nil pF 

INPUT NOISE 
Voltage Noise Density 10=lHz 200 nVlv'Hz 

10 = 10Hz 60 nVlVHz 
10 = 100Hz 25 nVl$. 
10 = 1kHz 18 nVly'RZ 
10= 10kHz 18 nVly'RZ 
10 = 100kHz 18 nVly'RZ 

Voltage Noise Ie = O.lHz to 10Hz 2.6 p.V, pop 
Current Noise Density 10 = 0.1 Hz thru 8kHz 6 IA/y'RZ 
Current Noise Ie =O.lHz to 10Hz 115 IA,p-p 

DYNAMIC RESPONSE 
Gain Bandwidth Product 5 MHz 
Full Power Bandwidth G = 1, Vo = 20V, pop, Rl = 5kn 220 80 kHz 
Slew Rate G = 1, Vo = ±10V, Rl = 5kn 14 5 Vlp.sec 
Settling TimelSI G = 1, Vo = ±10V, Rl = 5kn 

.=1% 2.5 ,",sec 

.=0.1% 3 IJ.sec 

.=0.01% 5 J,.&sec 
Rise Time 10% to 90%, small signal 70 nsec 
Phase Margin G=1,Rl=5kn 60 Degrees 
Overload Recovery 161 G = 1. 50% overdrive 2 #Lsec 
Crosstalk, RT1(5)(71 20V, pop, 1kHz sine, Rs = lkn ±D.003 . % 

on all OFF channels 

DIGITAL INPUT(6) 
Input "Low" Threshold, V,l 0.8 V 
Input "High" Threshold. V,H 2.0 V 
fmax. Maximum Clock Frequency 30 MHz 
twl. Clock Pulse Width ILowl Figure 1 20 nsec 
t.

" 
Setup Time I Data to CPI Figure 1 20 nsec 

t., • Hold Time lDati to CP I Figure 1 5 nsec 
t'2' Setup Time ~ to CP I Figure 1 25 nsec 
t.2, Hold Time ICE to CPI Figure 1 5 nsec 

,,' 
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ELECTRICAL (CONT) 

PARA~ETER 

ANALOG SUPPLY 
Rated V~ltage, 
Vo~age Range 
Positive Quiescent Current 
Negative Quiescent Current 

DIGITAL SUPPLY 
Rated Voltage 
Voltage Range 
Quiescent Current 

TEMPERATURE RANGE· 
Specllicstion 
Operating 
Siorage 

'Specilications same as PGA looAG. 

NOTES: 

CONDITIONS 

Derated perlonnance 

Voo=+5.25V 

Derated performance 

'1. Inaccuracy is the percent error between the actual and ideal gain 
selected. II may be externally adjusted to zero. 

2. Parameter is untested and is not guaranteed. This specification 
Is established to a 90% confidence level. 

3. Nonlinearity is the maximum peak deviation from a "best straight line" 
(curve filling on input-output graph) expressed a. a percent of the full 
.cale peak-to-peak output. Gain constant, Your ranges Irom-l0V to +10V. 

4. Doubles approximately every lOOC. 
5. See Typical ~erform8nce Cu~es. 

MECHANICAL 
Pin numbers shown for referenca only. 
Numbers may not be marked on package. 

r . 0000000 ••• 

2. 13 

B Y 112 

R ~.::J 
NOTE:, L Leads in true position within L -' ,0.010'" (0.25mml Rat MMC at sealing plane. 

t L "Je'1'1, n 
CASE: Black Ceramic 
MATING CONNECTOR: 245MC 
PIN: Pin material and plating composition conform to 

method 2003 (solderability I of MIL-STD-883 (except 
paragraph 3.2). 

WEIGHT: 8.3 grams (0,225 oz.) 
HERMETICITY: Confonn to method 1014 Condition C 

Step 1 (fluorocarbon) of MIL-STD-883 (gross leak). 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
'A 1.310 1.360 33.27 34.54 

B .770 .810 19.56 20.57 

C .1!io .210 3.81 5.33 

0 .01e .021 0.46 0.53 

F .035 .050 0.89 1.27 

G .100 BASIC 2.54 BASIC 

H .110 .130 2.79 3.30 

K .150 .250 3.Bl 6.35 

L . 600 BASI'C 15.24 BASIC 

N 002 .010 0.05 0.25 

R 0" 105~ 2.16 2.67 

I PGA100AG I ·PGA100BG I 
MIN TYP MAX MIN TYP MAX UNITS 

±lO vee 
±8 ±18 V 

+20 +27 +15 +20 mA 
-10 -'6 -7.5 -'2 mA 

+~ cvoc- ' 
+4.75 +5.25 V 

15 27 mA 

-25' +85 .1::' 
-55 +125' °C 
-55 . +125 °C 

S. Time required lor the output to return from saturation to linear 
operation following the removal of an Input overdrive Signal. 

7. Crosstalk is the amount'of signal feedthrough Irom all OFF channels 
that appears at the output of the input multiplexer. It is expressed as a 
percent of the signal applied to all OFF channels. 

8. All digital inputs are o~e 74LSTTL load. 

ABSOLUTE MAXIMUM RATINGS 

Analog Supply 
Digital Supply 
Input Voltage Range, Analog 
Input Voltage Range, Digital 
Storage Temperature Range 
Lead Temperature (soldering 10 seconds) 
Output Short-cIrcuit Duration 
Junction TemperaturS ' 

PIN DESIGNATIONS 

ITOPVIEWI 

IN7 

INS 

IN5 

ANAlOG 
COMMON' 

Ao 

A, 

A2 

Ao 

-Vee 

±18V 
+7V 

±( jVeel +20)V 
+7V 

-55°C to +125°C 
3004C 

Continuous to ground 
175°C 

IN3 

IN2 

INI 

INO 

ANALOG 
COMMON' 
CE I Clock 
Enable Not) 
CP (Clock Pulse) 

As 

A. 

Voo 
DIGITAL 
COMMON 

+Vee 

·Connected Internally. Use pin ·20 as the primary anal~g common . 
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TYPICAL PERFORMANCE CURVES 
ITA = +25°C, ±Vee = 15VDC, Vee = +5VDC, unless otherwise noted. I 
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DISCUSSION OF 
PERFORMANCE 
The PGAJOO is a self-contained programmable-gain 
amplifier whose gain can be changed in 8 binarily 
weighted steps from I to 128 or as scaled externally 
through the gain scale/ adjust pin. The gain control is 
accomplished by the gain switch (break-before-make) 
whose position is determined by the 3-bit TTL address. 
A3, A.. and As. When selected. I of 8 positions connects 
the thin-film resistor network to the feedback loop of the 
op amp. This establishes the desired gain. (See Installa
tion and Operating Instructions for gain scaling.) 

Similarly. the 8 analog input channels are switched by the 
input multiplexer (break-before-make) whose position is 
determined by the 3-bit TTL address. Ao. A,. and A2. 
Gain and channel selection appear in Table I. 64-channel/ 
gain combinations are possible. 

The digital inputs are latched by the positive transition of 
the clock pulse. pin 18. when the clock enable. pin 19. is 
low. The relative set up and holding times specified in the 
Electrical Specifications are shown in Figure 1. The 
internal latch is similar to the industry standard 74LS378. 
Figure 2 shows a timing diagram for selected addresses 
indicating: the enable function. changing channel and 
gain. changing channel/ constant gain. and constant 
channell changing gain. 

TABLE I. Gain and Chann!."1 Select Truth Table. 

GAIN SELECT 
As A4 

0 
0 
0 
0 
1 
1 
1 
1 

DATA 
ADDRESS 

CP 

0 
0 
1 
1 
0 
0 
1 
1 

A3 

0 
1 
0 
1 
0 
1 
0 
1 

GAIN 

1 
2 
4 
8 

16 
32 
64 

128 

CHANNEL SELECT CHANNEL 
A2 Al AD 

0 0 0 INO 
0 0 1 IN1 
0 1 0 IN2 
0 1 1 IN3 
1 0 0 IN4 
1 0 1 IN5 
1 1 0 IN6 
1 1 1 IN7 

FIGURE 1. Data Address and Clock Enable Setup and 
Hold Times. 

r I 
GAIN SELECT A4 I 

• A3 

r CHANNEL AI 
SELECT . 

AO-.--J 

_DISABLEDU 
CE ENABLEIl r-

POSITIVE 
CP EDGE 

TRIGGER , , , , , , I 1 I I 
CHANNEL CHOSEN nio INO INI IN7 IN7 

1 , , i 1 
1 , 1 
1 , 1 I I 

GAIN CHOSEN G ~ I G~I B~2 G~2 
1 

G = 128 

FIGURE 2. Timing Diagram for Selected Addresses. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
POWER SUPPLY AND SIGNAL CONNECTIONS 

FIGURE 3. Basic Power Supply; Ground. and 
Signal Connections . 

. Figure 3 shows the proper analog and digital power 
supply connections. The supplies should be decoupled 
with lJ.lF tantalum and IOOOpF ceramic capacitors as 
close to the amplifier as possible. To avoid gain errors 
connect grounds as indicated being sure to minimize 
ground resistance. Note that a resistance of greater than 
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0.0050 in series with the analog com~on will degrade the 
specified gain accuracy. IMPORTANT: Normally the 
digital ground is brought in from the digital power supply 
on a separate line. However, the analog and digital 
commons.!!!!!§! be connected together somewhere in the 
system. 

OPTIONAL GAIN SCALE/ADJUST 
The gain scale/ adjust pin is shown in Figure 4. When no 
connection· is made, gains appear as in Table I. At least 
two functions can be performed. First, the gainrange can 
be scaled to gains otherthan I to 128,Jor example, I to 
100 or I to 1024. Gain steps, however, retain binary 
weighting. Some examples are: (I, 1,2,4,8, 16,32,64 
with pins II and 12 connected together), (I, 1.5625,3.125, 
6.25, 12.5,25,50, 100), (I, 12.5,25,50, 100,200,400,800), 
and (f, 16, 32, 64, 128, 256, 512, 1024). Scaling is 
accomplished by using a potentiometer, R" shown in 
Figure 4. Be certain to use a potentiometer of good 
mechanical and thermal stability. Additional gain drift 
with temperature should be minimal since it depends on 
the thermal tracking of the resistance ratio, RA to RD, set 
by the potentiometer. .., 

+5VDC 

RI 
'-'~-<Iookn 

TCR 
",IJJlppm/"C 

Rl 

+15VDC 

·15VDC 

FIGURE 4. External Gain and Offset Adjustment. 

Second, the gain inaccuracy~' remaining after laser trim
ming at the factory, can be adjusted to zero at any gain 
other than unity. To improve resolution and limit 
adjustment range, a resistor may be added in series with 
the wiper of the potentiometer and pin 12. This will, 
however, increase gain drift. Figure 5 shows the effect of 
gain adjustment. R, does not affect gain linearity. 

OPTIONAL OFFSET ADJUSTMENT 

Figure4 also illustrates a technique for offset adjustment. 
This adjustment /las no effect at unity gain. R2 will trim 
the offset to zero and have neglible effect on the gain 
accuracy. For best results, trim the offSet at the highest 

128 

!DEll 
,/, 

64 

32 1\." t%' 
50 t.%' 2. 18 ' , 
.5 [%, 
.; 8 ' , 

:/:.' 
4 ' " GAIN ADJUST v,' . MOVES UNE 

~ 

2 ' 'Ai SHOjN __ 
.~/ . 
I .' . 
000 001 DID 011 100 101110 III 

OIgllallnput lAs> At A31 

FIGURE 5. Effect of Gain Adjustment. 

gain. If R3 is made smaller, output offsetting can be 
accomplished. This can be used to introduce an inten
tional DC voltage at the output. The external amplifier 
use~ will add to the input noise, therefore, use one with a 
noise level of atJeast three times lower than that specified 
for the PGAIOO. ' .. 
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LAYOUT CONSIDERATIONS 

Proper attention to layout is neces·sarY to achieve the 
specified performance of the PGAIOO. Major goals are to 
reduce crosstalk, noise pickup, nOIse coupled from the 
power supply, and gain errors. 

Be certain to separate analog and digital runs to avoid 
coupling of digital transients. To reduce gain errors, 
connect analog grounds with a ground plane or a low 
resistance star configuration .as shown in Figure 3. 
Analog and digital comnions!!l!!§! be connected at some 
point in the system to insure proper operation. 

GAIN IN.ACCURACY AND NONLINEARITY 

Asshown in Figure 3, connect pins 5 and 20 directly 
together at the uriit and use pin 20 as the primary analog 
common. Ground resistance in series with pin 20 also 
appears in series with the internal gain-setting re·sistors 
and will decrease the magnitude of all gains except unity. 
The resulting accuracy error varies nonlinearly with the 
gain selected and therefore cannot be externally adjusted 
to zero for more than one gain at a time. Gain linearity is 

. not affected by external grourid resistance (see Per
·formance Curves.) 

CROSSTALK 

Crosstalk is the amount of signal feedthrough from all 
OFF channels that appears at the output of the input 
multiplexer. It is expressed·as a percent of the input signal 
applied to all OFF channels .. For example, the 0.003% 
specification indicates that 0.6niV, p-p~ out ofa 20V, pop, 
I kHz sine wave (applied to 7 OFF channels) will appear 
at the noninverting input of the internal op amp. Note 
that crosstalk increases with high frequencies due to the. 
capacitive coupling between ON and OFF channels. It 
also increases with greater source resistance. However, 
because both the input signal'. and crosstalk noise are 
amplified equally, the resulting output signal-to-noise 



ratio is independent of gain. Unused input channels 
should be grounded in order to reduce crosstalk and 
extraneous noise pickup. (See Performance Curves.) 

SETTLING TIME 
Settling time is the time required, after application of a 
step input signal, for the output voltage to settle and 
remain within a specified error band around the final 
value. It is a very important consideration since'this will 
be the limiting parameter in determining the maximum 
channel scanning or throughput rate. The PGAIOO 
specification includes the effects qf both the mUltiplexer 

'and amplifier. Note that settling time increases with 
increasing source resistance and gain. Minimum settling 
time is achieved by choosing a low source resistance, for 
example, Rs":;; IOkO and gains":;; 16. (See Performance 
Curves.) 

INPUT OVERVOL TAGE PROTECTION 
The PGAIOO provides input overvoltage protection of 
20V in excess of either power supply voltage expressed as 
±( IVce 1+20). This is achieved in the dielectrically 
isolated analog multiplexer which will withstand over
voltage even when the power supplies are off. As a 
consequence the PGAIOO is protected against high input 
levels and brief transient spikes of up to several hundred 
volts that can result from signals originating from outside 
the system. (See Performance Curves.) 

TYPICAL APPLICATIONS 
The PGAIOO is ideal for a variety of applications, 
especially where low channel-to-channel crosstalk iii 
required. In many applications the PGAIOO will not 
requ,ire trimming of offset and gain errors. However, 
these can be minimized utilizing hardware or software 
error correction techniques. Figures 6 and 7 show 

CRT DISPLAY 

r- if. ~). 

KEY- MICROCOMPUTER 

applications of the PGAlOO separately and in a data 
acquisition system. 

Figure 7 showsa Data Acquisition System. In this system 
the PGAIOO allows the user to deal with signals of wide 
dynamic range while maintaining high system resolution. 
For example: When used with a 12-bit AI D converter in 
a "floating point" system, the 27 gain range of the 
PGA 100 plus the 212 range of the converter produces a 
total system resolution of i" (524,000 to I). 

Also the user can modify and reprogram gain values for 
different analog input channels merely by changing the 
software computer program. Since different dedicated 
amplifiers are not required for various input channels, 
the PGAIOO also saves space and overall system costs. 
Software correction virtually ,eliminates system offset 
and gain errors over both time and temperature. 

. FIGURE 6. Digitally Selectable Function Amplifier. 

DATA BUS 'm'~ 
BOARD ADDRESS BUS 

~~ ~0r 

I I CONTROL BUS I==:>f ADDRESS DECODER AND 
CONTROL LOBIC J=:;-

CP I~ 

~AINAN;E ~ 

6 ANALOG INPUT CHANNELS { 
PGAIOD CHANNEL SELECT SIH AID 

~ 
SHC2iII r- CONVERTER 

ADeIO 
FOR OFFSET AND GAIN I VRn 

~ CORRECTION V 
FIGURE 7. Use of PGAIOO in a Data Acquisition System with Software Auto-zero and' Gam Calibration. 
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BURR-BROWN® 

IElElI PGA102 

Digitally-Controlled 
Programmable-Gain/Fast-Settling 

OPERATIONAL AMPLIFIER 

FEATURES 
• DlGITALLY·PROGRAMMABLE GAINS. Xl. X10. X100 
• LOW GAIN ERROR. 0.01%. max 
.. LOW GAIN DRIFT. 5ppm/oC.max 
• LOW NONLINEARITY. 0.003%. max. 14·BIT 
• FAST SETTLING. Ups. 0.01%. typ 
• THREE INDEPENDENT INPUT CHANNELS WITH 

SEPARATE GAIN ADJUSTMENT 

• LOW COST 
• SMALL 16·PIN DIP PACKAGE. CERAMIC AND PLASTIC 

DESCRIPTION 
The PGAI02 is a precision digitally-programmable 
gain block. Its monolithic design permits low cost 
and high reliability. The user can select one of three 
gains (I, 10, 100), two of which are independently 
adjustable. The logic section has high input imped
ance and functions without a separate supply. Pre
cision laser-trimmed offset and gains permit use 
without external adjustments. High performance 

R.I,3310 

R5 1.2t:n 

APPLICATIONS 
• DATA ACQUISITION AMPLIFIER 
• AUTORANGING AMPLIFIER UNDER COMPUTER 

CONTROL 
.• SUPER·ACCURACY. LOW COST. FIXED GAIN BLOCK 
• TEST EQUIPMENT GAIN CONTROL 
• PORTABLE INSTRUMENT GAIN SELECTION 
• DATA LOGGING RANGING CONTROL· 
• 3·CHANNEL MULTIPLEXER 

thin-film resistors with excellent temperature track
ing assure low gain drift and excellent stability. 

The fast 2.8~sec settling makes the PGAl02 ideal for 
rapid channel scanning in data acquisition systems. 
Also the high accuracy is very beneficial in test 
equipment and instrumentation applications where 
programmable or fixed gain is required. 

R3 1o.8kO 

COMMON FORCE 4 
COMMON SENSE 5 

R.ID.8kn R21o.8tn 

A,1.211n 

V," 1 tX11 6 

GAIN ADJUST 1110) I. 

V,N Z 1110) 7 
15 VoUT 

BAIN ADJUST (XlIIII 9 

v," 3 (X'1II1 8 

3 1 Z 1112 
LOGIC S:~~CT s~t~T :~~~~ THIlESNOLD 

CONTROL 

Inlernallonal Airport Industrial Park· P.O. BOI 11400· Tucson. Arizona 85734· Tel. 16021 746·11 n· TINI: 91Q.95~·1 111 • Cable: BBRCORP • Telex: 66·6491 

PDS·579A 
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SPECIFICATIONS 
ELECTRICAL 
At +251;1C, ±Vcc ::;; 15VDC unless otherwise specified. 

PGA102AG PGA102BG/SG PGA102KP 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

GAIN 
Inaccuracy'11 R,= 2kCl, G = I ±0.007 ±0.02 ±0.003 ±0.01 % 

G=10 ±0.Q15 ±0.03 ±0.01 ±0.02 ±0.05 % 
G=100 ±0.02 ±0.05 ±0.015 ±0.025 ±0.06 % 

vs Temperature G=1 ±0.4 ±5 ppm/'C 
G=10 ±2 ±7 ppm/'C 
G= 100 ±7 ±20 ±9 ppml'C 

Nonlinearity R,= 2kCl, G =1 0.001 0.003 %ofFS 
G=10 0.002 0.005 %ofFS 
G=100 0.003 0.01 %ofFS 

RATED OUTPUT 
Voltage R,= 2kCl ±10 ±12.5 V 
Current VOUT = 10V ±5 ±10 mA 
Short Circuit Current ±10 ±25 mA 
Output Resistance 0.01 .. Cl 
Load Capacitance For stable operation 2000 pF 

INPUT OFFSET VOLTAGE 
Initial121 G=1 ±200 ±500 ±100 ±250 ±1500 IlV 

G=10. ±70 ±200 ±50 ±100 ±600 IlV 
G =100 ±70 ±200 ±50 ±100 ±600 IlV 

vs Temperature G=1 ±5 ±20 ±7 ±50 IlVl'C 
G=10 ±1 ±7 ±3 ±10 IlVl'C 
G =100 ±0.5 ±3 ±2 ±7 IlVl'C 

VB Supply Voltage ±5 < Vee < ±18V 
,G=1 ±30 ±70 IlVN 
G=10 ±8 ±30 IlVlV 
G=100 ±8 ±30 IlVN 

INPUT BIAS CURRENT 
Initial T.=+25'C ±20 ±50 nA 
Over Temperature TA MIN to T,. MAX ±25 ±60 nA 

ANALOG INPUT 
CHARACTERISTICS 

Voltage Range Linear operation ±10 ±12 V 
Resistance 7Xl0' Cl 
Capacitance 4 pF 

INPUT NOISE 
Voltage Noise f. = 0.1Hz to 10Hz 

G=1 4.5 . IlVP-P 
G=10 1.5 .. 

IlVP-P 
13=100 0.6 IlVP-P 

Voltage Noise Density fo=1Hz,G=1 490 nVlVHZ 
G=10 178 nVlVHZ 
G =100 83 nVlVHZ 

10 = 10Hz, G = I 155 nVlVHZ 
G=10 56 nVlVHZ 
G=100 20 nVlVHZ 

fo = 100Hz, G = I 93 nVlVHZ 
G=100 31 nVlVHZ 
G=100 18 nVlVHZ 

fo = 1kHz, G = I 79 nVlVHZ 
G=10 31 nVlVHZ 
G = 100 18 nVlVHZ 

Current Noise fa = 0.1Hz to 10Hz 76 pAp-p 
Current Noise Density fo=1Hz 8.8 pA/VHZ 

fo = 10Hz 2.8 pA/VHZ 
fo = 100Hz 0.99 pAlVHZ 
fo= 1kHz 0.43 pA/VHZ 
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ELECTRICAL (CONT) 

PGA102AG PGA102BG/SG PGA102KP 

PARAMETER CONDITIONS MIN TYP MAX MIN TVP MAX MIN TVP MAX UNITS 

DYNAMIC RESPONSE 
±3dB B.ndwidth Sm.1I slgn.I, G = 1 1500 kHz 

G=10 750 kHz 
G=I00 250 kHz 

Full Power B.ndwldth Vou, = ±10V, R, = 2kO 160 kHz 
Slew R.te VOUT = ±10V step, 

R,=2kO 6 9 VIpS 
Settling Time (O.1'l1» VOUT = 10V step, G = 1 1.6 ps 

G=10 2.2 ., ps 
G=100 5.2 'pS 

Settling Time (0.01%) VOUT = 10V step,.G = 1 2.8 . ps 
G=10 2.8 ps 
G=100 8.2 ps 

Overload Recovery 50% overdrive. G";;;;; 1 2.5, ps 
Time,O.I'l1> (see Performance Curve) 

CROSSTALK 
DC ±10V to both Off ch.nnels -155 dB 
60Hz ±10V to both Off ch.nnels -144 dB 

DIGITAL INPUT 
CHARACTERISTICS 

Input "Low" Threshold VILI31 on pin 1 or 2 VLTC+O.B • V 
Input "Low" Current e 1 pA 
Input "High" Threshold V1HI31 on pin 1 or 2 VLTC+2 1 V 
Inpul "High" Current 0.1 1 pA 
Logic Threshold Control VLTCon pin3 -Vee Vee-4 . V 
Switching Timel41 Between channels 1 ps 

POWER SUPPLY , 
R.ted Volt.ge ±15' VOC 
,Voltage Range ±5 ±18 VOC 
Quiescent Current VOUT=OV ±2.4 ±3.3 mA 

No external load, 
VOUT·= ±10V ±5.3 mA 

TEMPERATURE RANGE 
Specification, KP grade T" MIN 10 TAo MAX 0 +70 'C 

AG and BG grades -25 +85 
., 

'C 
SG gr.de -55, +125 'C 

Operating -55 +125 -25 +85 'C 
Storage -65 +150 -55 +125 'C, 
The"rmal Resistance BJA 100 'CIW 

• Specification same as AG grade. , . 
NOTES: (1) Gain inaccuracy is the percent error between the actu.l.nd Ideal gain selected. II may be extern.lly adjusted to zero for gains of 10 .nd 100, (2) Offset 
vollage can be .djusted for anyone ch.nnel. Adjustment.ffects temperature drift by approxim.tely ±O,3pVl'C for e.ch 100pV of offset adjusted, (3) VolI.ge on lhe 
logic threshold control pin, VLTC, adjusts the threshold for "Low" and "High" logic levels. (4) Total time to sellle equ.ls switching time plus sellling lime olthe newly 
selecte~ gain. . 

ABSOLUTE MAXIMUM RATINGS 

Power Supply •••• : .•.••••..•.•.....•• : ••... " •..•.••• , •....• ±18V 
Inpu(VolI.ge Range: Analog ................................ ±Vcc 

Digit .................... (VPIN 3 - 5,6V) to +Vcc 
Storage Temper.ture Range: G P.ckage ..... , ..•. -65'C ,to +150'C 

, ' P P.ckage ........... -55'C to +125'C 
Lead Tempereture (soldering 10 seconds) ................... +3OO'C 
Output ShortMCircuit Duration •...••••••.•. Continuous to Common 
Junction Temper.ture: G P.ck.ge •• , •• , ...•.....•••.•..••• +175'C 

P P.ck.ge ...... , ................... +110'C ' 

PIN CONFIGURATION 

XIOSELECT ~ +Vee 
XlIII SELECT 2 15 VOUT 

LOGIC THRESHOLO CONTROL 3 14 NC· 
COMMON FORCE 4 13 -Vee 
COMMON SENSE 5 12 OFFSET ADJUST 

V'N,IXII 8 11 OFFSET ADJUST 

·NO INTERNAL V'N,IXID) 7 10 GAIN ADJUST IXID) 

CONNECTION V,N.IXlDO) 8 9 GAIN ADJUSIIXIIIII 

ORDERING INFORMATION 

PGA102 X G 
Basic Model Number __________ ~__l T 
Performance Grade Code ____________ ....J_ 

A, B: -25'C to +85°C 
S: -55°C to +125'C 
K: O°C to +70'C 

PackageCode---------------_~ 

G: l6-pln hermetic DIP 
P: l6-pin plastic DIP 

PGA102AG, PGA102BG, PGA102SG, PGA102KP 
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· MECHANICAL 

INCHES 
DIM MIN MAX 

A .190 .810 

.105 .170 

.015 .0:'011 

.OOS 

.100BASIC 

H .03. .070 

J .... .012 

.120 .240 

.300 BASIC 

1.° .... 

NOTE: Leads In true position 
within 0.10" (0.25mm) 
R at seating plane. 

MILLIMETERS 
MIN MAX 

20.07 20.57 

2.67 

0.38 0.53 

2.54 BASIC 

0.76 1.78 

0.20 0.3. 

3.05 6.10 

7 •• 2 BASIC 

1.° 
0.64 1.52 

TYPICAL PERFORMANCE CURVES 

EPOXY DUAL-IN-LiNE 

CA~ 

~n~ 
J~ ~=---, 

H U-o 0 SeallOg Plane 

INCHES 
DIM MIN MAX 
A . 760 .... 
S .220 .280 

.,00 
0 .015 ,023 

F .03. .070 

G .100 BASIC 

.030 • .... .... .015 

. 100 

.300 BASIC 

M 'leo 
N .020 .... 

NOTE: 
Leads in true position within 
0.10" (0.25mm) R al MMC al 
seating plane. 

MILLIMETERS 
MIN MAX 

19.30 22 .• 
!ue 1.11 

5." 
•. 38 .... 
0.78 1.78 

2.54 BASIC 

0.76 2.'" 
0.20 •. 38 

2.!Ii • 
7 .• 2 BASIC ,.0 
0.51 1.27 

TA = 25°C. ±Vcc = 15VOC unless otherwise noted. 
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SETTLING TIME 
VS TEMPERATURE 
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TYPICAL PERFORMANCE CURVES (CONT) 
TA = 25°C. ±Vcc = 15VDC unless otherwise noted. 
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THEORY OF OPERATION 
The PGAI02 is a self-contained programmable-gain 
amplifier with digitally selectable gains of I, 10, and 100. 

A block diagram of the PGAI02 is sh6wn on the first 
page of this data sheet. The circuit contains three sec
tions: (I) 3-channel switchable-input operational ampli-

, fier, (2) precision thin-film resistor network (RI-R6), and 
(3) gain/ channel select digital circuit. 

Under control ofthe channel select circuitry, only one' 
input stage (A .. A2,or A3) is active at any time. The 
selected input stage steers input signals (V IN I, ViN2, or 
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V IN3) to the output amplifier (A.). At this time the unse
lected input stages are, turned off by deactivation of their 
internal bias circuitry. Three different precision gains are 
produced by closing the, feedback loop through the 
selected input stage. This unique feature of having each 
channel set to a' specific gain allows the user moreflexi
bility in applications. Low gain drift is achieved by the 
excellent tracking of the thin-film gain set resistors. The 
"trip point" on select pins I and 2 for changing channels, 
and hence gain, is set by the logic threshold control volt
age on pin 3. 



INSTALLATION AND 
OPERATING INSTRUCTIONS 
Figure I shows proper power supply and signal connec
tions. The supplies should be decoupled with O.lJ.lF 
capacitors as close to the package as possible. To avoid 
gain errors, connect ground as indicated, being sure to 

V'N 

V'N 

V'N 

15 

-Vee COM +Vcc 

STAR CONNECTION. GAIN INACCURACY 01 < 0.1% 
la) 

--
SEE APPLICATION FIGURE 14 

Ibl 

SENSE 
< IIIOpA I 

SEE APPLICATION FIGURES 9 AND 10 
(e) 

VOUT 

VOUT 

VOUT 

(b) AND (e) ELIMINATE GAIN ERRORS DUE TO RE'SISTANCE OF THE INTERNAL 
WIRE BOND (INACCURACY < 0.05%). 

FIGURE I. Power Supply and Signal Connections. 
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minimize ground resistance. The PGAl02 has a separate 
ground force and ground sense which virtually eliminate 
gain errors due to resistance in the common line. The 
gain error results from any resistance added in series 
with the internal junction of Rt, R4, and Rs. Internally, 
wire bond resistance of 0.20 can cause a 0.02% error for 
gain of 10 and 0.2% error for gain of 100. By minimizing 
the current in the sense line, specified performance is 
achievable. 

GAIN/CHANNEL SELECTION 
Gain is chosen by digitally manipulating the voltage level 
on the XIO and XIOO select pins as shown in Figure 2. 
The table in Figure 2 shows how to select a specific 
channel which has a gain of I, 10, or 100. In this circuit, 
the logic threshold control has been grounded to give 
compatibility with TTL levels. However, this threshold 
can be set anywhere between [~Vcc + 4V] and [+Vcc -
2.6V] for compatibility with other logic such as CMOS. 

v, .. {XII o-----''f 

V'N' (XIOI 0-----''-1 

V'N' IXIOO) 0----''1 

XID SELECT XIOO SELECT 

0 0 
I 0 
0 I 
I I 

-,;1;.;:.5 __ -0 Vou, 

-- ·UNOETERMINEO 
UNUSABLE 
OUTPUT 

CHANNEL I GAIN SELECT 

V'N' {XII 
V,", (XIO) 
V'N' (XIDO) 
ILLEGAL· 

FIGURE 2. Channel Selection for Ground-Referenced 
Logic Threshold (TTL-compatible). 

In general, the logic state is determined by the voltage on 
pin I or pin 2 relative to the threshold control voltage on 
pin 3. The input high (VIH) and low (Vld voltages ,to 
switch states are shown below: 

Logic one, "I": (VLTC + 2V) < VIH < +Vcc , 

Logic zero, "0"; (VLTC - 5.6) < VIL < (VLTC + O.BV) 

An external decoder and latch on the select lines may be 
added for operation in computer-controlled analog 
input/ output systems. 

OPTIONAL OFFSET ADJUSTMENT 
The input offset voltage is lase~ trimmed and will not 
require user adjustment for most applications. However, 
pins II and 12 may be used, to adjust the offset of the 



active channel to zero as shown in Figure 3. This also 
affects' the inactive channels (al1offsets move as the 
potentiometer is adjusted). By compromising, the user 
can adjust for the average offset of al\ three' channels 
using' one potentiometer; or a compromise for just the 
XIO and XIOO channels can be made, considering the 
unity gain' channel's offset is insignificant for high-level 
inputs. 

Figure 4 shows another approach to offset adjustment. 
An inexpensive CMOS switch (4016) may be used to 
independently connect the wipers of three potentiome
ters to -Vee. Therefore, R I , 'R2;and RJ adjust the offset 
of channels I, 2, and 3 respectively: 

t 
-Vee 

FIGURE 3. Offset Adjustment. 

>"----0 Vou, = OV 
fOR All CHANNELS 

+15V 

4016 
CMOS 

SWITCH -Vee 
9 

CHI CH2 CH3 
6 5 13 

A B C 
0 0 1 CHI 
0 1 0 CH2 
1 0 0 CH3 

FIGURE 4. Independent Offset Adjustment of 
Channels I, 2, and 3. ' 

OPTIONAL GAIN ADJUSTMENT 

The .initial gain accuracy has been internal1y .laser 
trimmed to high precision, but can be adjusted. Figure 5 
shows independent fine-gain adjustment of channels 2 
and 3. This involves either paral1eling the internal input 
resistors for gain up or the internal feedback resistors for 
gain down. External resistors R2, RJ, R" and R. are 
chosen to trade off range and resolution. Channel l's 
gain cannot be adjusted due to the internal zero feedback 
resistance. 

V,N,IXl) 
o----~ 

V,N,IX101 

V,N, IX1001 

15 
'>-"""'--0 VOUT 

~~ARA,r-+-~lM~n~~AR.Ar-,~~~~~E 

~~R~'~~~R~' __ ~Rv'~~~~~~ 
620kn .1Mn 12Mn 

FIGURE 5. Independent Fine Gain Adjustment of 
Channels 2 and 3, 

For applications requiring gains other than I, 10, or 100; 
the PGAI02 can be gained up (Figure 6) or down (Figure 
7). It is important to realize that the temperature drift of 
the external gain adjustment resistors will affect the total 
gain drift. This becomes more predominant as the gain is 
changed further from the factory-set specification. For 
example, with smal1 adjustments (20% or so), a 30ppm/oC 
external resistor will add 6ppm/oC to the IOppmj"C 
internal resistor ratio tracking. For iarge adjustment 
(50% or so), the effect becomes larger. The best that can 
be achieved is 25ppm/oC (the TCR of one internal resis
tor) when the external resistor has Oppm/,oC. Also when 
adjusting the XIO channel, keep the gain above 5 to 
assure frequency stability., 

LAYOUT CONSIDERATIONS 

Proper attention to layout is necessary to achieve the 
specified performance of the PGI02. Major goals are to 
reduce crosstalk, noise pickup, noise coupled from the 
power supply, and gain errors. ' 

Be certain to separate the runs for analog and digital 
grounds to avoid coupling of digital transients. To 
reduce gain errors, connect analog grounds with a 
ground plane or a low resistance star configuration. 
Properly using the"PGAI02 ground force and sense (see 
Figure I) assures the best performance, especially in high 
gains. 



v .. , (XII 

V.N• (Xl01 15 

V'N' (Xl 001 

8;1(10 UP 

10.BkO 
RxlO UP = 

GX10 UP - 10 
10BkO 

RX100 UP = G 100 
X100 UP -

Example: 
RX10 UP = 1.0BkO and RX100 UP = 1.0BkO 
Gives gains of 1.20.200 

FIGURE 6. Gain Up Control. 

v •• , (XII 

v ••• (Xl0) 

VOUT 

V.N, (Xl00) 

R"IOON 

( 97.2kO ) 
RX10 ON = - G 10 + 10.BkO 

x10 ON -

( 10BkO ). 
RX100 ON = 100 100 G - 1.09kO 

- >1:100 ON 

Example: 
RX10 ON = B.64kO and RX100 ON = 107kO 
Gives gains of 1,5,50 

FIGURE 7. Gain Down Control. 

CROSSTALK 

Crosstalk expresses the signal feed through from an OFF 
channel that appears at the active input. It is expressed 
in dB. which translates to a percent of the input signal 
applied to the OFF channel. Crosstalk increases with 
increasing frequency (see Typical Performance Curve). 
Best performance is achieved by keeping input lines 
short and band limiting if possible. 

SETTLING TIME 

The PGAI02 is designed for applications requiring fast 
settling. Settling time is the time required, after the onset 
of a step input signal, for the output voltage to settle and 
remain within a specified error band around the final 
value. It i~ very important because it limits maximum 
channel scanning or throughput rate in multiplexed sys
tems. Since the error increases with source resistance, 
keep sources < IOkn for best results. 

INPUT OVERLOAD RECOVERY 

Another important parameter in data acquisition sys
tems is overload recovery, especially when high gain is 
selected. The PGAI02's fast recovery limits delays in 
capturing input signals in the presence of large tran
sients. Best results are obtained by clamping input over
voltages to less than J3V (see Typical Performance 
Curve). 

TYPICAL APPLICATIONS 
The PGAI02 is ideal for auto-gain-ranging systems with 
many multiplexed input channels that must be scanned 
quickly. Its high gain accuracy and low temperature drift 
permit application where computer error correction is 
not available. In other cases, the PGAI02 provides an 
inexpensive precision fixed gain block requiring no pre
cision externai components. An external decoder and 
latch allow the user flexibility to configure the system as 
desired. Figures 8 through 15 show application circuits. 

Xl 

Xl0 15 

Xl00 

v •• 

1---
FIGURE 8. Fast Settling Programmable-Gain 

Amplifier (Gain = I, 10, 100). 
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IkO 

BOnA" 
SENSE 
LINE 

100kO 

82kO 

XIO XIOO 
SELECT SELECT 

"CURRENT IN THE SENSE IS KEPT 
LOW BY RETliRNINGIT TO THE 
+ INPUT OF AI WHERE ONLY BIAS 
CURRENT FLOWS. SEE FIGURE I. 

15 V'N' = IOVPEA,o.:X,,-1 ---''I 

XIO 15 

Your . 

V'.N' = O.lVPEA< o::X",IO:::.O_-"I 

Your = IDVPEAK 

XIO XIOO 
SELECT SELECT 

FIGURE 9. Fast-Settling Programmable-Gain FIGURE 10. Three-Channel Separate Gain Amplifier. 

. Ro 

Amplifier (Gain = 2, 20, 200). . 

-15V +15V -15V +15V 

AID CONVERTER 

':' 

TTL 
LATCH 

DECODER 

0, 0, 
COMPUTER 

DATA BUS 

LATCH ENABLE 

"ONE TECHNIQUE TO ACHIEVE GREATEST ACCURACY IS TO SEPARATE 
FORCE AND SENSE. THIS MINIMIZES CURRENT IN THE SENSE LINE. 
(SEE FIGURE II 

FIGURE II. Auto-Gain Ranging Instrumentation Amplifier for Data Acquisition. 
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-15V +15V 

MULTIPLE 
INPUT CHANNELS 3 13 

v, ~------------~ 

MPC8S 
0-____________ 1,2 MULTIPLEXER 

II 

10 

~ ~------------~ 

CHANNEL 
SELECT 

+15V 

3 TOGGLE O~ 
I ROTARY 

-15V +15V 

15 

VOUT 

FIGURE 12. Manually Controlled Gain-Ranging Amplifier for Portable Test Equipment. 

+15V +15V 

Vo," 0------''"1 

Xlo 
SUMMING 0-+-----"'"1 
JUNCTION 

INPUT 

XIOO 

1000 
IkO 

SUMMING 0-----' 
JUNCTION 

INPUT 
o GAIN°=-9 
I GAIN =-99 
o You. = OV 

INoT USEFUL) 

FIGURE 13. Inverting Programmable Amplifier .. 
Summing Junctions Can Be Used for 
Offsetting. 

0" 0, 

e, 

e. 

FIGURE 15. Fast Instrumentation Amplifier. 
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FIGURE 14. Precision Programmable Voltage 
Reference. 

.. me 0, .. 
o 0 le.-e,) 
o I 10Ie.-e,) 
I 0 100Ie.-e,) 



BURR-BROWN® 

IElElI PGA200/201 

Digitally-Controlled Programmable-Gain 
INSTRUMENTATION AMPLIFIER 

FEATURES 
• DIGITALLY-PROGRAMMABLE GAIN 

- Decade Model - PGA200 
Gains of I, 10, 100, 1000 

....,.. Binary Model - PGA201 
Gains of I, 8, 64, 512 

• EXCELLENT GAIN ACCURACY (0.02%, max) 

• LOW GAIN NONLINEARITY (0.012%, max; G = 1000) 

• LOW GAIN DRIFT (IOppm'oC, max;G = 1000) 

• 2-BIT LATCHED TTl-COMPATIBLE GAIN CONTROL 

• LOW OFFSET VOLTAGE (25pV RTI; max; G = 1000) 

• LOW OFFSET VOLTAGE DRIFT (O.3OpV,o C, max; 
G = 1000) 

APPLICATIONS 
• DATA ACQUISITION SYSTEM AMPLIFIER 

• DIGITALLY-CONTROLLED AUTO RANGING SYSTEM 

• SYSTEM DYNAMIC RANGE EXPANSION 

• REMOTE INSTRUMENTATION SYSTEM 

• TEST EQUIPMENT 

DESCRIPTION 
The PGA200 is a hybrid Ie instrumentation ampli
fier with digitally-controlled decade gain steps of I, 
10, 100, and iooo. The PGA201 differs only. by 
providing binary steps of 1,8,64, and 512. Both have 
TTL-compatible latched inputs for microprocessor 
interface. The logic section has high input imped
ance and functions without a separate logic power 
supply. Precision laser-trimmed offset and gain 
permits use without external adjustments. High 
performance thin-film resistors with excellent track
ing assure low gain drift and excellent stability. 

IOtO IOkO 

2OkO 

~",20/V"tO-++-___ -{ 4 ~g~~::-MDDE 

>--4---~""'-"'IOk""'O--{ 8 ~~~'::N 

Inlern.lion.1 AlrporJlnduslrlal Park· P.O. Box 11400· Tucson. Arizona 85734· TIl. (6021746·1111 • Twx: 91~852.1111 . Cable: BBRCORP . Telex: 66-6491 

PDS-S22A 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C with ±15VDC power supply unless otherwise noted. 

MODEL'" PGA200/201AG PGA2001201BG 

PARAMETER CONDtTtONS MtN TYP MAX MtN TYP MAX UNITS 

GAIN 
Inaccuracyl21 G:::; 1 0.02 0.05 0.01 0.02 % 

G=10 0.02 0.05 0.Q1 0.02 % 
G =100 0.02 0.05 0.01 0.02 % 
G=I000 0.02 0.05 0.01 0.02 % 

Nonlinearity, G = 1 0.002 0.005 0.001 0.002 % 
I 

G=10 0.002 0.005 0.001 0.002 % 
G =100 0.003 0.007 0.002 0.003 % 
G = 1000 0.012 0.025 0.011 0.012 % 

Drift vs Temperature, G = 1 10 20 5 10 ppml"C 
G=10 10 20 5 10 ppm/oC 
G=100 10 20 5 10 ppm/oC 
G = 1000 10 20 5 10 ppml"C 

Stability vs Time 0.01 %/lkhr 

RATED OUTPUT 
Voltage lo=5mA 10 12.5 V 
Current Vo= 10V 5 10.0 mA 
Impedance 0.3 0 
Capacitive Load 1000 pF 

ANALOG tNPUT CHARACTERtSTICS 
Common-Mode Range 10 V 
Absolute Maximum Voltage No Damage Vee V 
Impedance, Differential 10" 113 011 pF 

Common-Mode 10'°113 nil pF 

OFFSET VOLTAGE (RTI) 
Initial Offset, maxl3l, G = 1 225 450 110 225 p.V 

G=10 45 90 20 45 p.V 
G =100 27 54 II 27 p.V 
G = 1000 25 50 10 25 p.V 

vs Temperature, G = 1 10 22 5 10 p.V/oC 
G=10 2 4 0.75 1.5 p.VI"C 
G=100 1 2 0.20 0.40 p.VI"C 
G = 1000 I 2 0.15 0.30 p.V/oC 

vs Time 1+ (20/G) p.V/mo 
vs Supply ·10 < Vee < 18V. 1+ (20/G) p.VN 

tNPUT BtAS CURRENT 
Initial at 25°C Each input 10 30 5 20 nA 

vs Temperature 0.2 nAloe 
vs Supply 0:1 nAN 

Offset Current 10 30 5 20 nA 
vs Temperature 0.5 .. nAI"C 

COMMON-MODE REJECTION 
G=1 DC to 60Hz, 80 95 dB 
G=10 lkn Source 96 110 dB 
G = 100 Imbalance 106 120 dB 
G = 1000 106 120 dB 

INPUT NOtSE'" 
Input Voltage Noise, fa"; 0.1Hz to 10Hz 0.8 p.V,p- P 
Density, fo = 10Hz 18 nV/.jHz 

fo = 100Hz IS nV/.jHz 
fo=lkHz 13 , nV/.jHz 

Input Current Noise, f8 = O.1Hz to 10Hz 50 pA, pop 
Density. fo = 10Hz 0.8 pAl.jHz 

fo= 100Hz 0.46 pAl.jHz 
to= 1kHz 0.35 pA/.jHz 

DYNAMIC RESPONSE 
±3dB Flatness Small signal 

G=1 500 kHz 
G=10 ISO kHz 
G=100 30 kHz 
G = 1000 2.4 kHz 

±1% Flatness Small signal 
G=1 50 kHz 
G=10 25 kHz 
G=100 3 kHz 
G = 1000 300 Hz 
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ELECTRICAL (CONT) 

MODEL'" PGA200I201AG PGA200/201BG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

DYNAMIC RESPONSE 
±1% FlatneSs Small signal 

G=1 50 kHz 
G=10, 25 kHz 
G=I00 53 kHz 
G = 1000 300 Hz 

Full Power G = Ito 100 6,4 · kHz 
Slew Rate G = 1 to 100 0.2 ' 0.4 Vlpsec 
Settling Time (0,;%), G = 1 35 IAsec 

G=10 35 · , psec 
G =100 50 psec 
G =1000 480 psec 

Settling Time (0,01%), G = 1 40 · psec 
G=10 40 " psec 
G=I00 80 · psec 
G =1000151 670 psec 

Overload Recovery Time 50% overdrive 
G =ltol00 12 psec 
G =1000 22 psec 

DIGITAL INPUT CHARACTERISTICS 
Input Low Threshold 0,8 V 
Input Low Current 30 IJA 
Input High Threshold 2.4 V 
Input High Current 30 IJA 
T ww, Write Pulse Width 300 nsec 
T., Data Setup Time 180 nsec 
T H, Data Hold Ti",e 30 nsec 

POWER SUPPLY 
Rated Voltage ±15 V 
Voltage Range 10 18 V 
Quiescent Current ±10 ±12 rnA 

TEMPERATURE RANGE 
Specification -40 +85 ·C 
Operating -55 +125 ' ·C 
Storage -55 +150 ·C 

" 'Speclflcatlons same as for PGA200l201AG, 
NOTES: (1) All specifications pertain to both PGA200 and PGA201. Values for gains of 10, 100, and 1000 for the PGA200 are the same for gains of 8, 64 and 
512. (2) Measured with a 10kO load, (3) Adjustable to zero, This ollset Is the total ollset including both input and output components referred to the 
Input. (4) Noise due to the input stage, There is also an output component which becomes signillcant in low gain (see 'TYpical Performance Curves). (5) Settling 
time of the average value of the output waveform since the 'noise lIoor in a gain of 1000 is on the order of 0,01% of !ullocale. 

ABSOLUTE MAXIMUM RATINGS 

Supply ............................................. ±IBVDC 
Internal Power Dissipation •.•••.••.•••.....••••••• : ••.. 600mW 
Analog And Dlglta;'lnputs .............................. ±Vcc 
Operating Temperature Range .••• ' ..••••.•• -55·C to +125·C 
Storage Temperature Range •••.•...•.•.•..• -55·C to +150~C 
Lead Temperature (Soldering 10 Seconds) .•••••••••.. +300·C 
Output Short-Circuit Duration ••••...•• Continuous To Ground 
Junction Temperature ................................. 17SD,C , 

PIN DESIGNATIONS 

1. AO 
2. 

-Vo< 

8. Analog Common 
9. Output 

10. Ollset 1l"lm 3. 
4. Common-Mode Voltage 11. Ollset Trim 
5. NC 12. +Vo< 
6. +IN 13. Digital Common 
7. -IN 14. AI 

ORDERING INFORMATION 

PGA200 or PGA201 X' G -=U' Grade:A,B . 

14-pin DIP, G package, , 

MECHANICAL 

,.DENOTES f . PIN 1 

, c 

~J :~:~_·'L_1.~ 
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PLANE 
D 

NOTE: Leads in true posilion within .010" 
(.25mm) Rat MMC at seating plane, 

INCHES MILLIMETERS. 
DIM MIN MAX MIN MAX 

A .770 .810 19.56 20.57 

.480 .500 12.19 12.70 

.155 .215 ,3.94 5.46 

0 .016 .020 ,., ,Sl 

G ,laO BASIC 2.54 BASIC 

.OBO .110 2,03 I 2.79 

.009 .012 ,,, T ,30 

.150 .210 3.81 5.33 

.300 BASIC 7.62 BASIC 

,.015 .035 ,38 I ,89 



TYPICAL PERFORMANCE CURVES 
T. = +25°C, ±V"" = 15VDC, unle •• otherwise noted. 
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CMR VS FREQUENCY 
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THEORY OF OPERATION 
A simplified block diagram of the PGA200/201 appears 
on the first page. The diagram consists of three distinct 
parts. Together.these parts form a high-perfomance, 
differentiai-input; digitally-programmable dedicated gain 
block. Each of the parts is optimized for a specific 
function; 

The operational amplifiers are arranged on a plonolithic 
substrate in the classical three-op-amp IA configuration. 
A nitride-passivated compatible thin-film bipolar process 
is used to achieve excellent offset and common-mode 
rejection stability over time and temperature; Advanced 
laser trimming techniques are use'! to minimize both the 
initial input offset and the input offset drift which are 
typicallybelowlO/oIV and 0.15/o1/VoC respectively. Addi
tionally, careful layout techniques assure input stage 

.. thermal tracking with varying load conditions. 

The gain-setting resistors are arranged on a separate 
. substrate which is thermally isolated from the output 

stage. This results in minimum thermal interaction and a 
layout optimized· for resistor tracking. All gains are 
dependent on the ratio of resistors which are composed 
of ·co~binations of equal valued segments. The seg
mented approach provides the ultimate in accuracy imd 
stability. 

The latch and multiplexer, which set . the gain, are 
implemented in CMOS.' This provides high impedance 
logic inputs, low quiescent current and TTL compati
bility without the need for a separate logic powe·r supply. 
The logic threshold is internally derived from the + V cc 
power supply and is referenced to, digital common. The 
circuit is arranged so that multiplexer ON resistance is in 
series with the high input impedance of the input amplic 
fiersand ,hence contributes negligible gain error; 

INSTALLATION AND 
OPERATING INSTRUCTIONS . , 

POWER SUPPLY AND SIGNAL CONNECTIONS 
Figure. 1 shows the proper analog and digital power 
supply connections. The analog supplies should be 
decoupled with I/oiF tantalum and lOOOpF ceramic 
capacitors with connections made as close as possible to 
the amplifier supply terminals and load common con
nection. 

Because the amplifier is direct-coupled, it· must have· a 
ground return path for·the bias currents associated with 
the amplifier inputs at pins 6 and 7. If the ground return 
path is not inherent in the signal source (floating source), 
it must be provided externally. The ground return 
resistance (RI') should be kept as low as practical. The 
upper limit is approximately 50MO because of the input 
bias current of the amplifier and its common-mode 
voltage range. 

In order to maintain linear operation of the input 
amplifiers the common-mode input voltage must be kept 
within the following limits: 

-IOV + (Bin X G)/2 < Ecm < +IOV - (Bin X G)/2. 

"R,. = BROUNO 
RETURN RESISTANCE 

RL + 
Eo,!t 

10kO -
NOMINAL 

- 5OMo MA~. r--+'::V--C~O':::M':"" ---~V~ 
""TANTALUM 

TO DIGITAL 
COMMON 

ANALOG SUPPLY 

FIGURE!. Power Supply and Signal Connections. 

GAIN SETTING 
Gain is determined by a 2-bit digital word applied to the 
AO and Al inputs (see Tlj.ble I). The WR (piri2) provides 
a latch function.·When WR is a logic low, the latch is 
transparent and the gain directly follows the code on AO 
and AI. When WR goes to a logic high, the gain is 
latched according to the previous state of AO and AI. 
The timing requirements illustrated in Figure 2 must be 
observed. The minimum write pulse width is 300nsec 
while the data setup and hold times are 180nsec and 
30nsec respectively. Although the logic inputs are TTL 
compatible, they are high impedance and the allowable 
logic high voltage extenas to+Vcc. 

Table I shows the gain select truth table. The gains for 
the PGA201 are shown in parentliesis. 

TABLE I. Gain Select Truth Table. 
~ 

A1 AO WR 

X x .J 
0 0 0 

0 1 0 

1 0 0 

1 1 0 

. Logic "1": VAH <;: 2.4V 
Logic "0": VAL:5 0,8V 

GAIN 
PGA200 [PGA201] 

Maintains previous gain 

1(1) , 
10(8) 

100(64) . 

1000 (512) 

INPUT AND OUTPUT OFFSETTING 
·Figure 3 illustrates the appropriate connections for 
offset adjustment. Since the instrumentation ainplifier is 
a two-stage device, the total offset- is .composed of two 
parts, an input and an output component. Because both 
are actively laser trimmed, adjilstment is not required in 
most applications. The input component is due to the 
mismatch in the offset voltage of the two input amplifiers 
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FIGURE 2. Timing Diagrams. 

r---------, 
I THIS CIRCUIT MAY BE USED AS A I 
I REPLACEMENT FOR THE SINGLE I 
I POTENTIOMETER. I 

OPTIONAL I ~TF~~~ :~UL~VE I 
INPUT II DRIFT UNCHANGED. +Vcc II 

+Vcc OFFSET 
ADJUST I I 

lookn I : 
R, I 100 kn IOMn I 

LI~ _ !!. _____ J 

lookn OPTIONAL 
1-<P'"¥1V---+-s R, ~~~m 

ADJUST 

FIGURE 3. Optional Input/Output Offset Adjust. 

and changes with gain. The output component is due to 
the offset of the second stage amplifier and is constant. 

RI may be used to null the input offset. Its quality will 
affect the results; therefore, choose a potentiometer with 
good temperature and mechanical resistance stability. 
The wiper should be connected to +Vcc at a point as 
close as possible to the +Vcc terminal of the instru
mentation amplifier. Null the offset ufollows: 

I. Set EI = E2 = 0 (be sure a good ground return path 
exists to the inputs). 

2. Set the gain to 1000 (or 512 for PGA201). 

3. Adjust RI until the output reaches OV ±lmV or 
desired value. 

Input offset adjustment will affect the offset drift by 
approximately 3.l",V/oC/mV of offset that is trimmed. 
This effect can be greatly reduced by using the alternate 
offset adjust circuit shown inside the dashed line. 

The output offset may be nulled or, alternately, the 
output can be level shifted with R •. R2 and RJ divide the 
wiper voltage of R. down for increased sensitivity. Their 
ratio may be, changed in order to increase the range of 
adjustment if desired. The buffer amplifier is required in 
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order to keep the impedance at pin 8 low so that the gain 
and common-mode rejection will not be disturbed. 

GUARD DRIVE 
Use of the guard drive connection,in Figure 4 can 
improve system common-mode rejection when the 
distributed capacitance of the input lines is significant. 

FIGURE 4. Guard Drive. 

The common-mode voltage which appears on pin 4 is 
resistively derived from the output of the first stage 
amplifiers and has the value (EI - E2)/2. This voltage is 
used to drive the shield which preferably should extend 
up to and around the input pins 6 and 7. This 
configuration improves common-mode rejection by 
reducing the common-mode current flow. The buffer 
amplifier is used in order to supply more current than 
the internal 20kO resistors can provide so that the guard 
can accurately track the actual common-mode voltage. 

TYPICAL APPLICATIONS 
The PGA200 and PGA201 are ideal for computer
controlled data acquisition systems as shown in Figure 5. 

ADDRESS BUS 

MiCRO 
CDMPUTER","_-=C;::DN~TR:::D:=.L .::;BUo;:S,--_-, 

LATCH 

FIGURE 5. Multiple Input Data Acquisition System 
With Various Input Ranges. 



BURR-BRdWN® 

IElElI XTR100 

Precision"Low Drift 
4mA to 20mA 

TWO-WIRE TRANSMITTER 

FEATURES 
• INSTRUMENTATION AMPLIFIER INPUT 

Low Offset Voltage. 25~ V max 
Low Voltage Drift. 0.5~V/oC max 
Low Nonlinearity. 0.01% max 

• TRUE TWO-WIRE OPERATION 
POwer and Signal on One Wire Pair 
Current Mode Signal Transmission 
High Noise Immunity 

• DUAL MATCHED CURRENT SOURCES 

• WIOE SUPPLY RANGE. l1.6V to 40V 

• -4Q°C TO +85°C SPECIFICATION RANGE 
• SMALL 14-PIN DIP PACKAGE 

DESCRIPTION 
The XTR 100 is a microcircuit, 4mA to 20mA. two
wire transmitter containing a high accuracy instru
mentation amplifier(lA), a voltage controlled output 
current sour,ce, and dual-matched precision current 
references. This combination is ideally suited for 
remote signal conditioning of a wide variety of 
transducers such as thermocouples, RTD's, ther
mistors, and strain gauge bridges. State-of-the art 
design and laser-trimming, wide temperature range 
operation and· small size make it very suitable for 
industrial process control applications. 

The two-wire transmitter allows signal and power to 
be supplied on a single wire-pa.ir by modulating the 
power supply current, with the input signal ,source. 
The transmitter is immune to voltage drops from 
long runs and noise from motors, relays, actuators, 
switches, transformers,.i1nd industrial equipment. It 

. can be used by OE Ms producing transmitter modules 

APPLICATIONS 
, • INDUSTRIAL PROCESS CONTROL 
, Pressure Transmitters 

Temperature Transmitters 
Millivolt Transmitters 

• RESISTANCE BRIDGE INPUTS 
• .THERMOCOUPLE INPUTS 

• RTD INPUTS 
• CURRENT SHUNT (mV! INPUTS 

• ,AUTOMATED MANUFACTURING 
• POWER PLANT tENERGY SYSTEM MONITORING 

or' by data acquisiti~n system man~facturers. Also, 
the XTR I 00 is generally very useful for low noise. 
cur'rent-mode signal· transmission. 

81 3 

SPAN { 

+---.....(a +VCC. 

12 13 1 2 14 , , 

OPTIONAL BANOWIDTH..J '-c'" , 
CONTROL , ' OPTIONAL OFFSETNULL 

Inllmltllll1lll Airport InduBtrlal Parle - P.O. Box 11400 - Tucson. Arizona 85734· T81. 16021 746-1111 - Twx: 91l1-li52·1111.· Cable: aBRCORP - ,relex: 66-6491 

PDS-467C 

2-82 



SPECIFICATIONS 
ELECTRICAL 
At TA = +25·C, +Vee = 24VDC, RL = 1000 unless otherwise noted, 

PARAMETER CONDITIONS/DESIGNATION l 
OUTPUT AND LOAD CHARACTERISTICS 

Current 
Current 
Current Limit 
Offset Current Error 
Offset Current Error vs Temp. 
Full Scale Output Current Error 
Power Supply Rejection 
Power Supply Voltage 
Load Resistance 

SPAN 

Equation 
Untrimmed Errort2) 
Nonlinearity 
Hysteresis 
Dead Band 
Temperature Effects 

INPUT CHARACTERISTICS 

Impedance 
Differential 
Common·Mode 

Voltage Range, Full Scale 
Offset Voltage 

vs Temperature 
Bias Current 

vs Temperature 
Offset Current 
. vs Temperature 
Common-Mode Rejectionl.) 
Common-Mode Range 

CURRENT SOURCES 

Magniiude 
Accuracy 

vs Temperature 
vsTime 

Ratio Match 
Accuracy 
vs Temperature 
vs Time 

Output Impedance 

TEMPERATURE RANGE 

Specification 
Operating (AM, BMI 

(AP, BPI 
Storage IAM,BMI 

lAP, BPI 

'Same a. XTR100AM/AP. 

NOTES: 
1. See Typical Performance Curves. 

Linear Operating Region 
Derated Performance 

10 min 
los,lo=4mA 

A los/AT 
Full Scale = 20mA 

Vee, pins 7 & 8, compliancel') 
At Vec = +24V, 10 = 20mA 
At Vec = +40V, 10 = 20mA 

Rs in n. 81 and t32 in V 
ESPAN 

ENONLINEARITY 

Ae=(92-91113) 
Vos 

AVos/AT 
IB 

Ale/AT 
losl 

Alosi/AT 
DC 

81 and B2 with respect to pin 7 

Vee = 24V, VPIN 8 - VPIN '0, 11 = 
19V, R. = 5kO, Fig. 3 

Tracking 
1 -IREF,IIREF2 

2. Span error shown is untrimmed and may be adjusted to zero. 

XTR100AM/AP XTR100BMIBP 
MIN I TYP I MAX L MIN L TYP J MAX L UNITS 

4 20 mA 
3,8 22 mA 

28 38 mA 
±1.5 ±4 I'A 

±5 ±10 ppm, FS/·C 
±20 I'A 

110 135 dB 
+11.6 +40 VDC' 

600 0 
1400 0 

io = 4mA + (0.016U + (40/Rs)] (e. - e.) 
-5 -2,5 0 % 

0,01 % 
0 % 
0 % 
30 ±100 ppm'lbJOC 

0.41/ 0.047 GO I/;.F 
1011180 GO 1/ pF 

0 1 V 
±50 ±25 I'V 

±a.7 ±1 ±a,25 ±0.5 I'V/·C 
60 150 nA 

0,30 1 nAlOC 
10 ±30 ±20 nA 
0.1 0,3 "Aloe 

90 100 · " dB 
4 6 · V 

1 mA 

±0.O3 ±a.l ±O.Q15 ±a.05 % 
±30 ppmJOC 

±8 ppm/mo. 

±a.006 ±0.02 % 
±15 10 ppmJOC 

±1 . ppm/mo. 
10 20 MO 

-40 +85 ·C 
-55 +125 ·C 
-40 +85 · ·C 
-55 +165 ·C 
-40 +85 ·C 

3. e, and eiare signals on'the-IN and +IN terminals with respectlo the output, pin 7. While the maximum permiSSible Ae is 1V, it is primarily intended 
for much lower Input signal levels, e.g" 10mV or50mV lull scale lortheXTR100A and XTR100B grades respectively. 2mV FS Is also possible with 
the B grade; but accuracy will degrade due to possible errors In the low value.pan resistance and very high amplification 01 offset, drift, and noise, 

4, Offset voltage is trimmed with the application ala 5V common-mode voltage. Thus the associated common-mode error Is removed. See 
Application Information section. 
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ABSOLUTE MAXIMUM RATINGS PIN DESIGNATIONS 

Power Supply. Vee 
Input Voltage. 81. or ... 
Storage Temperature Range. metal 
Storage Tempe,,;ture Range. plastic 
Lead Temperature (soldering 10 seconds 1 

Output Short-circuit Duration 
junction Temperature 

MECHANICAL 

40V 
2:VOUT. S+Vee 

-5SoC to +16SoC 
-40°C to +SS"C 

. +300'C 
Continuous to ground 

+165°C 

ZERO ADJUST 

ZERO ADJUST 

-IN 

SPAN 

ZERO ADJUST 

t BANDWIDTH r CONTROL 

IREF2 

IREF. 

MAKE NO 
CONNECTION 

+Vee 

XTR100AM/BM 
(Metal) 

NOTE: Leads in true position within 
0.10"10.25mm' R at MMC 

r-CJ 
*-U Denotes 

XTR100AP/BP 
(Plastic) 

NOTE: Leads in true position within 
0.10"10.2Smml R at MMC 

at seating plane. at seating plane. 

INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 

A .860 .B80 21.84 22.35 

• .490 .510 12.45 12.95 

.170 .250 4.32 6.35 

C Pin1 

~~EL 
INCHES MILLIMETERS 

'DIM MIN MAX MIN MAX 
.790 .S10 20,07 20.57 

.490 .510 12.45 12.95 

.190 .210 4.83 5.33 

.016 .021 0.41 0.53 .018 ,021 0.46 0.53 

G .100 BASIC 2.54'8ASIC G .100 BASIC 2.54 BASIC 

,"5 ,155 2.92 3.94 .080 .115 2.03 I 2.92 

.150 I .lOO 3.81 1.62 .130 I .300 3.30 I 7.62 

.300 BAStC 7.62 BASIC .300 BASIC 7.62 BASIC 

.080 .120 2.Q3 3.05 .080 .115 2.92 

Pin numbers shown for 
reference only. 
Numbers are not marked 
on package. 

MATING CONNECTOR: 
0145MC It 

Pin numbers shown for 
reference only. 
Numbers are not marked 
on package. 

'. TYPICAL PERFORMANCE CURVES 
(TA = +2SOC. +Vee = 24VDC' unle •• otherwise noted) 

SPAN VS FREQUENCY 
so 

Rs =25A 
Ce=O 

~ 
Rs= 1000 "'" 
Rs=40do ~ 
Rs=2kO ...... 

~ Rs--

o 
100 1k 10k 100k 

Frequency (Hz) 

~ 

1M 

25 

20 
« 
g 
c 15 
~ 
" o· 
:; 10 
Q. 

:; 
0 

S 

o 

STEP RESPONSE 

IRsJ 

Rs =250 

~ -
200 400 600 800 1000 

Time (~.ec) 
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FULL SCALE INPUT VOLTAGE VS Rs 
. Rs(O) 

o 100 200 300400 
O.S 0.08 

~ 0.6 1---+--.~oIE'--~----I 0.06 ~ 
., .!l! 

~ scale' 1l 
= 0.4 0.04 ~ 
~ ~ 

! i 
0.2 0.02 <l 

4 6 
Rs (kO) 



<II 
"0 

120 

100 

80 

rr 60 
::; 
() 

40 

20 

COMMON-MODE REJECTION 
VS FREQUENCY 

-
" " " " " 

140 

120 

100 

~ 80 
a: 
~ 60 

40 

20 

POWER SUPPLY 
REJECTION VS FREQUENCY 

r-... 
'" " , "" ',,-, 

"" , i' i --
I 

, 

BANDWIDTH VS 
PHASE COMPENSATION 

lOOk ~~~~---r--~--~~ 

10k 

~ lk r---r-~~~~~~-+--~ 
,5 ! 100 1---+---�____:j~--.3I~~:--~ 
c: 
~ 101-~+---1_~--___:j~~~~ 

o 
0.1 10 100 lk 10k lOOk 0 1 10 100 lk 10k lOOk 1M 10M 10 100 lk 10k lOOk 1M 

60 

~ 50 

:> 40 

'" " C> 
.!:l 30 '0 
> 
" ~ 20 '0 
z 
'5 '10 c. 
E 

\ , 

Frequency (Hz) 

INPUT VOLTAGE NOISE 
OENS(TY VS FREQUENCY 

O'---''----' __ ---L_--'-__ ---L __ -' 

10 100 lk 10k lOOk 1M 
Frequency (Hz I 

6 

~ 5 

~ 4 

~ 
:; 
II 

" .!!! 
o 
Z 
'5 
0. 
E 

2 

o 

TIHIEORY OF OPERATION 

1 

Frequency! Hz I 

INPUT CURRENT NOISE 
DENSITY VS FREQUENCY' 

\ 

1 

~ , 
10 100 lk 10k lOOk 1M 

Frequency (Hz) 

6 

~ 
:( 
S. 4 

" CI 
S 
'0 3 
> 
.~ . 0 
z 
'5 
~ 1 
o 

o 

1\ 
\ 

Bandwidth Control. Co (pF) 

OUTPUT NOISE CURRENT 
DENSITY VS FREQUENCY 

Rs=-, 
" ....... 

1 10 100 lk 10k lOOk 1M 
. Frequency (Hz) 

RS 
A simplified schematic of the XTR I 00 is shown in Figure. 
I. Basically the ampli,fiers, A) and fu, act as an instru
mentation amplifier controlling a current source, A3 and. 
Q). Operation is determined by an internal feedback 
loop .. e, applied to pin 3 will also appear at pin 5 and 
similarlye, will appear at pin 6. Therefore the current in 
Rs, the span setting resistor, will be Is = (1!2 ~ e,)/ Rs = 
e'N! Rs. This current combines with the current, I" to' 
form I,. The circuit is configured such that b is 19 times 
I,. From this point the derivation 'ofthe transfer function 
is straightforward but lengthy. The result is shown in 
Figure I. 

1'115 .- B 1121 IS 

Examination of the transfer function shows that In has a 
lower range-limit of 4mA when e'N = e, - e, = OV. This 
4mA is composed of 2mA quiescent current exiting pin 7 
plus 2mA from the current sources. The upper range limit 
of In is set to 20m A by the proper selection of Rs based on 
the upper range limit ofe'N.Specifically Rs is chosen for a 
16mA output current span for the given full scale input 
voltage span; i.e., (0.016U + 40/Rs)(elN full scale) 
= 16mA. Note that since 10 is unipolar e, must be kept 
larger than e,; i.e., e2 ;;;. e, or e'N ;;;. O. Also note that in 
order not to exceed the output upper range limit of 
20m A, e'N must be kept less than I V when Rs = ~ and 
proportionately less as Rs is reduced. 
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1II1 

·IN 3 

+IN 4 

1'21 

181 
-+ 

112 -

13 14 -- --
R3 R4 

125kll I 25kll 

,
VOLTAGE CONTROLLED 

URRENT SOURCE 

2.&Icn 

10= 4mA + (0.D160O+ 4DlRaI l,N. " .. = a. -1, 

FIGURE I. Simplified Schematic of the XTRIOO. 



INSTALLATION AND 
OPERATING INSTRUCTIONS 

Major points to consider when designing with the 
XTRIOO: 
I. The leads to Rs should be kept as short as possible to 

reduce noise pick-.up and parasitic resistance. 
2. +Vcc should be bypassed with a O.OII'F capacitor as 

close to the unit at possible (pin 8 to 7). 
3. Always keep the input voltages within their range of 

linear operation 
+4V';;;;el ';;;;+6V 
+4V';;;;e2';;;;+6V 

(el and e2 measured with. respect to pin 7). 
4. The maximum inputsignallevel (eINFS) is IV with 

Rs = " and proportiomlily less as Rs decreases. 
S. Always return the current references (pins 10 and II) 

to the output (pin 7) through an appropriate resistor. 
Iftht; references are not used for biasing or excitation 
conn~ct them together and through a I kn resistor to 
pill 7. Each reference must have between + I V and 
+(Vcc -4V) with respect to pin 7. Filter with one 
O.OII'F or two 0.00471'F capacitors. 

6. Always choose RI. (im;luding line resistance) so that 
the voltage between pins 7 and 8 (+Vcd remains 
within the 11.6V to 40V range as the output changes 
between the 4ritA to 20mA range (see Figure 2). 

7. It is recommended that a reverse polarity protection 
diode (DI in Figure I) be used. This will prevent 
damage to the XTRIOO caused by momentary (e.g .• 

. transient) or long term application of the wrong 
polarity of voltage between pins 7 and 8. 

8. When the XTR 100 is in high gain, use a compensation 
capacitor, pins 12 and 13, and consider PC board 
layout which minimizes parasitic capacitance. 

III 

FIGURE 2. Power Supply Operating Range. 

SELECTINGRS 

RsPAN is chosen so that a given full scale input span elNFS 
will result in the desired full scale output span of ~IOFS. 

[(0.016U) + (40{Rs}l ~elN = ~Io = 16mA. ' 

Solving for Rs; 

40 
Rs = ----'---

~Io! ole - 0.016U (I) 

,For example, if ~eINFS = 100mV for ~IoFS = 16mA 

40 
Rs = -:(~16:-m-A:-{~100:-:-m":'V:::-) 40 =~=278n 

0.16-0.016 0.144 

See Typical Performance Curves for a plot of Rs vs 
~el"FS' Note that in order not to exceed the 20mA upper 
range limit elN must be less than 1 V when Rs = " and 
proportionately smaller as Rs decreases. 

BIASING THE INPUTS 
The internal circuitry of the XTR 100 is such that both el 
and e~ must be kept approximately SV above the voltage 
at pin 7. This is easily done by using one or both current 
sources and an external resistor R2. Figure 3 shows the 
simplest case - a floating voltage source e'2. The 2mA 
from the current sources flows through the 2.5kn value 
of R2 and both el and e2 are raised by the required SV with 
respect to pin 7. For linear operation the constraint is 

2mA 

l -

+4V';;;;el ';;;;+6V 
+4V';;;;e1';;;;+6V 

2iiit 
+5V-

FIGURE 3. Basic Connection for Floating Voltage 
Source. 

+ 
It. 

Figure 4 shows a similar connection for a' resistive 
transducer. The transducer could be excited either by one 
(as shown) or both current sources. 
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lmA 

! 

:,,,, 
~ t -I. 

\ , 
',!--...... ...,.'---MM'"'I'"-----' 

C:::~~~::CUITHY 
SHOWn IN FlGUHE 6 

D.01~F 
10 = 4mA + I 0.0160 + :~)8In 

8IN=82=lmAxRT 

FIGURE 4. Basic Connection for Resistive Source. 

CMVANDCMR 
Thus the XTR 100 is designed to operate with a nominal 
5V common-mode voltage at the input and will function 
properly with either input operating over the range of 4V 
to 6V with respect to pin 7. The error caused by the 5V 
CM V is already included in the accuracy specifications. 
If the inputs are biased at some other CMV then an input 
offset error term is (CMV - 5)/CMRR; CMR is in dB, 
CMRR is in VIVo 

SIGNAL SUPPRESSION AND ELEVATION 
In some applications it is desired to have suppressed zero 
range (input signal elevation) or elevated zero range 
(input signal suppression). This is easily accomplished 
with the XTR 100 by using the current sources to create 
the suppression/ elevation voltage. The basic concept is 
shown in Figures 5 and 6(a). In this example the sensor 
voltage is derived from RT (a thermistor, RTD or other 
variable resistance element) excited by one of the I rnA 
current sources. The other current source is used to create 
the elevated zero range voltage. Figures 6(b), (c) and (d) 
show some of the possible circuit variations. These 
circuits have the desirable feature of noninteractive span 
and suppression/ elevation adjustments. Note: It is not 
recommended to use the optional offset voltage null (pins 
I, 2. and 14) for elevation/suppression. This trim 
capability is used only to null the amplifier's input offset 
voltage. I n many applications the already low offset 
voltage (typically 20J.l V) will not need to be nulled at all. 
Adjusting the offset voltage to nonzero values will 
disturb the voltage drift by ±0.3J.1 V /oC per 100J.l V of 
induced offset. 
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15r---------~--~~~~--~--~ 

i 10~---~~~_+~~_6~~---~ 
._Q 

HallUva alN IV) 

FIGURE 5. Elevation and Suppression Graph. 

alN = la2' V41 
V4=lmAxH4 
a'2= lmAx HT 
la) Elevated Zaro Ranoa 

alN = la2 . V41 
V4 = 2mAx R4 
Ie) Elevated Zaro Hlnga 

'IN = (1'2 + V4) 
V4 = lmAx H. 

'2 = lmA x fir 
(b) Suppraaad Zaro HlnOI 

'IN = la'2 + v.) 
V. = 2mAx H4 
Id) Suppr,aad Zero Hmgl 

FIGURE 6. Elevation and Suppression Circuits. 

APPLICATION INFORMATION 
The small size, low offset voltage and drift, excellent 
linearity, and internal precision current sources, make 
the XTR 100 ideal for a variety of two-wire transmitter 
applications. It can be used by OEM's producing different 
types of transducer transmitter modules and by data 
acquisition systems manufacturers who gather transducer 
data. Current mode transmission greatly reduces noise 



interference. The two-wire nature of the device allows 
'economical signal conditioning-at the transducer. Thus 
the XTR 100 is, in general, very suitable for individualized 
and special purpose applications. 

EXAMPLE 1'- RTD Transducer shown in Figure 7. 
Given a process with temperature limits of +2SoC and 
+lSO°C, configure the XTRIOO to measure the temper
ature with it platinumRTD which produces 1000 at O°C 
and 2000 at +266"C (obtained from standard RTD 
tables). Transmit 4mA for +2SoC and 20mA for + ISO°C. 
Computing Rs. 

The sensitivity of the RTD is .lR/.H = 1000/266"e. 
When excited with a ImA current source for a 2S"C to 
ISO°C range (i.e., 12SoC span) the span of elN is I mA x 
(I000/266°C) x 12SoC = 47mV = AeIN. 

40 
From equation I, Rs = ------'--

Alo 0.016U 
Aein -

Rs= 40 

!~:~ -0.016 U 

40 
= 0.3244 = 123.30 

Span adjustment (calibration) is accomplished by trim
ming Rs. 

COJ:nputing R4: 

At 2S~C, e'2 = I rnA x[IOOO + (~:.~ x 2S°C)] 

= ImA'x 109.40 
= 109.4mV 

In order to make the lower range limit of2SoC correspond 
to the output lower range limit of 4mA the input circuitry 
shown in Figure 7 is used. 

elN is made 0 at 2SoC 
or e22S"C - V4 = 0 
thus, V4 = e2i~-c = 109.4mV 

V4 I09.4mV 
R4 = ImA = ImA = 109.40 

Computing R2and checking CMV : 

At 2SoC, ez = 109.4mV 

At ISO°C, d = imA x POOO + (;~~~ xISO°C)] 

= IS6.4mV 

Since both e~ and V 4 are small relativci to the desired SV 
common-mode voltage they may be ignored in computing 
R2 as long as the CMV is met. 

R2 = SV /2mA = 2.Skfi 

e2 min=SV+O.I094V) 
. e2 max=SV +0.IS64V The+4V to+6V CMV 

_ e, = SV + 0.1094V ' requirement is met. 

FIGURE 7. Circuit for Example I. 

EXAMPLE 2 - Thermocouple Transducer shown in 
Figure 8., Given a process with temperature (TI) limits of 
O"C and + 1000"C, configure the XTR 100 to measure the 
temperature with a type J thermocouple that produces a 
S8mV change for IOOO°C change. Use a semiconductor 
diode for a cold junction compensation to make the 
measurement relative to O°e. This is accomplished by 
supplying a ,compensating voltage, VR6, equal to that 
normally produced by the thermocouple with its "cold 
junction" (T2)at ambient. At a typical ambient of +2S"C 
this is 1.28mV (obtained from standard thermocouple 
tables with reference junction of O"C). Transmit 4mA for 
T\ = ODC and 20mA for T, = + 1000"e. Note: e'N = e~ - e, 
indicates that T, is relative to T~. 

Establishing Rs: 

The input full scale span is S8mV (AeINps = S8mV). 

Rs is found from equation (I) 

40 
Rs'= -:-:---'----., .110 

AeIN 
0.016U 

40 

16mA O.016U 
' S8mV -

Rs = IS3.90 
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Selecting R.: 

R. is chosen to make the output 4mA at T rc = O"C (VTC = 
-1.28mV) and T" = 25°C (V" = O.6V). A circuit is shown 
in Figure 8. 

Vrc will be -1.28m V when T TC = O°C and the reference 
juntion is at +25"C. e, must be computed for the 
condition ofT" = +25°C to make elN = OV. 

V",s"c = 600mV. 
el,s'-c = 600mV x 51/ 2051 = 14.9mV 
elN = e, - el = + Vrc + V. - el 
with elN = 0 and Vrc = -1.28mV 

V. = e'l + elN - VTC = 14.9mV + OV -(-1.28mV) 
ImA x R. =16.18mV 
R. = 16.180 

FIGURE 8. Thermocouple Input Circuit with Two 
Temperature Regions and Diode (D) 
Cold Junction Compensation. 

Cold Junction Compensation: 

The temperature reference circuit is shown in Figure 9. 

1,1mA 

.i-

Rs V5 -
+ 

Vo 0' -
+ 

86 VB 
--

r 
FIGURE 9. Cold Junction Compensation Circuit. 
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The diode voltage has the form 

V - KT n IIlIO"E 
,,---~n---

q ISAT 

Typically at T, = 25°C, V" = O.6V and IlV,,/IlT = 
-2mV j"c. Rs and R6 form a voltage divider for the diode 
voltage V". The divider values are selected so that the 
gradient Il V,,/ Il T equals the gradient of the thermo
couple at the reference temperature. At 25°C this is 
approximately 52iJ. V /"C (obtained from standard ther
mocouple table) therefore, ' 

(2) 

R; is chosen as 2kO to be much larger than the resistance 
,of the diode. Solving for R. yields 510. 

THERMOCOUPLE BURN-OUT INDICATION 
In process control applications it is desirable to detect 
when a thermocouple has burned out. This is typically 
done by forcing the two-wire transmitter current to either 
limit when the thermocouple impedance goes very high. 
The circuits of Figures 14 and 15 inherently have down 
scale indication. When the impedance of the thermo
couple gets very large (open) the bias current flowing into 
the +input (large impedance) will cause In fo go to its 
lower range Ifmit value (about 3.8mA). If up scale 
indication is desired the circuit of Figure 16 should be 
used. When the TC opens the output will go to its upper 
range limit value (about 25mA or higher). 

OPTIONAL INPUT OFFSET VOLTAGE TRIM 
The XTR 100 has provisions for nulling the input offset 
voltage associated with the input amplifiers. In many 
applications the already low offset voltage (25iJ. V max for 
the B grade, 50iJ. V max for the A grade) will not need to 
be nulled at all. The null adjustment can be done with a 
potentiometer at pins 1,2. an.d 14 as shown in Figures 3 
andA. Either of these two circuits may be used. NOTE: It 
is not recommended to use this input offset voltage 
nulling capability for elevation or suppression. See the 
Signal Suppression and Elevation section for the proper 
techniques. 

OPTIONAL BANDWIDTH CONTROL 
Low-pass filtering is recommmended where possible and 
can be done by either one of two techniques shown in 
Figure 10. C, connect to pins 3 and 4 will 'reduce the 
bandwidth with a cutoff frequency given by, 

1.59 x 10 
fco = -----...:.;.;::..::.-"'--'------
, (RI + R, + R, + R4)(C, + 0.047iJ.F) 



with feo in Hz. all Rs inn and Cz inpF. This method has 
the disadvantage of having feo vary with R,. Rz. R), R •• 
and it may require large values of R, and R •. The other 
method. using C, will use smaller values 'of capacitance 
and is nota function of the input resistors. It is however. 
more subject to nonlinear distortion caused by slew rate 
limiting. This is normally not a problem with the slow 
signals associated with most process control transducers. 
The relationship between C, and feo is shown in the 
Typical Performance Curves. 

lmAJ 
Ra" 

lmA, 

Rl 
ct 

RZ 
R4" 

"Ra AND R4 SHOULD BE MADE EQUAL IF USED. 

Inllmall, 'nDI.I Rli = J~InPUllllae +[laUIpUIltttlll ] Z 
--;iiI 

FIGURE 10. Optional ~iltering. 

APPLICATION CIRCUITS 

, ISOLATOR 

FIGURE II. XTRIOO with Loop-powered Isolation. 

FIGURE 12. Bridge Input. Voltage Excitation. 

FIGURE 13. Bridge Input. Current Excitation. 

THE CIRCUIT HAS 
DOWN SCALE BURN-OUT 
INDICATION 

FIGURE 14. Thermocouple Input with RTD 
Cold Junction Compensation. 

limA 

TYPE J 

THE CIRCUIT HAS 
DOWN SCALE BURN-OUT 
INDICATION 

FIGURE 15. Thermocouple Input with 
Diode Cold Junction Compensation. 

THIS CIRCUIT HAS UP 
SCALE BURN·oUT INDICATION 

FIGURE 16. Thermocouple Input.with RTD 
Cold Junction Compensation. 
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V+~--~--------------------------~ 

R, VR 
1"=(1+ -II - =1251-4mA o R2 0 R2 0 

OTHER CONVERSIONS ARE READILY ACHIEVABLE BY 
CHANGING THE REFERENCE AND RATIO OF R"0 R2' 

FIGURE 17. OmA to 20mA Output Converter. 

• t 
MC1403A 

VR = 2.5V L..._.....,.._.J 

~ 

'0"(0 • 20mAi 

VOLTAGE 
REFERENCE 

--------------------------DETAILED ERROR ANALYSIS 

The ideal output current is 
i" "'''AI. = 4mA + K e,s (3) 

K is the span (gain) term. (0.016mA/ mY) + (40/ Rs) 

The nature of the XTR 100 circuit is such that there are 
three major components of error 

ao = error associated with the output stage. 
as = errors associated with span adjustment. 
a, = errors associated with input stage. 

The transfer function including these errors is 
10 AtTl',\I. = (4mA + ao) + K (I + as)(e,N'" al) (4) 

When this expression is expanded, second order terms (as 
a,) dropped, and terms collected, the result is 

io ACTUAL = (4mA + ao) + K e'N "Kal + Kas e'N (5) 

The error in the output current is io ACTUAL - io IDEAL and 
can be found by subtracting equations (5) and (3). 

io ERROR = ao + Kas + K as e'N (6) 

This is a general error expression. The composition of 
each component of error depends on the circuitry inside 
the XTR 100 and the particular circuit in which it is 
applied. The circuit of Figure 7 will be used to illustrate 
the principles. 

ao = 10sRTO (7) 

10sRTO* = the output offset error current. 

For the circuit of Figure 7, 

, Il Vee 
al = VOSI + [Is, RT - 182 R4] + PSRR 

+ (e, + e2)/2 - 5V 
CMRR 

(8) 
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The term in brackets maybe written in terms of offset 
current and resistor mismatches as 18, .1R + los R4. 

VOs,· = input offset voltage 
Is" * 102* = input bias current 

10SI· = input offset current 
IlR = RT - R4'= mismatch in resistor 

~ Vce = change supply voltage between pins 7 and 
8 away from 24V nomimal 

PSRR* = power supply rejection ratio 
CMRR* = common-mode rejection ratio 

as = ENONLIN + ESPAN 
ENONUN* = span nonlinearity 

ESPAN· = span equation error. Untrimmed error 
= 3% max. May be trimmed to zero. 

*Items marked with an asterisk (*) can be found in the 
Electrical Specifications. 

EXAMPLE 3 

Given the circuit in Figure 7 with the XTRIOOB speci
fications and the following conditions: Rr = 109.40 at 
25°C, RT= 156.40 at 150°C, 1o =4mAat 25°C, 1o = 20mA 
at 150"C, Rs =·123.30, R4 = 1090, RL = 2500, RUNE = 
1000, Vo, = 0.6V, Vps = 24V ±0.5%. Determine the % 
error at the upper and lower range values. 

A. At the lower range value (T = 25°C). 

ao = 10SRTO = ±4J.LA 

IlVee 
a, = VOSI + [Is, IlR + losl R4] + PSRR 

+ (e, + e2)/2 - 5 

CMRR 
IlR = RT2S0e - It. = 109.4 - 109= 0 

Il Vee = 24 x 0.005 + 4mA (2500 + 1000) + 0.6V 
= 120mV + 1400mV + 600mV =2120mV 

e, =(2mA x 2.5kO) + (ImA x 1090) = 5.109V 
e2 =(2mA x2.5kO) + (ImAx 109.40) =5.1094V 

(e, +e2)/2-5=0 
PSRR = 3.16 x lOs for IlOdB 

CMRR = 31.6 x 103 for 90dB 



al = 25/LV + (I50nA x 0 + 30nA x 1090) 

+ 2120mV 0 
s + 31.6 X \03 ,3.16 x 10 

= 25/LV + 3.27/LV + 6.7/LV + 0 
= 34.97 

as = ENONUN + ESPAN 

= 0.0001 +0 (assumes trim Of Rs) 
io error = ao+ K al + K as elN 

40 40 
K =.0.016 + R;" =0.016+ 123.30 =0.341U 

elN = e2-V. = I!\EFI Rr2S'C - IREF2 R. 
since Rr 2S'C = R. ' 
elN = (IREFI- IREF2 ), R. 7' 0.1 /LA x 1090 = 10. 9/L V 

(9) 

Since the maximum mismatch of the current references is 
0.01% of ImA = O.I/LA 

in error =4/LA + (0.34Ux 34.97) + (0.341 x 0.0001) 

x 1O.9/LV = 4/LA + II.S9/LA + 0.0004/LA = 15.S9/LA 

15.S9 % error = ~ x 100% = 0.4 at lower range value. 

B. At the upper range value ( T = ISO°C) 

~R = Rr 150'C - R. = 156.4 ~ 109.4 = 470 
.:l V c(' = 24 x 0.005 + 20mA(2500 + )000) + 0.6 

= 7720mV 
elO: 5.109V 
e2 =(2mAx2.5kO)+(ImAx 156.40)=5.156V 
(el e2)/2 - SV =0 
~R = -Rr 150'(' + R. = IS6.4 - 109 = 470 
ao = 4/LA 
al = 2S/L V + (ISOnA x 470 + 30nA x 1090) 

7720mV 0 
+ + ] 

3.16x1OS 31.6xlO 

= 2S/L V + 1O.33/L V + 24/L V FO = 59.33/L V 
as =0.0001 

elN = e2 -' V. = IREFI Rr 150'(, - IREF2 R. ' 
= (ImA X IS6.40) - (ImA -)090) 
= 47mV. 

io ERROR ='ao + K al + K as'x elN' (10) 
= 4/LA + 0,341U x 59.33/L V + 0.341Ux 

0.0001 x 47000/LV 
= 4 x 20.23 + 1.6 = 2S.S3/LA 

25.S3/LA ' 
% error = 2Or;;'Ax 100% = 0.\3% a~,upper 

range value or % of FS. 

CONCLUSIONS 
From equation (9) it is observed that the predominant 
error term is the input offset voltage (2S/L V for the B 
grade). This is oflittle consequence in many applications. 
Vos RTI can. however. be nulled using the pot shown in 
Figures 3 and 4. 'From equation (10). the predominant 
errors are los RTI (4/LA), Vas RTI (25/L V), and Is (l50nA), 
max, B grade. 

, 'A NOTE FOR HIGH GAIN APPLICATIONS 

In applications where ein full scale is small «SOm V) and 
R,pan is small «=ISOO), caution should be taken to con~ 
sider. errors from the external span circuit plus high 
amplificatioll of offset drift and noise. 

, In such applications, be sure to include the effect of the 
normal thermal feedback within the XTRIOO package. 

, Small additional erro~s occur from a change in input 
offset voltage and current due to a change in chip temper
ature resulting from a change in output current (4mA up 
to 20mA). 

The XTRIOO has two thermal tesistance s~ecifications: 

O'A = 115°C 

This is the thermal resistance from output transistor 
to ambient. It is used for normal power dissipation 
considerations (see Figure IS). 

OJJ = 60OC/ 'Y' ' 
This is the thermal resistance which describes the 
effect of output stage power dissipation in input stage 
temperature ~ise. 

As an example of how OJJ would be applied, we will 
calculate the limits with Vps = 40V and RL = 2500. 

Power Dissipation: 

at 20mA output: 20mA [40V -(20mA X 2S00)] = 700m W 
at 4mA output: 4mA [40V-(4mA X 2500)] -IS6mW 

Thermal Resistance: On = 60°C/W 

Input Stage Temperature Rise: 

at 20mA output: 700mW X 60OC/W = 420C 
at 4mA output: IS6mW X 60OC/W = 9.4°C 

Thus under these conditions when the output changes 
from 4mA to 20mAthe input stage temperature changes 
'42°C - 9.4°C = 32.6OC. The maximum input stage offset 
change will depend on the particular'grade specification: 

A Grade (I/L V / °C max) = 32.6/L V 
B Grade (O.S/LV/oC max) = 16.3/LV 

The amount' of error that this offset voltage, represents 
depends on how large the full scale input voltage is. It is 
worse, of course, for small input voltages. Table I shows 
the error as a percentage of full scale and in terms of 
output current (%FS error X 16mAFS output span). 
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TABLE I. Maximum Errors Due to Thermal Feedback 
Vps = 40V, RL == 2500. 

10mV FS 100mV FS 1VFS 

A Grade 0.326% 0.0326% 0.0033% 
(52.2pA) (5.22pA) (0.522pA) 

B Grade 0.163% 0.0163% 0.0016% 
(26.1pA) (2.61pA) (0.261pA) 

HOW TO REDUCE ERRORS 
Lower Vps 
The errors can be reduced by lowering the voltage at the 
XTRIOO line terminals. The errors in the example above 
represent a fairly demanding conditic)n of maximum volt
age (V PS = 40V) and minimum resistance (RL = 2500). If 
the voltage is lowered to 24V, then a 4mA to 20mA 

, output change causes a change in input stage tempera
ture of l7.3°C and the errors in Table I are reduced by a 
factor of 17.3°Cj32.6°C = 0.53. (Note that this is differ
ent than the decrease in the voltage itself: 24/40 = 0.6.) 

Raise Resistance 
If the load or line resistance is raised the output power 
dissipation will also be reduced. If RL = 4000 (400/250 
= 1.6), the change in output temperature is 29.2°C as the 
output changes from 4mA t020mA(still with Vps = 
40V) and the errors in Table I are reduced by a factor of 
29.2°Cj32.6°C = 0.9. 

Heat Sink 
Heat sinking the package will reduce both (hA and On. 
The following is information on small-finned heat sinks 
that are attached with an epoxy heat sink adhesive 

. (AHAM-985). The three models are 0.75" X 0.4" X 0.21". 

Model 141 Models 141 and 142 
AHAM Heat Sink Plus 
27901 Front St. 
Rancho, CA 92390 
(714) 676-4151 

28715 Via Montezuma 
Temecula, CA 92390 
(714) 676-3031 
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XTR100 POWER DERATING CURVE 
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FIGURE 18. Power Derating Curve. 

GENERAL RECOMMENDATIONS HANDLING 
PROCEDURES FOR INTEGRATED CIRCUITS 
All semiconductor devices are vulnerable, in varying 
degrees, to damage from. the discharge of electrostatic 
energy. Such damage can cause performance degradation 
or failure, either immediate or latent. As a general 
practice we recommend the following handling pro
cedures to reduce the risk of electrostatic damage. 

I. Remove the static-generating materials, such as 
untreated plastics, from all areas that handle micro
circuits . 

2. Ground all operators, equipment, and work stations. 
3. Transport and ship microcircuits, or. products in

corporating microcircuits, in static-free, shielded 
containers. 

4. Connect together all leads of each device by means of a 
conductive material, when the device is not connected 
into a circuit. 

5. Control relative humidity to as high a value as practi
cal (50% is recommended). 



BURR-BROWN® 

IElElI XTR101 

FOR A COMPLETE 
DATA SHEET, 
SEE PDS-627 

Precision, Low Drift 
4mAto20mA 

TWO-WIRE TRANSMITTER 

. FEATURES 
• INSTRUMENTATION AMPLIFIER INPUT 

Low Offset Voltage. 30pV max 
Low Voltage Drlft.O.75pV/oC max 
Low Nonlinearity. 0.01% max 

• TRUE TWO-WIRE OPERATION 
Power and Slgllal on One WIre PaIr 
Current Mode Signal TransmIssIon 
HIgh NoIse Immunity 

• DUAL MATCHED CURRENT SOURCES 
• WIDE SUPPLY RANGE. 11.6V to 40V 
• -40°C to +B5°C SPECIFICATION RANGE 
• SMALL 140PIN DIP PACKAGE 

DESCRIPTION 
The XTRIOI is a microcircuit, 4mA to 20mA, two
wire transmitter containing a high accuracy instru
mentation amplifier (IA), a voltage-controlled out
put current source, and dual-matched precision cur
rent reference. This combination is ideally suited for 
remote sigJ;lal conditioning of a wide vanety of 
transducers such as thermocouples, RTDs, thermis
tors, and strain gauge bridges. State-of-the-art design 
and laser-trimming, wide temperature range opera
tion and small size make it very suitable for indus
trial process control applications. In addition the 
optional external transistor allows even higher pre
cision. 

The two-wire transmitter allows signal and power to 
be supplied on a single wire-pair by modulating the 
power supply current with the input signal source. 
The transmitter is immune to voltage drops from 
long runs and noise from motors, relays, actuators, 
switches, transformers, and industrial equipment. It 

APP,LlCATIONS 
• INDUSTRIAL PROCESS CONTROL 

Pressure TransmItters 
Temperature TransmItters 
MIllivolt TransmItters 

• RESISTANCE BRIDGE INPUTS 
• THERMOCOUPLE INPUTS 
• RTD INPUTS 
• CURRENT SHUNT (mVJ INPUTS 
• PRECISIDN DUAL CURRENT SOURCES 
• AUTOMATED MANUFACTURING 
• POWER PLANT/ENERGY SYSTEM MONITORING 

can be used by OEMs producing transmitter modules 
or by data acquisition system-manufacturers. Also, 
the XTRIOI is generally very useful for low-noise, 
current-mode signal transmission. 

., 

.. 

OpUonal 
Exlemal 

Optional 7 13 E 
Off881 2 14 ,. 0 

Null ~ 10 

·Pln. 12 and 13 are uHd for optional BW control. 

Intemltlonal Alrpart IndUllrlal Pull· P.O. Box 11400· TuClOn. Arizona 85734· Tel. 16021 746-1111 • Twx: 910-952·1111 • Cable: BBRCORp· Telex: 66-6491 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25'C, +Vee = 24VDC, RL = 1000 with external Iransistor connected unles. otherwise noted. 

XTR1G1AG XTA101BG 

PARAMETER CONDITIONSfDESIGNATION MIN TYP MAX MIN TYP MAX UNITS 

OUTPUT AND LOAD CHARACTERlSnCS 

Current Linear Operating Region 4 20 · mA 
Derated Performance 3.8 22 · mA 

Currenl Limit 28 38 mA 
Offset Curranl Error loo,lo=4mA ±3.9 ±10 ±2.5 ±8 pA 

VB Temperature AlasfAT ±10.5 ±20 ±8 ±15 ppm, FSf'C 
Full Scale Output Current Error Full Scale = 20mA ±20 ±40 ±15 ±3O pA 
Power Supply Rejection 110 135 · dB 
Power Supply Voltage Vee. pins 7 and 8, compliancecu +11.6 +40 VDC 
Load Resistance AI Vee = +24V, 10 = 20mA 800 0 

At Vee = +4OV, 10 = 20mA 1400 0 

SPAN 

Oulput Currenl Equation Rs in n, 8, and Oa in V io = 4mA+ [0.016U+ (4OfRsll (e. - e,) 
Span Equation RsinO S = [0.016.U + (40fR.1I AN 

VB Temperature Excluding TCR of R. ±30 ±1oo ppmf'C 
Untrimmed Error'zi ESPAN -5 -2.5 0 · '1& 
Nonlinearity ENONLINEAMTl' 0.Q1 · % 
HySteresis 0 '1& 
Dead Band 0- '1& 

INPUT CHARACTERtSncs 

Impedance: Differential 0.4113 GO II pF 
Common-Mode 10113 GO II pF 

Voltage Range, Full Scale Ae= ( ... -e.) '" 0 '1 V 
Offset Voltage Vas ±3O ±60 ±20 ±3O ,N 

VB Temperature t.Vos/t.T ±0.75 ±1.5 ±0.35 ±O.75 ,NrC 
Bias Currenl I. 60 150 nA 

va Temperature AI./AT 0.30 1 · nAl'C 
Offsel Curranl lOS! 10 ±3O ±2O nA 

vs Temperalure AlosdAT 0.1 0.3 · nArC 
Common-Mode Rejection'" DC go 100 dB 
Common-Mode Range a, and 8, with respect to pin 7 4 6 · · V 

CURRENT SOURCES 

Magnitude 1 · mA 
Accuracy Vee = 24V, VPlN I - VPlN to, n = 

19V, R. = 5kl), Figura 5 ±0.08 ±0.17 ±o.025 ±0.075 '1& 
vs Temperature ±50 ±60 ±30 ±50 ppm/'C 
VB Vee ±3 · ppmN 
vs Time ±8 ppm/month 

Ratio Match Tracking 
Accuracy 1-11'1£' ,/IREF2 ±0.014 ±0.08 ±0.009 ±o.04 '1& 
YS Temperature ±15 10 ppmrc 
VB Vee ±10 · ppmN 
vsTime ±1 

;. 
ppm/month 

Output Impedance 10 20 · MO 

TEMPERATURE RANGE 

Specification -40 +85 · ~ ·C 
()perating -55 +125 · ·C 
Storage -55 +165 ·C 

• Same as XTR101AG. 

NOTES: (1) See Typical Performance Curves. (2) Span error shown Is untrimmed and may be adjusted 10 zero. (3) e. and e. are signals on the -IN and +IN 
terminals with respect to the output, pin 7. While the maximum permissible Ae is W, Ills primarily intended for much lower Inpulsignallevels, e.g., 10mV or 50mV full 
scale for the XTR101A and XTR101B grades respecllvely. 2mV FS Is also possible with the B grade, but accuracy will degrade due 10 possible errors in the low value 
span resistance and very high amplification of offset, drift, and noise. (4) Offset voltage Is trimmed with the application of • 5V common-mode voltage. Thus Ihe 
associated common-mode error is removed. See Application Informatlof' section. 
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ABSOLUTE MAXIMUM RATINGS PIN DESIGNATIONS 

Power Supply, Vee ...................................... 40V 

Input Voltage, e, or e ..... · ................... ~ VOUT,:5 +Vcc 

Storage Temperature Range, ceramic ••• -55·C to +l65·C 

Lead Temperatura 

ZERO ADJUST 

ZERO ADJUST 

-IN 

(soldering 10 seconds) •..••...•••.•••••••••.••.••. +300·C 

Output Short-Circuit Duration •••• Continuous +Vcc to lOUT 

Junction Temperature .............................. +l65·C 

MECHANICAL 

Hermetic DIP 

G Package 

INCHES MILLIMETERS 
DIM MIN M~X MIN MAX· 

A .670 .710 17.02 18.03 

C .06" .170 1.65 4.32 

0 .015 . 021 0.38 0.53 

F .04" .060 1·14 1.52 

'G .100 BASIC 2.54 BASIC 

H .025 .010 0.64 t.78 

.008 .012 0.20 0.30 

K ,120 .240 3.05 6.10 

L .3DO BASIC 7.62 BASIC 

M 10· 10· 

N .009 .060 0.23 1.52 

TYPICAL PERFORMANCE CURVES 
(TA = +25·C, +Vcc = 24VDC unless otherwise noled) 

SPAN VS FREQUENCY 
80 2 

RS=25h 
Cc=O 
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ZERO ADJUST 

}
BANDWIDTH 

BCONTROL, 

IREF2 

IREF' 

E 

+Vcc 

Leads In true position within 
O.t)1" (0.25mm) Rat MMC at 
seating plane. 

Pin numbers shown for refer
ence only. Numbers may not 
be marked on package . 

FULL SCALE INPUT VOLTAGE-IIS Rs 
Rs (kQ) 

o 2 4 
0.08r---r--""'T-r-T--"" 
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N Ik e 
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, 0 to 80mV (low level signals) 
and 0 to 400Q scale 

a---~----~--------~4~ 100 200 300 
Rs(ll) 
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Bandwidth Control, Cc (pF) 



INPUT VOLTAGE NOISE 
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THEORY OF OPERATION 
A simplified schematic of the XTRIOI is shown in Figure 
1. Basically the amplifiers, AI and A2, act as a single 
power supply instrumentation amplifier controlling a 
current source, A3 and QI. Operation is determined by 
an internal feedback loop. e. applied to pin 3 will also 
appear at pin 5 and similarly e2 will appear at pin 6. 
Therefore the current in Rs, the span setting resistor, will 
be Is = (e2 - e.)/Rs = eIN/Rs. This current combines 
with the current, IJ, to form 1\. The circuit is configured. 
such that 12 is 19 times II. From this point the derivation' 
of the transfer function is straightforward but lengthy. 
The result is shown in Figure I. 

Examination of the transfer function shows that 10 has a 
lower range-limit of 4mA when eIN = e2 - el = OV. This 
4mA is composed of 2mA quiescent current exiting pin 7 
plus 2mA from the current sources. The upper range 
limit of 10 is set to 20mA by the proper selection of Rs 
based on the upper range limit of eiN. Specifically Rs is 
chosen for a 16mA output current span for the given full 
scale input voltage span; i.e., (0.016U + 40/ RS)(eIN full 
scale) = 16mA. Note that since 10 is unipolar e2 must be 
kept larger than e.; i.e., e2;::: el or eIN;::: O. Also note that 
in order not to exceed the output upper range limit of 
20mA, elN must be kept less than IV when Rs = 00 and 
proportionately less as Rs is reduced. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
BASIC CONNECTION 
The basic connection of the XTRIOI is shown in Figure 
1. A difference voltage applied between input pins 3 and 
4 will cause a current of 4mA to 20mA to circulate inthe 
two~wire output loop (through RL, Vps , and DI). For 
applications requiring moderate accuracy, the XTRHJI 
operates very cost-effectively with just its internal drive 
transistor. For more demanding applications (high accu
racy in high gain) an external NPN transistor can be 
added in parallel with the internal one. This keeps the 
heat out of the XTRIOI package and minimizes thermal 
feedback to the input stage., Also in such applications 

Frequoncy (Hz) Frequency (Hz) 

1I1I IBI 

R3 
125kll 

R4 
1.25kll 

,..-IN31-'::-='--+--tvr 
I," 182 
...+1"41-..:-='--+--t-.....J 

IOZI 

1.
VOLTAGE CONTROLLED 

CURRENT SOURCE 

2.5kn 

10 = 4mA + (0.018 (1 + 40/8,) e,", I'N, = 10 - 8, 

+ 

t"L RL 

2mA • 

FIGURE 1. Simplified Schematic of the XTRIOI. 

where elN full scale is small «50mV) and RSPAN is small 
«1500), caution should be taken to consider errors 
from the; external span circuit plus high amplification of 
offset drift and noise. ' 

OPTIONAL EXTERNAL TRANSISTOR 

The optional external transistor, when used, is con
nected in parallel with the XTRIOl's internal transistor. 
The purpose is to increase accuracy by reducing heat 
change inside the XTRlOl package as the output current 
spans from 4mA to 20mA. Under normal operating 
conditions, the internal transistor is never completely 
turned off as shown in Figure 2. This maintains fre
quency stability with varying external transistor charac
teristics and wiring capacitance. The actual "current 
sharing" betwe,en internal and external, transistors is 
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FIGURE 2. Power Calculation of XTRIOI with External Transistor. 

dependent on two factors: (I) relative geometry of emit
ter areas and (2) relative package dissipation (case size 
and thermal conductivity). For best results, the external 
device should have a larger base emitter area and smaller 
package. It will, upon turn on, take about [0.95 (10 -
3.3mA)]mA. However, it will heat faster and take a 
greater share after ,a few seconds. 

Although any NPN of suitable power rating will operate 
with the XTRIOI, two readily available transistors are 
recommended for accuracy improvement: 

I. 2N2222 in the TO-18 package. For power supply volt
ages above 24V, a 7500, 1/2W resistor should be 
connected in series with the collector. This will limit 
the power dissipation to 377inW under.the worst-case 
conditions shown in Figure 2. Thus the 2N2222 will 
safely operate below its 400mW rating at the upper 
temperature of +8S~C. Heat sinking the 2N2222 will 
result in greatly reduced accuracy improvement and is 
not recommended. 

2. 2N6121 in the TO-220 package. This transistor will 
operate over the specified temperature and output 
voltage range without a series collector resistor. Heat 
sinking the 2N6121 will result in slightly less accur!ICy 
improveItient. It can be done, however, when mechan
ical constraints require it. 

ACCURACY WITH AND WITHOUT EXTERNAL 
TRANSISTOR 

The XTRIOI has been tested in a circuit using a 2N6121 
external transistor. The relative difference in accuracy 
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with and without an external transistor is shown in Fig
ure 3. Notice that a dramatic improvement in offset volt
age change with supply voltage is evident for any "alue 
of load resistor. 

MAJOR POINTS TO CONSIDER WHEN USING 
THE XTR101 

i. The leads to Rs should be kept as short as possible 'to 
reduce noise pick-up and parasitic resistance. 

2. +Vcc should be bypassed with a O.OII'F capacitor as 
close to the unit as possible (pin 8 to 7). 

3. Always keep the input voltage:s within their range of 
linear operation, +4V to +6V (e, and e2 measured 
with respect to pin 7). 

4. The maximum input signal level (eINFJ is IV with Rs 
= 00 and proportiomilly less as Rs decreases. 

5. Alw~ys return the current references (pin~ 10 and ll) 
to the output (pin 7) through an appropriate resistor. 
, If the references are not used for biasing or excitation, 
connect them together to pin 7. Each reference must 
have between OV'and +(Vcc - 4V) with respect to pill 
7. 

6. Always choose RL (including line resistance) so that 
the voltage between pins 7 and 8 (+Vcc) remains 
within the 11.6V to 40V range as the output changes 
between the 4mA to 20inA range (see Figure 4). 

7. It is recommended that a reverse polarity protection 
diode (DI in Figure I) be used. This will prevent dam
age to the XTRIOI caused by a momentary (e.g., tran-
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60 

sient) or long term application of the wrong polarity 
of voltage between pins 7 and 8. 

8. Consider PC board layout which minimizes parasitic 
capacitance, especially in high gain. 

SELECTING Rs 

RSPAN is chosen so that a given full scale input span elNFS 
will result in the desired full scale outpul span of AloFs, 

[(0.016U) + (401 Rs)JAeIN = Alo = 16mA. 

Solving for Rs: 
40 

Rs .= ---------
Alo/AelN - 0.016U 

(I) 

For example, if AelNFS = IOOmV for AloFs = 16mA, 

40 40 40 
Rs = 

(16mA/IOOmV) - 0.016 0.16 ~ 0.016 0.144 

= 2780 

See Typical Performance Curves for a plot of Rs vs 
AeINFS' Note that in order not to exceed the 20mA 
upper range limit, elN must be less than IV when Rs = 00 

and proportionately smaller as Rs decreases. 

BIASING THE INPUTS 

Because the XTR operates from a single supply both el 
and e2 must be biased approximately SV above the volt
age at pin 7 to assure linear response. This is easily done 
by using one or both current sources and an external 
resistor R2. Figure S shows the simplest case-a floating 
voltage source e2. The 2mA from the current sources 
flows through the 2.SkO value of R2 and both el and e2 
are raised by the required SV with respect to pin 7. For 
linear operation the constraint is 

+4V S; el S; +6V 
+4V S; e, S; +6V 

Figure 6 shows a similar connection for a resistive trans
ducer. The trapsducer could be excited either by one (as 
shown) or both current sources. 

-2mA 
+5V 40 

to = 41IIA + (D.OlBU + liS! liN 

I)N=~ 

FIGURE S. Basic Connection for Floating Voltage 
Source. . 

CMV AND CMR 

The XTRIOI is designed to operate with a nominal SV 
common-mode voltage at the input and will function 
properly with either input operating over the range of 4V 
to 6V with respect to pin 7. The error caused.by the SV 
CMV is already included in the accuracy specifications. 
If the inputs are biased at some other CMV then an 
input offset error term is (CMV - S)/CMRR; CMR is in 
dB, CMRR is in V/V. 
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lmA . 

1 

,l" 

: 
I 
I 
\ 
\ 

\,~-""""":-~~",",-----I 

C::~;::~CUITRY 
SHOWN IN FIGURE 8 

+ 
IL 

40 
'0 = 4mA +, D.018U +Ts",n 

'IN =ei= 1 mAx RT 

FIGURE 6. Basic Connection for Resistive Source. 

SIGNAL SUPPRESSION AND ELEVATION 
In some applications it is desired to have suppressed zero 
range (input signal. elevation) or elevated zero range 
(input signal suppression). This is easily accomplished 
with the XTRIOI by using the current sources to create 
the suppression/ elevation voltage. TIie basic concept is 
shown in Figures 7 and 8 (a). In this example the'sensor 
voltage is derived from RT (a thermistor, RTD or other 
variable resistance element) excited by one of the ImA 
current sources. The other current source is used to 
create the elevated zero range voltage. Figures 8 (b), (c) 
and (d) show some of the possible circuit variations. 
These circuits have the desirable feature of noninterac-

15~----~--~~~~-~--i 

1 10~--~~-+-~~~~~~~---i ._ .. 

RlllUvlllN (VJ 

FIGURE 7. Elevation and Suppression Graph. 

tive span and suppression/elevation adjustments. Note: 
It is not recommended to use the optional offset voltage 
null (pins I, 2, and 14) for elevation/ suppression. This 
trim capability is used only to null the amplifier's input 
offset voltage. In many applications the already low 
offset voltage (typically 20", V) will not need to be nulled 
at all. Adjusting the offset voltage to nonzero values will 
disturb the voltage drift by ±O.3",V/oC per IOO",V of 

, induced offset. . 

limA lImA 
'1N-

... ---...... ..... ". ,-
/+ , , 

:' V4 R4 + \ 
: 12 RT 

I 
I 

\ : 
\ , 

\",--~----~/ 
I 

-2mA 

'IN =,12· Vol! 
v4= lmAx R4 
1'2= lmA x RT 
Iii Elevlllld Zara Rlnae 

liN = 112 . Vol! 
v4= 2mAx R4 
Ie) Elevlllld Ziro Rlngl 

,
tl " + 

I 12 
I 
I .. 

\ , 
" . ./ --+2mA 

................... -.... '. 

'IN = '12 + V~ 
V4 = ImAx R4 

12= lmAx RT 
Ib) Supprla. Zaro Ringe 

,'-' ":12;'" ....... 'Ii 
+ 

/ " / )-+--',-_.1-

: + 
: V4 R4 

\. - L-_ .... --,I--:-:,-,-
.\'..... ..,/~2mA 
. ... ..... _-_ ...... 

liN = la'z + V4) 

V4=2mAxR4 . 
Id) Suppreaad Ziro Ringe 

FIGURE 8. Elevation and Suppression Circuits. 

APPLICATION INFOR..,ATION 
The small size, low offset voltage and drift, excellent 
linearity, and internal precision current sources, make 
the XTRIOI ideal for it variety of two-wire transmitter 
applications. It can be used by OEMs producing ~iffer-

, ent types of transduCer transmitter modules and by data 
acquisition systems manufacturers who gather trans
ducer data. Current mode transmission greatly reduces 
noise interference. The two-wire nature of the device 
allows economical signal conditioning at the transducer. 
Thus the XTRIOI is, in general, very suitable for individ
ualized and special purpose applications. 

EXAMPLE 1 
RTD Transducer shown in Figure 9. 

Given a process with temperature limits. of +25°C and 
+150°C, configure the XTRlOI to measure the tempera-
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FIGURE 9. Circuit for Example J. 

ture with a platinum RTD which produces 1000. at O°C 
and 2000. at +266°C (obtained from standard RTD 
tables). Transmit 4mA for +2SoC and 20mA for +ISO°C. 

COMPUTING Rs: 

The sensitivity of the RTD is 8Rj8T = 1000.j266°C. 
When excited with a ImA current source for a 2SoC to 
ISO°C range (i.e., 12SoC span), the span of elN is ImA X 
(J000.j266°C) X 12SoC = 47mV = 8e1N. 

40 
From equation I, Rs = --~--

810 
- - 0.016U 
8elN 

40 40 
Rs = ----- = -- = 123.30. 

16mA 0.3244 
47mV - 0.016U 

Span adjustment (calibration) is accomplished by trim
ming Rs. 

COMPUTING R.: 

At +2SoC, e'2 = ImA (RT + 8RT) 

1000. 
= ImA [1000. + (-- X 2S0C)] 

266°C 
= ImA (109.40.) 
= 109.4mV 

In order to make the lower range limit of 2SOC corres
pond to the output lower range limit of 4mA, the input 
circuitry shown in Figure 9 is used. 

elN, the XTRIOI differential input, is made 0 at 2SoC 

or e;2l'C - V. = 0 

thus, V. = e;2l'C = 109.4mV 

V. 109.4mV 
R. = -- = --- = 109.40. 

ImA ImA 

COMPUTING R2 AND CHECKING CMV: 

At +2SoC, e'2 = 109.4mV 

At +ISO°C, e'2 = ImA (RT + o.RT) 

loon 
= ImA [1000. + (-- X lS0°C)] 

266°C 
= IS6.4mV 

Since both e'2 and V. are small relative to the desired SV 
common-mode voltage, they may be ignored in comput
ing R2 as long as the CMV is met. 

R2 = SV j2mA = 2.Sko. 

e2 min = SV + 0.1094V} The +4V to +6V CMV 
e2 max = SV + O.IS64V 

el = SV + 0.1094V requirement is met. 

EXAMPLE 2 
Thermocouple Transducer shown in Figure 10. 

Given a process with temperature (TI) limits of OOC and 
+ 1000°C, configure the XTRIOI to measure the tempera
ture with a type J thermocouple that produces a S8mV 
change for 1000°C change. Use a semiconductor diode 
for a cold junction compensation to make the measure
ment relative to O°C. This is accomplished by supplying 
a compensating voltage, VR6, equal to that normally 
produced by the thermocouple with its "cold junction" 
(T2) at ambient. At a typical ambient of +2SoC this is 
J.28m V (obtained from standard thermocouple tables 
with reference junction of O°C). Transmit 4mA for TI = 
O°C and 20mA for TI = +1000°C. Note: elN = e2 - el 
indicates that TI is relative to T2. 

FIGURE 10. Thermocouple Input Circuit with Two 
Temperature Regions and Diode (D) 
Cold Junction Compensation. 
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ESTABLISHING Rs: 

The input full scale span is 5SmV (~eINFS = 5SmV). 

Rs is found from equation (I) 

40 
Rs=-----

~Io 
--0.016U 
~elN 

40 40 
16 A = -9- = 153.90 
~ _ 0.016U 0.25 9 
5Smy 

SELECTING R.: 
R. is chosen to make the output 4mA at T TC = O°C (V TC 
= -1.2SmV) and To = +25°C (Vo = 0.6V). A circuit is 
shown in Figure 10. 

VTC will be -1.2SmV when TTC = O°C and the reference 
junction is at +25°C. e, must be computed for the con
dition of To = +25°C to make elN = OV. 

V0 2S'C =600mV 
el 2S'c = 600mV (51/2051) == 14.9mV 

elN = e2 - e, = VTC + V. - e, 

With elN = 0 and VTC + -1.2SmV, 

V. = e'l + elN - VTC 
= 14.9mV + OV - (-1.2SmV) 

ImA (R.) = 16.1SmV 
R. = 16.1S0 

COLD JUNCTION COMPENSATION: 

The temperature reference circuit is shown in Figure 11. 

The diode voltage has the form 

V ~ KT (} IDiOOE 
O--}tn-.-

. q ISAT 

Typically at T2 = +25°C, Vo = 0.6V and ~Vo/~T = 
-2mV/oC. Rs and R6 form a voltage divider for the 
diode voltage Vo. The divider values are selected so that 
the gradient ~Vo/~T equals the gradient of the thermo
couple at the reference temperature. At +25°C this is 
approximately 52,.,.V/oC (obtained from standard ther
mocouple table); therefore, 

l~lmA 
+ 

RS Vs 
+ 
vD 0 

+ 
RS Vs 

-

l 
FIGURE II. Cold Junction Compensation Circuit. 

~VTC/~T = ~Vo/~T(~) 
Rs + R6 

52,.,.V/oC = 200""V/oC(~) 
Rs + R6 

(2) 

Rs is chosen as 2kO to be much larger than the resistance 
of the diode.· Solving for R6 yields.5 In. 

THERMOCOUPLE BURN-OUT III;IDICATION 
. In process control applications it is desirable to detect 
when a thermocouple has burned out. This is typically 
done by forcing the two~wire transmitter current to 
either limit when the ttiermocouple impedance goes very 
high. The circuits of Figures 16 and 17 inherently have 
down scale indication. When the impedance of the ther
mocouple gets very large (open) the bias current flowing 
into the + input (large impedance) will cause 10 to go to 
its lower range limit value (about 3.SmA). If up scale 
indication is desired the circuit of Figure IS should be 
used. When the TC opens the output will go to its upper 
range limit value (about 25mA or higher). 

OPTIONAL INPUT OFFSET VOLTAGE TRIM 
The XTRIOI has provisions for nulling the input offset 
voltage associated with the input amplifiers. In many 
applications the already low offset voltages (30,.,.V max 
for the B grade, 60,.,.V max for the A grade) will not need 
to be nulled at all. The null adjustment can be done with 
a potentiometer at pins I, 2, and 14 as shown in Figures 5 
and 6. Either of these two circuits may be used. NOTE: It 
is not recommended to use this input offset voltage nul
ling capability for elevation or suppression. See the Sig
nal Suppression and Elevation section for the proper 
techniques. 

OPTIONAL BANDWIDTH CONTROL 
Low-pass filtering is recommended where possible and 
can be done by either one of two techniques shown in 
Figure 12. C2 connected to pins 3 and 4 will reduce the 
bandwidth with a cutoff frequency given by, 

fCQ = ... 15.9 
(R. + R2 + RJ + R.) (C2 + 3pF) 

ImA~ 

ImA~ 

°R3 AND R4 SHOULD BE MADE EQUAL IF USED. 

Inllrnilly Inolsl RT! = J.zlnpUl IllgI + [IOUIpUl llagl] 2 
QiiiI 

FIGURE 12. Optional Filtering. 
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This method has the disadvantage of having fco vary 
with Rl, R2, R3, R4, and it may require large values of R3 
and R4. The other method, using Cl, will use smaller 
values of capacitance and is not a function of the input 
resistors. It is, however, more subject to nonlinear dis
tortion caused by slew rate limiting. This is normally not 
a problem with the slow signals associated with most 
process control transducers. The relationship between Cl 
and fco is shown in the Typical Performance Curves. 

APPLICATION CIRCUITS 

I. 
(4-20mA) 

VOLTABE 
REFERENCE 

1.·=(I+~)I.~=1.251.-4mA R. ~ 
OTHER CONVERSIONS ARE READILY L-___ ..,...,..-..".~ 
ACHIEVABLE BY CHANBINB THE 
REFERENCE AND RATIO OF R. TO R •• 

FIGURE 13. OmA to 20mA Output Converter. 

FIGURE 14. Bridge Input, Voltage Excitation. 

FIGURE 15. Bridge 1nput, Current Excitation. 

15/1 

THE CIRCUIT HAS 
DOWN SCALE BURN-OUT 
INDICATION 

FIGURE 16. Thermocouple Input with RTD Cold 
Junction Compensation. 

~lmA THE CIRCUIT HAS 
DOWN SCALE BURN-OUT 
INDICATION 

FIGURE 17. Thermocouple Input with Diode Cold 
Junction Compensation. 

15n 

THIS CIRCUIT HAS UP 
SCALE BURN-OUT INDICATION 

FIGURE 18. Thermocouple Input with RTD Cold 
Junction Compensation. 

V ... ,=lmAR. 

FIGURE 19. Dual Precision Current Sources· 
Operated From One Supply. 
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: BURR-BROWN® 

I,ElElI XTR110 

, . . 

PRECISION VOLTAGE-TO.;.CURRENT 
.CONVERTERITRANSMITTER 

FEATURES 
• 4mA TO 20mA TRANSMITTER 
• SELECTABLE ,INPUT/OUTPUT RANGES: 

OV 10 +5V. OV 10 +10V Inputs 
OmA 10 20mA. 5mA 10 25mA Outputs 
Other Ranges . 

'. 0.005% MAX NONLINEARITY •. ,14 BIT -
'. PRECISION +10V REFERENCE. OUTPUT 

• SINGLE SUPPLY OPERATION 
• CURRENT SOURCING TO COMMON 
• WIDE SUPPLY RANGE. 13.5V1'O 40V 

DESCRIPTION 
The XTRIIO is a monolithic, precision voltage-to
Current converter. It can convert standard OV to 
+IOV or OV to +SV inputs into 4mA'to 20mA, or 
SmA to 2SmAoutputs. The required external MOS 
transistor keeps heat outside the XTRIIO package to 
optimize performance under all output conditions. 

A precision +IOV reference output can drive IOmA. 

APPLICATIONS 
• INDUSTRIAL PROCESS CONTROL 
• PRESSURE/TEMPERATURE TRANSMITTERS 
•• CURRENT-MODE BRIDGE EXCITATION 
• GROUNDED TRANSDUCER CIRCUITS 
• CURRENT SOURCE REFERENCE FOR DATA 

ACQUISITION' ..,. 

• PROGRAMMABLE CURRENT SOURCE FOR TEST 
EQUIPMENT . 

• AUTOMATED MANUFACTURING 
• POWER PLANT/ENERGY SYSTEM MONITORING 

An external transistor can be added for more cur
rent, e.g. 33mA for 3000 bridges., 

The XTRIIO is a key data acquisition component, 
designed for high noise immunity current-mode 
transmissiori. It is also ideal as a:' precision pro
grammable current source for transducer circuits 
and test equipment. 

I SOURCE RESISTOR 

lOFFSET 
~ (ZEROI ADJUST 

L..:.._-+----l B SPAN ADJUST . 

COMMON 2 
R. 

Inlernllional Alrporllnduslrial Park· P.O. Box 11400· Tucson. Arizona 85734 . Tal. (6021 746·1111 • Twx: 911).952·1111 • ,Cable: BBRCORp· Telex: 66·6491 

PDS·5558 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25'C and Vee = +24V and R, = 250nt unless otherwise specified. 

XTR110AG/XTR110KP XTR110BG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

TRANSMITTER 

Transfer Function 10 = 10 [(VR£,INI16) + (V'N,/4) + (V'N,/2)]IRSPAN 
Input Range: V'N1 Specified performance 0 +10 V 

V.HZ Specified performance 0 +5 V 
Current, 10 Specified performance'" 4 20 rnA 

Derated performancen I 0 40 mA 
Nonlinearity 16mA/20mA span l21 0.01 0.025 0.002 0.005 % of span 
Offset Current, los 10 = 4mA'1I 

Initial "' 0.2 0.4 0.02 0.1 % of span 
vs Temp III 0.0003 0.005 0.003 %ofspan/'C 
vs Supply, Vee '" 0.0005 0.005 %ofspanN 

Span Error 10 = 20mA 
Initial III 0.3 0.6 0.05 0.2 % of span 
vs Temp "' 0.0025 0.005 0.0009 0.003 % ofspan/'C 
vs Supply, Vee '" 0.003 0.005 %ofspanlV 

Output Resistance From drain of FET (OEXT)131 10 X 10'" n 
Input Resistance VINt 27 kn 

V.NZ 22 kn 
VREF IN 19 kn 

Dynamic Response 
Settling Time To 0.1% of span 15 ,,"ec 

To 0.01 % of span 20 ,,"ec 
SlawRste 1.3 mA/,,"ec 

VOLTAGE REFERENCE 

Output Voltage +9.95 +10 +10.05 +9.98 +10.02 V 
vsTemp 35 50 15 30 ppm/'C 
ys Supply, Vee Line regulation 0.0002 0.005 %IV 
ys Output Current Load regulation 0.0005 0.Q1 . %/mA 
V5 Time 100 ppml1k hrs 

Trim Range -0.100 +0.25 V 
Output Current Specified performance 10 mA 

POWER SUPPLY 

Input Voltage, Vee +13.5 +40 V 
Quiescent Current Excluding 10 3 4.5 mA 

TEMPERATURE RANGE 

Specification: AG, BG -40 +85 'C 
KP 0 +70 'C 

Operating: AG,BG -55 +125 'C 
KP -25 +85 'C 

• Specification same as ~G/KP grades. t Specifications apply to the range of RL shown in Typical Performance Curve~. 

NOTES: (1) Including internal reference. (2) Span is the change in output current resulting from a full-scale change in input voltage. (3) Within 
compliance range limited by (+V~ - 2V) +Vos required for linear operation of the FET. (4) For VREf adjustment .circuit see Figure 4. (5) For extended 
IREF drive circuit see Figure B. 

PIN CONFIGURATION 

SOURCE RESISTOR 

COMMON 

TOP VIEW 

+Vcc 

VR" FORCE 

V"' IN GATE DRIVE 

V'N" jlOVI SOURCE SENSE 

V'N' 15V) VRE, SENSE 

ZERO ADJUST VRE, ADJUST 

ZERO ADJUST 4mA SPAN 

SPAN ADJUST "' .... -:-___ ..J"~16mA SPAN 
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ABSOLUTE MAXIMUM RATINGS 

Power Supply, +Vcc ................................ , ..... ' 40V 
Input Voltage. VIN !, VIN 2. VREf IN ........ t ................ +Vcc 
Storage Temperature Range: A, B .......••. , -55'C to +125'C 

K ............... -40'C to +85'C 
Lead Temperature (soldering. 10sec) •... ' •..........••..• 3QO°C 
Output Short Circuit Duration, Gate Drive' 

and VREF Force ............ '. Continuous to common and +Vcc 
Output Current Using Internal 50n Resistor ....•......•• 40mA 

ORDERING INFORMATION 

XTR110 X G 
Basic model number _______ =r--J' T. 
Performance grade code -----------' 

A, B: -40·C to +85·C 
K: O·C to +70'C 

Package code --------------' 
G: 16-pin hermetic DIP 
P: 16-pin plastic DIP 



MECHANICAL 

~ ~[~ ~ ~[:I 
INCHES MILLIMETERS 

DIM MIN MAX MIN MAX A .790 .8tO 20.07 20.57 

C .,105 .110 2.67 4.32 

LA~ 
0 ,015 ,021 0.38 0.53 

F ..... .060 1.22 1.52 

G .tOO BASIC 2.54 BASIC 

H .030 .070 0.76 1.78 

J .008 .012' 0.20 0.30 

K ,120 .240 3.05 6.10 

PLASTIC DUAL-IN-LiNE 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

C A-=-:.l 
A .780 .885 19.30 22.48 
B .220 .280 5.59 7.11 

~-. 
·C 0.12 .200 0.12 5.08 

B D .015 .023 0.36 0.58 . --* 

DenOl.' P,n 1 

F .030 .070 0.76 1.78 
G .100 BASIC 2.54 BASIC 
H .030 .095 .76 2.41 

L .300 BASIC 7.62 BASIC J .008 .015 0.20 0.38 

-n~ 
M 10· 10· 

N 02. 060 064 "2 

m.tr~ J L. ~1 - == __ , 

K .100 2.54 
L .300 BASIC 7.62 BASIC 

~~ 
M - IS' IS' 
N .020 .050 0.51 1.27 

~ 
-. 
-;;1. ~ J Llcf-o ~ Plane 

NOTE: Leads in true position within .010" NOTE: 
(.25mm) R at MMC at seating plane. Leads in true position within 0.01" 
Pin numbers ,shown for reference only . (0.25mm) R at MMC at seating plane. 

• Numbers may not be marked on package. 

TYPICAL PERFORMANCE CURVES 
T.; +25"C, Vee; 24VDC, RL ; 2500 unless otherwise noted. 

Icc VS TEMPERATURE (see Figure 1) 
TOTAL OUTPUT 

ERROR vs TEMPERATURE 2500 5 

'2000 :1 4 
1};20~A 

'" .5 
§: 1500 ~3 

U lo-4mA 

rf l00C' 

20 25 30 35 40 

+V~(V) 

PULSE RESPONSE 

10 POWER SUPPLY REJECTION 
VB FREQUENCY 

Ripple Frequency (Hz) 

" .. 
:::2 
< 
E 
jl 

o --40 20 a 20 40 60 60 
Temperature ("C) 

SETTLING TIME WITH POS V,. STEP 

VR.' LINE 'REGULATION VB FREQUENCY 
10 

0.00" L -.J.=1 ... 0 ....... .=,01J,,0..J..J.wLll&k ....... u..wl0"k~"""'"100-k 

Ripple Frequency (Hz) 

2-106 

Temperature (OC)' 

SETTLING TIME WITH NEG V,. STEP 

100 

JUNCTION TEMPERATURE RISE 
vo VrIES' OUTPUT CURRENT 

0~~2---4~-±--~--'~0 
VR .. Output Current (mA) 

(lOUT has minimal effect on T,) 



THEORY OF OPERATION 
The XTRllO is designed to convert a high level input 
voltage into a positive output current. 

A block diagram of the XTRllO is shown in Figure 1. 
The circuit contains four main functional blocks: (I) a 
precision resistor divider network (RI-Rs), (2) a voltage
to-current converter (A" QI, R., R,), (3) a current-to
current converter (A2, R., R., QEXT), and (4) a precision 
+IOV reference. 

The precision divider network sums three input voltages 
to the noninverting input of AI. These are VINI (IOV full 
scale), VIN2 (5V full scale), and VREF IN (for offsetting). 

In the voltage.:to-current converter, the op amp, AI, for
ces its input voltage across the span setting resistors, R6 
and R,. Since QI is a high gain Darlington, base current 
error is'negligible and all current flows to the current-to
current converter (into R.). The transfer function includ
ing input divider is as follows: 

IRs = [(VREF IN/16) + (VINI/4) + (VIN2/2)]/RsPAN 

where RSPAN is the, resistance from QI emitter to com- ' 
mon.' 

The current-to-current converter is the output section of 
the XTRllO transmitter. The voltage across the'500n 
resistor (R.) is forced across the son resistor (R.) by A2 

V'N = OV TO +IOV 

TEST CIRCUIT 

+IOV 
)----'---1 REFERENCE 

R, 

16.25kO 

R. 5kO R. 

R. 

and the external MOSFET (QEXT). Since no current 
flows in the gate of the MOSFET, all current is delivered 
to the output. This current (lOUT) is ten times the internal 
current through Rs. Use of the external transistor keeps 
power out of the precision IC to maintain accuracy. 

The overall transfer function for the XTRIIO transmitter 
is: 

10 = 1O[(VREF IN/ 16) + (VINI/4) + (VIN2/2)]/ RSPAN. 

For output currents beyond 40mA an external resistor 
can be used in place of R •. 

The +IOV reference provides input offsetting, e.g. 4mA 
offset for the 4ma to 20mA output configuration. The 
reference can deliver lOrnA and is protected from shorts 
to common. Higher current can be provided for other 
applications by using an external NPN transistor con
nected to the sense and force pins. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
BASIC CONNECTION 
The basic connection of the XTRllO is the standard OV 
to +IOV input; 4mA to 20mA output configuration is 
shown in Figure 1. 

+ V lpF TANTALUM 

+ 
-=- 124V) 

V 
O '" m 

+ 

R, I 4mA to 20mA 
2500 + 

62500 

R. 

1562.50 

NOTES: (I) To maintain accuracy. make a separate direct connection between pins land 13. (2) Om Is any P·channelenhancement·mode power MOSFET with appropriate 
voltage Ind power rating. PNP bipolar translstora can be used with stlght degradation In end·polnt accuracy and linearity. For recommended devices see seelion on external 
transistor. (3) For 20mA span. strap 4mA and 16mA pins together to common. ' 

FIGURE 1. Block Diagram of the XTRIIO in Basic Connection: OV to +IOV in, 4mA to 20mA out. 



+Vee may originate at the XTRIIO site or may be 
brought in as part of a three-wire twisted line. Be sure to 
use sufficient bypassing close to the XTRIIO on the +Vec 
line; 

EXTERNAL TRANSISTOR 

Connections to the MOSFET are gate drive (pin 14) and 
source resistor (pin I). To eliminate errors due to resist
ance in the connection between pin I and the source of 
the external trllnsistor, connect pin 13 directly to pin I as 
shown in Figure \. 

The output of A2, pin 14, is intended to drive a MOSFET 
or PNP external pass transistor, and for that reason, is 
atypical of op amp outputs. The output stage ca~ tie 
visualized as a 300/-IA current source in parallel with an 
NPN collector. The NPN is the active element that, 
through feedback, determines where the gate drive should 
be set. It is capable of sinking over 15mA .. 

External MOSFET 

The XTRI \0 can operate with a variety of output transis
tors having appropriate breakdown voltage and power 
rating which is influenced by package type. SOlIle general 
observations on package thermal characteristics are listed 
in Table \. 

TABLE 1. External Transistor Package Type and 
Dissipation. 

Package TYpe Allowable Power Dissipation 

TO-92 Lowest: Use minimum supply and at +25°C. 
TO-237 Acceptable: Trade-off supply and temperature. 
TO-39 Good: Adequate lor majority 01 designs, 
TO·220 Excellent: For prolonged maximum stress. 
TO-3 Overkill: If not~ing else i.~ available, 

Maximum power dissipation of the .external transistor 
can be derived from the derating curve. It can also· be 
calculated from the thermal characteristics using the 
equation below: 

PA = P" - (TA - 25)/'hA 

PA = Power to be dissipated at TA 
TA = Maximum ambient temperature 
P" = Maximum continuous power dissipation at 

+25°C (I"V"s) 
8JA = Junction to ambient thermal re'sistance 

(Refer to the manufacturer's data sheet for required 
numbers.) 

Table II shows suitable MOSFET output transistors. 

Summary of points to consider for selecting the transis
tor are: 

J. Power rating-Equal to \.5 X PA if possible, or at 
least equal to PA. 

2. Drain-source breakdown-Greater than maximum 
expected VDS. This includes any additional voltage 
that may exist between the transmitter and receiver 
grounds. 

3, Gate-source breakdown-Greater than +Vcc, because 
Vee will be applied gate-to-source, under the condi
tion of an open drain line (VGATE then = OV). Most 

MOSFETS will told'ate only 20V, but a zener(l2V or 
more) connected gate-to-source will clamp the junc
tion and remain off during normiil operation. 

TABLE 11. Available P-Channel MOSFETs. 

Manufactu'rer Part No. BVD .. ' BV ... Package 

Ferra~ti 'ZYP1304A -40V 20V TO-92 
ZVP1304B -40V 20V TO-39 
ZVP1306A -SOY 20V TO-92 
ZVP1306B -SOV 20V TO-39 

International 
Rectifier IRF9513 -SOY 20V TO-220 

Motorola MTPBPOB -BOV 20V TO-220 

RCA RFL1POB -BOV 20V TO-39 
RFT2POB -BOV 20V TO-220 

Siliconlx VP0300B -lOY 40V TO-39 
(preferred) VP0300L -30V 40V TO-92 

VP0300M -30V 40V TO-237 
VPOBOBB -BOV 40V TO-39 
VPOBOBL -BOV 40V TO-92 
VPOBOBM -BOV 40V TO-237 

Supertax VP1304N2 -40V .20V TO-220 
VP1304N3 -40V 20V TO-Q2 
VP1306N2 -SOV 20V TO-220 
VP1306N3 -60V 20V TO-92 

·BVoss-Drain·source breakdown. voltage. aVos-Gate-source ·break
down Yoltage. 

External PNP Transistor 

A PNP bipolar transistor can also be used for the output 
but it will result in a slight drop in end-point accuracy 
and linearity. A TN2905 in a TO-237 package performs 

. adequately. The end point shifts can be calculated if the 
beta of the PNP is known. The offset shift is los/ beta 
a!ld the span shift is ISPAN/beta. For example, if ·the 
transistor's beta is 250 and the output range is 4mA to 
20rriA, the calculations are as follows: 

dlos = 4mA/250 = 16/-1A (0.1% of span) 
dlsPAN = 16mA/250 = 64jtA (OA% of span) 

The offset error can be corrected by using the offset 
correction circuitry of Figure 5. The span error due to 
base current lo'ss can be compensated by connecting an 
external resistor, RPAD, in parallel with the internal 
resistor as shown· in Figure 2. RPAD can be calculated 
with the following formula: 

RPAD = 50 (beta + I) 

Any span error due to the XTRIIO itself can be corrected 
with the span adjust circuitry of Figure 5. Use a nomina:! 
beta to calculate the value of RPAD if individual transistor 
measurements are not made. There should be enough 
range in the span· adjust circuit to ·compensate for 
normal tolerances. 

Small nonlinearity degradation (0.01% typical at 24Vec) 
results from changes in beta caused by changes in power 
as collector current varies from 4mA to 20mA. A heat· 
sink can be added to minimize the heat dissipation effect. 

A Darlington configuration (two separate PNPs) can 
also be used with no degradation in end-point accuracy 
and linearity. A 0.047/-1F capacitor acrosspins 13 and 14 
is required for stability as shown in Figure 3. Single-

2-108 



packaged Darlingtons with internal bleeder resistors are 
not recommended since they will severly degrade 
accuracy. 

To select a bipolar transistor, follow the same points as 
for MOSFETs. Note, however, the base-emitter break
down is not considered because this junction is forward 
biased should the collector open. 

,..------------ +Vcc 

OeXT 

IOUT~ 

cor.n.101l 

FIGURE 2. PNP Output Transistor (RPAD corrects for 
span error caused by beta). 

,..---------~----+Vcc 

QeXT 1 ANO 2 

IOUT-

CDM~'OIl 

FIGURE 3. Darlington Output Composed <if Two PNP 
Transistors. 

COMMONS 

Careful aitention should be directed toward proper con
nection ,of the commons. All commons should be joined 
at one point as close to pin 2 of the XTRI 10 as possible. 
The exception is the lOUT return. It can be returned to 
any place where it will not modulate the common at pin 
2. 

VOLTAGE REFERENCE 

The reference voltage is accurately regulated at pin 12 
(VREF sense). To preserve accuracy, any load including 
pin 3 should be connected to this point. 

The circuit in Figure 4 shows coarse and fine adjustment 
ofthe voltage reference. 

·Rs GIVES HIGHER RESOLUTION WITH REDUCED 
RANGE. SET Rs = on FOR LARGER RAllGE. 

VA .. FORCE 

Vn .. SENSE 

20kn VA.' ADJUST 

n Rs· 
ADJ. RANGE 

±5% 
OPTIMUM 

+Vcc 

FIGURE 4. Optional Adjustment of Reference Voltage. 

OFFSET (ZERO) ADJUSTMENT 
The offset current can be adjusted by using the potenti
ometer, R" shown in Figure 5. The procedure is to set 
the input voltage to zero and then adjust R, to give 4mA 
at the output. For spans starting at OmA, the following 
special procedure is recommended: set the input to a 
small nonzero value and then adjust R, to the proper 
output current. When the input is zero the output will be 
zero. Figures 6 and 7 show graphically how offset is 
adjusted. 

SPAN ADJUSTMENT 

The span is adjusted at the full-scale output cu'rrent 
,using the potentiometer, R" shown in Figure 5. This 
adjustment is interactive with the offset adjustment, and 
a few iterations may be necessary. For the circuit shown, 
set the input voltage to + IOV full scale and then adjust 
R, to give 20m A full-scale output. Figures 6 and 7 show 
grap\1ically how span is adjusted., 
The values of R" RJ, and R4 for adjusting the span are 
determined as follows: choose R. in series to slightly 
decrease the span; the'n choose R, and R3 to increase the 
span to be adjustable about the center value. 

OV TO 
+IDV 

R, IV TO 
250n +5V 

OUT 

FIGURE 5. Offset and Span Adjustment Circuit for 
OV to +IOV Input, 4mA to 20mA Output. 
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o 

R, = l00kO 
R.= l00kO 
R.= 49.9kO 
R.= 31.60 

4 6 

Input Voltage. V'N , (V) 

as shown 

10 

FIGURE 6. Zero and Span ofOV to +IOV Input, 4mA to 
20mA Output Configuration (see Figure 5). 

« 
.§. 
.2 

i 
~ 
" 0 
:; 
Q. 

:; 
0 

20 

IS 

10 

See values in Figure 6. 
In addition, connect 
pins 9 and 10 together. 

4 6 8 10 
Input Voltage. V'N' (V) 

FIGURE 7. Zero and Span ofOV to +IOV'N, OmA to 
20mA Output Configuration (see Figure 5). 

ERROR CALCULATIONS 

Errors can be calculated by considering these key 
parameters: 

I. Offset Current (Initial, vs Temperature, vs Supply) 
2. Span Error (Initial, vs Temperature, vs Supply) 
3. Nonlinearity 

Lower errors can readily be obtained by externally 
adjusting the initial offset and span errors to zero (see 
Performance Curves). . 

TABLE III. Pin Connections for Standard Ranges. 

Input Range (V) Output Range (mA) Pin 3 

0- 10 0-20 Com 
2- 10 4- 20 .Com 
0- 10 4-20 +10VRef 
0" 10 5-25 +10V Ref 
0-5 0-20 Com 
1-5 4-20 Com 
0-5 4-20 +10V Ref 
0-5 5-25 +10VRof 

EXTENDED REFERENCE CURRENT DRIVE 

The current drive capability of the XTRIIO's internal 
reference is lOrnA. This can be extended if desired by 
adding an external NPN transistor shown in Figure 8. 

+IOV..." 

FORCE 

SENSE 

FOR IOOmA WITH Vee UP TO 
40V USE 213055 FOR Q ... 

+Vcc 

FIGURE 8. Extended Reference Current Drive. 

LOW TEMPERATURE COEFFICIENT (TC) 
OPERATION 

Although the precision resistors in the XTR 110 track 
within Ippm/oC, the output current depends upon the 
absolute temperature coefficient of anyone of the resis
tors, R6, R7, R., and R •. Since the absolute TC of the 
resistors is 20ppm/oC, maximum, the TC of the output 
current can have 20ppm/oC drift. For low TC operation, 
zero TC resistors can be substituted for either the span 
resistors (R6 or R7) or for the source resistor (R.) but not 
both. 

EXTENDED SPAN 

For spans beyond 40mA, the internal 50n resistor (R.) 
may be replaced by an external resistor connected 
between pins 13 and 16. 

Its value can be calculated as follows: 

RExT = R. (SpanOLD/SpanNEw) 

Since the internal thin-film resistors have a 20% absolute 
value tolerance, measure R. before determining the final 
value of REXT. Self-heating of REXT can cause nonlinear
ity. Therefore, choose one with a low TC and adequate 
power rating. See Figure 14 for application. 

STANDARD CURRENT RANGES OR SPANS 

Table III shows the pin connections for standard XT~110 
current ranges. 

Pin 4 Pin 5 Pin 9 Pin 10 

Input Com Com Com 
Input Com Com Com 
Input Com Com Open 
Input Com Com Com 
Com Input Com Com 
Oom Input Com Com 
Com Input Com Opon 
Com Input Com . Com 
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TYPICAL APPLICATIONS 
The XTRIIO is ideal for a variety of applications requir
ing high noise immunity current-mode signal transmis
sion. The precision + IOV reference is convenient and can 
be exciting for bridges and transducers. Selectable ranges 
make it very useful as a precision programmable current 

THERMO METRICS 
THERMISTOR 
B43KB753F 

10 

20mAi / 

4mAL 
75kO 

source. The compact design and low price of the XTRIIO 
allow versatility with a minimum of external compo
nents and design engineering expense. 

Figures 9 through 16 show typical applications of the 
XTRIIO. 

• THE XTRIIO IS CAPABLE ftF DRIVING LARGE 
CAPACITIVE LOADS OfTEN USED IN LOW CUTOFF 
FREQUENCY FIlTERS. 

R, = 2500 
C, = 6.4"F 

VL fco = 100Hz 

FIGURE 9. 4mA to 20mA Single-Supply Thermistor Transmitter for Energy Management Systems. 

6OkO 

GAIN = 400 

FIGURE 10. 4mA to 20mA Single-Supply Bridge Transmitter. 

I 
ISOLATION BARRIER -I 

ISOLATEIl POWER 
SUPPLY 1722) 

I 

FIGURE II. Isolated 4mA to 20mA Channel 
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15 

+24V • I" 

~'20mA 
I I 

4mA , 12mA: 
V'N 

-IOmV +IOmV 

+15V 



"THE XTRIIO WILL OPERATE 
WITH GROUND TRANSDUCERS. 

FIGURE 12. OmA to 20mA Single-Supply Thermocouple Transmitter. 

R9 
15kO 

OFFSET Hl0 ~--f.:j'''''''' 
ADJUST lkO ~,..._-+--' 

+200 10 (mAl 

H4 
2kO 

15 

12 

11 ... ___ ... 

4 

+ _____ ...."j~-----;VINIVI 
+10 

-200 

FIGURE 13. ±200mA Current Pump. 

..., __ .. 10 

H6 
4020 

+15V 

RI 
2Cl 

T1 

H74.75kO 

R82000 } FINE TRIM 

RH SOkO 
COAHSE THIM 

SPAN 
ADJUST 

_10 

R2 
4.990 

-I~V 

H,. H,: Low TC Resistors 10 dlsslplte 0.32W oontinuoul power. 
For olher current nnges. scale both reslslOrs proportionately. 

H .. H, •. Hn: H)·turn trlmpots lor greatest sensitivity.' 
H •• R,: Low TC rellslors. 

A, - A.o: 114 LM3241powered by ±15VI 
T,: International Hectilier.IR9513" 
T ,: International Rectilier IH513" 
T3: Inlernational Hectllier IHFF91l3" 

" Dr other adequale power .rating MOS transistor. 
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OV TO +IOV 

SEE EXTENDED SPAN SECTION 

+24V 

0.10 nUl 

OA TO 
IDA OUT 

FIGURE 14. OA to lOA High Current Voltage-to
Current Converter . 

• For 0-5V INPUT USE PIN 5 
AND GROUND PIN 4 

FIGURE 15. High Level Input 4ma to 20mA Two-Wire Transmitter. 

+4DV +40V 

Channels may be linearly mixed wilhaullndlvidualidenlillealion 
or sello separale Irequeneles and Independenlly fillered allhe load. 

+40V 

FIGURE 16. Multidrop Analog Communication Link (Linear Mixer) with High Noise Immunity. 
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BURR-BROWN® 

IElElI 3606 

Digitally Controlled 
Programmable Gain 

INSTRUMENTATION AMPLIFIER 

FEATURES 

-II BINARY GAINS -1.2. 4. 8. 16. 32. 
64.128.256.512.1024V/V 

- 4-BIT TTL GAIN CONTROL 

- EXCELLENT GAIN NONLINEARITY 
0.01% max at G = 1024V/V 

-LOW GAIN ERRORS - 0.02% max 

-LOW GAIN DRIFT -IOppm/oC max 

-LOW VOLTAGE DRIFT 
I/LV/oC max RTI. G = 1024V/V 

- HIGH CMR - 1I0dB min. G = 1024V/V 

- HIGH INPUT IMPEDANCE - 10 x JOin 
-LOW OFFSET VOLTAGE 

22/LV max RTI. G = 1024V/V 
2mV max RTI. G = lV/V 

r-------------------------------~-----, 
I I 
I I 
I I 
I I 

I L ____________________ _ 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I _ ______ ...J 

International Alrporllndustrlal Park P.O. Box 11400· Tucson. Arizona B5734· Tel. 16021 746·1111 . Twx: 910-952·1111· Cable: BBRCORp· Telex: 66·6491 

PDS-3888 
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DESCRIPTION 

The 3606 is a self-contained, Programmable Gain 
Instrumentation Amplifier (PGIA) whose gain can be 
changed in II binary weighted steps from I to 1024V; V. 
The gain control is accomplished through a 4-bit TTL 
input. 

The PGIA function allows the user to deal with wide 
dynamic range signals while maintaining high system 
resolution. For example: when used with a 10-bit A to D 
converter in a "floating point" system. the 2'0 gain range 
of the 3606, plus the 2'0 range of the converter produces a 
total system resolution of 2'0 (II 1,000,000: I). 

Desirable characteristics of a high performance instru
mentation amplifier are offered by the 3606: high input 
impedance (IOGH), excellent gain nonlinearity (O.Ole; 
max, G = 1024V, V; 0.02\'; max, G = I V, V), high 
common-mode rejection (IOOd B min, G;' 4V, V), low 
gain error (0.02(ii max with no trimming required), low 
gain temperature coefficient (IOppm."C max), and low 
offset voltage drift vs temperature (Ill V "C max, RTL G 
= 1024). 

Added to these outstanding instrumentation amplifier 
characteristics isthe ahility to change 3606\ gain under 
control of a 4-bit TTl. input word. An important 
characteristic of the 3606 PGIA is its low change in offset 

DIG 
+5 GND +V 

<if ~ ~ 
DIGITAL DIGITAL ANALOG 

+5 GROUND +15V 

.INCD-

126 

GAIN 

®-

+INO----I'I. 

BAl 

FIGURE I. Simplified Schematic. 

ANA 
GND 

<ip 
ANALOG 
GROUND 

·V 

<p 
ANALOG 

·15V 

20kll 

20 
kll 

ICMVI 

plus laser trimming minimized this change to a maximum 
of±25m V with no external adjustments. With two simple 
offset adjustments the change can be limited to less than 
2mV (I mV typ) at the output over the entire IV / V to 
1024V IV gain range. 

A simplified schematic of the 3606 is shown in Figure I. 
The circuit consists of a variable gain high input imped
ance voltage follower input stage (A I and A2) followed 
by a unity gain difference amplifier (A3) with a variable 
gain output stage (A4). 

Common-mode voltage is derived for active guard drive 
to improve system common-mode rejection. Two-pole, 
low-pass filtering can easily be implemented on the 
output stage to reduce noise bandwidth and improve 
system signal-to-noise operation. A latch function is 
provided to inhibit gain changes while the digital gain 
control input is changed. 

Burr-Brown's instrumentation grade monolithic opera
tional amplifiers, high stability precision thin-film resistor 
networks and advanced laser-trimming techniques are 
used by the 3606 to achieve a performance, size and cost 
combination never before achieved in a PGIA. It is 
available in a 32-pin dual-in-line package in either 
ceramic or metal (hermetic) configurations. 

lOkll 

10kll 

10kll 

10kll 

~J 

IOPTIONAL.OFFSET 
TRIM! 

TO SWITCHES 

l~ 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +25°C unless otherwise noted 

38OIAI11 3806BI1I I 
PARAMETER CONOITIONS I MIN' TYP MAX MIN· I TYP I MAX I UNITS 

GAIN,GI21 

Inaccuracy G = 1 10 1024,10= lmA ±0.02 ±O.OS ±O.OI ±0.02 % 
Nonilnearltyl3J G= 1 1016 0.001 0.002 %(51 

G = 32 to 128 0.003 0.004 % 
. G=2S6tol024 O.OOS 0.01 % 

Drift vs Temperature G= 1 to 1024 ±S ±10 ppmFC 
vsTime G = 1101024 ±0.01 %/1000 hr. 

RATED OUTPUT 

Voltage 10 = ±SmA ±10 ±12 V 
Current Vo=±10V ±S ±10 rnA 
Impedance O.OS 11 

INPUT CHARACTERISTICS 

Absolute Max Voltage No damage ±VCC V 
Common-Mode Voltage Range Linear operation ±10 ±10.S V 
Differential Impedance 10113 1091111 pF 
Common-Mode Impedance 10113 10911.11 pF 

OFFSET VOLTAGE, RTO'" . 

Initial at +25°C(51 t ±.0.02G ±.0.04G ±10.01G ±10.02G mV 
+11 +2. +1. +21 

vs Temperature -2SoC to +8SoC I±O.OOISG '±O.OO3G ,±O.OOOSG ,±O.OOIG mV/oC 
±0.03G2' ±O.05G2' ±0.0IG2' ±0.O,2G2' 

vsTime 1±O.OOIG mV/mo 
±0.0IG21 

vs Supply ,±o.002G mVN 
±0.04G2' 

va Gai"ClII 
, 

With trimming ±1 ±2 mV 

IN'PUT BIAS CURRENT 

Initial +25°C ±15 ±50 ±S ±20 nA 
vs Temperature -2SoC to +85°C ±0.3 nA/oe 
vs Supply Voltage ±0.1 nAN 

INPUT DIFFERENCE CURRENT 

Initial +25°C ±15 ±50 ±5 ±20 nA 
vs Temperature -2S' C 10 +85' C ±O.S nAfOC 
vs Supply Voltage ±0.1 nAN 

INPUT NOISE 

Voltage RsouReE " 5kl1 
0.01 Hz to 10Hz G = 1024 1.4. "V, pop 
10Hz to 1kHz 1.0 "N,rms 

Current 
0.0lHztol0Hz 70 pA, p-p 
10Hz to 1kHz 20 pA, nms 

COMMON-MODE REJECTION 

DC, lkl1 Source Imbalance 
G=I,2 80 90 90 100 dB 
G=4106 90 100 100 110 dB 
G =32 to 1024 100 114 110 .114 dB 

60Hz, ,lkl1 Source Imbalance 
G ,,;1,2 80 86 dB 
G=41016 90 96 dB 
G =32 to 1024 100 108 dB 

DYNAMIC RESPONSE 

±3dB Response Sm.USignal kHz 
G=1 100 kHz 
G =32 to 128 40 kHz 
G = 256 to 1024 10 kHz 

£1 % Response SmaU Signal' 
G=1 40 kHz 
G =32 to 128 8 kHz 
G = 256 to 1024 3 kHz 

Slew Rate G=1 0.2 0.5 V/"sec 
Settling Time G =128 

101% 75 '. ~sec 

to 0.1% 100 #lsee 
100.01% 200 Ilsac 
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ELECTRICAL (CONT) 
Typical at +25°C, unless otherwise noted. 

I 
I 3606AclI I 38068111 I 

PARAMETER CONDITIONS I MIN I TYP I MAX I MIN I TYP I MAX I UNITS 

LOGIC VOLTAGES 

"0" Level(71 

I I I 
0 

I 
+04 

I I I I 
V 

"1" Levet l7l +24 +50 V 
Absolute Max No damage +7 V 

ANALOG SUPPLY 

Rated Voltage 

I I I 
±15 

I I I I I 
VOC 

Voltage Range, Derated Performance ±8 ±18 VOC 
Current, quiescent ±10 ±20 mA 

DIGITAL SUPPLY 

Rated Voltage 

I I I 
+5 

I +55 I I I I 
VOC 

Voltage Range +45 VOC 
Current, quiescent 10 mA 

TEMPERATURE RANGE 

Specification 

I I 
-25 

I I +85 I I I I 
'C 

Storage -40 +100 'C 

·Specifications same as 3B06A. 

NOTES: 
1. Specify 3606AG or 3606BG for ceramic package and 3606AM or 3606BM for metal package-see below. 5. May be adjusted to zero. 
2. G=G, XG,. 6. Trimmed according to Figure 8. 
3. Nonlinearity is the maximum peak deviation from the best straight-line as '8 percent of full scale 

peak-ta-peak output. 
7. All digital inputs are 1 TTL unit load. 

4. RTO;:;: Referred To Output. May be referred to input by dividing by gain G. 

MECHANICAL 

'·G" PACKAGE 

I 00000 •• 0 ••••• 0 •• 

, 

L2, " 
000000000000000 

---t=-A~ 

LEADS IN TRUE POSITION WITHIN 
010·· (2~mmlfl "" MMC AT SEATING PLANE 

PIN DESIGNATIONS 

PIN NO. DESIG. 

-V 
-IN 
J, 

INone) 
IJ 

(None) 
F 

J2 
R1 

10 0 
11 S1 
12 S2 
13 S3 
14 R2 
15 ANAGND 
16 (None) 

P,nnumbe".ho ... nl,,,'eft'ene.on'v 
N,,,, .. be,,ma1 n">lbem.,~.donpae_.g" 

r===J 
I I 
I I 
1--, --I 

INCHES MILLIMETERS 

2.54 BASIC 

3.30 

FUNCTION 

-15V Analog Supply 
Inverting Input 
Output of A:3 
Optional A4 Offset Trim 
Summing Junction of A4 
Optional A4 Offset Trim 
Low-Pass Filter Pin 
Input to A4 
Output Reference 
Output 
Sense G = 1 
Sense G =4 
SenseG =2 
Output Reference 
Analog Ground 
No Internal Connection 

2-117 

"M"PACKAGE 

tFA==1 

~ 
Lud. '""U.PO.,t,on .... ,,"," 010·· 
I 2Smml A 1:0 MMC at ... "ng pl."G. 

( I 

L,~ 
INCHES MILLIMETERS 

, m~~llIllIlIlIll 

t~·,~oo.ooooo:~ 
OIM MIN MAX MIN 

, , " 

32 17 
00.0000000000000 !"nnumb .... I1ownlo.'.'.'.nc .. only 

",~V "0, "., ...... k.d on p.ck~~ 

PIN NO. DESIG. FUNCTION 

17 Do Digital Input, LSB 
18 0, Digital Input, next LSa 
19 G Latch 
20 DIGGND Digital Ground 
21 D2 Digital Input. next MSa 
22 03 Digital Input, MSB 
23 +5 +5 Digital Supply 
24 INonel No Internal Connection 
25 (None) No Internal Connection 
26 Gain Optional External Gain 
27 Gain Optional External Gain 
28 (None) Input CMV 
29 +IN Noninverting Input 
30 +V +15V Analog Supply 
31 BAL} Optional Input Stage 
32 BAL Offset Null 



TYPICAL PERFORMANCE CURVES 
Typical at +25°C unless otherwise noted. 

eo 

·m 40 
"C 

" Oi 
Cl 20 

SMALL SIGNAL 
FREQUENCY RESPONSE 

G l1024 , 

G! 128 \1\ 
I 

.' , _\ G=16 

G!, 

, 
\1% ~ , 

o 

I \ 
10 100 lk 10k lOOk 1M 

Frequency IHzl 

OUTPUT OFFSET vol. TAGE 

100 
DRIFT Va GAIN 

u 
~ 10 
,~ 

= ./ 

3606A V '/ 
lr 

(§ 

" 2' 
'5 O. 
> ~ ..........,. ~606B 5i 
5 0.0 1~ 

~ 

0.00 1 
4 16 64 256 1024 

GainrVN) 

OUTPUT STAGE GAIN ERROR 
O.02r-_....;V.;;S.,;O;.;U;.;T;,;.P.,;U.,.T ... C;.;U;,;R .. R .. E;;N .. T __ , 

0.0151---If--4--+--I 

~ 0.01t---+---+---¥ 

" Oi 
Cl 

0.005t,,::::t:::::::r--r=---1 
0 2.5 7.5 10 

Output Curr~nt! mAl 

WIDEaAND 

10 
OUTPUT NOISE VS GAIN 

;;; 8 
E 
~6 
2l 
'0 
Z 4 
5 
a. 
5 
0 

0 
1 4 16 64 256 1024 

Gain IV/III 

z

120 

COMMON-MODE REJECTION 
VS FREQUENCY 

32 to 1024 

G-16 

" <II 
"C 

100 

a: 80 
:; 
U 

60 

40 
1 

10 

o 
1 

G=1 r'\. 
"-

" 10 100 tk 10k 
Frequency (Hzl 

. OUTPUT OFFSET VOLTAGE GAIN 

J 
/ 

INITIAL~1f 
":T~ USE, TR~ --4 16 64 256 1024 

Galn,VN, 

OUTPUT STAGE GAIN NONLINEARITY 

0.01 r-_"':'VfS.,;;O;;;U;,;T,;,P..;;U,.T,.;C;,;U;,;R,;,;,R,;:E"N;,,;T __ , 

:I 0.005 " t---+--~+--~~=--~i 

~ 
" ... 
Cl 

0 

30 

;;; 
E 
~ 20 

2l 
'0 
Z 
-~ 10 

2.5 7.5 10 
Output Current I mAl 

OUTPUT NOISE BANDWIDTH 

G = 1024 

·5 
0 

100 lk 10k 
Bandwidth, Hz I 
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COMMON-MODE REJECTION VS 
SOURCE RESISTNACE IMBALANCE 

120 DC 32 to 1024 

60~-~~-~---+---t 

40~1----~3.~2----~10~--~3~2----1~00 

50 

~ 40 

~ 
~ 30 
o 
> 
"iii 
~ 20 o 
5 
~ 10 
o 

o 

0 

_+10 
~ .. 
'" J!l 
"0 0 > 
S 
S-
" 0_10 

1 

Source Resistance Imbalance I kU) 

WARM-UP RESPONSE 

~ 
\-G=1024VN 

POWER \ 
TURN-ON, "-

G=1V;-" ~ ~ -o 5 10 
Timelmin 1 

"INCLUDES GAIN 
SWITCHING TIME. 

16 64 
Gain IV/VI 

15 

256 

STEP RESPONSE 

RL = 2kO 
CL= 1000pF G =256, 1000 , 

0 20 60 100 
Time {IlSeCI 

20 

1024 

140 



INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 
Figure 2 shows the proper analog and digital power 
supply connections. The analog supplies should be 
decoupled with IJ.lF tantalum and 1000pF ceramic 
capacitors as close to the amplifier as possible. Because 
the amplifier is direct-coupled it must have a ground 
return path for the bias currents associated with the 
amplifier inputs at pins 2 and 29. If the ground return 
path is' not inherent in the signal source (floating source) 
it must be provided externally. The ground return 
resistance (RIiR) should be kept as low as practicaL An 
upper limit of approximately 50MH is established by the' 
input bias currents of the amplifier and its c.ommon
mode voltage. 

ANALOG 
COMMON 

FIGURE 2. Power Supply and Ground Connections. 

SIGNAL CONNECTIONS 
Basic signal connections are shown in Figure 3. The 
connection to pin 14 completes the difference amplifier of 
A. (see Figure I). The 3 to 8 jumper connects the output 
stage. The pin 9 connection provides a divide-by-two 
attenuator for the A. stage. This is necessary to limit the 
signal on the output stage switches to maintain signal 
linearity. The pin II, 12 and 13 connections to pin 10 
close the feedback loop around A.. 

LOAD 

FIGURE 3. Basic Signal Connections. 

In the equation shown in Figure 3, G, is the input stage 
gain and Gl is the output stage gain. CMRR is the 

common-mode rejection ratio [CMR (in dB) = 20 log 
CM RR (in V I V)]. Common-mode voltage shown as EeM 
is actually the average of the two voltages appearing at 
the two inputs (pins 29 and 2) with respect to pin 15 (V, 
and V1). 

GAIN SETTING 
Gain is determined by a 4-bit digital word applied to the 
input Do through 0" (see Figure I). Pin 19 provides a 
latch function for the inputs. When pin 19 is a logic 0, 
changes on the Do through 0" inputs are inhibited. Pin 19 
should be at +5V if the latch is not used. 

A gain state truth table is shown in Table I. Gains are 
determined by the resistor networks shown in Figure I. 
For the state OJ, 01 = 0, 0, the input stage gain is a 
function of the gain setting resistor R,; connected between 
pins 26 and 27. If gains of 1,2 and 4 are desired, no 
c'onnection should be made to pins 26 and 27 and the 
resistance across these pins should be kept high with 
respect to 40kH (> 400M!l). 

Gain accuracy is established by laser-trimming the thim
film resistor networks during assembly. No external, user 
trimming is required. 

OUTPUT OFFSET 
Output offset may be varied by either of two methods 
shown in Figure 4. Sources at pin 9 and pin 14 apply 
voltages to the noninverting inputs of A. and A. respect
ively (see Figure I). Since the output stage gain occurs 
after these points, the output voltage bias established 
with VR, and VR1 will vary with the output gain, Gl. 
Sources connected at pins 9 and 14 must have resistances 
low with respect to 10kH in order not to disturb gain 
accuracy and common-mode rejection. 

FIGURE 4. Output Offsetting. 

LOW-PASS FILTER 
For low frequency signals, sysiem performance may be 
improved by reducing noise bandwidth in the amplifier. 
This may be accomplished with the addition of one or 
two external capacitors as shown in Figure 5.' C, is 
connected to a lOki 10k attenuator and C, is connected as 
a feedback element across A4 (see Figures I and 5). The 
transfer function is: 
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TABLE I. Gain State Truth Table. 

, Di~;tal Inputs G, G, 
(G, '(G,J (A, and A,) fA,) 

D, D, , D" (Pins 2 & 29 to 3) (Pin 8 to Pin 10) 
0 0 0 0 I 
0 0 0 I I + 40k, R,. 2 
0 0 I 0 4 
0 0 I I 4 
0 I 0 0 I 
0 I 0 I ,4 2 
0 I' I 0 4 
0 I I I 4 
I 0 0 0 I 
I 0 0 I 32 2 
I 0 I 0 4 
I 0 I I 4 
I I 0 0 I 
I I 0 I 256 2 
I I I 0 4 
I I I I 4 

-RG connected between pins 26 and 27. 

The first term is a first order filter. The second, term is 
more complex. R, varies with the output stage gain-l.4k 
for G; = 4 (see Figure I). The "I + ... " nature of the 
transfer function prevents a true first order filter rolloff. 

For most applications, the first order low-pass filier 
obtained by C, provides sufficient filtering. The value C, 
required for a desired cutoff frequency (f, in. Hz) is 
obtained by the equation shown in Figure 5. 

FIGURE 5. Low-Pass Filter Connections. 

LARGER OUTPUT CURRENT 
The output current rating of the 3606 is a minimum of 
±5mA. The linearity of the gain is affected by output 
current. See Typical Performance Curves. Optimum 
linearity is achieved with In ,;:;; I rnA, In ,;:;; 5mA i~ 

acceptable. Above 5mA it may be desirable, to use a 
power or current booster as shown in Figure 6. Burr-

FIGURE 6. Output Current Booster. 

-±100mATO 
±2OOmA 

G,' G, G,' G, 
(ReI. =:)C) (R,." # OG) 

I 1(1 + 40k, R,.) 
2 2( I + 40k, R,.) 
4 4( I + 40k.R,.) . 
4 4( I + 40k R,.) 
4 4 
8 8 
16 16 
16, 16 
32 32 
64 64 
128 128 

' 128 128 
256 256 
512 512 
1024 1024 
1024 1024 

Brown's 3329 will provide ±100mA output while Burr
Brown's 3553 will supply ±200mA. When either booster 

, is placed inside the feedback loop as shown, the booster's 
offset voltage produces no significant errors since it is 
divided by the open-loop gain of the output stage. 

GUARD DRIVE CONNECTIONS 
Use of the guard drive connection shown in Figure'7 can 
improve system common-mode rejection when the dis
tributed capacitance oftheinput lines is significant. The 

FIGURE 7. Guard Drive Connections. 

common-mode voltage which appears on the input lines 
and on pins 29 and 2 is computed by the 3606 [(V, + 
V,)12] and appears at pin 28. It is then fed back to the 
shield so that the voltage across the distributed capac
itances is minimized. This reduces the common-mode 
current and improves common-mode. rejection. The 
operational amplifier in the voltage follower configu
ration is used to supply more current than can be 
obtained from the 20k resistors connected internally to 
pin 28 (see Figure I). 

OFFSET TRIM 

Offset voltages of the 3606 a~e reduced by laser-trimming 
during assembly. This reduces the initial offsei voltage 
and the offset voltage change with gain change to levels 
that are acceptable for most applications. For more 
critical applications the offset voltages'can be externally 
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nulled to zero. The following steps should be followed 
(see Figure 8). 

OUTPUT 
STAGE 
TRIM 

FIGURE 8. Optional Offset Trim. 

I. Adjust both R, and R, to mid-range. 
2. Set the gain to minimum (I V I V). 
3. Adjust R, to make VOlT equal zero. 
4. Set the gain to maximum (1024 V i V). 
S. Adjust R, to make VOl··' equal zero. 

By using this technique. the change in output offset 
voltage caused by a gain change of IVjV to 1024V/V 
may be reduced to. typically ImV instead of 10mV with 
no external trimming. Trimming may cause the offset 
voltage drift vs temperature to increase slightly. 

A 
DATA BUS 

MICROCOMPUTER 

t--
ADDRESS BUS 

I 
CONTROL BUS 

:.. l 
ANALOG INPUT LATCH CHANNELS 

APPLICATIONS 
A typical application of 3606 in a microcomputer based 
data acquisition system is shown in the block diagram 
below. 

The purpose of this system is to be able to acquire data 
from a specific analog input channel. suitably condition it 
(amplify it and convert it to digital form) and store it or 
transmit it for further processing. 

Initially the Microcomputer loads the RAM (random 
access memory) with the required coding for various 
desired gains via Data Bus. The coding associates the 
gain state truth table for 3606 with corresponding address 
locations in the computer memory. So when the computer 
puts out an instruction to multiplex a specific analog 
input channel through the multiplexer via the Address 
Bus. the RAM also receives the same lIddress information 
and puts out corresponding gain code to the PGIA 3606. 
The 3606 amplifies the multiplexed signal by the pro
grammed gain value. and outputs it to 51 H (sample and 
hold). The SI H holds the output value when it receives 
the control signal from the computer and the A. D 
conyerts it and outputs it to the computer via the Data 
Bus under computer control. 

The PGIA 3606 allows the system user to modify and 
reprogram ga.in·values for different analill! input <:hallilcl, 
merely by changing the software .l"OIllPllt<:1 prograill. 
Since different dedicated instruments arc not required lor 
various input channels. the PGIA also saves space alld 
overall system costs. 

r-- "j. 
ADDRESS 
DECODER t-------o 

t-- ~ AND I--

Dl r----v CONTROL 
LOGIC 

~. 

RAM. J 
ANALOG ro-.. 

MULTIPLEXER ........ , 
MPC4D 

PGIA .... , AID 
MPCBS 

~ CONVERTER 

V 
SHC298 ADC80 

FIGURE 9. Use of 3606 in Data Acquisition System. 
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BURR-BROWN® 

IElElI 

High Accuracy Unity-Gain 
DIFFERENTIAL AMPLIFIER 

FEATURES 
• LOW COST 
• EASY TO USE 
• COMPLETELY SELF-CONTAINED 

• HIGH ACCURACY 
Gain Error. 0.005% 
Nollllnearity. 0.0005% 
CMR.l06dB 

• NO TRIMMING REQUIRED 

DESCRIPTION 
The 3627 is a high accuracy committed-gain dif
ferential amplifier. It consists of a high quality 
monolithic operation amplifier, a low drift thin-film 
resistor network and laser-trimmed offset circuitry
all inside a single integrated circuit package. 

The fact that the 3627 is completely self-contained in 
a TO-99 package has several user benefits: 

The total performance is guaranteed as a single 
component. 

No gain adjustments are required. 

No offset trimming is required . 

. The whole' circuit, including the gain setting 
resistors and offset trim circuitry, is protected by 
the enviromnentally rugged hermetically sealed 
package. 

The total amplifier function is very small in size 
(0.108 square inches of area and 0.025 cubic inches 
of volume),. 

The 3627is offered in two grades; the 3627AM and 
the 3627BM. They differ only in common-mode 
rejection (94dB typo vs 106dB typ.) and offset voltage 
drift (l5ILVl"C typo vs lOll V /"C typ.) 

The 3627 offers excellent total performance with no 
fuss and a very-low total inStalled cost. 

3627 

International Airport Industrial Park· P.O. Box 11400· TUClon. Arizona ~734. Tel. 1602) 746·1111· Twx: 91()'9S2·1111 . Cable: BBRCoRp· Telex: 66·6491 

PDS-364A 
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SPECIFICATIONS 
ELECTRICAL 
Specifications at TA = +25°C and ±15VDC power supply unless otherwise noted. 

MODELS 3627AM I 3627BM 

GAIN 
Gain Equation G 1VN(I) 

Gain Error ±O.01%. max (±O.OOS% typl 
Gain Nonlinearity(2) ±0.001%. max I±O.OOOS% tyP) 
Gain Temp. Coefficient. max ±O.OOOS%fOC ISppm/oCI 
Gain Temp. Coefficient, typ ±O.0002%IOC (2ppmfOCI 

OUTPUT 
Rated Outpul, min ±10Vat±5mA 
Rated Output. typ ±12V at ±10mA 
Output Impedance 0.01Jl 

INPUT 
Input Impedance I 

Differential SOk!! 
Common-mode SOk!! 

Input Voltage Range I 
Differential ±20V 
Common-mode ±20V 

Common-mode Rejection, DC to 60Hz 
CMR. at2S0C 90dB. min 194dB. typl 1100dB.min 1106dB. typl 
CMR. -2SoC to +BSoC BOdB. min ,90dB, typ' B6dB. min ,94dB. typl 

OFFSET AND NOISE 
Offset Voltage. RTD(41I') 

2S0pV. maxl(100PV. typ) at 25°C 
vs Temperature, p'v/oe 30. max 115. typl I 20. max 110. typl 
vs Supply 20"VIV 
vsTime 20"Vlmo 

Noise Voltage. RT0141(6) I 
0.01Hz to 10Hz 2"V. p-p 
10Hz to 100Hz 1.SpV. rms 

DYNAMIC RESPONSE 
Small Signal. ±1% Flatness' 5kHz min (8kHz, typl 
Small Signal. ±3dB Flatness O.BMHz min '1.2MHz. tYPI 
Full Power Bandwidth 14kHz min 11BkHz. typl 
Slew Rate O.6V/",sec min 11V/~sec, tYPI 
Settling Time. 0.1% (±10mV) 20",sec 
Settling Time. 0.01% (±1mV, 50psec 

POWER SUPPLY 
Rated Voltage ±1SVDC 
Voltage Range ±5VDC to ±1BVDC 
Quiescent Supply Current ±2mA 

TEMPERATURE RANGE 
I :specifications. min -2SoC to +B5°C 
Operation -SsoC to +12SoC 

. Storage -6So.C to +1S0oC 

NOTES: 

1. Connected as unity-gain amplifier. Several other configurations are possible. See the 
figures in Discussion and Typical Applications. 

2. Nonlinearity is the maximum peak deviation from the best straightline as a percent 
of full scale peak-to-peak output. 

3. With zero source impedance unbalance. 
4. Referred to output in unity-gain difference configuration. Note that this circuit has a 

gain of 2 for the operational amplifiers offset voltage and noise voltage. 
5. Includes effects of amplifiers' input bias currents. 
6. Includes effects of amplifiers' input current noise. 

FIGURE I. Simplified Circuit Diagram. 

SENSE 

+VCC 

OUT 

-Vee 

REF 
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MECHANICAL 
TO-99 

NOTE 
Leads In true pOSItIon ",,,thin 010" 

1.250"""1 A (P) MMC at seatIng ~Iane 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

.335 .370 8.51 9.40 

.305 . 335 77 • 8" 

.165 18' "9 4 70 

0 .016 .021 0.41 0.53 

.010 .040 0.25 1 0' 

.010 .040 0.25 1 0' 

G .200 BASIC 5.08 8ASIC 

.028 .034 0.71 0.86 

.029 .04' 0.74 

.500 12.7 

.110 .160 2.79 4.06 

... 450 8AStC 45° BASIC 

.095 lOS 2.41 2.67 

Pin matenal and plating compostion conform to 
method 2003 I solderability I of MIL-STD-BB3 

(except paragraph 3.21. 

CONNECTION DIAGRAM 

ITOPYIEWI 

-Vee 

See Figure 1 for circuit diagram. 





ISOLATION AMPLIFIERS 

WHAT ~S AN ISOLATION AMPLIFIER? 

An isolation amplifier is a device with the primary function of providing 
ohmic isolation (break the ohmic continuity of electrical signal) between the 
input signal/circuitry and the output of the amplifiers. It usually consists of 
an input operational amplifier or instrumentation amplifier followed by a 
unity-gain isolation stage. The sole purpose of the unity-gain isolation stage 
is to completely isolate the input from the output of the deilice. Ideally, the 
ohmic continuity of the input signal is broken (at the isolation barrier) yet 
accurate signal transfer without any attenuation is achieved across the 
unity-gain isolation stage. An important feature of an isolation amplifier is 
that it has a completely floating input which helps eliminate cumbersome 
connections to source ground in several applications. 

Figures 1 and 2 show typical isolation amplifier applications. The isolation
mode voltage Vise is thei voltage which exists across the isolation barrier. The 
contribution of the output referred error caused by Vise is (Vise/IMRR ) x Gain 
where IMRR is the Isolation Mode Rejection Ratio. Vsig is the differential 
input signal and Vern is the common-mode voltage. The "Leakage Current" is 
the current which flows across the isolation barrier with some specified 
isolation voltage applied between the input and the output. 

CHARACTERISTICS OF, 
ISOLATION AMPLIFIERS 

The following,is a discussion of someof the characteristics and terms unique 
to isolatiop amplifiers. 

Common-mode Voltage and Isolation Voltage- Some manufacturers (other 
than Burr-Brown) treat common-mode voltage and isolatio,n voltages 
synonymously in, describi,ng the use and/or specifications of isolation 
amplifiers. It is important to understand the significance of these terms and 
the difference between them. 

When the input common is grounded, the input signal Vd (see Figure 1) can 
be floated by the amount Vern above the input ground. Vern is the common-
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t 
ISI6 

vila 

INPUT 
COMMON 

mode voltage (CMV) and IS generally ±10V, limited by the CMV rating of the 
input stage amplifier. In applications involving higher systems common
mode voltages, input common terminal is not grounded and the common
mode voltages are referenced across the isolation barrier to the output 
common terminal. 

ISOLATION 10 
VCM BARRIER iiF 

CMiiR ERRDR ~ 

I 
I 
I 
I • >-~- Va 

~CM ERROR VIsa ERROR 
CMRR IMRRo 

Vila Va 

Va = IVSIB' VCM ! vIsa I Bli. 
CMRR IMRR Dr 

°IMRR IN AMPS/VOLT °IMRR IN Val TS/VOl T 

FIGURE·1. Typical Isolation Amplifier, Current 
(Input) Mode. 

FIGURE 2. Typical Isolation Amplifier, Voltage 
(Input) Mode. . 

The isolation voltage Viso a,s shown in Figure 1 is the potential difference 
between the input common and the output common terminals. The isolation 
voltage rating describes the amount of voltage that the isolation barrier can 
withstand without breakdown. This feature of the isolation amplifier allows 
two distinct ground connections to be made when necessary. It allows the 
isolation amplifier to be used in applications involving very-high common
mode voltages and in appiications of breaking ground loops. 

Many applications involve a large "system common-mode voltage." In such 
applications, the isolation amplifier's input cOmmon terminal is not con
nected to any ground but the output common terminal is connected to the 
system ground. In !!uch a case, the term Vern shown in Figures 1 and 2 
becomes negligible and Viso determines the safe limit for the system 
common-mode voltage. In this manner, the isolation amplifier can accom
modate common-mode voltages of 2000V or more. 

Common-mode Rejection and Isolation Rejection - Isolation-mode rejection 
(IMR) is another term which some other manufacturers refer to as common
mode rejection (CMR). The above discussion on the common-mode voltage 
and isolation voltage helps recognize the difference between CMR and the 
IMR. The CMR is the measure of the input stage amplifier's ability to reject 
common-mode input signals (common-mode with reference to the output 
common) while transmitting the differential signal across the isolation 
barrier. The isolation-mode rejection ratio (IMRR) is defined by the equation 
shown in Figures 1 and 2. Thus, understanding the IMR capability of 
isolation amplifiers allows their meaningful use in applications requiring 
very high common-mode rejection ratios such as 100dB to 14OdB. 

Isolation Voltage Ratings, Test Voltage - It is important to understand the 
significance of the continuous derated isolation voltage specification and its 
relationship to the actual test voltage applied to the unit. Sinc:e a "contin
uous" test is impractical in a product manufacturing situation (implies 
infinite test duration) it.is generally accepted practice to perform a pro
duction test at a higher voltage (higher than the continuous rating) for some 
shorter length of time. 
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The important consideration is then "what is the relationship between actual 
test conditions and the continuous derated minimum specification?" There 
are several rules of thumb used throughout the industry to establish this 
relationship. For most isolation amplifiers, Burr-Brown has chosen a very 
conservative one: Vtest = (2 x Vcontinuous rating) + 1000V. This relationship is' 
appropriate for c'onditions where the system transient voltages are not well 
defined: Where the real voltages are well defined or where the isolation 
voltage is not continuous the user may chose to use a less conservative 
derating to establish a specification from the test voltage. 

APPLICATIONS OF ISOLATION AMPLIFIERS 

When one or more of the following conditionslrequirements are present in 
an application, an isolation amplifier would generally be the right choice as a 
signal conditioning device: 

• When ohmic isolation between the signal source and the output is a 
requirement (isolation impedance between the input and the output> 
10Mn). 

• When excellent common-mode noise and voltage rejection is a require
ment (CMR> 100dB). 

• When it is necessary to process signals in the presence of, or riding on, 
high common-mode voltages (CMV ~ 10V). 

In general, most applications can be broadly categorized into the following 
four types: 

• Amplifying and measuring low level signals in the presence of high 
common-mode voltages. 

• Breaking ground loops and/or eliminating source ground connections. 
The isolation amplifier provides full floating input, eliminating the need 
for connections to source ground, and thus allows two-wire hook-up to 
the signal sources. 

• Providing an interface between medical patient monitoring equipment 
and the transducer/devices which may be in physical contact with the 
patients. Such applications require high isolation voltage levels and very
low leakage currents. 

• Providing isolation protection to electronic instruments/equipment. 
Large common-mode voltages occasionally cause hazardous electronic 
faults. Low leakage currents and high isolation voltage capability of 
isolation amplifiers help protect instruments against damage caused by 
such faults. 

Isolation amplifier performance requirements vary significantly, depending 
on the type of requirement. In applications where bandwidth and speed of 
response are more important than gain accuracy and linearity, the optically
coupled amplifiers will be the best choice. For applications where gain 
accuracy and linearity are key parameters, Burr-Brown's family of trans
former-coupled amplifiers are the suitable choice. 

'Reference National Electrical Manufacturers Association (NEMA) Standards Parts 
1GB 1-109 and IGS 1-111. . 
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SELECTION GUIDE 
TRANSFORMER .COUPlED AMPLIFIERS 

Isolation Isolation 
Leakage Voltage (V) Mode Rejec-
Current 

Isolation Gain Voltage Bias External 
Contin- Pulsel tfon,min. 

atTest 
Impe- Nonlinearity -Drift, Cur- ±3dB Isolation Temp, 

uous, Test, DC 60Hz Voltage dance 
max typo (±pvrC) rent. Freq. Power ,Range 

Description Model peak peak IdB) IdB) (PA) 10) IpF) 1%) 1%)' (kHz) Required Package Page 

Low Drlftl21 3450 ±500 ±2000 150 120 ,. 1012 15 ±O.OO5 ±O.OO15 100 SOnA 1.5 . No Com Module 3-1. 

Low alas 3451 ±500 ±2000 160 120 1012 15 ±O.O25 ±O.OO5 100 25pA 2.5 No Com Module 3-19 
FEr 3452 ±2000 ±5000 160 120 10'2 15 ±O.O25 ±O.OO5 100 tOpA. 2.5 Natoli Com Module 3-1' 

3455 150 120 10'1 16 ±O.02S ±O.OO5 100 20pA 2.5 . Notoll Com Module 3-19 

Highest 3656AG ±3500 ±8000 160 125 0.5 10'2 ±O.1 ±O.O3 25+ 100nA 30 No Ind DIP 3-29 
Isolation (SOD/Gd 
Voltage 3656BG ±3500 ±8000 160 125 0.5 10'2 io.os ±O.03 5+ l00nA 30 No Ind DIP 3-29 

(1000/G,) 
3656HG ±3500 ±8000 150 125 0.5 10'2 ±O.IS ±O.03 200+ tOOnA 30 No Com DIP 3-29 

(1ooo/G,) 
100nA 3656JG ±3500 ±8000 160 12? ' 0.5 10t2 ±O.1 ±O.03 50+ 30 No Com' DIP 3-2. 

(750/G.) 
3658KG ±3500 ±8000 160 125 0.5 1012 ±0.1 ±0,03 10+ 100nA 30 No Com DIP 3-29 

(35O/G,) 

OPTICALLY COUPLED AMPLIFIERS 

Balanced 3650HG ±2000 ±5000 140 120 0.25'5) 1012 1.6 ±0.2 ±O.O5 25 lanA 15 Yes'" Ind , DIP 3-21 
Current 3650JG ±2000 ±5000 140 120 0.25'~' 10'; 1 .• ±0.1 ±0.03 10 'DnA 15 Yeste.1 Ind DIP 3-21 
Input 3650KG ±2000 ±5000 140 120 0.25'5) 1012 1 .• ±a.05 ±O.02 5 1anA 15 VeS"1 Ind DIP 3-21 

3650MG ±2000 ±5000 140 120 a.25'51 1a'~ 1.8 ±0.2 ±0.05 100 10nA 15 Ves,el Ind DIP 3-21 

Balanced 3652HG ±2000 ±5000 140 120 0.25'111 1012 1.8 ±().2 ±0.O5 50 50nA' 15 Ves Ind DIP 3-21 
FET Input 3652JG ±2000 :1:;5000 140 120 0.25'51 10'; 1.8 ±0.1 ±O.05 25 50nA 15 Ves Ind DIP 3-21 

3652MG ±2000 ±5000 140 120 0.25151 101; ,1.B ±0.2 ±0.05 100 50nA 15 Ves Ind DIP 3-21 

Low Drift IS0100AP 750 2500 146'" 10Ste.l 0.3 10'; 2.5 0.4 0.1 10'&1 10nA 60 Ves Ind DIP 3-6 
Wide IS0100BP 750 2500 146'" 1OB~ 0.3 1012 2.5 0.1 0.01 4'· lDnA 60 Ves Ind DIP 3-6 
Bandwidth IS0100CP 750 2500 1461111 1081111 0.3 10'; 2.5 0.07 0.02 .'. 10nA 60 V •• Ind DIP 3-6 

NOTES: (1) Com - DoC to +70oC; Ind ~ -25°C to +85°C. (2) Bipolar. (3) Isolation voltage tested at 2500V, rms, 60Hz; leakage current tested for 2pA max at 240V. rms, 60Hz. 
(4) ±1SVat ±15mA Isolated power available to power external circuitry, (5) At 240V/60Hz. (6) R'N = 10k, Gain = 100: 
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GLOSSARY OF TERMS & DEFINITIONS 
Isolation Amplifiers 

ISOLATION AMPLIFIER 

A device which provides ohmic isolation (breaks ohmic 
continuity of an electric signal) between the input and 
the output of the device. Method of coupling may be 
thermal, magnetic, optical, or any means other. than 
direct ohmic coupling. Such a device allows the input 
circuit to be referenced separately and independent of 
the output circuitry. 

ISOLATION BARRIER 

A barrier or region between the input and the output 
stage of an isolatiom amplifier, where the signal transfer 
is achieved between the input and the output. 

ISOLATION IMPEDANCE 

The effective impedance between the input common 
terminal and the output common terminal. It is the 
impedance of the isolation barrier. (It is usually specified 
as a typical parameter. Leakage current is related to 
isolation impedance and is usually specified with a max
imum limit.) 

ISOLATION-MODE REJECTION (IMR) 

The IMR is the measure of an isolation amplifier's abil
ity to reject common-mode input signals (common
mode with, reference to the output common), while 
transmitting the differential signal across the "isolation 
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barrier. It is the voltage or current that must be applied 
to the input to force the output to zero when" Viso is 
present. 

For voltage input mode: 

IMRR = Vo error ISO/ G with Vo = 0 
Viso 

For current input mode: 

IMRR= 10 error ISO 

v:- with Vo = 0 (Io = 0) 

ISOLATION VOLTAGE 

The potential difference between the input stage com
mon and output stage common terminals of an isolation 
amplifier. 

ISOLATION VOLTAGE RATING 

The amount of voltage that can be impressed between 
the input common and the output common terminals 
(across the isolation barrier) without resulting in break
down. 

LEAKAGE CURRENT 

The current that flows between the input common ter
minal and the output common terminal (across the isola
tion barrier) with a specified voltage applied across it. (It 
is usually 100% tested and specified with a maximum . 
limit.) 



BURR-BROWN® 

IElElI 180100 

Miniature 
Low Drift - Wide Bandwidth 

ISOLATION AMPLIFIER 
FEATURES 
• EASY TO USE. SIMILAR TO AN OP AMP 

VduT/IIN= RF• Current Input 
VouT/VIN = RF/R1N• Voltage Input 

• 100% TESTED FOR BREAKDOWN 
750V Conllnuous Isolallon Voltage 

• ULTRA-LOW LEAKAGE. 0.3J,iA. max. at 240V160Hz 

• WIDE BANDWIDTH. 60kHz 

• LOW COST 

• 18-PIN DIP PACKAGE 

DESCRIPTION 
The lSOIOO is a miniature low cost optically-coupled 
isolation amplifier. High accuracy .. linearity. and 
time-temperature stability are achieved by coupling 
light from an LED back to the input (negativc 
feedback) as well as forward to the output. Optical 
components are carefully matched and the amplifier 
is actively laser-trimmed to assure excellent tracking 
and low offset errors. 

The circuit acts as a current-to-voltage converter 
with a minimum of750V (2500V test) between input 
and output terminals. It also effectively breaks the 
galvanic connection between input and output 
commons as indicated by the ultra-low60H/leakage 
current ofO.3/lA at 240V. Voltage input operation is 
easily achieved by using one external resistor. 

Versatility along with outstanding DC and AC 
performance provide excellent solutions to a variety 
of challenging isolation problems. For example. the 
ISO 100 is capable of operating in many modes. 
including; noninverting (unipolar and bipolar) and 
inverting (unipolar and bipolar) configurations. Two 
precision 'current sources are provided to accomplish 
bipolar operation. Since these are not required for 
unipolar operation. they are available for external 
use (see Applications section). 

APPLICATIONS 
• INDUSTRIAL PROCESS CONTROL 

Transducer sensing , 
(thermocouple. RTo. pressure bridgesl 

4mA to 20mA loops 
Motor and SCR control 
Ground loop ellmlnallon 

• BIOMEDICAL MEASUREMENTS 

• TEST EQUIPMENT 

• DATA ACQUISITION 

Designs using thc ISOIOO are casily accomplishcd 
,with relatively few external componcnts. Since VOl 'T 

of .the ISO 100 is simply I." ROI :T • gains ean, be 
changed by altering onc resistor mlue. In add'ition. 
the ISOIOO has sufficient baildwidth (DC to60kHz) 
to amplify most industrial and tcst el(uipmcllt signals. 

18 

'Ycc+Yee INPUT OUTPUT 'Vee +Vcc 
COMMON COMMON 

Internalional Airport Industrial Park· P,O. Box 11400· Tucson. Arizona 85734· TeI.I602J 746-1111· Twx: 9t1J.952·1I11 . Cable: 88RCORp· Telex: 66·8491 

PDS456C 
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SPECIFICATIONS 
ELECTRICAL 
At T .. = +25°C and +Vcc = 15VDC unless otherwise noted. _. 

I IS0100AP IS0100BP I IS0100CP 

PARAMETER CONDITIONS I MIN I TYP I MAX I MIN I TYP MAX I MIN I TYPT MAX I UNITS 

ISOLATION 

Voltage, .,I 
Rated Continuous, AC peak or Denl 750 V 
Test Breakdown, DC 10sec. 2500 V 

Aejectionl2) DC 5 pAN 

AIN =10kll, Gain = 100 146 dB 
AC 60Hz, 480V, RF = 1 Mil 400 pAN 

AIN = 10kll, Gain = 100 108 dB 
Impedance ;0'2\12.51 

llllpF 
Leakage Current 240V, rms, 60Hz 0.3 IlA,rms 

OFFSET VOLTAGE (RTII 

Input Stage IVOSI) 
InitialOflset 500 300 200 I'V 

vs Temperature 5 2 2 I'VloC 

vs Input Power Supplies 105 dB 
vsTime 1 I'VlkHr 

Output Slage (VOSO I 
Initial Oflset 500 300 200 I'V 

vs Temperature 5 2 2 I'VloC 

YS Output Power Supplies 105 dB 
vs Time 1 I'VlkHr 

Common-Mode Rejection Ratio(21 60Hz, RF = lMll 3 nAN 

AiN = 10kU, Gain = 100 90 dB 

Common-Mode Aange .±10 V 

REFERENCE CURRENT SOURCES 

Magnitude 
Nominal 10.5 12 12.5 "A 

vs Temperature 300 300 150 ppm/oC 
vs Power Supplies 0.3 3 nAN 

Matching 
Nominal 50 nA 

vs Temperature ISO ppm/oC 

YS Power Supplies 0.3 nAN 
Compliance Voltage -10 +15 V 
Output Resistance 2 x 109 II 

FREQUENCY RESPONSE 

Small Signal Bandwidth Gain = lV/I'A 60 kHz 
Full Power Bandwidth Gain = lV1"A, Vo = ±10V 5 kHz 
Slew Aate 0.22 0.31 V/"sec 
Settling Time 0.1% 100 IJsec 

TEMPERATUAE RANGE 

SpeCification -25 +85 DC 

Operating -40 +100 DC 

Storage -55 +100 DC 

UNIPOLAR OPERATION 

GENERAL PARAMETERS 
Input Current Range 

Linear Operation -20 -0.02 "A 
Without Damage -I +1 mA 

Input Impedance 0.1 II 

Output Voltage Swing AL = 2kll, AF = lMU -10 0 V 

Output Impedance DC. open-loop 1200 II 

GAIN Vo = AF IIIN) 
Initial Error lAdjustable To Zero I 2 5 1 2 1 2 %FS 

vs Temperature 0.03 0.07 0.Q1 0.05 0.005 0.03 %fOC 

vsTime 0.05 %/kHr 

Nonlinearity(3) 0.1 0.4 0.03 0.1 0.02 0.07 % 

CURRENT NOISE IIN=0.2I'A 
0.01 Hz .to 10Hz 20 pA, pop 

10Hz 1 pA/,j"Hz 

100Hz 0.7 pA/,j"Hz 

1kHz 0.65 pA/,j"Hz 

INPUT OFFSET CURRENT (IOSI 
Inilial Olfsel 1 10 nA 

vs Temperature 0.05 nAfOC 

ys Power Supplies 0.1 nAN 

vs Time 100 pAlkHr 
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ELECTRICAL (CONT) 

IS0100AP 
PARAMETER CONDITIONS MIN TYP MAX 

POWER SUPPLIES 
Input Stage 

Voltage (rated performance) ±15 
Voltage (derated performance I ±7 ±18 
Supply Current liN =-0.02I'A ±1.1 ±2 

liN =-20I'A +8.-1.1 +13. -2 
Output Stage 

Voltage (rated performance) ±15 
Voltage (derated performance I ±7 ±18 
Supply Current Vo=O ±1.1 ±2. 
Short CIrcuit Current Limit . ±40 

BIPOLAR OPERAnON 

GENERAL PARAMETERS 
Input Current Range 

Linear Operation -10 +10 
Without Damage -1 +1 

Input Impedance 0.1 
Output Voltage Swing RL = 2kn. RF = lMn -10 +10 
Output Impedance 

GAIN 
Initial Error (Adjustable To Zero J 

. vs Temperature 
vsTime 

Nonlinearity (3) 

CURRENT NOISE 
0.01 Hz to 10Hz 
10Hz 
100Hz 
1kHz 

INPUT OFFSET CURRENT Ilos. bipolarll') 
Initial Ollset 

va Temperature 
va Power Supplies 
vsTlme 

POWER' SUPPLIES 
Input Stage 

VoRage irated performence) 
Voltage (derated performance I 
Supply Current 

Output Stage 
Voltage (rated performance) 
VoRsge (derated performance) 
Supply Current 
Short Circuit Current Limit· 

Same as IS0100AP. 
NOTES: 

Vo = RF IliN) 

liN=0.2,.A 

liN=+10I'A. 
liN =-10I'A 

Vo=O 

1. See Typical Performance Curves for temperature effects. 

1200 

.2 5 
0.03 0.07 
0.05 
0.1 0.4. 

1.5 
17 
7 
6 

40 200 
3 

0.7 
250 

±15 
±7 ±18 

+2. -1.1 +3.-2 
+8. -1.1 +13.-2 

±15 
±7 ±18 

±1.1 ±2 
±40 

IS0100BP 
MIN TYP MAX 

, 

1 2 
om 0.05 

0.03 0.1 

20 70 
2 

, 

2. See Theory of Operation section for definitions. For dB see Ex. 2, eM and HV errors. 
3. Nonlinearity is the peak deviation from a "best lit" straight line expressed as a percent of full scale output. 
4. Bipolar offset curre"nt Includes effects of reference current mismatch and unipolar offset current. 

IS0100CP 
MIN fP MAX UNITS 

V 
V' 

mA 
mA 

V 
V 

mA 
mA 

I'A 
. mA 

n 
V 
n 

1 2 %oIFS 
0.005 0.03 %fOC 

%/kHr 
0.02 0.07 % 

nA. pop 
pAlJ"Ri 
pAlJ"Ri 
pAlJ"Ri 

10 35 nA 
1 nAJOC 

nA/V 
pA/kHr 

V 
'. V 

mA 
mA 

V 
V 

mA 
mA 

MECHANICAL ;...;PI~N;...;C;;.;O;;.;N;.;;.;F...;.IG.;;;;..;;.U;..;;RA;..;;T.;,.;I";O.;,.;N;,.,.,..",.,,,.,., ______ ..., 

II .•• UI$ 

'" 
.GO .... SIC J$ •• ""e 
CIllO 203 2.2 

.» -
300.""tC Itll .... S.C 

203 ,92 

NOTE 
Leacb In true POSlllon Wlthl" 
0.10' 0.255mm Aal 

Pin numbers show,.. 101' 

relerenclI onl~. 
Numbers nOI marked 
on package 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltages 
Isolation Voltage 
Input Current 
Storage'Temperature Range 
Lead Temperature 'soldering 10 seconds· 
Output Short-circuit Duration 

±18V 
2500V 
±lmA 

-55'C to +100'C 
+3000C 

Continuous to ground 

"YI?~CAl PERFORMANCE CURVES 
ITA == +25°C, ±Vcc == 15VDC unless otherwise noted I 

SMALL SIGNAL 
FREQUENCY RESPONSE 

cD 
"0 

~ 
"0 

.~ 
C. 
E « 

w 
~ 

~ 
0> 
~ 
Cl 

~ 
-c" 
"-

c 
~. 
~ 

U 
~ 
0> 

.:1" 
:l 
...J 

U 
« 

20 

10 

0 

-10 

-20 

-30 

0 1 10 100 1000 

90' 

1 aDo 

2700 

Frequency I kHz, 

PHASE SHIFT VS FREQUENCY 

10 100 1000 

Frequency' kHz 

ISOLATION LEAKAGE CURRENT 
VS ISOLATION VOLTAGE 

r----'---"'T"'--'-"";""15 

Isolation,Voltage r kV . 

> 
0> 
C 
"~ 
rJ) 

~ 
c. 
:; 
0 

> 
g> 
"3 
rJ) 

:; 
.9-
0 

±20 

±15 

±1O 

±5 

"0 
10k 

0 

-5 

BIPOLAR OUTPUT 
SWINGVS RF 

±lJvee 

,-
tg>-

--' ~ ±lJvee 

i!~ '--+ldvee~ ",g 
J-.", 
:;:'11: 

~ Iff :;:,S 
o~ 

+7Vee 

Vo ~ 112pA)(RF) 

T IVeel - tV max 

lOOk 1M 10M 

RFln) 

UNIPOLAR OUTPUT 
SWING VS RF 

I 
Vo ~ 112pA)(RF) 

~ IVeel -1.2V max 

+7Vee 

""Q\ ±10Vee 

100M 

-10 oS 
r--~ ""'.\ ±13Vcc <;S 

-15 
~ u>~\ 

n~t ~"'\ 

-20 
10k 

.±18Vcc 

lOOk 1M 10M 

CONTINUOUS DC ISOLATION· 
VOLTAGE VS TEMPERATURE 

RECOMMENDED 
OPERATING 
REGION-r---~tr~~ 

Temperature 10'C, 
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BIPOLAR INPUT STAGE 
SUPPLY CURRENT VS INPUT CURRENT 

+10 

« +5 
E 

c 

~ 
~ 

U ,., 
Ci 
c. 
~ 

rJ) -5 

-10 
20 -

" ~ +Vee 

-Vee 

-10 o +10 +20 

UNIPQLAR INPUT STAGE 
. SUPPLY CURRENT VS INPUT CURRENT 
+1or-----~--~~~~~~~ 

~ +51_-~~--_ff'_h'+Itt'+Hy 

g. 
~7501---~-----+-------+---iff~ 
!!! 
g 
§ 500 
:; 

RECQMMENDED 
OPERATING 

REGIDN ---+--tf-fi 

~ . 
u 2501--4---t----+--t'"f7'I 
« 

Temperature' j °C 1 



RATE OF ,GAIN ERROR SHIFT 
VS ISOLATION VOLTAGE 

GAIN ERROR VS TEMPERATURE 
ANO ISOLATION VOLTAGE 

1.5 r--...,.--'T'"-"""''''''--' 3.0r----,..~--,...--..., 

2.5t----+---+----; NOTES: 

o V,M>VT 
!\l 2.01----t----1'9f----I 

Short term shill (10 hrs) VT and TT approximate the threshold 
for the Indicated gain shill. This Is 
caused by the properties of the 
optical cavity. gs 

w"15 V,M<VT 
~~ . TT - +65°C, VT - 200vOC. Shill does 

not occur for AC voltages. 
0.5 t---t--AII~----1---j ~ t----::3IIIII1'"'----+----1 V,M = Isolation-mode VoHage 

~ VT = Threshold Voltage 
0.51""'''---+---+----1 TT" Threshold Temperature 

o 
Isolation Voltage (VDC) 

~2~5~----+~2~5~--~+65~+~7~5~--~+125 
IT 

THEORY OF OPERATION 
The ISOIOO is fundamentally a unity gain current 
amplifier intended to transfer small signals between 
electrical circuits separated by high voltages or different 
references. In most applications an output voltage is 
obtained by passing the output current' through the 
feedback resistor (RF). 

The ISO 100 uses a single light emitting diode (LED) and 
a pair of photodiode detectors, coupled together, to 
isolate the output signal from the input. 

Figure I shows a simplified diagram of the amplifier. 
IREFI and IREF2 are required only for bipolar operation, to 
generate a midscale reference. The LED and photodiodes 
(D I and 02) are arranged such that the same amount of 
light falls on each photodiode. Thus, the currents 
generated by the diodes match very closely. As a result, 
the transfer function depends upon optical match, rather 
than absolute performance. Laser-trimming of the 

.components improves matching and enhances accuracy, 
While negative feedback improves linearity. Negative 
feedback around Al occurs through the optical path 
formed by the LED and 01. The signal is transferred 
across the isolation barrier by the matched light path to 
D2. 

ISOLATI!!.!.-I 
BARRIE" 

OUTPUT CIRCUIT ____ OM_OM_OM' 
I 

I 
I 

! 
I 3 

VOUT 

''-------t-----~OUTPUT 
COMMON 

CONNECT PINS 7 AND B FOR BIPOLAR 
AND PINS BAND 9 FOR UNIPOLAR 

FIGURE 1. Simplified Block Diagram ofthe ISOlOO. 

Temperature (OC) 
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The overall ISO amplifier is noninverting (a positive 
going input produces a positive going output): 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

UNIPOLAR OPERATION 

In Figure I~ assume a current, hN, flows out of the 
ISO 100 (lIN must be negative in unipolar operation). This 
causes the voltage at pin 15 to decrease. Because the 
amplifier is inverting, the output of A I increases, driving 
current through the LED. As the, LED light output 
increases, 0 I responds by generating an increasing 
current. The current increases until the sum of the 
currents in and out of the input node (-Input to AI) is 
zero. At that point the negative feedback through D I has 
stabilized the loop, and the current 101 equals the input 
current plus the bias current. As a result no bias current 
flows in the source. Since 0 I and 02 are matched (101 = 
102), l,N is replicated at the output via 02. Thus, AI 
functions as a unity-gain current amplifier, and A2 is a 
current-to-voltage converter, as described below. 
Current produced by 02 must either flow into A2 or RF. 
Since A2 is designed for low bias current (= 10nA) almost 
all of the current flows through RF to the output. The 
output voltage then becomes; 
Vo = (102) RF = (101 ±Ios) RF'" -(-lIN) RF = I'NRF, (I) 
where, los is the difference between XI and A2 bias 
currents. For input voltage operation l,N can be replaced 
by a voltage source (V'N) and series resistor (R'N) since 
the summing node of the op amp is essentially at ground. 
Thus, hN = V'N/R,N. 

Unipolar operation does have some constraints, however. 
In this mode the input current must be negative so as to 
produce a positive output voltage from Al to turn the 
LED on. A current more neg!ltive than 20nA is necessary 
to keep the LED turned on and the loop stabilizeli. When 
this condition is not met the output may be indeterminant. 
Many sensors generate unidirectional signals, e.g., 
photoconductive and photodiode devices, as well as some 
applications of thermocouples.' However, other appli
cations do req uire bipolar operation of the ISO 100. 



BIPOLAR OPERATION 

To activate the bipolar mode, reference currents as 
shown in Figure I, are attached to the input nodes of the 
op amps. The input stage stabilizes just as it did in 
unipolar operation. Assuming I.N = 0, the photodiode 
has to supply all the IREFI current. Again, due to 
symmetry, 101 = 1m. Since the two references are 
matched, the current generated by D2 will equal IREF2 . 
This results in no current flow in RF, and the output 
voltage will be zero. When l,N either adds or substracts 
current from the input node, the current DI will adjust to 
satisfy 101 = l,N + IREFI . Because IREFI equals IREF2 and 101 
equals 102, a current equal to l,N will flow in RF. The 
output voltage is then Vo= I.NRF. The range of allowable 
I.N is limited. Positive l,N can be as large as IREFI (1O.5IlA, 
min). At this point, D I supplies no current and the loop 
opens. Negative I.N can be as large as that generated by 
D I with maximum LED output (recommended lOll A, 
max). 

DC ERRORS 

Errors in the ISO 100 take the form of offset currents and 
voltages plus their drifts with temperature. These are 
shown in Figure 2. 

ISOLATIOII BARRIER VOSO RF" 

Rill r-----~-; _:. ____ !~01~.\,---- -Ii --:,---------: 

I I 
I I 
I I 
I 1 
I 
I , 

I 102 I 

~ __ --' --V------ __ ~ ______ j VOUT 

IREF2 

"USE IMn OR GREATER TO ACHIEVE A FULL SCALE OUTPUT OF 10V. 

FIGURE 2. Circuit Model for DC Errors in the ISOIOO. 

A I and A2: are assumed to be ideal amplifiers. 
Voso and Vas.: are the input offset voltages of the output 

and input stage, respectively. Vasa 
appears directly at the output, but, Vos l 

appears at the output as 

Vos • .fu.. , 
R.N 

see eq\lation (2). 
los: is the offset current. This is the currerit at 

the input necessary to make the output 
zero. It is equal to the combined effect of 
the difference between the bias currents 
of A I and A2 and the matching errors in 
the. optical components, 'in the unipolar 
mode. 

IREFI and IREF': are the reference currents that, when 
-- -- connected to the inputs, enable bipolar 

operation. The two currents are trim
med, in the bipolar mode, to minimize 
the los bipolar error. 

10. and 1m: are the currents generated by each photo
diode in response to the light from the 
LED. 

Ae: is the gain error. 
A" = I Ideal gain/ Actual gain I -I 

The output then becomes: 
V.N±VOSI 

VOUT = RF[( -IREF' ±los)(1 + A.)+ IREF2] ±Voso 
R. N 

(2) 

The total input refemed offset voltage of the ISOIOO can 
be simplified in the unipolar case by assuming that A. = 
o and V.N = 0: 

±Vos. 
VOUT"" RF [ ""R.;- ±Ios unlpob,] ±Voso (3) 

This voltage is then referred back to the input by divid
ing by RF / R.N. 

Vas (RTf) = (±Vos.) ±R.N (los unipol,,) + VOSO/(RF/R.N) 
(4) 

Example 1: (Refer to Figure 2 and Electrical Specifica
tions Table) 

Given: los bipol" = +35nA 
R.N = 100kO 
RF = I MO (gain = 10) 

Vas. = +200IlV 
Voso = + 200IlV 

Find: The total offset voltage error referred to the input 
and output when V.N = OV. 

Vos total RTI 
= {[±Vos. ±R.N (los bipol,,) - R.N (I REF I)] 

[I + A.] + R.N IREF 2} ±VOSo/(RF/R.N) 

= {[+200IlV + 100kO (35nA) - 100kO (l2.5IlA)] 
[1.02] + 100kO (l2.5IlA)} + 
200IlV/(IMO/100kO) 

,;" {[0.2mV + 3.5mV - 1.25V] 
[1.02] + 1.25V} + 0.02rnV 

= -21.2mV 

Vas total RTO 
= Vas total RTI X RF/R.N 
= -21.2mV X 10 
= -212mV 

Note: This error is dominated by los bipol" and the refer
ence current times the gain error (which appears as an 
offset). The error for unipolar operation is much lower. 
The error due to offset current can be zeroed using cir
cuits shown in Figures 6 and 7. The gain error is adjusted 
by trimming either RF or R.N. 

COMMON-M,ODE AND HIGH VOLTAGE ERRORS 

Figure 3 shows a model of the ISOIOO that can be used to 
analyze common-mode and high voltage behavior. 

DefinItIons of CMR and IMR 
los is defined as the input current required to· make the 
ISOIOO's output zero. CMRR and IMRR in the ISOIOO 
are expressed as conductances. CMRR defines the 
relationship between a change in the applied common
mode voltage (VCM) and the change in los required to 
maintain the amplifier's output at zero: 
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VERR CM 

~_ISOLATION BARRIER 
I I RF 

~ 
I 
I 
I 
T2.... Vour 
I 
I 
I 
tI 

FIGURE 3. High Voltage Error MOGel. 

CMRR (I-mode) = ~I05/ ~ VCM in nA/V (5) 

CMRR (V-mode) = [~~~:: ] RIN = ~i~:MCM inV/V(6) 

1M R R defines the relationship between a change in the 
applied isolation mode voltage (VIM) and the change in 
los required to maintain the amplifier's output at zero: 

£:,105 . 
IMRR (I-mode) = ~VIM III pA/V (7) 

(8) 
in V/V IMRR (V-mode) =[£:,105 ]RIN = iVERR 1M 

£:'V"':I £:,VIM 

CMRR & IMRR in V/V are a function of RIN. 
~is the voltage between input common and output 

common. 
VeM is the com~on-mode voltage (noise that is present 

on both input lines, typically 60Hz). 
VERR is the equivalent error signal, applied in series with 
--the input voltage, which produces an output error 

identical to that produced by application of VCM 
and VIM. 

CM RR and 1M RR are the common-mode and isolation-
mode rejection ratios, respectively. 

TOTAL CAPACITANCE (CI and C,) is distributed 
along the isolation barrier. Most of the capacitance is 
coupled to low impedance or noncritical nodes and 
affects only the leakage current. Only a small capacitance 
(C,) couples to the input of the second stage, and 
contributes to IMRR. 

Example 2: Refer to Figure 3 and Elecirical 
Specification Table) 

Given: V CM = IV AC peak at 60Hz, VIM = 200VDC, 

Find: 

CMRR = 3nA/V,IMRR = SpA/V, 
RIN = 100kO, RF = I MO 
(Gain = 10) 

The error voltage referred to the input and 
output when VIN = OV 
VERR RTI = (VcM)(CMRR)(RIN) + (VIM) 

(lMRR)(RIN) 
=IV (3nA/V) (I00kO) + 200V 

(SpA/ V)(I00kn) 
= 0.3mV+O.lmV 
=O.4mV 

VERRRTO= VERR RTI (RF/R IN ) 
= O.4mV (10) 
=4mV(with DC IMRR) 

(Note: This error is dominated by the CMRR 
term) 

For purposes of comparing CMRR and IMRR directly 
with dB sJlecifications, the following calculations can be 
performed: 

CMRR in V /V = CMRR (I-mode)(RIN) 
= 3nA/V (lOOk) = 0.3mV /V 

CMR = 20 LOG (0.3mV/V) = -70dB at 60Hz 
IMRR in V/V = 

IMRR (I-mode)(RIN) = SpA/ V(100kO)= 0.5J.1. V/ V 

IMR = 20 LOG (0.5 x 1O-6V IV) = -126dB at DC 

Example 3: 
In Example 2, VIM is an AC signal at 60Hz and 

IMRR=400pA 
V 

VERR RTI =.VERR CM + VERR 1M 
= 0.3mV + 200V (400pA/ V)(I00kO) 
= 8.3mV 

VERR RTO = 83mV (with AC IMRR) 

Example 4: 
Given: 

Find: 

Total error RTO from Examples I and 3 as 
378m V worst case 
Percent error of + 10V full scale output 

% Error = VERR total x 100 
V F5 

378mV x 100 
IOV 

3.78% 

NOISE ERRORS 

Noise errors in the unipolar mode are due primarily to 
the optical cavity. When the full 60kHz bandwidth is not 
needed, the output noise of the ISOIOO can be limited by 
either a capacitor, CF, in the feedback loop or by a 
low-pass filter following the output. This is shown in 
Figure 4. Noise in the bipolar mode is due primarily to the 
reference current sources, and can be reduced by the 
low-pass filters shown in Figure 5. 

1 C T 
lo=.2n!lC V 

FIGURE 4. Two Circuit Techniques for Reducing 
Noise in the Unipolar Mode. 

3-12 



lookll IMII 

3 
VOUT 

J 
FIGURE 5. Circuit Technique for Reducing Noise from 

The Current Sources in the Bipolar-Mode. 

OPTIONAL ADJUSTMENTS 
There are two major sources of offset error: offset volt
age and offset current. VOSI and Voso of the input and 
output amplifiers can be adjusted independently using 
external potentiometers. An example is shown in Figure 
17. Note that Voso (500)LV, max) appears directly at the 
output, but VOSI appe.ars at the output multipled by gain 
(RF / RIN). In general, Vos is small compared to the effect 
of los (see Example I). To adjust for los use' a circuit 

Rs 
10MO 

OPTIONAL UNIPOLAR los ADJUST 

10MO 
R, 

Icz' 

-IN + -= 

IMO 

R. 2ookO POT 

llcz'-' 

IC21mln' 

1 SHIFT DUE 
TOR,aR. 

SHIFT DUE TO Rs a R. 

VaUT 

I,. 

FIGURE 6. Adjusting the Unipolar Amplifier Errors at 
Zero Input. 

which intentionally unbalances the offset in one direc
tion and then allows for adjustment back to zero. 

Figure 6 shows how to adjust unipolar errors at zero 
input. The unipolar amplifier can be used down to zero 
input if it is made to be "slightly bipolar." By sampling 
the reference current with Rs and R. the minimum cur
rent required to keep the input stage in the linear region 
of operation can be established .. R7 and R8 are adjusted 
to cancel the offset created in the input stage. This brings 
the output to zero, when the input is zero. Although the 
amplifier can now operate down to zero input voltage, it 
has only a small portion of the current drain and noise 
that the true bipolar configuration would have. 

Adjusting the bipolar errors is illustrated in Figure 7. 
Each of the errors are adjusted in turn. With VIN = 
"open,", los is trimmed by adjusting RIO to. make the 
output zero. RG is then adjusted to trim the gain error. 
The effects of offset voltage are removed by adjusting 
R14. 

I MO Roo R" 10MO OPTIONAL BIPOLAR los ADJUST 

---v,. __ """'-')1<1.----4.':" 
9.76kO R. 

5000 
POT 

FIGURE 7. Adjusting the Bipolar Errors. 

BASIC CIRCUIT CONNECTIONS· 

SHIELD 

FIGURE 8. Unipolar Noninverting. 
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3 

VOUT ;' IIURF 
or 

VOUT = VIN IRF/RINI 



FIGURE 9. Bipolar Noninverting. 

VOUT = IINRF 
Dr 

VOUT = VII (RpRIII 

3 

·USE POSITIVE INPUT VOLTAGE ONLY 
VIN »10"" x RSOURCE 

FIGURE 10. Unipolar Inverting . 

• VIN »10I'A x RSOURCE 

FIGURE ll. Bipolar Inverting. 

APPLICATION INFORMATION 
The small size, low offset and drift, wide bandwidth, 
ultra-low leakage, and low cost, make the ISO 100 ideal 
for a variety of isolation applications. The basic mode of 
operation of the ISO 100 will be determined by the type of 
signal and application. 

Major points to consider when designing circuits with the 
ISO 100. 

I. Input Common (pin 18) and-IN (pin 17) should be 
grounded through separate lines. The Input Common 
can carry a large DC current and may cause feedback 
to the signal input 

2. Use shielded or twisted pair cable atthe input, foriong 
lines. 

3. Care should be taken to minimize external capacitance 
across the isolation barrier. 

4. The distance across the isolation barrier, between 
external components, and conductor patterns, should 
be maximized to reduce leakage and arcing. 

5. Although not an absolute requirement, the use of 
conformally-coated printed circuit boards is recom
mended. 

6. When in the unipolar' mode, the reference currents 
(pins 8 and 16) must be terminated. lIN should be 
greater than 20nA to keep internal LED. on. 

7. The noise contributi~n of the reference currents will 
cause the bipolar mode to be noisier than the unipolar 
mode. 

8. The maximum output voltage swing is determined by 
lIN and RF. 

VSWING = IINm" X RF 
9. A capaGitor (about 3pF) can be connected across RF 

to compensate for peaking in the frequency response. 
The peaking is caused by the pole generated by RF,and 
the capacitance at the input of the output amplifier. 

Figures 12 through 17 show applications of the ISOIOO. 

17 

H3 AND H2 ARE REQUIRED TO MAINTAIN 
A 3Ilil. MIN. LOAD TO THE 7ZI 

FIGURE 12. Two-Port Isolation Photodiode Amplifier 
Unipolar. 
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BRlOGE 
EXCITATION VREF = +IV 

50k!! 

_r--'--------,12j 
IREFI 1M!! 

+-_-+ ______________ ...J OUTPUT 

+15V III .15V COMMON 
TOTAL GAIN = 1000 

III FOR ISOLATED SUPPLIES SEE FIGURES 10 AND II. 
121 IN THIS EXAMPLE THE INTERNAL PRECISION CURRENT REFERENCE. IREF 

PROVIDES BRIDGE EXCITATION. 
131 PIN 8 OF THE INAIOI MUST BE MORE NEGATIVE THAN ·2mV FOR LINEAR 

OPERATION OF THE 180100 WITH RI = lOOk!!. 

FIGURE 13. Precision Bridge Isolation Amplifier (Unipolar). 

C MAY BE USED TO 
IMpROYE FREQUENCY 

RESPONSE Ireduce peakingl 

V+ 
E 

COLD JUNCTION y. 
COMPENSATION 

NOT SHOWN R3 AND RJ ARE REQUIRED TO MAINTAIN 
A 3mA, MIN. LOAD TO THE 722 

FIG URE.14. Three-Port Isolation Thermocouple 
Amplifier (Bipolar). 

OFFSETTING 
·15y~.r~~+15Y 

GAIN 100kn R4 
.ADJ R3 

GAIN = +10 to +1000 
APPROXIMATE INPUT OFFSETTING = a to ±7.5.,A 
FOR ISOLA TED SUPPLIES SEE FIGURES 10 and 11 

FIGURE 15. Isolated Test Equipment Amplifier 
(Unipolar with Offsetting). 
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Rl 
RZ 

OFFSET 
AOJ 

INPUT IMII IiOOIcIl 
-5V TOOV +VISOLATED 

RIN 5011Ul 15 16 
+ RL 

SPAN ADJUST 

CALIBRATION PROCEDURE: 

I. SET VIN = OV 

Z. ADJUST R2 FOR lOUT = ZOmA 

3. SET VIN =-5V 

4. ADJUST RIN FOR lOUT = 4mA 
.VISOLATEO 

FOR ISOLATED SUPPLIES SEE FIBURES 10 AND 11 

FiGURE 16. Isolated 4mA to 20mA Transmitter (Example of an isolated voltage controlled current source). 

+Vec .Vee 
°NO ADDITIONAL CONNECTIONS TO OUTPUT AMPLIFIERS 

NOTE THAT A VARIETY OF INPUT/GAIN CONFIGURATIONS CAN BE USED 

FIGURE 17. Four-Port Isolated Summing Amplifier (Unipolar). 
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±Vcc·s 
TO INPUT STABES 

OF AMPLIFIERS 
2 

7Z41S0LATEO 
POWER SUPPLY 

';' +15V 
(NON·ISOI 



BURR-BROWN® 

IElElI 100MS 

EMI SHIELD 

DESCRIPTION 
The lOOMS is an epoxy encapsulated electromag
netic electrostatic interference (EMil shield for use 
with circuits where sensitivity to EM I is critical. It 
waS designed to a'uenu;te EM I by converting electro
magnetic field energy into heat that is absorbed by 
the shield and by shunting electrostatic fields to 
common. The lOOMS may be used in applications to 
dtherconfineorexclude EMl.ltscavitywasdesigned 
for 28.45mmx 28.45mm x 7.24mm. 20-pin hybrid 
packages. The shields in the cover and base plate are 
in two separate halves to maintain the electrical 
isolation between the adjacent rows of pins of the 
module it encloses. Because of the spacing between 
the shield halves and the epoxy flow holes. the 
lOOMS provides a partial. but adequate low reluctance 
path for electromagnetic flux. The lOOMS is well 
suited for use with isolation modules such as the 
Burr-Brown 3656. 722. and 724. 

ASSEMBLY INSTRUCTIONS 
Assemble the base plate to the module by pushing the 
pins of the module through the beveled holes in the 
base plate until the base plate and bottom of the 
module are in contact with each other. Place the 
cover over the module so the tabs are aligned and fit 
into the slots in the base plate. Bend the four wide 
shield soldering tabs protruding from the cover to 
make contact with the bare metal on the base plate. 
Solder these four tabs to insure the integrity of their 
connection to the base plate. 

The lOOMS and the module it contains are mounted 
and secured to a printed circuit board (PCB) by 
soldering the two narrow PCB solder tabs to the 
appropriate common. The PCB solder tab closest to 
the input side of the module should be soldered to the 
input common. The othertab .. should be soldered to 

the output common. Figure 2 illustrates the assembly 
of the lOOMS. 

Connection to 
I nput Common 

VIsa:::: Isolation Voltage 

Connection to 
Output Common 

FIGURE I. Cross-Sectional Side View of lOOMS. 

FIGURE 2: Assembly Diagram. 

International AlrporllnduSlrlal Park· ~.O. Box 11400· Tucson. Arizona 85734· Tel. 16021 746·1111 . Twx: 910-952·1111 . Cable: BBRCORP- Telex: 66-6491 

PDS-42IA 
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SPECIFICATIONS 
ELECTRICAL - Specifications apply between solder tabs. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Isolation Voltage 
Rated Continuous. DC 3500 VDC 
Rated Continuous. AC 2000 V. rms 
Test 10 seconds '8000 VDC 

Capacitance 5 pF 
Resistance 1010 1I 
leakage Current 120V, 60Hz 0.23 ~A 

NOTE: Temperature changes I.lT/.l.t· greater than 1°C per minute below aoe and long term storage above l00°C are not recommended. 

MECHANICAL 

NOTE: 
1. E'nclosed module lead length minus O.060~ 

to O.BO· '1,.52mm to 2.03mm '. 
2. Pin diameter determined by enclosed 

module. 

Order Number: lOOMS 
Weight: 17.5 grams 

DIM 

A 

B 

C 

D 

H 

J 

L 

N 

p 

R 

T 
S 

INCHES 
MIN MAX 

1.320 1.380 

1.320 1.380 

.350 .450 

.040 .060 

.600 .700 

.015 .025 

1.180 1.280 

.150 .250 

.150 .250 

.015 .055 

.130 .230 

.060 .080 

APPLICATIONS INFORMATION 
MULTIPLE DEVICE ORIENTATION 

A typical application forthe lOOMS is shown in Figure 3. 
Using mUltiple devices within 30mm of each other can 
cause them to interact by forming beat frequency inter
ference outputs. The lOOMS can reduce this interference 
by as much as a factor of 200: I depending on the distance 
between the devices and their relative orientation. 

Minimum EMI results when the gaps of both shields are 
paralleled liS in Figure 3a. 

Gap in Shield 

Gap in Shield 

(8) Optimum PCB Layout. 

20kll 2MlI 

20kll 2MlI 

Ibllsolated Data Acquisition Input Circuitry. 

FIGURE 3. Orientation for Minimum EMI. 
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MILLIMETERS 
MIN MAX 

33.53 35.05 

33.53 35.05 

8.89 11.43 

1.02 1.52 ' 

15.24 17.78 

0.38 0.64 

29.97 32.51 

3.81 6.35 

3.81 6.35 

0.38 1.40 

3.30 5.84 

1.52 2.03 

C=0.47~F 



BURR-BROWN® 

IElElI 3450 
3451 
3452 
3455 

Precision Linear 
ISOLATION AMPLIFIERS 

FEATURES 
• 2000V ISOLATION 13452) 

• 160dB ISOLATION·MODE REJECTION 

• DIFFERENTIAL INPUT 

• 0.005% GUARANTEED GAIN LINEARITY 13450) 

o1I'V/oC INPUT VOLTAGE DRIFT13450) 

• 20pA INPUT BIAS CURRENT 134521 

• PRECISION WIRE·WOUND RESISTORS FOR 
LONG TERM STABILITY 

• LOW INTERFERENCE PICKUP· PW MODULATION 

DESCRIPTION 
The models 3450. 3451. and 3452 are operational 
amplifiers with the unique feature of having the out
put completely isolated from the input. This is 
accomplished by a high accuracy modulation de· 
modulation stage ~hich isolates the input from the 
output by lo"n in parallel with 12pF of coupling· 
capacitance and provides gain linearity and stability 
far superior to that offered by ordinary isolation 
amplifiers. 

These devices differ from other isolation amplifiers 
in several respects. They are true differential input 
operational amplifiers whereas other commercially 
available isolation amplifiers are simple unity-gain 
isolators 'or are capable of a few fixed gains. Thus 

APPLICATIONS 
• GROUND·LOOP ELIMINATION 

• OFF·GROUND SIGNAL MEASUREMENTS 

• MEDICAL INSTRUMENTATION 

• PATIENT MONITORING 

• INDUSTRIAL PROCESS CONTROL 

• DATA ACQUISITION 

o HIGH VOLTAGE MEASUREMENTS 

° FAULT PROTECTION 

they can be connected in all of the common op amp 
feedback circuits such as summing. inverting. differ· 
entiating. etc. 

The 3452 differs from the 3450 and 3451 in that it has 
higher isolation voltage (2000V vs 500Vj and has 
isolated ±15VDC power available at the input. 

The 3450 and 3451 differ from each other primarily 
in their input stage characteristics. The 3450 has a 
low drift (II' V "C) bipolar transistor input stage 
while the 3451 has a low bias current (25pA)FET 
transistor input stage. The 3455 is identical to the 
3452 except for additional isolation specifications 
more well suited for medical applications. 

FDBK 
r -::::::::: :::::: ::::::: :'_-:_-___ -_-_,. -- - - -- -- --, 

·IN 

+IN 

+V 
lIP COM 
·V/BAL 

PULSE WIDTH 
MODULATOR 

OUTPUT 
O/PCOM 

}+---J-+-+--"'-T?"r-__ ~--~J....--+O ·15VDC +15VDC 

o-~----.!----L.-J:!?.."":"'-lociDciroNvmlr--tQ PWR COM 

InlemalionaIAlrporllndualrlaIPark·P.0.BoxI14OO·Tucson.ArlzonaB5734·TeI.16021~6·1111 • Twx: 911).952·1111 . Cable: BBRCORP . Telex: 6fi.6491 

PDS·30S1 
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SPECIFICATIONS 
ELECTRICAL 
Typical at 25°C and ±15VDC unless otherWise noted. 

MODEL I 3450 I ~451 I 3452/34551" I UNITS 

INPU.TI2> 

Open-loop Gain. min 94 88 94 dB 
Input Offset Voltage at 25Q C(31, max ±0.55 ±20 ±0.30 mV 

vs Temperature, max ±1.0 ±50 ±5.0 ~V/oC 

vs. Supply' ±50 ±50 ±25 ~VIV 
vs. Time +10 ±100 "V/mo 

Input Bias Current at 25°C. max ±50 -0'~~~bl~S/10o~02 nA 
vs Temperature. max ±0.5 "Aloe 
vs. Supply ±O.2 :to.OOl nAIV 

Input Offset purre"t at 25°C ±30. max ±0.002 nA 
vs Temperature max ±0.3 doubles/l0°C "Aloe 
vs."Supply +0.1 ±a.0005 nA/V 

Input Impedance 
Differential 107 1011 11 
Common-mode(4) 5xl09 1110 1011 1110 1111 pF 

Input Noise 
Voltage, O.OIHz to 10Hz 0.8 2 4 ~V, p-p 

10Hz to 1kHz 1.2 3 2 IlV, rms 
Current, 0.01 Hz to 10Hz 30 0.3 0.3 pA, p-p 

10Hz to 1kHz 50 0.6 0.6 pA, rms 
Input Voltage Range 

Common-mode(4) (operating), min ±19 V 
Differential (wlo damage), min' ±15 V 

Common-mode Rejection(4) at 10V 100 60 90 dB 
so atea ower Aval !IDle 

Voltage -- - ±15 +0. -10% V 
Current. max -- -- ±10 mA 
Ripple at 100kHz -- -- 100 mY. p-p 

ISOLATION 

Gain (without trimming), max(3) WIV ±O.l ±0.5 % 
vs Temperature. max +10 +50 ppm/oC 

NonlinearitylS) at +10V. maxltyp +.005/+0.0015 +0.025/+ .005 +0.025/+.005 % 
Fra'luenc,y_ Response. -3dB (see Fig. 9) 1.5 2.5 kHz 
Settling Time 

to 0.01% 5 msec 
to 0.1% 1 msec 

Isolation Impedance(S} 1012 II 16 1111 pF 
Isolation Leakage Current 

at 240V 160Hz, max 2.5t61 ~,\ 

Isolation-mode Rejectlonl61 
DC, min 160 dB 
60Hz, min 120 dB 

Isolation Voltage(6) 

I Rated; continuous, min ±500 ±2000 V. pk 
Test VoJlage(7) ±2000 ±5000 V. pkl1l 

OUTPUT 

Output Voltag:, mi," ±10 V 
Output Current. min ±5 mA 
Output Impedance, DC 0.2 fl 
Output Noise 

O.OlHz to 10Hz 7 ~V. p,p 
10Hz to 1kHz 25 uV rms 

Output Offset Voltage at 25°C131, max ±2 I ±5, I ±5 mV 
vs T~mperature, max ±100 IJ.V/oC 

vs. Supply :t500 ~VN 
vs. Time :tWO I.IV/mo 

In~u~ Power Requ.ire"!1ents . 
Voltage ±14 to ±16 VDC 
Current. quiescent. max +30/-5 

I 
mA 

Current. full load. max +35/-10 +55/-10 mAla) 

TEMPERATURE RANGE 

Specification -25 to +85 DC 
Storage -55 to +1.25 °C 
Operating -25 to +85 °C 
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MECHANICAL 

[JI •..... Oil 

c . - .1 
EI I' 
~_I I 
, o....a..- Pin number shown for r.f.rence only. 

Number' mey nOI be marked on packege. 
L 

4·40 thread, .10" {2.54mml min, depth. 2 places 
in true 1:',011tloo within .015" (.38,.,.,m) R (iI MMC 

NOTE: 
Leads In true positiqn within .015" 
(.3Smml R 0 MMC et saating plane. 

INCHES MILlIMEiERS 
DIM MIN MAX MIN MAX 

A .2.250 2.310 57.15 5B . .lj7 

3.4BO 3.510 87.63 89.15 

C .650 .710 16.51 . .'.8.03 

.038 .042 0.97 1.07 

G ,200 BASIC 5.08 BASIC 

H .200 .300 ·5.08. .7.62 

J .525 BASIC 13.34 SASIC 

.170 .350 4.32 8.89 

2.700 BASIC 6S.58 BASIC 

.350 .450 8.89 11.43 

1.350 BASIC 

u .750 BASIC 19.05 BASIC 

MATERIAL: Black Plastic 
WEIGHT: 100g '3.5 oz.' 

. MATING CONNECTOR: 4400MC 

NOTES: .' 
1. The 3455 is identical to the 3452 except for two 

additional specifications. Each unit is ,tested to 
withstand a 2500V, rms, 60Hz Sine wave isolation 
voltage fRef. Dielectric Withstand Voltage, 
paragraph 31.11 of UL544). Each unit is specified 
at a maximum leakage current'of2llA with 240V, 
rms, 60Hz isolation voltage fRef. Leakage 
Current. paragraph 27.5 of !JL5441.. 

2. For 3450 and 3451 current drawn from FDBK pin 
must be .. 5mA. For 3452 the sum of the current 
drawn from FDBK pin and either "-VlBal" or "+V" 
pins (i.e., + or· isolated current)' must be ~ 11 mAo 

3. Errors may be trimmed to zero. , 
4. Common·mode parameters are measured at the ~ 

+IN and -IN pins with respect to the liP COM pin: 
5. Nonlinearity is specified to be the peak deviation 

from a best straightline expressed as a percent of 
peak-to-peak full scale output. . 

6. Isolation·mode parameters are measured at the 
liP COM pin with respect to the PWR COM pin 
and OIP COM pin. 

7. All units 100% tested fo"l~A max leakagecurrent 
at test voltage. 

8. Includes fully loaded input power. 



BURR-BROWN® 

IElE31 

OptHcany-Coup~ed linear 
iSOLATION AMPlIF~ERS 

IFEATURES 
• BALANCED INPUT 

o LARGE COMMON-MODE VOLTAGES 
±2000V Continuous 
140dB Rejection 

Q ULTRA LOW LEAKAGE 
0.35tJA max at 240V 160Hz 
1.8pF Leakage Capacitance 

o EXCELLENT GAIN ACCURACY 
0.05% Linearity 
0.05%/l000Hours Stability 

.. WIDE BANDWIDTH 
15kHz ±3dB 
1.2V / ,usec Slew Rate 

DESCR~PTION 

APPUCAT~ONS 

" INDUSTRIAL PROCESS CONTROL 

• DATA ACQUISITION 

o INTERFACE ELEMENT 

.. BIOMEDICAL MEASUREMENTS 

o PATIENT MONITORING 

o TEST EQUIPMENT 

.. CURRENT SHUNT MEASUREMENT 

.. GROUND-LOOP ELIMINATION 

.. SCR CONTROLS 

3650 
3652 

The 3650 and 3652 are optically coupled integrated 
circuit isolalion amplifiers. Prior to their introduc
tion commercially available isolation amplifiers had 
been modular or rack mounted devices using trans)(lrm
er eoupled modulation demodulation techniques. 
Compared to these earlier isolation, amplifiers the 
3650 and 3652 have the advantage of smaller size. 

lower cost. wider bandwidth and integrated circuit 
reliability. Also. because they use a DC analog 
modulation technique as opposed to a carrier type 
technique. they avoid the problems ofelectromagnetic 
interference (both transmitted and receivcd) that 
most of the modular isolation amplificrs exhibit. 

~~ flux A4 2 
Coupling 

RG2 Iiii\ -c-
9 -"""'-~_ -

~ 
3}--__ ---t A2 

~ 
I---3652 Only -------! 1 Common 10 3650 & 3652 ----...,1 

Inlernational Alrporl Induslrlal Park· P.O. Box 11400 - Tucson. Arizona B5734 - Tel. 16021 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-342F 
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SPECIFICATIONS 

ELECTRICAL 
Typical at 2SoC and ±tSVDC supply voltages unless otherwise noted. 

MODEL 3650MG/HG n, I 3850JG I 3850KG 3852MGIHG'" I 3652JG 

ISOLATION 

Isolation Voltage 
Rated Continuous, (min 1 2000Vp or VDC 
Test Voltage, rminl10secduration SOOOVp 

Isolation-Mode Aejection. G = 10 
DC 140dB 
60Hz. 5000n source unbalance 120dB 

Leakage Current. 240Vl6OHz O.35pA, max 
Isolation Impedance 
Capacitance I.BpF 
Resistance 101211 

GAIN 

Gain Equation 
for current sources G, = I06Volt/Amp G, = 1.00S7 x 106 Volt/Amp'" 

for voltage sources 
106 

VN 
106 

VN Gv= 
AGI + AG2 + AIN AGI + AG2 + AIN + Ro 

Input ReSistance. RIN. max 2S11 2S11 
Bulfer Output Impedance, Ao Not applicable 901l±3011 
Gain Equation Error. maxl31 I.S% I O.S% I O.S% I.S%'" I O.S%'" 
Gain Nonlinearity ±O.OS% typo ±0.2% max ±0.03% typo ±0.1% max ±0.02% typo ±O.OS% max ±O.OS% typo ±0.2% max ±O.OS% typo ±O.1 % max 
Gain vs Temperature 300ppmfOC 100ppm/oC 5OppmfOC . 300ppmfOC'" 200ppm/oC'" 
GainvsTime ±O.OS%11000hrs. ±0.OS%I1000hrs. 

Frequency Response 
Slew Aate 0.7V1p.sec min, 1.2V1p.sec typo 

±3dB Frequency ISkHz 
Settling Time 
to±O.OI% 400p.sec 
to±O.I% 200p.sec 

INPUT STAGE'" 

Input Offset Voltage 

I I 
lJVN 

at 25°C. maxl3l ±5mV ±lmV ±O.SmV ±SmV ±2mV 
vs Temperature! max ±2Sp.VfOC ±10p.VfOC ±5p.VfOC ±SOp.VfOC ±2Sp.VfOC 
vs Supply 100p.VN 
vs Time SOp.VI1000 hrs. 100p.Vll000 hrs. 

Input Bias Current 
at 25°C 10nA typ, 40nA max 1 OpA typ, SOpA max 
vs Temperature 0.3nA/oC doubles every +10oC 
vs Supply 0.2nAN 1 pAN 

Input Offset Current 10pA 
V5 Temperature effects included doubles every 10°C 
vs Supply in output offset 1 pAN 

Input'r:npedance 
Differential "AIN" ,,; 2SlI max 10"1I 
Common·mode 10911 10"11 

Input Noise 
Voltage, O.OSHz to 100Hz Bp.V, pop 4~, pop 

10Hz to 10kHz 4p.V, rms Sp.V, rms 

Input Voltage Aange 
Common·mode, linear operation. ±II VI-SIV ±II VI-SI 
w/o damage, at +,. ±V ±V 
al+l, -I Not applicable ... ±300V for 10msec l71 
at+IA,-IA Not applicable , .. ±3000V for 1 Omsec 171: 

Differential, w/o damage, at +, - ±V ±V 
Differential, w/o damage, at +1, -I Not applicable ±600V for 10msec,171 
Differential, wlo damage, at +IA, -IA Not applicable ±SOOOV for 10msec.'" 

Common-mode Rejection;SOHz 90dB at 60Hz, Skll imbalance BOdB at SOHz, Skll imbalance 

Power Supply Iinput Stage Only, 
Voltage, at "+V" and "-V" ±BV to±IBV ±BV to±18V 
Current 
Quiescent ±1.2mA'81 ±3mAI8' 
with ±10V output'" +S.SmA or -a.SmA, typ +B.SmA or -B.SmA, typ 

+12mA or -12mA, max +ISmA or -16mA, max 
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ELECTRICAL (cont) 

MOOEL I 3650MG/HG'" I 3650JG I 3650KG I 3652MG/HGI11 1 3852JG 

OUTPUT STAGE 

Output Voltage, min ±10V ±10V 
Output Current, min -t5mA :t5mA 
Output Offset Vortage 
at 25°C max l31 ±25mV I ±10mV I ±10mV :t25mV I ±10mV 
vs Temperature, max ±900.uVfOC ±450.uVfOC ±300,."V/oC !900,l.lV/o C ±450,N/o C 
vs Supply .!500pVN ±SOO.uVIV 
vs Time ±lmVll000hrs ± 1 mVll000hrs 

Output Noise Voltage 
O.05Hz to 100Hz 50.V. pop SO.V. pop 
10Hz to 1kHz 65.uV. rms 6SpV, rms 

Power Supply I Output Stage Only, 
Voltage, "+Vcc" and "·Vcc"· :t8V to ±18V 
Current 
Quiescent :t2.3mA typo :t6mA max 
with ±5mA output. max ±11mA 

TEMPERATURE '" 

Specification DoC laSSoC 
Operating -4DoC to +1000C 
Storage -55D C to "'125°C 

1. All electrical and mechanical specifications of the 3650MG and 3652MG are identical to the 3650HG and 3652HG, respectively, except that the following 
specifications apply to the 3650MG and 3652MG: (a) Isolation test voltage duration incrased from 10sec minimum to 60sec minimum; (b) Input offset voltage at 
25°C max: ±10mV; vs temp. max: ±l00pVloC; (c) Output offset voltage at 25°C max: ±50mV; vs temp. max: ±l.SmVloC. 

2. If used as 3650, see Installation and Operating Instructions. 
3. Trimmable to zero. 
4. Gain error terms specified for inputs applied througn buffer amplifiers (Le., ±1 or ±IR pinS). 
5. Input stage specifications at +1 and -1 inputs for 3652 unless otherwise noted. 
6. Maximum safe input current at either input is lOrnA. 
7. COntinuous rating Is 1/3 pulse rating. . 
S. Load current is drawn from one supply lead at a time; other supply current at quiescent level. For 3652 add O.2mAIV of positive CMV. 
9. dT/dt > 1°C/minute below O°C, and long·term storage above 100°C is not recommended. Also limit the repeated thermal cycles to be within the O°C to +85°C 

temperature range. 

MECHANICAL 

,-______ --,;< ""+ .. denotes missing pins. n .++.+ ••• +.+ •••• ~ 
32 17 Pin numbers shown 

for reference only 
Numbers may not be 

~
B A marked on package. , .. .... +........... NOTE: 

~ Leads in true position 
within 0.010" 

A ______ IO.25mm,R9tMMCal 

INCHES MILLIMETERS ORDER NUMBER: 
DIM M'N MAX MIN MAX 3650MG 3652MG 

1.700 1.7&0 43.1a ... ,. 3650HG 3852HG 
1.120 1.1S0 28.45 21 .... S 3650JG 3652JG 

.170 .230 4.32 5.84 3650KG 
.021 .... 0.53 

•• 30 .... o.all 1.27 MATERIAL: Alumina 
.100.ASIC 2.54 BASIC (ceramic I 
.110 ."0 2.711 3.30 WEIGHT: 14 grams .... .200 3.'1 8.315 
.IOG.ASIC 22." BASIC 

IO.50ZI 

N .- .... MATING CONNECTOR: 

• .110 • 130 2.79 3.30 2302MC I set of two . 
16·pin strips I 

PIN CONNECTIONS 

3-23 



DISTORTION VS. FREQUENCY 

c: 
o 
€ 
jjl 

10 

i5 0.31-----'F--+--+----1 
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DEFINITIONS 

ISOLATION-MODE VOLTAGE, VISO 

The isolation-mode voltage is the voltage which appears 
across the isolation barrier,' j.e .. between the input 
common and the output common. (See Figure I.) 

Two isolation voltages are given in the electrical specifi
cations; "rated continuous" and "test voltage". Since it is 
impractlcal'on a production basis to test a "continuous" 
voltage (infinite test time .is implied), it is generally 
accepted practicetotest at a significantly higher voltage 
for some reasonable length of time. For the 3650 and the 
3652 the "test voltage" is equal to 1000V plus two times 
the "rated continuous" voltage. Thus, for a continuous 
rating of2000V each unit is tested at 5000V. 

'iii E (!) 

~ 8 0 
0.1 0.3 1 3 10 30 100 lk 100 

Frequency (kHi, Tir:neofOperation IHourSl 

FIGU RE I. Illustration ofIsolation-m,ode and Common-
mode Specifications. 



~OMMON-MODE VOLTAGE, VCM 
The common-mode voltage is the voltage midway between 
the two inputs of the amplifier measured with respect to 
input common. It is the algebraic average of the voltage 
applied at the amplifiers' input terminals. I n the circuit in 
Figure 5, (V + + V J/ 2 = VeM. (N ote: Many applications 
involve a large system "common-mode voltage." Usually 
in such cases the term defined here as"V eM" is' negligible 
and the system "common-mode Voltage" is applied to the 
amplifier as "V,S()" in Figure I.) 

ISOLATION-MODE REJECTION 
The isolation-mode rejection is defined by the equation in 
Figure I. The isolation-mode rejection is not infinite 
hecause there is some leakage across the isolation barrier 
due to the isolation resistance and capacitance. 

NONLINEARITY 

:\ onlinearity is specified to be the peak deviation from a 
hest straightline. expressed as a percent of peak-to-peak 
full scale output (i.e .. ±IOmV at 20V p-p = 0.05 lir). 

THEORY OF OPERATION 
Prior to the introduction of the 3650· family optical 
isolation had not been practical in linear circuits. A single 
LED and photodiode combination. while useful in a 
wide range of digital isolation applications. has funda
mental limitations - primarily nonlinearity and instability 
as a function of time and temperature. 

The 3650 and 3652 use a unique technique to overcome 
the limitations of the single i,ED and photodiode isola,tor. 
Figure 2 is an elementary equivalent circuit for the 3650 
which can be used to understand the basic operation 
without consideration the cluttering details of offset 
adjustment and biasing for bipolar operation. 

1M Isolation Barrier 
CR3 CRI CR2 RK 

12-

A2 

FIGURE 2. Simplified Equivalent Circuit of Linear 
Isolator. 

Two matched photodiodes are used--one in the input 
(CR . .) and one in the output stage (CR,) - - to greatly 
reduce nonlinearities and time - temperature instabilities, 
Amplifier A,. LED CR" and photodiodeCR3 are used in 
a negative feedback configuration such that h = I;". R" 
(where R" is the user supplied gain setting resistor). Since 
CR, and CR) are closely matched and since they receive 
equal amounts of light from the LED CR, (i.e,.}\1 = A2). 
h = I, = 1;0' Amplifier A, is connected as a current-to
voltage converter with V",,, = b RK where RK is an 
internal I MO scaling resistor. Thus the overall transfer 
function is: 

Vnut = V in 
106 

Rl;' (R(; in ohms) 
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This improved isolator circuit overcomes the primary 
limitations of the single LED and photodiode combin
ation. The transfer function is now virtually independent 
of any degradation in the LED output as long as the two 
photodiodes and optics are closely matched*. Linearity is 
now a function of the accuracy of the matching and is 
further enhanced by the use of negative feedback in the 
input stage. Advanced laser trimming techniques are 
used to further compensate for residual matching errors. 

*The only effect of decreased LED output is a slight 
decrease in full scale swing capability, See Typical 
Performance Curves. 

~--------~--~17 
(Outpull 

FIGU RE 3. Simple Model of 3650. 

A model of the 3650 suitable for simple circuit analysis is 
shown in Figure 3. The output is a current dependent 
voltage source. Vd • whose value depends on the input 
current. Thus. the 3650 is a transconductance amplifier 
with a gain of one volt per microamp. When voltage 
sources are used the input current is derived by using gain 
setting resistors in series with the voltage source (see 
I nstallation and Operating I nstructions for details). R;o is 
the differential input impedance. The common-mode and 
isolation impedances are very high and are assumed to be 
infinite for this model. 



FIGURE 4. Simple Model of 3652. 

A simplified model of the 3652 is shown in Figure 4. The 
isolation and output stages are identical to the 3650. 
Additional input circuitry consisting of FET buffer 
amplifiers and input protection resistors have been added 
to give higher differential and common-mode input 
impedance (10"0). lower bias currents (50pA) and 
overvoltage protection. The +IR and -IR inputs have a 
10msec pulse rating of 6000V differential and 3000V 
common-mode (see Definitions for a discussion of 
common-mode and isolation-mode voltages.) The ad
dition of the buffer amplifiers also creates a voltage-in 
voltage-out transfer function with the gain set by R,; I and 
Rm. 

INSTALLATION & OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 
The power supply connections for the 3650 and 3652 are 
shown in Figure 5. When a DC, DC converter is used for 
isolated power it is placed in a parallel with the isolation 
barrier of the amplifier. This can lower the isolation 
impedance and degrade the isolation-mode rejection of 
the overall circuit. Therefore. a high quality. low leakage 
DC, DC converter such as the Burr-Brown Model 722 
should be used. 

/ Model 722 DC/DC 

r--;:====Ir.~=-T:1 Converter or equivalent 
P+ J:;;:;:;.~ 

722 t 1.3kn 

V· 

.x::-----~ ...... +15VDC 
.r4H--" -15VDC 

m_-,--_ Output 

Output 
Common 

'Optlonal 
OHsetAdluSl 

FIGURE 5. Power and Offset Adjust Connections. 

OFFSET VOLTAGE ADJUSTMENTS 
The offset nulling circuits are identical for the 3650 and 
3652 and are shown in Figure 5. The offset adjust 
circuitry is optional and the units will meet the stated 
specifications with the BAL terminals unconnected. 
Provisions are available to null both the input and output 
stage offsets. I f the amplifier is operated at a fixed gain. 
normally only one adjustment will be used: the output 
stage ( IOkU adjustment) for low gains and the input stage 
(50k!} adjustment) for high gains.(>IO). 

Use the following procedure if it is desired to null both 
input and output components (for example. if the gain of 
the amplifier is to be switched). The input stage offset is 
first nulled (50kO adjustment) with the appropriate input 
signal pins connected to input common and the amplifier 
set at its maximum gain. The gain is then set to its 

minimum value and the output offset is nulled (10k!! 
adjustment). 

INPUT CONFIGUI;IATIONS 
Some possible input configurations for the 3650 and 3652 
are shown in Figures 6a. 6b. 6c. Differential input sources 
are used in these examples. For situations with non
differential inputs the appropriate source term should be 
set to zero in the gain equations and replaced with a short 
in the diagrams. 

Figure 6a shows the 3650 connected as a transconductance 
amplifier with input current sources. Voltage sources are 
shown in Figure 6b. In this case the voltages are 
converted to currents by R,OI and R,;,. As shown by the 
equations. they perform as gain setting resistors in the 
voltage transfer function. When a single voltage source is 
used it is recommended (but not essential) that the gain 
setting resistor remain split into twoequal halves in order 
to minimize errors due to bias currents and common
mode rejection (see Typical Performance Curves). 

Figure 6c illustrates the connections for the 3652 when 
the FET buffer amplifiers A, and A, are used. This 
configuration provides an isolation ~inplifier with high 
input impedance (both common-mode and differential) 
and good common-mode and isolation-mode rejection. 
It is a true isolated instrumentation amplifier which has 
many benefits for noise rejection when source. impedance 
imbalances are present. 

In the 3652 the voltage gain of the buffer amplifiers is 
slightly less than unity. but the gain of the output stage 
has been raised to compensate for this so that the overall 
transfer function from the ±I or ±I R inputs to the output 
is correct. It should be noted that AI and A, are buffer 
amplifiers. No summing can be done at the ±I or ±IR , 
inputs. Figure6cshows the+1 and -I inputs used. If more 
input voltage protection is desired. then the+IR and -IR 
inputs should be used. This will increase the input noise 
due to the contribution from the 1.6M!! resistors. but will 
provide additional differential and common-mode pro
tection (IOmsec rating of 3kV). 
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FIGURE 6a. 3650 With Differential Current Sources. 

FIGURE 6b. 3650 With Differential Voltage Source. 

FIGURE 6c. 3652 with Differential Voltage Source. 

*IMRR here is in pA V. typically SpA. V at 6OH1 and IpA Vat nc. 
··The offsct adjustment circuitry and power supply connections have been 

omitted for simplicity, Refer to Figure 5 for details. 

ERROR ANALYSIS 
A model of the 3650 suitable for DC error analysis of 
offset voltage. voltage drift versus temperature. bias 
current. etc .• is shown in Figure 7. 

FIGURE 7. DC Error Analysis Model for 3650. 
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A, and A~. the input and output stage amplifiers. are 
considered to be ideal. Separate external generators are 
used to model the offset voltages and bias currents. Roo is 
assumed to be small relative to R,;, and Ru~ and is 
therefore omitted from the gain equation. The feedback 
configuration. optics and component matching are such 
that I, = I, = J., = b. A simple circuit analysis gives the 
following expression for the total output error voltage 
due to offset voltages and bias currents. 

10' (I) 
V"" •.• ""' = R + R rEm. + (I", R'd ·I,,~ R,;j+ E",,, (il (i~ L: !J 

Offset current is defined as the difference between the 
two bias currents (,,, and I,,~. If I", = I" and I,,~ = I" + I"" 

o 10'.1", 
then. for Ru, = R,;~. V"", -I" = -2-

This component of error is not a function of gain and is 
therefore included as a part of E"." specifications. The 
output errors due to the output stage bias current are also 
included in E",,,.This results in a very simple equation for 
the total error: 

10'E"" E f R R 
V,IlU-III'ill = 2Rcil + ·"11 (or (il = (;1). 

(2) 

In summary it should be noted that equation (2) should 
be used only when R'd = R,;~. When R,n ""' R,;~. 
equation (I) applies. 
The effects of temperature may be analyzed by replacing 
the offset terms with their corresponding temperature 
gradient terms: 

V"".-.6. V"" • .6.T. E"" -.6.E"" .6.T. etc. 
ror a complete analysis of the effects of temperature. 
gain variations must also be considered. 

OUTPUT NOISE 
The total output noise is given by 

E" (RMS) = V(En, G)~ + (Enoj 

where E" (RMS) = total output noise 
'E", = RMS noise of the input stage 
E"" = RMS noise of the output stage 
G = lOr. (R,;, + R,d 

E"" includes the noise contribution due to the optics and 
the noise currents of the output stage. Errors created by 
the noise current of the input stage are insignificant 
compared to other noise sources and are therefore 
omitted. 

COMMON-MODE and ISOLATION-MODE 
REJECTION 0 

The expression for the output error due to common
mode and isolation mode voltage is: 

[ V,om V;"'] 
V"". = G CMRR + IMRR 



,-;'" 

GUARDING & PROTECTION 
To preserve the excellent'inherent isolation characteristics 
of these amplifiers: the following recommended practice 

, should be noted: 

I. Use shielded. twisted pair of cable at the input as 
, with any instrumentation amplifier; 

2. Care sould be taken to minimize external capaci
tance. A symmetrical layout of external components 
to achieve balanced capacitance from the input 
terminals to output common will preserve high 1M R; 

3. External components and conductor patterns should 
be at a d(stance equal to or greater thanihe distance 
between the input and output terminals. to prevent 
HV breakdown. 

4. T~ough not an absolute requirement. the use of 
laminated or conformally coated printed circuit 
boards is recomme'rided. 

APPLICATIONS 

Figure 8 shows a system where is.olation amplifiers (3650) 
are used t.o measure the armature current and the 

,armature voltage of a motor. 

FIGURE 8. Isolat,d Armature Current and Voltage 
Sensor. 

The armature current of the motor 'is converted toa 
\'~)Itage by the calibrated shuntR, and then amplifier 
(adjustable gain) and isolated by the 3650: 

'The armature voltage is sensed' by 'the voltage divider 
(adjustable) shown and then amplified and Isolated by 
the-3650. 

The 3650 provides the advantage of accurate current 
measurement in"the presence of high common-mode 
voltage. Both 3650\ provide the advantage ,of isolating 
the motor ground from the control system ground. 
Isolated power is provided by an isolated DC DC 
converter (BB Model i22 or equivalent). ' 

IDlIlIlfOCIDCClnvlfllr. 
81 Man22 

r--;::::=:t:=+15VDC I ·l&VDC, 

FIGURE 9.3652 Used in Patieflt Monitoring 
Application (ECG. VCG. EMGAmplifier). 

The 3652 is ideally suited for patient monitoring' appli
cations as shown in Figure 9. The Jactthat it i~ a true 
balanced input instrumentation amplifier with very high, 
differential and common-mode inpedance means that it 
can greatly reduce the common-mode noise pick up due 
to imbalance in lead impedances that often appear in 
patient monitoring situations. The 3kV and6kV shown 
in Figure 9 are the 10msec' pulse rating~of the +IR and 
-I R inputs for the ~ommon-mode and dift'erentialinput 
voltages with respect to input common. The rating of the 
isolation barrier is2000V. pk co'ntinuous. The non
recurrent pulse r,ating of the isolation barrier is 5000V. pk 
since each unit is factory tested at 5000V, pk. If the 
isolation barrier is'to be subjected to higher voltages a gas 
filled surge voltage protection device can be used. For 
multichannel operation. two 3562's can be powered by 
one Model 722 isolated 'DC / DC c'onverter. The total 

, leakage current for both channels at 240V 160Hz would 
still be less than 2J1.A. 
The block diagram in Figure 10 shows the use ilf isolation 
amplifiers in SCR control application. 

FIGURE 10. 3-Phase Bidirectional SCR ,Control with 
V oltage Feedback. 
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BURR-BROWN@ 

IElElI 3656 

Integrated Circuit - Transformer Coupled 
ISOLATION AMPLIFIER 

FEATURES 
-INTERNAL ISOLATED POWER 

- 8000V ISOLATION TEST VOLTAGE' 
-O.5~A MAX LEAKAGE AT 120V, 60Hz 

- 3-PORT ISOLATION 
-125dB REJECTION AT 80Hz 

- 1 H X I" x 0.25" CERAMIC PACKAGE 

DESCRIPTION 
The 3656 is the first amplifier to provide a total 
isolation function ... both signal and power isolation 
... in integrated circuit form. This remarkable ad
vancement in analog signal processing capability is 
accomplished by use of a patented modulation 
technique and minature hybrid transformer. 

Versatility and performance are outstanding features 
of the 3656. It is capable of operating with three 

APPLICATIONS 
- MEDICAL 

Patient monitoring and dlagnOltlc 
Inllrumantallon 

- INDUSTRIAL 
Ground loop ellmlnallon and off-ground 
signal measurement 

D NUCLEAR 
Input/output/power laolallon 

completely independent grounds (three-port isola
tion). In addition. the isolated power generated is 
a vailable to power external circuitry at either the 
input or output. The uncommitted op amps at the 
input and the output allow a wide variety of closed
loop configurations to match the requirements of 
many different types of isolation applications. 

I 
I 
I 
I ____ .J 

This product is covered by the following United States patents: 4.066,974; 4,103,267; 4, 062,908. Other patents pending may also apply upon the 
allowance and issuance of patents thereon. The product may also be covered in other countries by one or more international patents 
corresponding to the above-identified U.S. patents. 

International Airport Induslrl.i Park· P.O, 80x 11400· Tu .. on. Arizona 85734 . Tel. 1602) 746·11 11 . Twx: 911).952·1111 . Cable: 88RCORP . Talex: 66·6491 

PDS-403C 
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THEORY OF OPERATION 

Details of the 3656 are shown in Figure I. The external 
connections shown, place it in its simplest gain 
configuration' - unity gain, noninverting. Several other 
amplifier gain configurations and power isolation 
configurations are possible. See Instalhltion and 
Operating Instructions and Applications sections for 
details. 

Isolation of both signal and power is accomplished with a 
single miniature toroid transformer with mUltiple 
windings. A pulse generator operating at approximately 
750k'Hz provides a 'two-part voltage waveform to 
transformer T ,. One part of the waveform is rectified by 
diodes D, thr~ugh D. to provide "the isolated power to the 
input and output stages (+V, -V and V+, V-). The other 
part of the waveform is modulated with input signal 
information by the modulator operating into the V2 

winding of the transformer. 

The modulated signal is coupled by windings W6 and W1 
to two matched demodulators - one in the input stage and 
one in the output stage - which generate identical voltages 
at their outputs, pins 10 and II (voltages identical with 
respect to their respective commons, pins 3 and 17).ln the 
input stage the input amplifier A" the modulator and the 
input demodulator are, connected' in a negative feedback 
loop. This forces the voltage at pin 6 (connect as shown 

FIGURE I. Block Diagram. 

in Figure I) to equal the input signal voltage applied at 
pin 7. Since the input and the output demodulators are 
matched and produce identical output voltages, th.e 
voltage at pin II (referenced to pin 17, the output 
common) is equal to the voltage at pin 10 (referenced to 
pin 3, the input common). In the output stage, output 
amplifier A2 is connected as a unity gain buffer, thus the 
output voltage at pin 15 equals the output demodulator 
voitage at pin II. The end result is an iso'lated output 
voltage at pin IS equal to the input voltage at pin 7 with 
no galvanic connection between them. 
Several amplifier and power connection variations are 
possible: 

I. The input stage may be connected in various oper
ational amplifier gain configurations. 

2. The output stage may be operated at gains above unity. 

3. The interl1ally generated isolated voltages which 
provide power to A, and' A2 may be overridden and 
external supply voltages used instead. 

'Versatility and its three independent isolated grounds 
,allow simple solutions to demanding analog signal 
conditioning problems. See the Installation and 
Operating Instructions ,and Applications sections for 
details. 

+ 

'OUT 

Ca 
~--------------------~17}-~----~D 

3-30 



SPECIFICATIONS 
ELECTRICAL 

At +2SoC. V± = 1SVDC and 1SVDC batween P+ and po. unless otherwise noted. 

PARAMETER CONDITIONS I 3656AG. BO. HG. JG. KG I 
I MIN TYP I MAX I UNITS 

ISOLATION 

Voltage 
Rated Continuousl'). DC 3500 ,1000, VDC 

Rate Contlnuousl'l. AC 2000,700, V, rms 

Test.10secl'l 8000,3000, VDC 
Rejection G, =10VN 

DC 160 dB 

60Hz. < 100n in liP Coml') 125 dB 

60Hz. 5k!l in liP Coml') 
3656HG 108 dB 

3656AG. BG. JG. KG 112 dB 
Capacitance(1) 6.0 '6.3· pF 
Resistance!1} 1012 , 1012 , n 
leakage Current 120V.60Hz 0.28 0.5 '"A 

GAIN 

Equations See Text 
Accuracy of Equations 

Initiall3) 3656HG G<100VN 1.5 % 

3656AG. JG. KG 1.0 % 

3656BG 0.3 % 
vs. Temperature 3656HG 480 ppm/oC 

3656AG. JG 120 ppm/oC 

3656BG. KG 60 ppm/oC 

VS. Time 0.02 ,1 + log khrs .. % 

Nonlinearity RA + RF = Ra '" 2M!I 
External Supplies used at 
pins 12 and 16. 3656HG Unipolar or Bipolar Output ±0.15 % 

3656AG. JG. KG ±0.1 % 

3656BG ±0.05 % 

Internal Supplies used for Bipolar Output Voltage 
Output Stage Swing. Full Load(4) ±0.15 % 

OFFSET VOLTAGE(5) RTI 

InitieIl3). 3656HG 15Vp between P+ and P- ±i4 +40/Gl mV 

3656AG. JG ±!2+ 20/G, i mV 

3656BG. KG ±:1 + lO/G, i mV 
vs. Temperature. 3656HG :t!200+ 1000/G, jJV/oC 

3656JG ±!50 + 750/G, /JV/oC 

3656AG ±125 + ,500/G,'1 J.lV/oC 

3656KG ±: 10 + 350/G, p.v/oC 

3656BG ±'5 + 350/G, "V/oC 
vs. Supply Voltage Supply between P+ and P-

3656HG ±!O.6 + 3.5/Gl mVIV 
3656AG. BG. JG. KG ±'O.3 + 2.1/Gl . mVIV 

VS. Current(6) ±10.1 + ·1O/G, , ±10.2 + ,20/G, 'I mV/mA 

vs. Time ±110+·100/G"lx 
,1 + log khrs.· "V 

AMPLIFIER PARAMETERS Apply to A 1 and A2 

Bias Current(7} 
Initial 100 nA' 

vs. Temperature 0.5 nA/oe 
vs, Supply 0.2 nAN 

Offset Current(7) 5 20 nA 
Impedance Common·mode 100 liS Mil II pF 
Input Noise Voltage fa = O,OSHz to 100Hz 5 "V. Pop 

fa = 10Hz to 10kHz 5 "V. rms 
Input Voltage RangelS) 

Linear Operation Internal S'upply ±5 V 
External Supply Supply -5V V 

Without Damage Internal Supply ±8 V 
External Supply Supply V 

Output Current Your =±5V 
±15V External Supply ±5 mA 

Internal Supply ±2,5 mA 
Your =±10V : 

±15V External Supply ±2,5 mA 

Your = ±2V. VP •• p_=8.SV 
Internal Supply ±1 ~ mA 

Quiescent Current 150 450 "A 
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ELECTRICAL 'CONTl 
At +25°C, V+ = 15VDC and 15VDC between P+ and P- unless otherwise noted. -
PARAMETER CONDITIONS 

FREQUENCY RESPONSE 

±3dB Response Small Signal 
Full Power 
Slew Rate Direction measured.at output 
Settling Time to 0.05% 

OUTPUT 

Noise Voltage (RTII fe 0.05Hz to 100Hz 
fe = 10Hz to 10kHz 

"Sldual Ripplel") 

POWER'SUPPLY IN atP+, p-

Rated Performance 
Voltage Range(10) Derated Performance 
Ripple Current(9) 
Quiescent Current(11) Average 
Current VS. Load Current(12) vs.·Currents from +V. -V, V+. V-

ISOLATED POWER OUT at +V; -V, V+, V-,pins("1 

Voltage, no load 15V between P+ and P-
Voltage. full load ±5mA Il0mA sum~ load(12) 
Voltage VS. Power Supply vs. Supply between P+ and P-
Ripple Voltagel") , 

No load 
Full load ±5mA load 

TEMPERATURE RANGE 

Specification 3656AG, BG 
3656HG, JG. KG 

Operation(10) 
Storagel l4) 

NOTES: 

1. Ratings in parentheSiS and between P- Ipin 20Jand O/P Com (pin 171. 
Other isolation ratings lire between liP Com and O/P Com or liP Com 
andP-. 

An example of the ratings for 3-pon continuous isolat~on. 

GP 3sOO - 10 V 'J1 3 -'-3500V .. _ 17' 

MECHANICAL 

r 
CASE: Ceramic 

20 " MATING CONNECTOR: None 
WEIGHT: 10 grams 10.35 oz., 

B PINS: Pin material and plating 

~' '0 comrosiliontoconform'to 
~.. method 2003 ,solderability) of t ~ MIL-STD-883 ,except 

'e H paragraph 3.21. . r A 

L rTl Fi 
L L GJLo-L-" L ,J 

INCHES MILLIMETERS 
DIM M'. MAX M'. MAX 

A 1.080 1.120 27,43 28.45 

B 1.080 1.120 27.43 2845 

C .235 5.97 '" 0 .018 . 021 0.46 0.53 , 035 .050 0.89 , " G .1008ASIC 2.54 BASIC 

H .HIO BASIC 2.54 BASIC 

K .150 .350 3.81 8.89 , .900 BASIC 22.86 BASIC 

N .002 . 010 0.05 0.25 

R .100 BASIC 2.54 BASIC 

3856AG, BG;HG. JG, KG J 
MIN TYP I MAX I UNITS 

30 kHz 
1.3 kHz 

+0.1, -0.04 Vlpsec 
500 ",sec 

..j'5,2+ 122IG,,2 pV, p-p 

JIS. 2 +!11/G1 12 p.V. rms 
5 mY, p-p 

15 VDC 
8.5 16 VDC 

10 25 mA,p-p 
14 18 mA,DC 
0.7 mAlmA 

8.5 9.0 9.5 V 
7.0 8.0 9.0 V 

0.66 V/V 

40 mY, p-p 
80 200 mY, p-p 

-25 +85 °C 
0 +70 °C 

-55 +100 °C 
-65 +125 °C 

2. May be improved with proper shielding. See Performance Curves. 
3. May be trimmed to zero. 
4. If output swing is unipolar, or if the ootput is ;,ot loaded, specification 

same as if external supply were used. . . 
5. 'I"!cludes effects of A, and A2 offset voltages-and' bias purre"ts if 

recommended resistors used. 
6. Versus the sum of all external currents drawn fro.m V+. V-, +V, -v 

1=1801. 
7. Effects of A1 and A2 bias currents and offset currents are included in 

Offset Voltage specifications. 
8. With respectlo liP Com, pin 31 for A, and with respect to OIP Com I pin 

17, for A2. CMR for A, and Az is l00dB, typical. 
9.,ln configuration of Figure 3. Ripple frequency approximately 750kHz. 

Measurement bandwidth is 30kHz. ' 
10. Decreases linearly from 18VDC at 85°C to 12VDC atl000C. 
11. Instantaneous peak current required from pins 19 and 20 at turn-on is 

100mA for slow rising voltages ,5Omseci and 300mA for fast rises 
r50",secl. 

12. Load current is sum drawn from +V, -V, V+, V- (= IoSOI. 
13. Maximum voltage rating at pins 1 and 41s ±18VDC; maximum voltage 

rating at pins 12 and 16 is ±18VDC. 
14. Isolation ratings may degrade if exposed to 125°C for more than 1000 

hours or 900C for more than 50,000 hours. 

PIN DESIGNATIONS 

1. +V 11. OUTPUT DEMOD 
2. MOD INPUT 12. V-
3. INPUT DEMOD COM 13. A2 NONINVERTING INPUT 
4. -V 14. A2INVERTING INPUT 
5. BALANCE 15 . A20UTPUT 
6. A, INVERTING INPUT 16. V+ 
7. A, NONINVERTING INPUT 17. OUTPUT DEMOD COM 
8." BALANCE 18. NO PIN 
9. A,OUTPUT 19. P+ 

10 . INPUTDEMOD 20. P-
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TYPICAL PERFORMANCE CURVES 
AI.I specifications typical at +25°C unless otherwise noted. 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 
The3656 is a very versatile device capable of being used in 
a variety of isolation and amplification configurations. 
There are several fundamental considerations that 
determine configuration and component value con
straints: 

I. Consideration must be given to the load placed on the 
resistance (pin 10 and pin II) by external circuitry. 
Their output resistance is lOOk!} and a load resistor of 
2M!} or greater is recommended to prevent a voltage 
divider loading effect in excess of 5%. 

2. Demodulator loadings should be closely matched so 
their output voltages will be equal. (Unequal de
modulator output voltages will produce a gain error.) 
At the 2M!} level, a matching error of5% will cause an 
additional gain error of 0.25%. 

3. Voltage swings at demodulator outputs should be 
limited to 5V. The output may be distorted if this limit 
is exceeded. This constrains the maximum allowed 
gains of the input and output stages. Note that the 
voltage swings at demod ulator outputs are tested with 
2M!} load fora minimum of5V. 

4. Total current drawn from the internal isolated supplies 
must be limited to less than ±5mA per supply and 
limited to t total of lOrnA. In other words, the 
combination of external and internal current drawn 
from the internal circuitry which feeds the +V, -V, V+ 
and V- pins should be limited to 5mA per supply (total 
current to +V, -V, V+ and V-limited to lOrnA). The 
internal filter capacitors for ±V are O.OIJ.LF. If more 
than 0.1 rnA is drawn to provide isolated power for 
external circuitry (see Figure 12), additional capacitors 
are required_to provide adequate filtering. A minimum 
ofO.IJ.LF/mA is recommended. 

5. The input voltage at pin 7 (noninverting input to AI) 
must not exceed the voltage at pin 4 (negative supply 
voltage for AI) in order to prevent a possible lockup 
condition. A low leakage diode connected between 
pins 7 and 4, as shown in Figure 2, can be used to limit 
this input voltage swing. 

6. Impedances seen by each amplifier's + and - input 
terminals should be matched to minimize offset 
voltages caused by amplifier input bias currents. Since 
the demodulators have a lOOk!} output resistance, the 
amplifier input not connected to the demodulator 
should also see lOOk!}. 

7. All external filter capacitors should be mounted as 
close to the respective supply pins as is possible in 
order to prevent excessive ripple voltages on the 
supplies or at the output. (Optimum spacing is less than 
0.5". Ceramic capacitors recommended.) 

POWER AND SIGNAL 
CONFIGURATIONS 
NOTE: Figures 2, 3 and 4 are used to illustrate both 
signal and power connection configurations. In the 
circuits shown, the power and signal configurations are 
independent so that any power configuration could be 
used with any signal configuration. 

ISOLATED POWER CONFIGURATIONS 
The 3656 is designed with isolation between the input, the 
output, and the power connections. The internally 
generated isolated voltages supplied to Al and A2 may be 
overridden with external voltages greater than the 
internal supply voltages. These two features of 3656 
prOVide a great deal of versatility in possible isolation and 
power supply hook-ups. When external supplies are 
applied, the rectifying diodes (DI through D.) are reverse 
biased and the internal voltage sources are decoupled 
from the amplifiers (see Figure I). Note that when 
external supplies are used, they must never be lower than 
the internal supply voltage. 

Three-Port 
The power supply connections in Figure 2 show the full 
three-port isolation configuration. The system has three 
separate grounds with no galvanic connections between 
them. The two external 0.47J.LF capacitors at pins 12 and 
16 filter the rectified isolated voltage at the output stage. 
Filtering on the input stage is provided by internal 
capacitors. In this configuration continuous isolation 
voltage ratings are: 3500V between pins 3 and 17; 3500V· 
between pins 3 and 19; 1000V between pins 17 and 19. 

FIGURE 2. Power: Three-port Isolation; 
Signal: Unity-gain Noninverting. 

Two-Port - Bipolar Supply 

Figure 3 shows two-port isolation which uses an external 
bipolar supply with its common connected to the output 
stage ground (pin 17). One of the supplies (either + or -
could be used) provides power to the pulse generator 
(pi ns 19 and 20). The same sort of configuration is 
possible with the external supplies connected to the input 
stage. With the connection shown, filtering at pins 12 and 
16 is not required. In this configuration continuous 
isolation voltage rating is: 3500VDC between pins 3 and 
17; not applicable between pins 17 and 19; 3500VDC 
between pins 3 and 19. 

3-34 



FIGURE 3. Power: Two-port, Dual Supply; 
Signal: Noninverting Gain. 

Two-Port Single Supply 

Figure 4 demonstrates two-port isolation using a single 
polarity supply connected to the output common (pin 
17). The other polarity of supply for A, is internally 
generated (thus the filtering at pin 12). This isolated 
power configuration could be used at the input stage as 
well and either polarity of supply could be employed. In 
this configuration continuous isolation voltage rating is: 
3500V between pins 3 and 17; 3500V between pins 3 and 
19; not applicable between pins 17 and 19. 

FIGURE 4. Power: Two-port, Single Supply; 
Signal: Inverting Gains. 

SIGNAL CONFIGURATIONS 

Unity Gain Nonlnvertlng 

The signal path portion of Figure 2 shows the 3656 in its 
simplest gain configuration: unity gain noninverting. 
The two 100kfl resistors provide balanced resistances to 
the inverting and noninverting inputs of the amplifiers. 
The diode prevents latch up in case the input voltage goes 
more negative than the voltage at pin 4. 

Nonlnvertlng With .Galn 
The signal path portion of Figure 3 demonstrates two 
additional gain configurations: gain in the otuput stage 
and noninverting gain in the input stage'. The following 
equations apply: 

Total amplifier gain: 

G = GI • G2 = VOlJT/VIN (I) 

Input Stage: 

GI = I + (RF/ RA) (Select GI to be less than 
5V / full scale Vln to limit demodulator output 
~~) m 
RA + RF ;;;. 2Mfl (Select to load input 
demodulator with at least 2Mfl) 

Rc = RA II (RF + 100kfl) = 
RA (RF + 100kfl) 
RA + RF + 100kfl 

(Balance impedances seen by the + and - inputs 
-of AI to reduce input offset caused by bias 
current) 

Output Stage: 

G, = I + (Rx/ RK) (Select ratio to obtain VOlrr 
between 5V and IOV full scale with VIN at its 
maximum) 

Rx II RK = 100kfl (Balance impedances seen 
by the + and - inputs of A, to reduce effect 
of bias current on the output offset) 

Ro = RA + RF (Load output demodulator 
equal to input demodulator) 

Inverting Gain, Voltage or Current Input 

(3) 

(4) 

(5) 

(6) 

(7) 

The signal portion of Figure 4 shows two possible 
inverting input stage configurations: current and input 
and voltage input. 

Input Stage: 
For the voltage input case: 

GI = -RF/ Rs (Select GI to be less than 
5V/full scale VIN to limit the demodulator 
output voltage to 5V) (8) 

RF = 2Mfl (Select to load the demodulator 
with at least 2Mfl (9) 

Rc = Rs II (RF + 100kfl) = :: ~R~F++I~~~~ri 
(Balance the impedances seen by the + and 
- inputs of AI). 
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For the current input case: 

VOl'T = -liN RF • G, (II) 

Rc = RI (12) 

RF may be made larger than 2MO if desired. The IOpF 
capacitors are used to compensate for the input 
capacitance of AI and to insure frequency stability. 

Output Stage: 

The output stage is the same as shown in equations (S), 
(6), and (7). 

Illustrative Calculations: 

The maximum input voltage is 100mV. It is desired to 
amplify the input signal for maximum accuracy. Non
inverting output is desired. 

Input Stage: 

Step I 

GI max = SV / Max Input Signal = SV ;0.1 V = SOV / V 

With the above gain of SOV / V, if the input ever exceeds 
100mV, it would drive the output to saturation. There
fore, it is good practice to allow reasonable input 
overrange. 

So, to allow for 2S% input overrange without saturation 
at the output, select: 

GI =40V/V 
G1 = I + (RF + RA) = 40 
:. RF /RA=39 (13) 

Step 2 

R, + RF forms a voltage divider with the 100kO output 
resistance of the demodulator. To limit the voltage 
divider loading effect to no more than S%, RA + RF 
should be chosen to be at least 2MO. For most 
applications, the 2MO should be sufficiently large for RA 
+ RF. Resistances greater than 2MO may help decrease 
the loading effect, but would increase the offset voltage 
drift. 

The voltage divider with RA + RF =2MO is 2MO/(2MO 
+ 100kO) = 2/(2 + 0.1) = 9S.2%, i.e., the percent loading 
is 4.8%. 

Choose RA + RF = 2MO 

Step 3 

Solving equations (13) and (14) 
RA = SOkO and RF = 1.9SMO 

Step 4 

(14) 

The resistances seen by the + and - input terminals of the 
input amplifier AI should be closely matched in order to 
minimize offset voltage due to bias currents. 

:. Rc = RA II (RF + 100kO) 
= SOkO II (1.9SMO + 100kO) 
=!49kO 

Output Stage: 

Step S 

VOU'I = VIN MAX. G1 • G2 

As discussed in Step I, it is good practice to provide 2S% 
input overrange. 

So we will calculate G2 for 10V output and 12S% of the 
maximum input voltage. 

:. VOl;T = (1.2S x 0.1)(Gd(G2) 
i.e., 10V = 0.12S x 40 x G2 
:. G,= IOV/SV=2V/V 

Step 6 

G, = I + (Rx/RK ) = 2.0 
:. Rx/ RK = 1.0 
:. Rx = RK 

Step 7 

(IS) 

The resistance seen by the + input terminal of the output 
stage amplifier A, (pin 13) is the output resistance 100kO 
of the output demod ulator. The resistance seen by the 
(-) input terminal of A,(pinI4)should be matched to the 
resistance seen by the -+: input terminal. 

Thc resistance seen by pin 14 is the parallel combination 
of R, and RK • 

:. R, II RK = 100kO 
i.e .. (R, • RK/(R, + RK) = 100kO 
i.e., RK/[I + (RK/ Rx)] = 100kO 

Step 8 

Solving equations (IS) and (16) RK = 20kO and 
Rx = 200kO. 

Step 9 

(16) 

The otuput demodulator must be loaded equal to the 
input demodulator. 

:. RH = RA + RF = 2MO 
(See equation (14) above in Step 2) 

Use the resistor values obtained in Steps 3,4, 8 and 9, and 
connect the 36S6 as shown in Figure 3. 

OFFSET TRIMMING 
Figure S shows an optional offset voltage trim circuit. It is 
important that RA + RF = RH. 

CASE I: Input and output stages in low gain,use 
output potentiometer (R2) only. Input poten
tiometer (Rd may be disconnected. For 
example, unity gain could be obtained by 
setting RA = RH = 20MO, Rc = lOOk!!, RF =0, 
Rx = IOOkO, and RK =~. 

CASE 2: Input stage in high gain and output stage in 
low gain, use input potentiometer (Rd only. 
Output potentiometer (R2) may be discon
nected. For example, GT = 100 could be 
obtained by settingRF = 2MO, RH = 2MO 
returned to pin 17, RA = 20kO, Rx = 100kO, 
andRK=~. 

CASE 3: When it is necessary to perform a two-stage 
precision trim (to, maintain a very small offset 
change under conditions of changing temper
ature and changing gain in AI and A2l, use 
step I to adjust the input stage and step 2 for 
the output stage. Carbon composition resis
tors are acceptable but potentiometers should 
be,stable. 
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FIGURE 5. Optional Offset Voltage Trim. 

Step I: 

Step 2: 

Input stage trim (RA = Rc = 20k!l,R" = RII = 
20M!l, Rx = 100k!l, RK =X, R2 disconnected); 
AI high, A210w gain. Adjust RI forOV.±5mV 
or desired setting at VOUT, pin 15. 

Output stage trim (RA = RH = 20M!l, R(" = 
100k!l, RF = 0, Rx = look!l, RK = x, RI and 
R2 connected); AI low, A210w gain. Adjust R2 
forOV±lmVordesiredsettingat VOUT, pin 15 
(±I IOmV approximate total range). 

Note: Other circuit component values can be used 
with valid results. 

3Mn 

RI! 

rooUi 
LA 

3301111 
lW 

D, liz 

RA 3nn Da 04 

IW 

RL 

NOTES: 
I. BANDPASS D.05Hz TO 100Hz. 

APPLICATIONS 
ECG AMPLIFIER 

Although the features of the circuit shown in Figure 6 are 
important in patient monitoring applications. they may 
also be useful in other applications. The input circuitry 
uses an external. low 4uiescent current op amp (OPA21 
type) powered by the isolated power of the input stage to 
form a high impedance instrumentation amplifier input 
(true three-wire input). R) and R. give the input stage 
amplifier of the 3656 a noninverting gain of 10 and an 
inverting gain of -9. RI and R2 give the external amplifier 
a noninverting gain of I + 1/9. The inputs are applied to 
the noninverting inputs of the two amplifiers and the 
composite input stage amplifier has a gain of 10. 

The 330k!l. I W. carbon resistors and diodes DI - D. 
provide protection for the input amplifiers from de
fibrillation pUlses. 

The output stage in Figure 6 is configured to provide a 
bandpass filter with a gairi of 22.7 (68M!l/ 3M!l). The 
high-pass section (0.05Hz cutoff) is formed by the I/lF 
capacitor and 2M!l resistor which are connected in series 
between the output demodulator and the inverting input 
of the output stage amplifier. The low-pass section 
(100Hz cutoff) is formed by the 68M!l resistor and 22pF 
capacitor located in the feedback loop of the output 
stage. The diodes provide for 4uick recovery of the high
pass filter to over,Voltages at the input. The 100k!l pot 
and the 100M!l resistor allow the output voltage t6 be 
trimmed to compensate for increased offset voltage 
caused by unbalanced impedances seen by the inputs of 
the output stilge amplifier. 

In many modern electrocardiographic systems, the 

100Mn 
22pF 141 

HI8H 

LOW 

r-t--::-:=-=------'-;;;_;&.;~5VDC 

2. ADJUSTABLE RESISTOR MAY BE USED TO ACHIEVE MAX COMMON-MODE REJECTION BETWEEN LAIRA AND. RL 
3. NEGATIVE 15V SUPPLY MAY BE CONNECTED IN PLACE OF 1l.47pF CAPACITOR IF AVAILABLE. 
4. SEE OFFSET. TRIMMIN8 SECTION. . 

FIGURE 6. ECG Amplifier. 
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FIGURE 7. Driven Right-Leg EC(l Amplifier. 

patient is not grounded. Instead. the right-leg electrode is 
connected to. the output of an auxiliary operational 
amplifier. as shown iil Figure .7. In this circuit. the 
common-mode voltage on the bodyis'sensed by the two 
averaging resistors. RI and R2• ·inverted •. amplified. and 
fed back to the right-leg through resistor R.. This 
negatiye feedback drives the .common-mo~e voltage to a 
low value. The body's displacement current 'id does not 
flow to ground. but rather to the output circuit of A). 
This reduces the pickup as far as the ECG amplifier is 
con~erned and' effectively grounds the patient: ," 

The value of R. sho'uld .be as large as practlcal to isolate 
the patient from ground. The resistoJ:5 RJ and R. may be 
selected by these equations: 

RJ = (RIi2) (V,,/V{,M) and R. = (VCM - V")/i,, 

(~IOV";;; Vo";;; +IOV aild -IOV";;; Vni";;; +IOV) , 

where V" is the output voltage of'A3 and VCM is th(: 
common-mode voltage between 'the inputs LA and RA 
and the input :Common at pin ~ of the,'3656 .. 

This circuit' has the ad<!ed benefit of hav,ing higher 
. common-mode rejection than the circuit in Figure 6 
(approximately IOdBimprovement). 

BIPOLAR CURRENT OUTPUT' 
The three-port capability of the 3656' can' be' used' to 
implement a current output isolation amplifier function. 
usually difficult to implement when grounded loads are c ' 

.' involved. The circuit is shown in Figure 8 and the, 
following equations apply: 

AI = At = Aa .. Dl'21 

.... = liz = 0,= D4 = IIMI1I 

KloUT 

16VIIC 

Rp c. 'R2 
G = IOUT/VIN = 1+ - X 

RA (R I +R2)"Rs 

louT";;; ±2.5niA 
VI. ";;;±'4V (compliance) 

RI.";;; 1.6kfi· . 
RF':t RA =R, + R2";;; 2Mn . 

CURRENT OUTPUT - LARGER UNIPOLAR 
CURRENTS 
A more practical version of the current output function is' 
shown'in Figure 9.-Jfthe circuit is powered from a source: 
greater than I5V as shown.a three-terminal regulator. 
should be used to provide i 5V for the pulse generator 
(pins 19 and 20). The input ~tage is configured as a unity 
gain buffer. although other configurations such as current 
input could be u~ed. The circuit uses the isohiti-o.n feature 
be(ween the output stage and the primary power 'supply 
to . generate the: output current configuration that can 
work into a grounded load. Note. that the output 
transistors can only drive positive current into the load. 
Bipolar current output would require·a second transistor 
and dual supply. : . , 

ISOLATED 4mA TO 20mA,OUTPUT 

Figure 10 shows .the circuit of an expanded version of the 
. isolated current 'output function. It allows any input 
voltage range to generate the 4mA to 20mA output 
excursion and is also capable of,zerosuppression. The 
"sp'a:nfl.(gain) is adjusted by'R2 and the "zero" (4mA ' 
output for minimuniinput) is set by the 200kn pot in the 

. output slilge., A three-terminal 5V reference is used. to 
provide a stable 4mA operating point. The reference is 
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FIGURE 8. Bipolar Current Output. 

connected to insert an adjustable: bias between the 
demodulator output and the noninverting input of the 
output stage. 

DIFFERENTIAL INPUT 

Figure II shows the proper connectioris for differential 
, input configuration. The 3656 is capable of operating' in 
this input configuration only for flmitirig loads (i.e., the 
source VIN has no connection to· the ground reference 
established at pin 3). For this configuration the usual 
2MO resistor used in the input stage is split into two 
halves, RF and RF-. The demodulator load (seen by pin 
10 with respect to pin 3) is still2MO for the floating load 
as shown. Notice pin 19 is common in Figure II whereas 
pin 20 is common in previous figures. 
SERIES STRltlG SOURCE 
Figure 12 shows a situation where a small voltage, which 
is part of a series string of other voltages, must be 

H~ }., 
~ 

}~ H3 

Be 

+ 
VIN. 

FIGURE 10. Isolated 4mA to 20mA lOUT. 
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FIGURE 9 .. Isolated I toSVIN /4 to 20mA I,wr. 

m~asured. The basic problem is that the small v(jltage to 
be measured is 500V.above the system ground (i.e., a 
system common-mode voltage of 500V exists). The 
circuit converts this sy~tem CMV to an amplifier isolation 
mode v(jltage. Thus, the. isolation voltage ratings and 
isolation-mode rejection specifications apply. 

IMPROVED INPUT CHARACTERISTICS - . 

In situations where it is desired to have better DC input 
amplifier characteristics than the 3656 normally provides 
it is possible to add a' precision operational amplifier as 
sliownin Figure i'3. Here the instrumentation grade 
Burr-Brown 3510 is supplied from the' isolated power of 
the input stage. The 3656 is configured as a unity-gain 
buffer. The gain ofthe 3510 stage must be chosen to limit 
its full scale output voltage to 5V and avoid overdriving 
the 3656's demodulators. Since the 3656 draws a 

lOUT 

RL 

. .,. 



VOUT = -VIN IRF/~II 
RF=RI 

FIGURE II. Differential Input, FloatihgSource. 

significant amount of supply current, extra filtering for 
the input supply is required as shown (2 x O.47~F). 

, .' 

ELECTROMAGNETiC RADIATION 

The transformer coupling used in the 3656 for isolation 
makes the 3656 a source of electromagnetic radiation 
unless it is properly shielded. Physical separation 

FIGURE 13. Isolator for Low-Level Signals. 

VOUT =.lVIN + f5OOV/lMRll1 +IRF/RAII 
, ; RA + Rp 21n 

FIGURE 12. Series Source. 

between the 3656 and sensitive' components may not-give 
sufficient attenuation by itself. In these applications the 
use of an electromagnetic shield is' a must. A shield, 
Burr-Brown lOOMS, is specially d¢signed for use with 
the 3656 package. Note that the offset voltage appearing 
at pin ISmay change by 4mV tol2mV with use of the 
shield; however, this can be trimmed (see Offset Trim
ming section). 

VOUT 
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ANALOG CIRCUIT FUNCTIONS 

Analog circuits act as building blocks with which to perform a variety of 
instrumentation', computation, and control functions, They provide a broad 
range of versatile, proven, and ready to use computational function circuits 
forthe designerto use in developing simple or complex systems, The analog 
circuit functions include multiplers, dividers, multifunction converters, true 
rms-to"OC converters, logarithmic amplifiers, voltage and window com
parators, peak detectors, precision oscillators, and filters. The multifunction 
converter also provide multiply, divide, square root, exponentiate, roots, 
sine, cosine, arctangent, vector magnitude RMS-to-OC and logarithmic 
amplifier functions. 

The availability of these relatively complex functions as precise, versatile, 
easy-to-use, low-cost building blocks has broadened the scope of practical 
analog circuit systems and greatly simplified analog circuit designs. The 
names of most analog circuit functions are self-explanatory and describe the 
main functions they perform. 

The functions are used mostly for processing (handing) andlorconditioning 
of analog signal:;;, and usually (though not always) for simulation of 
algebraic andlor' trigonometrically expressed analog computations. The 
variety of applications these functions are effectively used for, are limited 
only by the designer's creative imagination. Some of the interesting 
applications where analog circuit functions have found wide acceptance are 
listed in the table on the following page. 
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Types of Applications Recommended Analog Circuit Function 

Analog simulation. Multiplier, Divider, Multifunction 
Algebraic and trigonometric computations. Converter, Logarithmic Amplifier, 
Power series approximation,function Oscillator. 

fitting and linearizing 
Analog wave shaping. 

VCO and AGC applications. Multiplier, Divider. 

Vector computation. Multifunction Converter, Multiplier. 
Power and energy measurements. 'Multiplier, RMS-to~DC Converter. 

Moduation and demodulation. Multiplier, Divider. 
Signal compression. Logarithmic Amplifier. 
Log-antilog-log ratio computations. Logarithmic Amplifier. 
Light-related measurements. Logarithmic Amplifier. 
Analog signal conditioning. All circuit functions. 

Instrumentation and control systems. All circuit functions. 
Variety of test equipment. All circuit functions. 
Transducer excitation Oscillator. 
Signal reference. Oscillator. 
Alarm circuits. Voltage and Window Comparators. 
Bang-bang co"ntrol applications. Voltage and Window Comparators. 
Control of limit stops. Voltage and Window Comparators. 
Analog memory and peak detection. Peak Detection. 
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SELECTION GUIDE 

MULTIPLIERS/DIVIDERS 

You can select accuracy from 0.25% to 2% max from this complete 
line of integrated circuit mUltipliers. Most provide full four-quadrant 
multiplication. All are laser-trimmed for accuracy-no trim pots 

are needed to meet specified performance. These compact models 
bring the cost of high performance dowri to acceptable levels. 

MULTIPLIERS/DIVIDERS 

Error 1% 
at 25'C. Temperature Feed- Offset Band- Temp 

max Coefficient Ihrough Vollage widlh Range 
ModelUi Transfer Function (%) (%/'C) (mV) (mV) (kHz) '21 Package Page 

MPY100A I(X, - X.)(y, - .Y,j/l01 + Z. ±2 0.017 100 50 70 Ind TO-l00 4-23 
MPY100B ±1 0.008 30 10 70 Ind TO-l00 4-23 
MPY100C ±0.5 0.008 30 7 70 Ind TO-l00 4-23 
MPY100S, ±0.5 0.025 30 7 70 MIL TO-l00 4-23 

MPY534JH ±1.0 0.022 0.3% 5 3MHz Com TO-l00 4-31 
MPY534JD ±1.0 0.022 0.3% 5 3M Hz Com DIP 4-31 
MPY534KH ±0.5 0.015 0.15% 2 3MHz Com TO-l00 4-31 
MPY534KD ±0.5 0.015 0.15% 2 3MHz Com DIP 4-31 
MPY534LH ±0.25 0.008 0.05% 2 3MHz Com TO-l00 4-31 
MPY534LD ±0.25 0.008 0.05% 2 3M Hz Com DIP 4-31 
MPY534SH ±1.0 0.02 0,3% 5 3MHz MIL TO-l00 4-31 
MPY534SD ±1.0 0.02 0.3% 5 3MHz MIL DIP 4-31 
MPY534TH ±0.5 '0.01 0.15% 2 3MHz MIL TO-l00 .4-31 
MPY534TD ±0.5 0.01 0.15% 2. 3M Hz MIL DIP 4-31 

MPY634AM ±1.0 0.022 0.3% 5 10MHz Ind TO-l00 4-38 
MPY634BM ±0.5 0.015 0.15% 2 10MHz Ind TO-l00 4-38 
MPY634SM ±1.0 0.02 0.3% 5 10MHz MIL TO-l00 4-38 
MPY634KP ±2.0 0.03 0.3% 25 10MHz Ind DIP 4-38 

4203J XY/l0 2 0.04 50 20 40 Com TO-l00 4-97 
4203K 1 0.04 50 20 40 Com TO-l00 4-97 
4203S, (0) 1 0.04 50 20 40 MIL TO-lOO 4-97 

4204J XY/l0 0.5 0.01 10 15 32 Ind DIP 4-99 
4204K 0.5 O.Ol 5 5 33 Ind DIP 4-99 
4204S, (0) 0.25 0.02 5 5 33 MIL DIP 4-99 

4205J (X, - X.)(y, - Y.)/10 2 0.04 50 20 40 Com TO-l00 4-97 
4205K 1 0.04 50 20 40 Com TO-l00 4-97 
4205S, (0) 1 0.04 50 20 40 MIL TO-l00 4-97 

4206J XY/lO 0.5 0.01 10 15 33 Com DIP 4-99 
4206K 0.25 0.01 5 5 33 Com DIP 4-99 

4213AM, (0) I(X, - X.)(y, - V.)/101 + z 1 0.008 30 10 70 Ind TO-l00 4-i05 
4213BM 0.5 0.008 30 ' 7 70 Ind TO-lOO 4-105 
4213SM 0.5 0.008 30 7 70 MIL TO-lOO 4-105 

4213/MIL Series See Military Products. section 12. 

4214AP I(X, - X.)(y, - V.)/101 + z 1 0.02 30 10 70 Ind DIP 4-109 
4214BP 0.5 0.02 30 7 70. Ind DIP 4-109 
4214RM ,1 0.02 30 10 70 Ind DIP 4-109 
4214SM 0.5 0.02 30 7 70 Ind DIP 4-109 

·Same.as model above. 
NOTES: (1) "(oj" indicaies product also available with screening for increased reliabilily. See High Reliability Screening, seclion 12. (2) Com; O'C to 
+70'C; Ind; -25'C to +85'C; M'IL; '-55'C 10 +125·C. 
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SPECIAL FUNCTIONS 

This group of models offers many different functions that are the 
quick, easy way to solve a wide variety of analog computati~l1al 

pfOblems. Most are in il)tegrated circuit packages and are laser
trimmed for excellent accuracy . 

. SPECIAL FUNCTIONS 

Temp 

Function Model Description Comments 
Range 

111 Package Page 

. Multifunclion 4302 Y(Z/X)m Plaslic package. Ind DIP 4-111 
Converter This function may be used to multi-

ply. divide, raise to powers, take roots 
and form sine and cosine functiC?flS;' 

LOG100JP K Log (I,ll.) Optimized fo~ log ratio of current Com DIP 4-15 
inputs. Specified over six decades c,f 

.inpul (lnA to lmA), 55mV lolal error, 
0.25% log conformity. 

Logarithmic 4127JG K Log (I,/IR.F) A more versatile' part which contains Com DIP 4-90. 
. Amplilier 4127KP an internal reference and a current Com DIP 4-90 

Inverter. 1% and 0.5% accuracy. 

4340 True rms-la-DC conversion based oil Laser-trimmed, requires no external Ind DIP 4-117 

+ fJ EIN'(I)dl 
. a log-anlilog compulalional 'trimming for rated accuracy. Hermeti-
approach .. cally sealed in a metal package. 

4341 True rms-to-OC conversion based on Some exter",al trimming required. Ind DIP 4-119 
a log-antilog compulational . Lower cost in plastic package. Pin 
approach. compatible wllh 4340. 

Peak 4085BM These are analc;>g memory circuits Digital. m~de control pr!lvides reset Com DIP 4-82 
Detector 4085KG which hold and provide read-oul of a capabilily and allows selection of Ind DIP 4-82 

4085SM DC vollage equal to peak value of a peaks within a desired time interval. MIL DIP 4-82 
complex input waveform. May be used 10 make peak-to-peak 

delector. 

Window 4115/04 ProVides a window or dual limit The 3 outputs are capabie of sinking Com Module 4-88 
Comparator for comparison. l:lnit has 3 Inputs: I up 10 200mA of current, indicaling if 

one for a vollagelhat sels upper 11m, the input voltage is above, below, or in 
mit, one for a voltage that sets lower the window. 
limit, and one for a signal input: 

NOTES: (1) Com = Oto +70°C; Ind = -25°C to +85°C; MIL = -55°C to +125°C. 

DIVIDERS 

The use of a speciallogl antilog committed divider design overcomes 
Ihe major problem encountered when trying to use a mUltiplier in a 

divider circuit. Outslanding accuracy is maintained even at very iow 
denominator voltages. ' 

DIVIDERS 

Accuracy, max, Temperature 0.5% 
Transfer Input D=250mV Coefficlenl Bandwidlh. Raled Temp 

Model Function Range (%) (%I"C) (kHz) Oulpul, min RangeC11 Package Page 

DIV100HP NID 10 250m V 1.0 0.2 15 ±10V,±5mA Ind DIP 4-7 
DIV100JP NID10 10 0.5 0.2 15 ±10V,±5mA Ind DIP 4-7 
DIV100KP NID 10 10V 0.25 0.2 15 ±10V, ±5mA Ind DIP 4-7 

NOTES: (1) Ind = -25°C 10 +85°C. 

FREQUENCY PRODUCTS 

This group of products consists of precision oscillators and active 
filters for both signal generatiop and .attenuati\ln. Both fixed fre
quency and user selected frequency units are avwlable. 

FREQUENCY PRODUCTS 

Temp 
Funcllon Model Description Comments Rangel" Package Page 

Oscillator 4023/25 Fixed-frequency (cuslomer-specified, Frequency stability vs lemperalure: Ind Module 4-80 
10Hz 10 20kHz) provides a low dislor- O.04%1°C max. Amplitude stability vs 
lion, slable amplilude sine wave oulpu!. lemperalure: 0.02%1° C max. 

4423 Very-law caslin plaslic package. Frequency range: 0.OO2Hz 10 20kHz. Com DIP 4-123 
Provides resistor programmable . Frequency stability: 0.01%1° C. 
quadrature oulpuls (Sine and cosine Quadrature phase error: ±o.I%. 
wave oulputs simull"neously available). 

Universal UAF41 These fillers provide a complex pole Add only resislors 10 determine pole Ind DIP 4-68 
Aclive UAF21 pair. Based on stale variable approach, location (frequency and Q). Easily Ind DIP 4-60 
Filter UAFll low-pass, high-pass and bandpass cascaded for complex filter responses. Ind ' DIP 4-60 

outpuls are available. 

NOTES: (1) Com = 010 +70°C; Ind = -25·C 10 +85°C. 
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VOLTAGE REFERENCE 

This product is a precision voltage reference which provides a.+ IOV , 
output. The output can be adjusted with minimal effect on drift or 
stability. 

VOLTAGE REFERENCE 

Minimum Maximum 
Power Supply 

Temp 
Model Output (V) Output (rnA) Drift (ppm/' C) (V) (rnA) Rangel11 Package Page 

REF10KM +10.000 ±0.005 10 1 +13.5/35 4.5 Com TO-SS 4-46 
REF10JM +10.000 ±0.005 10 2 +13.5/35 4.5 Com TO-SS 4-46 
REF10SM +10.000 ±0.005 10· 3 +13.5/35 4.5 MIL TO-9S 4-46 
REF10RM +10.000 ±0.005 10 6 +13.5135 4.5 MIL TO-SS 4-46 

REF101KM +10.000 ±0.005 ;0 1 +13.5/35 4.5 Com' TO-SS 4-52 
REF101JM +10.000 ±0.005 10 2 +13.5/35 4.5 Com TO-SS 4-52 
REF101SM +10.000 ±0.005 10 3 +13.5/35 4.5 MIL TO-SS 4-52 
REF101RM +10.000 ±0.005 10 6 +13.5/35 4.5 MIL TO-SS 4-52 

NOTES: (1) Com = 0 to +70'C; MIL = -55'C to +125'C. 
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. GLOSSARY OF TERMS & DEFINITIONS 
. A.nalog Cir~uit. Functio'ns·· 

ABSOLUTE-VALUE CIRCUIT 
1\ circuit that produces a unipolar output signal equal to 
the magnitude or· absolute va!ue of a bipolar input signal. 
. . 

ACCURACY 
The deviation from the ideal output voltage defined as a . 
percent of full scale output voltage. . 
,.. .. 

COMPARATOR 
A device with two stable output states which signal if an 
input current or voltage has crossed a threshold. The 
threshold may be set by one or more other currents or 
voltages, either fIXed or variable. 

. CREST FACTOR 

The ratio of the peak value oCa time-varying signal to its 
rms value. . 

CURRENT LIMITING 
Limiting the output current supplied by a circuit for 
protection purposes. 

FEEDBACK 
The return of a portion of the output signal from a device 
to the input of the device. 

FEEDTHROUGH 
The input offset parameter applicable to mUltipliers. It is 
the output voltage when voltage is applied to one input of 
the multiplier and the other input is at zero. 

FULL POWER FREQUEI'llCY RESPONSE 
The maximum frequency at which the output will swing 
full scale peak-ta-peak voltage into a rated load without 
significant distortion of the output. 

HYSTERESIS 
The transfer response lag of comparators controlled by· 

positive feedbacka~d resulting in different trip points for 
.the two directions of output transition: ... 

.LOGARlTHMIC AMPLIFIER. 
An amplifier which. develops an· output· voltage that is 
proportional to the logarithm of the input signal. 

OUTPUT OFFSET 
The output voltage when the inputs are grounded. 

RMS 
The root-mean-square value of a time-varying signal E(t) 
over a time period of T is 

Enn. = ,jf-:I""/T=--:OJo""" [:::E::-C(t):-:lt'""'d=-t 

RMS CONVERTER 
A circuit that develops a DC output voltage equal in rms 
value to an input signal of arbitrary waveform. 

SETTLING TIME 
The time required for the output to respond to a step 
input and to settle within some specified error band 
around the output final value. 

SLEW RATE 
The maximum rate of change of an output voltage when 
supplying the rated output. 

SMALL SCALE FREQUENCY RESPONSE 
The -3d8 output frequency for a small AC signal 
(normally IV, pop) input. For multipliers, one input may 
be held at + IOVDC or -IOVDC and the other input held 
at small AC signal. 

WINDOW COMPARATOR 
A compartor that detects levels within a set range or· 
window rather than simply distinguishing between levels 
above and below a set point. 



BURR-BROWN® 

113131 DIV100 

ANALOG DIVIDER 

FEATURES 
• HIGH ACCURACY 

0,25% maximum error, 40:1 denominator range 

• TWO-QUADRANT OPERATION 
Dedicated log-antilog technique 

• EASY TO USE 
Laser-trimmed to specified accuracy -no 
external resistors needed 

• LOW COST 

• DIP PACKAGE 
.. 

DESCRIPTION 

The DIVIOO is a precision two-quadrant analog 
divider offering superior ped'ormance over a wide 
range of denominator input. Its accuracy.is nearly 
two orders of magnitude better than multipliers used 
fordivision. It consists offour operational amplifiers 
and logging transistors integrated into a single 
monolithic circuit and a laser~trimmed. thin~film 
resistor network. The electrical characteristics o( 
these devices offer the user guaranteed acciiracy 
without the need for external adjustmerit - the 
DIV 100 is a complete. single package analog divider. 

VREF 
Output 

APPLICATIONS 
• DIVISION 

• SQUARE ROOT 

• RATIOMETRIC MEASUREMENT 

• PERCENTAGE COMPUTATION 

• TRANSDUCER AND BRIDGE LINEARIZATION 

• AUTOMATIC LEVEL - AND GAIN - CO"TROL 

• VOLTAGE CONTROLLED AMPLIFIERS 

• ANALOG SIMULATION 

For those applications requiring higher accuracy 
. than the DIV 100 specifies the capability for optional 
adjustment is provided. These adjustments allow the 
user to set scale factor. feedthrough. and output~ 
referred offsets for the lowest total divider error~ 

The DIV 100 also gives the user a precision. temper
ature-compensated reference. voltage for external 
use. 

Designers of industrial process control systems .. 
analytical instruments. or biomedical instrumenta:· 
iionwill find the DIV 100 easy to use and also a low 
cost. but highly accurate solution to their analog 
divider applications. 

Output 

N Input t3~----------<>--------------"I""""--' 

International Airportlnduslrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (602/746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 
ELECTRICAL 
Specifications at TA - +25°C and +Vcc - 15VDC unless otherwise noted - - -
MODEL DIV100H!' DIV100JP DIV100KP " 

PARAMETER ,I CONDITIONS MIN 1 TVP MAX ,MIN TVP MAX MIN -.l TVP -.l MAX UNITS 

TRANSFER FUNCTION 1 
ACCURACY RL ;;;'10kO 
Total Error 
Initial 0,25Vo;; DO;; 10V, NO;;: DI 
vs. Temperature 1V0;; DO;; 10V, No;;l 01 

0.25V 0;; DO;; lV. N 0;;1 0 I 
vs. Supply 0.25Vo;; DO;; 10V. No;;l 01 

Warm-up time t~ rated performance 

AC PERFORMANCE D - +10V 
Small·Signal Bandwidth ·3dB 
0.5% Amplitude Error Small·Signal, 
0,57° Vector Error Small·Signal 
Full·Power Bandwidth Vo = ±10V. 10 ='±5mA 
SlewRate Vo = ±10V. 10 = ±5mA 
SaWing Time • = 1% • .lVo = 20V 
Overload Recovery 50% Output Overload 

INPUT CHARACTERISTICS 
Input Voltage Range 
Numerator· No;;lDI ±10 
Denominator 0;;;' +250mV +10 

Inpu~ Resistance Either Input 

OUTPUT CHARACTERISTICS 
Full·Scale Oulpul (FSOI . ±10 
Raled Oulpul 
Vollage 10 =;±5mA ±10 
Currenl Vo =±10V ±5 

Current Limit 
Positive. 
Negative 

OUTPUT NOISE VOLTAGE N=OV 
fa 10Hz 10 10kHz 
o =+10V 
D=+250mV 

REFERENCE VOLTAGE CHARACTERISTICS RL;;;'10MIl 
Oulput Vollage 
Initial At+25°C 6.3121 
vs. Supply 
Temperature Coefficient 

Output Resistance 

POWER SUPPLY REQUIREMENTS 
Rated Voltage 
Operating Range ' ,Derated Performance ±12 
Quiescent Current 
Positive Supply 
Negative Supply 

AMBIENT TEMPERATURE RANGE 
Specification 0 
Operating Range Derated Perfor~ance ·25 
Storage I ':'40 

'Same as OIVl00H. 

ABSOLUTE MAXIMUM RATINGS 
Supply ____________ ~,"_ ........ ---±20VDC 

Internal Power Dissipation(3) SOOmW 
Input Voltage Rangel4) ±2OVDC 
Storage Temperature Range ·55°C to +l25°C 
Operating Temperature Range ·25°C to +85°C 
Lead Temperature (soldering. 10 seconds I +3OO·C 
Output Short·Clrcuit Durationl31151 Continuous 
Junction Temperature 175°C 

Vo= 10NtD 1 1 1 '-.1 

0,7 1,0 0,3 0.5 0,2 0,25 % FSOIH 
0.02 0,05(2) % FSOfOC 
0.06 0.2(21 

, 
% FSOfOC 

0.15 % FSOt% 
5 Minutes 

350 · kHz 
15 kHz 

1000 Hz 
30 kHz 
2 

, 
V/~sec 

15 · psec 
4 psec 

V 
V 

25 kIJ 

. V 

V 
mA 

15 ' 20121 mA 
19 23(2) mli 

" 

370 pV, rms 
1 " mV,rms 

6.6 6.9121 V 
±25 ~VIV 
±50. · ppmtoC 

3 kO 

±15 · VDC 
±20 

I" I 
VDC 

5 7121 mA' 
8 10(2) mA 

+70 °C 
+85 °C 
+85 . 

°C 

NOTES: 
1. FSO is the abbreviation ,for Full Scale Oulput. 
2. This parameter is un"tested and is not guaranteed. T~is specification is established 

10 a 90% confidence level.' , 
3. See GenerallnformBtion section for discussion. 
4, For supply voltages less than ±20VDC. Ihe absolule maximum inpul vollage is equal 

10 the supply vollage, 
5. Short·circuit may be to ground only, Rating applies to an ambient temperature of 
, +38°C al rated supply vollage. 
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TYPICAL PERFORMANCE CURVES 

o 
Ii! 
'! 

TOT AI. ERROR VS 
DENOMINATOR VOLTAGE 

"OO~~ 

eo.'OMiIII w 
J 

o 010L:. ,,...-Jw....I..l.w.,u.,.o:-I...J...J..J.J..Ll~'o 
Denominator Voltage IV! 

SMALL-SIGNAL FREaUENCY RESPONSE 

N '" 2V, p-p 

N lif~ 
o.~ 

~ -5 

1·'0 <?o;J.~ 
iii "- i\ 

~ 
!S 

~ 

·'5 

·20 

" 

iii 
10k lOOk 

Frequency jHzl 
'M 

DENOMINATOR FEEDTHROUGH VS 
DENOMltJATOR FREQUENCY 

'00 1k 10k lOOk ·IM 
Frequency I Hz I 

TRANSIENT RESPONSE 

+100 

( D-+25OmV 

CL "" 20pF 
+50 

, 

1\ 
·50 

·'00 

50 100 150 200 
Time jpaecl 

PIN CONFIGURATION 

1. Gain Error Adjust 
2. Output 
3.-Vee 
4. D Input Offset Adjust 
5: Internally Connected to Pin 1 
6. Internally Connected to Pin 14 
7. Internally Connected to Pin 8· 
8. Reference Voltage 
9. Denominator (Dllnput 

10. Common 
11. N Input Oftset Adjust 
12. Output Oftset Adjust 
13. Numerator (Nllnput 
14. +Vee 

iTA = +25°C, Vee = ±15VDC unless otherwise noted.) 

TOTAL ERROR VS AMBIENT TEMPERATURE TOTAl. EAROR VS OUTPUT CURRENT 
FREQUENCY RESPONSE VS 

DENOMINATOR VOL rAGE 

~ 
~ 

~ 
~ 

Ambienl Temperature IOC, 

AMPLITUDE ERROR VS 

NUMERATOR FReOUENCY 

III 
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'! 
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~ 
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0.4 

03 

02 

0.' 
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~ ... \o-.J O 

·'°10utpr 
• Output Current. mA 

NONLINEARITY VS 
DENOMINATOR VOLTAGE 

N o Sin ",I 

IU- 211" 10H~..t 
VOUT lQsin",t 

\ 

'0 

~ 

I 

~ ~iijjiiil~i!!illi ,J 

~ 

0.1 1.0 10 
Denominator Voltage IV, 

NONLINEARITY VS 
NUMERATOR FREQUENCY 

5°°~nJllflI t 'ri~+10V 
N '" 20 sin'~~" 

~ 'OO'I~IIII~ j 050~ 
g 
z 

0.0' I...J-llLW-I..lUJU-...J..JJ..1L...L.JI 0.Q1 '---'--'-'-W-'"---'--'-'-W.J.WI 

01O~_ 

005~ 
100 lk 10k lOOk 

Numerator Frequency (Hz. 

LARGE SIGNAL STEP RESPONSE 

DI.+',oJ-

\ CL.=20pF 
RL=2kO 

+'0 

~ +5 

t 
II 0 

1 

I 
~ -5 

·'0 

20 40 eo 80 
Time IJaNC' 

OUTPUT NOISE VS DENO¥INATOR VOLTAGE 

~ 10 

~ 
J 
}' 
:!! 

~ 
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2 0.1 

N 'OV 

Nm 
, '0 

Denominator Voltage IV I 

~ 

i 

~ 
c 

i 
J 
J 

01 1.0 10 
Denominator Voltage. V· 

LARGE SIGNAL STEP RESPONSE 

i/ D=+250mV 

CL =20pF 
RL=2kO---!. 

+'0 

+5 

·5 
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50 '00 '50 200 
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POWER SUPPLY REJECTION VS 
DENOMINATOR VOLTAGE 

60 

70 

60 

50 

40 

, '0 
Denominator Voltage I V, 

10 100 111. 10k. 'OOk Numerator Frequency Hz 

TRANSIENT RESPONSE 

+'00 r-h-I-+-+-i--l:D-.I-+-,ol-v+-I 
- CL='20pF 
§ +50 r-H-t-+-+-+-+++-I 
& 

~ O~~-1-+-t-+~~1-~ 

~-~r-~-+-+-+-+++~-I 
o 

·'00 H-++-H'++-,f-I---I 

< 
~ 

1 
(J 

I 
1 
il 

,. 
'0 

4 

10 20 30 40 

Timeipseci 

QUIESCENT CURRENT VS 

Ambient Temperature 10C 

MECHANICAL IDIV100HP r Al NOTE: 

0" '0 
013 20 
012 30 
0" '0 

0'· -0 
o. 60 
08 '0 

(Bottom Viewl 

ORDER NUMBER: DIV100JP 
DIV100KP 

CASE Epoxy 
WEIGHT: 2.7 Grams 
CONNECTOR: 0145MC 

INCHES MILliMETERS 
DIM MIN MAX MIN MAX 
A .790 .810 20.07 20.57 

B .490 .510 12,45 12.95 

C .190 .260 4.a3 6.60 

D .01S .021 0.46 0.53 

G .100 BASIC 2.54 8ASIC 

H .08. .115 2.03 2.92 . .130 .300 3.30 7.62 

L .300 BASIC 7.62 BASIC 

" .DB. .115 2.03 2.92 
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leads in true position within TQ 0.010",0 25mm, RalMMCat .t seating plane. 

Denotes Pin 1 

_ ..... 
1234S6 1 

R 1:1;~1~~:: 

Pin numbers shown for 
reference only. Numbers are 
not marked on package. 



DEFINITIONS 

TRANSFER FUNCTION 
The ideal transfer function for the DIV 100 is: 
V",,,=ION/D 

where: N = Numerator input voltage 
D = Denominator input voltage 
10 = Internal scale factor 

Figure I shows the operating region over the specified 
numerator and denominator ranges. Note that below the 
minimum denominator voltage (250mV) operation is 
undefined. 

• IQ VOUl = +lOV 

" VOUl= +IV 

<6 VOUI :: 46V 

<4 VDtJI:: +4V 
:0: 

I ·2 VOUI :: +ZV 

~ 
S"+2 =·3 -<4-+5-<6 .1 " VOU!:: ..ov 

I <II 
·2 ~--- -- VOII ··2V DlftllmlnllDrVoIll1lN) , 

-4 Dmlnlmulil Vout =-4V 

-6 VIaI,=.fiV 

·8 Vout=.aV 

·10 Yaut=·IOV 

FIGURE I. Operating Region. 

ACCURACY 

Accuracy is specified as a percentage of full-scale output 
(FSO). It is derived from the total error specification. 

TOTAL ERROR 
Total error is the deviation of the actual output from the 
ideal quotient ION / D expressed in percent of FSO( IOV); 
e.g., for the DIVIOOK: 

VoutJaclual) = V uut (idt'al) ± total error, 
where: Total error = 0.25% FSO = 25mV. 
It represents the sum of all error terms normally associated 
with a divider: numerator nonlinearity, denomimator 
nonlinearity, scale-factor error, output-referred numer
ator and denominator offsets, and the offset due to the 

output amplifier. Individual errors are not specified 
because it is their sum that affects the user's application. 

SMALL-SIGNAL BANDWIDTH 
Small-signal bandwidth is.the .frequency the output drops 
to 70% (-3dB) of its DC value. The input signal must be 
low enough in amplitude to keep the divider's output 
from becoming slew-rate limited. A rule-of-thumb is to 
make the output voltage 100mV, Pop, when testing this 
parameter. Small-signal bandwidth is directly propor
tional to denominator magnitude as described in the 
Typical Performance Curves . 

. 0.5% AMPLITUDE ERROR 

At high frequencies the input-to·output relationship is a 
complex function that produces both a magnitude and 
vector error. TheO.5% amplitude error is the frequency at 
which the magnitude of the output drops 0.5% from its 
DC value. 

0.57° VECTOR ERROR 
The 0.57" vector error is the frequency at which a phase 
error of 0.0 I radians occurs. This is the most sensitive 
measure of dynamic error ora 'divider. . 

LINEARITY 
Defining linearity for a nonlinear device may seem 
unnecessary; however, by keeping one input constant the 
output becomes a linear function of the remaining input.. 
The denominator is the input that is held fixed with a 
divider. N onlinearities in a divider add harmonic dis
tortion to the output in the amount of: 
. Percent Distortion =' Percent Nonlinearity 

Vi 
FEEDTHROUGH' 

Feedthrough is the signal at the output for any value of 
denominator within its rated range, when the numerator 
input is zero, Ideally the output should be zero under this 
condition. 

GENERAL INFORMATION 
WIRING PRECAUTIONS 
In order to prevent frequency instability due to "lead' 
inductance of the power supply lines, each power supply 
should be bypassed. This should be done by connecting a 
10!,F tantalum capacitor in parallel with a 1000pF 
ceramic capacitor from the +Vee and ·Vee pins' to the 
power supply common, The connection of these capaci
tors should be as close to the D I V 100 as practical. 

CAPACITIVE LOADS 

Stable operation is maintained with capacitive loads of 
up to 1000pF, typically. Higher capacitive loads can be 
driven if a 220. carbon resistor is connected in series with 
the DIY 100's output. 

OVERLOAD PROTECTION 

The DIVIOO can be protected against accidental power 
supply reversal by putting a diode( I N4001, type) in series 
with each power supply line as shown in Figure 2, This 
precaution is necessary' only in power systems' that 
momentarily reverse polarity during turn-on or turn-off. 

If this protection circuit is used, the accuracy of the 
D I VI 00 will be degraded by the power supply sensitivity 
specification. No other overload protection circuit is 
necessary. Inputs are internally protected against over
voltages and they are current-limited 'by at least a 10k!), 
series resistor. The output is protected against short 
circuits to power supply common only .. 
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* +Vcc 

DlV1DO I 
,Vee 

FIGURE 2. Overload Protection Circuit. 

STATIC SENSITIVITY 

I 
No special handling is required. The DI V 100 does not use 
MaS-type transistors. Furthermore. all external leads 
are protected by resistors against low energy electrostatic 
discharge (ESD). 

INTERNAL POWER DISSIPATION 

82 = 20°C/W 

POQ Pox 

,FIGURE 3. D1VIOO Thermal Model. 

Figure 3 is the thermal model for the DIVIOO where: 

PDQ = Quiescent Power Dissipation 
= I + V cc I I+QUlESCENT + I -V cc I I-QUIESCENT 

PDX = Worst case power dissipation in the output 
transistor 

= Vee' 14RI.OAD (for normal operation) 
= V cc II0u,pu, limit) (for short-circuit) 

TJ = Junction Temperature (output loaded) 
TJ* = Junction Temperature (no load) 
Te = Case Temperature 
TA = Ambient Temperature 

() = Thermal Resistance 

rhis model is obviously not the simple one power sliurce 
model that most linear device manufacturers give. It is. 
however. a more accurate model for a multidevice 
monolithic or hybrid integrated circuit. 

The model in Figure 3 must be used in conjunction with 
the DIV 100's absolute maximum ratings of internal 
power dissipation and junction temperature to determine 
the derated power dissipation capability of the package. 

As an example of how to use this model. consider this 
problem: 

Determine the highest ambient temperature at which 
the DIV 100 may be operated with a continuous short 
circuit to ground. Vee = ±15VDC. 

PDlm", = 600mW. TJlm,,' = +175"C. 
T A = T,'lm;" - PDQ (0, + (1) - PDXI,h""=""Ui'i (0 1+0,+01) 

= 175"C - 18"C - Ii9"C = 38"C 
PDlactual1 = Puc.) + PDX(!.horl=dr<.:uill'~ PI>(max) 

= 255mW + 345mW = 600mW 

The conclusion is that the device will withstand a short
circuit up to T" = +38"C without exceeding either the 
175"C or 600mW absolute maximum limits. 

LIMITING OUTPUT VOLTAGE SWING 

The negative output voltage swing should be limited to 
± II V. maximum. to prevent polarity inversion and 
possible system instability. This should be done by 
limiting the input voltage range. 

THEORY OF OPERATION 
The DIVIOO is a log-antilog divider consisting of four 
operational amplifiers and four logging transistors inte
grated into a single monolithic circuit. Its basic principal 
of operation can be seen by an analysis of the circuit in 
Figure 4. 

FIGURE 4. One-Quadrant Log-Antilog Divider 

The logarithmic equation for a biopolar transistor IS: 

VBE = VT In (lei I.), (I) 

where: V, = kT I q 
k = Boltzmann's constant = 1.381 x 10-23 

T = Absolute temperature in degrees Kcl\'in 
q = Electron charge = 1.602 x 10- 19 
Ie ,= Collector current 
I, = Reverse saturation current 

Applying equation (I) to the four logging transistors 
gives: 

ForQI: 
VHF. = VH - VF. = V'I{ln(VREFI Rx -In I,] 

This leads to: 
VI = -VI'[ln(VREFI Rx -In I,] 

ForQ2: 
VI - V, = VI{ln(VNI RN) - In Is] 

ForQ3: 
V1 = -V1'[ln (VDI RD) -In Is] 

We have now taken the logarithms of the input voltage 
VREF • VN• and VD. Applying equation (I) to Q. gives: 

V1 - V, = VI' [In (Vol Ro) -In I,]. 

'Assume VT and I, are the same for all four transistors (a 
reasonable assumption with a monolithic IC). Solving 
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VHEF 
Output 

IRDI 

Output 

N Input 13}-----:-;----:----..... -,--------------"J"";;-:! 

FIGURE 5. DIV 100 Two-Quadrant Log-Antilog Circuit._ 

this last equation in terms of the previously defined 
variables and taking the antilogarithm of the result 

yields: VREI' V" R" R" 
V;, := V" Rx R" (2) 

In the DIV 100 V"" =6.6V. R .. = R, = R". and Rx issuch 
that the transfer function is: 

V,,= 10 N D (3) 

where: N = Numerator Voltage 
D = Denominator Voltage 

Figure 5 is a more detailed circuit' diagram for the 
DIV 100. In addition to the circuitry included in Figure 3, 
it also shows the resistors (RJ, R4, R" R., and RIO) used 
for level-shifting. This converts the DIVIOO to a two
quadrant divider. 

The implementation of the transfer function is equation 
(3) is done using devices with real limitations. For 
example, the value of the D input must always be 
positive. If it isn't, QJ will no longer conduct, AJ will 
become open loop, and its output and the DIV 100 output 
will saturate. This limitation is further restricted in that if 
the D input is less than +250mV the errors will become 
substantial. It will still function, but its accuracy will be 
less. 

Still another limitation is the value of the N input must 
always be equal to or less than the absolute value of the D 
input. From equation (3) it 'can be seen that if this 

limitation is not met V" will try to be greater than the IOV 
output voltage limit of A •. 
A limitation that may not be, obvious' is the effect of 
source resistance. If the numerator or denominator 
inputs are driven from a source with more than IOn of 
output resistance. the resultant voltage divider will cause 
a significant outp~t error. This voltage divider is formed 
by the source resistance and the DIV 100 input resistance. 
With RSOl'RcE = Ion and R"'l'l'T (I)(\'IO(}I = 25kn an error 
of 0.04% results. This means that the best performance of 
the DIVIOO is obtained by driving its inputs from 
operational amplifiers. 

Note thalthe reference voltage is brought out to pins 7 
and 8. This gives the user a precision, temperature
comperisated reference for external use. Its open-circuit 
voltage is +6.6VDC, ±0.075V, typically. Its Thevenin 
equivalent resistance is 3k!l. Sincc the output resistance 
is a relatively high value. an operational amplifier i's 
necessary to buffer this source as shown in Figure 6. The 
external amplifier is necessary because, current drawn 
through the 3k!l resistor will effect the DIVIOO scale 
factor. -

~ __ OI_VI~OO __ ~t;=---J 
FIGURE 6. Buffered Precision Voltage'Reference. 

OPTIONAL ADJUSTMENTS 
Figure 7 shows the connections to make to adjust the 
DIV 100 for significantly better accuracy over its 40-to-1 
denominator range. . 

The adjustment procedure is: 
1. Begin with RI, R2, and R3 set to their mid-position. 
2. With INI =. D = 10.OOOV, ±lmV, adjust.RI for 

Vo == +IO.OOOV, ±lmV. This sets the scale factor. 
3. Set D to the minimum expected denominator voltage. 

With N = D, adjustR2 for Vo = -IO.OOOV. This ad
" justs the output referred offset errors. 

4. With D still at its, minimum expected value, make 
N = D. Adjust R3 for Vo = 10.OOOV. This adjusts the 
output referred offset errors. 

5. Repeat steps 2-4 until the best accuracy is obtained. 

+VooQ-J1"'0Ic"n-o 

HI 
20kn 

FIGURE 7. Connection Diagram for Optional . 
Adjustments. 
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TYPICAL APPLICATIONS 
CONNECTION DIAGRAM 
Figure 8 is applicable to each application discussed in this 
section, except the square root mode. 

Rsource < 1011 

FIGURE 8. Connection Diagram - Divide Mode. 

RATIOMETRIC MEASUREMENT 
The DIV100 is useful for ratiometric measurements such 
as efficiency, elasticity, stress, strain, percent distortion. 
impedance magnitude. and fractional loss or gain. These 
ratios may be made for instantaneous. average, RMS, or 
peak values. 

The advantage of using the DIV100 can be illustrated 
from the example shown in Figure 9. 

FIGURE 9. Weighing System - Fractional Loss. 

The L VDT (Linear Variable Differential Transformer) 
weigh cell measu~es the force exerted on it by the weight 
of.the material in the container. Its output is a voltage 
proportional to: F 

W=-1l. 
'a 

where: W = Weight of material 
F= Force 
g = Acceleration due to gravity 
a = Acceleration (acting on body of weight W) 

In a fractional loss weighing system the initial value ofthe 
material can be determined by the volume ofthe container 
and the density of the material. If this value is then held 
on the D-input to the DIV 100 for some time interval. the 
DIVIOO output will be a measure of the instantaneous 
fractional loss: 

Loss (L) = WINSTANTANEOlJS/WINITIAI. 

Note that by using the DIV100 in this application t/le 
common physical parameters of g and a have been 
eliminated from the measurement, thus eliminating the 
need for precise system calibration. 

The output from a ratiometric measuring system may 
also be used as a feedback signal in an adaptive process 
control system. A common application in the chemical 
industry is in the ratio control of a gas and liquid flow as 
illustrated in Figure 10. 
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FIGURE 10. Ratio Control of Water to Hydrochloric 
Gas 

PERCENTAGE COMPUTATION 
A variation of the direct ratiometric measurements 
previously discussed is the need for percentage compu
tation. In Figure 11 the DIV 100 output varies as the 
percent deviation of the measured variable to the standard. 

N 

InStrumentation DIVtOO 
Amplifier 

FIGURE II. Percentage Computation. 

TIME AVERAGING 

(1%pervoltj 

The circuit in Figure 12 overcomes the fixed averaging 
interval and crude approximation of more conventional 
time averaging schemes. 

T 

DIV1DD 
- 1f Vout =X = T xdt 

o 

FIGURE 12. Time Averaging Computation Circuit. 

BRIDGE LINEARIZATION 
The bridge circuit in Figure 13 is fundamental to 
pressure. force, strain and electrical measurements. It can 
have one or more active arms whose resistance is a 
function of the' physical quantity, property, or condition 
that is being measured; e.g., force of compression. For 
the sake of explanation the bridge in Figure 13 has only 
one active arm. 



""---0() A 

FIGURE 13. Bridge Circuit. 

The differential output voltage V HA is: 
-VEx6 

VOA=VS-VA 2(2+6)' 

a nonlinear function of the resistance change in the 
active arm. This nonlinearity limits the useful span of the 
bridge to perhaps ±IO% variation- in the measured 
parameter. 

Bridge linearization is accomplished using the circuit in 
Figure 14; The instrumentation amplifier converts the 
differential output to a single-ended voltage needed 
to drive the divider. The voltage-divider string makes the 
numerator and denominator voltages: 

N - -Vlex6 R,N d 
(2R, + 3RiR)(2 + 6) ,an , 

D - 2 VEX Rill , respectively, 
- (2R, + 3RiIl)(2 + 6) 

where: RiN = DIVIOO numerator input resistance 
Rill = DIVIOO denominator input resistance 

Applying these voltages to th~ DIV 100 transfer function 
gives: 

V,,= 10N/D 

which reduces to: 
Vo=-56 . 

(2R, + 3Ril»(Ri~6) 10 

if the divider's input resistances are equaL 

The nonlinearity of the bridge has been eliminated and 
the circuit output is independent of variations in the 
excitation voltage. 

FIGURE 14. Bridge Linearization Circuit. 

AUT()MATIC GAIN CONTROL 
A simple AGC circuit using the DIVIOO is shown in 

, Figure 15. The numerator voltage may vary both positive 
and negative. The divider's output is half-wave rectified 
and filtered by D,. RJ~ and C,. It is then compared to the 
DC reference voltage. I f a difference exists the integrator 

sends a' control' signal to the denominator input to 
maintain a constant output, thus compensating for input 
voltage changes. 

r--...... --Voui 

PositivI DC Rlilrencl Voltage 

FI'GURE 15. Automatic Gain Control Circuit. 

VOLTAGE-CONTROLLED FILTER 
Figure 16 shows how to use the DIVIOO in the feedback 
loop of an integrator to form a voltage-controlled filter. 
The transfer function is: ' 

VUUtfS ! = __ K_ 
Vi"'S! rS + I 

where: K = -R,/ R, 
10 R, C 

r = V('(I~rK(l1. 

This circuit may be used as a single-pole low-pass active 
filter whose cutoff frequency is linearily proportional to 
the circuit's' control voltage. 

Vconlrol o--~~ 

V control;;' .250mV 

FIGURE 16. Voltage - Controlled Filter. 

SQUARE ROOT 

Voul = 'JToN' 
N;;..loomV 

It------, 
,DIVloo 12 

47pF 

2211 

FIGURE 17. Connection Diagram for Square Root Mode. 
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BURR-BROWN@ 

113131 LOG100 

Precision 
LOGARITHMIC AND LOG RATIO AMPLIFIER 

FEATURES 
• HIGH ACCURACY 

0.37% FSO max Total Error 
over 5 decades 

• GOOD LINEARITY 
0.1 % max Log ConformIty 
over 5 decades 

• EASY TO USE 
Pln-seleelable GaIns 
Internal Laser-trImmed ResIstors 

• WIDE INPUT DYNAMIC RANGE 
6 Decades. 1 nA to 1 mA 

APPLICATIONS 
• LOG. LOG RATIO AND ANTILOG 

COMPUTATIONS 
• ABSORBANCE MEASUREMENTS 
• DATA COMPRESSION 
o OPTICAL DENSITY MEASUREMENTS 
• DATA LINEARIZATION 
• CU~RENT AND VOLTAGE INPUTS 

r"Mr-+-+--oI---..4-{2 ~m~R 
TRIM 

RESISTOR VALUES NOMINAL ONLY: 
LASER-TRIMMED FOR PRECISION GAIN. 

DESCRIPTION 
The LOG I 00 uses advanced integrated circuit techno
logies to achieve high accuracy, ease of use, low cost, 
and small size. It is the logical choice for your 
logarithmic-type computations. The amplifier has 
guaranteed maximum error specifications over the 
full six-decade input range (InA to I mA) and for all 
possible combinations of II and Iz. Total error is 
guaranteed so that involved error computations are 
not necessary. 

The circuit uses a specially designed compatible thin
film monolithic integrated circuit which contains 
amplifiers, logging transistors, and low drift thin
film resistors. The resistors are laser-trimmed for 

maximum precision. FET input transistors are used 
for the amplifiers whose low bias ,currents (IpA 
typical) permit signal currents as low as InA while 
maintaining guaranteed total errors of 0.37% FSO 
maximum. 

Because scaling resistors are self-contained, scale 
factors of IV, 3V or 5V per decade are obtained 
simply by pin selections. No other resistors are 
required for log ratio applications. The LOG 100 will 
meet its guaranteed accuracy with no user trimming. 
Provisions are made for simple adjustments of scale 
factor. offset 'voltage, and bias current if enhanced 
performance is desired. 

InternatlMal Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (6021746·1111· Twx: 910·952·1111· Cable: BBRCORp· Telex: 66-6491 

PDS437A 
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SPECIFICATIONS 
r---~------------------' Specifications at TA = +25°C and ±Vcc = ±15V unless otherwise noted. I 

ELECTRICAL 

PARAMETER 

TRANSFER FUNCTION 

Log Conformity Error(1) 
Initial 

Over Temperature 

K Rangel2) 
Accuracy 
Temperature Coefficient 

ACCURACY 

Total Error(3) 
Initial 

vs Temperature 

vs Supply 

CONDITIONS 

Either h or 12 
InA to 100"A 15 decades) 
lnA to lmA 16 decades) 
1 nA to 100"A 15 decades) 
lnA to lmA 16 decades) 

K = 1,(4) .Current Input Operation 
h.12=lmA 
h.12= l00"A 
h.12= 10"A 
h.12= I"A 
h.12= l00nA 
h.12= 10nA 
h.12=lnA 

h.12= lmA 
1,.12 = l00"A I,. 12 = 10"A 
h.12=1"A 
h; 12 = l00nA 
h. 12 = 10nA 

,h.12 = lnA 

h;12=lmA 
h.12 = l00"A 
h.12= 10"A 
1,.12=1"A 
1,.12 = l00nA 
h. 12 = 10nA 
1,.12=lnA 

INPUT CHARACTERISTICS 101 amplifiers A, and A2) 

Ollset Voltage 
Initial 
vs Temperature 

Bias Current 
Initial 
vs Temperature 

Voltage Noise 
Current Noise 

AC PERFORMANCE 

3dB Response!S). 12 = 10"A 
lnA 
l"A 
10"A 
lmA 

Step Responsele) 
Increasing 
IIlAtolmA 
100nA to 1"A 
10nA to l00nA 

Decreasing 
lmAto,l"A 
l"A to 'iOOnA 
100nA to 10nA 

OUTPUT CHARACTERISTICS 

Full Scale Output I FSO I 
Rated Output 

Voltage 
Current 

Current Limit 
Positive 
Negative 

Impedance 

POWER SUPPLY REQUtREMENTS 

Rated Voltage 
Operating Range 
Quiescent Current 

10Hz to 10kHz. RTI 
10Hz to 10kHz. RTI 

CC=4500pF 
Cc = 150pF 
Cc': 150pF 
Cc =50pF 

Cc = 150pF 

Cc = 150pF 

lOUT = ±5mA 
VOUT=±10V 

Derated Performance 
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MIN 

±10 

±10 
±5 

±12 

LOG100JP 

TYP 

VOUT= K Log Ih/12) 

0.04 
0.15 
0.002 
0.001 
1.3.5 

0.3 
0.03 

±O.20 
±O.37 
±0.28 
±O.033 , 
±0.28 
±O.51 
±1.26 

±4.3 
±1.5 
±O.37 
±O.ll 
±O.61 
±O.91 
±2.6 

±0.7 
±80 

1 
doubles every 100 0 

I '3 I 
0.5 

0.11 
38 
'27 
45 

11 
7 

110 

45 
20 

550 

12.5 
15 

0.05 

±15 

±7 

MAX 

0.1 
0.25 

±55 
±30 
±25 
±20 
±25 
±30', 
±37 

±5 

515) 

±18 
±9 

UNITS 

. 

% 
% 

%/"C 
%/"C 

. V/decade 
% 

%1°C 

mV 
mV 
mV 
mV 
mV 
mV 
mV 

mV;oC 
mV;oC 
mVioC 
mV;oC 
mVioC 
mV;oC 
mV/oC 

mV/v 
mV/v 
mV/v 
mV/v 
mV/v 
mViV 
mV/v 

mV 
"V;oC 

pA 

p,V,rms 
pA,rms 

kHz 
kHz 
kHz 
kHz 

psec 
"sec 
~sec' 

Slsec 
~sec 
Ilsec 

V 

V 
mA 

mA 
mA 
n 

VDC 
VDC 
mA 



ELECTRICAL (CONT'D) 

Specifications at TA = +25°C and +Vcc = +15V unless otherwise noted - -
PARAMETER I CONDITIONS I 'MIN I TYP I MAX I UNITS 

AMBIENT TEMPERATURE RANGE 

Specification I Derated Performance I 
0 

I I 
+70 

_I 

DC 
Operating Range -40 +85 DC 
Storage -40 +85 DC 

NOTES: 
1. log Conformity Error is the peak deviation from the best-fit straight line of the VOUT vs log liN curve expressed as a percent of peak-la-peak full 

scale output. 
2. May be trimmed to other values. See Applications section. 
3. The worst-case Total Error for any ratio of 11/12 is the largest of the two errors when hand 12 are considered separately. 
4. Total Error at other values of K is K times Total Error for K = 1. 
5. Guaranteed by design. Not directly measurable due to amplifier's committed configuration. 
6. 3dB and transient response are a function of both the compensation capacitor and the level of input current. See Performance C~rves. 

ABSOLUTE MAXIMUM RATINGS 

Supply ±18V 
Internal Power Dissipation 600mV 
Input Current 10mA 
Input Voltage Range ±18V 
Storage Temperature Range -55°C to +125°C 
Lead Temperature (soldering 10 seconds) +300°C 
Output Short-circuit Duration Continuous to ground' 
Junction Temperature 17Soe 

SCALE FACTOR PIN CONNECTIONS 

K. Vldecade Connections 

5107 
4 t07 

4 and 5 to 7. 

PIN CONFIGURATION 
1.11 INPUT 
2. SCALE FACTOR TRIM 
3. K= 1 
4. K=3 
5. K=5 
6. +Vcc 
7. OUTPUT 
8. NO INTERNAL CONNECTION 
9.-Vee 

10. COMMON 

014 
013 
012 
011 
010 
09 
08 

10 
20 
30 
40 
50 
6 0 

7' 
1.9 
1 

0.85 
0.77 
0.68 

3t07 . 
3 and 5 to 7 
3and4t07 

3and4and5t07 

11. NO INTERNAL CONNECTION 
t2. NO INTERNAL CONNECTION 
t3. NO INTERNAL CONNECTION 
14.I,INPUT 

I Bottom View I 

MECHANICAL 

ORDER NUMBER: LOG100JP 
CASE: Epoxy 
WEIGHT: 2.7 grams 
CONNECTOR: 0145MC 

NOTE: 
Leads in true position within 
0.010",O.25mml R at MMC at 
seating piane. 

MILLIMETERS 
MIN MAX 

.810 20.07 20.57 

.510 12.45 12.95 

.260 4.S3 6.60 

,021 D." 0.53 

G .100BAsrc 2.54 SASIC 

H .080 ,115 2.03 2.92 

.130 .300 3,30 7,62 

.300 BASIC 7.62 BASIC 

.080 .'15 2.03 

Pin numbers shown for 
reference only. Numbers are 
not marked on package, 

2.92 
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- 31K 
~ 
~ 2(K 
JS 
g 11K 
:; 

I 

~ 0 
o 
~ -11K 

~ -21K 

:ii -31K 

1 

1 

) 

NORMALIZED TRANSFER 
FUNCTION 

I, 
Vour = K Log i;" V 

V 
/ 

V 
/ 

V 

PERFORMANCE CURVES 
I Typical at TA = +25'C, Vee = ±15VDC unless otherwise noted. 1 

11K 

;;0.9IK 

-; O.BIK 

) 

" '" g 0.71K 

:; 0.61K 
a 
:; 0.51K 
o 
il O.4IK 

~ 0.31K 
E 

) 

1 

ONE CYCLE OF NORMALIZED 
TRANSFER FUNCTION 

1/ 
1/ 

/ 
/ 

/ 
/ (; 0.21K 

z 
O.lIK 

1 

1/ 

/ o 

±75 

o 

--

0.001 0.01 0.1 10 100 tOOO 1.0 2.0 3.0 4.0 6.0 B.O 10 lnA 

I, 
Current Ratio, i; 

I, 
Current Ratio. i; 

. TOTAL ERROR VS 
INPUT CURRIiNT 

... .... .... .... ...... ... .... 

l00nA 10"A 

I , , 

Input Current I h or 121 
lmA 

3dB FREQUENCY RESPONSE 

+50 

~ +40 

e +30 
,]j 

~ +20 
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0+10 

~ E 0 

i!: -10 

-20 

TRIMMED OUTPUT ERROR 
VS INPUT CURRENT 

Gain Error and I ,I 
-Offset Error Trimmed 

totero. . 1 

1 J = / 
i.,...-' 

'" 

~ 

1 nA 100nA 10"A 1InA 
Input Current III or '2) 

MINIMUM VALUE OF 
COMPENSATION CAPACITOR 

50U: 
~.tOOk:f-:"":;;+-'--+=+-+-+jL-t 

408 
il0k~~~~~~~~~~~~-i 30:g 

-20 3 1 k 1--1---t--+'~""'<-""''''''''R 
c: 

10 ~ l00~-+:--,--h~~~~~if---I 
:J! 

o ~ 
+105 10 

u 
+20 

10nA 100nA l"A 10"A l00"A ImA 
Input Current, 12 

THEORY OF OPERATIO.N 

The base-emitter voltage of a bipolar transistor is 
I 

VOUT' = VT £n::J and since 
12 

I 
V liE = Yr l1n t where: Yr= KT 

q. 

K = Boltzman's constant = 1.381 x 10-'3 

T = Absolute temperature in degrees Kelvin 

q = Electron charge = 1.602 x 10-'9 Coulombs 

I, = Collector current 

I.. = Reverse saturation current 

From the circuit in Figure I, we see that 

VOl"r' = VUE, - VUE, 

Substituting (I) into (2) yields 

I II 
Vou/ = Yr, I1n r -Yr, Qn r s, \! 

(2) 

(3) 

I1n X = 2.3 IoglO X 

I 
VOll1! = n Yr log ~ 

where. 

also 

n=2.3 

R, + R2 
VOUT = Your' --R-,-

R, +R2 I 
= -R-, - n VT log t 

or 

I 
VOUT= K log~ 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

( II) 

If the transistor~ are matched and isothermal and VT, = 
VT2 , then (3) becomes 

I, I, 
VOU/=VT[Qnr-Qnt] (4) , . 

It should be noted that the temperature dependance 
associated with VT= KT/q is compensated by making R, 
a temperature sensitive resistor with the required positive 
temperature coefficient. 

4-18 



'-------,-,,---+---..... VOUT 

VOUT ' K LOG i2 H, 

FIGURE I. Simplified Model of Log Amplifier. 

DEFINITION OF TERMS 
TRANSFER FUNCTION 

I, 
The ideal transfer function is Vour = K log I; 

where 

K = the scale factor with units of volts/ decade 

I, = numerator input current 

I 

10 

8 

4 

2 

-;:'0 
=> .. 
'" ·2 

·4 

·6 

·8 

·IU 

I, = denominator input current. 

InA I()JA II 

lOO~A ImA 

II 
VOUT = K log i2 

'2= I~A 
FIxed valUI of '2 

FIGURE 2. Transfer Function with Varying K and I,. 

III 

8 

'2= I()JA 

~ 
~ O+---4;.;....~io'......;.:;,;;;.;....~~-... _-:ii"'-___ '1 
=> 
~.2 

-4 

·6 

-8 

·10 

'I VOUT = K log i2 
K=3 

Fixed valul of K 

FIGURE 3. Transfer Function with Varying 12 and I,. 

ACCURACY 

Accuracy considerations for a log ratio amplifier are 
somewhat more complicated than for other amplifiers. 
The reason is that the transfer function is nonlinear and 
has two inputs, each of which can vary over a wide 
dynamic range. The accuracy for any combination of 
inputs is determined from the total error specification. 
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TOTAL ERROR 

The total error is the deviation (expressed in m V) of the 
actual output from the ideal output of VcnlT = K log 
(I, / b). Thus, 

VOl!'r IACTUAI.) = VOUT III>I'AI.) ± Total Error. 

It represents the sum of all the individual components of 
error normally associated with the log amp when operated 
in the current input mode. The worst-case error for any 
given ratio of I, / I, is the largest of the two errors when I, 
and I, are considered separately. 

Example 

II varies over a range of 10nA to I J,LA and I, varies 
from 100nA to 10J,LA. What is the maximum error'? 

Table I shows the maximum errors for each decade 
combination of I, and b. 

TABLE I. I,/I, and Maximum Errors. 

I, 
maxerror}* 

I, 
(max error 1 * 

10nA l00nA 
130mVI 125mVI 

l00nA 0.1 1 
125mVI 130mvi 125mVI 

l"A 0,01 0.1 
120mVI 130mVI 125mvi 

10"A 0.001 0.01 
125mV) 130mVI 125mVI 

-MaXimum errors are In parenthesIs. 

l~A 
120mVI 

10 
125mVI 

1 
120mVI 

0.1 
125mVI 

Since the largest value of l,f I, is 10 and the smallest is 
0.001, K is set at 3V per decade so the output will range 
from +3V to -9V. The maximum total error occurs when 
I, = IOnA and is equal to K x 30mV. This represents a 

0 .. 75% of peak-to-peak FSO error (3 x 1°2030) x 100% = 

0.75Cf; where the full scale output is 12V (from +3V to 
-9V). . 

ERRORS RTO AND RTI 

As with any transfer function, errors generated .by the 
function itself may be Referred-to-Output (RTO) or 
Referred-to-Input (RTI). In this respect log amps have a 
unique property: 

Given some error voltage at the log amp's output, that 
error corresponds to a constant percent of the input 
regardless of the actual input leveL 

Refer to: Yu Jen Wong and William E. Ott, "Function 
Circuits: Design & Applications", McGraw-Hill Book, 
1976. 

LOG CONFORMITY 

Log conformity corresponds to linearity when VOUT is 
plotted versus 1,/ I, on a semilog scale. In many applica
tions log conformity is the most important specification. 
This is true because bias current errors are negligible 
(I pA compared to input currents of I nA and above) and 
the scale factor and offset errors may be trimmed to zero 
or removed by' system calibration. This leaves log con
formity as the major source of error. 



Log conformity error is defined as the peak deviation 
from the bes\-iit straight line ofthe VOUT versus log (II / h) 
curve. This is expressed as a percent ,of peak-to-peak full 
scale output. Thus. the nonlinearity error expressed in 
volts over m decades is 

Vom INONl.lN.1 = K 2Nm volts (2) 

where N is the log conformity error. in percent. 

INDIVIDUAL ERROR COMPONENTS 
The ideal transfer function with current input is 

. II 
VOlT = K Log I; (13) 

The actual transfer function with the major components 
of error is ' 

II - 1111 
Your = K(I ± <lK) log -I -1- ±K 2Nm ± Vos OUT (14) 

:! - Ii;! 

The individual component of error is 

,.lK = scale factor error (0.3%. typ) 

IBI = bias current of Al (IpA. typ) 

, IB2 = bias current of A2 (I pA. typ) 

N = log conformity error (0.05%. 0.1 %. typ) 

Vos OUT = output offset voltage (I m V. typ) 

m = no. of decades over which N is specified: 
0.05% for m = 5. 0.1% for m =: 6 

Exa?Jple: what i~ the error with' K = 3 when 

II = lilA and h = 100nA 

10-6 _ 10-1' 
VOUT = 3(1±0.003) log -7-1' ±3(2)(0.0005)5±lmV 

10 - 10 - (15) 

10-6 , 

"'" 3.009 log 10-7 + 0.015 + 0.001 

= 3.009 (I) + 0.015 + 0.01,11 

= 3.025 volts 

(16) 

(17) 

, (18) 

Since the ideal output is 3.000V the error as a percent of 
reading is 

% error = 0.~25 x 100%= 0.83% (19) 

For the case of voltage inputs. the actual transfer 
function is 

~-I +~ R 8 1 - R. 
VOIr!' = K( I ± .lK) log I I ±K 2Nm ±Vos OUT 

V, I + Eos, 
R; - 8, - R;' (20) 

FREQUENCY RESPONSE 

The 3dB frequency response of the LOG 100 is a function 
of the magnitude of the input current levels and of the 
value of the frequency compensation capacitor. See 
Performance Curves for details. 

The frequency response curves are shown for constant' 
,DC II and 12 with a small signal AC current on one of 
them. 

The transient response of the LOG 100 is different for 
increasing and decreasing signals. This is due to the fact 
that a log amp is a nonlinear gain element and has 
different. gains at different levels of input signals. Free 
quency response decreases as the gain increases. 

GENERAL INFORMATION 

INPUT CURRENT RANGE 

The stated input range of I nA to I rnA is the range for 
specified accuracy. Smaller or larger input curr~ - may 
be applied with decreased accuracy. Currents larger I .. 
I rnA result in increased nonlinearity. The lOrnA absolute 
maximum is a conservative value to limit the power 
dissipation in the output stage of Al and the logging 
transistor. Currents below I nA will result in increased 
errors due to the input bias curren~s of Al and A, (I pA 
typical).' These errors may 'be nulled. See Optional 

, Adjustments section. 

FREQUENCY COMPENSATION 
Frequency compensation for the LOG 100 is obiained by 
connecting a capacitor between pins 7 and 14. The size or' 
the capacitor is a function of the input currents as shown 
in the Performance Curves. For any given application the 
smallest value of the capacitor which may be used is 
determined by the maximum value at I, and the minimum 

, value of II. Larger values of Cc will make the LOG 100 
more stable. but will reduce the frequency response. 

SETTING THE REFERENCE CURRENT 
When the LOG 100 is used as a straight log amplifier I, is 
constant and becomes the reference current in the 
expression 
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II 
Vo!"!' = \< log T REf' (21) 

IREI' can be derived from an external current source (such 
as shown in Figure 4) or it may be derived from a voltage 
source with one or more resistors. 

6V 
+15V--4-4Ih -,.-..... -.A/>,/V--- ·15V 

lNB34 

FIGURE 4. Temperature-Compensated Current 
Reference. 

When a single resistor is used the value may be quite large 
whenIREFis small. If IREF is IOnA and +15V is used 



RREF = Ig~A = 1500MO. 

A voltage divider may be used to reduce the value of the 
resistor. When this is done one must be aware of possible 
errors caused by the amplifier's input offset voltage. This 
is shown in Figure 5. 

FIGURE 5. ·"Tn Network for Reference Current. 

I n this case the voltage at pin 14 is not exactly zero, but is 
equal to the value of the input offset voltage of Al which 
ranges from zero to ±5mV. VI' must be kept much larger 
than 5m V in order to make this effect negligible. This 
concept also applies to pin I. 

,OPTIONAL ADJUSTMENTS 
The LOG 100 will meet its specified accuracy with no user 
adjustments. If improved performance is desired the 
following optional adjustments may be made. 

INPUT BIAS CURRENT 

The circuit in Figure 6 may be used to compensate for the 
input bias currents of Al and Az. Since the amplifiers 
have FET inputs with the characteristic. bias current 
doubling every /OoC this nulling technique is practical 
only where the temperature is fairly stable. 

,Vee IkMn resllhir available from 
Burr·Brown. Order part 
number Rf·50o. 

+Vec 

FIGURE 6. Bias Current Nulling. 

OUTPUT OFFSET 

The output offset may be nulled with the circuit in Figure 
7. II and h are set equal at some convenient value in the 
range of /OOnA to /OO~A. RI is then adjusted for zero 
output voltage. 
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FIGURE 7. Output Offset Nulling. 

ADJUSTMENTS OF SCALE FACTOR K 
The value of K may be changed by increasing· or 
decreasing the voltage divider resistor normally con
nected to the output, pin 7. To increase K put resistance 
in series between pin 7 and the appropriate scaling 
resistor pin (3, 4 or 5). To decrease K place a parallel 
resistor between pin 2 and either pin 3, 4 or 5. . 

APPLICATION INFORMATION 

WIRING PRECAUTIONS 
In order to prevent frequency instability due' to lead 
inductance of the power supply lines, each power supply 
should be bypassed. This shol!ld be done by connecting a 
/o~F tantalum capacitor in parallel with a 1000pF 
ceramic capacitor from the +Vec and -Vee pins to the 
power supply common. The connection of these capaci
tors should be as close to the LOG /00 as practical. 

CAPACITIVE LOADS 
Stable operation is maintained with capacitive loads of 
up to 100pF. typically. Higher capacitive loads can be 
driven if a 220 carbon resistor is connected in series with 
the LOG 100's output. This resistor will. of course, form a 
voltage divider with other resistive loads. 

CIRCUIT PROTECTION 
The LOG 100 can be protected against accidental power 
supply reversal by putting a diode (1 N400 1 type) in series 
with each power supply line as shown in Figure 8. This 
precaution is necessary only in power systems that 
momentarily reverse polarity during turn-on or turn-off. 
If this protection circuit is used, the accuracy of the 
LOGIOO will be degraded slightly by the voltage drops 
across the diodes as determined by the power supply 
sensitivity specificatio'n. 

The LOG I 00 uses small geometry FET transistors to 
achieve the low input bias currents. Normal FET han
dling techniques should be used to avoid damage caused 
by low energy electrostatic discharge (ESD). 



LOG100· 

·FIGURES: Reverse Polarity Protection. 

LOG RATIO 

One of the more common uses of log ratio amplifiers is to 
measure absorbance. ·A typical application is shown in 
Figure 9. 

) .... 
Absorbance of the sample is: A = log i. (22) 

.. II 
If A2 = AI and DI and D2 ~re matched A oc K log J;. (23) 

·Vee 

FIGURE 9. Absorbance Measurement.. 

DATA COMPRESSION 

In many applications the compressive effects of the 
logarithmic transfer function is useful. For example, a 
LOG 100 preceding an S-bit analog-to-digital converter 
can replace a more expensive 20-bit converter. 

SELECTING OPTIMUM VALUES OF 12 AND K 

I n straight log applications (as opposed t~ log (atio) both 
K and b are selected by the designer. In order to ininimize 
errors due to output offset and noise it is normally best to 
scille the log amp to use as much of the ±IOV output 
range as possible. Thus. with the range of II from II MIN to 
II MAX; 

For II MAX +IOV = K log II MAXi b . (24) 

For II MIN -IOV =K log II MIN/l, (25) 

Addition of these two eyuations and solving for" shows 
that its optimum value. I, 01'1. is the geometric mean of 
II MAX and II MIS. 

b OPT =.J II MAX X II MIN 

KOPT= ~ 
I II MAX 
og b OPT 

(26) 

(27) 

. Since K is selectable in discrete steps. use the largest value. 
of K available which does not exceed KilP'I" 

NEGATIVE INPUT CtlRRENTS 

The LOG 100 will function only with pOSItive input 
currents (conventional current flow into pins I and 14): 
Some current sources (such as photomultiplier tubes) 
provide negative input currents. In such situations the. 
circuit in Figure 10 maybe used. . 

Nalional 
LM394 

lOUT· -
FIGURE 10. Current Inverter~· 

• I • ~, 

VOLTAGE INPUTS 

The LOG 100 gives the best performance With curre'nt 
inpiJts. Voltage inputs may be handled directly with series 
resistors, but the dynamic input range is limited to 
approximately three decades· of input voltage by· voltage 
noise and offsets. The transfer function of equation (20) 
applies to this configuration. 

ANTILOG CONFIGURATION (an implicit technique) 

[ VINl 
VOUT = IREF R AnlIlDg - K J K = 1 when VIN connected to pin 3 

K = 3 when VIN connected to pin 4 
K = 5 when VIN co.nnected to pin 5 

FIGURE II. Connections for· Antilog Function. 
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BURR-BROWN® ' 

IElElI MPV100 

MULTIPLIER-DIVIDER 

FEATURES 

.,' LOW COST 
• DIFFERENTIAL INPUT 
• ACCURACY 100% TESTED AND 

GUARANTEED 
• NO EXTERNAL TRIMMING REQUIRED 
• LOW NOISE 

90,.V,rms, 10Hz to 10kHz 
• ,'HIGHLY RELIABLE ONE-CHip'DESIGN 
• DIP OR TO-IOO TYPE PACKAGE 
• WIDE TEMPERATURE OPERATION 

DESCRIPTION 
The MPYIOO multiplier-divider is a low cost 
precision device designed for general purpose 
application. In addition to four-quadrant 
multiplication, it also ,performs analog square root 
and, division without the bother of external 
amplifiers or potentiometers. 'Laser-trimmed one~ 

YI 
Y2 

IPYIOO FUICTlOIlAL 8I.OCKDlABIIAJI 

MuWpll .. eoll 

APPLICATIONS 

• MULTIPLICATION" 
• OIVISION 
• SQUARING 
• SQUARE ROOT 
• LINEARIZATION 
• POWER COMPUTATION 
• ANALOG SIGNAt PROCESSING 
• ALGEBRAIC COMPUTATION 

• TRUE RMS-TO-DC CONVERSION 

chip design offers the most in highly reliabl~', 
operation with guaranteed accuracies. BeCause of the' , 
internal ireference and -pretrimmed accuracies the :, 
M PY I 00 does not have th~ _ restrictions of other low 
cost multipliers. It is available in- both TO-IOO lind 
DIP ceramic packages. 

High 111111 
Output AlDplUIIr 

.:'" 

OUT 

Inllnilllanal Alrporllnd .. ltlal Park - p.o. Box 11400· Tucson. Artzana 85734· Tel.l602J 746-1111 • Twx: 910-852·1111 • cable: BBRCDRP - Talex: 68-8491 

PDS-412A 
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SPECIFICATIONS 
'ELECTRICAL 
Specifications atT A = +25°,C qnd ±V. = 15~1Dt: urile$S olhenltlse noted 

MOOEL MPY100A 1 MPY100B/C ·1 _d, 

: ' 1 
PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX MIN 

MULTIPLIER PERFORMANCE 
Transfer Function 

Total Error 
Initial' 
yo, Temperature 
Va. Temperature 
vs. Supplyl'l 

Individual Errors 
Output Offset 
Initial· 
vs. Temperature 
vs. Temperature 
'Ill. Supplyl'l 

Scale Factor Error 
Initial 

+~: .. ' 
-10V .. X. Y" 10V 

TA = +250 C 
-25°C .. T A .. +85°C 

-55°C .. TA" +125°C 

TA = +25°0 
-25°C .. T A .. +85°C 
-55°C .. TA" +1250 C 

TA = +25°C 
, -25°C .. TA .. +85°C 
-55°C "',TA .. +12SoC 

±0.017 

±O.OS 

±50 
±O.7 

±O.25 

±O.12 
±O.OO8 

±O.OS 

±2.0 
±O.OS 

±100 
±2.0 

. ~s. Temperature 
vs. Temperature 
vs. Supplyl'l 

Nonlinearity 
X input 
Y Input 

Feedthrough 

x = 20V, ~';p:ty == :f:10V"DC 'j 
Y = 20V, P'P; X = ±10VOC 

±O.OS 
±O.OB 

X Input. 
Y Input 
VS. Temperature 
vs. Temperature 
vs. Supplyl'l 

DIVIDER PERFORMANCE 
Transfer Function 

Total Error Iwith· 
externe .. adJustments I 

SQUARER PERFORMANCE 
Transfer Function 

Total Error 

f= 50Hz, 
X = 20V, pop; Y =.0 
Y = 20V, pop;" X.= 0 

-25°C.< TA .. +85°C 
-55°C .. T A .. +1.2Soc 

X,>X2 

X ='10V .: 

-10V .. Z·"+10V 
X= IV • 

-W';;Z·"+1V 
+O~2V .. X .. +10V 

'--10V .. Z"+l0V 

'10V .. ,X .. +10V " 

SQUARE-ROOTER PERFORMANCE 

Transfe, Function 
Total Error 

AC PERFORMANCE 
Smail-Signal Bandwidth 

.1'111 Amplitude,Error 
1'111 (0.57°) Vector Error 
Full Power Bandwidth 
Slew Rilte 
Settling Time 
Overload Recovery 

INPUT CHARACTERISTICS 
Input Voltage Range 
. Rated OperatIon 

Absolute Maximum 
Input Resistance 
Input Bias Current 

OUTPUT CHARACTERISTICS 
Rated Output 

Voltage 
, Current 
Output Resistance 

OUTPUT.NOISE VOLTAGE 
fo= 1Hz 
fo = 1kHz 
111 Corner Frequency 
fa = 5Hz to 10kHz 
fa = 5Hz to 5MHz 

Z,<:Z2 " 
W .. Z .. ,0V 

Smail-S'lgnal 
Smail-Signal 

IVoi = 10V, RL = 2kn 
IVoi = lOY, RL = 2kn 
• = ±1'111; t.vo = 20V 

5O'IIt Output Overload 

X,·Y.ZI21 
X. V.Z 

10=i'tSmA 
Vo =±10V 

f=OC 

X=Y",O 

POWER SUPPLY REQUIREMENTS 
Rated Voltage 
Operating Range 
Quiescent Current 

Oe,ated Performance 

". 

" I 

100 
6 

0.1 

0.15 

'~,i~ ~~'I + vi 

±1.5 

±4.0 

±5.0 

+Vl0(Z2 - Z,) + X2 
, I ±2j 

±10 

±10 
.;1:5 

±6.5 

550 
70 
5 

320 
20 
2 

0.2 

10 
1.4 

1.5 

6:2 
0.6 
110 
60 ,. 

1.3 

±15 

±5.S 

:tVcc 

±20 

4':'24 

',. 

'" '" 

'r 

'r 

±1;0/0.5 
to.0081O.00e ±O.02IO.02 

'" 
±ion ±50I2S 

±O.71O.3 ±2.0I±0.7 

'" 
'" '" ',. 
'" '" 

30/30 
'(' 

'" 
'r 

'" 
±0.751O.35 

±2,0I1.0 

±2,5!1.b 

. '" 
±O.6IO.3 

'" ±IIO,5 

'" '" ',. 
'" '" '" '" 

'" '" 

'" 
'r 

'" 'r 

'" '" 
'" 
'" 

'" 

',. 

.,' 

MPY100S 1 
TVP MAX UNITS 

±O.025 

±7 

±O,3 

±O.OOB 

30 

0.1 

±O.~ 

±1.0 

±1.0 

±O.3 

±O.S 

'r 

±O.S 

±O.OS 

±50mV 

±O.7 

'lit FSR 
'lit FSRfOC 
'lit FSRfOC 
'III FSRI'IIt 

mV 
mVfOC 
mVfOC 
mV/O/O 

'lit FSR 
'III FSRfOC 
'III FSRfOC 
'III FSRI'IIt 

'III FSR 
'lit FSR 

mV, pop 
mV, pop 

mV, p-pfOC 
mV, p-pfOC 
mV, p-pl'III 

'lltFSR 

'lit FSR 

'III FSR 

'lit FSR 

'lit FSR 

kHz 
kHz 
kHz 
kHz 

VI"sec 
"sec 
"sec 

V 
V 

,Mn 
"A 

V 
mA 
n 

"VlVJ.JJ: 
"VI.,fHz 

Hz 
"V. rrns 
mV, rms 

~gg 
mA 



ELECTRICAL SPECIFICATIONS (CO NT) 

MODEL I MPY100A 

PARAMETER I CONDITIONS I MIN I TVP I 
TEMPERATURE RANGE Ambient) 
Specificalion 

1 
1 -25 1 Operating Range Derated Performance ~~ 

Storage 

NOTES: 
1. Includes effects of recommended null pots. 
2. Z:! input resistance Is 10MO, typical, with Vos pin opan. 

"Vos pin Is arounded or usaD lor optional offset adjustment, 
the Z:!lnput resistance may be as low as 25kO. 

'Same as MPY100A specification . 
• ,. means B/C gradas same as MPYIOOA specification. 

MECHANICAL 

CERAMIC DUAL-IN~LlNE PACKAGE 

Ordar Numbar. 
MPV1.00AG, MPY100BG 
MPY100CG, MPY100SG 

TOP VIEW Pin 

·INCHES MILLIMETERS 
OIM MIN MAX MIN MAX 
A .670 .710 17.02 18.03 

C ,06' .170 1.65 4.32 

a .0'5 .021 0.38 0.53 

,04' .060 1.14 1.52 

a .100 BASIC 2.54 BASIC 
.025 .070 0.64 1.78 

J .008 .012 0.20 0.30 

• .120 .240 3.OS· e.l0 
.300 BASIC 7.62 BASIC 

M 'D· '0 
N .009 ,060 0.23 1.52 

METAL CAN PACKAGE 

Order Number. 
MPY100AM, MPY100BM 
MPV100CM, MPY100SM 

NOTE: leads in true position ~ilhin 
omo IO.25mmi R at MMC at 

. sealing plane. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A .335 .370 8.5' 9.40 

• .30S .33' 7.75 B.51 

C .166 .,86 4.19 4.70 

0 .016 .02' 0,4, 0.63 

E .010 .040 0.26 1.02 

.010 .040 0.28 '.02 
a .230 BASIC 5.848ASIC 

H .02a .034 0.7' 0.815 

J . 02. .... 0-7' 1.1. 

K .1500 12.70 

L .120 .160 3.05 .... 
M 3SoBASIC 36° BASIC 

N ."0 .120 2.79 3.0&· 

1 

I 
MAX I 

+85 1 +125 
+150 

MPY100B/C I MPY100S 

MIN I TVP I MAX I MIN I TVP I 

.,. 1 1 .,. 'I -55 1 1 '"r" . 'I' " ' 
-r' ./. . 

Ves 

r 
MAX I UNITS 

+1:51 
"C" 
·C 
·C 

Va 

IX, - X2HY, - Y2) 
10 'OPTIONAL l00ktl 

. COMPONENT -15VDC 

PIN CONFIGURATION 

G PACKAGE." "",' Y2 

NOTES: 

+Vcc 

V, 

Y2 

VOS 

1. Vos,adjuslmentoptlonal not normally recommanded. Vas 
pin may be,l",t oPen.or ground8ct. ' 

2. All. unusad Input ph;s should bs groundad. , 

SIMPLIFIED SCHEMATIC 



TYPICAL PERFOR,.,ANCE CURVES 
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'TOTAL I:RROR VS ' 
AMBII:NT TEMPERATURE 
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AmblentTemperature(OC) , 

OUTPUT AMPLITUDE VS' 
FREQUENCY 

150 

Small Signal 

"" '. ~x 
Y~ 

" 
, 

lOOk' 1M, 10M 
Frequency (Hz) 

COMMON-MODE REJECTION 
VS FREQUI:NCY 

I"\. .v, '1 2\;, p-p , , I _\ X=±1OVDC-

X:=1,2V, pj> \ Y=±1OVDC , 
; 

\ , 
10 100 lk 10k lOOk 1M 10M 

Frequency (Hz) 

ABSOLUTE MAXIMUM RATINGS 

Supply 
Internal Power Dissipatlon(1) 

Di"erenti~'llnput Voltage(2) 
InputVoltage Range(2) 
Storage,Temperature Range 
Operating TemPerature Range 
Lead Temperature (soldering, 10 seconds) 
Output Short-cIrcuit Duration(3) 

, Junction Temperature 
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'0 
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1> 
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.5 
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NONLINEARITY VS FREQUENCY 
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V 
/ .JI 

X7 j/ 
V 'v 

10 100 lk 10k lOOk 1M 
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OUTPUT VOLTAGE VS 
OUTPUT CURRENT 

16 

±20VDC 
'500,;,W' , 

±40VDC 
±20VDC 
-65°C to+1SOOC 
~5°CtO+125°C 
+300oC 
Continuous 
+150oC 

NOTES:, \ 
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FEEDTHROUGH VS FREQUENCY 

J ,I I, 1 
~ InPt s~gral =12OV, p-p 
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I I " X F~edth}oU9h' 'I 
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, I 1 
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II 

10 100 lk 10k 100.1< 1M 10M 
Frequency (Hz)' 

INPUT VOLTAGE FOR 
LINEAR RESPONSE 

r::.:. Fo Positive Common-mode 
Differential 

f.=.;':': - Negative common-me::" ' 

"1 
1~r""'T'., 
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Power Supply Voltage (±Vcc) 

16 

14 

112 
i: 10 
~ 
8 8 
>-l 6 

:en 4 

2 

o 

SUPPLY' CURRENT VS 
AMBIENT TEMPERATURE 

5mA Load --
Quiescent -'-

-100 ~ o 50 100 150 
Ambienl Temperature (OC) 

1. Package musl be derated onBJc = 1 SOC/W and BJA = 165°C/W lor the metal package and BJC = 35°C/W and BJA = 22QOC/W lor the caramic pac""ge. 
2. For supply vo~ages less than ±2OVDC the absolute maximum Input voltage is equal to the supply voltage. 
3. Short-cIrcuit may be to ground only. Rating applies to +85°C ambient lor the metal package and +85°C lor the ceramic paCkage. 
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APPLICATIONS INFORMATION 

THEORY OF OPERATION 
The MPYlOO is a variable transconductance mUltiplier 
consisting of three differential voltage-to-current 
converters,a multiplier core and an output differentiai 
amplifier as illustrated in figure I. ' 

+Vs 

FIGURE 1. MPYlOO Functional Block Diagram. 

The basic principle of the transconductance mUltiplier 
.can be demonstrated by the differential stage in Figure 2. 

+0----1 
VI 

.----_---<0 +vcc 

FIGURE 2. Basic Differential Stage asa 
Transconductance MUltiplier. 

For small values of the input voltage VI that are much 
smaller than VT, the transistor's thermal voltage, the 
differential output voltage Vo is 

Vo = gm RLVj. 

The transconductance gm of the stage is given by: 
. gm= IF.! VT, 

. and is modulated by the voltage V2 to give 
gm'" V2/VTRE . 

. Substituting this into the original equation yields the 
overall transfer function 

Vo == gmRLVI= VIV2 (RL/VTRE) 

which shows the output voltage to be the product of the' 
two input voltages, VI and V2~ 

Variations in IE due.to V2 cause a: large common-mode 
voltage swing in the circuit. The errors associated with 
this common-mode voltage can be eliminated by using 
two differential stages in parallel and cross-coupling their 
outputs as shown in Figure 3. 

.-----------<...-{)+Vs 

+ -
~----_o~o-----~ 

FIGURE 3. Cross-coupled Differential Stages asa 
Variable-transconductance Multiplier. 

An analysis of tliecircuit in Figure 3 show's it to have the 
same overall transfer function as before: . . 

. Vo = VIV2 (RL/V':RE) . 

For input voltag~s larger than VT the voltage~to-current 
transfer characteristics of the differential pair QI, Q2 or 
Ql and Q. are no longer linear. Instead, their collector 
currents are related to the applied voltage V I as 

v, 
.!! =1 =e ~ 
h I. , 

The resultant nonlinearity c,an be overcome by 
developing VI logarithmically' to· exactly cancel the 
exponential relationship just derived. This is done by 
diodes DI and D2 in Figure 4. 

FIGURE 4. MPYlOO Simplified Circuit Diagram .. 
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The emitter degeneration resistors Rx and Ry, in Figure 
4, provide 'a linear coriversiort'of' the' input voltages to 
differential.current Ix"and Iy!iiw!iete!' ,n" iI<, 

Ix = Vx/Rx and;Iy ='Vy,/RYJ" 

Analysis of Figure 4 shows'tiie voltage 'it ~:t~ be' 
V ~ = (2R;LjI,)(IxI~), ' 

Since Ix ,and Iy are linearly reillted: to the~put voltages 
Vxarid Vv, VA may also be.)V,ritt~n . 

VA = ~:VxVy '; '" 
where K is a scale factor. Inthe MPY 100, K is chosen to 

be 0.1. " .';' 
The addition of the Z input alters the voltage V A to 
" VA= KVxVy - Vz. :) 

therefore, the output of the MpYIOOis'" 
Vo = A[KYxY,v ~ yz] 

where A is the open-loop gain of the' output amplifier. 
Writing this last equation in terms of ~he separate inputs 
to the MrylOO gives "'! , : ' 

'V~ = A [(XI - ~~I~Y,I ~~2)_:t~l_ Z2~ , 
the transfer function of the-MPYIOO. 

-;,', 

WIRING PRECAUTIONS 
In order to prevent fre'quency' instability, due to lead 
inductance of the power 8uppiy lines, each.!power supply 
should be bypassed, This should pe done by connecting a 
IO/lF tamalumcapacitor "in parallel 'with a' 1000pF 
ceramic capacitor from the'+Vcc and -Vl!c pins of the 
MPYlOO to the power supply common. The connection 
of these capacitors 'should be·asclose to the MPYlOO as 
practical. ' , , ' 

CAPACITIVE LOADS 
Stable operation is lllaintained with capaCitive lOads to 
1000pF in all modes, except the square root mode for 
which 50pF is a safe ~pper limit. Hig~er caPacitive loads 
can be driven ira lOOn resistpr is conriecied in series with 
the MPYIOO's output. 'I<, 

DEfiNITIONS 

TOTAL ERROR (Accuracy) 
Total error is, the actual 'departure: of the multiplier 
output voltage from the ideal product of its input 
voltages. It irtcludes the, sum.;of the effeci,k of input alld 
outP\lt DC offsets, gain error and nonlinearity. 

OUTPurO,FFSET 
Output offset is the output voltage when both inputs Vx 
and'Vy are zero volts. 

SCALE FACTOR ERROR' 
Scale factoierror is the difference between, the actual 
scale factor and the ideal scale factor. 

,NONLINEARITY 
'Nonlinearity is the maximum deviation from a best 
straightline (curve fitting on input-output graph) 
expressed as a percent of peak"to-peak full scale output. 

FEEDTHROUGH 
Feedthrough is the signal at the output for any value of 
Vx or Vy within the rated range, when the other input is 
zero. 

SMALL SIGNAL BANDWIDTH 
Small signal bandwidth is the frequency at which the 
output is down 3dB from its low-frequency value for a 
nominal output amplitude,oqO%of full scale. 

1 % AMPLITUDE ERROR 
The 1% amplitude error is the frequency the output 
amplitude is in error by 1 %, measured with an output 
amplitude of 10% ,of full scale. 

1% VECTOR ERROR 
The I % vector error is the frequency at which a phase 
error' of 0.0 i radians (0.57°) occurs., This is the most 
sensitive measure of dynamic error of Ii mUltiplier. 

TYPICAL APPLICATIONS 
, , , 

, MULTIPLICATION 
Figure·5 shows the basic connection for four-quadrant 
multiplication. ' 

The MPYIOO meets all of, its specifications without 
trimming. Accuracy can, however be improved over a 
limited rallge by nulling the output offset voltage using 
the lOOkn opti~nal balance potentiometer shown in Fig-
ure 5. ' 

,AC feedthrough. may be reduced to a minimum by 
,applying an external voltage to the X orY input as shown 
in Figure 6. 

Z2, the optional summing input, may be used to sum a 
voltage into the output ofthe·MPYf~O. If not used, this 

VX·±IOV. 
FS 

180,' , 

, . ·IBVDe " +!&V,DC 

FIGURE S. Mul'iplier.C~)J\nection. 

VO·±IDV,FS 

OPTIOIIAL 
SUMMING INPUT. 
±11!V.FS 

·OPTIONAL BALANCE 
POTE/ll'lOMETER 
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IiOkn I ..... +_VC_C ____ ~"""~--_I~. TO THE 

1 kn APPROPRIATE 
INPUT 

.VCC - TERMINAL 

FIGURE 6. Optional Trimming Configuration. 

terminal, as well as the X and Y input terminals, should 
be grounded. All inputs should be referenced to power 
supply common. 

Figure 7 shows how to achieve a scale factor larger than 
the nominal 1/ 10. In this case, the scale factor is unity 
which makes the transfer function 

Vo = KVxVy = K(XI - X2)(Y I - Y2). 
0.1", K'; 1 

10kn 

MPY100 

FIGURE 7. Connection For Unity Scale Factor. 

This circuit has the disadvantage of increasing the output 
offset voltage by a.factor of 10 which may require the use 
of the optional balance control as in Figure' I for some 
applications. In addition, this connection reduces the 
small signai bandwidth to about 50kHz. 

DIVISION 
Figure 8 shows the basic connection for two-quadrant 
division. This configuration is a multiplier-inverted 
analog divider, i.e., a mUltiplier connected in the 
feedback loop of an operational amplifier. In the case of 
the MPY 100 this operational amplifier is the output 
amplifier shown in Figure I. 

Vx 
OENOMINATOR 
+D.2VTO 
+10V. FS 

OPTIONAL 
SUMMING 
INPUT. ~ 
±10V. FS 

MPY100 

FIGURE 8. Divider Connection. 

NUMERATOR 
±10V. FS 

Yo. ±10V. FS 

The divider error with II multiplier-inverted analog 
divider is approximately" 

Edi,idcr = 10 'emuhipli,,/(X I - X 2) 

It is obvious from this error equation that divider error 
becomes excessively large for small values of XI - X2. A 
10-to-1 denominator range is usually the practical limit. 
If more accurate division is required over a wide range of 
denominator voltages, an externally generated voltage 
may be applied to the unused X-input (see Optional Trim 
Configuration). To trim, apply a ramp of +100mV to 
+ I V at 100Hz to both XI and ZI if X2 is used for offset 
adjustment, otherwise reverse the signal polarity, and 
adjust the trim voltage to ininimize the variation in the 
output. An alternative to this procedure would be to use 
the Burr-Brown DIVIOO, a precision log-antilog divider. 

SQUARING 

MPY100 

Xl 

X2 

o-..... -7--i Yl 
Vx o----~-Iy2 
±10V. FS ~ _____ -" 

FIGURE 9. Squarer Connection. 

SQUARE ROOT 

(Xl' X212 
Vo= -1-0- +Z2 

V .. ±10V. FS 

OPTIONAL 
SUMMING 
INPUT. 
±10V. FS 

Figure 10 shows the connection for taking the square root 
of the voltage V z. The diode prevents a latching condition 
which could occur if the, input momentarily changed 
polarity. This latching condition is not a design flaw in 
the MPYIOO, but occurs when a multiplier is connected 
in the feedback loop of. an operational amplifier to 
perform square root functions. 

OPTIONAL 
SUMMING 
INPUT. .-----i Xl 
±10V. FS X2 

MPY100 
Yl + L----lY2 ~ ___ .J 

(I) CIRCUIT FOR POSITIVE VZ' 

OPTIONAL 
SUMMING 
INPUT. 
±10V. FS Xl 

Xz 
'--+---I Yl 

YZ 

(bl CIRCUIT FOR NEGATIVE VZ' 

MPY100 

FIGURE 10. Square Root Connection. 

The load resistance RI. must be in the range of ) OkO:;;; RI. 
, :;;; I MO. This resistance, must be in the circuit as it 

provides the current necessary to operate the diode. 



BRIDGE LINEARIZATION 

, , 'V"['I']:' ," '[': I'] , (RI~iIz)4i 
'1=2 ;+~ V2=';+ j .VO=5 \T'R 

NOTE: V .hiuld bl I ... ,.. n PIIIIbIIIl mlnlmlZl '!vlllll' IITIIL ' 
'Bul V .. 110 + (20111 AlIJ) III knp V2 wHIIln tile I. vDIII .. 

IImlllllllll M~loo., "", 

FIGURE II. Bridge Linearization. 

The ti~ of the MPYIOO to iinearize the output from a' 
bridge'circuit makes the output V. independent of the 
bridg~ supply voltage. ' , 

TRUE RMS-to-DC CONVE,RSION, 

Do' 

FIGURE 12. T~RMS-to,.OC Conversion. 

, The, rms-to-DC ~onversion circuit of Figill~ ; 12 gives 
greater accuracy andban,dwidth but with less dynamic 
range, ~han mostnns-to-DC converters. 

PERCENTAGE COMPUTATION 

()-;--""":iXI 
X2 

, YI' 

'2 

IPYIIII 

Figure 13. Perceotage COmputation. 

IV2"11 " 
Vo = -'-I -1,111 

1'10 PER vOLT 

ito 

Ito 

The circuit of Figure 13 has a sensitivity of I V I % and is 
capable of measuring 10% deviations. ,Wider deviation 
can be measured by decreasing the ratio of Rz/RI. 

SINE FUNCTION GENERATOR 

7Ui.o 

(·IOV "'.".IOV. Ind IV = go) 

'FIGURE 14: Sine Function Generator . 

.The circuit in Figure (4 uses implicit feedback to, 
implement the following sine function approximation: 

, Vo == (1.57(SV, - O~OO43(7V,3)/(l *O.OO(398V,l ) 

= 10 sin (9V1). 

SINGLE-PHASE POWER MEASUREMENT 

a: ,; Rs'JlI4 + R~ 
,. = (-81 Rallllz 

IIISTAITANEOUS ' 
'POWER 

REAL POWER 

~ i~"/IOJ(Elm.1tm. CII6) 

FIGURE IS. Single-Phase Instantaneous and Real " 
Power Measurement. " " " 

"t;. 

MORE CIRCUITS 

The theory and pr~cedures for developing virtua1\y~ny 
function generator or linearlzationcircuit can be found in 
the Burr-Brown! McGraw Hill book "FUNCTION 
CIRCUITS'~Design and Applications." 
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BURR-BROWN® 

IElElI MPY534 

Precision 
ANALOG MULTIPLIER 

FEATURES 
• ±0.25% MAX 4·QUADRANT ERROR 
• WIDE BANDWIDTH: lMHz MIN. 3M Hz TYP 
• ADJUSTABLE SCALE FACTOR: GAINS TO 100 
• STABLE AND RELIABLE MONOLITHIC 

CONSTRUCTION 
• LOW COST 

APPLICATIONS 
• PRECISION ANALOG SIGNAL PROCESSING 
• VIDEO SIGNAL PROCESSING 
• VOLTAGE CONTROLLED FILTERS AND OSCILLATORS 
• MODULATION AND DEMODULATION 
• RATIO AND PERCENTAGE COMPUTATION· 

DESCRIPTION 
The MPY534 is a high accuracy; general purpose 
four-quadrant analog mUltiplier. Its accurately laser 
trimmed transfer characteristics make it easy to use 
in a wide variety of applications with a minimum of 
external parts and trimming circuitry. Its differential 
X, Y and Z inputs allow configuration as a multi
plier, squarer, divider, square-rooter and other func
tions while maintaining high accuracy. 

The wide bandwidth of this new design allows accu
rate signal processing at higher frequencies suitable 
for video signal processing. It is capable of perform
ing IF and RF frequel)cy mixing, modulation and 
demodulation with excellent carrier rejection and 
very simple feedthrough adjustment. 

An accurate internal voltage reference provides pre
cise setting of the scale factor. The differential Z 
input allows user selected scale factors from 0.1 to to 
using external feedback resistors. 

r-;;;;;;-l-------o +v. 

L~~J-------'--o -v. 
TRANSFER FUNCTION 

VOUT = A [IX, - X~~Y' - Y,J -II, - Zol] 

>--ovour 

International Airport Industrial Park - P.O. Box 11400 - Tucson. Arizona 85734· Tel. 16021 746-1111 - Twx: 9111-952-1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-614A 
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SPECIFICATIONS 
ELECTRICAL 
At T" = +25°C and Vs = ±15VDC unless otherwise specified. 

MODEL MPY534J MPY534K MPY534L MPY534S MPY534T 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

MULTIPLIER I I 
PERFORMANCE (X, - X,) (y, - y,) 
Transfer Function 10V +Z, 

Total ErrorMI 

(-10V 5 X. Y 5 +10V) ±1.0 ±0.5 ±0.25 ±1.0 % 
T ... :::; min to max ±1.5 ±1.0 ±0.5 ±2.0 ±1.0 % 
Total Error vs Temperature ±0.022 ±0.015 ±0.008 ±0.02 ±0.O1 %JC'C 
Scale Factor Error 

(SF; 10.0ODV Nominal)'" ±0.25 ±0.1 ±0.25 % 
Temperature Coefficient of 

Scaling Voltage ±0.02 ±0.01 ±0.005 ±0.02 ±0.005 %/oC 
Supply Rejection (±15V ±1V) ±0.01 % 
Nonlinearity: 

X (X ; 20V pk-pk. Y ; 10V) ±0.4 ±O.2 ±0.3 ±0.10 ±0.12 ±0.4 % 
Y (Y ; 20V pk-pk. X ; 10V) ±0.01 ±0.1 ±0.005 % 

Feedthrough'31 
X (Y Nulled. Y ; 20V 

pk-pk. 50Hz) ±0.3 ±0.15 ±0.3 ±0.05 ±0.12 ±0.3 % 

Y (X Nulled. Y ; 20V 
pk-pk. 50Hz) ±0.01 ±0.1 ±0.003 % 

Output Offset Voltage ±5 ±30 ±2 ±15 ±10 ±5 ±30 mV 
Output Offset Voltage Drift 200 100 500 300 /lVrC 

DYNAMICS 
Small Signal BW. 

(Vou,; 0.1V rms) 1 3 MHz 
1% Amplitude Error 

(C'OAO; 10ODpF) 50 kHz 
Slew Rate (Vou, ; 20V pk-pk) 20 VI/ls 
Settling Time 

(to 1%. ,,"Vou,; 20V) 2 /lS 

NOISE 
Noise Spectral Density: 

SF; 10V O.S ~V/yHz 
Wideband Noise: 
I; 10Hz to 5MHz 1 mV/rms 
I; 10Hz to 10kHz 90 /lV/rms 

OUTPUT 
Output Voltage Swing ±11 V 
Output Impedance (151kHz) 0.1 . Q 
Output Short Circuit Current 

(AL;;: 0, T ... = min to max) 30 mA 
Amplifier Open Loop Gain 

(f; 50Hz) 70 dB 

INPUT AMPLIFIERS 
(X, Y end Z) 
Signal Voltage Range 

Differential or 
Common-Mode ±10 V 

Operating Differential ±12 V 
Olfset Voltage X. Y ±5 ±20 ±2 ±10 ±5 ±20 mV 
Offset Voltage Drift X. Y 100 50 100 /lV/oC 
Offset Voltage Z ±5 ±30 ±2 ±15 ±10 ±5 ±30 mV 
Offset Voltage Drift Z 200 100 500 300 IlV/oC 

CMRR 60 SO 70 90 60 SO dB 
Bias Current O.S 2.0 /lA 
Offset Current 0.1 0.05 0.2 2.0 2.0 /lA 
Differential Resistance 10 MQ 

DIVIDER PERFORMANCE (Z,-Z,) 
Transfer Function (X, > X:d 10V (X, - X,) + Y, 

Totar Error!lI 
(X; 10V. -10V 5 Z 

5+10V) ±0.7S ±0.35 ±0.2 ±0.75 % 

(X - 1V. -1V 5 Z 
5+1V) ±2.0 ±1.0 ±O.S ±2.0 % 

(0.1V 5 X 510V. 
-10V 5 Z 51OV) ±2.5 ±1.0 ±O.S ±2.5 % 

·Specifications same as for MPY534K. 
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ELECTRICAL (CO NT) 
At TA :::: +25°C and Vs :::; ±15VDC unless otherwise specified. 

MODEL MPY534J MPY534K MPY534L MPY534S MPY534T 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

SQUARE PERFORMANCE (X, - X2 )-< 
Transfer Function --.,ov+Z2 

Total Error (-10V:'5 X :SlOV) 0.6_ I ±0.3 I ±0.2 ±0.6 % 

SQUARE-ROOTER 
PERFORMANCE 
Transfer Function (Z, ::; Z2) v'10V(Z, z,) + X 2 

Total Error '11 (lV::; Z:::; lOY) ±1.0 ±0.5 ±0.25 ±1.0 --to 5 % 

POWER SUPPLY 
Supply Voltage: 

Rated Performance ±15 VDC 
Operating ±8 ±18 ~20 ±20 VDC 

Supply Current, Quiescent 4 6 rnA 

TEMPERATURE RANGE 
Operating 0 +70 -55 +125 -55 +125 'C 
Storage -65 ..,..150 'C 

• Specification same as for MPY534K. 

NOTES: (1) Figures given are percent of full scale, ±10V (i.e., 0.01%;:: lmV), (2) May be reduced to 3V uSing external resistor between --Vs and SF (3) Irreducible 
component due to nonlinearity; excludes effect of offsets. 

ABSOLUTE MAXiMUM RATINGS 

Parameter MPY534J. K. L MPY534S. T 

Power Supply Voltage ±18 i20 
Power Dissipation 500mW 
Output Short-Clr<~uit to Ground Indefinite 

Input Voltage (all X. Y and Z) ±Vs 
Operating Temperature Range aoe to ~70oe -55'C to -125'C 
Storage Temperature Range -65'C to -150'C 
Lead Temperature (10s soldering) 300'C 

• SpecIfication same as for MPY534K. 

MPY534** 
Grade Designation ___________ ---'1 

~J } o to 70°C 

i} -55 to 125°C 

Package Designation 

H = TO-IOO 
D= DIP 

PIN CONFIGURATION (TOP VIEW) 

Xl 
+v, Nt OUT ZI Z2 Ht -v, 

14 13 12 11 10 

OUT 

ZI 
Xl X2 HC SF HC Yl Y2 

-v, 
TO-100 DIP 
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MECHANICAL 

rr:::;1 

L~j 
___ D 

~I ~ ~ ~ I :1 
LA~ 

NOTE 
Leads In true position within .010" 
(25mm) A at MMT at seating plane. 

Pin numbers shown for reference 
only. Numbers may not be marked 
on package 

INCHES MILLIMETERS 

DIM MAX 

NOTE 
Leads in true position within 010" 
(.2Smm) R at MMT at seating plane. 

Pin numbers shown lor reference 
only. Numbers may not be marked 
on package 

~ ~ J~' --AI L~~GU~Plane L~~ V 
INCHES MILLIMETERS 

OIM MIN MAX MIN MAX 

A .670 '" 11.02 1803 

C .06' no 1.65 4.32 

° '" .021 038 0.53 

, 04' 0.0 1.14 '" G 100 BASIC 2.54 BASIC 

H 02> .070 0.64 "S , 008 .012 0.20 030 , 120 "0 3.05 .,0 , .300 BASIC 7.62 BASIC 

M 10' 10' 

N 009 .060 0.23 1.52 



TYPICAL PERFORMANCE CURVES 
TA;::::; +25°C, Vs;::::; ±15VOC unless otherwise noted. 

1k 

AC FEEDTHROUGH 
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r\ 

1k 10k 100k 

Frequency (Hz) 

NOISE SPECTRAL DENSITY 
VS FREQUENCY 
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c 

" ......... c 
e 
(j 
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Sl 
'0 
Z 
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100k 
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..... r-.... r-. 
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DIVIDER DENOMINATOR INPUT VOLTAGE 

.......... '" 
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100k 
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INPUT/OUTPUT SIGNAL RANGE 
VS SUPPLY VOLTAGES 

18 

Positive or Negative Supply (V) 

THEORY OF OPERATION 
The transfer function for the MPY534 is: 

20 

[ (XI - X2) (YI - Y2) ] 
YOUT = A ' - (ZI - Z2) 

SF 
where: 

A = Open-loop gain of the output amplifier (Typi
cally 85dB at DC). 

SF = Scale Factor. Laser-trimmed to lOY but adjus
table over a 3Y to lOY range using external 
resistor. 

X, Y, Z are input voltages. Full-scale input voltage is 
equal to the selected SF. (Max input voltage = 
±I.25 SF.) 

An intuitive understanding of transfer function can be 
gained by analogy to an op amp. By assuming that the 
open-loop gain, A, of the output amplifier is infinite, 
inspection of the transfer function reveals that any YOUT 
can be created with an infinitesimally small quantity 
within the brackets. Then, an application circuit can be 
analyzed by assigning circuit voltages for all X, Y and Z 
inputs and setting the bracketed quantity equal to zero. 
For example, the basic multiplier connection in Figure I, 
ZI = YOUT and Z2 = O. The quantity within the brackets 
then reduces to: 

(XI - X2) (YI - Y2) 

SF 
- (YOUT - 0) = 0 

This approach leads to a simple relationship which can 
be solved for YOUT. 

The scale factor is accurately factory-adjusted to lOY 
and is typically accurate to within 0.1% or less. The scale 
factor may be adjusted by connecting a resistor or poten
,tiometer between pin SF and the -Ys power supply. The 
value of the external resistor can be approximated by: 

RSF = 5.4k!l [~J 
10 - SF 

Internal device tolerances make this relationship accu
rate to within approximately 25%. Some applications 
can benefit from reduction of the SF by this technique. 
The reduced input bias current and drift achieved by 

:; 
a. 
:; 

FREQUENCY RESPONSE 
AS A MULTIPLIER 

10,----------, __________ ~--------_, 
OdB = 0.1V, rms; RL = 2kO 

o -2011-----------t---~~~~r_--~~~_i 
Feedback 
Attenu8tor 

Connection 

-3~~Ok~-r~~rM~1~OO~k--~~rT~m1~M--~~~~~10M 
Frequency (Hz) 

this technique can be likened to operating the input cir
cuitry in a higher gain, thus reducing output contribu
tions to these effects. Adjustment of the scale factor does 
not affect bandwidth. 

X INPUT +15V 
±IOV FS 
±12V PK 

= IX, - X.IIY, - Y,I + Z 
IDV • 

-15V 

- \ Y INPUT -15V 
±IOV FS OPTIONAL SUMMING 
±12V PK INPUT, Z. ±IOV PK 

FIGURE I. Basic Multiplier Connection. 

The MPY534 is fully characterized at Vs = ±15Y but 
operation is possible down to ±8Y with an attendant 
reduction of input and output range capability. Opera
tion at voltages greater than ±15Y allows greater output 
swing to be achieved by using an output feed back alten
uator (Figure 2). 

X INPUT 
±10V FS 
±12V PK 

Y INPUT 
±IOV FS 
±12V PK 

FIGURE 2. Connections for Scale-Factor of Unity. 
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BASIC MULTIPLIER CONNECTION 
Figure I shows the basic connection as a mUltiplier. 
Accuracy is (ully specified without any additional user 
trimming circuitry. Some applications can benefit from 
trimming one or more of the inputs. The fully differen
tial inputs facilitate referencing the input quantities to 
the source voltage common terminal for maximum accu
racy. They also allow use of simple offset voltage trim
ming circuitry 'as shown on the X input. 

The differential Z input allows an offset to be summed in 
VOUT• In basic mUltiplier operation the Z2 input serves as 
the output voltage reference and should be connected to 
the ground reference of the driven system for maximum 
accuracy. 

A method of changing (lowering) SF by connecting to 
the SF pin was discussed previously. Figure 2 shows 
another method of changing the effective SF of the over
all circuit using an attenuator in the feedback connection 
to ZI. This method puts the output amplifier in a higher 
gain and is thus accompanied by a reduction in band~ 
width and an increase in output offset voltage. The 
larger output offset may be reduced by applying a t;im
ming voltage to the high impedance input, Z2. 

The 'flexibility of the differential Z inputs allows direct 
conversion of the output quantity to a currerit. Figure 3 
shows the output voltage differentially-sensed across a 
series resistor forcing an output-controlled,current. Addi
tion of a capacitor load then creates a time integration 
function useful in a variety of applications such as power 
computation. 

X INPUT 
±IOVFS 
±12V PK 

x, 

X, 

+v. 

OUT 
MPY534 

+15V 

lOUT i::;;; 

IX, - X,) IY, - Y.) I 
IOV x As 

SF l, ,!---6.NV-...--- - --, 
\ I 

Y INPUT 
±IOV FS 
±12V PK 

y, l, ,~ __ ---lCURRENT.SENSINIi :;: 
RESISTOR. Rs. 2kO ... ~: 

Y, -Vs -15V MIN INTEGRA;OR 
CAPACITOR 
(SEE TEXT) 

FIGURE 3. Conversion of Output to Current. 

SQUARER CIRCUIT 

Squarer operation is achieved by paralleling the X and Y 
inputs of the standa'rd multiplier circuit: Inverted output 
can be achieved by reversing the differential input termi
nals of either the X or Y input. Accuracy iri the squaring 
mode is typically a factor of two better than the specified 
multipler mode with maximum error occurring with 
small (less than I V) inputs. Better accuracy can be 
achieved for small input voltage levels by using a reduced 
SF value. 

DIVIDER OPERATION 
The MPY534 cal) be configured as a divider as shown in 

Figure 4. High impedance differential, inputs for the 
numerator and denominator are achieved at the Z and X 
inputs respectively. Feedback is applied to the Y2 input, 
and YI is normally referenced to output ground. Alterna
tively, as the transfer function implies, an i~put applied 
to YI can be summed directly into VOUT• Since the feed
back connection is made t() a mUltiplying input, the 
effective gain of the output op amp varies as a function 
of the denominator input voltage. Therefore the band
width of the divider function is proportional to the 
denominator voltage (see Typical Performance Curves). 

Accuracy of the divider mode typically ranges from 
0.75%.102.0% for a 10 to I denominator range depending 
on device grade. Accuracy is primarily limited by input 
offset voltages and can be significantly improved by 
trimming the offset of the X input. A trim voltage of 
±3.5mV applied to the "low side" X input (X2 for posi
tive input voltages on XI) can produce similar accuracies 
over a 100 to 1 deonominator range. To trim, apply a 
signal which varies from 100mV to IOV at a low fre
quency (less than 500Hz) to both inputs. An offset sine 
wave or ramp is suitable. Since the ratio of the quantities 
should be constant, the ideal output would be a constant 
IOV. Using AC coupling on an oscilloscope, adjust the 
offset control for minimum output voltage variation. 

+ 
X, +Vs 

+15V OUTPUT, ±12V PK 

VOUT ='lOVll, -: l,) + y, 
X, - X. 

X INPUT 
(OENOMINATOR) 

.tlOV FS 
+12V PK X. OUTI---------

MPY534 
OPTIONAL SF l, l INPUT 

SUMMING INPUT (NUMERATOR) 
±IOV PK ±lOV FS, ±12V PK y, l. 

I 
I 

V -15V 

FIGURE 4. Basic Divider Connection. 

SQUARE-ROOTER 
A square-rooter connection is shown in Figure 5. Inp~t 
voltage is limited to one polarity (positive for the con
nection shown). The diode prevents circuit latch-up 

OPTIONAL 
SUMMING 
INPUT; X, 
±lOV PK 

X, 

Xi 

SF 

y, 

Y, 

+Vs 

OUT 
MPY534 

l, 

l. 

-Vs 

,OUTPUT. ±12V PK 

VOUT=~+X, 

+15V REVERSE J R, 
THIS AND X ~ (MUST BE 
INPUTS FOR, PROVIDED) 
NEGATIVE ~ , 
OUTPUTS V , 

l INPUT 
IOV FS 
12V PK 

-15" 

FIGURE 5. Square-Rooter Connection. 



should the input go negative. The circuit can be config
ured for negative input and positive· output by reversing 
the polarity of both the X and Y inputs. The output 
polarity can be reversed by reversing the diode and X 

APPLICATIONS 

A ...... '"A:---=-B .jX,x,--:;+:Vv.:J +15V 

-2-
X, OUT 

Vou< = (A' - B'lflOV 
t-:-_---

MPY534 30kn 
SF Z, 

1000n 
Y, Z. 

(A + BI/2 ':" 
Y, -V. -15V 

":" 

FIGURE 6. Difference-of-Squares. 

+15V 

CONTROL INPUT. 
x, +V. Vou, = ±12V PK 

Ee. ZERO TO ±5V = (Ee E.I/O.JV 
X, OUT 

SET MPY534 GAIN Ikn 2kn 
SF Z, 

-V. 0.00511F 
Y, Z, 

SIGNAL INPUT. 
E .. ±5V PK 

Y, -V. -15V 

NOTES; II Gain Is xlO per voU 01 Eo. zero 10 x50. 
21 Wldeband (10Hz 10 30kHzl oulpul noise Is 3mV rms.lyp. corresponding 

10 a FS SIN ratio 01 70dB. 
31 Noise relerred 10 signal Inpul. with Ec = ±5V. Is 60IIV rml. typo 
41 Bandwldlh Is DC 1020kHz. -3dB. Independenl ot gain. 

FIGURE 7. Voltage-Controlled Amplifier. 

+15V 

Vou, = (loVI sln9 
WHERE 

lOkn 9 = (7TI2J(E.f1oVI 

INPUT. E, ..... t-----f 
o TO +loV 

FIGURE 8. Sine-Function Generator. 
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input polarity. A load resistance of approximately IOkO 
must be provided. Trimming for improved accuracy 
would be accomplished at Ihe Z input. 

_----fx, 
MODULATION 
INPUT. ±EM 

CARRIER INPUT 
Ee sin wi 

+V. +15V 

1--.-.. VOUT 

The SF pin or· a Z·allenualor can be used 10 provide overall signal amplilication. 
Operation Irom a single supply Is posSible; bias y, 10 v.n. 

FIGURE 9. Linear AM Modulator. 

x, +V. gkn +15V 
":' 

X, OUT 
Ikn MPY534 A-B 

Vou,.= (JOOVI -

":" 

B INPUT 
(POSITIVE oNLYI 

SF 

Y, 

Z, 

Z, A INPUT 
(±I 

FIGURE 10. Percentage Computer. 

~ 
X, .. +V. f----4+15V 

X, OUT 

MPY534 
SF Z, 

B 

Vou< = ±5V PK 
Y" 

(1 

INPUT. Y 
±10V FS Y, Z, 

WHERE Y'-

oVI !+y' 
Y 

(1 oVI 

~Y' -V. r-----15V 

FIGURE II. Bridge-Lineariiation Function. 



BURR-BROWN® 

IElElI MPY634 

Wide Bandwidth 
PRECISION ANALOG MULTIPLIER 

FEATURES 
• WIDE BANDWIDTH: IOMHz TYP 
• ±O.5% MAX 4-0UAilRANT ERROR 
• INTERNAL WIDE-BANDWIDTH OP AMP 
• EASY TO USE 
• LOW COST 

APPLICATIONS 
• PRECISIDN ANALOG SIGNAL PROCESSING 
• MODULATION AND DEMODULATION 
• VOLTAGE-CONTROLLED AMPLIFIERS 
• VIDEO SIGNAL PROCESSING 
• VOLTAGE-CONTROLLED FILTERS AND OSCILLATORS 

DESCRIPTION 
The MPY634 is a wide, bandwidth, high accuracy, 
four-quadrant analog multiplier. Its accurately laser
trimmed mUltiplier characteristics make it easy to 
use in a wide variety of applications with a minimum 
of external parts, often eliminating all external 
trimming. Its differential X, Y, and Z inputs allo~ 
configuration as a multiplier, squarer, divider, square
rooter, and other functions while maintaining high 
accuracy. 

The wide bandwidth of this new design allows signal 
processing at I.F., R.F., and video frequencies. The 
internal output amplifier of the MPY634 reduces 
design complexity compared to other high frequency 
multipliers and balanced modulator circuits. It is 
capable of performing frequency mixing, balanced 
modulation, and demodulation with excellent carrier 
rejection. 

An accurate internal voltage reference provides pre
cise setting of the scale factor. The differential Z 
input allows user-selected scale factors from 0.1 to 10 
using external feedback resistors. 

r~;;;;;-1---------o +v. 

L..~:!"..J----'----o -v. 
TRANSFER FUNCTION 

Vour =,A [IX. - x~~. - ")-Il. - ZaI] 

Vour 

!nternallonal Airport Industrial Park· P.O. Box 11400· Tucson. Arizona B5734· Tel. I60Z) 746-1111 • Twx: 9Io·95Z·1I11 • Cable: BBRCoRp· Tolex: 66-6491 

PDS-636A 
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SPECIFICATIONS 
ELECTRICAL 
At T. = +25'C and V. = ±I5VDC unless otherwise specified. 

MODEL MPY634KP MPY634AM MPY634BM MPY634SM 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

MULTIPLIER I I 
PERFORMANCE (X, - X.) (Y, - Y,j 
Transfer Function tOV +Z. 
Totsl Error." 

(-lOV S X. Y S +lOV) ±2.0 ±I.O ±0.5 .% 
T ... = min to max ±2.5 ±I.5 ±I.O ±2.0 % 
Total Error vs Temperature ±0.03 ±0.022 ±0.Ol5 ±0.02 %I'C 
Scale Factor Error 

(SF = lO.OOOV Nominal)'" ±O.25 ±O.I % 
Temperature Coefficient of 

Scaling Voltage ±0.02 ±O.Ol ±O.Ol %I'C 
Supply Rejection (±I5V ±W) ±O,O1 % 
Nonlinearity: 

X (X = 20V pk-pk. Y = lOV) ±0.4 0.2 ±O.3 % 
Y (Y = 20V pk-pk. X = lOV) ±O.Ol ±O.I % 

Feedthrough'" 
X (Y Nulled. Y = 20V 

pk-pk. 50Hz) ±0.3 ±0.3 ±0.I5 ±0.3 % 
Y (X Nulled. Y = 20V 

pk-pk.50Hz) ±O.Ol ±O.I % 
Both Inputs (500kHz. W rms) 

Unnulled 40 50 45 55 60 dB 
Nulled 55 60 55 65' 60 70 dB 

Oulput Ollset Voltage ±50 ±IOO ±5 ±30 ±I5 mV 
Output Ollset Voltage Drill ±200 ±IOO ±500 pVf'C 

DYNAMICS 
Small Signal BW. Y Input 

(Vou, = O. IV rms) 6 6 10 8 6 MHz 
1% Amplitude Error 

(CLGAD = lOOOpF) 100 kHz 
Slew Rate (VOUT = 20V pk-pk) 20 Vfps 
Settling Time 

(to 1%. AVDU' = 20V) 2 ps 

NOISE 
Noise Spectral Density: 

SF = lOV 0.8 pVi.jHz 
Wideband Noi.e: 

I = 10Hz to 5ty1Hz I mV/rms 
I = 10Hz to 10kHz 90 pVirms 

OUTPUT 
Output Voltage Swing ±II V 
Output Impedance (I S 1kHz) '0.1 el 
Output Short Circuit Current 

(RL = O. T. = min to max) 30 · mA 
Amplifier Open Loop Gain 

(1= 50Hz) 85 dB 

INPUT AMPLIFIERS 
(X, Y and Z) 
Signal Voltage Range 

Dillerential or 
Common-Mode ±,O V 

Operating Dillerential ±I2 V 
Olfset Voltage X. Y ±25 ±IOO ±5 ±20 ±2 ±IO' · mV 
Oll.et Voltage Drill X. Y 200 100 50 · pVf·C 
Ollset Voltage Z • ±25 ±IOO ±5 ±30 ±2 ±I5 mV 
Oll •• t Voltag. Drill Z 200 100 500 INI·C 
CMRR 80 80 70 90 dB 
Bia.Current .. 0.8 2.0 pA 
Ollset Current 0.1 2.0 pA 
Differential Resistance 10 Mel 

DIVIDER PERFORMANCE (Z.-Z,) 
Transler FunCtion (X, > X,j lOV (X, - X.) + Y, 
Total Error1u"untrlmmed 

(X = lOV. -IOV S Z S +IOV) 1.5 ±o.75 ±0.35 ±0.75 % 
(X = W. -IV S Z S +IV) 4.0 ±2.0 ±I.O % 

. (O.IVSXSIOV.-IOVS 
ZSIOV) 5.0 ±2.5 ±I.O % 
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ELECTRICAL (CONT) 
At TA = +25°C and Vs = ±15VDC unless otherwise specified. 

MODEL MPY634KP MPY634AM MPY634BM MPY634SM 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

SQUARE PERFORMANCE (X, -X2)2 
Transfer Function -----:;ov + Z, 

Total Error (-10V S X SI0V) ±1.2 I ±0.6 I ±0.3 % 

SQUARE-ROOTER 
PERFORMANCE 
Transfer Function (2, :5 Z2) Vl0V(Z, Z,) + X, 
Total Error11! (1V:5 Z :510V) ±2.0 ±1.0 ±0.5 % 

POWER SUPPLY 
Supply Voltage: 

Rated Performance ±15 VOC 
Operating ±8 ±18 ±20 VOC 

Supply Current, Quiescent 4 6 mA 

TEMPERATURE RANGE 
Operating -25 +85 -55 +125 'C 
Storage -40 +85 -65 +150 'C 

-Specification 8,8me as for MPY634AM. 

NOTES: (1) Figures given are percent ollull scale, ±10V (i.e., 0.01% = lmV). (2) May be reduced to 3V using external resistor between -Vs and SF. (3) Irreducible 
component due to nonlinearity; excludes effect of offsets. 

ABSOLuTE MAXIMUM RATINGS M~CHANICAL 

Parameter MPY634AM/BM/KP MPY634SM METAL TO-100 
Power Supply Voltage ±18 ±20 NOTE: 
Power D~ssipation SOOmW 
Output Short-Circuit to Ground Indefinite 
Input Voltage (all X, Y and Z) ±vs 

-5S'C to +12S'C Operating Temperature Range -2S'C to +8S'C 
Storage Temperature Range -6S'C to +IS0'C 
Lead Temperature 

(lOs soldering) +300'C 

- Specification same as for MPY634AM/BM/KP. 

PIN CONFIGURATION (TOP VIEW) 

F=3 Leads in true position within .010" 
(.2Smm) A at MMT at seating plane. 

~'=41 
Pin numbers shown for reference 
only. Numbers may not be marked 

L~ 
on package. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

s .. ,,", . I A . 335 ". ." .. . 
B ., .. .335 '" 8.51 

C .185 . 185 . , . •. 70 
I'I.ne 

;-"_0 0 .01& .021 0 .• ' 0.53 

E . 010 ... 0.25 1.02 
N , . 0tO ... 0.25 ,., 

C 
G .2308ASIC 5.8. SASIC 

x, 
+Vs Nt OUT Z, Z, NC -Vs 

14 13 12 11 10 
OUT 

~~~0 
H .028 .03. ." 0.86 , . 029 .. , 0.7. 1.t • . .500 12.7:> 

C .120 '". 3.05 '.00 
M 360 BASIC 360 SASIC 

N "0 :120 ". 3.05 

Y, Z, 
X, X, NC SF NC Y, Y, 

-Vs 
PLASTIC DUAL-IN-LiNE 

TO·l00: MPY634AM DIP: MP~634KP 
MPY634BM 
MPY634SM 

LA:] 
NOTE: e? Leads in true position within .010" 
(.2Smm) A at MMC at seating plane. 

~ 
INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 

----i .660 
C 

7.11 - ~. J G D -::J,", 
, .... 

. 015 

.030 

2,5.8ASIC 

[~ 
..... 

~ M ,,' ,,' 
N .020 
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TYPICAL PERFORMANCE CURVES 
T,,:;;:: +25°C. Vs = ±15VOC unless otherwise noted. 

iD 
~ 
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~ 

~ 
" g 
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" '6 
" " u. 
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-40 

-60 
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-100 
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60 
iD 
~ 50 
a: 
~ 40 
U 

30 

20 

10 

o 
100 

FEEDTHROUGH VS FREQUENCY 

-v ~ X Feedthrough ~ 

Y FeeJhrough ....--' 
/ 

lk 10k lOOk 1M 

Frequency (Hz) 

COMMON-MODE-REJECTION RATIO 
VS FREQUENCY 

m 
1 11'-. 

Typical for all inputs I 

10M 

1\ 

10k 100M 

Frequency (Hz) 

NOISE SPECTRAL DENSITY 
VS FREQU.ENCY 

I" 

1M 

100M 

10M 

1.5T""---"T'"---""T"---'-T----' 

I¥ 'S 1.25+'----+-----+-------11------1 

~ 
i:' .;; 
~ 

~ 
e 
13 

......... -r-+--t-.---J 
~ O.7S+-----+-----t-----t-----'i 
31 
·0 
z. 

0.5·f-""T""T'T'T'ITm-'-T..,..,nTlm+o"""T""T"I'TI'mt-""""I""T"TTlmf 
10 100 lk 

Frequency (Hz) 

10k lOOk 

10 

iD 0 
~ 

31 
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0 
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lk 
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FREQUENCY RESPONSE AS A MULTIPLIER 

Normal coLection 
C~= 1000pF 

"-... ~/ 

1\ CL=,OPF~ 
~ 

With Xl0 Feedback ....-"'"\ 
Attenuator \ 

\ , 
"" "'" 10k lOOk 1M 10M 100M 

Frequency (Hz) 

FEEDTHROUGH VS TEMPERATURE 

Iv = 500kHz 
Vx = nulled 

....... r-- ........ V -- ~ 

'--lUlled it 25'T 

40 20 20 40 60 80 100 120 140 

Temperature (Oe) 

FREQUENCY RESPONSE AS A DIVIDER 

Vx= liomVDC 
Vz = 10mV rms 

Vx = IlDC '\ 1/, = 100mV rms 

.1 ~ \ '\ Vx= 10VDC 
Vz = 100mV rms 

1\ \ ~ 
10k lOOk 1M 10M 100M 

Frequency (Hz) 



INPUTIOUTPUT SIGNAL RANGE 
VS SUPPLY VOLTAGES 

18 

Positive or Negative Supply (V) 

20 

INPUT DIFFERENTIAL-MODEl 
COMMON-MODE VOLTAGE 

10 VCM 

/~~~ 
5+-~-sp-e~c-lfl-ed--~~E*~~--~ 

Accuracy ::::: 

5 1~1; 12 -5 

.:.:. I, ::::: VOIFF 

::::: Vs = ±,5V ::::: ti ::::-
~--~~--+---5+----;--~~~~ 

~,,/~ 
;:::::;: Functional 10 
.:.:.:.: ~erated Accuracy 

BIAS CURRENTS VB TEMPERATURE 
(X, Y or Z inputs) 

'800 

700 

600 

< 

-'" ...... 
i'-500 .s 

c: 
~ 

.... r...... ~ng voltage = 10V 

400 
~ 
u .. -- ........ r--... .... 300 .. 
iii ........ 

~ Scaling voltage 1= 3V 
200 - -100 

0 
-40 -20 0 20 40 60 80 100 120 t40 

Temperature (Ge) 

THEORY OF OPERATION 
The transfer function for the MPY634 is: 

,[ (XI - X,) (YI - y,) ~ 
VOUT = A ,- (ZI - Z,) 

SF 
where: 

A = open-loop gain of the output amplifier (typi
cally 85dB at DC). 

SF = Scale Factor. Laser-trimmed to IOV but adjus
table over a 3V to IOV range using external 
resistors. 

X, Y, Z are input voltages. Full-scale input voltage is 
equal to the selected SF. (Max input voltage = 
±1.25 SF.) 

An intuitive understanding of transfer function can be 
gained by analogy to the op amp. By assuming that the 
open-loop gain, A, of the output operational amplifier is 
infinite, inspection of the transfer function reveals that 
any VOUT can be created with -an infinitesimally small 

, quantity within the brackets. Then, an application cir
cuit can be analyzed by assigning circuit voltages for all 
X, Y and Z inputs and setting the bracketed quantity 
equal to zero. For example, the basic multiplier connec-
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tion in Figure I, ZI = Your and Z, ,= O. The quantity 
within the brackets then reduces to: 

(XI - X,) (YI - y,) 

SF 
- (Vour - 0) = 0 

This approach leads to a simple relationship which can 
be solved ,for Your to provide the closed-loop transfer 
function. 

The scale, factor is accurately factory-adjusted to IOV 
'and is typically accurate to within 0.1% or less, The scale 
factor may be adjusted by connecting a resistor or poten
tiometer between pin SF and the - Vs power supply. The 
value of the external resistor can be approximated by: 

RSF = 5.4kO [~] 
10 - SF 

In,~rnal 'device tolerances make this relationship accu
rate to within approximately 25%. Some applications 
can benefit from reduction of the SF by this technique. 
The reiuced input bias current; noise, and drift achieved 
by this technique can be likened to operating the input 
circuitry in a higher gain" thus reducing output contribu
tions to these effects, Adjustment of the scale factor does 
not affect bandwidth. 



The MPY634 is fully characterized· at Vs = ±15V but 
operation is possible down to ±8V with an attendant 
reduction of input and output range capability. Opera
tion at voltages greater than ±15V allows greater output 
swing to be achieved by using an output feedback atten
uator (Figure I). 

X INPUT 
±10V FS 
±12V PK 

Y INPUT 
±10V FS 
±12V PK 

FIGURE I. Connections for Scale-Factor of Unity. 

As with any wide bandwidth circuit, the power supplies 
should be bypassed with high frequency ceramic capaci
tors. These capacitors should be located as near as prac
tical to the power supply connections of the MPY634. 
Improper bypassing can lead to instability, overshoot, 
and ringing in the output. 

BASIC MULTIPLIER CONNECTION 

Figure 2 shows the basic connection as. a multiplier. 
Accuracy is fully specified without any additional user
trimming circuitry. Some applications can benefit from 
trimming of one or more of the inputs. The fully differ
ential inputs facilitate referencing the input quantities to 
the source voltage common terminal for maximum accu
racy. They also allow use of simple offset voltage trim
ming circuitry as shown on the X input. 

X INPUT 
±10V FS 
±12V PK 

x, +V. +15V 

= IX, - X.IIY, - y,) + z 
IOV • 

FIGURE 2 . .Basic Multiplier Connection. 

The differential Z input allows an offset to be summed in 
VOUT. In basic mUltiplier operation the Z2 input serves as 
the output voltage ground reference and should be con
nected to the ground of the driven system for maximum 
accuracy. 

A method of changing (lowering) SF by connecting to 
the SF pin was discussed previously. Figure I shows an 

altern·ative methoil of changing the effective SF of the 
overall circuit by using an attenuator in the feedback 
connection to ZI. This method puts the output amplifier 
in a higher gain and is thus accompanied by a reduction 
in bandwidth and an increase in output offset voltage. 
The larger output offset may be reduced by applying a 
trimming voltage to the high impedance input, Z2. 

The flexibility of the differential Z inputs allows direct 
conversion of the output quantity to a current. Figure 3 
shows the output voltage differentially-sensed across a 
series resistor forcing an output-controlled current. Addi
tion of a capacitor load then creates a time integration 
function useful in a variety of applications such as power 
computation. 

X INPUT 
±IOV FS 
±12V PK 

Y INPUT 
±10V FS 
±12V PK 

+15V 

lOUT = 
X. OUT 

MPY634 IX, - X.IIY, - Y.) I 
IOV X R. 

SF Z,t-----~~---- ---, 
\ I 

y, Z.t-__ ---'CURRENT.SENSING =*= 
RESISTOR. Rs. 2kn -::0 

Y. -V. MIN • 
-15V INTEGRATOR 

CAPACITOR 
ISEE TEXT) 

FIGURE 3. Conversion of Output to Current. 

SQUARER CIRCUIT (FREQUENCY DOUBLER) 
Squarer, or frequency doubler, operation is achieved by 
paralleling the X and Y inputs of the standard multiplier 
circuit. Inverted output can be achieved by reversing the 
differential input terminals of either the X or Y input. 
Accuracy in the squaring mode is typically a factor of 
two better than the specified mUltiplier mode with maxi
mum error occurring with small (less than IV) inputs. 
Better accuracy can be achieved for small input voltage 
levels by reducing the scale factor, SF. 

DIVIDER OPERATION 
The MPY634 can be configured as a divider as shown in 
Figure 4. High impedance differential inputs for the 
numerator and denominator are achieved at the Z and X 
inputs respectively. Feedback is applied to the Y2 input, 
and YI is normally referenced to output ground. Alterna
tively, as the transfer function implies, an input applied 
to YI can be s~mmed directly into VOUT. Since the feed
back connection is made to a mUltiplying input, the 
effective gain of the output op amp varies as a function 
of the denominator input voltage. Therefore, the band
width of the divider function is proportional to the 
denominator voltage (see Typical Performance Curves). 

Accuracy ·of the divider mode typically ranges from 
1.0% to 2.5% for a 10 to I denominator range depending 
on device grade. Accuracy is primarily limited by input 
offset voltages and can be significantly improved by 
trimming the offset of the X input. A triin voltage of 
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±3.5mV applied to the "low side" X input-(X2 for posi
tive input voltages on X.) can produce similar accuracies 
over a 100 to I deonominator range. To trim, apply a 
signal which varies from 100mV to IOV at a low fre
quency(less than 500Hz). An offset sine wave or ramp is 
suitable. Since the ratio of the quantities should be con
stant, the ideal output would be a constant IOV. Using 
AC coupling on an oscilloscope, adjust the offset contrel 
for minimum output voltage variation. __ 

+ +15V 
OUTPUT. ±12V PK 

X INPUT X, +V. 
VOUT = 10V(l. - l,1 + V, (OENOMINATORI 

+IOV FS X, - X. 
+12V PK X. OUT 

MPV634 
OPTIONAL SF Z, Z INPUT 

SUMMING INPUT (NUMERATORI 
±IOV PK ±10V FS. ±12V PK 

V, Z. 
'I 

I 

V -15V 

FIGURE 4. Basic Divider Connection. 

APPLICATIONS 

A sin (2 1T- 10MHz II ...-__ , 
X, +V +15V' 

Vo = (ABI20) cos 8 
X. 

MPV634 
SF Z, 

B sin (2 1T 10MHz I + 81 
V, z. 

V. -Va -15V _ 

FIGURE 6: Phase Detector. 

Multipiier connection followed by a I~w-pass filter forms phase detector useful in . 
phase-locked-loop circuitry, Rx is often used in PLL circuitry to provide desired 
loop-damping characteristics. 
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SQUARE-ROOTER 

A square-rooter connection is shown in Figure 5. Input 
voltage is limited to one polarity (positive for the con~ 
nection shown). The diode prevents circuit latch-up 
should the input go negative. The circuit can be config
ured for negative input and positive output by reversing 
the polarity of both the X and Y inputs. The output 
polarity can be reversed by reversing the diode and X 
input polarity. A load resistance of approximately IOkO 
must be provided. Trimming' for improved accuracy 
would be accomplished at the Z input. 

OUTPUT. ±12V PK 
VOUT=~+X, 

X, +VI REVERSE ~ R. 
THIS AND X (MUST BE 

OPTIONAL INPUTS FOR, PROVIDED) 
SUMMING X. OUT NEGATIVE * INPUT. X. MPV634 OUTPUTS ,-
±10V PK 

SF l, Z INPUT -
I 

10V FS ~ V, Z. 12V PK 

V. -VI -15" 

FIGURE 5. Square-Roorer Connection. 

+15V 

+ 
Eo 

X. Vo 

2kO 2kO MPV634 
SF l, 

-15V 

+ V, Z. 
E. 

V. '-V 

FIGURE 7. Voltage-Controll~d Amplifier.. 

Minor gain adjustments are accomplished with the 1kO vari~ble resistor con
nected to the scale factor B;djustment pi!,), S~. Bandwidth of,this circuit Is limited 
by A" which is Operated at relatively high gain, 



x, +V. +15V 

X. OUT 
MPY634 4.7kn Vou, = IIOV) slnB 

IOkn SF z, WHERE 

4.3kn 
B = 11T12I1E,/IOVI 

INPUT. E, y, Z, 
o TO +IOV 3kn 

y, -Vs 
-15V .,.. 

~IGURE 8. Sine-Function Generator. 

With a linearly changing 0-10V input, this circuit's output follows 0° 10 90° of a 
sine function with a 10V peak output amplitude. 

x, 'tV. 

IA'/201 COl 12 OJ II 
X, Vo 

'T Alln OJ \ MPY634 

SF Z, 

y, Z, 

Y. -V. 
.,.. 

Squaring a sinusoidal input creates an output frequency of twice that 0' the input. 
The DC output component is removed by AC-coupling the output. 

FIGURE 10. Frequency Doubler. 

MODULATION .---~rx:---:;:;iJ 
INPUT. ±E.. X, +V. +15V 

!--..-..... Vo"' 

CARRIER 
NULL 

"'"15V 

CARRIER INPUT 
Ee lin ",\ 

The basic multiplier connection performs balanced modulation. Carrier rejection 
can be improved by trimming the offset voltage of the modulation input. Belter 
carrier rejection above 2MHz is typically achieved by"interchanging the X and Y 
inputs (carrier applied to the X input). 

FIGURE 11 .. Balanced Modulator. 
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... ----~X, +V. +15V 
MODULATION 
INPUT. ±E .. 

X. OUT 1--.-.. 

CARRIER INPUT 
Ee sin ",\ 

MPY634 

SF z, 

FIGURE 9. Linear AM Modulator. 

Your = 
I ± IE .. /IOVI Ee sin wI 

By injecting the input carrier signal into the output through connection to the Z2 
input, conventional amplitude modulation is achieved. Amplification can be 
achieved by use of the SF pin, or Z attenuator (at the expense of bandwidth), 

FREQUENCY OOUBLER 

INPUT SIGNAL: 2OV·p·p. 200KHz 
OUTPUT SIGNAL: 10V P·P. 400KHz 

illl 1!l1 11111 
11

"1 1\ II., ! 1 .. 1 I' 'I 
II I 1'1 II' I 

I .. Ii !IUI! .. ,' :IUI ,~ 
"1. :1111' "'1 1 iii I" "Ii! I,r 

1,1 I ,I' II I 
II II Illill !til 

III II ')11' 

CARRIER: Ie =.2MHz. AMpLITUDE = IV rmi 
SIGNAL: Is = 120kHz. AMPLITUDE == IOV peak 



BURR-BROWN@ REF10 111::311::31 

Precision 
VOLTAGE REFERENCE 

FEATURES APPLICATIONS 
• +10.00V OUTPUT • PRECISION CALIBRATED VOLTAGE STANDARD 
• HIGH ACCURACY~.±O.005V untrimmed • TRANSDUCER EXCITATION 
• VERY-LOW DRIFT.lppm/o C max • D/A AND AID CONVERTER REFERENCE 
• EXCELLENT STABILITY •. 10ppm/l000hrs typ • PRECISION CURRENT REFERENCE 
• LOW NOISE. 6pV. pcp typo O.1Hz to 10Hz • ACCURATE COMPARATOR THRESHOLD REFERENCE 
• WIOE SUPPLY RANGE. up 10 35V • DIGITAL VOLTMETERS 

• TEST EQUIPMENT 

TIME STABILITY 
+70 

VllllM R. 156kO +60 
5 

R, 7kO +50 

+Vcc 
+40 

~ 
2 :E +30 

R, VO'JT 

~+20 Specification Limit 
12kO 6 

~ +10 
c: 

'" 0 

/' 
s; 
() -10 

vz " 
3 

~ -20 

1 t'02i 
R, . g -30 
2kO -40 

~ r- -50 

-60 
4 Common , 

-70 
0 1000 2000 3000 

Time (Hours) 

DESCRIPTION 
The REFJO is a precision voltage reference which The output can be adjusted with minimal effect on 
provides a + JO.OOV output. The drift is laser-trimmed drift or stability. Single supply operation over \3.5V 
to IppmjOC max (KM grade) over the full specifica- to 35V supply range and excellent overall specifica-
tion range. This is in contrast to some references tions make the REFJO an ideal choice for the most 
which guarantee drift over a limited portion of their demanding applications such as precision system 
specification temperature range. The REFJO achieves standards, Dj A and AjD references, transducer 
its precision without a heater. This results in low excitation etc. 
quiescent current, fast warm-up, excellent stability, 
and low noise. 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (6021 746·1111 • Twx: 911J.952·1111 • Cable: BBRCORP . Telex: 66-6491 

PDS·528A 
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SPECIFICATIONS 
ELECTRICAL 
At T. = +25"C and +15VOC power supply unless otherwise noted. MECHANICAL 

REF10JMIKMlRM/SM 

PARAMETER CONDITION MIN TYP MAX UNITS TO-99 PACKAGE 

OUTPUT VOLTAGE 
Initial T. = +25·C 9.995 10.000 10.005 V 
Trim Aange1tl -0.100 +0.250 V 

vs Temperature12l: KM O·Cto +70·C 1 ppm/·C 
JM O·C to+70·C 3 ppm/·C 
SM -55·C to +125·C 3 ppm/·C 
RM -55· C to +125· C 6 ppm/·C 

vs Supply (line regulation) Vee = 13.5 to 35V 0.001 0.002 %N 
vs Output Current 

(load regulation) I.=Oto ±10mA 0.001 0.002 %/mA 
vsTimel31 T.= +25·C 10 ±50 ppm/l000 hrs 

NOISE O.IHz to 10Hz 6 25 pV pop 

f:q 
L II • • ~ 

l.rlrnl---:J I 
s .. "n.11111 1 
Plane ~o 

OUTPUT CURRENT Source or Sink ±10 mA 

INPUT VOLTAGE RANGE 13.5 35 V 

QUIESCENT CURRENT lOUT;;;: 0 4.5 6 mA 

WARM-UP TIME To 0.1% 10 ps 

TEMPERATURE RANGE 
Specification: JM,KM a +70 ·C 

RM,SM -55 +125 ·C 
Operating: JM,KM -25 +85 ·C 

4f ~ 
,0' ':'1\\ N f ~ "'+.o')} T y-J 

RM,SM -55 +125 ·C NOTE: 

Storage -65 +125 ·C Leads In true position within 0.010" 

NOTES: (1) Trimming the offset voltage will affect the drift slightly. See Installation and Operating 
Instructions for details. (2) The "box method" is used to specify output voltage drift vs temperature. See 
the Discussion of Performance section. (3) Sample tested with power applied continuously. 

(0.25mm) R at MMC at seating plane. 

Pin numbers shown for reference only. 
Numbers not marked on package. 

ORDERING INFORMATION 

REF10 X M 
Basic Model Number ______ =r--l T 
Performance Grade Code _______ ....J_ 

J, K: -O°C to +70'C 
R, S: -55°C to +12So C 

Package Code ---------------1 
TO-99 

ABSOLUTE MAXIMUM RATINGS 

Input Voltage .... , .......•.•.. " .. , ...... , ... , . , ... 40V 
Power Dissipation at +2S'C ............. , •.•..• 200mW 
Operating Temperature Range 

REF10JM/KM ... , .........•....•..•.. -2So C to +8So C 
REF10RM/SM ...... , .. , ..........•. -SS'C to +12So C 

Storage Temperature Range ......... ,' -65°C to +12S'C 
Lead Temperature (soldering,10s) .•.•.•. " ....• +300'C. 
Short-Circuit Protection at +2S'C 

to Common or +1SVDC ..••.•...•.•••...• Continuous 
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Pin material and plating composition 
conform to Method 2003 (solderability) 
of MIL-STO-883 (except paragraph 3.2). 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .335 .37D 8.51 9.40 

• ;305 .335 7.75 B.51 

C .165' .185 4.19 4.70 

0 .016 .021 0.41 0.53 

E .010 .040 0.25 1.02 

F .010 .040 0.25 1.02 

G .20DBA5IC 5.08 BASIC 

H .02B .034 0.71 0.B6 

J .029 .045 0,74 1.14 

K .500 -- 12.7 _. 

L .110 .160 2.79 4." 
M 45° BASIC 45° BASIC 

N .095 ,105 2,41 2.67 

WEIGHT: 1 gram 

PIN CONFIGURATION 

'Pin 31s an unbuffered 6.3V output. Any load will affect the output 
voltage and drift. A load of lpA on pin 3 will typically change the 
output voltege by 50pV and the drift by 0.1 ppm/· C. 



TYPICAL PERFORMANCE CURVES 

:; +20 
§ .. +15 

" +10 
~ +5 "iii c 0 ;;: 
E -5 
2 -10 It.. 

g -15 
w -20 

POWER TURN-ON RESPONSE 

(5i IiVI [1 ;S 

~ 

== =- = III = -- -- = -= = = 
L Power Turri-On 

Output Current I mA I 

TYPICAL REF10 NOISE 

Low Frequency Noise 
. (see Noise Test Clrcuil): 

GO 

""-~~ 
0-> GO 

SIg' c." _.t: 

8 0 

RESPONSE TO THERMAL SHOCK 
+ 400 

+ 200 

O~ 
,~ 

-200 II Device Immersed In +rOC 
_ fIUOri~er1 bat;1 
-400 ~TA - +700C 

o 10 15 20 
Timeiseci 

QUIESCENT CURRENT VS TEMPERATURE 
5' 

;( 
§ 
C 
!! 
S 
0 3 

i 
15 
> 
~ 
'0 
z 

C .. 
u 
!l 
'3 
0 

2 

-50 -25 0 +25 +50 +75 +100 +125 
TemperaturBIOC} 

TYPICAL HEATED ZENER NOISE 

GAIN = II10V/V 
13111.= O.1HZlnd 10Hz 

HOISE TEST CIRCUIT 
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POWER SUPPLY REJECTION VS FREQUENCY 
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. Low Frequency Noise 
lsee Noise Telt Circuil) 



THEORY OF OPERATION 

The following discussion refers to the diagram on the 
first page. 

In operation, approximately 6.3V is applied to the 
noninverting input of op amp A, by zener diode DZ,. 
This voltage is amplified by A, to produce the 1O.00V 
output. The gain is determined by R, and R2: G= (R, + 
R2)/ R,. R, and R2 are actively laser-trimmed to produce 
an exact 1O.00V output. The zener operating current is 
derived from the regulated output voltage through Rl. 
This feedback arrangement provides closely regulated 
zener current. Rl is actively laser-trimmed to set the 
zener current to a level which results in low drift at the 
output of A,. R. allows user-trimming of the output 
voltage by providing for a small external adjustment of 
amplifier gain. Since the TCR of R. closely matches the 
TCR of the gain setting resistors, the voltage trim has 
minimal effect on the drift of the reference. 

DISCUSSION OF 
PERFORMANCE 

The REFIO is designed for applications requiring a 
precision voltage reference where both the initial value at 
room temperature and the drift over temperature are of 
importance to the user. Two basic methods of specifying 
voltage reference drift versus temperature are in common 
usage in the industry-the "butterfly method" and the 
"box method." The REFIO is specified with the more 
commonly used box method. The "box" is formed by the 
high and low specification temperatures and a diagonal, 
the slope of which is equal to the maximum specified 
drift. 

For the REFIO each J and K unit is tested .at temper
atures of O°C, +25°C, +50°C, and +70oC and each R 
and S unit is tested at -55°C, -25°C, O°C, +25°C, 
+50°C, +75°C, +100°C and +125°C. The minimum 
and maximum test voltages must meet this condition: 

[ (Your rna. - Your min)/ IOV] 
X 106 :0; drift specification 

Thigh - T10w • 

This assures the user that the variations of output 
voltage that occur as the temperature changes within the 
specification range liow to Thigh will be contained within a 
box whose diagonal has a slope equal to the maximum 
specified drift. Since the shape of the actual drift curve is 
not known, the vertical position of the box is not exactly 
known either. It is, however, bounded by VUpp" Bound and 
V Low" Bound (see Figure I) .. 

Figure I uses the REFIOKM as an example. It has a drift 
specification of Ippm/oC maximum and a specification 
temperature range of O°C to +70°C. The "box" height 
(V, to V2) is 700IJ.V and upper bound andolower bound 
voltages are a maximum· of 700IJ.V away from the 
voltage at +25°C. 

I VUPP.' Bound +10.0007 , _______ - -0- - - - - - ___ , 
I I 
I I 
I I 
I I 

I : 

V,r-----------------------~~ 
" S Vnomlnal 1------~f/L.----,r.::__.3o,.__~ 
;g +10.0000 

"5 
.9-
" o 

V2~----------------------~V I I 
I· ° I 
I VLoweI Bound J 

+9.9993 1--- --- ------ - -- ---
L I I 
o 25 70 

(T1ow) (Thigh) 

Temperature (0 C) 

FIGURE I. REFIOKM Output Voltage Drift. 

700/lV 

Worst~case 

AVall1 

for 
REF10KM 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

BASIC CIRCUIT CONNECTION 

Figure :i shows the proper connection of the REFIO. To 
achieve the specified performance, pay careful attention 
to layout. A low resistance star configuration will redulle 
voltage errors, noise pickUp, and noise coupled from the 
power supply. Commons should be connected as indica
ted being sure to minimize interconnection resistances. 

OPTIONAL OUTPUT VOLTAGE ADJUSTMENT 
Optional output voltage adjustment circuits are shown 
in Figure 3 and 4. Trimming the output voltage will 
change the voltage drift by approximately O.Olppm/oC 
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Vee 

NOTES: 

+ ..,... 
I/lF 

TANTALUM 

(11 

REF10 

I. Lead reslslances here 01 up 10 a lew ohms have negligible elleet on performance. 
2. A reslslance 01 O.lnln series with lhasa leads will cause a ImV error when the 

load currenlls allts maximum oiIOmA. This results In a 0.01% error oIIOV. 

FIGURE 2. REFIO Installation. 



per m V of trimmed voltage. In the circuit in Figure 3 any 
mismatch in TCR between the two sections of the 
potentiometer will also affect drift but the effect of the 
LHCR is reduced by a factor of 40 by the internal 
resistor divider. A high quality potentiometer, with good 
mechanical stability, such as a cermet, should be used. 
The circuit in Figure 3 has a range of approximately 
+250mV to -IOOmV: The circuit in Figure 4 has less 
range but provides higher resolution. The mismatch in 
TCR between Rs and the internal resistors can introduce 
some slight drift. This effect is minimized if Rs is kept 
significantly larger than the l56kO internal resistor. A 
TCR of 100ppm/oC is normally sufficient. 

+Vcc 

2 
;M TANTALUM 

VOUT 

REFlo 6 

VTR1M 2Dlcn +lOV 
5 OUTPUT 4 

VOLTAGE 

4~ 
ADJUST 

"'17 Maximum rangl 1+2.5%. -1.0%) and minimal degrldatlon of drift 

FIGURE 3. REFlO Optional Output Voltage Adjust. 

+Vcc -. SEE INFORMATION IN 
TYPICAL PERFORMANCE CURVES 

2 IpFV 
TANTALUM The TCR of R. can affect Vou, 

VOUT 
drift If R. Is made small. 

REFlo 6 ... 
VTAIM 2Dkn. +IDV 
5 OUTPUT 4 

VOLTAGE R." ADJUST '41\ OR. typically 4Mn 

~7. .. Higher resolullon. reduced range. 

FIGURE 4. REFIO Optional Output Voltage Fine 
Adjust. 

+Vcc 

REFlO 
lkn 

FIGURE 5. Precision Reference with Filtering. 
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APPLICATION INFORMATION 
High accuracy, extremely-low drift, and small size make 
the REFIO ideal for demanding instrumentation and 
system voltage reference applications. Since no heater is 
required, low power supply current designs are readily 
achievable. Also the REFlO has lower output noise and 
much faster warm-up times than heated references, 
permitting high precision without extra power or addi
tional supplies. It should be considered that operating 
any integrated circuit at an' elevated temperature will 
reduce its MTTF. 

A variety of application circuits are shown in Figures 5 
through 11. 

+15V 

+IOVoUT 

FIGURE 6. ±IOV Reference. 

+Vcc 

2 

6 R 
REFlO 

~u 
4 

""il IOV 
lou'=-R - .R2':lkn 

FIGURE 7. Positive Precision Current Source. 



35V TO 55V t 

6 +3DV 
REFlO ~ ... 

4 

2 

6 +20V 
REFID -A 

4 

/2 

6 +IDV 
~A REFID 

NOTES: 
I. REFID', can ba IIackad 10 obllin voillges In 

mUlllplaa oIIDV. 

t 
2. The supply vOllage Ihould be belween IOn +5 

Ind IOn +25 whare n Illhe number 01 REFID·s. 
3. Dulpul curreni 01 aach REFID musl nolmeed III 

raled ouljlul currenl 01 ±IDmA. This Includes Ihe 
currenl delivered to the lower REFID. 

FIGURE 8. Stacked References. 

2 r--
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L _ 

1 
I 
I 

____ ..J 
3 

FIGURE 9. ±5V Reference. 

REFID 
+5VDUT 

-5V OUT 
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+Vcc 

REFID 

r- - -liiAiiiS -- -'2 
I 
1 15 
I 
1 
1 
1 

31 
I 

I I 
I I L _______ -1 

I Eo = EoI2. ±D.DI% 

FIGURE 10. +5V and +IOV Reference. 

+Vcc=24V 
2 

8200 

REFID +IDV 

6000 6000 

6000 6000 

+IDV 

AIID.DV.thl 6000 bridge requires 16.7mA. An 8200 reslslor conneclld dlreclly 
Irom Ihe bridge to Ihe posillve supply provides Ihe bulk ollhe bridge currenl 
The REFID need only supply an error currenl to keep Ihe bridge allo.DV. Since 
Ihe REFID can sink or lource up 10 IDmA.lhe circuilihown can lolerale lupply 
varlallons 01 up to 24V. ±BV. or bridge resistance drlllirom 4000 10 14000. 

FIGURE 11. +IOV Reference with Output Current 
Boost Using a Resistor to Drive 
a 600.0 Bridge. . 



BURR-BROWN® 

IElElI REF101 

Precision 
VOLTAGE REFERENCE 

FEATURES APPLICATIONS 

• +10.00V OUTPUT • PRECISION CALIBRATED VOLTAGE STANDARD 

• HIGH ACCURACY. ±O.005V • TRANSDUCER EXCITATION 

• VERY LOW DRIFT. 1ppm/oC max • DIA AND AID CONVERTER REFERENCE 

• EXCELLENT STABILITY. 25ppm/100Ohrs. • PRECISION CURRENT REFERENCE 

• LOW NOISE. D/LV. Pop typo 0.1 Hz to 10Hz • ACCURATE COMPARATOR THRESHOLD REFERENCE 

• WIOE SUPPLY RANGE. up to 35V 

• LOW QUIESCENT CURRENT. DmA max 

• USEFUL MATCHED RESISTOR pAIR INCLUDED 

DESCRIPTION 
The REFIO( is a precision voltage reference which. 
provides a + 1O.00V output. The drift is laser-trimmed 
to I ppm/"C max (KM grade) over the full spec
ification range. This is in contrast to some references 
which guarantee drift over a limited portion oftheir 
specification temperature range .. The REFIOI 
achieves its precision without aheater. This results in 
low quiescent current (4.5mA typ), fast warm-up 
(I msec to 0.1 %), excellent stability (25ppm/l OOOhrs 
typ), and low noise (25/LV. POp max, O.IHzto 10Hz). 

The output can be adjusted with minimal effect on 
drift or stability. Additionally, the REFIOI contains 
a matched pair of user-accessible precision 20kfl 
resistors which are useful in a variety of applications. 
Single supply operation over 13.5V to35V supply 
range and excellent overall specifications make the 
REFIOI an ideal choice for the most demanding 
applications such as precision system 'standards, 
D I A and AI D references, transducer excitation etc. 

• DIGITAL VOLTMETERS 

• TEST EQUIPMENT 

84 
VTAIM 2 }--"N ........ 

l85kn 

81 

COMMON 

A2 

VOUT 

FEEDBACK 

International Alrportlndustrlal Park· P.O. Box 11400 • Tucson. Arizona 85734 • Tal. (602) 746·111t • Twx: 910-952·111t • Cable: BB8COAP • Telex: 68-849'1 
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SPECIFICATIONS 
ELECTRICAL 
At TA - +25'C and +15VDC power supply unless otherwise noted - MECHANICAL 

REF101JM/KM/RM/SM 

PARAMETER CONDITION MIN TYP MAX UNITS 

OUTPUT VOLTAGE 
Initial TA = +25'C 9.995 10.000 10.005 V 

iF:=1 TO-99 PACKAGE 
Trim Rangelll -D.l00 +0.250 V 
vs Temperature(2) 1- j • 

KM O'C 10+7O'C 1 ppm/'C • i 
JM O'C to +70'C 2 ppm/'C C-I"!fnl---;] I SM -55'C to +125°C 3 ppm/'C 
RM -55°C to +125°C 6 ppm/DC 

vs Supply (line regulation! Vee = 13.5 t035V 0.00025 0.002 %N ,,,,,",/1111 1 vs Output Current 
! load regulation! IL = 0 to ±10mA 0.00025131 %/mA PI.not --..I..- 0 

0,001'4' 0.002w, %/mA 
vs Time TA = +25°C 25 ppm/l 000 hrs 41 1 NOISE O.lHz to 10Hz 6 25 pVp-p 

T~~ I· OUTPUT CURRENT Source or Sink ±,10 rnA 

INPUT VOLTAGE RANGE 13.5 35 V 

NOTE:¥" QUIESCENT CURRENT lOUT =0 4.5 6 rnA 

WARM-UP TIME To 0.1% 10 psec Leads in true position within 0.010" 

UNCOMMITTED RESISTORS 10.25mm 1 R at MMC at seating plane. 

Resistance 20 kO Pin numbers shown for reference only. 
Match ±0.01 ±0.05 % Numbers not marked on package. 
TCR 50 ppm/DC 

Pin material and plating composition 
TCR Tracking 2 ppm/DC 

conform to Method 2003lsolderabllitYI 
TEMPERATURE RANGE 01 MIL-STD-863lexcept paragraph 3.21 
Specification INCHES MILLIMETERS 

JM.KM 0 +70 'C D'M M'N MAX M'N MAX 

RM.SM -55 +125 DC A '" '" '" '" 
Operating . '" .335 1 H • 8 ~l 

C '" ,sr. ." '" JM. KM -25 +85 'c 0 0>, '" co, 053 

RM.SM -55 +125 DC , 0>0 '00 '" , " 
Storage -65 +125 'c , 0>, '00 02t. .IO} 

" 2008ASIC !J 08 BA.SIC 

(1) 'Trlmmlng the olfset voltage will affect the drill slightly. See Installation and Operating 
H .028 .034 '" os, 

NOTES: , . 029 ,., 
'" " . 

Instructions for details. (2) The "box method" is used to specify output lioltage drill vs lemperature. See , .. " 1:11 

the Discussion of Performance section. (3) Sourcing current. (4) Sinking current 
, .110 '" '" .06 
M 4S0gASIC 45D SASIC 

N .095 las ", '" 
WEIGHT: 1 gram 
OROER: REF101JM. REF101KM 

REF101RM. REF101SM 

ORDERING INFORMATION 
REF101 X M 

Basic Model Number------=r----1 T 
Performance Grade Code--------'-

PIN CONFIGURATION 

J, K -25°C to +85°C 
R. S -55°C to +125°C 

PackageCode------------~ 
TO-99 

ABSOLUTE MAXIMUM RATINGS 

Input Voltage ....•.......................... 40V 
Power Dissipation at +25°C . _ ... _ ...•.•.. 200mW 
Operating Temperature Range 

REF101JM/KM ................ -25°C to +85°C 
REF101RM/SM ............... ~55°C to +125°C 

Storage Temperature Range ..... -65°C to +125°C 
Lead Temperature (soldering. 10sec) ..... +3000 C 
Short-Circuit Protection at +25°C 

To Common or +15VDC ... _ . . • . . .. Continuous 
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o 
OSCILLOSCOPE 

GAIN = IOOV/V 
13118= D.I Hz. Ind 10HZ 

. The TeR II RS an IlIIeI 
VoUT drill II RS IIIIldl 
Imili. 

.s. Oulpul Voltagi AdlUllmanl VI RS Curva. 

NOISE TEST CIRCUIT OPTIONAL OUTPUT VOLTAGE FINE ADJUSTMENT CIRCUIT. 

TYPICAL PERFORMANCE .cURVES 

.. 
J 

3l 
'0· z 

< 
~ 
a. e 
" ~ .:; 

'" .. 
a: 
'D .. 
0 ... 

+4 

+3 

+2 

+1 

0 
-1 

-2 

-3 

-4 

LOAD REGULATIONVS 
TEMPERATURE 

NEGATIVE CURRENT -l-I- (SINK!' -, 
f-POSITIVE CURRENT~ 

(SOURCE) I I 

",."., 

"'0;;; 

-75 -50 -25 0 +25 +50 +75+100 +125 
Temperature (OC) 

. (see Noise Test Cln:ult) 

RESPONSE TO THERMAL SHOCK 
+4 00 

+ 200 

o~ 

'" .... -200 

_ FLUOR INERT BATH 
II DEVICE IMMERSED Ii +7ooC 

-400 i--TA=+700C 

o 5 10 
Time (see) 

15 20 

QUIESCENT CURRENT VS TEMPERATURE 
5 

o 

-so -25 0 +25+50+75+100+125 
Temperature (OC) 

2 4 6 8 
Output Current (mA) 
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10 

Low Fraquency Noise 
(See Noise Te.t Circuit) 

POWER SUPPLY REJECTION VS FREQUENCY 
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THEORY OF OPERATION 
The following discussion refers to the diagram on the first 
page. 

In operation, approximately 6.3V is applied to the 
noninverting input of op amp AI by zener diode DZI. 
This voltage is amplified by AI to produce the IO.OOV 
output. The gain is determined by RI and R2: G = (RI + 
R2)/ RI. RI and R2 are actively laser-trimmed to produce 
an exact IO.OOV output. The zener operating current is 
derived from the regulated output voltage through R,. 
This feedback arrangement provides closely regulated 
zener current. R, is actively laser-trimmed to set the zener 
current to a level which results in low drift at the output of 
AI. The adjustment of output voltage and zener current is 
interactive and several iterations may be used to achieve 
the desired results. R. allows user-trimming ofthe output 
voltage by providing for a small external adjustment of 
amplifier gain. Since the TCR of R. closely matches the 
TCR of the gain setting resistors, the voltage trim has 
minimal effect on the drift of the reference. 

DISCUSSION OF 
PERFORMANCE 

The REFIOI is designed for applications requmng a 
precision voltage reference where both the initial value at 
room temperature and the drift over temperature are of 
importance to the user. Two basic methods of specifying 
voltage reference drift versus temperature are in common 
usage in the industry - the "butterfly method" and the 
"box method". Neither of these methods is entirely 
satisfactory in cases where the drift versus temperature is 
relatively nonlinear as is the case with most voltage 
references. The REFIOI is specified with the more 
commonly used box method. The "box" is formed by the 
high and low specification temperatures and a diagonal, 
the slope of which. is equal to the maximum specified 
drift. . 

For the REFIOI each J and K unit is tested at temp
eratures of O"C, +25"C, +50°C, and +70°C and each R 
and S unit is tested at -55"C, -25°C, O°C, +25°C, +50°C, 
+75°C, + 100°C and + I 25"C. The minimum and maximum 
test voltages must meet this condition. 

r(Vc)!""! m .. - VOl·"!" min)/ IOV] X 106 .;;; drift specification 
L Thigh - Tlow 

This assures the user that the variations of output voltage 
that occur as the temperature changes within the spec
ification range Tlow to Thigh will be contained within a box 
whose diagonal has a slope equal to the maximum 
specified drift. Since the shape ofthe actual drift curve is 
not known, the vertical position ofthe box is not exactly 
known either. It is, however, bounded by VUppcr Bound and 
V Lower Bo~nd (see Figure I). 

Figure I uses the REFIOIKM as an example. It has a 
drift specification of Ippm/oC maximum and a spec-

ification temperature range of O°C to +70°C. The "box" 
height (VI to V2) is 700JLV and upper bound and lower 
bound voltages are a maximum of700JLV away from the 
voltage at +25°C. 

+lo.0007~-~-- __ !!!'p~~o~~ - - ____ , 
I I 
I . I 
I I 
I i 

I : VI ..... __________ ~ 

Vnomlnal 
+10.00OOt------::;r--7"'--"~---t 

V2~----------__y I 
I I 

+9.9993ir------V~w-;riio;;-nd - - - - __ J 

- I I 
o ~ ro 

(T'owl (T hlghl 
Tamparalura (OCI 

700~V 
Worsl·case 
.lVOUI 
lor 
REFIOIKM 

FIGURE I. REFIOIKM OutputVo"uage Drift. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

BASIC CIRCUIT CONNECTION 
Figure 2 shows the proper connection of the REF 101. To 
achieve the specified performance, pay careful attention 
to layout. A low resistance star configuration will reduce 
voltage errors, noise pickUp, and noise coupled from the 
power supply. Commons should be connected as indi
cated being sure to minimize interconnection resistances. 

+ 
vcc'::' I~F 

TANTALUM 

(11 

(II 
NOTES: 
1. Laid ralslanca hare 01 up 10 IIIW ohms hawa nagl/glbla alilclon parlormanca. 
2. A rallUwsly conllant curranl oIlPprox. 2mA II50ppm/oC Ilowlln thlllsid. 

I n In thlileid would Inlroduce aboul2mV Irror Ild)ualablalo zarol wIlli aboul 
0.1 ppm/oC drlltalllllOulpul . 

3. A rellllanca 01 0.1 n In IIrlal wIth thailladl will caUII a I mV error whllltha 
IDld currenl,. 11111 maxlmullfollOmA. ThIs mul/aln I 0.01% error oiIOV .. 

FIGURE 2. REFIOI Basic Circuit Connection. 
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OPTIONAL OUTPUT VOLTAGE ADJUSTMENT 
Optional output voltage adjustment circuits are shown in 
Figures 3 and 4. Trimming the output voltage will change 
the voltage drift by approximately O.Olppm/"C per mV 
of trimmed voltage. In the circuit in Figure 3 any 
mismatch in TCR between the two sections of' the 
potentiometer will also affect drift but the effect of the 

. ATCR is reduced by a factor of 40 by the internal resistor 
divider. A high quality potentiometer, with good me
chanical stability, such as a cermet, should be used. The 
circuit in Figure 3 has a range ofapproximately +250mV 
to -100m V. The circuit in Figure 4 has less range but 
provides higher resolution. The mismatch in TCR 

, between Rs and the internal resistors can introduce some 
slight drift. This effect is minimized if Rs is kept 
significantly larger than the 165kO internal resistor. A 
TCR of 100ppmj"C is normally sufficient. 

+VCC 

+------, + 

l~F 
"'!' TANTALUM 

\J 
FEEDBACK 

211m 
OUTPUT 
VOLTAGE 
ADJUST 

Mlxlmum ranlie (+2.5'1. ·1.0%) and minimal dagradatlon 01 d~ft. 

+lDV 

FIGURE 3. REFIOI Optional Output Voltage Adjust. 

+VCC ·RS Iyplcally 4Mll 

The TCR 01 RS can .IIacl Von 
+ drift II RS II madllmall. 
l~F 

~ TANTALUM 

FEEDBACK 

211m +lDV 
OUTPUT 

>-,'¥<Iv--S VOLTAGE 
AOJ,UST 

SEE INFORMATION IN 
TYPICAL PERFORMANCE CURVES. 

Hlghar I'II8lullDn. reduGBd ranga. 

FIGURE 4. 'REFIOI Optional Output Voltage 
, 'Fine Adjust. ' 

APPLICATION INFORMATION 

High accuracy, ~xtremely-Iow drift, and small size make 
the REFIOI ideal for demanding instrumentation and 
system voltage reference applications. Since no heater is 

, required, low power supply current'designs are readily 
achievable. Also the REFIOI has lower output noise and 
much faster warm-up times (I msecto 0.1 %) than heated 
references, permitting high precision without extra power 
from additional supplies. It should be considered that 
operating any integrated circuit at an elevated temp
'erature will reduce its MTTF: 
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A variety of application circuits are shown in Figures 5 
through 19. 

+VCC 

VOUT= +10V 

1 ' ' 
Ico = r.:iiC = 1.6Hz 

FIGURE 5. Precision Reference with Filtering. 

VOUT 1=·10V 

+VCC = 15V 

)-<0.;------0 vOUT2 = +lDV 

FIGURE 6. ±IOV Reference. 



VOUT 1 = +5V 

l--<~-----o VOUT 2 = +10V 

FIGURE 7. +IOV and +5V Reference. 

+Vcc = 55V 10 BOV 

}+----...... ----Q VOUT 5 = +50V 

VOUT 4 = +4OV 

\l~==:::::j~===-aVOUT 3 = +30V 

VOUT2= +2OV 

FIGURE 8. Stacked Refe'rences. 
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+VCC=15V 

LOGIC VOUT 
0 +10V 

1 ·10V 

}-¥-------<O +10V 
AUXILIARY 

OUTPUT 

FIGURE 9. Digitally-Controlled Bipolar Precision 
Reference. 

.---------;1>-0 +Vcc = 15V 10 35V 

REF10l 

L---4 ..... -3Il.-.oVOUT = +10V 
lOUT = 0 to +10lnA 

FIGURE 10. +IOV Reference with Boosted Output 
Current to 100m A. 

16k!! +Vcc = 48V (Range of 32V 10 84V) 

REF101 J--------~O VOUT = +10V 

FIGURE I I. +IOV Reference with Input Voltage Boost 
for 48V Operation. 



+30V 

lOUT = 10VlR 
where R = RI II RZ' 

lOUT may be raised up to lOrnA 
by using external reslslors. 

·15V 

FIGURE 12. Positive Precision ImA Current Source. 

+15V 
Rl 

VIN o-~5""k!l<.l ...... p-. 
010 1 OV A~~~T 

·15V 

+Vcc = 15V 

+IOV 

lOUT 
I 4mAIlI 
,2OmA 

SlliCONIX 

VN89A8 

RZ 

416.7n 
SPAN 

AOJUST 

FIGURE 13. 4mA to 20mA Precision Current 
Transmitter. 
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+Vcc = 15V 

ladder resistor tolerances: 

4Mn 

lookn 

25kn llkn 
....... 'N\~"N'-'~ 5V 

SOn 

llkn 

20n 

Zlkn 

IOn 

Ilkn 
ZV 

IOn 

10kn 

IV 

IOn 

ZOkn IUkn 
t-''M",-~""",-oO.IV 

SOn 
IOn 

25kn IUkn 
...... 'M~VoA ...... -OO.05V 

SOn IOn 

Ilkn 

111m 

20n 

All 111m o.OZ% 
AlilOnl% 

SOkn 

NOTE: Tie all commons 
to one point 

FIGURE 14. Precision Voltage Calibrator. 



-Vee = 24V 

BOOn BOOn 

4 
::.V 

BOOn BOOn 

AIIO.oV.lhe BOOn bridge requires 16.7mA. An a20n reslslor connecl8d dlreclly 
from the bridge to Ihe posilive supply provldas the bulk of the bridge current The 
REF101 need only supply an error currenllo keep Ihe bridge allO.OV. Since the 
REF10l can sink Dr source up fo lOmA. Ihe circuli shown can toleral8 suppfy 
varlallons of up 10 24V. ±BV. Dr bridge resistance drift from 400n to 1400n. 

FIGURE 15. +IOV Reference with Output Current 
Boost Using a Resistor to Drive 
a 600n Bridge. 

-Vee 

V _ ::.RxRG 
DUT- 2000R 

"Tame Transducer Bridge Errors with Op·Amp 
Feedback Conlrol. EON. May 26. 11l82. Jerald Graeme. 

FIGURE 16. Linear BfidgeCircuit Using Internal 
Precision Resistors of the REF 10 I as the 
Bridge Completion Network. 
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+5V 
OUT 

~----~--------oot~ 

FIGURE 17. ±5V Reference. 

+20V 

> ...... --------0 +10V 

,..--------.-< +15V 

FIGURE 19. Bipolar Input Voltage to Frequency 
-Converter. 



BURR-BROWN® 

I EEl EEl I UAF11 
UAF21 

UNIVERSAL ACTIVE FILTERS 

FEATURES 
• SAVES DESIGN TIME 

User-tuneable frequency, O-factor, gain 
Calculate only three resistance values 
DeSign directly from this data sheet 
Completely characterized parameters 

• IMPROVED PERFORMANCE 
Wide frequency ranges. 
UAFll - 0.001 Hz to 20kHz 
UAF21 - 0.001 Hz to 200kHz 
1 % frequency accuracy 
o range of 0.5 to 500 
Reliable hybrid construction 
NPO capacitors and thlli:fllm resistors 

DESCRIPTION 
The UAFll's and UAF21's are low cost univers·al 
active filters. These ~ersatile units can easily be 
tailored to any active filter application using the 
extensive information provided in this data sheet. 
U AF's are excellent choices for use in communi
cations equipment, test equipment (engine analyzers, 
aircraft and automotive test, medical test, etc.), servo 
systems, process control equipment, sonar and marty 
others. . 

The U AF II's and U AF21 's are complete two-pole 
active filters with the addition o( four external 
resistors that provide the user easy control of the 

Inpull 

Input 2 

Inpul3 

Q Adlust 

APPLICATIONS 
• FILTER CONFIGURATIONS 

Butterworth 
Bessel 
Chebyschev 

• FILTER FUNCTIONS 
Low p~ss 
High pass 
Bandpass 
Band reject 

Q-factor. resonant frequency and gain. Any complex 
filter response can be obtained by cascading these 
units. Three separate outputs provide low-pass, high
pass. and bandpass transfer functions. A band-reject 
(notch) iransfer function may be realized simply by 
summing the high~pass and low-pass outputs. 

Since these UAF's are so versatile and flexible, they 
can be stocked by the user in quantity for use as 
building blocks whenever the requirement arises. 
This means instant availability and the UAF pur
chases may be made in volume to take advantage of 
quantity price discounts. 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona B5734· Tel. 1602\ 146·1111 • Twx: 910-952·1111 . Cable: BBRCORP· Telex: 66-6491 

PDS-295G 

4-60 



SPECIFICATIONS 
ELECTRICAL 

Typical at +25°C and with rated supply unless otherwise noted. 

MODEL UAF11 UAF21P) 

INPUT 
Input Bias Cu~rent ±100 ±15 
Input Voltage Range ±10 ±10 
Input Resistance 100k 100k 

TRANSFER CHARACTERISTICS 

Frequency Range (fa I 0.001 to 20k 0.001 to 200k 
fa Accuracy(2) ±1 ±1 
fa Stability(3) (over temp. range) ±D.D05 ±D.DOS 
a Rangel4) 0.5 to 500 0.5 to 500 
a Stabilityl5) 
at fa Q ~104 ±0.025 ±0.01 

at fa Q ~105 ±0.1 ±O.025 
Gain Range 0.1 to 50 0.1 t050' 

OUTPUT 

Slew Rate 0.6 6.0 
Peak-to-Peak Output Swingl61 
to';; 10kHz 20 20 
to';; 20kHz 10 20 
to';; 100kHz 2 20 

Oulput Offset 
I at low-pass output with unity gain I ±10 ±10 
Output Impedance 2 10 
Noise(7) 200 200 
Output CurrentlB) 10 10 

POWER SUPPLIES 

Rated Power Supplies ±15 ±15 
Power Supply Rangel9) ±5 to ±18 ±5 to ±18 
Supply Current at ±15V IOulescentl ±12. max ±12. max 

TEMPERATURE RANGE 

Specification: Epoxy -25 to +85 -25 to +85 
Storage: Epoxy -40 to +65 -40 to +85 

NOTES 
1. The UAF21 includes two internal 0.002pF power supply capacitors. 
2. Repeatibility of fa using 0.1% frequency determining resistors. 
3. T.e.A. of external frequency determining resistors must be added to this figure. 
4. Derated 50% from maximum - see Typical Performance Curves. 
5. Q stability varies with both the value of Q and the resonant frequency fa . 

. 6. Low-pass output - see Typical Performance Curves. 
7. Measured at the bandpass output with a = 50 over DC to 50kHz. 

, 

8. The current required to drive.RF1 and RF2 (external) as well as C1 and 02 must come from 
this current. . 

9. For supplies below ±10V, Q max will decrease slightly; filters will operate below ±5V. 

PIN CONNECTIONS 

Pin 1. High-Pass Output 
Pin 2. Optional Pin 
Pin 8'. Bandpass Output 
Pin 4. a Adjust Point 
Pin 5. Common 
Pin 6. +Supp)y 
Pin 7. Low-Pass Oulput 

Pin 8. Frequency Adjust 
Pin 9. ,Supply 
Pin 10. FrequencY Adjust 
Pin 11. Optional Pin 
Pin 12. Input 1 
Pin 13. Input 2 
Pin 14. Input 3 
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MECHANICAL 

UNITS . EPOXY PACKAGE 
NOTE: 

nA Leads in true position within O.10~ 

V 
,O.25mm. A.at MMC at seating plane. 

n r-Q 
ORDER NUMBER: 

UAF11 
UAF21 

WEIGHT: 3.4 Grams Hz L---o CONNECTOFi': 
% 

'101°C Denotes Pm' 0145MC 

-- ~. . 
%IOC ~~ELJl '101°C 

--

V/p.sec cJ[NOI., Pin numbers shown lor 
reference only. 

V Numbers may not be 

V flOOOOOOO marked on package. 
1 

V . 14 8 Note 1: Pin 
9~oO preserce opllOnal 

Note 1 
mV 
II 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

IJ.V, rms 
mA 

A .790 .810 20.07 20.57 

B .490 .510 12.45 '2.95 

c ~190 .260 4.83 6.60 

V 
0 .01B .021 0.46 0.53 

G .100 BASIC 2.54 BASIC 
V H .080 .115 2.03 2.92 

mA K .130 .300 3.30 7.62 

L .300 BASIC 7.62 BASIC 

R .080 .115 2.03 2.92 
·C 
·C 



TYPICAL PERFORMANCE CURVES 

FULL POWER RESPONSE 
100 
80 

60 
50 
40 
30 

ii 25 
~ 20 
J!l 
(; 15 
~ 
X 10 '" ~ 8 

"-
~ po Low-Pass 

Bandpass; 

~ 6 w 
5 
4 

3 High-Pass 
2.5 

2 

1.5 "\. 
~ 

2 3 4 5 6 78 10 15 20 30 40 60 80 100 

UARll 

10 20 30 40 60 80100 200 300 400 600 1000 

UAF21 
Frequency I kHz I 

APPLICATIONS INFORMATION 
TRANSFER FUNCTION 

The U AF21 uses the state variable technique to produce a 
basic. second order transfer function. The equation 
describing ihe three outputs available are: 

T(Low-Pass) = 

T(Bandpass) = 

T(High-Pass) = 

where Wo = 271'f". 

5' + (w,,/Q) s + w} 

ARP(W,,/Q)s 
S2 + (w,,/Q) s + wo' 

AHP S2 

To obtain band reject characteristics the low-pass and 
high-pass outputs are summed to form a pair of jw axis 
zeros: 

T(Band-Reject) 

where Al.p = AHP = A. 

The state variable approach uses two op amp integrators 
and a summing amplifier to provide simultaneous low
pass, bandpass and high-pass responses. One UAF is 
required for each two poles of low-pass or high-pass 
filters and for each pole-pair of bandpass or band-reject 
filters. ' 

DESIGN PROCEDURE SUMMARY 
These procedures give the design steps for' the proper 
application of aU AF and for the selection ofthe external 
components. More detailed information on filter theory 
pertinent to some of the steps can be found in the 
reference sources listed in Table I. 

1000 

.X .. 
::; 
o 

100 

10 

1 
100 

lk 

Q MAX. VS. RESONANT FREQUENCY 

"-
r\. 

'\ 

" ~ 

lk 10k 

UAFll 

10k lOOk 

UAF21 
Resonant Frequency, Hz 

T ABLE I. Useful References. 

lOOk 

1M 

1, Tobey, Gene, et ai, Operational Amplifiers: Design and Apl>lications, 
Chapter 8, McGraw~Hi" Book Compa;;Y,'i9717' -- ---

2. Wong, Yu Jen, and William Ott: FUnction Circuits: Design and 
~p~lications, Chapter 6, McGraw-Hili Book CompBnY. 1!i76." 

3. Daniels, Richard W.: tpproximation Methods for Electronic Filter 
Q2§iga. McGraw-Hili Book Company, 1974, 

4. Zyerev, Anatoll.: Handbook of Filter S~nthesis, John Wiley and Sons, 
1967. --

5. Temes, GaborC .. and Sanjit K. Mitra: Modern Filter Theory and Design, 
John Wiley and Sons, 1973. --- -

Burr-Brown also manufactures a line of completely self
contained active filters called the ATF76 series. These are 
available in mosi popular transfer functions with from 
2- to 8-pole responses. They contain all necessary com
ponents and do not require any user design effort. 

DESIGN STEPS 

I. Choose the type offunction (low-pass, bandpass, etc.), 
type of response (Butterworth, Bessel, etc.), number of 
poles, and cutoff frequency based on the particular 

. application. 

If the transfer function is band-reject see Band-Reject 
. Transfer Function before proceeding to step 2. 

2. Determine the normalized low-pass filter parameters 
(fn and Q) based on the type of response and number of 
poleS selected in step 1. See Normalized Low-Pass 
Parameters. 

3. If the actual response desired is low-pass go to step 4. 
For other responses a transformation of variables 
must be made (low-pass to bandpass or low-pass to 
high-pass). See Low-Pass Transformation. 
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4. Determine the actual (denormalized) cutoff frequency. 
C. by mUltiplying fn by the actual desired cutoff 
frequency. See Denormalization of Parameters. 

5. Pick the desired UAF configuration (noninverting. 
inverting or bi-quad). See Configuration Selection 
Guideand UAF Configurations and Design Equations. 

6. Decide whether to use design equations "A" or "B". 
See Design Equations "A" and "B". 

7. Calculate RFI and RF~. See Natural Frequency and 
UAF Configurations and Design Equations. 

8. Determine QP. See Qp Procedure. 

9. Select the desired gain for each UAF and calculate the 
corresponding R{; and RQ , See Gain (A) and UAF 
Configurations and Design Equations. 

BAND-REJECT TRANSFER FUNCTION 

The band-reject is achieved by summing the high-pass 
and low-pass U AF outputs. Either of the configurations 
in Figures 2 and 3 can be used to provide the band-reject 
function if they are used as shown in Figure I. 

The 15kH resistor is adjusted for maximum rejection. 
The circuit in Figure 3 is applicable when using design 
equations "A" (AJ.p = AHP). When design equations "B" 
are used (AJ.p = lOAHP). the resistor at pin 7 must be 10 
times the resistor at pin I to obtain equal pass-band gains 
above and below fn. 

In either case. the four external UAF resistors (R{;. RQ • 

RFI and RF~) should be calculated for r., and Q of the 
band-reject filter desired and for AJ.p to equal the desired 
pass-band gain. An input constraint is that the input 
voltage times Aup must not exceed the rated peak-to-peak 
voltage of the bandpass output: or clipping will result. 

Input 
Signal 

UAF with Four 
External ResIstors 

10k!! 

IOkn 

FIGURE I. Band-Reject Configuration. 

NORMALIZED LOW-PASS PARAMETERS 

Usual active filter design procedure involves using normal
ized low-pass parameters. Table II is provided to assist in 
this step for the more common filter responses. Table III 
is a FORTRAN program which allows fn and Q to be 
calculated for any desired ripple and number of poles for 
the Chebyschev response. Program inputs are the number 
of poles (N) and the peak-to-peak ripple (R). Program 
outputs are fn and Q. which are used exactly as the values 
taken from Table II. 
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TABLE II. Low-Pass Filter Parameters. 
Chebysev 

Numbe Butterworthl Bessel 0.5 dB Ripple 2 dB Ripple 
of Pole fnlll a fnPI a '0(21 fnf21 a 

2 1.0 0.70711 1.2142 0.57735 1.23134 0.86372 0.907227 1.1286 

3 1.0 .. 1.32475 .. 0.626456 .. 0.368911 .. 
1.0 1.0 1.44993 0.69104 1.068853 1.7062 0.941326 2.5516 

4 1.0 0.54118 1.43241 0.52193 0.597002 0.70511 0.470711 0.9294 
1.0 1.3065 1.60594 0.80554 1,031270 2.9406 0.963878 4.59388 

1.0 .. 1.50470 .. 0.362320 .. 0.21830B .. 
5 1.0 0.61805 1.55876 0.56354 0.690483 1.1778 0.627017 1.77509 

1.0 1.61812 1.75812 0.91652 1.017735 4.5450 0.97579 7.23228 

1.0 0.51763 1.60653 0.51032 0.396229 0.68364 0.31611 0.9016 

6 1.0 0.70711 1.69186 0.61120 0.768121 1.B104 0.730027 2.84426 
1.0 1.93349 1.90782 1.0233 1.0"446 6.5128 0.982828 10.4616 

1.0 -. 1.68713 .. 0.256170 .. 0.155410 .. 
1.0 0.55497 1.71911 0.53235 0.503863 1.0916 0.460853 1.64642 

7 1.0 0.80192 1.82539 0.66083 0.822729 2.5755 0.797114 4.11507 
1.0 2.2472 2.05279 1.1263 1.ooB022 8.8418 0.987226 14.2802 

1.0 0.50980 1.78143 0.50599 0.296736 0.67658 0.237699 0.89236 

8 1.0 0.60134 1.85314 0.55961 0.598874 1.6107 0.571925 2.5327 
1.0 0.89998 1.95645 0.71085 0.881007 3.4657 0.842486 5.58354 
1.0 2.5629 2.19237 1.2257 1.005984 11.5308 0.990142 18.6873 

1. -3dS frequency. 
2. Frequency at which amplitude response passes through the ripple band. 

T ABLE III. Low-Pass Chebyschev Program. 

PI=3.1415926536 

COMPLEX Pll01 

READS. N. R 

5 FORMAT,'2.FS.6, 

A=SORTI EXPI R/4.3429448J-l.1 

S=l.1A 

AN=ALOGIS+SQRTIS"2.1.11 

AN=AN/FLOATINI 

j=MODIN,21+N/2 

DO 10K=l, J 

RP=SINH,AN,"SIN,PI"FLOAT,2"K-l,/FLOAT ,2"NII 

XIP=COSHIAN I"COSIPI'FLOATI2"K-l J/FLOA Ti2"NI J 

WN=SQRTIRP""2+XIP""21 

Q=-WN/12"RPI 

PIKI=CMPLXIWN,QI 

IFIMODIN,21.NE.0.AND K.EQ.JIGO TO 15 

PRINT 20, PI K I 

GOT010 

15 F=REALiPl K II 

PRINT 30, F 

10 CONTINUE 

NOTE: Language variations between 
computers may require modification 
of this program. 

20 FORMAT ,2X"FN="E20.S"Q="E20.S, 

30 FORMAT ,2X"FN = "E20.8' 

STOP 

END 

Note that for bandpass and high-pass filters complex 
conjugate pole pairs in the actual filter correspond to 
single poles in the normalized low-pass model. Thus faur 
poles in Table II would correspond to four-pole pairs iri a 
bandpass or high-pass filter. 

Filters with an odd number of poles show one fn with no 
corresponding Q value. This represents a simple RC 
netwark that is required for odd pole filters. This RC 
network with a cutoff frequency equal to fn times the 
overall filter cutaff frequency should be placed in series 
with the first U AF two-pole section. An external op amp 
and RC network can be used for this purpose. 



The cutoff frequency determined by the, Table II filter 
parameters is (I) the -3dB frequency of the Butterworth 
response and onhe Bessel response and (2) the frequency 
at which the amplitude response of the Chebyschev filters 
passes through the maximum ripple band (to enter the 
stop band). ' 

LOW-PASS TRANSFORMATION 

Low-Pass to High-Pass 

The following simple transformation may be used for 
high-pass filters: I 
f. (high-pass) = i,,".-;(Tlo-w:"--pa-s-s)'"" 

Q (high-pass) = Q (low-pass) 

Low-Pass to Bandpass 

The low-pass to bandpass tr~nsformation to generate f. 
(bandpass) and Q (bandpass) is much more complicated. 
It is tedious to do by hand but can be accomplished with 
the FORTRAN program given in Table IV. This program 
automates the tranformatio~ 
s=p/2± -'/(p/2}'-1. 

TABLE IV. Low-Pass to Bandpass Trllnsformation 
Program. ' 

COMPLEX P.S,U , 

READ 5, FN. O. OBP 

5 FORMAT (3FI2.51 

Y=FN·SORT(I,-I(.I(O'2.11"21 

X=-FN/O'2.1 

P=CMPLX(X.YI 

U=CONJG(PI 

00301=1,2 

S=P/(2'OBPI 

P=S"2-1. 

T=ATAN2(AIMAG(PI,REAL(PII 

IF (T.GE.O,IGO TO 10 

T=2.'3,14159+T 

10 T=T/2. 

A=SORT(CABSIPII'COS(TI 

B=SORT(CABS(PII'SIN(TI 

S=S+CMPLX(A,BI 

FN=CABS(SI 

O~FN/(2.'REAL(SII 

PRINT 20.FN,O 

20 FORMAT 12X"FN="FI2.5"O="FI2.51 

IFIAIMAG(UI.EO,O,IGO TO 40 

30 P=U 

40 STOP 

END 

Program Inputs 

NOTE: Language variations between 
computers may require modification 
of this program. 

I. f. - From Table 'II for the low"pass filter of interest' 
2. Q - From Table II , 
3. Q8P - Desired Q of the bandpass filter 

For filters with an odd n~mber ~fpoles a Q ofO.5should 
be used where Q is not given in Table II. Enter lOS for Q 
when transforming zeros, on the imagi~ary a~is. 
The program transforms each low-pass pole into a 
bandpass pole pair. Thus a three-pole low-pas$ input. 

would result in the pole positions for a three-pole pair 
bandpass filter requiring three UAF stages. 

DENORMALIZATION OF PARAMETERS 

Table II shows filter parameters for many 2- to 8-pole 
normalized low-pass filter's. The Q and the normalized 
undamped natural frequency, f.for each two-pole section 
are shown. The Q values do not have to be denorrnalized 
and may., be used directly as, described in the Design 
Procedure Summary. f. must be denormalized by multi
plying it 'by the desired~utoJffrequency' ~f'the actual 
overall filter to obtain the requiredfrequericy, fo for the 
design formulas. As an example. consider a 4-pole low
pass Bessel filter with a cutofffrequency of 1000Hz. The 
first stage would be designed to an foof 1432.41 Hz and a 
Q of 0.52193 while the second stage would have an fo of 
1605.94Hz and Q of 0.80554. To combine thetwo stages 
into the composite filter the low-pass output of the first 
stage (pin 9) would be connected to the input resistors 
(RG) of the s~cond stage., 

CONFIGURATION SELECTION GUIDE 

It is possibll; to configure the U AF three different ways. 
Each configuration produces features that mayor may 
not be desirable fora specific application. The selection 
guide in Table V is given to assist in determining the most 
advantageous cOQfiguration for a particular application. 

UAF CONFIGURATIONS AND 
DESIGN EQUATIONS 

Nonlnvertlng ConfigLiratlon 

For applications requiring a bandpass gain of I VI V. the 
internal resistor R3'may be used (input at pin 14) as the 
'gain resistor RG; thus, only three exter'nal resistors are 
needed to configure the filter. 

To use equations" B" connect an II k!l resistor between 
pins 12 and I. Use equations "B" for frequencies above 
8kHz or when RQ from equations "A" becomes a negative 
value. 

SIMPLIFIED DESIGN EQUATIONS "A", 

fo < SkHz (UAFII) or 50kHz (UAF21) 

I. R" = R" = 10'/w .. = I.S9 x Ilf/f .. 

2. AIIP = QALP = QAHP 

3. RQ = 1il"/(2Q, - ABP - I) 

4, Ro =(2Q,-A,,+ I) 10'/"., 

SIMPLIFIED DESIGN EQUATIONS "B" 

fo> SkHz (UAFII) or SOkHz (UAF21) 

I. RFI = RF2 = 3.16 x IO',w... = S.03.x 10' 1(" 

2, AHP = Q/3.16 Ae, = 3.16Q AM' 

3. RQ = ((}'/(3.48Q, - A., - I) 

4, Ro =(H8Q,-A.,+ I) W'/A" 

Inverting Configuration ' 

SIMPLIFIED DESIGN EQUATIONS "A" 

f.,< Sk.Hz (UAFII) or 50kHz (UAF21) 

1,- RFI = Rn = IO'/wo = 1.59 x 101,£, 

2. AH,=QA1.,=Q All" 

3. Ro = 10' Q,/ ABP 

4. RQ = 2 x 10'/(20. + A" -I) 
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NON INVERTING INPUT INVERTING INPUT BI-OUAD 

Outputs Available BP. LP and HP BP. LPand HP BP and LP 

Inverted Outputs BP HP and LP . BP and LP 

Q & Gain Independent of 
Frequency Resistors? Ves Ves No 

Type of Q Variation 
With Changes in RF Constanta Constant 0 Constant bandwidth 

Other Advantages May be used with only three external RG and Ra are small at 
resistors I use internal R3 as RG' high frequencies 

Parameter Limitations 20p - ABP > 1 Ifo < 8kHz) 2Qp + ABP > 1 (fo < 8kHz I None 
3.480p - ABP > 1 Ifo> 8kHz) 3.480p + ABP > 1 I fo> 8kHz I 

Summary: The Sf-Quad filter is particularly useful as a bandpass filter if the filter bandwidth must be kept constant as the center frequency is varied. If 
Q must be kept constant (i.e., constant a of a bandpass or maintaining constant response of a low-pass or high-pass) one of the other two 
configurations should be used. The Si-Quad also has the advantage that RG and Ra are smaller than RG and Ra of the other two 
configurations (this is especially useful at high frequencies). The non inverting input configuration has the advantage that for ABP = 1, RG = 
100kH: therefore R3 (internal I may be used so that only three external resistors are needed (RF1. RF2, Ra). 

lOOk!! 

FIGURE 2. Noninvcrting Configuration. 

SIMPLIFIED DESIGN EQUATIONS "B" 

L> SkH, IUAI'II) or SOkH, (UAF21) 

l. RII = Rr~ = 3.16 X 108 , W" = 5.03 x 10' r.. 

2. ABP = Op/3.16 =3.160p AHP 

3. R(, = .1.16 x IO~ QI' AliI' 

4. Rt) = 2 x'lO~ .<3.48Q .. + Alii' - I) 

BI-QUAD Con,iguration 
SIMPLIFIED DESIGN EQUATI,ONS "A" 

I.. < SkH, IliAI'I II or SOHI, IIlAF21) 

I. RI ( = RI ~ = JO~ w" = 1.59 X 10K f.. 

1. Q All' = Alii' 

3. R,} = QI·R I I 

SIMPLIFIED DESIGN EQUATIONS "B" 

I.. ~·5Hl/iI·t\"II)nr5()kH/(l·A"'11) 

I. ~11=R,~=3.16xIOH w,,=5.03xI07 fll 

2. Q All' = AIII' 

J. Rt} =- 3.16 Q" RI1 

4. R., = R() AIII' 

Design Equations "A" and "B" 
I. Forf" below 8kHz,'either'ofequations"A"or"B" may 

be used. . 

2. For f" above 8kHz, equations "B" must be used. If 
equations" A" were used above 8kHz, the filter could 
become unstable. 

3. Equations "A"are fortheUAF as it is supplied. When 
using equations "B", a II kO resistor must be placed in 
parallel with R2 (between pins 12 and I). 

FIGURE 3. Inverting Configuration. 

4-65 

FIGURE 4. Bi-Quad Configuration. 

4. The values of RF' and RF2 calculated with equations 
"B" are approximately one-third of those calculated 
with equations "A". Thus there may be an advantage 
in using equations "B" at low frequencies. Using 
equations "B" would require use of one more resistor, 
but that would not alter or affect filter performance in 
any manner. 

5. Using the negative gain values for Au or AHP or ABP 
could result in the negative values for resistors RG and 
RQ. So the absolute value ofthe gain should always be 
used in the equations. 

6. Under some circumstances the value of RQ using 
equations "A" will be negative. If this occurs, use 
design equations "B". 

Natural Frequency (fo> 
I. fo for each one pole-pair bandpass filter is the center 

frequency (fel, fc is defined as fc = J'j';& where fl is the 
lower -3dB point and f2 is the upper -3dB point of the 
polecpair response. 



2. To obtain fo below 100Hz using practical resistor 
values. capacitors may be paralleled with CI and C2 to 
reduce the size of RFI and RF2. If capacitors are added 
in parallel, 

lO00pF 
RFI (new) = RF2 (new) = RFI (old) ----

C + 1000pF 

where RF (new) is the new lower value frequency 
resistor, C is the value of the two external capacitors 
placed across CI and C2 (between pins 10 and 3 and 
pins 8 and 7 and RFI (old) is the value calculated in the 
simplified design equations. 

Q-Factor 
1. For bandpass filters Q = 3dB bandwidth 

2. When designing low-pass filters of more than two 
poles,. best results will be obtained if the two pole 
sections with lower Q are followed by the sections with 
higher Q. This will eliminate any possibility of clipping 
due to high gain ripple in high Qsections. 

Qp Procedure 
1. If the "fo times Q" product is greater than 104 (or IO j 

for the UAF21), it is possible for the measured filterQ 
to be different from the calculated value of Q. This 
effect is the result of nonideal characteristics of 
operational amplifiers. It can be compensated for'by 
introducing the parameter Qp into the design equations. 

2. Calculate the fo Q product for the filter. If the product 
is above 104 Hz (or 10' for the UAF21). locate the 
corresponding t;,Qp product on the curve in Figure 5. 
Divide foQp by fo to obtain Q;'. Use Qp as indicated in 
the design equations. For foQ products beiow 104 Hz 
(or 105 for the UAF21), Qp = Q. . 

106 
9 
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&"5 
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105 
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3 

1041#' 
10' 

UAF11 

105 2 

~ 
~ o,)?' 

,LL~'/.'" 
I"" 0,)'1' 

I"" 

3 4 5 6 7 89105 

3 4 5 6 7 89106 

UAF21 fo Q 

FIGURE 5. QpDetermination. 

Gain (A) 
I. The gain (V / V) of each filter section is: 

ALP - for low-pass output - gain at DC 
ABP - for bandpass output - gain at f. 

2 3 

3 

AHP - for high-pass outpu~,- gain at high frequencies. 

2. Refer to the .Typical Performance Curves for full 
power response. When selecting the gain, insure the 
limits of the curve are not exceeded for the desired 
voltage range. 

DETAILED TRANSFER FUNCTION EQUATIONS 
The following equations show the action of all the 
internal and external UAF filter components. They are 
not required for the regular design procedure but could 
be used if a detailed analysis is required. 

NON INVERTING INPUT CONFIGURATION 
I. wi = R~ CR, RI-' C, RI!C;!) 

r') ( R, ). 'R ~ 2. Q = I + - -- (I + 10' 0) 
Rt. Rr + R! RrRI.'C.' 

3. R, = .10' + 10' Rc) (IO~ + RIJ) 

4. Q All' == Q Alii' R. R! = AIIl'VRd{, ,e. (R:R1.,("1 

5. AlII' = 10' (2 + 10' RCJ)' Rtl 

INVERTING INPUT CONFIGURATION 
l. w,,~ = R! (RIRIICIRF!C~) 

2. Q = R, II + 2 , 1(1' RoVRroC, .IR, R,R,.,C,) 

3. Q AI.I' = Q RI AliI' R! = AJlPJRIRI:IC1:(R!RI'!C~} 

4. Am' =JRJR:RI'!C:, (RHC,) Q RI. 

5. I R,,= I R, + I R! + I. Rei 

BI-QUAD CONFIGURATION 
I. w,," = R:, (R,R,.,C,R,.!C!) 

2.Q= RoC,,,,,, 

3. Q All' (w"R, -,·('2) =.: AUI' = RI) RII 

Offset Error Adjustment 
DC offset errors will be minimized by grounding pin 5 
through a resistor equal to 1/2 the value of RFI or RF2 . 

The DC offset adjustment shown here may be used if 
required. 

Offset errors will increase with increases in RF. 

f'~~" w.. · 
100kll To pin 8 for bandpass output. 

To pin 10 for low-pass or high-pass output. 

-Supply 'May be adjusted for best sensitivity. 

Design Example 
It is desired to design a 5-pole Bessel, Low-Pass Filter 
with fo = 303kHz and ALP = I. We will use the UAFII to 
implement this filter. 

From Table II the following values of fn and Q are 
obtained. 

Complex P()les: 
fn = 1.55876] 
Q =0.56354 
fn = 1;75812] 
Q =0.91652 

Simple Pole: 
fn = 1.50470 
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Using the above shown values of fn and Q. we now wili 
proceed to design the three stages of filter separately. 

Anyone of the three configurations can be used. We will 
select inverting configuration. 

For Stage I. 
f" - 3.3kHz x fn = 3.3kHz x 1.55876 = 5144Hz 

Since f" >5kHz. equations "s" would be used. thus an 
II kfl resistor must be connected between pins 12 and I. 

. " 
RF! = R!'~ 5.03 x 10 = 9778H 

5144 

f"Q = 5144 x 0.56354 = 2.9 x 10' 

f.,Q<IO'. :.Qp = Q = 0.56354 

AIIP = Qp Al.p = 0.56354 x I = 0.17834 
3.16 3.16 

3.16xlO'xO.56354 =9985kH 
0.17834 . 

RQ = 3.48Qp + AIIP-I 
I 75.52kfl 

For Stage 2. 

3.48 x 0.56354 + 0.17834 -I -

f., = 3.3kHz x fn = 3.3kHz x 1.75812 = 5802Hz 

9778n 

Inpul RS 

99.85kn 

FIGURE 6. Overall Circuit. 

Since f" >5kHz. equations "s" would again be used. and 
an II kfl resistor would be connected between pins 12 and 
I of the second UAF stage. 

R!'I = RI" = 5.03 X 10' 8669fl 
. 5802 

fuQ = 5802 x 0.91652 = 5.32 x 10) 

f"Q<IO'. :. Qp = Q = 0.91652 

A = 2!:. A = 0.91652 x I = 0.29004 
liP 3.16 I.P 3.16 

R(;=3.16x 104 Qp=3.16x 10' xO.91652=99.86kfl 
AIIP 0.29004 

2xlO j 2xlO' 
RQ = (3.48 Qp + Aup·l) - (3.48 x 0.91652 + 0.29004·1) = 

80.66kfl 

For Stage 3. 

f = 3.3kHz x fn = 3.3kHz x 1.50470 = 4966Hz, 

For the simple pole. 
I I 0·' 

RC = 2rrf = 2rr x 4966 = 3.2049 x I 
3300pF (or any convenient value) 

R = 3.2049 x 1.0:'= 9.71 kfl 
3300 x 10 ,. 

97780 

J. + . f 33IIOpF 
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BURR-BROWN® 

IElElI UAF41 

UNIVERSAL ACTIVE FILTER 

Input 3 

FEATURES 

• lOW COST 
• SMAll SIZE 

Single wide DIP package 
• FUllY CHARACTERIZED PARAMETERS 
• HYBRID CONSTRUCTION 
• IMPROVED PERFORMANCE 

1 % frequency accuracy 
o range of 0.5 to 500, 
NPO capacitors and thin-film resistors 
Uncommitted op amp included 

High-Pili 
Output 

BENEFITS 

• SAVES PRINTED CIRCUIT BOARD SPACE 
• SAVES DESIGN TIME 

Calculate only four resistance values 
Design directly from this data sheet 
Versatile building block for filter design 

• HIGH RELIABILITY, 
• HIGH STABILITY 

aandp.II 
Output 

Low·P.aa 
Output 

International Airport Industrial Park· P,O. Box 11400· Tucson. Arizona 85734· Tel. (602) 748-1111· Twx: 910-952·1111 • Cable: BBRCORP· Telex: 66-6491 
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DESCRI~TION 

The UAF41 is a versatile two-pole active filter. It uses a 
three operational amplifier double integrator feedback 
loop to generate a complex pole pair (two conjugate 
poles). The location of the poles in the complex plane 
(and thus the natural frequency and Q) are determined by 
external, user supplied resistors. Either three or four 
resistors are· used depending on the particular 
configuration chosen. 

The UAF41 produces three transfer functions 
simultaneously - low-pass, high-pass, and bandpass -
which are available at three separate outputs. The fourth 
basic transfer function - the band-reject or notch - can be 
obtained simply by summing the high-pass and low-pass 
outputs using the uncommitted amplifier (A4) contained 
in the U AF41. The uncommitted op amp can also be used 
to add a single-pole response for complex filters requiring 
an odd number pf poles. 

More complex higher-order filters can readily be 
obtained by cascading U AF's. This is easily done with the 
UAF41 since the high input impedance and low output 
impedance associated with the operational amplifiers 
used prevents the series connected stages from interacting 
(e.g., no frequency pull due to following stage loading). 
This data sheet contains the design procedures for an easy 
selection of resistor values for the stagg~r tuning of 
cascaded stages. 

The versatility of the UAF41 makes it a general purpose 
building block for a wide variety of active fiiter 
applications. Its universal nature, ease of use, small size, 
and low cost allows the user the convenience of keeping 
units on hand for immediate use whenever a filter 
requirement arises. 

TRANSFER FUNCTION 
The UAF41 uses the state variable technique to produce a 
basic second order transfer function. The equations 
describing the three outputs available are: 

T(Low-Pass) = 

T(Bandpass) = 
. ABP (wof Q)s 

T(High-Pass) = 

To obtain band-reject characteristics the low-pass and 

IiOkn 

FILTER INPUT 3 IiOkn 
2 

HIGH·PASS 
OUTPUT 

13 

high-pass outputs are summed to form a pair of jw axis 
zeros: 

A (S2 + w.') 
T(Band-Reject) = 2 2 

S + (wofQ) S + Wo 

where ALP = AHP = A . 

The state variable approach uses two op amp integrators 
(A2 and A3 in the simplified schematic below) and a 
summing amplifier (AI) to provide simultaneous low
pass, bandpass, and high-pass responses. One UAF41 is 
required for each two poles of low-pass or high-pass 
filters and for each pole-pair of bandpass or band~reject 
filters. 

BANDPASS 
OUTPUT 

LOW·PASS 
OUTPUT 

7 8 

~------------~~---------------------{J1I 

FIGURE I. UAF41 Schematic. 
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ELECTRICAL 

SPECIFICATIONS 

MECHANICAL 
Typical at 25°C and with rated supply unless otherwise noted 

MODEL UAF41 

INPUT 

Input Bias Current ±40nA 
Input Voltage Range ±10V 
Input Resistancel1} SOkO 

TRANSFER CHARACTERISTICS 

Frequency Range (fol 0.001 Hz to 25kHz 
to Accuracy(2). max ±1'11o 
fo Stabilityl31 ±0.002%IOC 
Q Rangel') 0.5 to 500 
Q Stabilityl5) 
@foQ,;; 10- ±O.OI'11o/oC 
@fo Q';;105 :l;0.02S%IOC 

Q Repeatability at fo Q ,;; 105 ±10% 
Gain Range O.W/V to 50VIV 

OUTPUT 

Peak-to-Peak Output Swing(.) 20V 
Output 01l •• U7) 

(at L.P. output with unity gain) ±20mV 
Output Impedance In 
Noise(8) 200~V. rms 
Output Current(9) SmA 

UNCOMMITTED AMP CHARACTERISTICS 

Input Oll.et Voltage SmV 
Input Bias Current 40nA 
Input Impedance lMO 
Large Signal Voltage Gain 8SdB 
Output Current SmA 

POWER SUPPLIES 

Rated Power Supplies ±ISVDC 
Power Supply Rangel l .) ±SVDC to ±18VDC 
Supply Current @ ±ISV (Quiescent). max 7mA 

TEMPERATURE RANGE 

Spe~ification Temperature Range -25°C to +8SoC 
Storage Temperature Range -25°C to +8SoC 

NOTES: 
1. For nonlnverting input configuration with ABp·· 1. 
2. The tolerance 01 external frequency determining resistors must be"added 

to this figure. 
3. T.C.R. of external frequency determining resistors must be added to this 

figure. 
4. See Performance Curves for Qmu vs F curve. 
5. a stability varies with both'the value of a and the resonant frequency fo. 
6. See Performance Curves for full power response curve. 
7. RF1 = RF2 < l00kO at low-pass output with unity gain. 
8. Measured at the bandpass output with Q @ 50 over DC to 50kHz. 
9. The current required to drive RFl and RF2 (external) as well as C1 and C2 

must come from this current. 
10. For supplies below ±10V, Qmax will decrease slightly; filters will operate 

below ±5V. 
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14-Pin Plastic DIP Package g" 
----, 

e 
_--.1 

Qenotes Pin 1 

NOTE: 
Leads in true position within .010" (.25mml A 
@ MMC at seating plane. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .660 .785 16.76 19.94 

.220 .280 5.59 7.11 

C .200 5.08 

0 .015 .023 0.38 0.58 

.030 .070 0.76 1.78 

G .100 BASIC 2.54 BASIC 

H .030 .095' 

.008 .OUS 0.20 0.38 

.100 2.54 

.300 BASIC 7.62 BASIC 

M 15° 15° 

.020 I .050 O.Sl I 

ROW SPACING: 7.63mm (0.300"1 
WEIGHT: 1.1 grams max 

1.27 

Pin material and plating composition 
conform to method 2003 (solderability) 
of MIL-STD-883 (except paragraph 3.2) 

PIN CONNECTIONS 

Pin 1 - LOW-PASS OUTPUT 
Pin 2'- FtLTER INPUT 3 
Pin 3 - FILTER INPUT 2 
Pin 4 - AUXILIARY AMP + INPUT 
Pin 5 - A,UXILIARY AMP - INPUT 
Pin 6 - AUXILIARY AMP OUTPUT 
Pin 7 - BA'NDPASS'OUTPUT 
Pin 8 - FREQUENCY ADJUST 
Pin 9,- NEGATIVE SUP.PLY 
Pin 10 - POSITIVE SUPPLY 
Pin 11 - COMMON 
Pin 12 - FilTER INPUT 1 
Pin 13 - HIGH-PASS OUTPUT 
Pin 14 - FREQUENCY ADJUST 
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DESIGN PROCEDURE SUMMARY 

This stimmary gives the design steps for the proper 
application of UAF41s and for the selection of the 
external components. More detailed information on 
filter theory pertinent to some of the steps can be found in 
the reference sources listed on last page. 

DESIGN STEPS: 
1. Choose the type offunction (low-pass, bandpass, etc.), 

type of response (Butterworth, Bessel, etc.), number of 
poles, and cutoff frequency based on the particular 
application. 

If the transfer function is band-reject see Band-Reject 
Transfer Function before proceeding to step 2. 

2. Determine the normalized low-pass filter parameters 
(fn and Q) based on the type of response and number of 
poles selected in step 1. See Normalized Low-Pass 
Parameters. 

3. If the actual response desired is low-pass go to step 4. 
For other responses a transformation of variables 
must be made (low-pass to bandpass or low-pass to 
high-pass). See Low-Pass Transformation . 

4. Determine the actual (denormalized) cutoff 
frequency, fo, by mUltiplying fn by the actual desired 
cutoff frequency. See Denormalization of Parameters. 

S. Pick the 'desired UAF configuration (noninverting, 
inverting or bi-quad) see Configuration Seiection 
Guide and UAF41 Configuration and Design 
Equations. 

6. Decide whether to use design equations "A" or "B". 
See Design Equations "A" and "B". 

7. Calculate Rpi and Rp2. See Natural Frequency and 
UAF Configurations and Design Equations. 

8. Determine Qp. See Qp Procedure. 

9. Select the desired gain for each UAF and calculate the 
corresponding Ro ,arid RQ. See Gain (A) and U AF41 
Configurations and Design Equations. 

NORMALIZED LOW-PASS PARAMETERS 

Usual active filter design procedure involves using nor
malized low-pass, parameters. Table I is provided to 
assist in this step for the more common filter responses. 
Table II is a BASIC program which allows fn and Q to be 
calculated for any desired ripple and number of poles for 
the Chebyschev response. Consult the reference on last 
page for other information. 

Note that for bandpass and high-pass filters, complex 
conjugate pole pairs in the actu3! filter correspond to 
single poles in the normalized low-pass model. Thus four 
poles in Table I' would correspond to four-pole pairs 
(eight poles) in a bandpass or high-pass filter. 



Filters with an odd number of poles show one f. with no 
corresponding Q value. This, represents a simple RC 
network that is required for odd pole filters. This RC 
network with a cutoff frequency equal to f. times the 
overall filter cutoff frequency should be placed in series 
with the first UAFtwo-pole se,ction. The uncommitted 
internal op amp with an external RC network-can be used 
for this purpose. 

TABLE I. Low-Pass Filter Parameters. 

The cutoff frequency determined by the Table I filter 
, parameters is, (I) the -3dB frequency of the Butterworth 

response and of the Bessel response and (2) the frequency 
, at which the amplitude response of the Chebyschevfilters 
, passes through the maximum ripple band (to enter the 

stop band). A filter that is designed as a low-pass filter 
will not give the corresponding response as a band-pass 
filter. ' 

CHEBYSCHEV 
NUMBER 

BUTTERWORTH BESSEL O.5dB RIPPLE 2dB RIPPLE 
OF POLES fn(1 ) Q fn(1) 

2 1.0 0.70711 1.2742 

3 1.0 ---- 1.32475 

1.0 1.0 1.44993 

4 1.0 0.541 i8 1.43241 

1.0 1.3065 1.60594 

5 1.0 ---- 1.50470 

1.0 0.61805 1.55876 

1.0 1.61812 1.75812 

6 1.0 0.51763 1.60653 

1.0 0.70711 1.69186 

,,1.0 1.93349 1.90782 

7 1.0 ---- ,,1.68713 

1.0 0.55497 1.71911 

1.0 '0.80192 1.82539 

1.0 2.2472 2.05279 

8 1.0 0.50980 1.78143 

1.0 0.60134 1.83514 

1.0 0.89998 1.95645 

1.0 2.5629 2.19237 

(I) -J dB I-requency 
(2) Frequ.tmcy at ~hich a.mplitudl!,respollsc pllll .. es thruugh the ripple hand. 

NORMALIZED LOW·PASS CHEBYSCHEV 

Table II gives a BASIC program for the determination of 
f. and Q for a general normalized Chebyschev low-pass 
filter of any ripple and number of poles. i>rogram inputs 
are the number of poles(N) and the peak-to-peak ripple 
(R). Program outputs are f. and Q. which are used 
exactly as the values taken from Table I. 

BAND·REJECT TRANSFER FUNCTION 
The band-reject is achieved by summing the high-pass 

Q fn(2) Q fn(2) Q 

0.57735 1.23134 0.86372 0.907227 1.1286 

---- 0.626456 --- - 0.368911 ----
0.69104 1.068853 1.7062 0.941326 2.5516 

0.52193 0.597002 0.70511 0.470711 0.9294 

0.80554 1.031270 2.9406 0.963678 4.59388 

---- 0.362320 ---- 0.218308 ----
0.56354 0.690483 1.1778 0.627017 1.77509 

0.91652 1.017735 4.5450 0.97579 7.23228 

0.51032 0.396229 0.68364 0.31611 0.9016 

0.61120 0.768121 1.8104 0.730027 2.84426 

1.0233 1.011446 6.5128 0.982828 10.4616 

---- 0.256170 ---- 0:155410 ----
0.53235 0.503863 1.0916 0.460853 1.64642 

0.66083 0.822729 2.5755 0.797114 4.11507 

1.1263 1.008022 8.8418 '0.987226 14.2802 

0.50599 0.296736 0.67657 0.237699 0.89236 

0.55961 0.598874 1.6107 0.571925 2.5327 

0.71085 0.861007 3.4657 0.84248b 5.58354, 

. 1.2257 1.005984 11.5305 .. 0.990.142 18.6873 

and low-pass UAF outputs. Either of the configurations 
in Figures 3 and 4 can be used to provide the band-reject 
function if they are used as shown in Figure 2. 

The ISkn resistor is adjusted for maximum rejection. 
The circuit iii Figure 2 is applicable when using design 
equations "A" (ALP = AHP). When design equations "B" 
are used (ALP == IOAHP). the resistor at pin.! must be 10 
times the resistor at pin 13 to obtain equal pass-band 
gains above and below f •. 

In either case, the four external U AF resistors (Ro, RQ. 
RFI and RF2) should be calculated for fo and Q of the 
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band-reject filter desired and for ALP to equal the desired 
pass-band gain. An input constraint is that the input 
voltage times Aop must not exceed the rated peak-to-peak 
voltage of the bandpass output, or clipping will result. 
Note that the band-reject function is suitable only for a 
single U AF section. In a multi-section filter the inputs to 
successive stages are "preconditioned" by the preceding 
stages. 

T ABLE II. Low~Pass Chebyschev Program. 

110 REH THIS IS A I1OPI1ALIZED LOW-PASS CHEBVSCHEY PROGRRI1 
120 REH BV BARRV A. ENRI1AII 
.30 PRIIIT -IIOR/tALLIZED C~EBVSCHEY-
140 PRIIIT -LOW-PASS FILTER-
ISO PRJHT 
160 PRIIIT -BV BARRV A. EHRI1AII-
170 PRIHT 
18~ PRIIIT 
I{lS PI-3.14IS927 
190 PRltIT -IIUI1BEP OF· POLES1-
200 INPUT H 
210 PPIHT 
220 PRINT -PEAIC-TO -PEAK RIPPLE Itt DB1-
230 INPUT R 
240 PRIIIT 
2S0 "-SQR (EXP <R~4. 3429448>-1) 
260 J.' .... A 
270 f'N-LDGCI+SQR(BAo2+1» 
290 AN-Art ... " 
290 L.I"~ ctl/2) 
300 J.TNT«rt+l) .... 2) 
310 FOR K-, TO J 
321) RP- (Cf)(P (Atf) -EXP (-AN) )/2) .SStt(Pl. «2-k) -1) .... (2 .... ') 
330 XIP- (CEXP <Nt) +EXPC-Atr» .... 2) -CDS (PI. «2.k) -1)" (2-"» 
340 IIN_SQR<RpA 2+XlpA 2) 
35(1 g.WH .... ca>.RP) 
360 IF L<)J AND K-J THEil 4,0 
~70 PRIttT -FH- -'WIt 
3'-'0 PRlttT. -g - -IQ 
390 PRIttT 
400 GoTo 430 
,,'0 PIUrtT "FH- -rWl'f 
420 PRlttT -14 - RC POLE -
430 NEXT IC . 
4401 EttD 

·HP ,,13 UAF with 
~ 

Exlernal Rulatan 

10ko .!!-..o.!-
~ 

;, ------
.-: 15kn un~p 

.()l..--.4 --av 1 ~4 + 

lDto 

Blnd·RI/lct 
Output 

.().. -6 
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OFFSET ERROR ADJUSTMENT 
DC offset errors will be minimized by grounding pin 3 
through a resistor equal to 1/2 the value of RFI or RF2 • 

The DC offset adjustment shown here may be used if 
required. 

Offset errors will increase with increases in RF. 

+ Supply 

1MO· 

100kO ~------rvVIr-------
to pin 14 for bandpass output 
to pin 8 for low-pa.s or hlgh-pa .. oulput. 

Supply _ ·May be adjusted for bestsensltlvlly. 

LOW~PASS 
TRANSFORMATION 
LOW-PASS TO HIGH-PASS 

The following simple transformation may be used for 
high-pass filters: 

f. (high-pass) = 
f. (low-pass) 

Q (high-pass) = Q (low-pass) 

LOW-PASS TO BANDPASS 

The low-pass to bandpass transformation to generate f. 
(bandpass) and Q (bandpass) is much more complicated. 
It is tedious to do by hand but can be accomplished with 
the BASIC program given in Table III. This· program 
automates the transformation 

s = p/2 ± V(p/2l - 1. 

TABLE III. Low-Pass to Bandpass BASIC Transfor
mation Program. (See last page of this 
PDS). 



PROGRAM INPUTS: 
I. fn ~ From Table I for the low-pass filter of interest 
2. Q - From Table I 
3. Qup ~ Desired Q of the'bandpass filter 

For filters with an odd number of poles a Q ofa.5 should 
be used where Q is not given in Table I. Enter 1.0' for Q 
when transforming zeros on the imaginary axis. 

The, program transforms each low-pass pole into a 
bandpass pole pair. Thus a three-pole low-pass input, 
would result in the pole positions for a three-pole pair 
bandpass.filter requiring three UAF stages. 

DENORMALIZATION OF PARAMETERS 
Table 1 shows filter parameters for many 2- to 8-pole 
normalized low-pass filters. The Q and the normalized 
undamped natural frequency, fn for each two-pole section 
are shown. The Q values do not have to be denormalized 
and may be used directly as described 'in the Design 
Procedure Summary. fn must be denormalized by 
mUltiplying it by the desired cutoff frequency of the 
actul\1 overall filter to obiain the required frequency, fo 
for the design formulas. As an example, consider a 4-pole 
low-pass Bessel filter with a cutofffrequency of 1000Hz. 
The first stage would be designed to an fo of 1432.41 Hz 
and a Q of 0.52193 while the second stage would have an 
fo of 1605.94Hz and a Q of 0.80554. To combine the two 
stages into the composite filter the low-pass output of the 
first stage (pin I) would be connected to the iliput 
resistors (RG) of the second stage. 

DESIGN ,EQUATIONS "A" AND "a" 
I. For fo below 8kHz, either of equations" A" or "B" may 

be used. ' 

2. For fo above 8kHz, equations "B" milst be used. If 
equations" A" were used above 8kHz, the filter could 
become unstable. 

3. Equations "A" ardor the UAF as it is supplied. When 
, usilig equations "B", a 5.49kn resistor must be placed 

in parallel with R2 (between pins 12 and 13). 

4. The values of RFI and RF2 calculated with equations 
"B" are approximately one-third of those calculated 
with equations "A". Thus there may be an advantage 
in using equation "B" at low frequencies. Using 
equation "B" would require use 'of one more resistor, 
but that would not alter or affect filter performance iii 
any manner. 

S. Using the negative gain values for ALP or AHP or Aup 
could result in the negative values for resistors RG and 
RQ. So the absolute value of the gain should always be 
used in the equations. 

GAIN (A) 
I. The gain (V I V) of each filter section is: 

ALP - for low-pass output - gain at DC 
Aup - for bandpass output - gain at fo 
AHP - for'high-pass output - gain at high frequencies. 

2. Refer to Performance Curves for full power response. 

When selecting the gain, insure that the limits of the 
curve are not exceeded for the desired voltage, range. 

NATURAL FREQUENCY (fo) 

I. fo for each one pole-pair bandpass filter is the center 
frequency (fe). fcis defined as fc = ,jfJ; wheref, is the 
lower -3dB point and f2 is the upper -3dB point of the 
pole pair response. 

2. To obtain fo below 100Hz using practical resist9r 
values, capacitors may be paralleled with C I and C2 to 
reduce the size of RFI and RF2. If capacitors are added 
in parallel, 

1000pF ' 
RFI (new) = RF2 (new) = RFI (old) C + lO00pF 

where RF (new) is the new lower value frequency 
resistor, C is the value of the two external capacitors 
placed across CI and C2(between pins 7 and 8 and 
pins I and 14 and RFI (old) is the value calculated in 
the simplified design equations. 

Q-FACTOR 

fo 
I. For bandpass filters Q = ----=---

3dB bandwidth 

2. When designing low-pass filters of more than two 
poles, best results will be obtained if the two pole 
sections with lower Q are followed by the sections with 

, higher Q. This will eliminate any possibility of clipping 
due to high gain ripple in highQ sections. 

3. Q repeatability (Q change from unit-to-unit) is 
typically ±5% for foQ products less than 1.04 • The Q 

'repeatability error increases as the foQ product 
increases to approximately ±IO% for foQ products 
near 1.0'. 

Qp PROCEDURE 
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I. If the "fo times Q" 'product is greater than 1.0', it is 
possible for the measured filter Q to be different from 
the calculated value of Q. This effect is the result of 
non-ideal characteristics of operational amplifiers~ It 
can be compensated for by introducing the parameter 
Qp into the design equations. 

2. Calculate the foQ product for the filter. If the product 
is above 10'Hz, locate the corresponding foQp product 
in the Performance Curves. Divide foQp by fo to obtain 
QP. Use Qp as indicated in the design equations. For 
foQ products below IO'Hz, Qp = Q. 



Outputs Available 

CONFIGURATION SELECTION GUIDE 
It is possible to configure the U AF41 three different ways. Each configuration 
produces features that mayor may not be desirable for a specific application. 
This selection guide is given to assist in determining the most advantageous 
configuration for a particular application. 

NONINVERTING INPUT INVERTING INPUT 

BP. LP and HP BP. LP and HP 

Outputs Inverted with respect 

to the Input BP HP and LP, 

0& Gain Independent or 

Frequency Resistors? Yes Yes 

Type or 0 Variation 

With Changes in RF Constant 0 Constant 0 

Other Advant~ges May eliminate one external 

resistor (use internal R3 as RG) 

Parameter Limitations 2 Op' ABP > I (Eqns. "A") 2 Op + ABP > I (Eqns. "A") 

3.48 Op . ABP > I (Eqns. "B") 3.48 Op + ABP > I (Eqns. "B") 

BIOUAD 

BP and LP 

BP and LP 

No 

Constant 

Bandwidth 

Raand RQare 
small at high fre-
quencies. Easy 
single-supply 
operation. 

NoHP 

Output 

Summary: The Bi-Quad filter is partic\1lary useful as a bandpass filter if the filter bandwidth must be kept constant as the 
center frequency is varied. If Q must be kept constant (i.e., constant Q of a bandpass or maintaining a constant response of a 
low-pass or high-pass) one of the other two configurations should be used. The Bi-Quad also has the advantage that Ro and RQ 
are smaller than with the other two configurations (this is especially useful at high frequencies). The noninverting input 
configuration has the 'advantage that for ADP = I, RG = 50kO; therefore R, (internal) may be used so that only three external 
resistors are needed (RF', RF2, RQ). For single supply operation of the UAF41 in bi-quad filters, bias pin 3 and pin 11 to 1/2 
+Vcc. 

SIMPLIFIED DESIGN EQUATIONS "A" 

109 1.592 x 108 

1. RFI '" RFl ="W;'" -'-a -

S.Os t04 Q 

3. RG = A8POp 

5.0x 104 

4. RQ= 2Qp • AOpQp_1 
, Q 

SIMPLIfiED DESIGN EQUATIONS "0" t 

Must be used for fo ;;ao 8 kHz 

.JiG" 108 5.033 x 107 
I. R F1 =R Fl =-::;-=-,.-,-

Q 
2. ABP=3.j';ALp::l.16QAHP 

5.0X104Q 

3. RG'" AgpQp 

4. RQ= __ -,,5.:::,0::"',::'0:...4 _ 

3.480p _ AB~ Qp _ I 

UAF41 CONFIGURATIONS AND DESIGN EQUATIONS 

InpUI 
Signal 

.,e 

NON INVERTING INPUT CONFIGURATION 

50kn 

FIGURE 3. Noninverting Input Configuration. 

4-75 



SIMPLIFIED DESIGN EQUATIONS I·A" 

109 1.592 I: 101 

I. RFI .. Rn "Wu" -'-. -

2. A8P" Qp ALp::: Qp AHP 

1 R
G

_ S,OX I04Qp 

AB• 

4.R"~ 
Q 2Qp+ABP~1 

S1M.LlFIED DESIGN EQUATIONS "a" t 

. Must be used tor fo >lkHz 

I. RFI .. Rn = .Jji a 10' =~ 
'""0 to 

Q. 
2. Aap-""ii6ALP= 3.16 QpAHP 

SIMPLIFIED DESIGN EQUATIONS "A" 

10' 1.$92 a 10' 
I. RFI=RF2=~=---. '. 

3.RQ.o, RF1-

, RQ 

4. RG"-
AB. 

SIMPLIFIED DESIGN EQUATIONS "B" t 

MUit be UMd for fo ... 'kHz 

I. RF.- Rn .. ../iOa; 10' =~ 
'""0 to 

INVERTING INPUT CONFIGURATION 

13 

FIGURE 4. Inverting Input Configuration. 

BI-QUAD CONFIGURATION 

°EXllmll Rallm 

FIGURE S. Bi-Quad Configuration. 

t To use equalions "8" connecl,. S.49kO resislor between pins 12 and 13. 
Equations lOB" arc also valid (or (requ.eneies below 8kHz. 

DI;TAILED tRANSFER FUNCTION EQUATIONS 
The following equations show the aC,tion of all the internal and external UAF4l ' 
,filter components. They are not required for the regular design procedure but could 
be used if a, detailed analysis is required. ' 

IIDIIIIIVERTIIiG l1I,iJy COIIFIGURATIOII 

R2 

I. "'02 = R t RFI RF2 C1 C2 

2. Q= 

R.(RG + Rg) 
1+ RG RQ 

(R2 REI cI)\I 

RI RF2 C2 

3. Q ALP' Q AHP (~ ) = AOp tRI RREI ccll\l 
2 2 F2 2 

1+ !1 
4. ALP= I·' I 

RG(RG+iO+i4) 

l+~ 
R RI 

s. AH.= jiZ-ALP = tIl 
I RG(i(;+iQi'a;> 

6. ABP=~ 
G 

IIIVERTlIIO IlIPUT COIIFIGURATIOII 

RI 
4. ALP = Ro 

R2 R2 
5.AHP= - ALP=-

R. RG 
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BI·OUAD CONFIGURATION 

-2. Q= RQC2Wo 

QALP RQ 
3. ABP=Wo R"'2 ('2 =-



ACTIVE FILTER DESIGN EXAMPLES USING THE DESIGN 
PROCEDURE OUTLINED IN DESIGN STEPS SECTION. 

Example I. 

It is desired to design a three-pole, 0.5dB ripple, 
Chebyschev High-Pass Filter; the cutoff frequency f, = 
2kHz, Gain AHP = + I. 
Step...!. 
The type of transfer function (high-pass), the type of 
response (Chebyschev), number of poles (3), and the cut 
off frequency (f,) are chosen depending upon the 
particular application and are stated in the example. 

SteJ!..1. 
Normalized low-pass filter parameters fn and Q are 
obtained from Table I (or from program shown in Table 
II). 

Complex Poles: 
fn = 1.068853] 
Q = 1.7062 
Simple Pole: 
fn = 0.626456 

Step.]. 
Now, since the actual response desired is high-pass, the 
low-pass to high-pass transformation must be made as 
previously discussed in Low-Pass Transformation. 

fn (high-pass) = f (I ) ,QHP = QLP 
now-pass 

:. For Complex Poles: 

I 
fn = 1.068853 0.935582 

and Q= 1.7062 

For Simple Pole: fn 

Step...!. 

I 
0.626456 = 1.596281 

Now, determine the actual (denormalized) frequency. 
fo = f, x. fn = 2kHz x 0.935582 = 1871.2Hz 

Step- S. . 
Refer to the Configuration Selection Guide. Since the 
gain required is positive, the f:lP output is not inverted 
with respect to the input. Therefore, the noninverting 
input configuration must be selected. Note that the HP' 
output is not available with the Bi-Quadconfiguration. 

Step~. 
Since fo < 8kHz, Equations ~A" would be used; 

Step.1. 
For the Complex Poles Stage of the filter, using the 
equations ~A". 

1.592 X 108 

RFI = RF2 = 1871.2 85.08kfl 
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Step-.!!. 
fo Q = 1871.2 x 1.7062 = 3.19 x 103 

:. fo Q < 101 

:. Qp = Q = 1.7062 

~...2. 
ADP = Qp X AHP = 1.7062 x I = 1.7062 

RG = 5.0 X 10' x 1.7062 = 29 3kfl 
I. 7062 x 1.7062 . 

5.0 x 10' 
RQ = 2 x 1.7062 _ 1.7062 _ I = 70.8kfl 

The above obtained resistor values are for the complex 
pole pair of the first stage of the required active filter. The 
simple pole obtained as outlined below, using the 
uncommitted op amp in the UAF41 makes the second 
stage of the required filter. . 

For the simple polefn was obtained in step 3. 

fn = 1.596281 

The actual (denormalized) frequency = f, x fn 

= 2kHz x 1.596281 = 3192.6Hz 

Now f= _1-
, 21TRC 

:. RC = I 4.9851 X 10-1 

21Tf 21T x 3192.6 

Choosing C = 2200pF (or any convenient value), 

4.9851 x 10-' 
R = 2200 X 10-12 

Note: 

22.66kfl 

R and! or C may be chosen in any convenient manner to 
obtain the desired RC product. 

The overall circuit for the required filter is shown below: 

85.08kO 85.08k0 

In RS 

29.3110 

RQ 71.43110 
= 

FIGURE 6. Overall Circuit - Example I. 



Example 2. 

It is desired' to design a 4-pole Butterworth, Bandpass 
Filter, with Q = 25, f, = 19kHz and ADP = I. 
Using the computer program shown in Table III, the 
following values of fn and 'Q are obtained. 

fn = 1.0142435, Q,:, 35.36541 
and 

fn = 0.9859565, Q = 35.35886 

Using the above shown values of Q and fn, we now will 
proceed to design the two stages of filter separately. 
Composite gain will be:::;1. Anyone of the three configu
rations shown in the Corifiguration Selection Guide can 
be used. We will select the noninverting input configura
tion. , 

For Stag!L!. 

fo = 19kHz x fn = 19kHz x' 1.0142435 = 19270.6Hz 

Since fo > 8kHz, equations "B" would be used. 

R '~R - 5;033 x Hi7 2.6118k!l 
FI - F2 - 19270.6 

foQ = 19270.6 x 35.36541 = 6.815136 x 10' 

Since foQ l> 10', locate the corresponding foOp from the 
Performance Curves. 

Divide foQp by fo to obtain Qp. 

Thus Qp = 48.78 

5.0 x'104 x 35.36541 
Ro = I x 48.78 36.25k!l 

RQ = 5.0 X 104

8 298.7!l 
3.48 x 47.78 - ;5:~~ ~l 

For Stage 2. 

Following the same procedure as shown for Stage 
above, the values shown below are obtained. 

foQ = 6.624 x 10', using the Performance Curves; 

Qp = 48.04 

RFI = RF2 = 2.6867k!l 

Ro = 36.8k!l 

and RQ = 303.4!l 

, The overall circuit for the required filter is shown below. 

·1&V +15V 

.e 29un 

FIGURE 7. Overall Circuit - Example 2. 

Example 3. 
It is desired to' design a 5-pole Bessel, Low-Pass Filter 
with f, = 3.3kHz and ALP = I. 
From Table I the following values of fo and Q are 
obtained. 

Complex Poles: 

fn == 1,.55876 ] 
Q = 0.56354 
fn :. 1.75812 ] 

' Q - 0.91652 

Simple Pole: 

fn = 1.50470 

Using the above shown values of fn and Q, we now will 
proceed to design the three stages of filter separately. 

Anyone of the three configurations can be used. We will 
select inverting configuration. 

For Stag!?.!. 

fo = 3.3kHz x fn = 3.3kHz x 1.55876 = 5144Hz 

Since fo < 8kHz, equations "A" would be used. 

R - R' - 1.592 X lOB 30.95k" FI- F2- 5144 .. 

foQ = 5144 x ,0.56354 = 2.9 x 103 

foQ < 10', :. Qp = Q = 0.56354 

ADP = Q~ ALP = 0.56354 x I = 0.56354 

5 x 104 x 0.56354 
RG = '= 50k!l 

0.56354 

5 X 104 

~Q = 2 x 0.56354 + 0.56354 - I 72.4k!l 

For Stage 2. 

fo = 3.3kHz x fn = 3.3kHz x 1.75812 = 5802Hz 

Since fo > 8kHz, equations "A" would be used. 

1.592 X lOB 

RFi = RF2 = 5802 27.44k!l 

foQ = 5802 x·0.91652 = 5.32 x 103 

f~Q > 10', :. Q~ = Q == 0.91652 

ADP = Qp ALP = 0.91652 x I = 0.91652 

5 x 10' it 0.91652 
Ro = 0.91652 50k!l 

5 x 10' 
RQ - 2 x 0.91652 + 0.91652 _ I = 28.58k!l 

For Stag!:..l. 

f.= 3.3kHz x fn = 3.3kHz x 1.50470 = 4966Hz 

For the simple pole, 

RC - I 3.2049 x 10-' - 2m 2" x 4966 
3300pF (or any convenient value) 
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3.2049 x 10-5 

R = 3300 X 10-12 9.71kfi 

The overall circuit is shown below. 

. FIGURE 8. Overall Circuit - Example 3. 

+15V 

10 

3 

ft, 
46.4kO 

UAF41 

R. 
4.02kO 

Out 

11kHz OUTPUT 

-15V Trim R.lor frequency. 
Trim R, for minimum distortion. 

FIGURE 9~ Using the UAF41 as an Oscillator. 
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TABLE III. Low-Pass to Bandpass BASIC Transfor
mation Program. 

20 INPUT "FN, 0, AND O(BANDPASS)";F,O,OBP 
30 Y=FoSOR(1 -(1/(20 0»'"'2) 
40 'X= -F/(2°0) 
50 PX=X:PY=Y 

.60 FOR 1= 1 TO 2 
70 SX=PX/(2°0BP):SY=PY/(2°0BP)· 
80 PX=(SX'"'2-SY'"'2)-1 :PY=2°SXoSY 
90 T=ATN(PY/PX) 
95T=T-3.1415926# 

100 iF T >0 THEN 120 
110 T = 2°3.1415926# +'T 
120 T=T/2 
130 A=SOR(SOR(PX'"'2 + PY'"'2»OCOS(T) 
140 B=SOR(SOR(PX'"'2 + PY"'2»OSIN(T) 
150 SX=SX+A:SY=SY+B 
160 F=SOR(SX'"'2 +SY'"'2) 
170 0= -F/(2°SX) 
180 PRINT "FN=";F;"O=";O 
190 IF Y=O THEN 220 
200 PX=X:PY=-Y 
210 NEXT I 
220 STOP 
230 END 



BURR - BROWN@ 

I ElEEI I 
4023/25 

PRECISION OSCILLATOR 

FEATURES 
• FIXED FREQUENCY - 10Hz to 20kHz 

• STABLE AMPLITUDE 

• SINE WAVE OUTPUT 

• LOW DISTORTION 

. DESCRIPTION 
Model 4023 / 25 is an all solid-state, ultra-stable sine
wave oscillator. Both output amplitude and 
frequency are constant, and the stability of both with 
time and temperature variations is excellent. Internal 
high-performance Burr-Brown Ie, operational 
amplifiers are used to form a Wien bridge oscillator 
circuit and to regulate the output amplitude. The 
frequency of oscillation is within ±l % of the 
customer-specified value. If desire.d. external 
components may be-added to trim the frequency to 
an exact value. Adding two external resistors will 
raise the output frequency and adding two external 
capacitors will lower the output frequency. With its 
small size, low distortiqn, and excellent frequency 
and' amplitude stability, the' Model 4023/25 is ideal 
for use as a reference o~cillator in airborne or mobile 
equipment, special-purpose test equipment, and in 
telemetry systems. To order, specify Model 4023 / 25 
and frequency. 

\ 

OpUonal exlernal components for varying frequency. 
Use two matched capacitors or two m"atched resistors. F +'5VOC 

+' ------- --I, Wlen Bridge Oscillator '" ' 
+15VOC 

- ----. ,- x ' , 
.L T , C2 

;- 3 

~ I 
: I 
;-!'-<!1~~~ 

+ ~ IRI 
1 i 

CommD"n- 2 
.... , 

I 
I 
I 

Inverter 
with 
Gain 

~"""""4 OUTPUT B 
....,.=:.;cs OUTPUT A 

1"""".:1:.----, 
I 

'
I Precision , 
...,.---...., .... Reference'Voltage I 

IL C3 E'5V I _____ -.I 
l Y -
, 'I ·15VOC 
'----11-----' 

'-.. Optional external component 
for minimizing distortion. 

International Airport Industrial Park· P.O. Box 11400 - Tucson. Arizona 85734, Tal. 1602) 748-1111 • Twx: 910.952·1111 • Cable: 8BRCORP - Telax: 66-6491 

PDS-209D 
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ELECTRICAL 
SPECIFICATIONS 
Typical performance at 25°C and 

with rated supply unless otherwise noted 

FREQUENCY 
Range (1) Customer specified, may be any 

value from 10 Hz to 20kHz. 
Accuracy ±l%, (May be trimmed by the user 

to less than ±1%) 
Stability vs. Temperature 0.04%/oC (mox.) 

OUTPUT (3) 
Ampl itude - Output A 6Vrms 

- Output B 3 Vons (with 600 "".Iood) 
Amp/ itude Accuracy ±2% 
Impedance - Output A I"" 

.- Output B 600"" 
Roted Lood - Output A 1.2k"" 

- Output B 600"" 
Distortion (max.) 0.1% 

AMPLITUDE STABILITY 
YS. Temperature (max.) 0.02%/oC 
Noise and Jitter (max.) 0.02% 
Long Term (mox.) 0.1% 

TEMPERATURE RANGE 
Operating, 

Roted SpeciFications -2SoC to +8SoC 
Storage -550C to + 100°C 

POWER REQUIREMENTS 
Roted Supply ±15 Vd~ 
Voltoge Ronge ot 25°C (2) . ±12 Vdc to ±IB Vdc 
Supply Droin (mox.) ±40 mA 

(I) To order, specify Model 4023/250nd frequency. 
(2) The positive and negative suppl iesmust.be balanced 

within 2% of each other. 
(3) The output moy be token from either Output A or 

Output B (not both). 

MECHANICAL SPECIFICATIONS 
(1.62) D.3 N GRID ct. 

• I .', I I I 

- 1--I--t--t--l---l--1- -r 
- lION 
~ ~u 145.81 

- ~_.I~~4>~~~--t 
If.- i- «4i~-{jJi~~~~ 

-l.':±i-='~~~='~~O_=~~;~{~-~~~: I. - ~--i-t--:--t---t-+ ~ 

I , I , I I 'LtlPPEDHa .. 09~D[[P. 

(I.Dl'J1i·D4D~np .. 

~nnnn 
SCREW CLEARAIICE 
fD.19"DlEP.2HDLIS 

r.1 1--:;r,'I1,3I 
(4.1) ~ 

~ (BI.D.) ---J 2.40" ... 
OPERATING 
INSTRUCTIONS 

Dimensions in millimeters are 
shown in parentheses. 

Weight: 4 0%. maximum 
(120 groms) 

Mating Connector: 1500MC 
(Optional) 

With Rl = R2 and C1 = C2, the Wien-Bridge oscillator will 
provide a sine-wave oscillation of frequency: 

fo = 1/211" RC, where R = Rl = R2 and C = C) = C2. 

The frequency of oscillation; fo, will be within ±I %ofthe 
nominal value specified by the customer. The frequency 

may be lowered by externally paralleling the internal 
capacitors C) and C,; and the frequency may be raised by 
paralleling the internal resistors R) and R,. The nominal 
values of C) and, C2 will be as follows: 

Frequency L 

10Hz to 100Hz 
101Hz to 1000Hz 
1001Hz to 20kHz 

C) and C2 

O.IJlF 
O.OIJlF 
O.OOIJlF 

It is important to pad both RI and R2 or C 1 and C2 by an 
!:..qual amount to keep distortion within specifications. 

If the frequency is lowered by a significant amount, it 
may be necessary to externally parallel the integrator 
capacitor C) to lower distortion of the output. 

The range of frequency adjustment is approximately 2 
decades (within 10kHz and 20kHz). For example, a 10Hz 
unit may be trimmed for a frequency of up to I kHz or a 
10kHz unit may be varied down to 100Hz. However, the 
distortion and amplitude stability specifications are 
guaranteed and tested only for the nominal frequency of 
oscillation. In general, the degradation in distortion and 
amplitude stability as the frequency is varied over a wide 
range is very small. 

INSTALLATION 
The Model 4023/25 is designed for installation on a flat 
mounting surface such as a chassis or printed circuit 
board. The gold-flashed pins may be hand or dip 
soldered; for plug-in installation, the Model 1500MC 
mating connector may be installed on the chassis. The 
unit may be secured to the mounting surface by means of 
two 4-40 machine screws inserted through the mounting 

. surface not more than 3/ 16" into the tapped holes in the 
bottom. 

Pin I and pin 3 must be shielded from external sources of 
electrical noise. The module is particularly sensitive to 
periodic noise near the resonant. frequency. Also, if 
external bridge components are added to the Wien bridge 
terminals they must be physically near the 4023/25 
module. . 

EXTERNAL CONNECTIONS 
External connections are made to the'gold-flashed pins 
on the unit. These connections include the Wien bridge, 
integrator feedback, output, and power supply 
termination and are made as follows: 

Pin I 
Pin 2 Common 
Pin 3 
Pin X 
Pin 4 
Pin 5 
Pin Y} 
Pin Z 
(+) 
(-) 

) Wie.n Bridge Terminals 

Output B 
Output A 
Integrator Feedback 

Terminals 
Positive Power, +15VDC 
Negative Power, -15VDC 
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IElElI ·4085 

HYBRID MICROCIRCUIT PEAK DETECTOR 

FEATURES: 
• STORES TRANSIENT VOLTAGES 

• COMPLETELY .SELF-CONTAINED 

• ACCURATE TO ±D.Ol% 

• LOW DROOP ERRORS 

• SMALL DIP PACKAGE 

NC NC Common 

Inpul -Offill 
AdJuSl 

NC 

NC 

Status 
RlIum 

CD 
logic 
Inpul 

DESCRIPTION 

The 4085 is a specialized sample{ hold amplifier that 
tracks an input siEnal until a maximum amplitude is 
reached. That maximum value is held at the analog 
output, and the digital Status output indicates that a 
peak has been .detected. The unit can then be 
commanded to hold that value, ignoring additional 
peaks, or reset to ~ user-specified reference voltage. 
The 4085 detects positive-going peaks from -JOV to 
+JOV and is available in a hermetic metal.package 
and a low-cost ceramic package. Three models are 
available, specified for temperature ranges 0 to 
+70°C (4085KG), -25°C to +85°C (4085BM), and 
_55°C to +125°C (4085SM). 

NC 

MC 

Si.IUI 
Oulpul 

Lagle 
Powlr 
Supply 

HC 

NC 

Analog 
Outpul 

@ 
logic 
Inpul 

R,ferlllee 
NC Voltage 

NC Optional 
Exlernal 
Capacllor 

Intamliional Alrporllndualrlal Park· P.O. ~Ol 11400· TUClon. Arizona 85734· TIl. J602J 746-1111 • TWI: 910-952·111),· Cable: BBRCORp· Telel: 66-6491 

PDS-379A 
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SPECIFICATIONS 
ELECTRICAL 
Specification at TA = +25°C and ±15VDC and +SVDC power supplies unless otherwise noted. 

MODEL I 4085 UNITS MODEL I 4085 I UNITS 

I MIN TYP I MAX I MIN I TYP i MAX I 
ANALOG INPUT ANALOG OUTPUT 

Signal Inputs Voltage Range :±10 IVccl-3 V 
Operating Range ±10 IVccl-3 V Output Current 5 mA 
Absolute Maximum Range ±VCC V Output Resistance 0.2 0.5 n 
Inpul Offset Voltage Output Noise 10Hz to 100kHz 30 IJV. rms 

f adjustable to zero I 2 mV Output Load Capacitance 50 100 pF 
Input Offset Voltage Drift 15 50 ,.,.V/oC 
Input Bias Current 15 50 pA 
Input Resistance 1 Gn STATUS OUTPUT 

Input Capacitance B pF Collector-emitter Voltage +30 V 

DIGITAL INPUT Collector Current· 20 mA 
DC Current Gain 50 100 rnA/rnA 

Logic levels VBE 0.65 V 
Logic "1" +2.4 at 

SOnA, max V 
Logic "0" +O.B at REFERENCE VOLTAGE 

loa.A. max V Operating Range ±10 IVccl-3 V 
Truth Teble Logic Input A logic Input B Absolute Maximum Range ±Supply V 

Peak Detect Mode 1 0 Discharge Current(41 5 30 mA 
Hold Mode 0 0 
Reset 0 1 . . 

TRANSFER CHARACTERtSTICS POWER SUPPLY REQUIREMENTS 

Voltage Gain 1.0 Vtv Rated Voltage :t15 V 
Operatirig Range ±B :::!:18. V 

ACCURACY Current Drain r lOUT = 0 ±20 mA 
DC Voltage Gain Error ±O.Ol %ofFSRtll Rated Logic Supply Voltage(5) +5.0 ±O.S V 
Dynamic Accuracy to 300Hz ±0.01 ±0.02 % of FSR Logic Supply Current 
Dynamic Accuracy to 100Hz :to.01 % of FSR c Logic A & 8 high' 3.0 ±0.3 mA 
Temperature Coefficient of ! Logic A & B = OV 4.4 ::0.5 mA 

Gain Error ±3 ppm/oC 
Feedthrough ±O.OS % of Step 

TEMPERATURE RANGE Droop I all units at T A. = +250 C )12) ±0.06 mV/msec 
TA = +7o·e. 4085KG ±O.S mV/msec Spe'cification 
TA = +B5·C. 40B5BM ±1.2 mV/msec 40B5KG 0 +70 ·C 
TA = +125·C. 4085SM ±12.0 mVlmsec 40B5BM -25 +85 ·C 

Power Supply Sensitivity, ±Vee ±O.OOS %/% 40B5SM -55 +125 ·C 
Supply Operating 

Variation 40B5KG -25 +B5 ·C 
Logic Supply ±O.OOS %/% 4085BM -55 +90 ·C 

Supply 40B5SM -55 +125 ·C 
Variation Storage 

DYNAMtC PERFORMANCE 4085KG -30 +90 ·C 
40B5BM -60 +100 ·C 

Acquisition ~ime ! 8M, 8M I 500 ",sec 40B5SM -60 +150 ·C 
Acquisition Time r KG I BOO ",sec 
Slew Rate 0.5 VIJlsec 
Charge Offsetf3) .0.5 1 mV 
Status Delay,at 500Hz 0.7 1 msec 
Status Delay at 100Hz 1.2 2 msec 

NOTES: 
1. FSR = Full Scale Range. 20V for the 40B5. 

( T - WC ~ 
100pAx2 11 ~I.' 

2. Equation for'droop: Droop (mVlmseCI = 
3300pF + CEXT (pF! 

3. Charge Offset is the charge transferred from the holding capacitor when the 40:85 is switched to the hold mode. 
4. Any circuitry connected to the reference pin should be capable of sinking the desired discharge current of the internal 3300pF ho'iding capacitor plus 

any external cap~citor. The discharge current range is the current limit imposed by an internal FET switch. It does not Imply that the less of external circuitry 
must be designed to limit current to this range. 

S .. Logic Supply, pin 8, may be connected to higher supply voltages for operation with ~OS or CMOS logic. Refer to "Operating Instructions", 
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MECHANICAL 
Pin numbers shown for reference only. L:I i" Pin numbers shown for reference oOly. 

Numbers may not be marked on package. 

r 0000.000000. 
Numbers may not be marked on package. r:- ~ ••••••••• ·,;41 

NOTE: 
2' 13 NOTE: Leads inlrue position .0tO· (0.25mm I 1 ~ 1 12 

Leads in true position .010" (0.25mm I 
2' ,. R at MMC at seating plane. 

R at MMC at seating plane. . ........... 
--~.ooooooooo 

~A=:J RT~A~ 
1 D Ne . 

FfJe~ln 
L 

"'---.. Denotel pin 1 

~tj 
ORDER NUMBER: 
4085BM 

ORDER NUMBER: 4085SM 
INCHES MILLIMETERS 4085KG 

DIM MIN MAX MIN MAX 

A 1.310 1.360 33.27 34.54 CASE: Black Ceramic (alumina) 
INCHES MILLIMETERS CASE: Kovar, Gold or Nickel 

'B .770 .B10 19.56 20.57 MATING CONNECTOR: 245MC OIM MIN MAX MIN MAX plated 
c .150 .210 3.81 5.33 WEIGHT: 8.4 grams (0.3 OZ) 1,3&5 1.385 34.61 35.1. MATING CONNECTOR: 245MC 
0 .01S .021 0.46 0.53 • .790 .al0 20.07 20.57 WEIGHT: 8.4 grams (0.3 ozl 
F .035 .050 0.B9 1.27 

C .170 .250 .•• 32 8.35 
C . laO BASIC 2.54 BASIC 

0 ,01S .021 0 .• ' 0.53 

" .110 .130 2.79 3.30 G •• 100 BASIC 2.54 BASIC 

K .150 .250 3.B1 J.. 6.35 

" .125 .150 3.1a 3.81 

L .600 BASIC 15.24 BASIC K .160 .300 3.81 7.62 N 002 .010 0.05 0.25 L .800 BASIC 15.24 BASIC R DB. IDS 2.16 2.67 R .08D .110 2.03 2.79 

TYPICAL PERFORMANCE CURVES 
ACQUISITION TIME 

400 
ci.o~'Io 

U 
ill 
2- 100 
" E 
;:: 
c: 
.2 
i 
':; 
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10 
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lop. Input Voltage Step Change(Voltsl 

STATUS OUTPUT DELAY 
10 

['. ..... 

i 1.0 
§. 
>-.. 
a; 
0 .. 
" 0.1 
!! 
'" 

I' 
<'S",,, 

~~ i' 
Q v 
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THEORY OF OPERATION 
In the Peak Detect Mode(5I closed, 52 open), the analog 
output tracks the analog input until a peak value is 
reached. When the input voltage falls below the magni
tude of the peak voltage, CR I becomes reVt:rsed biased, 
and the feedback loop between Al and A2 is broken. At 
this point, the status output transistor turns on and the 
magnitude of the peak voltage is held on the analog 
output. In the Hold Mode (5 I open, 52 open). the current 
charging path from the output of A I to the capacitor is 
opened. The output voltage is equal to the voltage stored 

Input 

Notea: 
-Offlet 

Ad)ult 

NC 

I. Pin 21 Internally connected to cala on 4085BM Ind 4085SM. 

Status 
Return 

6 

CD 
logic 
Input 

in the capacitor even though the input voltage may 
become larger than the peak voltage. In the Reset Mode 
(5 I open. 52 open). the voltage on the capacitor will 
charge to whatever voltage is applied to the reference 
voltage input. If both 5 I and 52 are closed at the same 
time. the output of Al will be connected to the reference 
voltage input through a low. impedance. This represents 
an illegal mode of operation. but will cause no damage to 
the unit. 

NC 

NC 

StatuI 
Output 

17 

logic 
Power 
Supply 

NC 

NC 

S2 

logic 
Input 

NC 

NC 

Relerence 12) 
Vollage 

Optional 
External 13) 

Capacllor 

2. Pin 13 mUlt ba connectad to .,thar power supply common or a ular·spaclfled ralaranca vollaga. Ralar 10 Application saction lor datalls. 
3. External Clpacllor. usa polYltyrana (up 10 ..as·C), polypraplana. or teflon. 

FIGURE 1.4085 Functional Diagram and Pin Configuration. 

'ANALOG 
INPUT 
(dotted) 

ANALOG'ov~----I-'" , OUTPUT .. _ ' 
IlOlId) 

"I" 

LOGIG "0" I A 

..... .. 

I 

.. , , .. 
I 

I , 

". ... 
I .. 

" . ~ \ ". 

'\ ," 
. ". 

. ""... ,.,." . 

INPUT i- rasat 

"'" 
- .... --_. piak-datact tl· ----11 .... ------- hold -------•• +144_--- raset--

LOGIC 
INPUT ''0'" I I 

STATUS Off 
TRANS· On 1 SISTOR n I I I 

FIGURE 2. Timing Diagram For Peak-Detect Operation. 
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OPERATING INSTRUCTION.S 
OFFSET VOLTAGE ADJUSTMENT 
The ±2m V input offset voltage ofthe 4085 may be nulled 
to zero by using the circuit shown in Figure 3. With the 
4085 in the Peak Detect Mode (logic input A = "I", logic 
input B = "0') apply zero volts to pin I. Adjust the 
potentiometer until the output voltage is zero volts. , 
Disconnect pin 12 after adjustment is made; 

! 2kOro lOIeo 
·15VDC ..... t 5IIOkO 

f IlIIIIIpm/.C ..... 

IDkO 10MO ..... 
~ 

25nA 

FIGURE 3. Offset Adjust Circuit. 

POWER SUPPLY CONSIDERATIONS 

Pin 2 

Pin 3 

Pin 12 

, The 4085 will operate as specified with power supplies 
from ±8VDC to±18VDC. To minimize noise pickup, the 
supply inputs should bedecoupled with I)lF tantalum 
capacitors located physically close to the unit. 

DIGITAL INPUTS AND LOGIC SUPPLY 
The digital inputs may be driven with TTL or CMOS 
logic. Pin 8 should be tied ~o the logic supply. The logic 
supply voltage (V L) may also be provided by connecting 
pin 8 through a resistor of valuiR (kO) =1.67 (Vee 
-Vd/VL to. the +Vee (Vee;;;;' Vi.). The logic threshold 
voltage is equal to OAVL - 0.7V. 

INPUT FREQUENCY BANDWIDTH LIMITING 

It is recommended that the input bandwidth be limited.as 
much as possible by an RC section such as that shown in 
Figure 4. This is to limit noise spikes at the input that may 
cause erroneous readings. If detecting large pulse heights, 
a 5J.1s~c time constant should be used. This will not 
degrade acquisition time or tracking accuracy for fre
quencies up to 500Hz. For input frequencies greater than 
500Hz, a smaller time constant may be used. 

Vln ~""""~--l::1:P---O Pin I 
Iko ..::r::. 47DOpF 

FIGURE 4. Input Bandwidth Limiting. 

STATUS OUTPUT CHARACTERISTICS 
The open~collector, open-emitter output transistor is a 
small signal, medium speed switching transistor similar 
to a 2N2222. To facilitate driving a variety of devices. the 
configuration of the status output has been left to the 
user's discretion. 

The internal comparator shown in the block diagram 
(Figure 1) has an output characteristic as follows. Input 
signal track: Zout ...... ; peak hold: Vout = +Vee - O.5V. 
Several configurations are illustrated in Figures 5, 6, and 
7. "Inverting" means logic "0"= peak has been detected. 
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"Noninverting" means logic "I" = peak has been de
tected. 

IDkO 7}--+---.. To TTL (11tHIUI = 101 

(1Ie1llOVl2.Dk0 
mlllDr lor 15VOC 

2.00 

____ I CMOS ",,111.1 

FIGURE 5. Inverting TTL (CMOS) Status Output. 

FIGURE 6. Noninverting TTL Status Output. 

IDto +15VOC 

!J\I'ho_--l 9}-_-~ To CMOS 

FIGURE 7. Noninverting CMOS Status Output. 

DESIGNING IN HYSTERESIS 
It may be desirable in some situations to have hysteresis 
in the circuit such that small. peaks will not be detected, 
eliminating jitter in the Status output. This is possible 
through external components connected as shown in 
Figure 8. After a peak is detected, the input voltage must 
be slightly greater .( determined by R I / R2) than the' 
previous peak to ca,use the output to resume tracking the 
input. This hysteresis voltage is expressed by: . 

V _ (V;.· VE - 0.9V) RI 
H- RI+R2 

The emitter voltage of the status transistor should be tied 
to a voltage sufficiently lower thaq the lowest expected 
peak to allow proper operation. 

Al 

FIGURE 8. Hysteresis. 

-VLogIC 
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APPLICATIONS 
PEAK CATCHER 

This circuit detects and holds the first peak it encounters. 
After the first peak is detected; it automatically is 
switched to the Hold Mode. To reset the circuit for 
catching another peak. a lO/lsec or longer positive logic 
pulse should occur at the Release Input. This will reset 
the peak detector to the desired voltage and put it in the 
peak-detect mode. 

FIGURE 9. Peak Catcher. 

NO-RIPPLE, FAST-SETTLING RMS-DC 
CONVERTER 

220n 

If a waveform is known. the rms value of the signal may 
be computed from the peak value. In this circuit. the rms 

. value is computed by the oufput amplifier from the peak 
value held by the4085. The output in the circuit shown is 
updated manually. It may be updated automatically by 
replacing the switch circuit with,.an oscillator plus timing 
logic. 

FIGURE 10. RMS-DC Converter. 

INTERFACING TO AID CONVERTER 

Interfacing to an AI D converter is straightforward. The 
gating of the AI D converter command allows a conver
sion only if a peak has been detected and permits 

. completion of each conversion. If a peak occurs while the 
AI D is converting. it will not be detected. 

FIGURE II. AI D Converter Interface. 
PEAK-TO-PEAK DETECTOR 

Figure 12 shows a circuit that will display the peak-to
peak voltage of an input waveform. The Status Output 
indicates that both positive and negative peaks have been 
detected and that the output is valid. The resistors around 
A3 should be matched to insure good common-mode 
rejection. 

Vln 0---_:-1 
A 
B 

FIGURE 12. Peak-to-Peak Detector. 

REFERENCE VOLTAGE 

In the Reset Mode the voltage applied to pin 13 places an 
initial charge on the holding capacitor at the input to A2 
(see Figure I). This threshold voltage may be any value 
between positive and negative 10 volts. For most appli
cations pin 13 will be tied to power supply common. This 
sets V~,r to 0 volts. The 4085 will then capture peaks 
greater than 0 volts. 

Pin 13 must be connected to either power supply 
common or to a user-specified reference voltage. If this 
connection is not made the 4085 will appear to have 
excessive droop. 
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BURR - BROWN@ 4115/04 
IElElI 

WINDOW COMPARATOR 

FEATURES 

• ADJUSTABLE LIMITS FOR "HIGH", "LOW", AND "GO" 

• UP TO 200inA LOAD CAPABILITY leach outputl 
• INPUT PROTECTION 

DESCRIPTION 
Model4115/04 is a hybrid IC win40wcomparator in 
a double width DIP. The unit has three inputs - one 
for a voltage that sets the upper limit, another for a 

. voltage that sets the lower limit, and a signal input. 
There are three mutually exclusive outputs - HIGH, 
LOW and GO. When an output is ON it will sink up 
to 200mA of current. This input diode protected 
device is designed to work with input voltages of up 
to ±IOV, and will not be harmed byvoltagesto±15V. 
The 4115104 will drive a variety of loads including 
lamps, relays, MOS circuitry, and high noise 
immunity logic as well as DTL and TIL devices. 

INSTALLATION 

APPLICATIONS 

• PRODUCTION LINE TESTING 

• TEMPERATURE CONTROLS 

• INDUSTRIAL ALARMS 

• LEVEL DETECTORS/CONTROLS . 

Typif.:ul Luotd 

r-----47;s;4-- - - --, HIGH +VR 
Winduw Cumparator , 110 ' 

lIpp~r 2 
Limit ~:u o-.:..,.,.. __ ~ 
Input 

InpUI'~, 1 
~i~nal "10+'1"""'_ 

l.n\\~r 5 
LimH ELo.;..NV"--V' 
Input 

18 COMMON 

":"1 L ____________ ~ 

Eu<t:1 1-:L <EJ<Eu 1-: 1 <I.-:L 

HI(at ON OFF 'on 
liD OFF ON OFF 
lOW OFF on ON Separate connections should be made from each 

power supply common (+15VDC, -15VDC and VR) 
to the 4115/04 common (pin 8). Model,4115/04Transfer Characteristics. 
To avoid unwanted pickup or chattering it may be 
necessary to include bypass capacitors from the 
±15V supply pins (13 and 14) tothemodulecommon 
pin (8). 

International Alrporllnduatrlal Park· P.O. Box 11400· Tucson. Arlzol1l 85734 . Tel. 1602) 746·1111 • Twx: 910-952·1111 . Cable: BBRCORp· Telex: 66-6491 

PDS-400 
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ELECTRICAL SPECIFICATIONS 
Typical performance at 2S"C and with rated supply unless otherwise noled. 

MOOEL 4115 04 Units 

INPUT 
All Inputs ±IOV into 6kn (min) 
Maximum Safe Inpul ±IS V 

ACCURACY 
D.C. Resolution (min) ±0.2 mV 
Voltage Orfset (referred to input) 

at 2S"C (max) ±2 mV 
'IS Temperature (max) ±30 ~V "C 
Over Temperature Range (max) ±1 mV 
'IS Power Supply ±SO ~V V 

Switching Speed 
Tolal Switching Time at JOmV 
Overdrive 300 IJsec 

OUTPUT 
Impedance 10 COM MON from all Outputs 

OFF stale >1 Mll 
ON state 3 1I 

Load Supply Voltage (V,) o to +30 V 
Load Current 

Steady State +200 mA 
Transient (absolute maximum) 

I Second Duration +400 mA 
Saturation Voltage (Vt I) (max) 

at200mA 0.7 V 

TEMPERATURE RANGE 
Rated Specifications -25 to +85 "C 
Derated Performance -40 to +85 "C 
Storage -55 to +100 "C 

POWER SUPPLY REQUIREMENTS 
Rated Supply Voltage ±IS VDC 
Derated Performance. -12to ±18 VDC 
Quiescent Drain (max) ±IS mA 

To achieve best results use stable quiet reference sources and drive signal input from low 
impedance source. Noise and drift in input sources readily masks the inherently high 
resolution of the device. 
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MECHANICAL 
SPECIFICATIONS 

....-r 
6.3!imm 

~II- (0.251 

-I~ 0.5 I mm (O.021dia. typ 

WEIGHT: 0.24 01 .. (6.80 gramsl 
MATERIAL: Black Exoxy 

A dimple appears 

PIN: Pin material and plating composition conform tq 
Method 2003 (solderability) of Mil-Std-883 (except 
paragraph 3.2). 

CONNECTOR: Fits any comn:aercial dual-in-Iine connector. 



BURR-BROWN ® 

113131 4127 

LOGARITHMIC AMPLIFIER 

FEATURES 
-ACCEPTS INPUT VOLTAGES DR CURRENTS OF 

EITHER POLARITY 

- WIDE INPUT DYNAMIC RANGE 
6 Decades of current 
4 Decades of voltage 

-VERSATILE 
Log. antilog. and log ratio capability 

-SMALL SIZE 
Double wide DIP 

-LOW COST 

DESCRIPTION 
Packaged in a ceramic double wide 01 P. the 4127 is 
the first hybrid logarithmic amplifier that accepts 
signals of either polarity from current or voltage 
sources. A special purpose monolithic chip. 
developed specifically for logarithmic conversions. 

functions accurately for up to six decades of input 
current' and four decades of input 'voltage. In 
addition. a newly developed current inverter and a 
precise internal reference allow pin programming of 
the 4127 as a 'logarithmic. log ratio. or antilog 
amplifier. 

To further increase its versatility and reduce your 
system cost. the 4127 has an uncommitted 
operational amplifier in its package that can 'be used 
as a buffer. inverter. filter. or gain element, 

The 4127 is available with initial accuracies (log 
confor,mity) of 0.5% and 1,0%. and operates over an 
ambient temperature range of -IO"C to +70"C. 

With its versatility and high performance. the 4127 
has many applications in srgnal compression. 
transducer linearization. and phototube buffering. 
Manufacturers of medical equipment. analytical 
instruments. and process control instrumentation 
will find the 4127 a low cost solution to many signal 
processing problems. 

r---·---- ----- - ---:-- - - ---'-- ------ ---, 

)1 Y'l ~ Sill o._.~ ,J~~J ~:_: :~l 
i ¥V Y_ ! 
I I 
I I 
I I 

! t 14 'NY iQ 
I ? 'N.- .~-til:y I~ 
I: l-----t-6 
L---------b-:1;D~------- --- -__ ......J +15VOC 

InlernaUonal Alrporllndustrlal Park· P.o. Box 11400· Tucson, Arizona 85734· T.I. 1602) 746·1111 . Twx: 910-952·1111 • Cable: BBRCORp· Telex: 66-6491 

PDS·346E 
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SPECIFICATIONS 

ELECTRICAL 
Typical specifications at +250 C with rated supplies unless otherwise noted. 

MODEL 4127KG 1 4127JG 

ACCURACYI'). % of FSR 
Current Source Input: lnA to lmA 0.5% max 1 1% max 
Voltage Input: 1 mV to 10V 0.5% max 1% max 

INPUT 
CUrrent Source Input. Pin 4 +lnA to +lmA 
Current Source Input, Pin 7 -lnA to -lmA 
Reference Current Input, Pin 2 +lpA to +lmA 
Absolute Maximum Inputs ±10mA or ±Supply Volts 

OUTPUT 
Voltage ±10V 
Current ±5mA 
Impedance Ion 

FREQUENCY RESPONSE 
-3dB Small Signal at Current Input 

of 100pA 90kHz 
of 10pA 50kHz 
of lpA 5kHz 
of 100nA 250Hz 
of 10nA 80Hz 

Step Response to within ±1% of 
Final Value (IR = l"A. A = 5) 10msec 

STABILITY 
Scale Factor Drift IAA/DCI ±0.0005A1DC 
Reference Current Drift f ~IR/oC I ±O.OOI hvDC for IR" lpA 

±0.003 IRIDC for 400nA < IR < lpA 
Input Offset Current Drift (.lols/Oe) 10pA at +25DC. Doubles Every 10DC 
Input Offset Voltage Drift ±10pVlDC 
Accuracy vs. Supply Variation 

Reference Current ±O.OOliRiV 
Input Offset Voltage ±300pVlV 

Input Noise - Current Input lpA. rms. 10Hz to 10kHz 
Input Noise - Voltage Input 10pV. rms. 10Hz to 10kHz 

UNCOMMITTED OP AMP CHARACTERISTICS 
Input Offset Voltage 5mV 
Input Bias Current 40nA 
Input Impedance lMn 
Large Signal Voltage Gain 85dB 
Output Current SmA 

TEMPERATURE RANGE 
Specification O°C to +600 C 
Operating -IODC to +70DC 
Storage -55DC to +125DC 

POWER SUPPLY REQUIREMENTS 
Rated Supply Voltages ±15VDC 
Supply Voltage Range ±14VDC to ±18VDC 
Supply Current Drain 

at Quiescent, max ±20mA 
at Full Load, max ±26mA 

NOTE: 
1. L~g conformity at 25°C. 
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MECHANICAL . DPIn numbers shown 
,.- •••• + • • • • • • • lor reference only 
I 24 13 Numbers may not be 
B marked on package 

J t- ! .......... ~2 

R -i.h- A ----J . 
rL~Pr 
16GX'l~ LLJ 
Seating Plano 

NOTE: 
Load, in trlJO position wilhin .010" 
L25mml R @I MMC 81 sealing plano. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 1.310 1.360 33.27 34.54 

.770 .810 19.56 20.57 

C .150 .210 3.81 5.33 

0 .01B .021 0.46 0.53 

F .03' .050 0.89 1.27 

G .100 BASIC 2.54 BASIC 

.110 .130 2.79 3.30 

.150 .250 3.Bl 6.35 

.600 BASIC 15.24 BASIC 

N .002 .010 0.05 0.25 

.OOS .105 2.16 2.67 

CASE: Ceramic 
MATING CONNECTOR: 245MC 
WEIGHT: 56 grams 12 oz. 1 
ORDER NUMBER: 4127KG 

4127JG 

PIN CONNECTIONS 

1. IREF OUTPUT 
2. IREF INPUT 
3. NO PIN PRESENT 
4. +1 INPUT· 
5. CURRENT INVERTER OUTPUT' 
8. NO PIN PRESENT 
7. CURRENT INVERTER INPUT 
8. NO PIN PRESENT 
9. OP AMP +INPUT 

10. OP AMP -INPUT. 
11. OP AMP OUTPUT 
12. NO PIN PRESENT 
13. MAKE NO CONNECTION 
14. NEGATIVE SUPPLY 
15. NO PIN PRESENT 
16. NO PIN PRESENT 
17. NO PIN PRESENT 
18. LOG OUTPUT 
19. GAIN ADJUST 
20. NO PIN PRESENT 
21. COMMON 
22. POSITIVE SUPPL Y 
23. IREF BIAS 
24. NO PIN PRESENT 

"Pins 4 and 5 are internally 
connected. 



TYPICAL PERFORMANCE CURVES 
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IR 
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TO GAIN·SETTING RESISTOR R2 

, 
V 

/ 
/ 

./ 

V 
V Eo = -A 109101IS[_ -
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RELATIONSHIP OF TR TO OUTPUT VOLTAGE 

FOR IR = lilA AND A =, 5V AND 10V 

+lOV 

i5V 

-5V 

-10V 

Output 
Voltage E =AIOgM 

o lilA 
A= l'OV 

Input 
Current 

IS 

DISCUSSION OF SPECIFICATIONS 

ACCURACY 

The deviation from the ideal output voltage defined as a per
cent of the full scale output voltage. 

INPUT/OUTPUTRANGE 

The log relationships of-A log :s and -A log [ESR are sub-
R R 

ject to the constraints specified. The 4127 can be operated 
with inputs lower than those given, but the accuracy will be, 
degraded. ' 

FREQUENCY RESPONSE 

The small-signal frequency response varies considerably with 
signal level and scaling, so the frequency response is specified 
under several different operating conditions. 

STABILITY 

The use of a monolithic transistor quad and low-drift op 
amps minimizes drift, but some drift remains in the scale
factor, reference current, and input offset. Input offset con
sists of a bias current plus the op amp input voltage offset 
divided by the signal source resistance. Also, there is some 
slight drift in conformity to the log function and in output 
amplifier offset, but this is generally negligible. 
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THEORY OF OPERATION 
The 4127 is a complete logarithmic amplifier that can be 
pin-programmed to accept input currents or voltages of 
either polarity. By making use of the internal current 
inverter. reference current generator. log ratio element. 
and uncommitted op amp. you can generate a variety of 
logarithmic functions. including the log ratio of twe 
signals. the logarithm of an input signal. or the antilog of 
an input signal. The unique FET-input current-inverting 
element removes the polarity limitations present in most 
conventional log amplifiers. ' 

Utilizing the inherent exponential characteristics of 
transistor functions. the 4127 calculates accurate log 
functions for input currents from I nA to I mA. or input 
voltages from ImV to IOV .. Carefully matched 
monolithic quad transistors and temperature sensitive 
gain elements are used to. produce a log amplifier with 
excellent temperature characteristics. 

A functional diagram of the 4127 circuit is shown in 
Figure l. In addition to the basic log amplifier. the 4127 
contains a separate internal current source. a current 
inverter. and an uncommitted'operational amplifier. The 
current inverter accurately converts negative input 
current to a positive current of equal magnitude. 

The 4127 is capable of accurately logging input current 
over a 120dB range but to use this full range. good 
shielding practice must be followed. A current source 
input is. by definition. a high impedance source and is 
therefore subject to electrost.atic pickups. 

The input op amps A, and A, have FET input stages for 
low noise and very-low input bias current. The op amp A, 
will make the collector current of QI equal to the signal 
input current Is. and the collector current ofQ2 will be the 
reference input current IR. ' 

, From the semiconductor junction characteristics. the 
base-to-emitter voltage will be 

Iralinpul IR 

2 -

'ref Dulpul 

FIGURE 1. Functional Diagram. 

4-<}J 

fJI VBE "'" m Kr):At J;; , where 
q IL 

IC = Collector current 
IL = Reverse saturation current 
q, m, K = Constan ts 
r ~ Absolute temperature 

If the transistors QI and Q2 are at the same temperature 
and have matched characteristics then 

The output op amp A2 provides a voltage gain of 
,approximately (R'f + R2)/ RT• and the value of(mKT)/q 
is about 26mV at room temperature. Since resistor Rr 
varies with temperature to compensate for gain drift. the 
output voltage Eo expressed as a log will be 

Eo = -A 10gIO IS 
IR 

where A R: Rr + R2 (26 mV) 0.134 ' Rr R: 520n 
Rr 

The external resistor R, sets the reference current IR and 
resistor R2 sets the scale-factor "A". R, and R2 must be 
trimmed to the desired values. but the approximate 
relationships are shown in Typical Performance Curves. 

The relatio'nship between the input current Is and the 
output voltage Eo in terms of the externally adjusted 
parameters IR and "A" is illustrated in Typical 
Performance Curves. This relationship is. of course. 
restricted to values of Is between I nA and I mA and 
output voltages of less than ± I OV. 

r_-5_20~Cl,.,T .. ha_rm_11ato .. r-:-_________ -(i19 G~~ Adlual 

fGI,n 
Eo 18 _-' R2 

Log Oulpul E OOPAmp, 
_ ·Inpul 
A4 II Op Amp 

+ Oulpul 
. 9 OpAmp 

+Inpul ' 

5kn 23 Ir;,llR 

r.;;;-,. 3'Rl o---w...--. .... ..,..I-~--1J -ZZ'+i5VDC 
+15VDC 

@.15VDC 



CHOOSING THE OPTIMUM 
SCALE FACTOR AND 
REFERENCE CURRENT 

To minimize ihe effects of output offset and 
noise, it is usually best to use the full ±l OV 
output range. Once an output range of ±.l OV 
has been chosen, then "A" and IR'can be 
determined from the min/max of the input 
current IS' 

Eo = -A log.!s, where lmin < IS < Imax 
IR ' 

The output range of ±l OV for an input range 
of Imin to ImaX means that 

I . I 
+10 = -A 10g.J!!!!l and -10= -A log ~ 

IR IR 

Adding these two equations together 

I I· .-:----0--
log..!!!!!...!!!!! = 0, or I R =, / Imaxlmin 

IR2 

The value for A can be found from: 

I 
10 = A log~m~ax=;:= 

;Jlmax Imin 

In terms of the input current range for IS, the 
, values for IR and A that will provide a full 
tlOV output swing are: 

Example: Assume that lmin is +IOnA and 

Imax is + I OOIlA. 

This is an BOdB range. 

IR = Jlmaxlmin 

J (10-4) (lo-B) = 10-6, or lilA. 

Imax = 10-4 = 100 
IR 10-6 

log Imax= 2 So A= 5 
IR' 

For an IR of lilA and A of 5, 

Eo =-5101 ~ 
lIlA 

, CONNECTION DIAGRAMS 

Transfer function is Eo = -A log :~ where I I is a positive , input current 

and IR is the resistor-programmed internal reference current (see 
Figure 2). 

Relennce 
Currant 

1':'~' 4 

Ol--_"'Ijftj.f~!~_!...,l_, -0 , 
+15VDC R4' ·15VOC 

FIGURE 2. Transfer Function When I I is Positive. 

ADJUSTMENT PROCEDURE 

"Nelded only 
1I11 <IOnA 

I. Refer to Choosing The Optimum Scale Factor and 
Reference Current: 

2. Apply 11 = I R, adjust R I such tJuit Eo = O. 

3. Apply I I = Imax, adjust R2 for the proper ~utput voltage. 

4. Repeat steps 2 and 3 if necessary. 

5. Ignore this step ifllmin ;;'IOnA. Otherwise, apply II = InA, 

make R3 = I kMU "and adjust ~ for the proper output voltage. 

Transfer function is Eo = -A 10gWwhere.I I ~ a negative input current 
IR 

and IR is the resistor-programmed internal reference current (see 
Figure 3). 

10k!! 

+15VOC 84" ·15VOC 

'Needed only 
1111 <fOnA 

FIGURE 3. Tninsfer Function When I I is Negative. 

ADJUSTMENT PROCEDURE 
I. Refer to Choosing The Optimum Scale Factor and 

Reference Current. ' 

2. Apply 1111 = IR adjust RI such that Eo = O. 

3. Apply 1111 = I~ax' adjust R2 for the proper output voltage. 

4. Repeat steps 2 and 3 if necessary. 

5. Ignore this step if II I min I;;;. 10nA. Otherwise, apply II II = InA, 
make R3 = 1 kMU"and adjust ~ for the proper output voltage. 
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• Single resistor recommended. Voltage divider network 
difficult to use due to amplifier offset voltage. RFSOO·108, 
1 Gn resistor available from Burr·Brown. 



CONNECTION DIAGRAMS [CONT] 

Transfer function is Eo = -A log~, where EI is a positive input voltage and IR is the resistor-programmed internal 
. R I 

reference current (see Figure 4). 4 R 

Ra.mnca 
Currant 

+15VDC . -15VDC 

101111 . 

FIGURE 4. Transfer Function When EI is Positive. 

ADJUSTMENT PROCEDURE 

I. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 

2. Apply EI ; IR (IOkn), adjust Rl such that Eo; O . 

. 3. Apply EI = Emax, adjust R2 for the proper output voltage. 

4. Apply EI = Emin, adjust R3 for the proper output. 

5. Repeat steps 2 through 4 if necessary. 

Transfer function is Eo = -A log I E11 ,where El is a negative input voltage and IR is the resistor-programmed internal 

reference current (see Figure 5). R41R . 

RBlaranca 
Currant 

EI V'"--"'''''''-""\ 

IOOMn 

IOkll 
+t5VOC o---J\j""'-~D -15VDC 

Gain 
R2 

FIGURE 5. Transfer Function When EJ is Negative. 

Transfer function is Eo = -A 10g!2lwith II and 12 negative; 
112\ 

-15VOC 

Glln 

FIGURE 6. Transfer Function When I I and I:~ arc Negative. 

ADJUSTMENT PROCEDURE 

1. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 

2. Apply lEd; IR (IOkn), adjust RI such that Eo; O. 

3. Apply lEI! '" Emax , adjust R2 for the proper output voltage. 

4. Apply IEII = Emin' adjust R3 for the proper output. 

5. Repeat steps 2 through 4 if necessary. 

ADJUSTMENT PROCEDURE 
1. Refer to Choosing The Optimum Scale Factor and 

Reference Curren t. 

2. No further adjustment is necessary if I I min :-' IOnA, 
otherwise connect the R3 and R4 network, with R4 = I Okn 
and R3= lo9n. Adjust R4 for proper output voltage 
after adjusting gain errors. Since the voltage at pin 4 is in 
the range of ±SmV, it is not practical to use a T - network 
to replace R3-
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Transfer function is Eo = -A IOgll,lwith I I negati~e, 12 positive; I I Ii;;. InA, 12;;' I~A (see Figure 7). 
12 

+15VDC O,",'-~,.,.,-...;..' 0 ·15VOC 

611n 

'Neaded only, ' 
II'I1' <IOnA 

FIGURE 7. Transfer Function When I I is N~gative, 
12 is Positive. 

ADJUSTMENT PROCEDURE 

I. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 

2. No further adjustnient is necessary iflllirhin ;;. lOnA, 
otherwise connect the R3 and R.4 network, with R4 = IOkn 
and R3 = lo9n. AdjustR4 for proper output voltage after 
adjusting gain errors. Since the voltage at pin 4 is in the 
range of ±5mV, it is not practical to use aT - network 
to replace R 3' 

Transfer function is Eo = -A log.!! with Iland 12 positive; II ;;'lnA, 12 ;;'I~A (see Figure 8). 
~ , 

4127 

~ + 'I I ' 

~3' 
+15VDC ..,.. R4' 10kn ' 

·15VDC 

·15VDC 

,,', Nelded only 
11111' <IOnA 

Glln 

E ' a 

FIGURE K. Transfer Function Whcn II and 12 arc Positive. 

ANTILOG OPERATION 

The 4127 can also perform the antilog function. The 
output is connected th~ough a resistor Ro into the current 
input, pin 4. The input signal is connected through a gain 
resistor to pin 19 as shown in Figure 9. 

These connections form an implicit loop for computing the 
antilog function. From thc hlock diagram of Figure I, the 
voltage at the inverting input of the output amplifier A2 
must, equal E~, so 

- RT 
E2 ,., RT + R2 ES ' RT = 520n 

Since the output is connected through Ro to pin 4, the 
current IS will equal Eo/Ro and E2 will be 

E2=_mKTLn~ 
q RoIR 

Combining expressions forE2 gives the relationship 

,RT mKT.& Eo 
RT +R2 ES=--q- RoIR 

E Eo 
_2=log-R I 

A 0 R 

ADJUSTMENT PROCEDURE 

I. Refer to Choosing the Optimum Scale Factor and 
Reference Current. 

2. No further adjustment is necessary if 11 min;;' lOnA, 
otherwise connect the R3 and R4 network, with R4 = IOkn 
and R3 = lo9n. Adjust R4 for proper output voltage after 
adjusting gain errors., Since the voltage at pin 4 is in ,the 
range of ±5mV, it is not practical to use aT - network 
to replace R 3' 

where 
_ RT+R2 I 

A - RT (26mV) 0.434 

Eo = Ro IR Antilog - ES, 
A 

Selling R(l and I R will set the scale factor. For example, an 

Ro of I MH and I R of IpA will give a scale factor of unity and 
E 

E, = Antilog -....§.. o ' A 

Inserl' 0.01 ~F between 
Pin IB and Pin 1911 the 
unll asclll.t,., 

FIGURE 9. Antilog Operation. 
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BURR-BROWN® 

1E3E31 4203 
4205 

Integrated Circuit 
MUL TIPlIER-DIVIDERS 

FEATURES 
• LASER-TRIMMED 

APPLICATIONS 
• MUL TIPLICATIDN. DIVISION. SQUARING. 

Requires No Adjustment SQUARE ROOTS 

• GUARANTEED ACCURACY - 1 % or 2% • RMS MEASUREMENTS 

• SELF·CoNTAINED • FREQUENCY DOUBLER 
No Addilional Ampllflors 

• BALANCED MODULATOR AND DEMODULATOR 
• FAST SLEWING· 25VI MSOC • ELECTRONIC GAIN CONTROL 
• SMALL PACKAGE - To-1oo • FUNCTION GENERATOR AND LINEARIZING CIRCUITS 

• PROCESS CONTROL SYSTEMS 

DESCRIPTION 
Burr-Brown Models 4203 and 4205 are integrated 
circuit multipliers designed for general purpose 
usage. In addition to four-quadrant mUltiplication 
they also perform division and square rooting of 
analog signals, requiring no additional amplifiers in 
performing the above functions. They are laser
trimmed prior to final packaging and are guaranteed 
to their rated accuracy with no external components. 
This is a distinct advantage from the standpoints of 
cost and reliahility. 

The~e l1lultiplier~ contain their own zener-regulated 
references and, as a result, are much less sensitive to 

supply voltage variation than were earlier. Ie 
multipliers. The fast (25V / JLsec) slew rate and I MHz 
bandwidth are key performance factors for appli
cations where delay phase shift must be minimized. 
Harmonic distortion of the 4203 and 4205 remain 
low for frequencies well above 100kHz, an i.mportant 
asset in modulation applications. 

Other desirable features are hermetic TO-100 package 
(lO-pin version of TO-99) and wide temperature 
mnge of operation. The 4203S and 4205S are 
spccified for operation ovcr the full MIl. tCl1lperature 
range. 

Inle,nallonal Airport Industrtal Park· P.O. Box 11400 . Tucson. Arizona 85734 . Tel. 1602) 746·1111 .. Twx: 910-952·1111 . Cabl.: BBRCORP - Telex: 66-6491 

PDS-473A 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +2SoC with rated power supplies unless otherwise noted. 
Percent speclficallons refer to % of full scale IIOVI 

MODEL 

OUTPUT FUNCTION 4203 
420S 

TOTAL ERROR" 
Internal Trim 
External Trim 
vs Temperature 
vsSupply 

INDIVIDUAL ERRORS 
Output. Offset at +2SoC I X - Y = 0 I 
vs Temperature IOperaling Rangel 
vsSupply 

Scale Factor Error 
vs Temperature I Operating Rangel 
vsSupply 

Nonlinearity 
XIX = 20V, pop; Y = ±10VDCI 
y,y = 20V, pop; X = ±10VDCI 

Feedthrough at SOHz 
X = 0, Y = 2OV, pop I Internal Trim, 

!External Triml 
vs Temperature 
Y = 0, X = 20V, pop I Internal Trim' 

(External Trim I 
V:J Tcmpornturc 

AC PERFORMANCE 
Slew Rnte 
-3dB Small SigMI Bnndwidth 
1 % Amplitude Error 
1 % Vector Error I 0.57° phoso shift, 
Settling Time 12% of final valuo, 20V, step' 
Overload Recovery Time 

OUTPUT NOISE IX = Y = 0) 
10kHz to 10MHz 
10Hz to 10kHz 

INPUT CHARACTERISTICS 
Input Voltage Range 
Rated Operation 
Absolute Max 

Input Impedance, X 
Y 
Z 

OUTPUT CHARACTERISTICS 
Rated Output. 
Output Impedance 

POWER SUPPLY REQUIREMENTS 
Rated Voltage 
Operating Range 
Quiescent Current 

TEMPERATURE RANGE 
Operating, Rated Perior.rnance 

Storage 

.q03.//42CI5.J14203j(t420sKI4203S14205S 

XY/l0 
IX,-X2I1Y'-Y21110 

2%, max I 
1% 

1%:, inax I 
0.6% 

0.04'1!>fOC 
0.2%1% 

I%,max 
0.6% 

20mV I 20mV I 20mV, max 
0.4mVfOC 

I 
10mVI% 

I 1% 0.6% 0:6% 
O.04%fOC 

0.1%1% 

0.8% I O.S% 
0.2% 

I 0.5% 

SOmV, pop 
20mV, pop 

ImV, p-pfOC 
50mV, pop 
20mV, pop 

2mV, p-pfOC 

25V1~scc 

IMHz 
40kHz 
10kHz 
ljASec 
3psec 

3mV, rms 
. 600I'V, rins 

±10V 
±15V 
10MIl 
10MIl 
36kll 

±IOVat±SmA 
III 

±15VDC 
±12VDC to ±18VDC 

±4.SmA 

OOC to +700 C .l -55°C to 
+125°C 

-65°C to +15OOC 

-Tolal error Is a tostod moximum at .2SoC and ropresents the maximum 
allowed value 'or the sum at the Individual errors. 
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MECHANICAL ' . 

NOTE: 
Leads In true position within 0.10· 
IO,25mmi R at MMC at seating plane. 

Pin numbers shown for reference only. 
Numbers may not be marked on package. 

L· 

--r..-o 
N 

,. '. ORDER NUMBER: , + '0, r------...... 4203J,420SJ 
\ M"" ~ 0. I ,4203K, 4205K 
~~\--!. G 4203S, 4205S 
'-- " -:;--J WEIGHT: 

1 gram 

INCti(S MllLlMEl(RS 
DIM MI. MAX MI. MAX 

A .33& .370 8.51 9.40 
B .305 .335 7.75 8.51 

C .165 .185 4.19 4.70 

0 .016 .021 0.41 0.53 

E .010 .04. 0.25 1.02 

F .010 .... 0.25 t.02 

G .230 BASIC 5.84 BASIC 

H .028 .034 0.71 0.86 

J .029 .04' 0.74 1.14 

K .500 -- 12.70 --
L .120 .160 3.05 4.06 
M 3SoSASIC 36° 8ASIC 

N .110 .120 2.79 3.05 

CONNECTION DIAGRAM 

V+:u7 :' .:' 00' 
ZIN 3 7 >Co 

OUT • -<!>-,!.. X,. 
V

ITOPVIEWI 
4203 

V
ITOPVII,WI 

420S 



BURR-BROWN® 

IElElI 4204 
4206 

ANALOG MULTIPLIER-DIVIDER 

FEATURES 
• HIGH TOTAL ACCURACY 

0.25% and 0.5% max, no external trims 
0.1% and 0.2% typo with external trims 

• LOW TEMPERATURE DRIFT 
100ppm/oC 

• SMALL PACKAGE 
Dual·in·line metal or plastic 

• LOW COST 

DESCRIPTION 

bandwidth at low cost. They use the log/ antilog 
technique and are internally laser-trimmed. Multiply 
mode accuracies of 0.25% and 0.5% max are guaran
teed with no external components. By following the 
external trim procedure described in the Multiplica- , 
tion section, accuracies can be improved to 0.1% and 
0.2% (typical). Accuracy specifications are verified 
at Burr-Brown by ail automatic tester which scans 
the X-V plane. Maximum error at any point in the 
plane is required to be less than the specified values. 

The 4204 and 4206 are four-quadrant analog multi
pliers offering high accuracy, low noise, and moderate 

The 4204 and 4206 also perform the divide function 
in two quadrants and the square root function in 
one quadrant with no external components required. 
Detailed instructions for these operations are given 
on the last page. 

E,o-_+--¥._ ...... -t 

Ez 
...-...,.,.--11--0 

Output 

E, o--+¥I ..... --t 
Antilog Amp 

Internallonal Airport Industrial Park· P.O. 80x 11400 - T",oon. Arizona 85734 - T81.1602) 746-1111 ,- Twx: 91(1.952-1111 - Cable: 88RCORP - Telex: 66-6491 

PDS·67S 

4-99 



SPECIFICATIONS 
ELECTRICAL 
Typical performance at +25°C with, rated power supplies unless otherwise noted. Percent specifi~ 
c~tions refer to percent of full scale (10V) 

MODEL 4204J,4206J 4204K, 4206K 4204S 

OUTPUT FUNCTION' Ex Ev/10 · · 
TOTAL ERROR (Multiply Mode)'" 
Internal trim, max l21 O.S% max 0.25% max · External trim, typ 0.2% 0.1% 0.1% 

vs Temperature 0.01%/'C · 0.02%/'C max 
vs Supply 0.02%/% · · 

INDIVIDUAL ERRORS (Multiply Mode) 
Output·Offset X =.y = ° ISmV SmV 5mV 
Scale Factor Error 0.2% 0.1% 0.1% 
Nonlinearity: 

X = 20V, p-p, Y = -tOVDC O.OOS% · · Y = 20V. P-P. X = -10VDC O.OOS% · · X = 20V. P-P. Y = +10VDC . O.OS%·· · .. 
X = 20V. P-P. X = +10VDC O.OS% · Feedthrough at 50Hz: 
X = 20V. P-P. Y = 0 10mV. p-p SmV. p-p 
Y =20V. P-P. X =0 ·10mV. p-p. SmV. p-p 

AC PERFORMANCE 
Slew Rate lV/liS · · -3dB Small Signal Bandwidth 250kHz · · 1% Amplitude Error 33kHz · · -1% Vector Error (O.S7' phase shift) 2.5kHz · · Full Power Response 20kHz · · 
OUTPUT N.OISE X = Y = O.OV 
OCto 10kHz 300/JV, rms · · 
INPUT CHARACTERISTICS 
Input Voltage: 

Maximu'm for Rated 'Specifications X, V, 
Z ±10V · · Maximum Safe Level X, V, Z iSupply · · Input Impedance XIYIZ 2SkO/2SkO/l00kO · · 
OUTPUT CHARACTERISTICS 
Rated Output: Voltage, min ±10V · · Cur,rent, min ±5mA · · Output Impedance 10 · · 
POWER SUPPLY REQUIREMENTS 
Rated Supply ±15VDC · · Operating Range ±14 to ±16V · · Quiescent Current +15mA. -B.SmA · · 
TEMPERATURE RANGE, 4206 
Specification O'C to +70'C · Operating -25'C to +B5'C · Storage -55'C 10 +125'C · 
TEMPERATURE RANGE, 4204 
Specification -25'C to +BS'C · -55'C to +125'C 
Operating -55'C to +125'C · · Storage -65'C to +125'C · · 

... Same 85 for 4206J. 

NOTES: (1) Total error is' a tested maximum and does not represent a sum of the maximum 
individual errors as the maximum individual errors do not occur at the same X. Y operating point. 
(2) With outpuqoading of 10kO or less. 

PIN CONNECTIONS 4204 

1 Ez 
'2 Output 

3 -V. 
4 Feedthrough Adjust 
5 Make No Connection 
6 Make No Connection 

Ex 
Internal Re'erence 

9 Make No Connection 
10 Ground 
11 Feedth/ough Adjust 
12 Offset Adjust 
13 E. 
14 +Vs 

PIN CONNECTIONS 4206 

Ez 
2 Output 
3 -V. 
4 Feedthrough Adjust 
5 Make No Connection 

_ 6 Make No Connection 
7 Ex 
8 Internal Reference 
9 Make No Connection' 

.10 Ground 
11 Feedthrough Adjust 
12 Offset Adjust 
13 E. 
14 +V. 
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MECHANICAL 

420.4 r A l ~;!~;;in true 
position 

~g wlthlO0010" 
T I (O.2Smm) R . 
B at MMCat 
1-- seating plane. 

Denotes Pin 1 

L [ I' .~g:~ 
.R. .If 131211 10' /I 

. . ..... . 
Pin numbers 
shown for 
reference on Iy. 
Numbers are 
not marked 
on package. 

INCHES MILLIMETERS 
OIM MIN MAX MIN MAX 

.8.0 .880. 21.84 22.35 

.• 90 .510 12 .• 5 1295 

"0 .250 •• 32 6.35 

.016 .021 0 .• ' 0.53 

.100 BASIC 2.5. BASIC 

. 115 .155, 2.92 ,. . 

.150 .300 3.81 7.f!2 

.300 BASIC 7.62 BASIC .... .120 2.03 

4206 

NOTE: r Al Leads in true 
position 
within 0.010" EQ (O.25mm)R 

B ~MMC~ 
-'--- seating plane. 

Denotes Pin 1 

L 
..... Il' ~ I ~ 5 '.' 

1113121110 •• ....... 
Pin numbers 
shown for 
reference only_ 
Numbers are 
not marked 
on package . 

PIN SPACING: 2.5mm (0.1") 
ROW SPACING: 7.6mm (0.300'" 
WEIGHT: 3.4 grams (0.12 oz.) 
CONNECTOR: 14-pin DIP 0145MC 

Pin material and plaUng 
composition conform 
to Melhod208 
(SOlderability) of 
MIL-STD-202. 

INCHES MILUMETERS 

n DIM MIN 

1:1.15 

.210 6.33 

.0' • ... , 
• IOO8At1IC 

.ttl 

.• 00 
.3008ASIC MI2848IC 

. .... . ... 

i 



TYPICAL PERFORMANCE CURVES 
At +2S'C and ±1SVDC. 

LARGE SIGNAL FREQUENCY RESPONSE 

Ii 
"-
G 20 

'" c .[< 
III 
:; 10 
Q. 

:; 
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1k 

\ 
\ 
~ 

10k 100k 
Frequency (Hz) 

1M 

SMALL SIGNAL FREQUENCY RESPONSE 

"' ~ g' -30 

e. -60 
:c 
~ -90 .. 
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-150 
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10k 100k 
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OUTPUT DISTORTION VS FREQUENCY 
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Q> 
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Ci. 
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10k 
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, 
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AC FEEDTHROUGH VS FREQUENCY 
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Q> u.. 

100 1k 10k 100k 
Frequency (Hz) 

DISCUSSION OF 
PERFORMANCE CURVES 

STEP RESPONSE 
Step response is measured with· one input at + JO or 
- JOVDC and with a 20Vp-p square wave applied at the 
other input. 

LARGE SIGNAL FREQUENCY RESPONSE 

This response curve describes the output voltage capabil
ity of the 4204 and 4206 as a function of frequency. The 
measurement is made with one input at + JO or - JOVDC, 
and with a sine wave applied at the other input. An 
output distortion of 0.5% is allowed. 

SMALL SIGNAL FREQUENCY RESPONSE 

These curves are the amplitude and phase response of 
the 4204 and 4206's transfer function, when one input is 
held at + JO or -IOVDC. A sine wave signal is applied to 
the other input. Small signal response requires that the 
amplitude of the input sine wave be adjusted so that the 

. output signal does not reach the slew rate limitation. . 
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OUTPUT DISTORTION 

The output distortion of the 4204 and 4206 is of most 
interest in modulator applications. The curve for Output 
Distortion characterizes this distortion with one input 
held at + IO or - IOVDC. A sine wave is applied to the 
other input. The sine wave amplitUde is held constant at 
20Vp-p while frequency is varied. 

THEORY OF OPERATION 

4}-----------------------------; 

These products' log-antilog mUltiplication technique is 
based upon the logarithmic voltage-currerit relationship 
in a semiconductor junction. This action is shown by the 
simplified equation: 

VBE = (KT/q) (In Ie - In Is) 

where V BE is the transistor's emitter-base voltage, Ie is 
the transistor collector current, Is is the collec~or satura
tion current, K is Bolzmann's constant, q is the charge of 
one electron and T is the absolute temperature in degrees 
Kelvin. As can be seen from the equation, the 

AC FEEDTHROUGH 

This variation of feedthrough as a functiori of frequency 
is illustrated in the curve above. One of the inputs is a 
zero while a 20Vp-p sine wave is applied at the other 
input. The output feedthrough generally has substantial 
harmonic content and is measured in millivolts, peak-to
peak. 

r------{12 

logarithmic function is extremely temperature sensitive. 
The 4204 and 4206, however, have excellent temperature 
characteristics because the log and antilog circuitry have 
equal and opposite temperature drifts which cancel to a 
first order approximation. The log and antilog circuits 
will compensate each other to the extent that the various 
logging transistors are matched to each other. These 
transistors are placed adjacently on a monolithic chip to 
obtain the best possible matching, and so the best 
possible performance. 
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OPERATING MODES 

MULTIPLY MODE DIVIDE MODE 

,... 
Ez 

~ 014 1~ II E~ 

0 0 

L,g" ,-
i... 

0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

08 7 08 7-

~x 
l 

Ex ,.... 
~ 

EOUT :::: Ex Ey 110 Eou, ~ 10 Ed Ex 
-10V s: Ex s: -O.IV 
-10V s: Ez s: +10V 

ADJUSTMENTS 

Although the products will achieve specified performance 
in the multiply mode with no external trimming, opti
mized performance can be achieved with external adjust
ments. The proper connections and the trim procedures 
are explained below. 

The 4204 and 4206 will operate within specification with 
any.combination of input signals. The best performance, 
however, will be obtained in the second, third, and 
fourth quadrants. That is, if four quadrant operations 

. are not needed, the performance can be optimized by 
constraining operation to quadrants 2, 3 and 4 rather 
than I. 

MULTIPLICATION 
Multiplication Trim Procedure (Figure 1) 

I) Set Ex = 0 and apply a IOVp-p sine wave (50Hz) to 
Ey: Adjust R, for minimum output. 

2) Set Ey = 0 and apply a IOVp-p sine wave (50Hz) to 
Ex: Adjust R2 for minimum output. 

Ex 

SQUARE ROOT MODE 

Ez 

E~ 9 14 - 0 
0 
0 
0 
08 7 

EOUT = - J'1'Q"E; T' 

OV s: Ez :s; +10V 

EOUT = Ex Ev 110 

r------"l~_ ...... _:{EOUT 

4 

4204 
4206 

11 

20kO 
l' 

12 

lMO 
lMO 

lMO 
lMO 

+15VDC -15VDC +15VDC -15VDC 

EvO--W-O ~ 
20kO . 20kO 

R, R3 

+15VDC -15VDC 

~ ..... -o 
20kO 

R. 

3) Set Ex'= Ey =0: Adjust R3 for EOUT = O.OOV. 

4) Set Ex = Ey = +IO.OOOV ±lmV: Adjust R. for EOUT 
= + 1O.000V ±2mV. 

FIGURE I. Multiplication Trim Procedure. 
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DIVISION 

The 4204 and 4206 may be used as a two-quadrant 
divider without the need for an external operational 
amplifier. It should, however, be noted that the maximum 
output error is approximately given by 

divider error = 100M / Ex 

where OM is the total error specification for the muitiply 
mode. Obviously, divider error becomes excessively large 
for small values of Ex. A 10:1 denominator range is 
usually the practical limit. If accurate division is required 
over a wide dynamic range of denominator voltage, the 
Burr-Brown, Model· DIVIOO is recommended (0.25% 
max., over a 40:1 range). 

Ez 

+15VDC 

Eo; 10 I Ez Ex 
-10V " Ez" +10V 
-10V" Ex " -0.1V 

-15VDC +15VDC -15VDC 

"'O---W-O 
R, 

20kCl 

FIGURE 2. Division Trim Procedure. 

Division Trim Procedure (Figure 2) 

I) Set all potentiometers near mid-scale. 

2) Set Ez = OV, Ex = -IOV, adjust R2 such that Eo = 
O.OOOV ±2mV. . 

3) Set Ex = Ez = -1O.000VDC ±2mV, adjust R3 such 
tliat Eo = +IO.OOOVDC ±2mV. 

4) Set Ex = Ez = minimum value required by application, 
adjust R, such that Eo = +1O.000VDC ±5mV. 

5) Repeat steps 2 through 4 if necessary. 

SQUARE ROOT 

The pin connections for the Square Root mode of 
operation are similar to those for division, except that 
the denominator input is connected to the output node. 
Errors in the Square root mode of operation become' 
troublesome for small values of Ez. However, the output 
error does not increase so rapidly as in the divide mode. 
The actuai output for small values of Ez is given' 
approximately by 

EouT = -y'1O Ez + 10 oM 

where OM is the total error specifed for Multiply mode. 
This equation can be used to determine the feasibility of, 
using either of these products as a square rooter for a 
given application. For operation over a much wider 
dynamic range, with improved accuracy, the Model 4302 
multifunction converter is recommended. 

0" Ez" +10V 
+15VDC 

Ez 

R, 
20kCl 

FIGURE 3. Square Root Trim Procedure. 

Square Root Trim Procedure (Figure 3) 

IN4154 

I) Set Ez = +I0.000VDC ±2mV,adjust R2 such that Eo 
= +1O.000VDC ±2mV. 

2) Set Ez = minimum value requjred. by application 
(EZM)' adjust R, such that Eo = -y'1O EZM ±2mV. 

3), Repeat steps 1 and 2 if necessary. 
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BURR-BROWN® 

IElElI 
For a /8838 version of this 
product. see 4213/8838 in. 
the Military Products section. 

4213 

MUl TIPlIER-DIV!DER 

FEATURES 
• LOW COST 

• DIFFERENTIAL INPUT 

• ACCURACY 100% TESTED AND GUARANTEED 

• LOW NDISE 
i20,.N. rms. 10Hz 1010kHz 

.. SELF-CONTAINED 
No additional ampliliers 

• SMALL SIZE 
Hermetic TO-100 package 

• WIDE TEMPERATURE OPERATION 

DESCRIPTION 
Thc 4213 multiplicr-d i\idcr is a low cost prccision 
dc\·icc dcsigncd for gcncral purposc application. In 
addition to four-quadrant multiplication. it also 
pcrforms analog squarc root and di\·ision without 
thc bothcr of cxtcrnal amplificrs. Thc 4213 is lascr
trimmcd to guarantcc its ratcd accuracy with no 

4213 FUNCTIONAL OIAGRAM 

Mulllpller Core 

AHenuator 

APPLICATIONS 
• MULTIPLICATION 

• DIVISION 

• SQUARING-

• SQUARE ROOT 

.LINEARIZATION ' 

o POWER COMPUTATION 

• ANALOG SIGNAL PROCESSING 

o ALGEBRAIC COMPUTATION 

• TRUE RMS-TO-DC CONVERSION 

cxtcrnal componcnts. Thc intcrnal tcncr rcgulatcd 
rckrcnccs makc thc 4213 much Icss scnsiti\c to 
supply Hlriation than carlicr Ie multiplicrs. Hcrmctic 
TO-IOO package. widc opcrating tcmpcraturc rangc. 
low output noisc. and low cost arc somc of thc 
dcsirahlc fcaturcs of this \wsatilc dcyicl'. 

OUT 

Inlernallonal Alrporl Induslrlal Park· P.O. Box 11400 • Tucson. Arizona 85734 . Tel. 16021 746·1111 - Twx: 911).952·1111 • Cable: BBRCORP . Telex: 66·6491 

PDS-366E 
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SPECIFICATIONS 
ELECTRICAL 
Specifications at TA = +25°C and +Vcc - 15VDC unless otherwise noted - -

MOOEL I 4213AM I 4213BM I 4213SM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

MULTIPLIER PERFORMANCE 
Transfer Function IX, - X2~~Y1 - Y2' + Z2 

Total Error -10V <; X. V <; 10V 
Initial T. = +25°C ±1.0 ±0.5 ±0.5 % FSR 
vs Temperature -25°C <; T. <; +S5°C ±O.OOS ±0.02 -- -- % FSR/oC 
vs Temperature -55°C ~ TA ~ +125°G -- -- -- -- ±0.025 ±O.OS % FSR/oC 
vs Supply ±0.05 % FSRI% 

Individual Errors 
Output Offset 

Initial T. = +25°C ±to £50 ±7 ±25 ±7 ±2S mV 
vs Temperature -25°G ~ TA ~ +85°G ±0.7 ±2.0 ±0.3 ±0.7 -- -- mVioC 
vs Temperature -55°C ~ TA ~ +125°C -- -- -- -- ±0.3 ±0.7 mVloC 
vs Supply ±0.25 mVl% 

Scale Factor Error 
Initial TA == +25°C ±0.12 % FSR 
vs Temperature. -25°C ~ TA ~ +85°C ±O.OOS -- % FSR/oC 
vs Temperature -55°C <; T. <; +12SoC -- -- ±O.COS % FSR/oC 
vs Supplyl ±O.OS ,%FSR/% 

Nonlinearity 
X Input X = 20V. p-p; V = ±IOVDC ±O.OS % FSR 
V Input V = 20V. p-p; X = ±IOVDC ±0.01 %FSR 

Feedthrough .1=SOHz 
X Input X = 20V. p-p; V = 0 30 mV. p-p 
V Input V = 20V. p-p; X = 0 6 mV. p-p 
vs Temperature -25°C <; T. <; +S5°C 0.1 -- mV. p-p/oC 
V5 Temperature -55°C ~ TA ~ +125°C -- -- 0.1 mV. p-p/oC 
vs Supply 0.15 mV. p-p/% 

DIVIDER PERFORMANCE 
Transfer Function X, > X2 I,~,Z~-~r • + V2 

Total Error ,with X=-IOV 
external adjustments· -IOV <; Z <;+IOV ±0.75 ±0.35 ±0.35 % FSR 

X~-1V 
-IV <; Z <; +IV ±2.0 ±1.0 :!:1.0 %FSR 

-IOV <; X ";.-0.2V 
-IOV <; Z <;' +IOV ±5.0 ±I.O ::!:1.0 % FSR 

SQUARER PERFORMANCE 
Transfer Function 'X, ~OX2.2+ Z2 

Total Error -IOV <; X <; +IOV I ±0.6 I ±0.3 ±0.3 % FSR 

SQUARE-ROOTER PERFORMANCE 

Transfer Function Z, < Z2 +JIO. Z2 - Z,· 
Total Error IV <;Z <; 10V I ±1 I ±O.S ±O.S %FSR 

AC PERFORMANCE 
Small-Signal Bandwidth ~3dB 550 kHz 
1% Amplitude Error Smail Signal- 70 kHz 
1% ·0.57° Vector Error Smail Signal 5 kHz 
Full Power Bandwidth IVd = 10V. RL = 2kll 320 kHz 
Slew Rate IVd = 10V. RL = 2kll 20 Vi.sec 
Settlin'g Time t = ±1%. ~Vo = 20V 2 ,usee 
Overload Recover~ 50% Output Overload 0.2 . ,usee 

INPUT CHARACTERISTICS 
Input Voltage Range 

Rated Operation ±10 V 
Absolute Maximum ±Vcc V 

Input Resistance X. V. Zi1l 10 Mil 
Input Bias Current X. V. Z 1.4 .A 
OUTPUT CHARACTERISTICS 
Rated Output 

Voltage 10 = tSmA :t10 V 
Current Vo == :!:10V ±5 mA 

Output Resistance 1= DC 1.5 Il 

OUTPUT NOISE VOLTAGE X-V=O 
10 1Hz 40 ~~;jRf fo = 10kHz 1.0 
111 Corner Frequency 1060 Hz 
Is = 10Hz to 10kHz 125 /AV. rms 
Is = 10Hz to 10MHz 3 mV, rms 

POWER SUPPLY REQUIREMENTS 
Rated Voltage ±15 VDe 
Operating Range Derated Performance ±S.5 :t20 VDC 
Quiescent Current ±5.5 rnA 
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ELECTRICAL (CO NT) 

MODEL I 4213AM I 4213BM I 4213SM I 
PARAMETER I CONDITIONS I MIN I TYP I MAXJ MIN J TYPJ MAXJ MIN I TYP I MAXi UNITS 

TEMPERATURE RANGE ,Ambienl, 
Specification 

I I -25 I I 
+85 I 

I I I -5:5 I. I '1:
25 1 "C 

Operating Range Derated Performance -55 +125 "C 
Storage -65 +150 "G 

NOTES: 
1. Z2 input resistance is 10Mn. typical. with Pin 9 open. If Pin 9 is grounded or used lor optional offset adjustment. the Z2 input resistance may be as low as 25kU. 

'Same as 4213AM specification. 

MECHANICAL 

NOTE: 

Lsads 10 true position within 010" L-Pr __ ;,_,m_ml-'j""_""""'. 

Z ~ I 
--I!.-o 

INCHES 
DIM MIN MAX 

A .335 .370 

B .305 .335 

C .165 .185 

D .016 .021 

E .010 .040 

F .010 .040 

G .230 BASIC 

H .028 .034 

J .029 .045 

K .500 --
L .120 .160 

M 36° BASIC 

N .110 I .120 

ORDER NUMBER. 
4213AM 
4213!lM 
4213SM 

WEIGHT: 
1 gram 

MILLIMETERS 

MIN MAX 

8.51 9.40 
7.75 . 8.51 

4.19 4.70 

0.41 0.53 

0.25 1.02 

0.25 1.02 

5.84 BASIC 

0.71 0.86 

0.74 1.14 

12.70 --
3.05 4.06 

36° BASIC 

2.79 3.05 
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NOTES: 

CONNECTION DIAGRAM 

Vos 
lOOk!! • 

'Optional compon.nl -15VDC 

PIN CONFIGURATION 
Y2 

1. Vas adjustment optional not normally recommended. Vas 
pin may be left open or grounded. 

2. All unused input pins should be grounded. 
3. Pin 5 IS connected to the case. 

SIMPLIFIED SCHEMATIC 

I 
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TYPICAL PERFORMANCE CURVES 

TOTAL ERROR VS 
AMBIENT TEMPERATURE 

V' 
V 

I' 

-75-50-25 0 255075100125 
Ambient Temperature °C 

OUTPUT AMPLITUDE VS 
FREQUENCY 

" ~X 
Y~' 

\ 
lOOk 1M 10M 

Frequency Hz 

COMMON-MODE REJECTION 
VS FREQUENCY 

~ Y 12V,p-p 
\ X = ±10VDC-

X = 12V. p-p r\ Y = ~10VDC 

\ 

\. 
\ 

100 

a: 10 
~ 
'0 
If' 

i?: ." m 0.1 
.S 
"2 
;\l 0.0 

0.00 

1 

1 

NONLINEARITY VS FREQUENCY 

Indut Sig~al = 2dv, p-p 

/ 
;I' 
./ 

'/ /' 
/ y 

to 100 lk 10k lOOk tM, 

10 

-10 

Frequency' Hz 

LARGE SIGNAL RESPONSE 

v-
1\ I 

I \ 
r--

/cRL =2kll \ 

CLr50PI \ 

o 
I 

1.0 2.0 3.0 4.0 5.0 
Time 'J..Isec 

OUTPUT VOLTAGE VS 
OUTPUT CURRENT 

25r-~'--r-T~--~~~ 

> 20 
+1 

" a15 g ...--... __ . 

~10 ~-P~--r-+-~ 
:; 
o 5 ~~;:;j~~H~-l-I 

1000 

6: soo 
,,: 
E 200 

" S100 

g 5 0 
.r: 

[ 20 
.r: 

I 
10 

20 

18 

16 

> 14 

~ 12 

~ 10 

:; 8 
Co 
E 6 

16 

14 

E 10 
~ 
5 
u ,., 
ii 
Co 
~ 

UJ 

o 

FEEDTHROUGH VS FREQUENCY 

Inp1t Sig}al ~ rOV, ~-p-C 
I I d 

X-F~edlh~OU9~ '/ . ~I 
Y_Fe~d\hroIU9~ / 

10 100 lk 10k lOOk 1M 10M 

Frequency, Hz 

INPUT VOLTAGE FOR 
LINEAR RESPONSE 

-== Positive Common-mode 
Differential 

-=-= Negative common-mo~, 

'I 
~n.· 

_.-
'1/ .. ' , .-

If.. I 
~ I 

2 4 6 8 10 12 14 16 18 20 
Power Supply Voltage, ±Vcc 

SUPPLY CURRENT VS 
AMBIENT TEMPERATURE 

5mA Load f---,.,.-

Quiescent 

10 100 lk 10k lOOk 1M 10M 
Frequency Hz 

o 
Output Current [±mA 

16 -100-75-50 -25 0 25 50 75100125150 
A,mbient Temperature 10C 

ABSOLUTE MAXIMUM RATINGS 

Supply 
Internal Power Dissipation!1} 
Differential Input Voltage(2) 
Iflput Voltage Range(21 
Storage Temperature Range 
Operating Temperature Range 
Lead Temperature • soldering. 10 seconds· 
Output Short-circuit Duratlon(3) 
Junction Temperature 

±20VDC 
500mW 
.±40VDC 
±20VDC 
-65°C 10 +150°C 
-55°C 10 +125°C 
+300°C 
Continuous· 
+1500 C 

1. Package musfbe derated based on: fJJC = 55°CIW and flJA = 165°C/W. 
2. For supply voltages less than :!:20VDC the absolute maximum input voltage is equal to the supply voltage. 
3. Short-circuit may be to ground only. Rating applies to +85°C ambient. 
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BURR-BROWN® 

IElElI 4214 

MULTIPLIER - DIVIDER' 

FEATURES 
• DIFFERENTIAL INPUTS 

• LASER·TRIMMED 

• GUARANTEED ACCURACY 
0.5% and 1% 

• SELF·CONTAINED 
No additional parts required 

• LOW NOISE 
120jlV rms. 10Hz· 10kHz 

• DIP PACKAGES 

DESCRIPTION 
The 4214 family of mUltipliers are low cost integrated 
circuit multiplier/dividers designed for general 
purpose usage. In addition to four quadrant 
mUltiplication, they also perform division and square 
rooting of analog signals. They do not require use of 
additional amplifiers to perform these functions. The 
4214 is,laser.trimmed prior to final packaging and is 
guaranteed to its rated accuracy with no external 
components - a distinct advantage from standpoints 
of cost and reliability. 

4214 contains its own zener regulated references and, 

APPLICATIONS 
o MULTIPLICATION 

• DIVISION 

• SQUARING 

• SQUARE ROOTING 

• ADAPTIVE CONTROL 

• ALGEBRAIC COMPUTATION 

• POWER COMPUTATION 

as a result is much less sensitive to supply voltage 
variation than were earlier Ie mUltipliers. The 
multipliers' output noise is only 120"Vrms ina 10Hz 
to 10kHz bandwidth. 

The unit is available in two 14 pin DIP packages. The 
plastic version ("P" package) is offered for minimum 
cost as is specified over the -2S·e to +ss·e range. The 
hermetic metal package ("M" package option) 
provides operation -over the full -ss·e to +12S·e 
temperature range. 

lnIIrnalltnal Alrper\ Indullrlll Park· P.O. lax 11400 - Tucsan. ArlzQII.I 85734 • Tel. 1802) 746·1111 • Twx: 910-952·1111 • Cable: BBRCORP • TellX: 68-6481 

PDS·395 
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ELECTRICAL SPECIFICATIONS 
Typical performance at +2SoC with rated power supplies unless otherwise noted. 

MODEL 

OUTPUT FUNCTION 
TOTAL ERROR" ) 
Without Trimming 
Error vs Temperature (-2S"C to +85"C), (AP and SP) 

(-55'C to +125'C), (RM and SM) 

Error vs Supply 

INDIVIDUAL ERRORS 
Output Offset 

VI Temperature 

vs Supply 
Scale Factor Error 

vs Temperature 
vs Supply 

Nonlinearity 
X(X = 20V p-p, Y = ±IOVDC) 
Y(Y = 20V p-p, X = ±IOVDC) 
Feedthrough at 50 Hz 
X = 20V p-p, Y = 0 
Y=20Vp-p,X=0 

vs Temperature 
VI Supply 

AC PERFORMANCE 
Small Signal ±3dB Flatness 
Small Signal ;tl'% Flatness 
Small Signal ±I% Vector Error (0.57° Phase Shift) 
Full Power Bandwidth 
Slt'w Rate 
Settling rime to 1% (20V step) 

OUTPUT NOISE IX = Y = 0) 
10 Hz to 10 kHz 
10 Hz to 10 MHz 

INPUT CHARACTERISTICS 
Input Voltage Range 

Rated Operation. min. 
Absolute max 

Input Impedance, X. Y, Zf21 

Input Bias Current, X, Y, Z 

OUTPUT CHARACTERISTICS 
Rated Output 
Output Impedance 

POWER SUPPLY REQUIREMENTS 
Rated Voltage 
Operating Range 
Quiescent Curr~nt 

TEMPERATURE RANGE 
Rated Performance (specification) 

Operation 
Storage 

APand BP 
'RM and SM 

AP and BP 
RM and SM 

4214AP/RM'" 4214BP)SM'" 

(X, - X,) (y, - V,) 
10 + Zl 

1% max 0.5% max 
O.OO8%i"C typ., 0.02%1 "e max 
O.025%I"C typ .. 0.05%. "c max 

0.05%1% 

IOmV typ 7mV typ 
SOmV max 25mV max 

0.7mV I'C typ 0.3mV i"C typ 
2mVjOC max a.7mV/oC max 

0.25mV/% 
0.12% 
O.OOS%/'C 

0.05%/% 

±O.OS% 
±O.OI% 

30mV p-p 
6mV p-p 

O.lmV p-p"'C 
O.15mV p-p, o/c 

610 kHz 
90 kHz 
7.5 kHz 
330 kHz 
23V/jJs 

1.71.t5. 

120jJV rms 
700JJ.V rms 

±IOV 
±V. 

10 Mil 
1.4~A 

± IOV at ±5mA min 
1.511 

±15V 
±S.5VDC to ±20VDC 

±5.5mA 

-25"<: to +S5"<: 
-55"<: to +125"<: 
-55"<: to +125"<: 
-40"<: to +85"<: 
-65"<:'to +150"<: 

Total error is the maximum allowed value of the sum of the Lndividual error!l. 

2. Zl input impedance is 10 MO typ With Pin II open circuit. If Pin II is grounded or used 
for optional offset adjustment the Zl input impedance may become as low as 25k!1-

3. 4214RM and 4214SM will be available after May 15. 1975. 
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Pin 14 

MECHANICAL 
4214AP, 4214BP 

Weight: 2.9 grams (0.10 Ol.) 

4214RM,4214SM 
Weight: 3.9 grams (0.13 oz.) 

4.8mm 

1

_12.6mm_

1 
<0.19") 

<0.50") --L-

n~ 
0000000 

0000000 

I 

0.46mm-l1-
(O.OIS,,) 

7.6mm 
(0.30', 

Connector: Ol45MC (14-pin DIP) 
Pin material and plating composition 
conform to method 2003 (solderability) 
of Mil-Std-S83 (except paragraph 3.2) 

CONNECTION \ 
DIAGRAM 

No internal 

connections on 
Pins 4. 5, 6 and 8. 

~OTE: Vo!> adJu!otment optional. not norman~ recommended. 

Pin II may be left open or grounded. 



BURR-BROWN® 

IElElI 4302 

'Low Cost 
MULTIFUNCTION CONVERTER 

FEATURES 
-LOW COST 

• SMALL PACKAGE - Oual-in-line 

• RELIABLE HYBRID CONSTRUCTION 

• VERSATILE 

FUNCTIONS 

MULTIPLY 
DIVIDE 
SQUARE 
SQUARE ROOT 
EXPONENTIATE 
ROOTS 
SINE Ii 
COSINE Ii 
TAN.I [Y/X) 

"IXi+Yi 

ACCURACY 

±O:25% 
±O.25% 
±O.03% 
±O.07% 
±O.15% [m = 5) 
±O.2% [m = .2) 
±O.5% 
±O.8% 
±O.6% 

±O.07% 
Typical accuracies expressed as a % of output full scale (+10VDC) at 25°C 

DESCRIPTION 
Burr-Brown's multifunction converter model 4302 is 
a low cost solution to many analog conversion needs. 
Much more than just another mUltiplier / divider, the 
,4302 out performs many analog circuit functions 
wi~h a very high degree of accuracy at a very low total 
cost to the user. 

Inlamational Airport Induslrlal Park - P.O. Box 11400 - Tucson. Arizona B5734 - Tel. 16021 746,1111 • Twx: 910-952·1111 • Cable: BBRCORP· Talex: 66·6491 

PDS-326D 
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SPECIFICATIONS 
Performance typical at 250C and with rated supply unle .. otherwise noted. 

ELECTRICAL 
MOOEL 

TRANSFER FUNCTION 

RATED OUTPUT 
Voltage 
Current 
INPUT 
Signal Range 
Absolute Maximum 
Impedance (X/Y/Z) 
EXPONENT RANGE 

Roots (0.2 "m < I ) 

Powers (I < m "S) 

(m = I) 

POWER REQUIREMENTS 
Rated Supply 
Range 
Quiescent Current 
TEMPERATURE RANGE 
Operating 
Storage 

General specifications for the Model 
4302 Multifunction Converter are pre
sented on this page. These specifica
tions characterize the 4302 as a versatile 
three input multifunction converter. 

4302 
Vz ... 

Eo=Vy(v, ) 

+IO.OV 
SmA 

0--' (VX, Vy, VZ) --'+10 V 
(VX,Vy, VZ) "tiS V 
100 kn/90 kn/IOO kn 

m=~ Refer to 
R) +R2 Functional 

~ R) + R2 Diagram 
m---- below 

R2 
R) = 0 n, R2 not used 

t)S VDC 
t)2 to tiS VDC 
t)OmA 

-25"<: to +s5OC 
-25°C to +85"<: 

, 

MECHANICAL 

+12.7mm .. 

20.3mm . (0.50")~ 
(O.SO") '0.1 

dOtover~ pin 1 

4.6mm ' 
(O.IS") ~ 0 ~ 0 ~ ::t: 
~ . (0.25") 

~C1 pin 14 

~t / 0.51mm 

pin 1 --.\~ (0.020") 

Row Spacing: 7.6mm (O.300") 
Weight: 3.4 grams (0.12 oz.) 
Conn'actor: 14·pln DIP 

0145MC 

Pin material and plating composition 
conform to Method 208 (solderability) . 
of MII-Std-202. 

PIN CONNECTIONS 

+15 VDC ~14 I*" x Input 
Y Input ~13 2*" Output 

me ~12 3<>- -15 VDC 
mB 11 Make No Conn. 

Common ~10 » x Offset Adj. 
Make No Conn. -c>9 6*' mA 

Z Offset Adj. ~8 7*, Z Input 

(BOTTOM VIEW) 

4302 FUNCTIONAL DIAGRAM 

The following pages are applications 
. oriented to help you apply the 4302· 
to your particular circuit function need. 
These pages contain dedicated circuit 
configurations in order to produce the 
functions of: multiplication, division, 
exponentiation, square rooting, squar
ing, sine, cosine, arctangent, and vector 
algebra. 

V y 0--+...1'''''',..,.-0 

Vxo----------QlHnxXf~----_, 
Vz~--------~1I~RP 

ROOTS POWERS 

(0.2'; m< 1) (1 < m'; 5) (m= 1) 

It is the purpose of this product data 
sheet to enable you to apply the 4302 
to your analog conversion needs quickly 
and efficiently. 

~ ~ ~ ~? 
Many of the following circuit configurations using the 4302 re~ 
quire a reference voltage for scaling purposes. The reference 
voltage is shown to be +15 VDC (.+15 VDC REF_) since in 
most cases the +lSVDC power source for the 4302 has suf
ficient time and temperature related stability to achieve the 
specified typical accuracies. 
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If the particular supplies which are available for powering the 
4302 do not have the necessary stability for the required con
version accuracy t an additional + 1 5 VDC precision supply may 
be required. 



MULTIPLIER/DIVIDER FUNCTIONS 
MULTIPLIER------------
In multiplier applications the 4302 provides high accuracy 
at a low cost. The 4302 accepts inputs up to + 10 VDC and 
provides a typical accuracy of ±0.2S% of full scale. 

(I). Sot RI so that with EI ; E2; +10.00 VDC, Eo; +10.00 VDC. 

DIV~DER 
As a divider, the 4302 outperforrris many of the multiplier/ 
dividers on the market at a much lower cost. In the divider 
configuration the 4302 boasts a typical conversion accuracy 
of ±0.2S% of full scale. 

Transfer Function Eo; +10 (E I /E3) 

ACCURACY 
Total Errors 

Typical at +2SoC ±25 mV 
Maximum at +2SoC '50 mV * 
(for EI .:; E3 and input range) { 0.03V .:; EI .:; 10 V 

0.1 V<;;E3 <;; 10V 
VS. Temperature ±I mV/oC 
Offset Errors (E I ; 0, E3 ; +10 V) 
Output Offset (at 2S0q ±lOmV 
VS. Temperature ±I mV/oC 

NOISE (10 Hz to I kHz) 
E3 ;+IOV 100 "V rms 
E3 ;+0.1 V 300 "V rms 

BANDWIDTH (E I , E3) 
Small Signal (·3 dB) 500 kHz 
Full Output 

(E3 ; +10 V) 60 kHz 

Transfer Function 

ACCURACY 
Total Errors 

Typical. at +25oC 
Maximum at +2 SoC 

(for Input range) 

vs. Temperature 
Offset Errors (E I ; EJ. ; 0) 
Output Offset (at 25 C) 
vs. Temperature 

NOISE (10Hz to I kHz) 

BANDWIDTH (EI' E2) 
Small Signal ( -3 dB) 
Full Output 

tiS VDC 
REF 

E E 
Eo; +-2..2 

10 

±'25 mV 

'50 mV * 
{ 10.03V <: EI <: 10 V 

0.01 V':;E2 <: 10V 
±1 mV/oC 

'IOmV 
'0.2 mV/oC 

100 "V rms 

500 kHz 
60 kHz 

E3V-----..~~"'r7."\~ 

-ISVDC IOk!l +ISVDC -ISVDC 10k!l +15 
VDC 

NOTES: 
(I) Set RI so that with EI ; E3 ; +10.00 VDC, Eo ; +10.00 VDC. 

(2) Set R2 so that with EI ; E3 ; +0.10 VDC, Eo ; +10.00 VDC. 

(3) Set R3 so that with EI ; +0.01 VDC and with E3 ; +0.10 VDC, 
Eo ; + 1-00 VDC. 

(4) Repeat steps 1 through 3 as nec.essary to achieve the specified 
output voltages. 

* The input voltage may be extended below O.03V by connecting a 0.047 ",F capacitor between pins 11 and S, 
causing a slight reduction in bandwidth. (Multiply and Divide Modes). 

EXPONENTIAL FUNCTIONS 
Model 4302 may be used as exponentiator over a range of 
exponents from 0.2 to S. The exponents 05 and 2, square 
rooting and squaring respectively, are often used functions 
and are treated below. Other values of exponents (m) may 
be useful in terms of linearization of nonlinear functions or 
simply for producir;~ the mathematical conversions. Charac
teristics of m = 0.2 and m = 5 are presented on the right. For 
other values of m the curves presented in Figure 3 may be 
used to interpolate the error for a nonspecified value of m. 
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Transfer Function 

Total Conversion Error (typical) 
m;0.2 

0.5 VDC < EI <;; 10 VDC 
0.1 VDC < EI <;; 0.5 VDC 

m; 5 
1.0 VDC < EI <;; 10 VDC 

Exponent Range (continuous) 
Input Voltage Range 
Output Voltage Range 

Eo; 10(~~ r 
±2 m VDC 
±2S m VDC 

±IS m VDC 
0.2<;; m<;; 5 
o to +10 VDC 
o to +10 VDC 



10 r--r:--:-II-T--::J::;:;~ 

t 
Eo 

2 E
I 
__ 

Exponentiator Transfer Characteristics 

NOTES: 
(1) Connect a 100 n potentiometer as shown in Figure 4" for either 

roots (0.2 .. m < I) or powers (I < m'; 5). 
(2) Set RI so that with EI = +10.00 VDC, Eo = +10.00 VDC. 
(3) Select a + DC voltage level (E I) such that the output voltage 

(Eo), as acted upon by the desired exponent, will not exceed 
+10.00 VDC. A level which is mid-range: for input values of 
interest is an appropriate one to use. Set R2 so th.at the out
put voltage (Eo) is the value expected for the chosen values of 
input (EI) and exponent (m). 

Use these connections 
_ when taking roots of 

small input levels. 

(4) Repeat steps (2) through (4) as necessary. 

* When taking roots of smaller input levels,.8 modified transfer 
equation (Eo = (10E 1)mJ will provide improved co~version 
accuracy. To achieve this transfer function: 1) apply a +1.5 VDC 
REF in place of the +15 VDC REF shown in Figure 4., 2) make 
R3 a 1.40 Mfl resistor, an4 rearrange R. and RJ as 1.5VDC REF 
and 3) follow all notes except in note (2) apply +0.1 OVDC to pin 
7 to set R I to Eo = + 1.00VDC. 

SQUARE ROOT -----'--------
As a Square Rooter (m = O.S), the 4302 provides a typical 
total conversion accuracy of ±0.07%. Refer to Figure 5 and 
notes for connections and adjustments respectively. 

Transfer Function tf Eo= 10-
10 

Total Conversion Err~r (Typical) 
0.5 VDC < EI .. 10 VDC ±7mV 

0.02 VDC < EI .:; 0.5 VDC ±SS mV 
Input Voltage Range Oto+IO VDC 
Output Voltage Range Oto +10 VDC 

NOTES: 
(I) Connect pins 12,11, and 6 together. Set RI such that with 

EI = +10.00 VDC; Eo = +10.00 VDC. 
(2) Connect 100 n resistors liS shown in Figure 5.' 
(3) For greater conversion accuracy. R2 & R3 may be replaced by 

a potentiometer as shown in Figure 4. 

SQUARE 
Configured as a Square Function Converter (m = 2), the 
4302 produces high conversion accuracies of typically 0.03%. 
Please refer to Figure 6 and accompanying notes. 

Transfer Function Eo = 10 (~~ ) 2 

Total Conversion Error (typical) 

0.1 VDC .. EI .. 10 VDC ±3mV 
Input Voltage Range Oto +10 \rDC 
Output Voltage Range o to +10 VDC 

NOTES: 
(I) Set RI such that with EI = +10.00'VDC, Eo = +10.00 VDC. 
(2) Connect 100 n resistors as shown in Figure 6. 
(3) For greater conversion accuracy R2 & R3 may be replaced by 

a potentiometer as shown in Figure 4. 
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TRIGONOMETRIC FUNCTIONS 
SINE-------------
Sine functions can be accurately generated from input volt
age levels representing angular displacement from 0 to 900 • 

Model 4302 configured as in Figure 7 will produce the sine 
power series approximations with modified coefficients to 
typically better than ±0.5% of full scale. In this circuit, the 
4302 is scaled so that when IJ = 0, Eo = 0 VDC, and when 
IJ = 90, Eo = lQVDC. 

NOTES: 
(I) Adjust R4 if needed so that EI < I m VDC when EO = O. 

(2) Adjust R2 so that EI = +0.8045 VDC when EO = +5.00 VDC. 
(3) Adjust R3 so that EI = +5.709 VDC when EO = +10.00 VDC. 
(4) Repeat steps (2) and (3) as necessary. 

FIGURE 7 

+15 Vdc 
REF 

137 kS1 

845 kS1 

Transfer Function Eo = 10 Sin 9EO 

Power Series Approximation 

~ EO )2.827 
Eo = 1.5708EO -1.5924 6.366 

Total Conversion Error (typical) ±SOmV 

Input Voltage Range (0 .. 0 .. 900 ) o to +10 VDC 

Output Voltage Range (0 .. sin 0 .. I) o to +10 VDC 

10 kS1 

10.0 kS1 

10.0 kS1 

EO(}---------------------e----------------------~ 36.6 kS1 

COSINE------------
Connected as in Figure 2, the Model 4302 will generate a 
cosine functi()n of the input voltage. Typical accuracies of 
±0.8% can be expected from this configuration. 

NOTES: 
(I) Adjust R 1 so that Eo = .. I 0.00 VDC when EO :" O. 
(2) Adjust R2 so that Eo = 0 when EO = +10.00 VDC. 

. Transfer Function Eo = 10 cos 9EO 

Power Series Approximation 
Eo = 10 + 0.3652 EO _0.4276EI.504 

Total Conversion Error (typical) ±80mV 

Input Voltage Range (0 .. 0 .. 90°) o VDC to +10 vqc 
Output Voltage Range (I .. cos 0 .. 0) +lO·VDC to 0 VDC 

+15 VDC REF 

20.5 kn 

14.0 kS1 

10.0 kn 

-15 VDC 

37.4 kS1 

EO(}----------------~------~--------------~ 
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ARCTANGENT 
Model 4302 and the associated circuitry shown below will 
produce the inverse tangent of a ratio. This application is 
particularly well suited to conversion from rectangular 
coordinates to polar coordinates where 

~ 
EO = tan-I Ex 

The accuracy of conversion depends upon the levels of the 
input signals. Please refer to table·at right. 

NOTE: 
(1) Set RI sothat with EI = E2 = + 10.00 \tDC. Eo = +4.500 VDC 

±I mVDC. 

2S kO 

Transfer Function 

Power Series Approximation 

Total Conversion Error 
2< EpE2';; 10VDC 
0.1 < EI> E2 .;; 2 VDC 
0.03 < EI. E2 .;; 0.1 VDC 

Input Voltage Range (EI. E2) 
Output Voltage Range 0 .;; E9 .;; 900 

+lsVDC 

-15VDC 

±55 m VDC 
±65 m VDC 
±340 m VDC 

+0.01 VDC to +10 VDC . 
o VDC to +9 VDC 

VECTOR MAGNITUDE FUNCTION 
The model 4302 will produce the square root of the sum of 
the squares of two inputs. This function is companion to the 
arctangent of a ratio for the conversion of rectangular to 

. polar coordinates. 

NOTES: 
1. Figure 10 sho~s one practical wa to im
plement the transfer function Eo= EI +E2 
using 4302. It shows use of model 3501A op 
amp. Model 350l's rated output is ±IOV, 
This limits the range of E. and E2. ~uch that 
the conditions E,:s;;;~ and 
~21 f (S -,E,'/20) and 

E1- + El-:S;;; to are always satisfied. 

(a) The above conditions imply. 
OV ~ E.,~ IOV and -5V ~ E: ~ SV. 
(b) The above conditions also imply that for 
applications where E, =1 E!I the range would 
be limited to 4.142V· max. 

~ Use of model 3627 as shown in Figure II 

Transfer Function 

Input Voltage Range EI 
. E2 

(refer to ,notes 1 and 2) 

Output Voltage Range 

Conversion Error 

o to HOVDC 
-IOVDC to +IOVDC 

Oto+IOVDC 

*7m VDC 

~~----------~--~--,-~Eo 

IN4154 
or equlv. 

would directly substitute the eight IOkO re- !:E:2==========================~~==~======~ sistors and the two model 350 I A op amps. 
This would reduce the number of 
components needed to implement vc:ctor 
magnitude function and reduce overall cost. E) 

~--~~--~~~~~~ 
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BURR-BROWN® 

IElElI 4340 

TRUE RMS-TO-DC CONVERTER 

FEATURES 
• LOW COST 

• HIGH ACCURACY 
±O.3mV ±O.l % Reading 

• HIGH INPUT IMPEDANCE - 5ku 

• HERMETIC METAL PACKAGE 

DESCRIPTION 
The Burr-Brown Model 4340 is a true rms-to-DC 
converter featuring high performance. low cost. and 
a small hermetic package. The 4340 will compute the 
true rms value of a variety of signals applied to the 
input. The input signal may consist of complex AC 
waveforms as well as a DC voltage level. The output 
of the 4340 is a DC voltage. the amplitude of which is 
equal to the rms value of the input voltage. 

The 4340 will accept input voltages from 0 to ±IOV 
over a wide input frequency range. The conversion 
accuracy of the 4340 is specified in terms of error in 
millivolts plus a percent of reading. as a function of 
input signal level over an input frequency range. 

The 4340 has an input impedance of SkU' and an 

output impedance of I U. This product will supply up 
to SmA of output current at a voltage of +IOVDC. 
The input· is fully protected for conditions of 
overvoltage up to the supply voltage. The output will 
withstand short-circuit to power supply common for 
an indefinite period of time. 

The specified unadjusted performance character
istics of the 4340 are shown in the Electrical 
Specifications. Provision for the external adjustment 
of gain. voltage offset. DC reversal error. and 
frequency response performance allow the user to 
improve upon the specified conversion accuracies to 
the degree required by the user's application. 

IAveraglngl 
r - - - - - - - - - - - - -- - - - - - - - - - - - - - , 
I I 

I 

El I 
I 
I 
I 
I 
I 

X2 

Ranging Circuli 

L _______________________ J 

Inlernalional Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 16021 746·1111 . Twx: 910-952·1111· Cable: BBRCORP· Telex: 66-6491 

PDS·304E 

4-117 



SPECIFICATIONS 

ELECTRICAL 
Typical at 25°C with rated power supplies unless otherwise noted. 

MODEL 4340 

TRANSFER FUNCTION Eo (DC) = JE,;;2 
INPUT 
Peak Voltage ±10VDC 
Absolute Maximum Voltage ±Supp)y 
Impedance SkO 

OUTPUT 
Vollage o to +10VDC 
Current, min +SmA 
Impedance 10 

CONVERSION ACCURACY 
Total Unadjusted Error, max 

Input: 10mV. rrns to 7V, rrns ±2mV ±D.2% Reading 
Input: 100Hz to 10kH~ sine wave· 

Totsl Adjusted Error·· 
Input: 10mV, rrns,to 7V, rrns ±D.3mV ±O.I% Reading 
Inpul: SOHz to 20kHz· 

STABILITY 
Accuracy vs Temperature ±O.OOI% of FSR plus 

. ±O.OI% of reading per °C 
Accuracy vs Supply ±O.OOI% of FSR plus 

±O.01% of reading per %.1V 

TEMPERATURE RANGE 
Operating -2SoC to +8SoC 
Storage -55°C to +125°C 

POWER REQUIREMENTS 
Rated Voltage ±15VDC 
Voltage Range ±14VDC to ±16VDC 
Quiescent Current ±12mA 

*Model4340 will convert DC inputs. Lowerfrequency AC Input signals will require the addition of 
external capacitors to preserve the accuracy. 

··Performance with external trims and CL ~ 31'F and' 20pF ~ CH ~ 100pF. 

Averaging 

Square 
"Rooting 
,.--. , 

>-t--tFx 
I 

I I 
I I 
I -

L--I .. ____ R_an_g_in_g_C_ir_C_u_it ___ .. ~ -- J : 

----~ 
FIGURE 1. Functional Block Diagram of Model.4340. 
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MECHANICAL 
NOTE: 
Leads in true position within .010" (.25mm) R @I MMC 
at seating plane. 

v· ! l ~:mb." .hown fo' ,.f.,.n,. onl 
Numbers are not marked on package. 

0000000 
I '2 3 • ~ ~ 7 

A 1.13121110Q S 
0000000 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .860 .880 21.84 22.35 

8 .490 .510 12.45 12.95 

C .170 .250 4.32 6.35 

D .016 .021 0.41 0.53 

G .100 BASIC 2.54 BASIC 

H .115 .155 2.92 3.94 

K .150 I .300 3.B1 7.62 

L .300 BASIC 7.62 BASIC 

A .oeO I .120 2.03 3.05 

Pin material and plating composition meet 
method 2003 (solderability) of MIL-STD-883 
(except lor paragraph 3.2.1). 

PIN CONNECTIONS 

@@@@@@@ 

'Pinl 
Pin 8 

@@\, 

(BOTTOM VIEW) 



BURR-BROWN® 

IElElI 

Low Cost 
TRUE RMS-TO-OC CONVERTER 

FEATURES 
• LOW COST 

• HIGH ACCURACY 
±O.2% ±2mV 

• HIGH RELIABILITY 
Hybrid construction 

DESCRIPTION 
The Burr-Brown Model 4341 RMS-to-DC 
Converter features low cost without sacrificing 
performance. The 4341 computes a DC voltage 
proportional to the true rms value of signals which 
may be complex waveforms, DC levels, or a 
combination of both. 
The input and output are fully protected against 
ov~rvoltages and short circuits. Provisions for the 
external adjustment of gain, offset voltage, DC
reversal error, and frequency response make the 4341 
versatile enough to fill the majority of your 
applications. 

4341 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734 . Tel. (602) 746·1111 • Twx: 911).952·1111 • Cable: BBRCORP· Telex: 66-8491 

PDS323A 
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~ 
+15VDCI 

I 

I 

0--4 
-15VDC I 

L-

( __ R ___ ) Ein2 

SeR + 1 Eout 

Eout (t) 

FIGURE I. Simplified Schematic. 

/ I09Ein2 
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-, 
I Averaging C 

I Capacitor 

I 

I Gain 
I Setting 

R2 

c: 
is 

-15VDC 

_ .... 

THEORY OF OPERATION 

The true rms value of a time-varying signal E (t) over a 
time period T is 

Erm, = V liT ST/o [E(t)]' dt 
,The required operations are' squaring, averaging and 
square rooting. A simplified schematic diagram of the 
4341 is shown in Figure I. The AI circuit produces a 
current i; which is proportional to the rectified input 
voltage. The A2 circuit is a logarithmic amplifier which 
produces a voltage proportional to 2 log Ei• or log Ei.'. 

The logarithmic gain of the A2 circuit is derived from the 
inherent exponential characteristics of transistor 
junctions. By using proprietary monolithic components, 
the circuit provides an accurate log function over many 
decades which is relatively insensitive to temperature 
variations. Amplifier A4 uses the same techniques as A2 
to generate log Eout • 

Transistor Q I produces a collector current h 
proportional to the antilog of its base-emitter voltage 
such that 

i, Cl' log-I (log Ei.' -- log Eout) 

= log-I (log E,,2 I Eout) = E,.' I Eout 

The A3 circuit which contains the external capacitor 
takes the time average of the i, signal and produces Eout 

which is directly proportional to the rrns value of E, •. 

Figures 2 and 3 show the effects of the external filter 
capacitor on ripple magnitude and response time. ~s the 
frequency of the input approaches DC, the 4341 beg~ns to 
act like a full wave rectifier such that the output IS the 
absolute value of the input. While the 4341 will accurately 
convert DC input voltages, the averaging capacitor must 
be made very iarge to minimize ripple at low frequencies. 



ELECTRICAL SPECIFICATIONS 
Typical at 2S"C with fated supply voltages, unless otherwise noted. 

MOOEL 4341 

TRANSFER FUNCTION I loo,(DC)- lIT J T 0 ·E .. ' (t) dt 

INPUT 
Peak Operating Voltage ±IOV 
Absolute Maximum Voltage ±Supply 
Impedance 5kO 

OUTPUT 
Voltage o to +IOV 
Current "+5mA. min 
Resistance 10. max 

BANDWIDTH 
±I% oCTheoretical Output 80kHz 
-3dB 450kHz 

CONVERSION ACCURACY''' 
Input: 500mV, rms to S.OV. rms 
Input: DC to 10kHz Sine Wave ±O.S% of Reading. maxi 11 

Input: IDmV. rms to 7V. cms 
Input: DC to 20kHz ±2mV ±O.2% Reading 

STABIUTV 
Accuracy vs. Temperature ±O.lmV ±O.OI% of Reading/"C 
Accuracy vs. Supply Voltage ±O.tmV ±O.OI% of Readingi% of 

Supply Voltage Change 

TEMPERATURE RANGE 
Operating 25·C to +85·C 
Storage -40·C to +85·C 

POWER REQUIREMENTS 
R~ted Voltage ±15VDC 
Voltage Range ±14VDC to ±16VDC 
Quiescent Current ±12mA. typ./ ±24mA. max 

NOTES: 
I. After standard trim procedure (see below), 
2. Model 4341 will convert DC inputs. lower frequency AC inputs require a large value of averaging 

capacitor to minimize ripple at output. (see Figure 2). 

STANDARD TRIM PROCEDURE 

MECHANICAL 

1-12.7mm 

20.3mm (0.50") 

10.80"1 ~ 1 
dotover~..---" 
pin ;061~?; 0 0 n ~ ~ -1 

. U 6.4mm 
~ 10.25") 

r7 JL.5:::4 

pin 1~ (0.02") 

Row Spacing: 7.6mm (0,30") 
Weight: 3.4 grams (0.12 oz.) 
Connector: 14·Pin DIP 

0145MC 

Pin material and plating composition 
conform to Method 208 (solderability) 
of MjI·Std-202. 

If the 4341 is used to measure sine waves or distorted sine 
waves, only two trims are needed to achieve an accuracy 
of ±O.S% of reading from SOOmV, rms to SV, rms up to 
10kHz. Refer to Figure 1. 

1. Set Ein = S.OOOV, rms ±O.02% and adjust R I such that 
Eo = S.OOOVDC ±2mV. 

2. Set Ein = SOOmV, rms ±O.02% and adjust R2 such that 
Eo = SOOmVDC ±O.2mV. 

3. Repeat Step 1. 
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CHOOSING THE AVERAGING CAPACITOR 
. A single-pohi low-pass RC filter provides the averaging 

function. The time constant is 1/2 RC where R is IOkn 
when the 4341 is adjusted for unity gain. To select the best 
value of C, make a tradeoff between output ripple and 
response time. Figure 2 shows the ripple magnitude vs. 
frequency for several typical values of capacitor. 
Response time vs. capacitor value is shown in Figure 3. 
(N ote that rise times and fall times are different for the 
same value of capacitor). 

~ 
0 
> 1.0 
0: 
C. 
G 
Cl 
0. 

a: 
5 
S , 
0 

10Hz 30Hz 70Hz 100Hz 300Hz 700Hz 1 kHz 

1.00V RMS Sine Wave Input Frequency 

FIGURE 2. Output Ripple Magnitudevs. Input Signal 
Frequency. 

While the ripple magnitude for signals other than sine 
waves can be analytically determined, it is tedious. The 
fastest method of choosing C is to apply a representative 
input signal and observe the output for various value of 
C. C can be 100's of microfarads, but should have.a 
leakage current less than 0.1 p.A to minimize gain errors. 
With very large values ·of C, the input signals with 
frequencies approaching DC level could be averaged. 
Since the outpuUs always a positive voltage, C can be 
polar capacitor. 

10.000 

Averaging Capacitor Value 

.FIGURE 3. Response Time vs. Value of Averaging 
Capacitor. . 

EXPANDED TRIM PROCEDURE FOR GREATER ACCURACY 
If the 4341 is used in applications to measure complex 
waveforms, the following expanded trim procedure is 
recommended. (Refer. to Figure 4). 

First set all potentiometers at mid turn position. 

I. DC Reversal Error - Apply +1O.000V ±lmV and 
-1O.000V ±lmV to E;" alternatively, adjust R5 such 
that Eo readings are the same ±2mV. 

2. Gain Adjustment - Apply E;" = +IO.QOOVDC 
±lmV, adjust Rl such that Eo =+1O.000VDC ±lmV. 

3. Input Offset - Apply +1O.0mV ±o.lmV and -1O.0mV 
±o.lmV to E;", adjust R4 such that Eo readings are the 
same ±o.lmV. 

4. Offset - Ground E;", adjust R3 such that 
En = 0 ±o:lmV. Repeat Step (3). 

5. Low Level Accuracy - Apply Eon =+IO.OmV ±o.lmV, 
adjust R2 such that Eo = +1O.0mV ±o.lmV. 

NONUNITY GAINS 

1% 

+15VDC 

R4 ~ 
10kil ~ 

-15VDC 

C Averaging 
Capacitor 

20% 20% 20% +15VDC 

10Mil ~~R- 10Mil f 
Range R3 

+15VDC ~-15VDC 10kil 

l~~il -15VDC 

FIGURE 4. Expanded Trim Procedure (High Accuracy 
Applications). 

Gain values greater than unity can be achieved by inserting resistor Rx between pin 5 and pin 6. Rx "" (A 2 - I) x 10k + 2k 
where A is the desired value of gain (I < A .:;;; 10). (Rx is in ohms). 
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BURR-BROWN® 

IElElI 4423 

PRECISION QUADRATURE OSCILLATOR 

FEATURES 
• SINE AND COSINE OUTPUTS 

• RESISTOR·PROGRAMMABLE FREQUENCY 

• WIDE FREQUENCY RANGE: 0.002Hz to 20kHz 

• LOW DISTORTION: 0.2% max up to 5kHz 

• EASY ADJUSTMENTS 

• SMALL SIZE 

• LOW COST 

DESCRIPTION 
The Model 4423 is a precision quadrature oscillator. 
It has two outputs 90 degrees out of phase with each 
other, thus providing sine and cosine wave outputs 
available at the same time. The 4423 is resistor pro· 
grammable and is easy to use. It has low distortion 
(0.2% max up to 5kHz) and excellent frequency and 
amplitude stability. 

The Model 4423 also includes an uncommitted 
operational amplifier which may be used as a buffer, 
a level shifter, or as an independent operational 
amplifier. The 4423 is packaged in a versatile, small, 
low-cost DIP package. 

Inlernational Alrporl Induslrial Park· P.O. Box 11400· Tucson. Arizona 85734 . Tel. (602) 746·1111 . Twx: 910-952·1 III • Cable: B8RCORp·· Telex: 66·6491 

PDS-36SA 
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SPECIFICATIONS 

ELECTRICAL 

FREQUENCY 
Initial Frequency (no adjustments) 
Frequency Range (using 2 R's only) 
Frequency Range (using 2 R's and 2 C's) 
Accuracy of Frequency Equation· 
Stability vs Temperature 
Quadrature Phase Error 

DISTORTION 
Sine Output (pin I) 

0.002Hz to 5kHz 
5kHz to 20kHz 

Cosine Output (pin 7) 

0.002Hz to 5kHz 
5kHz to 20kHz 

Distonion vs Temperature 

OUTPUT 
Amplitude (Sine) 

At 20 kHz .. 
vs Temperature 
vs Supply 

Output Current 
Output. impeda~ce 

UNCOMMITTED OP AMP 
Input OffsefVoltage 
Input Bias Curient 
Input Impedance 
Open loop Gain 
Output Current 

POWER SUPPLY 
Rated Supply Voltage 
Supply Voltage Range 
Quiescent Current 

TEMPERATURE RANGE 
Specifications 
Operation 
Storage 

• May be trimmed for better accuracy. 

Specifications typical at 2S"C and ±ISVDC 
Power Supply Unless Otherwise Noted 

MIN TYP MAX UNITS 

20.0k 20.5 21.0k Hz 
2k 20k Hz 

,0.002 20k Hz 
±I ±5 % 

±SO ±IOO pprn/"C 
±a. I degree 

0.2 % 
0.5 % 

0.2 . % 
O.S % 

0.015 'if "C 

6.5 i 7.5 Vrms 
0.05 %;"C 
0.4 YiY 

1.5 5 rnA 
I il 

1.5 mY 
275 nA 

I Mil 
90 dB 

5 rnA 
.~ 

±15 YDC 
±12 ±IS YDC 

±9 ±IS . rnA 

0 +70 "c. 
-25 +S5 "C 
-55 +125 "C 

PIN CONNECTIONS 
1.. E1,SineOutput 8. Frequency Adjustment 

2. Frequency Adjustment 9. -v cc, -15VDC 
3. Frequency Adjustment 10. +Vcc. +15VDC 
4. +In, Uncommitted Op Amp 11. Common 
5. -In, Uncommitted Op Amp 12. Frequency Adjustment 
6. Output, Uncommitted Op Amp 13. Frequency Adjustment 

7. E2. Cosine Output 14. Frequency Adjustment 
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MECHANICAL 

-t12.7mm 
20.3mm (0.50") 

(0.110") "J 
o.otov.' r--~. ~I 
Pm 1 ---r-J 

tO~'~~ 0 0 0 ~~ ---1 
J...--" ~O~2~~ "---)7 -Pin 14 

I "'_~ Jlo.51mm 
Pin 1 (0.020") 

ROW SPACING - 7.6 (0.300") 
WEIGHT - 3.4 gms (0.12 oz) 
CONNECTOR - 14 pin DIP connector 

Pin material and plating composition 
conform to method 2003 (solderability) 
of MIL-STD-883 (except paragraph 3.2). 

~
+ 

-'. A4 5 - . 

6 

FIGURE L EquiY~lent Circuit. 



TYPICAL PERFORMANCE CURVES 
+5% 

\ 
\ 

'" -.... '" \ -5% -5% 
100kHz 10Hz 100Hz 1kHz 10kHz 100kHz -50 0 +50 +100 +150 

Frequency Frequency Temperature °c 
FIGURE 2. FIGURE 3. FIGURE 4. 

EXTERNAL CONNECTIONS 
1. 20 kHz Quadrature Oscillator 

The 4423 does not require any external component to 
obtain a 20 kHz quadrature oscillator. The connection 
diagram is as shown in Figure S. 

E1"" 10 sin 2rr(20klt 

FIGURES. 

2. Resistor Programmable Quadrature Oscillator 

For resistor programmable frequencies in the 2 kHz to 
20 kHz frequency range, the connection diagram is 
shown in Figure 6. Note that only two resistors of equal 
value are required. The resistor R can be expressed by, 

R = 3.78Sf , R in k!l 
. 42.0S - 2f f in kHz 

FIGURE 6. 

, 3. Quadrature Oscillator Programmable to 0.002 Hz 
For oscillator frequencies below 2000 Hz, use of two 
capacitors of equal value and two resistors of equal value 
as shown in Figure 7 is recommended. Connections 
shown in Figure 7 can be used to get oscillator frequency 
in the 0.002 Hz to 20 kHz range. 
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The, frequency f can be expressed by: 

42.0S R 
f = (C + 0.001) (3.78S +2R) 

where, f is in Hz 
C is in J.LF 

and Ris in k!l 

FIGURE 7. 

c 

E2= 10 cos 21fft 

For best results, the capacitor values shown in Table I 
should be selected with respect to their frequency ranges. 

20 kHz 2 kHz 200 Hz 
f to to to· 

2 kHz 200 Hz 20 Hz 

e 0 O.OI)LF O.I)LF 

20Hz 2 Hz 0.2 Hz 0.02 Hz· 
to to to to 

2 Hz 0.2 Hz 0.02 Hz 0.002 Hz 

I)LF 10)LF 100)LF 1000)LF 

TABLE I. 
. After selecting the capacitor for a particular freq~ency 
the value of the required resistor can be obtained by using 
the resistor selection curve shown in Figure 8 or by the 
expressiori: 

3.78Sf (C + 0.001) 
R = 42.0S _ 2f (C + 0.001) 

where, 

Risink!l 
fisinHz 

and C is in J.LF 



10kn 

0:: I kn 
...l 
< 
~ lOon 
Iol 
to 
)( 
,~ Ion 

In 

~ 

~~ r-~ ,<:5 
I- ,<:5 

f f f f 

~~ ~¥ 
~ 

~~ ~~<i. a:- a· 

O.OOIHz O.OIHz O.IHz 1Hz 10Hz 100Hz 1kHz 10kHz 100kH 
FREQUENCY' 

FIGURE 8. 
The curves shown in Figure 8 are provided only as a 
nomographic design aid. The selection of capacitor 
values is not limited to the values shown in Figure 8. Any 
suitable combination of Rand C values which satisfies 
the expression relating R, F imd C as shown above, would 
work satisfactorily with the 4423. . 

NOTES ON TYPES OF CAPACITORS TO USE: 

There are various kinds of capacitors available for use. 
There are polarized, also known as DC capacitorS and 
non-polarized, also' known as AC capacitors available. Of 
these two types, the polarized capacitors cannot be used 
with 4423 to set the frequencies. 

Commonly available non-polarized capacitors include 
NPO ceramic, silver mica, teflon, polystyrene, 
polycarbonate, mylar, ceramic disc etc. A comparison is 
shown in Table II. 

Capacitance Temperature Dissipation 
Range ("F) Coefficients Factor(%) 

ppm/"C 

NPO Ceramic 5pF - 0.1 "F 30 0.05 
Silver Mica 5pF - 0.047 "F 60 0.05 
Teflon 0.001 - 100 itF 200 0.01 
Polystyrene 0.001 - 500 "F 100 0.03 
Polycarbonate 0.001 - 1000 "F 90 0.08 
Metalized Teflon 0.001 - 100 "F 60 0.1 
Metalized 
Polycarbonate 0.001 - 1000 "F 10 0.4 
Mylar 0.001 - 1000 "F 700 0.7 
Metalized Mylar 0.001 - 2000 "F 700 I 
Ceramic Disc 5pF - 0.5 pF 10.000 3 

TABLEIL 

For use with the 4423 oscillator, the choice of capacitors 
depends mainly on the. user's application, error budget 
and cost budget. Note that the specifications of 4423 do 
not include the error contribution of the external 
components. The errors sourced by external components 
normally have to be added to the 4423 speCifications. 

As a general selection criteria we recommend the use of 
the above table. Start from the top of the list. in the above 
table. If the capacitor is found unsuitable due to it being 
too large in size, too expen~ive, or is not easily available, 
then move down in the list for the next best selection. In 
any case do not choQse or use any capacitors with
dissipation factors greater than I %. Such a capacitor 
would stop 4423 oscillation. ' 
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DISSIPATION FACTOR (OF) 

A capacitor can be modeled by an ideal capacitor in 
parallel with an intenial resistor whose value depends on 
its dissipation factor (DF). Mathematically, the internal 
resistor R is given by, 

R=' I 
271"fC(OF) 

where R is in 0, f is tlte Hz, and C is in farads. 
For example, the DF of ceramic disc capacitors is'ofthe 
order of 3%, which for a 0_01 ",F capacitor would look 
like having an internal resistor of 530kO at 1 kHz . ., . 
530 kO value resistor is small enough to stop the 4-. 
oscillator from oscillating. 

Some capacitor. manufacturers use the terms "Power 
Factor" (PF) or "Q Factor" (Q) instead of the term' 
"Dissipation Factor". These terms are similar in meaning 
and are mathematically related by, . 

. (OF) 
(PF)=-;=== 

VI + (DF)2 

I 
Q=

(DF) 

OSCILLATION AMPLITUDE 
It takes a finite time to build up the amplitude of the 
oscillation to its final full scale value. There is a 
relationship between the amplitude build-up time and the 
frequency. The lower the frequency, the longer the 
amplitude build-up time. For example, typically it takes 
250 seconds at I Hz, 30 seconds at 10 Hz, 4 seconds at 100 
Hz, 400 milliseconds at I kHz, and 40 milliseconds at 10 
kH z oscillatorfrequencies. . 

There are two methods available to shorten this normal 
amplitude build-up time .. But there is also a relationship 
between the amplitude build-up time and distortion at 
final amplitude value. When the amplitude build-up time 
is shortened, the distortion can get worse. 

One method to shorten the amplitude build-up time is to 
connect a resistor petween pin J and pin 14. The lower this 
resistor 'is the shorter will be the time to build up 
amplitude of the oscillation, and worse will be the 
distortion of the output waveform. For example, a IOOkO 
resistor would shorten the amplitude build up time from 
15 seconds t.o I second at 20 Hz frequency, but. the 
distortion could be degraded from tpically 0.05% to 0.5%. 
The other method is tQ momentarily insert a I kO resistor 
via a reset switch betwen pin 3 and pin 14. The amplitude 
of Qscillation is built up ins~antaneously when the' reset 
switch is pushed. There will be no degradation of 
distortion with this method since the I kO resistor does 
not remain in the circuit continuously; 



ANAlOG-TO-DIGITAL 
CONVERTERS 

The Burr-Brown analog-to-digital converter product line has a broad 
range of devices that enable the user to select the performance and 
price range ideally suited for the application. The high-performance 
12-bit ADC80, which converts to 12-bit accuracy in 251lsec, was origi
nated by Burr-Brown in 1975 and has become an industry standard. 
The recently introduced ADC803 is a 12-bit, 1.5llsec conversion time 
A/D converter that multiplies your system's throughput capabilities at 
the best price/performance ratio available. A high-resolution conver
ter, the ADC76, converts 16 bits to ±O.003% absolute accuracy in only 
151lsec and is packaged in a 32-pin triple-wide dual-in-line package. 
Other performance categories are high-temperature (up to +200°C), 
and total harmonic distortion for digital recording of audio. 

All devices are totally complete and fully specified, and have a track 
record of high reliability proven both in the field as well as in internal 
qualification testing. 
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ANALOG-TO-DIGITAL CONVERTERS 
FOR INDUSTRIAL APPLICATIONS 

SELECTION GUIDE 

These designs meet your most demanding applications. The succes
sive approximationconversiorlfechnique permits 12-bit conversion 
times as short as I"sec (ADC803CM), as well as the lowest cost 
251'sec industry standard ADC80 and ADC574A and the IOl'sec 
ADC84/85 .. 

products and lowers their cost dramatically. This'pricel performance 
breakthrough opens the door to broad new application areas. 

Other Burr-Brown industry standard high resolution AI D conver
ters, ADC7I and ADC76, have recenily been improved by utilizing 
higher levels of integration. This increases the 'reliability of the 

Burr-Brown has recently introduced a new standard of performance 
and packaging for 12-bit, IOMHz sampling' rate, AI D converters 
with model ADC600K. As with most Burr-Brown developments, 
the ADC600K combines lowe~ cost with perfo'rmance improvements 
for maximum user benefit. 

12:BIT ANALOG-TO-DIGITAL CONVERTERS 

Resolu- Conver- Linearity GalnOrlft. Zero Drlft, Input 
tion slonTlme, Error,max max max Ranges Temp 

Description Model l1l (Bits) . max (pIac) (%of FSR) (ppm/oC) (ppm FS,R/OC) (V) RangeW Package Page 

Mlcro- ADC574AJH 12 25 ±O.024 ±4S131 ±10U, ±10S '41 Com {"4-P,nD'p. 5-80 
Proc~ssor ADC574AKH 12 25 ±O.OI2 ±2S13• ±SU, ±5B~ ±5.±10. Com Hermetic. 5·8C 
Interface, ADC574ASH 12 25 ±O.O24 ±50131 ±5U,±10S 141 +10, +20 M'L Ceramic, 5-80 
Low Cost, AOC574ATH 12 25 ±O.OI2 ±2S'SI ±2.5U, ±5S141 MIL 6-80 
57' ADC674AJH 12 15 ±O.O24 ±45131 ±10U, ±lOS141 Com {"4-P,nD'p. 5-93 Compatible 

ADC874AKH ,. 15 ±O.OI2 ±25131 ±5U,±5S141 ±5.±10, Com Hermetic, 5-93 
AOC674ASH 12 15 ±0.024 ±50w ±5U, ±1OB'" +10, +20 MIL Ceramic 5-93 
ADC674ATH 12 15 ±0.O12 ±25131 ±2.5U, ±5B'.-! MIL 5-93 

Low.Cost, ADC80H-AH-12, 12 25 ±O.012 ±30 ±3U typ, ±15BISJ ±2.5, ±~, In" 32-pin DIP, 5-64 
ADcao IQ) ±10, +5, +10 Hermetic, 
Compatible Ceramic 

Standard ADCaOAG-12 " 25 ±O.OI2 ±30 ±3U typ, ±15S1S1 ±2.5, ±5. 'n" {32-Pin DIP, 5-56 
ADC80 ±10, +5, +10 Hermetic 

High Speed ADC84KG-12 12 10 ±0.012 ±30 ±3U, ±15B typll:ll ±~.5, ±5, ±10 
+5,+10 

Com e2-PlnDIP, 5-72 

High Speed, ADC85~12, (a) 12 10 ±0.O12 ±15 ±3U, ±7B typl5l ±2.5, ±5, ±10, In" f2-p;n D'P. 5-72 
Low Drift +5,+10 Hermetic, 

Metal 

Serial Output, ADCB04BH, (0) 12 17 ±O.012 ±30 ±3U, ±15B typl51 ±2.5. ±5, ±10, '1" {lO-p,n DI? 5-114 
Small ADCB04SH. (Q) 12 17 ±a.012 ±30 ±3U, ±15B typl5l +5, +10 In" Hermetic, 5-114 

Package Ceramic 

Very High. ADC803BM. (Q) 12 1.5 ±O.020 ±ao ±7U, ±10B'B' ±5. ±10, -10 'n" f·-PlnD'? 
5-102 

Speed ADC803CM. (Q) 12 1.5 ±O.015 ±30 ±7U. ±10BISI ±S, ±10, -10 'n" Hermetic, 5-102 
ADC803S~, (a) 12 1.5 ±C.015 ±30 ±7U, ±10B'51 :t;5,±10.-10 MIL. MB1B1 5-102 

Wide Temp. ADC10HT 12 50 ±O.OI2 .±35 . ±2U, ±35815J ±5, ±10, +10, -5S"C to {2B-p;n DIP. 5-3 
-55°C to +20 +2OO"C Hermetic, 
+2OO"C Ceramic 

ULTRA-HIGH SPEED CONVERTERS 

. Reso- Linearity Gain Drift. Zero Drift. Harmonic Temp 
Analog-to- lution Error, max typ typ (ppm Distortion. Sampling Range 
Digital Model (Bits) (LSS) (ppmI"C) (FSR/'C) DCt01MHz Rate '" package Page 

Ultra-High ADC600K' 12 1.25 ±30 ±50 70dS below FSR 10MHz Com Module 5-89 
Speed 

16-BIT ANALOG-TO-DIGITAL CONVERTERS I 

Resolu- Conver- linearIty Gain Drift, Zero Drift, Input 

Model.,J 
tion slon Time, Error, max max max Ranges Temp 

Description (Bllo) max (psec) (%ofFSR) (ppmI"C) (ppm FSRrC) (V) Range12J Package Page 

High ADC73J 16 170 ±O.OOIS ±10 ±2U,±5BI51 ±5,±10, Com Module 5-29 
Resolution, ADC73K 16 170 ±a.DOO75 ±10 ±2U, ±SBlSI +10, +20 Com Module 5-29 
High 

ADC731J 16 170 ±0.OOI5 ±10 ±2U, ±5BISJ ±5,±10, Com Module 5-29 Accuracy 
ADC731K lB 170 ±a.DOO7S ±10 ±2U, ±SBIeJ +10, +20 Com Module 5·29 

High ADC71JG 16 50 . ±0.006 ±15 ±4U.±10Bl5I ±2.5. ±5. ±10, Com I {32-Pin DIP, 5-13 
Resolution, ADC71KG 16 50 ±0.OO3 ±15 ±4U,±10SI5t +5, +10, +20 'Com Ceramic , 5-13 . 
Industry 

ADC72AM 16 50 ±O.OO6 ±15 ±2U,±10B'5I 'n" f2-PlnClP. 5-21 Standard 
Pinout ADC72BM lB 50 ±O.D03 ±15 ±2U,±10BI5l ±2.5, ±S. ±10, 'n" Hermetic, 5-21 

ADC72JM 16 50 ±0.006 ±20 ±4U, ±10BI$I +S, +10, +20 Com Metal 5-21 
ADC72KM 16 50 ±O.OO3 ±20 ±4U,±10B'5I Com 5-21 

ADC76JG 16 15 ±0.006 ±15 ±4U,±10B151 ±2.5. ±5, ±10 Com {32-Pin DIP, 5-40 
AOC76KG 16 15 ±a.D03 ±15 ±4U,±10B'5I .±2.5, ±5, ±10 Com Ceramic 504() 

Military See Military Products, section 12. 

NOTES: (1) "a" Indicates product available with screening for enhanced reliability. See High Reliability Screening, section 12. (2) Com = 0 to +70°C, Ind = -25°C to +85°C. MIL'= 

-55"C to +125°C. (3) Full Scale Drift. (4) U = Unipolar Zero Drift, B = Bipolar Offset Drift. For ADC574A and ADC674A only, Bipolar Offset is defined at Bipolar Zero: that-is, at OV 
-112LSB. rather than the more conventional definition at -Full Scale + 1/2LSB. (5) U = Unipolar Zero Drift, B = BipOlar Offset Drift. 

PCM ANALOG-TO-DIGITAL CONVERTERS 

Reso~ Total Conversion Temp Dynamic 
lution Harmonic Time, max Input Range Range 

Description Model (Bits) Distortion (poec) Range (V) '" (dB) Package Page 

PCM Audio PCM75KG 16 0.02% at -15dS 17 ±2.5. ±5. ±10 Com 90 32-pin DIP. 5-122 
AID Converter PCM75JG 1412J 0.05% at -15dS 15 ±2.5 •. ±5. ±10 Com 90 Ceramic 5-122 

NOTES: (1) Com ~ 0 to +70·C. (2) Can be operated at 16 bits. 
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BURR-BROWN® 

IElElI ADC10HT 

A Wide Temperature Range 
General Purpose 12-Bit 

ANAlOG-TO-DIGITAL CONVERTER 

FEATURES 

• -55° C to +200°C SPECIFICATIONS 

• FULL 12-BIT RESOLUTION 

o 50llsDe MAX CONVERSION TIME 

o NO MISSING CODES OVER FULL 
TEMPERATURE RANGE 

o COMPLETE WITH INTERNAL CLOCK 
AND REFERENCE VOLTAGE 

• SERIAL OUTPUT DATA AVAILABLE 

• TTL AND +5V CMOS COMPATIBLE 

o DUAL-WIDTH HERMETIC 
CERAMIC PACKAGE 

o LOW POWER OPERATION WITH 
EXTERNAL REFERENCE (250mWI 

PARMJ.EL 
DlIITAL . 
DUTPUT 

DESCRIPTION 

You'll find this general purpose. 12-bit. succc,sive 
approximation AI D converter ideally qualified for 
circuits that must operate over wide temperature ranges. 
The ADCIOHT incorporates state-of-the-art IC and 
laser-trimmed thin-film components. It is complete with 
an internal clock and reference voltage. Internal scaling 
resistors allow bipolar input voltage ranges of ±5V and 
±IOV.' A pin is provided for serial output data. The 
ADCIOHT is contained in a compact, dual width, 28-pin 
ceramic DIL package. 

To assure consistent performance, 100% screening 
procedures are conducted on the ADCIOHTat key points 
during its manufacture. Burn-in and temperature cycling 
are examples. A clean-room environment is maintained 
for assembly operations. 

t----o BlI'CLAIIIFFlU 
t----oREF II 

I IAPUT 
RAilE IELECT 

L------o COlVERT CO •• AID 

r---,...,------oa.DClGUT 

L..::.........:..J-------oCLIICIIlATEAD.I. 

L------------oITATUI 
L------------oRR~D~ 

Inlernalianal Alrparllnduslrlal Park· P.O. Box 11400· Tucson. Arizona B5734· Tel. 16021 746·1111 • Twx: 91()'952·1111 • Cable: BBRCORP - Telex: 66-6491 

PDS-S44A 
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SPECIFICATIONS 
ELECTRICAL 
Specifications at rated power supply voltages and TA = +25°C unless otherwise noted. 

MODEL ADC10HT 

I MIN I TYP MAX UNITS 

RESOLUTION I 12 I Bits 

INPUT 

ANALOG I I Voltage Ranges 
Unipolar o to +10, 0 to +20 V 
Bipolar ±5, ±10 V 

Impedance (direct input I 

o to +10V, ±5V 5 kll 
o to +20V, ±10V 10 kll 

DIGITALP) 
Convert Command Logic Loading I CMOS Load 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain ErrM2) ±O.OS ±O.2 '10 
Offset Erro~2) 

Unipolar ±O.OS ±0.2 %01 FSRI3' 
Bipolar ±O.OS ±0.2 'IooIFSR 

Linearity Error ±0.012 % 01 FSR 
Inherent Quantization Error ±1I2 LSB 
Differential linearity Error ±0.012 ±0.024 % 01 FSR 
Total Unadjusted Erro~4' 

+25°C ±0.10 ±O.40 % 01 FSR 
-55°C 10 +200oC ±D.30 ±1.00 % 01 FSR 

Total Adjusted ErrorlS) 
, +25°C ±D.OO6 ±D.012 % 01 FSR 

-55°C to +200°C ±D.20 ±0.60 %01 FSR 
Total Unadjusted ErroriS' 

Exclusive of Reference 
+25°C ±O.10 ±OAO '10 01 FSR 
-55°C to +200oC ±O.20 ±O.BO '1001 FSR 

Total Adjusted Error(7) 
Exclusive of Reference 
+25°C ±O.O06 ±O.O12 % 01 FSR 
-55°C to +200°C ±D.15 +0.40 %of FSR 

CONVERSION TIME 30 50 psec 

DRIFT (-55°C ~ TA ~ +200oC I 
Gain 

With Internal Reference ±15 ±3S ppm/DC 
Exclusive of Reference ±5 ±IO ppm/DC 

Offset 
Unipolar ±2' ppm 01 FSR/o C 
Bipolar 
IWith Internal Relerence ±10 ±35 ppm 01 FSR/oC 
_.Exchjsive of Reference ±4 ±10 ppm of FSR/oC 

Linearity ±0.5 ±1.5 ppm of FSR/oC 
No Missing Codes I Temp. Range 

-55°C to +200oC 12 Bits 

OUTPUT 

DIGITAL DATA 

I I Parallel 
Output CodeslS) 

Unipolar SB 
Bipolarl9, OB,TC 

Output Drive I I I LSTTL Loads 
Seriat Data Code I NRZ, - SB, OB SB,OB 
Output Drive I I I LSTTL Loads 
Status Logic "1" During Conversion 
Status Output Drive I LSTTL Loads 
tnternal Clock' 

Output Drive' I LSTTL Loads 
Frequency 400 kHz 
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ELECTRICAL (CO NT) 

MODEL ADC10HT 

I MIN TYP MAX I UNITS 

POWER SUPPLIES AND REFERENCE 

Rated Yoltage. Vee ;-14.5 :!:15 ±15.5 VDC 

Vee +4.75 +5 +5.25 VDC 

Supply Drain, +Vcc nm +15 mA 

-Vee 1101 -30 mA 

Vee +16 mA 

Power Supply Sensitivity 
±Vcc 0.01 0.1 % of FSR/%Vcc 

Vee 0.01 0.1 % of FSR/%Vee 
Internal Reference Voltage 9.990 10.0 10.010 V 

Max External Current with 
no Degradation of Specs 2 mA 

Temperature Coefficient ::t10 ppm/oC 

TEMPERATURE RANGE 

Specification -55 +200 'C 

Operating -55 +200 'C 

Storage -65 +210 'C 

NOTES: 
1. +5V CMOS compatible. Input current Ilow to high state, = lilA max. Use pull-up resistor when driving convert command from TTL 
2. Adjustable to zero' see Table II and Figures 5 and 6,. • 
3. FSA means Full Scale Range. For example, unit connected for ±1QV has a 20V FSA. 
4. Includes Gain. Offset, and Linearity Errors I Bipolar Mode" 
5. Gain and Offset Errors removed at +25°C I Bipolar Mode. 
6. Includes Gain, Offset, and Linearity Errors with external +10.0V ±1mV reference. does not include Reference Dnfl Bipolar Mode 
7. Gain and Offset Errors removed at +25°C with external +10,OV 1:1mV reference. does not Include Reference Dnft Bipolar Mode 
8. See Table I. SB - Straight Binary, DB - Offset Binary, TC - Two's Complement. 
9, TC coding obtained by using MSB ,pin 13, instead of MSB ,pin 12,. 

10. May be reduced. See Low Power Operation, 

MECHANICAL 

I 
A 

I 

[ 'P 14~ 

~ HJ [-~.=j 
N .. A_ JLD j c: LL-l 

.... HE 

CONNECTION DIAGRAM 

TOP VIEW 

NOTES: 
1. Leads in true posilion within 0.010" 

,0.25mm' R al MMC., sealing plane. 

2. Pin numbers shown lor relerence only 
Numbers may nOI be marked on pack.ge. 

INCHES MILLIMETERS 
mM M" MAX M" MAX 

A 1.435 1.485 38.45 31,21 

• ,510 BASIC 15.48 SASIC 

C .1DO .205 4.08 5.21 
e • 015 .019 .3. . .. 
F .045 .055 1.14 1.40 
G .100 BASIC 2.54 BASIC 
H .055 .085 1.40 2.41 J .008 .012 .• 3 .3. 
K .155 .185 3.84 4.85 L .500 BASIC 15,24 BASIC 
N .020 .030 .. , .7. 

lSB Bit 12 

Bit" 

r------1~ SERIAL OUT 

Bit 9 

Bit 8 

Bit 3 

Bit 2 

,MSB,BiI 1 

MsB Brr1 
DIGITAL COMMON 
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·15VeC SUPPL V 

+15 vee SUPPL V 

REF OUT ,+10V, 

ANALOG COMMON 

20V RANGE 

10V RANGE 

BIPOLAR OFFSET 

CONVERT COMMAND 

STATUS 

CLOCK OUT 

REF IN 

CLOCK RATE 

+5VDC SUPPL V 



TYPICAL PERFORMANCE CURVES 

0.200 

0.175 

l 0.150 

~ 0.125 

g 0.100 

'" ~ .'" 0.075 
ill c 
::; 0.050 

0.025 

0 

LINEARITY ERROR VS CONVERSION SPEED 

-- .... -1---- 112"LhS,;'SBit. 7 1-- --

ri Bit Operat:on 
10 Bit Operation 

I \ 12 ~It Op~ratlon 

-
1--

~\ I,{ 1/2LSB 
'or 10 Blts_"i = -'( " 

1-- li2tsB"r-...... -
~. ~. ~ 'or:~B~F-- -- -';;1 - - --

5 W ~ ~ ~ ~ ~ ~ ~ ~ 

Conversion Tim.l~secl 

'0 .,. ~ 
~ .. 
&!5 
~~ g c 
"'-5i~ 
~6 .,. 

POWER SUPPLY REJECTION VS 
POWER SUPPLY RIPPLE FREQUENCY 

0.1 ~11111~~~I~lm[+15V 0.08 
0.08 

0.04 ·15V 

0.02 

0.01 
-0.008 
0.008 

0.004 

0.002 H-t+t+t+H-H-H-H-M-H-H-H-bi +5V 

0.001 0 ~ .u..u.lI.0.u.l.I.l00I.l. .... .:;1Iok I.I.l.I.l0"'kI:l.1.11.100k 

Frequency I Hz I 

DISCUSSION OF PERFORMANCE 

The accuracy of a successive approximation AI D 
converter is described by the transfer function shown in 

I Figure I. All successive approximation AI D converters 
have an inherent Quantization Error of ±1/2LSB. The 
remaining errors in the AI D converter are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks, 
power supply rejection, and reference errors. In summary, 
these errors consist' of initial errors in,cluding Gain, 
Offset, Linearity, Differential Linearity, and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure I) about the zero or minus full scale point (all 
bits Off) and Offset drift shifts the line left or right over 
the operating temperature range. Linearity error is 
unadjustable and is the most meaningful indicator of 
AI D converter accuracy. Linearity error is the deviation 
of an actual bit transition from the ideal transition value 
at any level over the range of the AI D converter. A 
Differential Linearity error of ± I I 2LSB means that the 
width of each bit step over range of the AI D converter is 
ILSB, ±1/2LSB. 

The ADCIOHT is also Monotonic, assuring that the 
output digital code either increases or remains the same 
for increasing analog input signals. Burr-Brown also 
specifies that this converter will have no missing codes 
over the full operating temperature range. 
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1111 •. 1111 

1111-1110 

1100 .• 1100 

1100..0010 

1000 • .0000 

+FSR .ILSB 
2 

FIGURE I. Input vs Output for an Ideal Bipolar 
AI D Converter. 



TIMING CONSIDERATIONS 

The timing diagram (Figure 2) assumes an analog input 
such that the positive true digital word 0110 0111 0110 
exists. 

Cannrtlll 
Commlnd 

InIImIl 
Clock 
StlIUI (EOCI 

Msa "0" 

---~·I" 

=~ ~J L.J"'" 

MIIIIllUIl Throughpul TIml (2] 

BII2 

8H3 

8H4 

IH5 

==~~J ______ ~~~ ________________ ~~ 
===J ~ 
~~ __ J BHI 

8117 ~=~J~----------------~ 

~=- =J 8HI 

SHI 

8nl0 

8H II 

LSI 

BlrlIII3J 
0111 

=~~J~--~--------------~ 

== =J ===J~------------------------~ 

Out 

===J =-=--=w~ "0" "I" 

NOTES: 
I. Tha clock In Iha AOelOHT II runnlng.conllnuoUily. The convart commlnd mull go low II INIIBOnaac blfore lila riling edga ollny clock 

pulle 10 InlUela a convarelon. Ind mUll rllUrn 10 Iha high slOb II lalll BOnnc balora Iha succaadlng luw-lo-hlgh clock Iranlillon. 
2. 54paac lor 12 bill. 
3. U.a trilling adge 01 clock to struba .arlal output 

FIGURE 2. ADCIOHT Timing Diagram. 

DEFINITION OF DIGITAL CODES 

Parallel Data 
Two binary codes are available on the ADC IOHT parallel 
output; they are straight binary (SB) for unipolar input 
signal ranges and offset binary (OB) for bipolar input 
signal ranges. Two's complement (TC) may be obtained 
by using MSB (pin 13). 

Table I shows the LSB. transition values. and code 
definitions for each possible analog input signal range for 
8-. 10- and 12-bit resolutions. Figure 3 shows the 
connections for l2-bit resolution. parallel data output. 
with ±IOV input. 
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Serial Data 

Two straight binary codes are available on the serial 
output line; they are SB and OB. The serial data is 
available only during conversion and appears with the 
MSB occurring first. The serial data is synchronous with 
the internal clock as shown in the timing diagram of 
Figure 2. The LSBand transition values shown in Table I 
also apply to the serial data output except for the TC 
code. 



ADCIDIIT 

DIGITAL GROUND 

RI and R2 Irt lit'*' wlr .... nd Dr .1111 film 
rill ...... ,. .... U ..... ,. .. NIl rlCDlllllllndld I •••• 
IVar '11, .. IlIIpll'llllr. nnllll or during _IU. 
"'Ihack IAdvlbrllllnl. 

SERIAL OUT 

-15VDC 

+15VDC 

ANALOG GND 

ANALOG INPUT 
(·IOV 10 +lDVI 

CGNVERT 
COMMAND 
STATUS 

+5VDC 

OKalpllng ClPlC1tan should bl connlCtld clDa,to lh. 
ADCIIIIT Ipttltrtbl, II lb ..... '" pI .. , omI ..... 1II b. 
Q.J/JF hl .... lllllplrltUn ClpldlDn Iluch II KD ClIft· 
pan ... NIfT 148 I14KI. 

FIGURE 3. ADCIOHT Connections for ±IOV Analog Input. 12-Bit Resolution. and Serial or Parallel Data Output. 

TABLE I. Input Voltages, Trarisition Values, LSB Values and Code Definitions. 

Binary IBIN) Oulpul INPUT VOLTAGE RANGE AND lSB VALUES 

Analog Inpul Voltage Range Defined As: ±10V ±5V Oto+l0V Oto+20V 

Code Designation OBI') or TCI21 OBI') or TC(2) SB(3) SBI31 

One Least Significant BitlLSBI FSR/2n 20V/2ri 10Vl2n 10Vl2n 2OVl2n 

n=8 78.13mV 39.08mV 39.08mV 78.13mV 
n=10 19.53mV .9.77mV 9.77mV 19.53mV 
n= 12 4.BBmV 2.44mV 2.44mV 4.BBmV 

Transition Values 
MSB LSB 
111...111141 +Full Scale. +10V ,3/2LSB +SV -3I2LSB +10V - 3/2LSB +20V - 3/2LSB 
100 ... 000 Mid Scale 0 0 +SV +10V 
000 ... 001 -Full Scale -10V + 1I2LSB -SV + 1/2LSB 0+ 1/2LSB 0+ 1/2LSB 

NOTES: 
(110B = Offset Binary 
121TC = Two's Complement· obtained by Inverting. the most significant bit. MSB , pin 13, 
(3)SB = Straight Binary 
(4JVoltages given are the nominal value for transition to the code specified 

DISCUSSION OF SPECIFICATIONS . 
The ADCIOHT is specified to provide critical perform
ance cri'teria for a wide variety of applications. The most 
critical specifications for an AI D converter are linearity, 
drift, gain and offset errors, and conversion-speed effects 
on accuracy. This ADC is factory trimmed and tested for 
all critical key specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory trimmed to 
typically ±O.05% of FSR at 25°C. These errors may be 
trimmed to zero as shown in Figures 6 and 7. 
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POWER SUPPLY SENSITIVITY 

Changes in the DC power s~pplies will affect accuracy. 
The ADCIOHT power supply sensitivity is specified for 
±O.OI% of FSR/% V cc for ±15V supplies and ±O.OI% of 
FSR/%VDD for +5V supplies. Normally, regulated power 
supplies with 1% or less ripple are recommended for use 
with this ADC. See Layout Precautions, Power Supply 
Decoupling and Figure 4. 



LAYOUT AND OPERATING INSTRUCTIONS 

LAYOUT PRECAUTIONS 

Analog and digital common are not connected internally 
in the ADCIOHT but should be connected together as 
close to the unit as possible, preferably to a large plane 
under the ADC. If these grounds must be run separately, 
use wide conductor pattern and a O.OIILF to O.IILF 
non polarized bypass capacitor between analog and digital 
commons'at the unit. Low impedance analog and digital 
common returns are essential for low noise performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. 

POWER SUPPLY DECOUPLING 
The power supplies should be bypassed with high 
temperature mica or teflon capacitors as shown in Figure 
4 to obtain noise free operation. These capacitors should 
be located close to the ADC. 

® 1 
·15VoC 

+5VOC .. .. 1 ® ANAlOG D.II'Ff COMMON .. 
I,D.'I'F 

®, ' 
04 ® D.II'F:r 

DIGITAL COMMON ® .. 
+15VoC 

FIGURE 4. Recommended Power Supply Decoupling. 

INPUT SCALING 
The analog input should be scaled as close to the 
maximum input signal r;mge as possible in order to utilize 
the maximum signal resolution of the AI D converter. 
Connect the input signal as shown in Table II. See Figure 
5 for circuit details. 

TABLE II. ADCIOHT Input Scaling Connections. 

Connect 
Input Connect Connect Input 

Signal Output Pin 21 Pin 23 Signal 
Range Code ToPin To To Pin 

±10V OBorTC· 25" Input Sig, 23 
±5V OBorTC· 25" Open 22 

o to +10V SB Open Open 22 
o to +20V SB Open Input Sig. 23 

'Obtained by using MSB (pm 131 

··If optional offset adjustment is not used connect a 2SU'±O.1% resistor 
from pin 21 to pin 25 to obtain specified gain and offset errors. 

REF 
R. = son ±O.I% II D81n adlust Is not used. 

RS REF OU~25 V 

TOolA 
REF 17 CONVERTER 
IN 

BIPOLAR 
OFFSET 

FIGURE 5. ADCIOHT Input Scaling Circuit. 

OPTIONAL EXTERNAL ,GAIN AND OFFSET ADJUSTMENTS 

A connection diagram for the ADCIOHT in the ±IOV 
input bipolar mode of operation is shown in Figure 3. The 
gain and offset adjustment resistors (R I and R2) should 
be selected discrete metal-film or wirewound resistors and 
not potentiometers if optimum'performance is requirerl 
under high shock and vibration levels. The internal gain 
and offset errors are laser trimmed to within a maximum 
error of ±0.2% with 50n, 0.1% resistors in place of Rl 
and R2. Another possible approach in many applications 
is to simply remove the offset and gain errors with digital 
techniques after the AI D conversion has taken place. This 
approach can virtually eliminate the need for initial gain 
and offset adjustment and even the effects of gain and 
offset drift with time and temperature can often be 
removed. In some cases it may be desirable to use 
potentiometers .. 

Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected to 
the ADC as shown in Figures 6 and 7. Multiturn 
potentiometers with IOOppm/"C or better TCR's are 
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recommended for minimum drift over temperature and 
time. These pots may be any value from IOkO to 100kO. 

ADJUSTMENT PROCEDURE 
OFFSET - Connect the Offset potentiometer or resistance 
substit~tion boxes as shown in Figure 6. Sweep the input 
through the end point transition voltage that should cause 
an output transition to all bits off E or:· 
Adjust the Offset potentiometer or resistor substitution 
boxes until the actual end point transition voltage occurs 
at EOt:. The ideal transition voltage values of the input 
are given in Table I. 

GAIN -Connect t!'le Gain adjust potentiometer or 
resistor substitution boxes as shown in Figure 7. Sweep 
the input through the end point transition voltage that 
should cause an output transition to all bits on (EWh 
Adjust the Gain potentiometer until the actual end point 
transition voltage occurs at E~::. 



Table I details the transition voltage levels requir~d. 

It is also possible to make the adjustments just described 
with potentiometers and then replace the resistive arms 
with discrete metal film or wire-wound resistors in order 
to make a system more rugged before subjecting it \0 
harsh environments. 

+15VDC 
lal 

IMII @----"N..,.--.....,Oknfll,lllltn 
BIPOLAR R UNIPOLAR OFFSET 
OFFSET . ADJUST 

Ibl 

BIPOLAR:=:r.' , ' ' OFFSET " 
, , lOOn, RI 

REF OUT 25 ' 

·15VDC 

BIPOLAR OFFSET 
ADJUST ' 

FIGURE 6. Optional Unipolar and Bipolar Offset 
Adjust Circuitry with ±0.4% of F'SR Range 
of Adjustment. ' 

:~~~" , lOOn GAIN 
, "REF 17 ' R2 ADJUST' 

IN 

FIGURE 7. Optional Gain Adjust with±O.4% Range 
, of Adjustment. ' ' 

CLOCK RATE CONTROL (OPTIONAL) 

Faster Conversion 

I f adjustment of the clock rate is desired for faster 
con'version' times,'a resistor may be 'connected between 
Clock Rate (pin 16)and Clock Out (pin 18) as shown in 
Figure 8. 

CLOCK 
RATE 

~ CLOCK. 

CLOCK 
' " • RCR FREQUENCY 

18 . ADJUST 
OUT 

FIGURE 8. Optional Clock Rate Adjust for Faster 
Conversion Times. 

Figure 9 shows the effect of clock rate control resistor 
(RcR ) on dock frequency. Figure 9 is based on a typical 
initial clock frequency of about 400kHz (conversion time 
of 30/Lsec for 12 bits). To determine the required clock 
frequency: 

f"""k = Bit Re~oluti~n 
ConversIOn Time 

For example, if theADCIOHT is short cycled to IO-bit 
operation and a conversion time of 20/Lsec is required, 
then 

10 ' 
f"o<k =: 20 sec = 500k Hz 

,~ 

from Figure 9 a clock rate resistor (R('R) of about 40kOis 
required. 

2.5M 

2.0M 

.~ 

jt.5M 

i .,. 
e ' 
~1.0M 
~ 
() 

500 k " " 
o 10k 20k 30k 40k 50k 60k 70k 60k 90k tOOk . . .. 

Clock Adjust Resistor I !II 

FIGURE 9. Clock Frequency vs Clock Rate Control 
Resistor (RcR). 

Slower Conversion 

The conversion time can be decreased by connecting a 
capacitor from the Clock Rate pin to Digital Common 
(see Figure 10); " 

ClOCK @) 
1: RATE 18 

TCCR 
DIGITAL (19' 

COMMON 

FIGURE 10. Optional Clock Rate Adjust for Slower 
Conversion Times. ' 

5-10 



Figure II shows the effect of the clock rate control 
capacitor on the clock frequency. 

1M 

N lOOK 
I 

10K 

lK 
o 

\. 

"'-
-

10 12 14 16 18 20 22 

Clock Adjust Capacitor I nF, 

FIGURE 11. Clock Frequencyvs Clock Rate 
Control Capacitor (CCR). 

The serial output data (pin 28) is synchronous with the 
internal clock. In some applications the clock frequency 
must be lowered to 3kHz or 4kHz so that the data can be 
transmitted over long distances. If 12-bit resolution is 
required. the conversion time for 4kHz is 

. . 12 bits 
conversIon lIme = 4kHz = 3msec 

From Figure II. a clock rate control capacitor. CCR. of 
approximately 16nF is required. 

In applications requiring such a slow conversion time. a 
low-pass filter should be used at the analog input to the 
ADCIOHT. 

SHORT-CYCLE AND CONTINUOUS 
CONVERSION OPERATION. 

The ADCIOHT may be operated at faster speeds fQr 
resolutions less than 12 bits by using the clock rate control 
feature. The conversion time can be further increased by 
using the short cycle circuit shown in Figure 12. Without 
this circuit. the status signal (pin 19) will always remain 
high for 13 clock pulses even if only 8 bits are being used. 
By connecting the short cycle input of the NAND gate t.o 
the n + I bit (connect to bit 9 for 8-bit operation. for 
example) the conversion will be completed and the status 
signal will go low after n + I clock pulses (9 pulses for 8-bit 
operation). It should be noted that with the circuit shown 
in Figure 12. the ADCIOHT will operate in a continuous 
conversion mode. i.e .. a new conversion will start on the n 
+ 2 clock pulse without the need for an external convert 
command. 

SHORT 

541:00 QUAD 
2·INPUT NAND GATE 

CYCLE CONNECT TO n + I BIT 
CONVERT 20 L-____________ --' 

COMMAND I 

FIGURE 12. Short-Cycle Circuit which Provides for 
Lower Resolutions than 12 Bits with 
Faster Conversion Times and Continuous 
Conversions. 

Table III indicates where to connect the short cycle input 
for 8-bit and 10-bit resolution and gives possible 
conversion time(s) obtainable by using this featurealong 
with the clock rate pin. 

TABLE III. Short Cycle Connections and Specifications 
for 8 to 12 Bit Resolutions. 

Resolution I Bits) 12 10 8 

Connect SHORT CYCLE to: N/A Pin 2 Pin 4 

Conversion ~ime I ,usee 1(1) 24 10 6 

Nonlinearity at +;;!5°C ADC10HT :to.Ot2 :to.048 ±O.l 
,% of FSR, ADC10HT·l :to.048 :to.048 ±O.l 

NOTE: 11) Adjust Conversion Time with Clock Rate Control resistor as 
shown in Figures 8 and 9. 

For 12-bit operation and continuous conversion. simply 
connect status (pin 19) directly to convert command (pin 
20). 

OUTPUT DRIVE 

Normally the ADC 10HT logic outputs will drive two low 
power TTL loads or one LSTTL load.lflongdigitallines 
must be driven. external logic buffers are recommended. 
The digital outputs are connected directly to the internal 
CMOS successive-approximation-register and can drive 
+SV CMOS without the need for pull-up resistors. 

HEAT DISSIPATION 

The ADCIOHT dissipastes approximately 7S0mW and 
the package has a case-to-case ambient thermal resistance 
(0('.\) of 3SoC; W. For optimum performance at +200°C, 
8" should be lowered by a heat sink or by forced air over 
the surface of the package. If the converter is mounted on 
a PC card. improved thermal contact with the copper 
ground plane under the package can be achieved by using 
a silicone heat-sink compound. 

LOW POWER OPERATION 

The typical supply currents required by the ADCIOHT 
under normal operating conditions are ISmA (+ ISV). 
30mA (-15V). and 16mA (+SV). The average power 
required (PIl) is therefore 

PIl = IISmA x ISVj + 130mA x -ISVj + 116mA x sVj = 
7S5mW. 
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Under certain operating conditions this power consump
tion can be reduced to as little as 2S0mW. 

The ADCIOHT is completely self-contained with an 
internal + IOV reference voltage. The + I SV supply is used 
only to. supply power for the op amp current source and 
zenerdi~de used in this reference. Ifan exte'rnal reference 
is available, t~e+ISV supply is not required and it can be 
removed. This reduces the Pil by 15mA x I SV = 22SmW. 
The average Pil for the ADCIOHTis therefore reduced to 
S30mW. 

The major contributor to the power consumption is the 
-ISV supply. As long as a +IOV reference is used, the V
supply voltage must be between -13V and -16V. If, 
however, a lower voltage reference is used, this V- supply 
voltage can be red uced considerably which grea tly reduces 
the power consumption. Lowering the reference voltage 
will, of course, lower the full scale input voltage by a 
proportional amount. For example, if the reference 
voltage is +SV, the full scale input voltage for the IOV 
range input (pin 22) will be +SV, instead of+IOV with a 
+ IOV reference, in the unipolar mode of operation. Table 
IV indicates the minimum supply voltages and the typical 
power consumption obtained when using these supply 
voltages for various values of VREF. 

TABLE IV. Minimum Power Supply -Voltages and 
Typical Power Consumption for Operation 
with External VREF. (Note: +ISV is not 
required if internal VR"F is not used.) 

Exlernal Voo LOGIC -Vet; (Pin 27) TOlal Power Consumption 

VREF ,Pin 151 IMlnimuml <Typical I 

+10V +SV' -13V 470mW 

+6.3V +5V -10V 300mW 

+5V +5V -BV 250mW, 

LOW-POWER EXTERNAL REFERENCE 

A simple external refe~ence voltage can be made with a 
single resistor and a,zemir diode as shown in Figure 13. 
The power consumed by the reference is only about 
75rrtW with +Vcc = +10V. The power supply sensitivity 
of this reference is approximately ±o.02% of FSR/ % Vee. 

~ +Vcc 

4IOniNOMINAlI 

"'---O+8.3V ' 
~ C082& ICOMnlBATED DEVICES) -== ±2Oppm/oc 

FIGURE 13. Simple +6.3V External Reference That 
Requires Only 75mW. 

A very simple proced ure can be used to obtain the lowest 
possible drift with this reference. First, vary the zener 
current from about4mA to II rnA by changing either the 
bias voltage, +Vcc; or bias resistor, RB, and plot Vz versus 
Iz as shown in figure 14. Next, heat the zener (the exact 
temperature is not important, but it should be near the 
desired operating temperature), and repeat the procedure. 

The point where the two curves cross is the zero
temperature-coefficient bias current. +Vcc and/or RB 
should then be adjusted accordingly for this optimum 
operating current. 

I. = (V"" - Vzl/R. 
IZ 

~
cc 

Ra 

IZ I _ Vz 

Vz VZEROT.C. 

FIGURE 14. Simple Techniques for Obtaining a Low 
Drift Reference Voltage. 

This procedure is also discussed in a Burr-Brown 
Application Note: "Squeeze High Performance out of 
Low-Cost Hybrid Data Converters, AN-86. 

-Other Application Notes 

Burr-Brown also has other Application Notes of interest 
to the converter user. In particular: 

"What Designers Should Know About Data Converter 
Drift," AN-89. 

"Correcting Errors Digitally in Data Acquisition 
and Control," AN-IOI. 

OPERATION WITH EXTERNAL CLOCK 

Figure I S shows the internal clock circuit of the 
ADCIOHT. To operate with an external clock, first 
connect the Clock Rate Control (pin 16) to ground. This 
will shut off the internal clock and also turn off the open 
collector output transistor of the LM 119 comparator. 
The Clock Oilt (pin 18) will then be in iI"high"state (+SV) 
because of the 2kO pull-up resistor to +5V. Now simply 
use the Clock Out pin for the external clock input. Note 
that the external clock must have the capability of sinking 
2.SmA when it is in the low state due to the 2kU pull-up 
resistor. 

&1111 
TOBAR 51111 

FIGURE IS. ADCIOHT Internal Clock. 
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BURR-BROWN® 

IElElI ADC71 

16-8 it Hybrid 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES: 

• 16-BIT RESOLUTION 

• LINEARITY ERROR ±D.003% 

• COMPACT DESIGN 
32-Pin Ceramic Package 

• FAST CONVERSION SPEED 

• LOW COST 

PARALLEL 
DIGITAL 
OUTPUT 

SERIAL' 
DIGITAL 

.. OUTPUT 

DESCRIPTION 
The ADC71 is a low cost. high quality. 16-bii'succes
sive approximation analog-to-digital converter. The 
AD(,71 uses state-of-Ihe-art 1(' and laser-trimmed 
thin-film componenls and is packaged in a conve
nient 32-pin dual-in-line package. The converter is 
complete with internal reference. short cycling capa
bilities. and thin-film scaling resistors. which allows 
selection of analog input ranges of ±2.5V. ±S.OV. 
±1O.0V.O to +S.OV. 0 to +IOV and 0 to +20V. 

Data is available in parallel and serial form with 
corresponding clock and status output. All digital 
input and outputs are TTL compatible. 

Power supply voltages are ± ISV DC and +SV DC 

~---oSHORT CYCLE 
~--oCONVERT COMMAND 

j lNPUT 
RANGE SELECT 

.---""-+----0 COMPARATOR IN 

L...---O REF OUT 1+6.3VI 

1---------0 CLOCK OUT 

'-------------'---0 STATUS 

Inlernational Airporllnduslrlal Park· P.O. Box 11400· Tucson. Arizona 85734· T81.16021746·1I11· Twx: 910-952,1111 • Cable: BBRCORP· Telex: 66·6491 

PDS-415D 
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SPECIFICATIONS 
ELECTRICAL 
At +25'C and rated power supplies unless otherwise noted. 

MODEL ADCT1KG ADcnjG 

MIN TYP MAX MIN I 'TYP MAX. UNITS 

RESOLUTION I 16 I I 16 Bits 

ANALOG INPUTS 

Voltage Ranges: Bipolar ±2.5, ±5, ±10 ±2.5, ±5, ±10 V 
Unipolar a to +5, a to +10, a to +5, a to +10, V 

Oto +20 Oto+20 
Impedance (Direct Input): a to +5V, ±2.5V . 2.5 2.5 kO 

a to +10V, ±5.0V 5 5 kO 
a to +20V, ±10V 10 10 kO 

DIGITAL INPUTS'" 

Convert Command Positive pulse 50ns wide (min) trailing edge ("1" to "0" initiates conversion) 
Logic Loading . I I 1 I I I 1 TIL Lolld 

TRANSFER CHARACTERISTICS 

ACCURACY . .' 

Gain Error ±O.1'21 ±O.2 ±O.lf21 ±0.2 % 
Offset: Unipolar ±O.OSI21 ±0.1 ±O.OSC21 ±0.1 %ofFSR'31 

Bipolar ±O. 1 121 ±O.2 ±O.1121 ±0.2 %oIFSR 
Linearity Error ±0.OO3 ±0.005 %01 FSR 
Inherent Quantization Error ±1/2 ±1/2 LSB 
Differential Linearity Error ±0.OO3 ±0.OO3 %oIFSR 

POWER· SUPPLY SENSITIVITY 

±15VDC 0.003 0.003 % 01 FSRI%Vcc 
+5VDC 0.001 .0.001 % 01 FSR/%Vcc 

CONVERSION TIME'" 
14 Bits 50 50 pS 

15 Bits 53.3 53.3 pS 

16 Bits 56.7. 56.7 pS 

WARM-UP TIME 5 5 min 

DRI" 

Gain ±15 ±15 ppm/'C 
Offset: Unipolar ±2 ±4 ±2 ±4 ppm 01 FSR/'C 

Bipolar ±10 ±10 ppm 01 FSR/'C 
Linearity ±2 ±3 ±2 ±3 ppm 01 FSR/'C 
No Missing Codes Temp Range: KG (14-bit) +10 +40 'c 

JG (13-bit) 0 50 'C 

OUTPUT 

DIGITAL DATA 

(All codes complementary) 

ClB 
Parallel: Output Cod .. '" 

Unipolar 
Bipolar , COB,CTC'" 
Output Drive 2 TTL Loads 

Status Logic "1" during conversion 
Status Output Drive 2 2 TIL Loads 
Internal Clock: Clock Ol,ltput Orive 2 2 TIL Loads 

Frequency 280 280 kHz 

INTERNAL REFERENCE VOLTAGE 6.0 6.3 6.6 6.0 6.3 6.6 V 

Max External Current with No Degradation 01 Specs ±200 ±200 IlA 
Temp Coefficient ±10 ±10 ppm/DC; 

POWER SUPPLY REQUIREMENTS 

Power Consumption 550 550 mW 
Rated Voltage: Analog ±14.5 ±15 ·±15.5 ±14.5 ±15 ±15.5 VDC. 

Digital +4.75 +5 .+5.25 +4.75 +5 +5.25 VDC 
Supply Drain: +15VDC +15 +15 mA 

-15VDC -:18 -18 mAo 
+5VDC +10 +10 mA 

TEMPERATURE RANGE 

Specification 0 +70 0 +70 'c 
Operating (derated specs) -25 +85 -25 +85 'c 
Storage -55 +125 -55 +125 'c 

NOTES: (1) DTL/TTL compatible, i.e" Logic "0" = 0.8V, max. Logic "1" = 2.0V, min lor inputs. For digital outputs Logie "0" = +0.4V, mex. Logic "1" = 2.4V, 
min. (2) Adjustable to zero. (3) FSR means Full Scale Range. For example, unit connected lor ±10V range has 20V FSR. (4) Conversion time may be shortened 
with "Short Cycle" set lor lower resolution; see "AdditionaL Connections Required" section. (5) See Table I. CSB-Complementary Straight Binary, COB-
Complementary Ollset Binary, CTC-Complementary Two's Complement. (6) CTC 'codlng obtained by inverting MSB (Pin 1). . 
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MECHANICAL 

INCHES MILLIMETERS 
LilM M" M" M" M" 

• 1.878 1.712 42.82 .. .48 

• 1m. 1.101 21..41 27JJ7 
C .,eo .21. UT • .33 
0 .0'. .020 ," .o, 
F .... .0 •• 1.14 , .... 
• • tOO BASIC 2.64 BASIC 
H .0811 .108 2.211 2.119 
J .... .012 .23 "" · .200 .2,. .... 6.:13 
L _BASIC 22..88 BASIC 
N . 016 .03t,; .3 • ... 

r .... _, 
r---------------~ .• 

! . 
L------lJ 

CONNECTION DIAGRAM 

I 
.I 

TOP VIEW 

NOTE: leads in true position within 0.10" 
(0.25mm) R al MMC al seating plane. 

Pin numbers shown for reference only. 
Numbers may not be marked on package. 

CASE: Ceramic 
MATING CONNECTOR: 2302MC 
WEIGHT: 13 grams (0.46 oz.) 
HERlI'rETICITY: Conforms fo Melhod 1014 . 

Condition C. Step 1 
(fluorocarbon) of 
MIL-STD-BB3 (gross leak). 

. ,MSB·Bil 1 

6it2 

Bil3 

~~::::::::~~~--~::::::::::::::::tJ:ry SHORT CYCLE 

8it4 

Bi15 

Bi16 

Bil7 

BilB 

Bil9 

Bill0 

Billl 

Bil12 

LSB for 13 bilS' Bil 13 

LSB for 14 bils' Bil 14 

Bil15 

Bit 16 

CONVERT. COMMAND' 

+5VDC SUPPL Y 

GAIN ADJUST 

+15VDC SUPPLY 

COMPARATOR IN 

BIPOLAR OFFSET 

lOV 

20V 

REF OUT 6.3V 

ANALOG COMMON 

·15VDC SUPPLY 

CLOCK OUT 

DIGITAL COMMON 

STATUS 

SERIAL OUT 

'If an external clock is used. connect the clock to pin 31 CONVERT COMMAND. 

TYPICAL PERFORMANCE CURVES 

GAIN DRIFT ERROR % FSR VS 
TEMPERATURE 

o t 25° 

Tempera)ure °C 
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01 

0.06 

0,04 

0.02 

0.0 1 

~ 0.006 

2 0.004 
W 
a: 
t2 
a 

0002 

a" 0001 

POWER SUPPLY REJECTION VS 
POWER RIPPLE FREOUENGY 

/ 
·15VDC , 

'/. 
V 

/ J 
/ +15VDC r-,j 

~ 

1+ 5VDC V 
10 100 lk 10k lOOk 

Frequency Hz 



DISCUSSION OF 
PERFORMANCE 
The accuracy of a successive approximation AI D con
verter is described by the transfer function shown in 
Figure I. All successive approximation Ai D converters 
have an inherent Quantization Error of ±1/2 LSB. The 
remaining errors in the AI D converter are combinations 
of analog errors due to the linear circuitry. matching and 
tracking properties of the ladder and scaling networks. 
power supply rejection. and reference errors. In sum
mary. these errors consist of initial errors including Gain. 
Offset. Linearity. Differential Linearity. and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure I )about the zero or minus full scale point (all 
bits Of 0 and Offset drift shifts the line left or right over 
the operating temperature range. Linearity error is unad
justableand is the most meaningful indicator of AI D 
converter accuracy. Linearity error is the deviation of an 
actual bit transition from the ideal transition value at any 
level over the range of the AI D converter. A Differential 
Linearity error of± 1/2LSB means that the width of each 
bit step over the range of the Ai D converter is I LSB. 
±I 2LSB. 

The ADC71 is also Monotonic; assuring that the output 
digital code either increases or remains the same for 
increasing analog input signals. Burr-Brown also guar-

Convert 
Commandlll 

Inlernal Clock 

Sialus IEOCI 
MSB 

Bil2 

BI13 ___ J L.J"", 

0000 ... 0000 

~ 
0000 ... 000' 

co co .. ... ... 
!:. .... 
iE .... 
::> ... .... 

'000 .• 000' c 
!:: 
'" is 1111 ... 1110 

1111 ... 1111 

·See Tab'e "or digilal coda dallnillonl. 

FIGURE I. Input vs Output for an Ideal Bipolar AI D 
Converter. 

antees that this converter will have no missing codes over 
a specified temperature range when short cycled for 14-
bit operation. 

TIMING CONSIDERATIONS 
The timing diagram in Figure 2 assumes an analog input 
such that the positive true digital word 1001 1000 1001 
OllO exists. The output will be complementary as shown 
in Figure 2 (OllO 0111 OliO 1001 is the digital output). 

BI14 -- J 
BiiS ~=_J 

~ _____ ~I="o="~ ____________________________ ~r--
-r 1"0" r--

BII6 ===J 
Bil7 =:=J 
Bil8 = __ J 
Bil 9 --- ] --
BillO ==_J 
BIII1 :::=_J 
BillZ ==_J 
Bil13. ===J BII14 =-:::-:::J 
BilI5 ::::::_-J 
81116 
Serial Oata Oul 

MSB 
1 : 3 4 

"0" "'" "I" "0" 

L_JT' 

, 
5 

"0" 

L_J'l" 
L_h" 

1"0" 

6 , 7 
I : 

'T' "'" "I" 

L_J'1" 
L..J·T 

"0" "'" 

"0" 

U"'" 
1"0" 

"'" 
NOTES: 1. The convert command must be at lelll SOns wide and musl remain low during a conversion. 

The conversion is Initialed by Ihe "railing edge" ollhe convert command. 
2, 571'1 'or '6 blls. . 

+1(il'RE~. ADC71 Timing Diagram. 
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Figures 2a and 2b are timing diagrams showing the rela-. 
tionship of serial data to clock and valid data to status. 

SERIAL 
OUT 

CLOCK 
OUT 

, I 
1- 4O-125n. 

FIGURE 2a. Timing Relationship of Serial Data to 
Clock. 

DEFINITION OF DIGITAL CODES 

PARAllEL DATA 
Two binary codes are available on the AOC'71 paraliel 
output; they are complementary (logic "0" is true) 
straight binary (CSB) for unipolar input signal ranges 
and complementary offset binary (COB) for bipolar 
input signal ranges. Complementary two's complement 
(CTC) may be obtained by inverting M S B (Pin I). 

Table I shows the LS B, transition values, and code defi
nitions for each possible analog input signal range for 
12-,13- and 14-bit resolutions. Figure 3 shows the con
nections for 14-bit resolution, paraliel data output, with 
±IOV input. 

STATUS L',-4O-t25n·-1 , 

FIGURE 2b. Timing Relationship of Valid Data to 
Status. 

SERIAL DATA 

Two straight binary (complementary) codes are available 
on the serial output line; they are CSB and COB. The 
serial data is available only during conversion and 
appears with MS B occurring first. The serial data is 
synchronous with the internal clock as shown in the 
timing diagrams of Figures 2 and 2a. The LSB and 
transition values shown in Table I also apply to the serial 
data output except for the CTC code. 

~r---:-D--ot!-ed-I-i~-;s--a-~e----_-_"""11"3"'2 ~"F· CONVERTCOMMANO from 

: external connections. CONTROL lOGIC 

ADC7I 

r-
I 

r---
I 
I 
I 
I 

+5VDC 

+15VDC 
IOku to 

lOku to 
lOOku 

lOOku GAIN 
L-_--o... AOJUST 

OFFSET I"F 

ADJUST 

ANALOG 

I"F 
CDMMON 

-= ·15VDC 

I"F 

DIGITAL 
COMMON 

• Capacilor shoilid be connecled even il external gain adjuslls not used. 

FIGURE J. ADC71 Connections For: ±fov Analog Input, 14-Bit Resolution (Short-Cycled). Paraliel Data Output. 
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TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 

Binary (BIN I INPUT VOLTAGE RANGE AND LSB VALUES 
Output 

Analog Input 
Voltage Range Defined As: ±tOV ±5V !2.5V Oto+l0V o to +5V o to +20V 

,Code COB' COB' COB' 
Designation orCTC l * orCTC" orCTC" CSB'" CSB'" CSB'" 

One Least FSR 20V 10V SV 10V SV 20V 

Significant Tn "2"""' 2" 2" Tn 2n 2" 
Bit ,LSB, n = 12 4.88mV 2.44mV 1.22mV 2.44mV 1.22mV 4.88mV 

n = 13 2.44mV 1.22mV 610"V 1.22mV 610"V 2.44mV 
n = 14 1.22mV 610"V 30S"V 610"V 30S"V 1.22mV 

Transition Values 

MSB LSB 
000 ... 000 .. •• +Full Scale +10V -3/2LSB +SV ·3/2LSB +2.SV -3/2LSB 1(iV -3/2LSB +SV -3/2LSB +20V -3/2LSB 
011...111 Mid Scale 0 0 0 +SV +2.SV +10V 
111...110 -Full Scale -10V +1/2LSB -5V +1/2LSB -2.SV +1/2LSB 0+ 1/2LSB 0+ 1/2LSB 0+ 1/2LSB 

'COB -:; Complementary Offset Binary . Hess:::. Complementary Straight Binary 
"eTC:;;: Complementary Two's Complement - obtained by "~'Voltages given are the nominal value 

inverting the most significant bit. MSB I PIn " for transition to the code specified. 

DISCUSSION OF SPECIFICATIONS 
The ADC71 is specified to provide critical performance 
criteria for a wide variety of applications. The most criti

. cal specifications for an A/ D converter are linearity, 
drift, gain and offset errors. and conversion speed effect,S 
on accuracy. This ADC i.s factory trimmed and tested for 
all critical key specifications. 

GAIN AND OFFSET ERROR 

I nitial Gain and Offset errors are factory trimmed to' 
typically ±O.I% of FSR (typically ±0.05% for unipolar 
offset) at 25"C. These errors may be trimmed to zero by 

connecting external trim potentiometers as shown' in 
Figures 6 and 7. 

POWER . SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The ADC7l power supply sensitivity is specified for 
±0.003% ofFSR/%Vcc, for±15V supplies and ±0.0015% 
of FSR/%Vcc for +5V supplies. Normally, regulated 
power supplies with l'ii or less ripple are recommended 
for use with this ADC_See Layou(Precautions.Power 
Supply Decoupling and Figure 4. 

LAYOUT AND OPERATING INSTRUCTIONS 

LAYOUT PRECAUTIONS 

Analog and digital common are not connected internally 
in the ADC71 but should be connected together as close' 
to the unit as possible. preferably to a large plane under 
the ADC. If these grounds must be run separately. use 
wide conductor pattern and a 0.0 1,.,1" to 0.1,., F.nonpolar
i7cd bypass capacitor between analog and digital com
mons at the unit. Low impedance analog and digital 
common returns are essential for low noise performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. The comparator input 
(Pin 27) is extremely sensitive to noise. Any connection to 
this point should be as short as possible and shielded by 
Analog Common or ±15VDC supply patterns. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum 
capacitors as shown in Figure 4 to obtain noise free 
operation. These capacitors should be located close to the 
ADC.· '. 
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·15VDC 

+SVDC 
11"F ~ .. 

1 ® C t ANALOG 

I~F @ + CO':,MON 

I ® I"F .. ~ DIGITAL COMMON ® ~ 
-15VDC 

FIGURE 4. Recommended Power Supply Decoupling. 

~ 
COMPo ':' 

DIRECT 
INPUT 

IN 27r-------1r---+-1 

~ 
1*AR + ~:~i~ VREF 

FIGU RE 5. ADO I Input Scaling: Circuit. 



INPUT SCALING 

The analog input should be scaled as close to the maxi
mum input signal range as possible in order to utilize the 
maximum signal resolution of the AI D converter. Con
nect the input signal as shown in Table II. See Figure 5 for 
circuit details. 

TABLE II. ADC71 Input Scaling Connections. 

Connect 
Input Connect Connect Input 

Signal Output Pin 26 Pin 24 Signal 
Range Code To Pin To To Pin 

±10V COBorCTC' 27 Input 5ig. 24 
~5V COB or CTC' 27 Open 25 

±2.5V COB or CTC' 27 Pin 27 25 
a to +5V CSB 22 Pin 27 25 
a to +10V CSB 22 Open 25 
a to +20V CSB 22 Input 8ig. 24 

Obtained by inverting MSB . Pin 1 

OPTIONAL EXTERNAL GAIN AND OFFSET ADJUSTMENTS 
Gain and Offset errors may be trimmed to zero using 
ex.ternal gain and offset trim potentiometers connected to 
the ADC as shown in Figures 6 and 7. M ultiturn potenti
ometers with .I00ppm "c or bettcr TCR's arc recom
mended for minimum drift over temperature and time. 
These pots may be any value from 10k!! to lOOk!!. All 
resistors should be 20';( carbon or hetter. Pin 29 (Gain 
Adjust) and Pin 27 (Offset Adjust) may be left open ifno 
external adjustmcnt is rcquired. 

ADJUSTMENT PROCEDURE 

OFFSET - Connect the Offset potentiometer (make sure 
R I is as close to pin 27 as possible) as shown in Figure 6. 
Sweep the input through the end point transition voltage 
that should cause an output transition to all bits off 

. (E'\'/). 

Adjust the Offset potentiometer until the actual end point 
transition voltage occurs at E'\'~'·. The ide.1I transition 
\'oltage values of the input arc gi\'Cn in Table I. 

lal +15VOC 

® 
I.BMll 
"Nv .. 10k!! to lOOkl! 

COMP.IN 
OFFSET ADJUST 

·15VOC 

Ibl +t5VOC 

tBOkU lOOk!! 
27 10kuto lOOk!! 

COM,P.IN 22kll 
OFFSET ADJUST 

-=,?- ·15VOC 

FIGURE 6. Two Methods of Connecting Optional 
Offset Adjust with a 0.4", of FSR Range 
of Adjustment. 
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GA 1:\ - Connect the Gain adjust pOlentiol11eter as shown 
in Figure 7. Sweep the input through the end point transi
tion \,(lltage that should cause an output transition to all 
bits on (E','~). Adjust the Gain potentiol11eter until the 
actual end point tnlnsition \"oltagc occurs at E'I)~. 

Tahle I details the transition voltage levels required. 

+15VOC 

. GAtN ADJUST 270kn f 10klllo 
~ lOOk!! 

,0.. T O.OI"F GAIN ADJUST 
~ ANALOG COMMON ·15VOC 

FIGURE 7. Connecting Optional Gain Adjust with a 
0.2% Range of Adjustment. 

CONVERT COMMAND CONSIDERATIONS 

Convert command resets the converter whenever taken 
high. This insures a valid conversion on the first conver
sion after power-up. 

Convert command must stay low during a conversion 
unless it is desired to reset the converter during a 
conversion. 

ADDITIONAL CONNECTIONS REQUIRED 

The ADC71 may be operated at faster speeds for resolu
tions less than 14 or IJ bits. depending on the Illodel 
,elected. by connecting the Short Cy'cle Input. pin 32. as 
shown in Table III. COI1\'ersion speeds. linearity. and 
resolutions arc shown for reference. 

TABI.E III. Short Cycle Connections and Specifications 
for 12- to 14-Bit Resolutions. 

Resolution Bits 14 13 . 12 

Connect Pin 32 to Pin 15 Pin 14 Pin 13 

Maximum Conversion 
Speed J,lsec 111 50 46.5 43 

Maximum Nonlinearity 
at 25°C % of FSR 0.003<2' 0.006131 0.006131 

. NOTES: (1) M~x. conversion time to maintain specified nonlinearity 
error. (2) ADC71KG only. (3) ADC71KG or ADC71JG. 



OUTPUT DRIVE 
Normally all ADC71 logic outputs will drive two standard 
TTl. loads: however. if long digital lines must be driven. 
external logic buffers are recommended. 

ORDERING INFORMATION 

Model Temperature Package 

ADC71KG O'C10 +70'C Ceramic 
ADC71JG O'C 10 +70'C . Ceramic 
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BURR-BROWN'!!' 

IElElI ADC72 

16-Bit Hybrid 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 

• 16-BIT RESOLUTION 

• ±O.003% MAXIMUM NONLINEARITY 

• COMPACT DESIGN 
32-Pin Hermetic Metal Package 

• FAST CONVERSION SPEED 
50pS Maximum 

• LOW COST 

PARALLEL 
DIGITAL 
OUTPUT 

SERIAL 
DIGITAL 
OUTPUT 

DESCRIPTION· 

The ADC72 is a low cost. high quality. ltl-hit 
successive approximation analog-to-digital conver
ter. It uses state-ol~the-art IC and laser-trimmed thin
film components and is packaged in a compact 32-pin 
metal dual-in-line package. The converter is complete 
with internal reference. clock. comparator. and thin
film scaling resistors. which allow selection of analog 
input ranges of±2.5V, ±5V, ±IOV, 0 to +5V, 0 to 
+IOV and 0 to +20V . 
Data is available in parallel and serial iorm with 
corresponding clock and status output. All digital 
input and outputs are DTL/TIL compatible. 

Power supply voltages ar~ ±15VDC and +5VDC. 

r---OSHORT CYCLE 
.----0 CONVERT COMMAND 

} INPUT 
RANGE SELECT 

1-'---..... --1I---~COMPARATOR IN 

'-----0 REF OUT (+fi.3Vl 

t--,-------OCLOCK OUT 

'-,..-----------.,..--0 STATUS 

Inhlrnational Airport Indualrlal Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (6021 746-1111 . Twx: 910.952-1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-4328 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +25~C and. rated power supplies unless otherwise noted. 

MODEL ADC72JM,KM ADC72AM,BM 

MIN I TVP I MAX MIN I TVP I MAX UNITS 

RESOLUTION r 16 16 Bits 

iNPUT 

ANALOG 

Voltage Ranges 
Bipolar ±2.5. ±5. ±IO ±2.5. ±5. ±IO V 
Unipolar o to +5. 0 to +10. o to +5. 0 to +10. 

010+20 . 010+20 V 
Impedance t oirect Input I 
o to +5V. ±2.5V 2.5 2.5 kU 
o to +IOV. ±5.0V 5 . 5 kU 
o to +20V. ±IOV 10 10 kU 

DIGITALI'I 
Convert Command Positive pulse SOns wide (min) trailing edge ("I" to "0" initiates conversion) 
logic loading I I TTL load 

TRANSFER CHARACTERISTICS' 
, 

ACCURACY 
Gain ErrOrl21 ±O.I ±0.2 ±O.I ±0.2 % 
Offset Gainl21 
Unipolar ±D.05 ±D.I ±0.05 ±O.I % of FSRI31 

Bipolar ±D.I ±0.2 ±O.I ±0.2 % of FSR 

Linearity Error KM,BM ±D.OO3 ±D.OO3. 'IOof FSR 

JM,AM ±0.006 ±D.OO6 % of FSR 
Inherent Ouar:'ltization Error ±1/2 ±1/2 . lSB 
Differential linearity Error ±0.OO3 ±0.OO3 % oiFSR 

POWER SUPPLY SENSmVITY 
±15VDC ±0.003 ±0.OO3 % of FSRI%.1 Vs 
+5VDC ±D.OOI ±D:OOI % of FSRI%.1 Vs 

CONVERSION TIMEI41,I4 Bits' 50 50 IJS 

WARM-UP TIME 10 10 min 

DRIFT 
Gain ±IO ±20 ±7 ±15 ppm/oC 
Ollset 
Unipolar 

,. '. ±2 ±4 ±2 ppm of FSR/DC 
Bipolar ±8 ±10 ±5 ±IO ppm of FSR/DC 

linearity .. 
±2 ±3 ±2 ppm of FSR/DC 

No Missing Codes Temp Range 
JM. AM ,13,bitSl 0 . +50 0 +50 DC 

KM,BMI14bltSl +10 +40 +10 +40 DC 

OUTPUT 

DIGITAL DATA 

I I . All codes complementary I 
Parallel 
Outp~t CodeslSi 
Unipolar CSB 
Bipolar COB, CTCISI 
Output Drive 2 TTL loads 

Status Logic "1" during conversion 
Status Output Drive 2 2 TTL loads 

Internal Clock 
Clock Output Drive 2 2 TTL Loads 
Frequency 280 280 kHz 

INTERNAL REFERENCE VOLTAGE 6.0 6.3 6.6 6.0' 6.3 6.6 V 
Max External Current 
with No Degradation of Specs ±200 :t200 "A 

Temp Coefficient +10 +5 ppm/DC 

POWER SUPPLY REQUIREMENTS 
Power Consumption '550 550 inw 
Rated Voltage, Analog '±14.5 ±15 ±15.5 ±14.5 ±15 ±15.5 VDC 
Rated Voltage. Digital +4.75 +5 +5.25 +4.75 +5 +5.25 VDC 

. Supply Drain +15VDC +15 +15 mA 
Supply Drain -15VDC -18 -18 mA 
Supply Drain +5VDC +10 +10 mA 

TEMPERATURE RANGE 
Specification 0 +70 -25. +85 DC 
Operating I derated specs, -25 +85 -55 +85 DC 
Storage ',-55 +'125 -55 +125 'C 
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NOTES: 
1. OTL/TTL compatlble ... e, Logic "0" :::: O.BV. max. Logic "1" -= 2.0V. mm for Inputs. For digital outputs Logic "0" = +OAV. max. Logic "1' -== 2 4V. min 
2. Adjustable to zero 
3. FSA means Full Scale Range. For example, Unit connected for ±lOV range has 20V FSR. 
~. Conversion time may be shortened with "Short Cycle" set for lower resolution, see "Additional Connections ReqUIred" section. 
5. See Table I. esa - Complementary Straight Binary. COB - Complementary Offset Binary. eTC - Complementary Two's Complement 
6. eTC coding obtained by inverting MSB l Pin 1 . 

MECHANICAL 

NOTE: Leads in true position withIn .010" 
INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 
A 1.120 1.760 44.70 

1.120 1.160 28.45 29.46 

.170 6.35 

.016 0.41 0.53 

.100 BASIC 2.54 BASIC 

1:]1 --->i >< • (.25mm) R al MMC al sealing plane. 

G g G 0 <> <> <> Q <> <> <> <> Q <> <> <> Pm numbers shown for reference only. 
A 1 15 Numbers may not be marked on package. 

n 11 CASE: Nickel-plated kovar 
•••••••••••••••• MATING CONNECTOR: 2302MC 

.100 .140 3.56 

.150 .300 3.81 7.62· 

.900 BASIC 22.86 BASIC 

. 100 .140 3.56 

CONNECTION DIAGRAM 

MSB BIt 1 

Bit 2 

B,13 

Bit 4 

BI15 

BI16 

BI17 

Bit 8 

Blt9 

Bit 10 

Bit 11 

BII12 

LSB for 13 bits Bit 13 

LSB for 14 blls BI114 

BII15 

Bit 16 

TOP VIEW 

WEIGHT: 13 grams (0.46 oz.) 

Contrasting glass seal or square corner 
denotes pin 1 . 

SHORT CYCLE 

CONVERT COMMANO' 

. 5VDC SUPPL Y 

GAIN ADJUST 

~ 15VDC SUPPLY 

COMPARATOR IN 

BIPOLAR OFFSET 

lOV 

20V 

REF OUT 6.3V 

ANALOG COMMON 

-15VDC SUPPLY 

CLOCK OUT 

DIGITAL COMMON 

STATUS 

SERIAL OUT 

'"If an external clock is used. connect the clock to pin 31 CONVERT COMMAND 

TYPICAL PERFORMANCE CURVES 

GAIN DRIFT ERROR (% OF FSR) 
VS TEMPERATURE 

+0.10 ,.....-----,---------------;;----, 
+0.08+------I--------------::<~--_l 

. ffi +M6 
u. 
'0 -t{).04 #Ffi"rr,.;::;=-*""";:::--------:z<"'::,;;;:::;j;'I:tJ'ffl.fflfHfffl 
;;: -t{).02 tHrnfHrnfHHJ~~~~-_::~~rf1.'ftff1'tJ'HI'tB;mfHfHfffl 
e o~~hH~fH~~~~~~~~~~~tii~~~+H+HfH1 
W -0.02 +I++H-I'-H++l-H.oJil'll!!":;;;.,<;;....--i---=~~,.,.,r:th'ffi~fiftJ%fH,fH,1ff 
~ ~004 .JI-!:.t:b!.J.."=-.;;;,;=---1-----=:,.,;;;~~~~I:I:H'+Hfffi 
c: -0.06 

'" (!) -0.081-----t-----r-'--------"~--_; 
~0.10 L-___ --'-____ -'-_______ -'-__ ..... 

-25'C O'C +25'C +70'C +85'C 

Temperature (OC) 
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POWER SUPPLY REJECTION VS 
POWER RIPPLE FREQUENCY 

/ 
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DISCUSSION OF 
PERFORMANCE 
The accuracy of a successive approximation A D con
verter is described by the transfer function sho\\'n in 
Figure I. All successive approximation A D convcrters 
have an inherent Quantization Error of ± I 2 I.SB. The 
remaining errors in the A: D converter are combinations 
of analog errors due to the linear circuitry. matching and 
tracking properties 'of the ladder and scaling networks. 
power supply rejection. and reference errors. In summary. 
these errors consist of initial errors including Gain. 
Offset. Linearity. Differential Linearity. and Powcr 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure I) about the zero or minus full scale point (all 
bits Off) and Offset drift shifts the line left or right over 
the operating temperature range. Linearity error is 
unadjustable and is the most meaningful indicator of 
A. D converter accuracy. Linearity ,error is the deviation 
of an actual bit transition from the ideal transition value 
at any level over the range of the AI D conv~rter. A 
Differential Lint!arity error of ±I j 2LSB means that ,the 
width of each bit step overthe range of the AI D converter 
is I LSB. ±1,2LSB. 

The ADC72 is also monotonic, assuring that the output digi
tal code either increases or remains the same for increasing 
analog input signals. Burr-Brown also guarantees that 

Convert 
Commandl11 

Internal Clock 

Slalus (EOCI 

MSB 

Bit 2 

Blt3 ==:::'J 

·See Table I for 
digital code definitions. 

FI(il'RE I. Input \s Output for an Ideal Bipolar A () 
('ol!wrter. 

these converters will have no missing codes over a specified 
temperature range when short-cycled for 14-bit operation. 

TIMING CONSIDERATIONS 
The timing diagram (Figure 2) assumes an analog input 
such that the positive true digital word 1001 1000 1001 
0110 exists. The output will be complementary as shown 
in Figure 2 (0110 0111 0110 1001 is the digital output). Fig
ures 23 and 2b are timing diagrams showing the relation
ship of serial data to clock and valid data to status. 

Blt4 

Bit 5 
~J __ ~ ___ '=I"o="~------------------~--------~r--r' 

-- ]' 1"0" r-
Bit 6 

Bit 7 

BII8 

BilD 

BIlIO 

BIII1 

BilI2 

81113 

Bit 14 

BII15 

81t 16 

---~------~. ~~~=====================--===J LJ''1'', 
==='J------------~--,L_Jr."I~"----------------------------

= __ J L_h" 
---~J------------------~I"o="~~~==============~r----__ = J::,-______________________ --::L.J='i·'1" 

=:::':::'J L_h" 

==:::.J~------~----------------~=!-"~a·~======~r----___ J 'U"I" 
---J 1"0" r-
-~----------------~-----------=.~~--~ ::: _J 1"0" r__ 

___ J 
Oplional External I 
Clock --lr-1S-l.f-l.r-lr-lr-Lr-lr-lf -1[" -If -If -1f-lf-l.r-l_r-1J-lr--,. 

200nsec. max --li-
NOTES: 
I. The convert command must be at least 50nsec wide and must remain low during I 

. conversIon. The conversion Is Initiated by Ihe "trailing edge" 01 the convert command. 
2. 571'1 for 16 bits. 

FIGURE 2. ADC72 Timing Diagram. 
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SERIAL 
OUT 

CLOCK 
OUT 

I 
I I 
1- 40-125no 40-125no - 1-~ ________________ I I 

I 
I 
I 

FIGURE 2a. Timing Relationship of Serial Data to 
Clock. 

DEFINITION OF DIGITAL CODES 
PARALLEL DATA 

Two binary codes arc available on the ADC72 parallel 
output; they are complementary (iogic"O"is true) straight 
binary (CSB) for unipolar input signal ranges and 
complementary offset binary (COB) for bipolar input 
signal ranges. Complementary two's complement (CTC) 
may be obtained by inverting MSB (Pin I). 

Table I shows the LSB. transition values. and code 
definitions for each possible analog input signal range for 
12-. 13- and 14-bit resolutions. Figure 3 shows the 
connections for 14-bit resolution. parallel data output. 
with ±lOV output. 

Dotted IIneo are 
external connections. 

tOkfl to 

BIT 16 

STATUS 

\ t'-slii6 
"'----.J;(r--~~~ 

I 

1 I 
40-125n. -I L 

I I 

FIGURE 2b. Timing Relationship of Valid Data to 
Status. 

SERIAL DATA 

Two straight binary (complementary) codes are available 
on the serial output line: CSB and COB. The serial data 
is available only during conversion and appears with 
MSB occurring first. The serial data is synchronous with 
the internal clock as shown in the timing diagrams of 
Figures-2 and 2a. The LSB and transition values shown 
in Table I also apply to the serial data output except for 
the CTC code. 

+5VDC 

+15VDC 

r-
I 

l00kfl GAIN 
tOkfllD L.... __ ... S AOJUST 
l00kfl 

DFFSET 
I~F 

ADJUST 
ADC72 

ANALOG 

I~F "; 
COMMON 

·15VOC 
I~F 

DIGITAL 
COMMON 

NC 16 
~ .. -----~ • Capacitor should be connected even II external gain adlust Is not used: 

FIGURE 3. ADCn Connections For: ±lOV Analog Input, 14-Bit Resolution (Short-Cycled), Parallel Data Output. 
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TABLE!. Input Voltages~Transition Values. LSB Values. and Code Definitions. 

BInary BIN INPUT VOLTAGE RANGE AND LSB VALUES 
Ouiput 

Analog Input 
o to '+10V Voltage Range Defined As: :t10V :t5V ±2.5V Oto+5V Oto+20V 

Code COBll) COBll) COBll) 
Designation orCTC(2) orCTC(2) orCTC(2) CSB(3) CSB(3) CSB(3) 

One Least FSR 20V 10V 5V 10V . 5V 20V 

Significant Tn 2" - 2" 2n 2" 2" 2" 
Bit ·LSB n:::: 12 4.88mV 2.44mV 1.22mV 2.44mV 1.22mV 4.88mV 

n = 13 2.44mV 1.22mV 610"V 1.22mV 610"V 2.44mV 
n = 14 1.22mV 61O"V 305"V ·.610"V 305"V 1.22mV 

Transition Values 

MSB LSB 
000 ... 000(4) +Fufl Scale +10V -3/2LSB +5V -3/2LSB +2.5V -3/2LSB t 1 OV -3/2LSB +5V -3/2LSB +20V -3/2LSB 
011 ... 111 Mid Scale 0 0 0 +5V +2.5V +10V 
111 ... 110 -Full Scale ·10V +1/2LSB -5V +1/2LSB ·2.5V +1I2LSB 0+ 1/2LSB 0+ 1/2LSB 0+ 1/2LSB 

Il)COB = Complementary Offset .Binary 131 CSB = Complementary Straight Binary 
(2) GTC = Complementary Two's Complement - obtained by (4) Voltages given are the nominal value 

inverting the most 'significant bit. MSB (Pin 11 for transition to the code spedfied. 

DISCUSSION OF SPECIFICATIONS 
The ADC72 is specified to provide critical performance 
criteria for a wide variety of ·applications. The inost 
criti'cal specifications for an AI D converter are linearity. 
drift. gain and offset errors. and conversion speed effects 
on accuracy. This ADC is factory-trimmed and tested for 
all critical key specifications. 

GAIN AND OFFSET ERROR 

I nitial Gain and Offset errors are factory-trimmed to 
typically ±O.I% of FSR (typically ±O.051)f for unipolar 
offset) at 25"C. These errors may be trimmed to zero by 

connecting external trim potentiometers as shown in 
Figures 6 and 7. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The ADC72 power supply sensitivity is specified for 
±O.003% ofFSR/%~Vs for±15V supplies and ±O.OOI% 
of FSR/%.l Vs for +5Vsupplies. Normally. regulated 
'power supplies wiih I % or less ripple are recommended 
for use 'with this ADC. See Layout Precautions. Power 
Supply Decoupling and Figure 4. 

LAYOUT AND OPERATING INSTRUCTIONS 
. LAYOUT PRECAUTIONS 

Analog and digital common are not connected internally 
in the ADC72 but should be connected together as close 
to the unit as possible. preferably to a l.arge plane under 
the ADC. If these grounds must be run separately. use 
wide conductor pattern and a O.oIJlF to O.IJlFnon
polarized bypass capacitor between analog and digital' 
commons at the unit. Low impedance analog and digital 
common returns are essential for low noise performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful· layout. The comparator input 
(Pin 27) is extremely sensitive to noise. Any connection to 
this point should be as short as possible and shielded by 
Analog Common.or ±I5VDC supply patterns.' 

POWER SUPPLY DECOUPLING 

The power. supplies should .be.bypassed with tantalum 
capacitors as shown in Figure 4 to obtain nOise free 
operation. These capacitors should be located close to the 
A DC. 

INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order to utilize 
the maximum signal resolution of the AI D converter. 
Conncct the input signai as shown'in Table II. See Figure 
5 for circuit details. 

@ 
·15VOC 

+5VOC 

11"F AN~LOG .. 
1+ ® 

€> l' .'. COMMON 

I 
I"F 

. . 
... @) r1"F 

@) DIGITAL COMMON • +15VDC 

FIGURE 4. Recommended Power Supply Decou piing. 

COMP.! 
IN 

~ 
Bl~[~..R + VREF 
OFFSET 

DIRECT 
INPUT 

FIGURE 5. ADC72 Input Scaling Circuit .. 
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TABLE II. ADC72 I nput Scaling Connections. 

Connect 
Input Connect Connect Input 

Signal Output Pin 26 Pin 24 Signal 
Range Code ToPin To To Pin 

!10V COB orCTC' 27 Input Si9. 24 
!5V COB or CTC' 27 Open 25 

!2.5V COBorCTC' 27 Pin 27 25 
a to +5V CSB 22 Pin 27 25 
a to +10V CSB 22 Open 25 
a to +20V CSB 22 Input Si9. 24 

Obtained by inverting MSB Pin 1 

OPTIONAL EXTERNAL GAIN 
AND OFFSET ADJUSTMENTS 

Gain and Offset errors ~ay be trimmed to zero using 
external gain and offset trim potentiometers connected to 
the ADC as shown in Figures 6 and 7. Multiturn 
potentiometers with 100ppm;"C or better TCR's are 
recommended for minimum drift over temperature and 
time. These pots may be any value from 10kH to 100kH. 
All resistors should be 20lic carbon or better. Pin 29 (Gain 
Adjust) and Pin 27 (Offset Adjust) may be left open if no 
external adjustment is reqUired. 

ADJUSTMENT PROCEDURE 

OFFSET - Connect the Offset potentiometer (make sure 
R, is as close to pin 27 as possible) as shown in Figure 6. 
Sweep the input through the end point transition voltage 
that should cause an output transition to all bits ocr 
(EO,~F). 

Adjust the Offset potentiometer until the actual end point 
transition voltage occurs at EO\'~·. The ideal transition 
voltage values ofthe input are given in Table I. 

(., .I5VOC 

® 
I.8M!! 
w.. .. 10k!! 10 lOOk!! 

COMP.IN 

OFFSET AOJUST 

·15VDC 

Ibl .I5VDC 

lBOk!! IBOkll 
21 10k!! 10 looku 

COMP.IN 22ku 
OFFSET AOJUST 

-=.E=" ·15VOC 

f'1(jIJRE fl. Two Methods of Connecting Optional 
Offset Adjust with a O.4'"i of f'SR Range 
of Adju~t ment. 

(j A 1:\ - Connect the Gain adjust potentiometer as show 11 

in Figure 7. Sweep the input through the end point 
transition voltage that should cause an output transitior. 
to all bits on (E':;). Adjust the Gain potentiometer until 
the actual end point transition voltage occurs at E\)~. 

Table I details the transition voltage levels required. 

.I5VDC 

GAIN ADJUST 2;OkU t IOku to 
~ lOOkll 

--= T 0.01 "F GAIN ADJUST 

~ ANALOG COMMON .I5VOC 

FIGURE 7. Connecting Optional Gain Adjust with a 
0.2% Range of Adjustment. 

CONVERT COMMAND CONSIDERATIONS 

Convert command resets the converter whenever taken 
high. This insures a valid conversion on the first conver
sion after power-up. 

Convert command must stay low during a conversion 
unless it ·is desired to reset the converter during a 
conversion. 

ADDITIONAL CONNECTIONS REQUIRED 

The ADC72 may be operated at faster speeds for 
resolutions less than 14 or 13 bits. depending on the model 
selected. by connecting the Short-Cycle Input. pin 32. as 
shown in Table III. Conversion speeds, linearity. and 
resolutions are shown for reference. 

IA HI. E Ill. Short-Cycle Connections and Specifications 
for 12- to 14-Hit Resolutions. 

Resolution (Bitsl 16 14 13 12 

Connect Pin 32 to Open Pin 15 Pin 14 Pin13 

Maximum Conversion 
, Speed (I-'Secl(1) 57 50 46.5 43 

MaXimum Nonlinea"ty 
at25"CI%ofFSR· 0.003121 0.003{21 0.006 0.006 

NOTES: 
1. Max. conversion time to maintain specified nonlinearity error. 
2. BM and KM models only. 
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OUTPUT DRIVE 
Normally all ADCn logic outputs will drive 2 standard 
TTL loads; however. if long digital lines must be driven. 
external logic buffers are recommended. 

HEAT DISSIPATION 

The ADen dissipates approximately. SSOm W (typical) 
and the packages have a case-to-ambient thermal resist
ance (0 .. ,,) of 2S"Ci W. For operation above 70"C. ()C\ 

should be lowered by.a heat sink or by forced air over the 
surface of the package. See Figure 8 for () .. A requirement 
above 70"C. If the converter is mounted on a PC card. 
improved thermal contact with the copper ground plane 
under the case can be achieved using a silicone heat sink 
compound. On a 0.062" thick PC card with a 16 square 
inch (min.) area. this technique will allow operation to 
8S"C. 

ORDERING INFORMATION 

MODEL TEMPERATURE RANGE 

ADC72JM O"C to +70"<:' 
ADC72KM O"C to +70"C 
ADC72AM -2S"C to +8S"C 
ADC72BM -2S"C to +8S"C 

25 

~ 
~ 
c 10 ? 

0 
60 10 

Amblant Tamperature ,oCI 

FIGURE 8. fit,\ Requirement Abme 70"L 

NONI.INEARITY 

±0.006(ii FSR 
±O.00311i FSR 
±O.006% FSR 
±O.003(i(, FSR 
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BURR-BROWN@) 

113131 ADC73' 
ADC731 

True 16-Bit 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
-16-BIT RESOLUTION WITH TRUE I6-BIT ACCURACY 

- LINEARITY ERROR OF LESS THAN ±O.00075% max 
(K model) 

- OPTIONAL UNITY-GAIN INSTRUMENTATION 
AMPLIFIER INPUT (AOC731) 

DESCRIPTION 
The ADC73 and ADC731 are high quality. 16-bit 
successive approximation analog-to-digital convert
ers that are linear to within ±O.OOI59( of full scale 
range (J models) or ±O.00075(ii offull scale range (K 
models). They combine state-of-the-art monolithic. 
hybrid. and discrete technologies to establish a new 
standard in value for true 16-bit A D converters. 
Comp'lete with precision internal reference a'nd 
comparaior. ultra-stahle clock. and unity-gain 
instrumentation amplifier input (ADC731). the 
ADC73 andADC731 are ready to use. The user
selectable input ranges of±5V. ± IOV. 0 to + IOV. and 
o to +20V. short-cycle capability for faster through
put rates. optional instrumentation amplifier input. 
binary or two's complement codes. parallel and serial 
outputs. and low price ma'ke this versatile converter 
suitable for a wide range of demanding applications. 

Control signals and output data lines are TTL
compatible over the entire operating temperature 
range. Output data is available as a parallel word or a 
serial bit stream (MSB first) with corresponding 
clock and status outputs. 

- FAST CONVERSION TIME - l7Ol'sec max to 
±O.00075% accuracy (K models) 

- USER-SELECTED INPUT RANGES 

- VERY-HIGH PERFORMANCE/PRICE RATIO 

FUNCTIONAL DIAGRAM 

alA PARALLEL 
OUTPUT ~ 

III-BIT 

V 
I 

I ~REFOUT 
III-BIT '", 

CONVERT COMMAND L SUCCESSIVE SERIAL OUTPUT 
o-__ +-iAPPROXIMATIONI-__ -o 

SHORT CYCLE REGISTER STATUS 

BIPOLATOFFSET Y CLOCK OUT 

INPUlP:=! fO 
(RANGE'sgE:!!i t> CLOCK Jo 

0----1+ FREO ADJUST 
ANALOG SIGNAL COMMON 

r -----, 

"m:"~: t>J I INSTR J I + I 
AMP IN \ _ I 

~ ~DE!3~N':!.. _, 

International Airport Induslrial Park· P.O. Box 11400· Tucson. Arizona 85734 • TaJ. (6021746·1 I 11 • Twx: 910-952·1 I I 1 • Cable: BBRCORP· Telex: 66·6491 

PDS-478 

5-29 



SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C and rated power supplies unless otherwise noted. 

MODEL ' ADC73J, ADC731J ADC73K, ADC731K 

MIN TYP MAX MIN' TYP.'. MAX UNITS 

RESOLUTION I I 16 I I 16 Bits 

INPUT CHARACTERISTICS 

ANALOG 

J ±5,±10 J Voltage Ranges 
Bipolar V 
U'nipolarl11 o to +10, 0 to +20 V 

Input Impedance, Direct Input 
o to "10. ±5V' 5 k/l 
o to +20V. ±10V 10 k/l 

Differential Amplifier ,ADe731 only' 
Input Impedance, Differentlsl 1010 113 /lll pF 

Common-mode 5xl0911.3 1111 pF 
Common-mode Voltage(2) ±'IVccl- 3, V 
CMRR ,±10V input (3) 76 dB 

DIGITAL (Convert Command) 

Pulse Width 200 "sec 
Logic "1" Voltage 2.0 V 

Current 20 ~A 
Logic "0" Voltage O.S V 

Current 0.4 mA 

TRANSFER CHARACTERISTICS 

ACCURACY 

Gain Errorl41 . ±0.001 % 
Qffset Error(4 1, Unipolar ±0.001 %'ofFSR 

Bipolar ±0.001 'W,ofFSR 
Linelfjrity ErrortS) ±a.0015 ±0.000.75 ... % of FSR 
Differential linearity ErrortS} ±a.0015 ±a.003 ±Q.OO075 ±0.OO15 .% of FSR 
Quantization Error ±a.00075 ±0.00075 %of FSR 
No ,Missing Codes Temperature Range +15 +35 °C 
Differential Ground Potential Error(6) 

Gain 0.01 LSB/mV 
.offset 0.02 "LSB/mV 
Linearity 0.01 LSB/mV 
Differential Linearity 0.02 LSB/mV 

3a Noise i Full Scale t(7} . 150 300 ~V. p-p 

POWER SUPPLY SENSITIVITY 

Offset. +15VDC ±a.0005 %ofFSR/%..IV 
-15VDC· ±O.OOOl %'of FS·R/"Io..lV 
+5VDC ±a.0007 

, 
%ofFSR/%..IV 

Gain, +15VDC ±a.00035 "10 of FSRI"Io..lV 
-15VDC ±0.0012 %of.FSR/%..IV 
+5VDC ±a.0004 %ofFSR/%..IV 

CONVERSION TIME'.' 150 170 IJ.sec 

WARM-UP TIME (To r •• ed accuracy) 15 minutes 

TEMPERATURE DRIFT 
(Including In.ernal Relerence) 

Gain ±10 ppm/oC 
Offset. Unipolar. ±2 ppm of FSR/oC 

·Bipolar ±5. ppm of FSR/oC 
Ltnearity ±0.5 ±2 ppm of FSR/oC 
D.iffe~ential Linearity :to.S ±2 ppm of FSR/oC 

LONG TERM STABILITY 

Gain· Exclusive of Reference ±30 ppm/l03 hr 
Offset, Exclusive of Reference . Bipolar ±30 ppm of FSRI 

103 hr 
Unipolar ±5 ppm of FSRI 

1()3 hr 
Li,nearity ±3.7 ±7.5 ppm of FSRI 

103 hr 
Reference ±50 ppm/l03 hr 
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ELECTRICAL (CO NT) 

MODEL ADC73J, ADC731J ADC73K, ADC731K 

MIN TYP MAX I MIN I TYP MAX UNITS 

OUTPUT CHARACTERISTICS 

DIGITAL 

LB, BOB,BTl 
Data Codes! Positive True Logic) 

Parallel(9) 
Serial! NRZ j19} USB, BOB 

Status Logic "1" During Conversion 
Internal Clock 

Frequency 113 kHz 
Clock Adjust Range ±20 0/0 

Logic Levels 
Logic "1" Voltage 2.4 V 

Current 0.4 mA 
Logic "0" Voltage 0.4 V 

Current 3.2 mA 

INTERNAL REFERENCE 

Voltage +5.9988 +6.0000 +6,0012 V 
Source Current Availablefor External Loads 4.0 mA 
Temperature Drift ±5 ppmfOC 

POWER SUPPLY REQUIREMENTS 

Voltage, +15VDC +14.5 +15 +15.5 V 
-15VDC -14.5 -15 -15.5 V 
+5VDC +4.75 +5 +5.25 V 

Current. +15VDC --- 60 mA 
-15VDC --- 65 mA 
+5VDC --- 130 mA 

POWER DISSIPATION --- 2.5 W 

TEMPERATURE RANGE 

Specification 0 +70 'C 
Storage -55 +100 'C 

NOTES: 
1. Maximum input voltage of ADC731 differential buffer input is ±10V. 
2. Vee is value of supply voltage connected to +15V and -15V power supply pins. 
3. See CMRR versus frequency performance curve. 
4. Adjustable to zero with internal potentiometers. FSR = Full Scale Range. 
5. As adjusted at the factory .. Periodic recalibration is performed by following the adjustment procedure in the Installation and Operating InstructIons. 
6. Effect on output of DC voltage differential being present between analog and digital grounds. Measured with 10V FuJI Scale Range mput and up to 

175mVDC between grounds. 
7. For 20V FSR input voltage. Noise is directly proportional to user-selected FSR. 
8. Conversion time can be reduced to 120..."sec. See Typical Performance Curves for accuracy versus conversion time. Conversion time and resolution 

may also be reduced by "short-cycling". See Installation and Operating Instructions. 
9. BOB = Bipolar Offset Binary, USB = Unipolar Straight Binary, BTC = Bipolar Two's Complement. 

, MECHANICAL 

L...:(fC'i/"·'-· INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 

w~19 I A 4.590 4.810 116.59 117.09 

I I . I B 2.990 3.0tO 75.95 76.45 

i ! 
C .380 .400 9.65 10.16 

0 .022 .028 0.56 0.71 

E .290 .310 7.37 7.87 

J G .100 BASIC 2.54 BASIC 

H .540 I .560 t3.72 I 14.22 

j1fb=::a"'·'···Ei~· 
L .100 BASIC 2.54 BASIC 

M .290 .310 7.37 7.87 

P 1,46 1.54 3708 39.11 • • • C D 
R .180 .200 4.57 5.08 

: ! II ~I S .090 .110 2.29 2.79 

T 2.95 2.97 74.93 75.44 L. U 3.990 4,010 101.35 101.85 

j' V .065 .085 1.65 2.t6 

W .140 .160 3.56 4.06 

Y .235 255 5.97 6.48 .-l u 
z 2.285 2.305 58.04 58.55 
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PIN DESIGNATIONS 

±15V ReturnP} 
·15V Supply 

+15V Supply 
IN1 
IN2 
IN3 

NC(2) 
+6V Ref Out 

Analog Gnd(1) 
NC 
NC 
NC 

NOTES: 

1B 
2B 
3B 
4B 
5B 
6B 
7B 
8B 
9B 

10B 
11B 
12B 

1T 
2T 
3T 

r4T 

: 5T 
L6I 

7T 
8T 
9T 

10T 
11T 
12T 

±15VReturn(1) Bit 15 25B 
·15V Supply Bit 13 26B 
+15V Supply Bit 11 27B 
:rnStrAmpiiipUil Bit 9 28B 
InstrAmpOutput I ADC731 only(3) Bit 29B 
.±.llJ!t!....A~p..ln.2!J!.l Bit 30B 
NC(2) Bit 31B 
+6V Ref Out Bit1 ,MSB 32B 
Analog Gnd(1) Serial Out 33B 
NC Status Out 34B 
NC Short Cycle 35B 
Clock Control +5V Return 36B 

1. ±15V Return IPins 1T. 1B, is internally conn.ected to 2 .. Internally connected to Pins ST. 8B. 
Analog Gnd ,Pins 9T. 9B, in ADC731. 3. Not internally C'onnected on ADC73 models. 

PC BOARD MOUNTING DETAILS 
(component side) 

LEAVE CLEAR FOR ADJUSTMENT 

This area must be 
left clear to insert 

25T 
26T 
27T 
28T 
29T 
30T 
31T 
32T 
33T 
34T 
35T 
36T 

OF TRIMPOTS and separate module 

from matin9J . ------t------2.5"------t;1 connectors. 
f4-----:----4.6"---------i1 

- ~~ 
1 

2 HOLES TO CLEAR 
4-40 x 3/16" 

I 1.5" MOUNTING I 
SCREWS 
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CONNECTION DIAGRAM 

±15V Rln' e~ ~ r"IV'v-~N-.~-I 
-15V Supply {2T 0, 

I 28 o-l 
f-15V Supply {3T 0, 

. 3B oJ 
-Inslr Amp In 4T 0-+-+1--, 

Voltage INI 4B o-+-+I--Ir' 
Inslr Amp Oul 5T 0--+--++--1--------, 

Vollage IN2 5B 

+Instr Amp In 6T 
Vollage IN3 SB o--,I-+' 

f-SV Ref OUII~ 
BB 

{ 9T 
Analog Gnd'" 98 

IS-BIT 
DIA 

CONVERTER 

REGISTER 

+5V Rtn 

+5V Supply 
Short Cycle 

35T Convert Command 

34B Status 

34T Clock Out 
33B Serial Data Out 

33T Bill ·MSB, 
32B Bit 1 ,MSB, 

32T Bil2 

31B Bil3 
3fT Bil4 
30B Bil5 

30T BitS 

29B Bit7 

29T BitB 

2BB Bit9 
2BT Bitl0 

27B Bitll NC lOT 0 
NC lOB 0 
NC 1fT 0 
NC llBO 

Clock Conlrol 12T ~-----L ____ J 
NC 12B 0 .. ±15V Rtn I pins IT, 18, is internally connected 

to Analog Gnd ,pins 9T. 9B in the ADC 731. 

§>IT 26B 
2ST 
25B 
25T 

Bit 12 

Bit 13 
Bit 14 
Bit15 
Bit IS ,LSB 

TYPICAL PERFORMANCE CURVES 
LINEARITY AND DIFFERENTIAL 

LINEARITY ERROR VS CONVERSION TIME 

:to.0030 

:to.0025 1--+--+---11--+---1 
iii a: 
:0:::00 
c: ... 

~o 
:;'$ 
Cl -

-g e 
"w 
"">om i ±O.0010 

:§ .s ±a.00075 t~-3;+~~~;~~~~~ 
-' :to.0005 ~ 

140 150 ,150 170 

Conversion Time i J,tsec I 

* Short~cycled to 15 Bits 

GAIN DRIFT VS AMBIENT TEMPERATURE 

-0.15 1--+-+--+-+--+-+-1 

a: +0.10 I----t---+.-'-I---+ 
~ 
'0 +0.05 

'" § 
w -0.05.1----t--+-1--+-+--jr--''''1 
c: 

~ -0.101----t--+-1--+-+--j-j-; 

-0.15 1--+-+--+-+---+-+-1 

o +25 +70 

Ambient Temperaure °C 

-110 

-100 

In -90 
'C 

a: 
~ -80 

-70 

-60 

COMMON-MODE REJECTION 
OF DIFFERENTIAL INPUT 
BUFFER VS FREQUENCY 

t::::b '. 

: 
~ 

I 

I \ I 

~ 

10 100 lk 10k lOOk 1M 

Frequency Hz 

CLOCK RATE CONTROL VOLTAGE 
VS CONVERSION TIME POWER SUPPLY REJECTION 

+15 
~ 

" F 
g +10 

e g 
'-' 
~ +5 
a: 
tl 
o 
(3 o 

, 
1\ , 
" " ...... 

~ 
100 110 120 130 140 150 tSO 

Conversion Time l.usec I 
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DtSCUSSION OF 
SPECIFICATIONS AND 
PERFORMANCE 

ACCURACY 
The accuracy of a successive approximation 1\ [) con
verter is descrihcd Ily the transfer function shown in 
Figure 'I, All successive approximation A: D converters 
have an inherent quantil.ation error of ±I 2LSB, The 
remaining errors in the A D converter arc comhinations 
of ana log errors due to the lincar circuitry. matching and 
tracking properties of the ladderand the sc,;ling networks. 
powcrsupply rejection. and reference errors. In summary. 
these errors consist of in'itial errors including gain. offset. 
linearity. differential linearity. and power supply sen
sitivity. Initial gain and offset errors arc adjusted to zero 
at the factory prior to shipment. Periodic recalihratimi 
may he performed hy thc uscr as needed. Gain drift ovcr 
tempcrature rotates the transfer chara.cteristic (Figurc I) , 
about the zero or -FS point (all hits OFF)and offset drift 

. shifts the transfer charactcristic Icft or right. The linearit}, 
error has also heen adjusted to within ± I, 2LSB at the 
factory and. like gain and offset error. is user adjustahle. 
Linearity error is the deviation of an actual hit transition 
from ideal t'ransition \'alue at any level over the range of 
the A I) converter. A differential linearity error of 
±,I 2LSB means that the width of each hit step over the 

tlll._ lt11 

1111 .. , lt10 

input range of the AI Dconverter is I LSB±I/2LSB. The' 
ADC73 and ADC731, are also guarariteed to have no 
missing codes from + IS"C to + 3S"C. 

TIMING CONSIDERATIONS 
The timing diagram shown in Figure 2 illustratcs hy a 
specific cxample the timing of the AI [) logic. It shows 
how an analog input voltage is converted to the output 
digital word 0110 011 fOlIO 1001. 

DEFINITION OF DIGITAL CODES 
The user may select one of three availahlC codes for thc 
ADC73 or A 1)(,73 I parallcl output. They are unipolar 
straight hinary (USB) for unipolar inputranges. hipolar 
offsct hinary (BOB). and hipolar two's complemcnt 
(BTC) for bipolar input \'oltage ranges. Tahlc I shows the 
LSB voltagc. transition voltages and code definitions for 
each possihlc analog input signal range for 14-.15-. and 
16-hit rcsolutions. 

Two serial data output codcs arc availahle. USB afld 
BOB. The ,serial data is available as each hit is heing 
converted 'with the MSB heing output first. The serial 
data is synchronized with the internal clock as shown in 
the timing diagram of Figure 2. The LSB and transition 
\,(lltages shown in Tahle I also apply to the serial data 
output except for the BTC code, 

ANALOG INPUT 
TRANSITION 

:!fM -ILSB 
2 

VOLTAGE 

·SEE TABLE I FOR DIGITAL CODE 

FI G l! R E 'I. Input vs Output for an Ideal Bipolar A/ D Converter. 
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CONVERT 
COMMANO (11 
INTERNAL CLOCK 

STATUS 

MSB 

BIT 2 

BIT 3 

BIT 4 

BIT 5 

BIT 6 

BIT7 

BITB 

BIT 9 

BIT 10 

BIT" 
BIT 12 

BIT '3 

BIT 14 

BIT 15 

BIT 16 

foI-------------CONVERSION TIME (211 ___ ~ _____ ---+l.1 

___ J 

===J "0" 

===~"1" :::J Lj"'" 
:::J 1"0" 
:::J IT 
:=:J U"'" ==_J LJ"," 
==:J LJ"I" 
=::~J------------------_I~"o="~~================r----:::J LJ"1" 
:::'J~-----------------------=~L-Jr··-r·------------------
:::J I'" 
:::J U'T" 
---J .1:0" .---
---~----~--~------------~--~. ~~--~I :::J r--

SERlAL(31 DATA OUT :=-+----'1....::::::-' 
MSB , I 5 6 7 I I 
"0" 'T' 'T' "0" "0" 'T' 'T" "T' 

NOTES: 
2. 170~sec maxfmum for '6 bit •. 1. The convert command must be alleasl 200nsec wide. The conversion Is 

Initialed by the "Ieadlng edge" of the converl command: 3. Use trailing (high 10 fowl edge of clock 10 slrobe each serial output bit. 

FIGURE 2. ADC73 73( Timing Diagram. 

TABLE I. Input Voltages. Transition Values. LSB Value 
and Code Definitions. 

INPUT VOLTAGE - RANGE AND LSB VALUES 

Analog Input 
VOltage Rangp '10V "!"5V o 10 ~10V 

Code I 80B(11 BOB(l1 
Designation orBTC(2) or BTC(2) USBr31 

One least FSR 20V 10V 10V 
Significant 2" 2" 2" 2" 
Bil,LSB n = 14 1.22mV 610"V 610"V 

n = 15 610"V 305"V 305~V 

n = 16 305~V 153~V .153"V 

Transition 
ValueS(4) 

MSB LSB' 

"" ... 1111 +FuliScale +10V-3/2LSB +5V-3/2LSB +10V-3/2LSB 
1000 ... 0000 Mid Scale ·0±1/2LSB 0:t1/2LSB +5V±1I2LSB 
0000 ... 0000 -Full Scale ·10V+1/2LSB -5V+1/2LSB 0+1/2LSB 

1. BOB = Bipolar Offset Binary 4. Nominal voltages for 
2. BTC = Binary Two',s Complement. transitio~.to code specified. 
3. USB = Unipolar Straight 

Binary 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

MOUNTING 
Mounting on a printed circuit board is accomplished 
using the female printed circuit connectors supplied with 
each Ai D converter. Mount the A, D converter with two 
#4 external tooth lockwashers and two #4-40 machine 
screws. Refer to the mounting instructions. Be sure to 
leave clearance for screwdriver adjustment of the trim 
potentiometers. 

PC LAYOUT CONSIDERATIONS 
The metal case (ADC73 and ADC73 I ) is connected 
internally to the ±15V Rtn pins (I B and IT). Care must 

+ .---~~~---------------{ 

+. 

---..., 
OPTIONAL = 

be taken to prevent other printed circuit conductors from 
making electrical contact with the case. In order to avoid 
ground loop paths, the case itself should not be connected 
to any other local power supply returns. 

Coupling between digital signal paths and the analog 
inputs, INI, IN2, IN3 ilOd +Amp In and -Amp In 
(ADC731) should be minimized by careful layout 
separation and! or ground plane shielding. 

In addition to the power supply connections, other 
connections to the A: D converter should be limited to 
digital inputs and outputs with a single digital common 
return path and the analog input. 

AOC731 

BYPASS t--+--++--.,..:.::.:..:;~ 
CAPACITOR -1.. __________ .... 

SYSTEM 
GROUNO 

FIGURE 3. ADC731 Power Supply Connections. 
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POWER SUPPLY CONNECTIONS 
ADC731 
AnalogGnd(pins9B.9T)and±15V Rtn(pins IB.IT)are 
connected together internally. ±15V Rtn and +5V Rtn 
(pin 36B) are not connected internally. These supply 
return lines should be connected together as close to the 
unit as possible. If±15V Rtn and +5V Rtn are connected 
together at.a system common point a significant distance 
from the pins. use a 0.0 IJ.LF to O.IJ.LF nonpolarized bypass 
capacitor between these pins as close to the pins as 
possible. Refer to Differential Ground Potential Error in 
Electrical Specification table. 

+ 

+ 

---., 

Power supply decoupling capacitors should be used as 
shown in Figure 3 and located as close as possible to the 
pins. Use IJ.LF tantalum or electrolytic capacitors. 
Parallel electrolytic capacitors with 0.0 I J.LF ceramic 
capacitors for best high frequency decoupling. 

ADC73 
Analog Gnd and ±15V Rtn pins'are not connected 
internally on this model to permit a separate analog input 
signal return sense connection. Input signal connections 
are described in a following section. 

Comments made for ADC73 I power supply connections 
also apply tathe ADC73. Refer to Figure 4. 

OPTIONAL ::;:: 
BYPASS +-~I--_-+-I __ --<~:"'::':''::'(: 
CAPACITOR 

SYSTEM 
GROUNO 

FIGURE 4. ADC73 Power Supply Connections. 
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SEPARATE POWER SUPPLIES 

Because the' effectiveness df high resolution AI D con
verters can be reduced by small amounts of noise. 
separate floating supplies may be needed for applications 
in environments with high electrical noise. These supplies 
and their return paths should be connected to the AI D 
converter only. Some experimentation with extra shield
ing and alternative retu~n configurations may be necessary 

.in extreme circumstances .. 

INPUT CONNECTIONS 
ADC73 
Analog input signals to ADC73 arc connected directly to 
low impedance inputs (5kU and IOkn). The user may 
select unipolar or bipolar. IOV or 20V full scale ranges as 
illustrated in Figure 5. 

ADC7JI 
ADC731 has a precision high impedance differential 
input buffer. The user may select a unipolar range of 0 to 
+IOV or bi"polar ranges of±5V or ±IOV as illustrated in 
Figure 6. Note that signal input voltage VI~ plus the 
common-mode voltage is limited to ± 10V for the bipolar 
connection and + I OV for the unipolar connections. 

FROM D/A 
+----,C=ON;ooVERTER 

III BIPOLAR. ±IOV Dr ±5V INPUT. 

FROM OIA 
CONVERTER 

Ibl UNIPOLAR. 0 to +10V Dr 0 to 20V INPUT. 

FIGURE 5. Signal Input Connections for ADC73. 

CALIBRATION 

The relative accuracy of ADC73 and ADC731 is adjusted 
to within specification at the factory. Offset and Gain 
may need to be adjusted. after the AI D converter is 
installed and. after extended periods of time. recalibration 
will be necessary. . 

} ±15V RETURN 

FROM UIA 
+----=C:=ON~V.ERTER 

lal BIPOLAR. ±IOV Dr ±5V INPUT •. 

I ±15VRETURN 

Ibl UNIPOLAR. 0 to +10V INPUT IDnl,~ 

FROM OIA 
CONVERTER 

FIGURE 6. Signal Input Connections for ADC73 I. 

Six potentiometers are built into the ADC73 and 
ADC731 for adjusting Offset (I potentiometer). Gain (I 
potentiometer). and Linearity (4 potentiometers). Lin
'earity is adjusted in the first 4MSB's by adjusting the 
currents in bits I (MSB). 2. 3. and 4. Refer to Tab.1e II for 
the transition voltages to be applied to the input 
appropriate to the input range being used. All input 
voltages should be set within ± lOll V of the ideal voltage. 
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Procedure for full calibration (Offset. Linearity. and 
Gain): 

I. Set the input voltage to the transition voltage for offset 
calibration. Adjust the Offset potentiometer until the 
transition to 000 1,6 from 0000", occurs 50% of the time 
with rcpeated conversions. 

2. Set the input to the transition voltage for the Gain! Cal 
adjustment listed in Table II. Adjust the Gain 
potentiometer until the transition to OFFF,. from 
OFFE,. occurs 50lli of the time with repeated con
versions. If bit 4 should turn 011 such that the codes 
I FFF,. and I FFE,. occur. adjust potentiometer 
labeled bit 4 so that bit 4 (pin 31T) does not turn on. 

3. Set the input to the bit 4 transition voltage of Table II. 
Adjust the potentiometer labeled bit 4 until the tran- . 
sition to 1001,. from 1000,. occurs 50\1(. of the time 
with repeated conversions. 

4. Set the input to the transition voltage for hit 3. Adjust 
potentiometer labeled bit 3 until the transition to 
200 I,. from 2000,. occurs 50'ii of the time with 
repeated conversions. 

5. Set the input to the transition voltage for bit 2. Adjust 
the potentiometer labeled bit 2 until the transition to 
400 I" from 4000,. occurs 500; of the time with 
repeated conversions. 

6. Set the input to the transition voltage for bit I. Adjust 
the potentiometer labeled bit I until the transition to 
800 I,. from 8000,. occurs 50ri, of the time with 
repeated conversions. 

7. Set the input. to the transition voltage for Gain 
calibration. Adjust the potentiometer labeled Gain 
until transition to FFFF,. from FFFE,. occurs 50'/( of 
the time with repeat~d conversions. 

If adjusting only Offset and Gain. perform only steps I 
and 7. in that order. 

TABLE II. Calibration Values for ADC73 and ADC731. 

Input Voltage Range 010 +10V 010 +20V I 'sv '10V 

POTENTIOMETER 
ADJUST 
Transition Codel! 1) Tranlltlon voltages tor 16-blt resolution!'!) 

Offsel 
to 0001,6 from 000016 0.OOOO76V 0.OOO153V -4.99924V ·9.999647V 

Gain, Cal ,(3) 

to OFFF'6 fromOFFE1"6 0.624771V 1.249542V -4.375229V -a.750456V 

Bi'4 
to l00h6 from 1000,6 O.625076V 1.250153V -4.374924V -B. 7 49B7 4 7V 

Bi13 
to 200116 from 2000,6 1.250076V 2.500153V -3.749924V -7.499647V 

Bi12 
to 4001,6 from 4000,6 2.500076V 5.000153V -2.499924V -4.999647V 

Bi,l 

to 800116 from 800016 5.000076V 10.000153V O.OOOO76V O.OOO153V 
Gain 

to FFFF'6 from FFFE16 9.999771V 19.999542V 4.999771 V 9.999542V 

1. POSitive true codes, Blpolar Offset Bmary or Unipolar Straight Binary. 
2. Voltages given are the nominal value for transition to the code shown. 
3. This transition code used only prior to linearity error adjustr:nent. 
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OPTIONAL CONVERSION TIME ADJUSTMENT 

ADC73 and ADC731 may be operated at faster or slower 
conversion rates .by connecting the Clock Control pin 
(12T) to a positive voltage between 0 and + 15V as shown 
in Figure 7. The conversion time range is typically from 
120ILsec (12T at +15Vj to 190ILsec (12T tied to +15V 
Rtn). see Typical Performance C\lrves. If pin 121' is left 
open. the conversion time is typically 150ILsec. Figure 7 
illustrates the circuit used for conversion rate control. 
The potentiometer is a non-critical component. 

+t5V 

;;; lIlcnr--------{W'· 
"" 

±t5V RETURN 

FIGURE 7. Clock Rate Control. 

ADC73173t 

CHANGING RESOLUTION BY SHORT CYCLING 

The ADC73 and ADC731 may be short cycled to lower 
resolutions and higher conversion rates by connecting the 
Short Cycle pin (35B) to the appropriate bit output as 
listed in Table Ill. 

TABLE Ill. Connections for Short-Cycling Resolution 
Conversions. 

Resolution (bits) 16 15 14 13 

Connect pin 35S' to Open 25T 25B 26T 
Connect pin 12T to Ope.n Open Open Open 
Typical Conversion 

Time with pin 12T 
open 'J..Isec 150 141 132 123 

"For resolutIons less than 16 bIts also connect pm 358 through a 

2ktl resistor to +5V 

12 

26B 

Open 

114 



BURR-BR()WN~ 

IElElI ADC76 

16-Bit Hybrid 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES DESCRIPTION 
• 16·81T RESOLUTION 
• LINEARITY ERROR ±0.003% MAX (KG) 

The ADC76 is a low coSt. high quality. In·hlt suc~e,· 
sive approximation analog-to-digital 'com erter. The 
ADC76 uses state-of-the-art IC and laser·trlmmed 
thin-film components and is packaged in a ~()m'c
nient 32-pin dual-in-line package. The converter I, 
complete with internal reference. short cycling capa
bilities, serial output. and thin-fiIm.scaling resistor~. 
which allows selection of analog input ranges of 
±2.5V, ±5V, ±IOV, 0 to +5V, 0 to +IOV and 0 to 
+20V. 

• COMPACT DESIGN 
32·Pin Ceramic Package 

• LOW COST 
• 15ps CONVERSION TIME (14·8IT) 
• SERIAL AND. PARALLEL OUTPUTS 

PARAllEL 
DIGITAL 
OUTPUT 

Data is available in parallel and serial form with. 
corresponding clock and status output. All digital 
inputs and outputs are DTL/TTL compatible. 

Power supply voltages are ±15VDC and +5VDC. 

.------0 SHORT CYCLE 
r--~D CONVERT COMMAND 

I INPUT 
RANGE SELECT 

J----------Q COMPARATOR IN 

r ..... -:-:-'---------o CLOCK RATE CONTROL 

CLOCK OUT 

L..--------------o STATUS 

'----------------0 SERIAL OUT 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 16021 746·1111 • Twx: 91lJ.952·tlll • Cable: BBRCORp· Telex: 66·6491 

PDS-62S 
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THEORY OF OPERATION 
'The accuracy of a successive approximation AI D con
verter is described by the transfer function shown in 
Figure I. All successive approximation AI D converters 
have an inherent Quantization Error of ±I j2LSB. The 
remaining errors in the AI D converter are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks, 
pO,wer supply rejection, and reference errors. In sum
mary, these errors consist of initial errors including Gain, 
Offset, Linearity, Differential Linearity, and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure I) about the zero or minus full scale point (all 
bits Off) and Offset drift shifts the line left or right over 
the operating temperature range. Linearity error is unad
justable and is the most meaningful indicator of A, D 
converter accuracy. Linearity error is the deviation of an 
actual bit transition from the ideal transition value at any 
level over the range of the AI D converter. A Differential 
Linearity error oft 1{2LSB means that the width of each 
bit step over the range of the Ai D converter is II.SB, 
±1/2LSB. 

The ADC76 is also Monotonic~ assuring that the output 
digital code either increases or remains the same for 
increasing analog input signals. Burr-Brown also guar
antees that this converter will have no missing codes over 

CONVERT 
COMMANOIII 
INTERNAL CLOCK 

STATUS IEOCI 

MSB 

BIT 2 

BIT 3 ===J L-J.'I" 

0000".0000 

~ 
co co 
u 

'" co 
~ 
0-
=> ... 
0-
=> = -' 
~ 1000.,,0001 
is 
c; 1111...1110 

1111..1111 

FIGURE I. Input vs Output for an Ideal Bipolar A. J) 

Converter. 

a specified tempera ture range when short cycled for 14-bit 
operatilln. 

TIMING CONSIDERATIONS 

The timing diagram in Figure 2 assumes an analog input 
such that the positive true digital word 1001 1000 1001 
0110 exists. The output will be complementary as shown 
in Figure 2 (0110 Olll 0110 1001 is the digital output): 
Figures 3 and 4 are timing diagrams showing the rela
tionship of serial data to clock and valid data to status. 

BIT 4 
-- J --

BIT 5 .. --J J _______ =I''o=''~------------~~------------~r--, 
-. 1"0" r__ 

BIT 6 

BIT 7 

BIT B 

BIT 9 

BIT 10 

BIT II 

BIT 12 

BIT 13 

- -
:=_J 
: __ J 
:':--=-J 
_. __ J 
===J 
===J 
===J 
==:J 

L-j"I" 
LJ·'I" 

LJ"I' 
1"0" 

L-j"I" 
L-J"I" 

1"0" 

U"I" 
BIT 14 ==-=-J 
BIT 15 =-=-_-J 

J _______________________________ ~r~="~~--~r--
.,... 1"0" r__ 

BIT 16 ----L_ MSB 
SERIAL OATA OUT - -_-_ f(fA..!..Jr72 -'1-::-3 -'1 4 : 5 I 6 ! 7 ! B UJ 10 ! II 

: "0" "I" "I" "0" "0" "I" "I" "I" .~" "I" "I" 
NOTES: 
I. The convert command mUll be al leall50na wide and mUll remlln low during a 

conversion. The conversion Is InlUaled by Ihe "railing edge" 01 the convert command. 
2. I7jJS lor 16 blls. 

FIGURE 2. ADC76 Timing Diagram. 
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SERIAL 
OUT 

CLOCK 
OUT 

I 
I":'" 4O~125ns 

. I~-----------------' 

FIGURE 3. Timing Relationship of Serial Data to 
Clock. 

DIGITAL CODES 
Parallel Data 

Two binary codes are available on t~e ADC76 parallel 
output; they are complementary (logic"O" is true) straight 
binary (CSB) for unipolar input signal ranges and 
complementary offset binary (COB) for bipolar input 
signal ranges. Complementary two's complement (Crt) 
may be obtained by inverting MSB (pin .1). 

Table I shows the LSB, transition values, and code defi
nitions for each possible analog input signal range for 
l2c, 13- and l4-bit resolutions. Figure 5 shows the con
nections for l4-bit resolution, parallel data output, with 
±IOV input.. 

MSB 
: DOTTED i.IN-ES ARE- -
: EXTERNAl 
: CONNECTIONS. 
, , 

STATUS 4O-125ns-1 
I 

FIGURE 4. Timing Relationship of Valid Data tQ 
Status. 

Serial Data 

Two straight binary (complementary) codes are available 
on the serial output line; they are CSB and COB. The 
serial data is available only during conversion and 
appears with MSB occurring first. The serial data is syn
chronous with the internal clock as shown in the timing 
diagrams of Figures 2 and 3. The LSB and transition 
values shown in Table I also apply to the serial data 
output except for the CTC code. 

.5VDC 

.15VDC 
tOkllto 

" 

ADClS 

NC 16 

r--

r-
I 
r---
I 
I 
I 
I 

lookll GAIN 
L--_-S ADJUST 

)-_____ STATUS OUTPUT TO 

CONTROL LOGIC 
~" _____ J'o-/ 

tOkllto 
lookll 

OFFSET 
IpF 

ADJUST 

ANALOG 
IpF -= 

COMMON 
·15VDC 

tpF 

DIGITAL 
COMMON 

'CAPACITDR SHOULD BE. CONNECTED EVEN IF EXTERNAL GAIN ADJUST IS NOT USED. 

FIGURE 5. ADC76 Conne~tions for: ±IOV Analog Input, 14-Bit Resolution (Short-Cycled), Parallel Data Output. 
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TABLE I. Input Voltages. Transition Values. LSB Values. and Code Definitions. 

Binary I BIN) INPUT VOLTAGE RANGE AND LSB VALUES 
Output 
Analog Input 
Voltage Range Defined As: ±10V ±SV ±2.5V o to +10V o to +5V Oto +20V 

Code COBI') COBI') COBI') 
Designation orCTC") orCTC'" orCTCI2) CSB(3) CSBI" CSBIl) 

One least f§.!! 20V 10V 5V 1l!l1 SV 20V 
Significant 2n -;;; 2" 2" 2n 2" 2" 
Bit ILSB, n = 12 4.88mV 2.44mV 1.22mV 2.44mV 1.22mV 4.88mV 

n= 13 2.44mV 1.22mV 610~V 1.22mV 610~V 2.44mV 
n= 14 1.22mV 610~V 305~V 61O~V 30S~V 1.22mV 

Transition Values 

MSB LSB 
000 ... 000)4) +Full Scale +10V -3/2LSB +5V -3/2LSB +2.SV -3/2LSB +10V -3/2LSB +SV -3/2LSB +20V -3/2LSB 
011...111 Mid Scale 0 0 0 +SV +2.SV +10V 
111...110 -Full Scale -10V +1/2LSB -5V +1/2LSB -2.5V +1/2LSB 0+ 1/2LSB 0+ 1/2LSB 0+ 1/2LSB 

/')COB = Complemenlary OflselBinary (3)CSB = Complemenlary Straight Binary 

(2)CTC = Complemenlary Two's Complemenl- obtained by 14)Voltages given are the nominal value 
'inverting the most significant bit. MSB f pin 1 •. lor Iransition to the code specified. 

SPECIFICATIONS 
ELECTRICAL 
At +25°C and rated power supplies unless otherwise noted. 

MODEL ADC78KG ADC76JG 

.MIN TYP MAX MIN TYP MAX UNtTS 

RESOLUTION 16 Bits 

ANALOG INPUTS 

Voltage Ranges: Bipolar I ±2.5. ±5, ±10 I V 
Unipolar o to +5, 0 to +10, V 

Oto+20 
Impedance (Direcllnpu~ 

o to +5V, ±2.5V .. 2.5 kfl 
o 10 +10V, ±5.0V 5 . kfl 
o to +20V, ±10V 10 kfl 

DIGITAL INPUTS'" 

Convert Command Positive pulse SOns wide (min) trailing edge ("1" to "0" initiates conversion) 
Logic Loading J I 1 J I I TTL Load 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Errorf21 ±0.1 ±0.2 % 
Offset Error: UnipOlar(2) ±0.05 ±D.l %ofFSR'31 

Bipolarl21 ±0.1 ±0.2 %01 FSR 
Linearity Error ±0.003 . ±0.006 %01 FSR 
Inherent Quantization Error ±1/2 LSB 
Differential Linearity Error ±0.003 %.01 FSR 
Noise (30-, pop) ±0.003 %01 FSR 

POWER SUPPLY SENSITIVITY 
±15VDC 0.003 %01 FSR/%V. 
+5VDC 0.001 %01 FSR/%V. 

CONVERSION TIME'~ (14 Bits) 15 fJS 

WARM-UP TIME 5 Min 

DRIFT 
Gain ±15 ppm/'C 
Oflset: Unipolar ±2 ±4 ppm 01 FSR/'C 

Bipolar ±10 ppm 01 FSRI"C 
Linearity ±2 ±3 pm 01 FSR/'C 
No Missing Codes Temp Range 

KG (14-bit) +10 +40 'C 
JG (l3-bit) 0 50 'C 
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ELECTRICAL (CO NT) 
At +2500C and rated power supplies unless otherwise noted. 

MODEL ADC76KG ADC76JG 

MIN TYP MAX MIN TYP MAX UNITS 

OUTPUT 

DIGITAL DATA 
(All codes complementary) 
Parallel 

Output Codes·'): Unipolar CSB 
Bipolar COB, CTC'·' 

Output Drive 2 TTL Loads 
Serial Data Code (NRZ) CSB,COB 

Output Drive 2 TTL Loads 
Status Logic "'" during conversion 

Status Output Drive 2 TTL Loads 
Intornal Clock: Clock Output Drive 2 TTL Loads 

Frequencyl7) 933 1400 kHz 

POWER SUPPLY REQUIREMENTS 
Power Consumption 0,525 W 
Rated Voltage: Analog ±14.5 ±15 ±15.5 VDC 

Digital +4.75 +5 +5.25 VDC 
Supply Drain: +15VDC +14 mA 

-15VDC -17 mA 
+5VDC +10 mA 

TEMPERATURE RANGE 
Specification 0 +70 ·C 
Storage -55 +125 ·C 

• Specification same 8S ADC76KG. 
NOTES: (1) DTLlTTL compatible, i.e., Logic "0" = O.BV, max, Logic "1" = 2.0V, min for inputs. For digital outputs Logic "0" = 0.4V, max, Logic "'" = 2.4V, 
min. (2) Adjustment to zero. See "Optional External Gain and Offset Adjustment" section. (3) fSR means Full Scale Range. For example, unit con
nected for ±10V range has 20V FSR. (4) Conversion time may be shortened with "Short Cycle" set for lower resolution and with use of Clock Rate Control. 
See "Optional ConverSion Time Adjustment" section. The Clock Rate Control (pin 23) should be connected to Digital Common for specified conversion 
time. Short Cycle (pin 32) should be left open for 16-bit resolution or connected t~ the n + 1 digital output for n-bit resolution. For example, connect Short 
Cycle to Bit 'S,(pin '5) for '4-bit resolution .. For resolutions less than '6 bits, pin 32 should also bo tied to +5V through a 2kO resistor. (5) See Table I. 
CSB-Complementary Straight Binary, COB-Complementary Offset Binary, CTC-Complementary Two's Complement. (6) CTC coding obtained by 
inver:ting MSB (pin 1). (7) Adjustable with Clock Rate Control from approximately 933kHz to 1.4MHz. See Figures 13 and 14 and Table III. 

MECHANICAL 

INCHES MilliMETERS 
D'M .. ,. ..... .. ,. MAX 

A 1.17. 1711 42.82 ~ • , ..... 1.101 27 ... , 27M 
C .'10 .2'0 4Jl7 .... 
D .. .- ... , .. , 
F .... ..... 1.14 , ..... 
Q .100 IA8IC 1 ... ·1IA8IQ 

H .0.' .10. 1.1. I •• ' • .- ,I),. .... .III 
K ..... .2'0 ..... us 
L .IOOtIAIIIC ..... BA8IC 

" • 01' .oae ... .. . 
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NOTE:· Leads in true position within 0.010" 
(0.25mm) Rat MMC at seating plane. 

Pin numbers shown lor reference only . 
Numbers may not be marked on Rackage. 

CASE: Ceramic 
MATING CONNECTOR: 2302MC 
WEIGHT: '3 grams (0,46 oz.) 
HERMETICITY: Conforms to Method '014 • 

Condition C, Step' (fluoro
carbon) of MIL-STD-883 
(gross leak). 



CONNECTION DIAGRAM 

TOP VIEW 

MSB Bit I (1i=====:;--;::========I~ SHORT CYCLE 

Bit 7 

(LSB for 13 bits) Bit 13 

(LSB for 14 bits) Bit 14 

Bit IS 

Bit 16 

CONVERT COMMAND 

,5VDC SUPPL Y 

GAIN ADJUST 

• 15VDC SUPPLY 

COMPARATOR IN 

BIPOLAR OFFSET 

tOY 

20V 

ANALOG COMMON 

-15VDC SUPPLY 

CLOCK OUT 

DIGITAL COMMON 

STATUS 

SERIAL OUT 

TYPICAL PERFORMANCE CURVES 

ir en 
"-
'0 
~ 

~ 
~ 
C 
c 
0; 
Cl 

GAIN DRIFT ERROR ('III OF FSR) 
VS TEMPERATURf 

+0.18Br-------------. 
+0.16 

+0.12 

+0.08 

+0.04 

0 

-0.04 

-0.08 

-0.12 

-0.16 
-0.18 

0 +250 +700 

Temperature ('C) 

DISCUSSION OF 
SPECIFICATIONS 
The ADC76 is specified to meet critical performance 
criteria for a wide variety of applications. The most 
critical specifications for an AI D converter are linearity. 
drift. gain and offset errors. and conversion speed effects 
on accuracy. This ADC is factory-trimmed and tested for 
all critical key specifif;:ations. 

GAIN AND OFFSET ERROR 
Initial Gain and Offset errors are factory-trimmed to 
typically ±O.I% of FSR (±0.05% for unipolar offset) at 
25°C. These errors may be trimmed to zero by connecting 
external trim potentiometers. as shown in Figures 10 and II. 

POWER SUPPLY SENSITIVITY 
Changes in the DC power supply voltages will affect 
accuracy. The ADC76 power supply sensitivity is speci
fied at ±0.003% of FSR/%Vs for the ±15V supplies and 
±0.OOI5% of FSR/%Vs for the +5V supply. Normally. 
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POWER SUPPLY REJECTION VS 
SUPPLY RIPPLE FREOUENCY 
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10 100 1 k 10k lOOk 
Frequency (Hz) 

regulated power supplies with I % or less ripple are 
recommended for use with this ADC. See Layout Pre
cautions, Power Supply Decoupling, and Figure 7. 

LINEARITY ERROR 
Linearity errqr is not adjustable and is the most meaning
ful indicator of AI D converter accuracy. Linearity is the 
deviation of an actual bit transition from the ideal 
transition value at any level over the range of the AI D 
converter. 

DIFFERENTIAL LINEARITY ERROR 
Differential linearity describes the step size between 
transition values. A differential linearity error of±0.003% 
of FSR indicates that the size of any step may not vary 
from the ideal step size by more than 0.003% of Full Scale 
Range. 



AC,CURACY VERSUS SPEED 
in successive approximation AI D converters. the conver
sion speed affects linearity and differential linearity 
errors, Conversion speed and its effect on linearity and 
differential linearity errors for the ADC76 are shown in 
Figure 6. ' 

>-... 
Ci2 
:IS .. 

0.01 ::; ... - j SHORT CYCLED TO 13 BITS c'" - tn 
~ I SHORT CYCLED TO 14 BITS 

....... 
~ ~ 0.006 
it:! 

'" ~ 1I2LSB 13·BIT a:s = ~ 0.003 ---c'"' .. 1I2LSB 14-BIT ... 
Ci2 

0.001 :IS .. 10 15 ::; 
CONVERSION TIM.E iPSl 

FIGURE 6. Linearity and Differential Linearity 
Versus Conversion Time. 

LAYOUT AND OPERATING 
INSTRUCTIONS 

LAYOUT PRECAUTIONS 

I 

20 

Analog and digital common are not connected internally 
in the ADC76. but should be connected together as close 
to the unit as possible." preferably to a large plane under 
the ADC. If tbese grounds must be run separately. usc 
wide conductor pattern and a 0.011' F to 0.11' fo' nonpolar
ized bypass capacitor, between analog and digital com
mons at the unit. Low impedance analog and digilal 
common returns arc'essential for low noise performaIH:~. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. The comparator input 
(pin 27) is extremely sensitive to noisc. Any connection to 
this point should be as shmt as possible and shiddcd hy 
Analog Common or ± 15V[)C supply pallerns. 

POWER SUPPL YDECOUPLING 
The power supplies should be bypassed with taritalumor 
electrolytic capacitors as shown in Figure 7 to obtain 
noise free operation. These capacitors should be located 
close to the ADC. . 

® 
·15VOC 

+5VOC 1 .. .. 
1+ ® 1~Fy ANALOG 

@ 
COMMON I I~F .. 

.. @) I+I~F 
DIGITAL COMMON @)' ," 

+15VOC 

FIGURE 7. Recommended Power Supply Decoupling. 

INPUT SCALING 
The analog input should be' sca\Cd as .do,c to th~ 
maximum input signal range as possible in order to utili/c 
the maximum signal resolution of the A [) l·,lnvcrtcr. 
Connect the input signal as showrt in Table II. See Figure 
8 for circuit details., 

TABLE II. ADC76 Input Scaling Connections. 

Input Connect 
Signal Output Pin 26 
Range Code To Pin 

. ±10V COB or CTC' 27 
±5V COBorCTC' 27 

±2.5V COBorCTC' 27 
o to +5V CSB 22 
o to +10V CSB 22 
Oto +20V CSB 22 

Obtained by Inverting rv,SB (pm 11. 

@ 
CDMP. 0::

IN 

Connect 
Pin 24 

To 

Input Sig. 
Open 
Pm 27 
Pin 27 
Open 

Input Sig. 

DIRECT 
INPUT 

fIGURE 8. ADC7.6 Input Scaling Circuit. 

OUTPUT DRIVE 

Connect 
Input 

Signal 
To Pin 

24 
25 
25 
25 
25 
24 

Normally all ADC76 logic outputs will drive two standard 
TTL loads;, however. if long digital lines must be driven. 
external logic buffers arc rec·ommendcd. 

INPUT IMPEDANCE 
The input signal to the ADC76 should be a low impe
dance. such as the output of an op amp to avoid any errors 
due tothe relatively low'input impedance of the ADC76. 

If this impedance is not low. a buffer amplifier should be 
added between the input signal and the direct input, to 
the ADC76 as shown in Figure 9. 

A NALOG INPUT SIGNAL 

BB3507J 

FIGURE 9. Source Impedarice Buffering. 

OPTIONAL EXTERNAL GAIN AND 
OFFSET ADJUSTMENTS 
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Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers conneCted 
to the ADC as shown in Figures 10 and.ll. Multiturn 
potentiometers with 100ppm/oC or better TCRs.' iire 
recommended for minimum drift over temperature and 



time. These pots may be any value from IOkn to 100kn. 
All resistors should be 20% carbon or better. Pin 29 
(Gain Adjust) and pin 27 (Offset Adjust) ~ay be left 
open if no external adjustment is required; however, pin 
29 should always be bypassed with O.OIIlF to Analog 
Common. 

'.1 1.8Mll 
@ f"""' ""'" .. IOkliio 100kll 

COMP.IN OFFSET ADJUST 
·15VDC 

Ihl 

~ 
+15VDC 
10k!! 10 IODkll 
OFFSET ADJUST 

COMP.IN -=- 22kll ·15VDC 

FIGURE 10. Two Methods of Connecting Optional 
Offset Adjust. 

+15VDC 

'GAIN ADJUST 51, Ok!! f ~ 10kliio 
~ 1. "01< ' 100kli 

0.01 pF GAIN AOJUST 

ANALOG COMMON (§)T 
·15VOC 

FIGURE [I. Connecting Optional Gain Adjust. 

ADJUSTMENT PROCEDURE 
Offset-Connect the Offset potentiometer (make sure RI 
is as close to pin 27 as possible) as shown in Figure 10. 
Sweep the input through the end point transition voltage 
that should cause an output transition to all bits off 
(E':V). figure I. 

Adjust the Offset potentiometer until the actual end 
point transition voltage occurs at (E'IVl The ideal tran
sition voltage values of the input are given in Table I. 

Gain-Connect the Gain adjust potentiometer as shown 
in Figure [I. Sweep the input through the end point tran
sition voltage that should cause an output transition to 
all hi" on (E','~). Adjust the Gain potentiometer until the 
actual end point transition voltage occurs at (E'.'~). 

Table [ details the transition voltage levels required. 

CONVERT COMMAND CONSIDERATIONS 
Convert command resets the converter whenever taken 
high. This insures a valid conversion on the first convers-

, sion after power-up. • 

Convert command must stay '[ow during a conversion 
unless it is desired to reset the converter during a conver
sion. 

OPT[ONAL CONVERSION TIME ADJUSTMENT 
The ADC76 'may be operated with faster conversion 
times for resolutions less than [4 bits by connecting the 
Short Cycle (pin 32) as shown in Tab[e III. Typica[ con
version times ror the resolution and connections are 
indicated. 
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TABLE III. Short Cycle Connections for 12- to, [6-Bit 
Resolutions. 

Resolution (Bits) 16 15 14 13 12 

Connect Pin 32 to Open Pin 16 Pin 15 Pin" 14 Pin 13 

Typical Conversion Time 17ps 1'6pS 15ps 13ps 12ps 

Clock Rate Control may be connected to an external 
multiturn trim potentiometer with a TCR of±lOppm/oC 
or less as shown in Figure [2. The typical conversion 
time versus the Clock Rate Control voltage is shown in 
Figure 13. The effect of varying the conversion time and 
the resolution on Linearity Error and Differential Linear
ity Error is shown in Figure 6. 

1+15VDC' 

@-_-......5k!!'INTERNAlCLOCK 
CLOCK RATE CONTROL FREQUENCY ADJUST 

F[GURE 12. Clock Rate Control, Optional Fine Adjust. 

30 

j 25 
TYPICAL 

~ 
;:: 
z 20 ... 
~ .. 15 ill ., 

/14-BIT OPERATION 

r--:-..... V [;16-BIT OPERATION 

........... .1 ~ I 
r-- ---..t. 

CONTROL VOLTAGE ON PIN 23 IVI 

FIGURE 13. Conversion Time vs Clock Rate Control 
Voltage. 



BURR-BROWN® 

IElElI ADC76JM, KM 
ADC76AM, 8M 

16-Bit Hybrid 
ANALOG-TO-DIGITAL CONVERTER· 

FEATURES 
• 16-BIT RESOLUTION 
• LINEARITY ERROR±O.003% MAX (KM. BM) 
• NO MISSING CODES GUARANTEED FROM DoC TO 

+70°C 
• 15ps CONVERSION liME (14-BIT) 
• SERIAL AND PARALLEL OUTPUTS 
• COMPACT DESIGN 

32-pln Hermetic Melal Package 
• LOW COST 

Parallel 
Digital 
Output 

Clock 

DESCRIPTION 
The ADC76 is a low cost, high quality, 16-bit 
successive approximation analog-to-digital converter. 
The ADC76 uses state-of-the-art IC and laser-trimmed 
thin-film components and is packaged in a convenient 
32-pin dual-in-Iine package. The converter is complete 
with internal reference, short cycling capabilities, 
serial output, and thin-film scaling resistors, which 
allows selection of analog input ranges of ±2.SV, 
±SV, ±IOV, 0 to +SV, 0 to +IOV and 0 to +20V. 

Specified for operation over two temperature ranges: 
O°C to +70°C (JM, KM) and -2SoC to +8SoC (AM, 

. BM). 

Data is available in parallel and serial form with 
corresponding clock and status output. All digital 
inputs and outputs are DTL/TTL-compatible. 

Power supply voltages are ±ISVDC and +SVDC. 

r--~O·Short Cycle 
Convert Command 

llnput 
. r Range Select 

Comparator In 

Clock Rate Control 
Clock Out 

Status 

'-----------:----0 Serial Out 

International Alrport·lnduslrlal Park· P.O. Box 11400· Tucson. Arizona 85134.· Tel. 1602) 146·1111 • Twx: 9t0-952·1 III • Cable: BBRCORP . Telex: 86·649t 

PDS-661 
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THEORY OF OPERATION 
The accuracy of a successive approximation AID con
verter is described by the transfer function shown in 
Figure I. All successive approximation AID converters 
have an inherent Quantization Error of ±1/2LSB. The 
remaining errors in the AI D converter are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks, 
power supply rejection, and reference errors. In summary, 
these errors consist of initial errors including Gain, 
Offset, Linearity, Differential Linearity, and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure I) about the zero or minus full scale point 
(all bits Off) and Offset drift shifts the line left or right 
over the operating temperature range. Linearity error is 
unadjustable and is the most meaningful indicator of 
AID converter accuracy. Linearity error is the deviation 
of an actual bit transition from the ideal transition value 
at any level over the range of the AI D converter. A 
Differential Linearity error of ±1/2LSB means that the 
width of each bit step over the range of the AI D 
converter is ILSB, ±1/2LSB. 

The ADC76 is also Monotonic, assuring that the output 
digital code either increases or remains the same for 
increasing analog input signals. Burr-Brown also guaran
tees that this converter will have no missing codes over a 

0000 ... 0000 

0000 ... 0001 ' 
a;-
c 
c 
U 
<D 
0 
~ 
:; 
c. 
':5 
0 
:! 
'm 
<5 

1111..,1111 

·See Table I for digital code definitions, 

FIGURE I. Input vs Output for an Ideal Bipolar AID 
Converter. 

specified temperature range when short cycled for 14-bit 
operation. 

TIMING CONSIDERATIONS 

The timing diagram in Figure 2 assumes an analog input 
such that the positive true digital word 1001 1000 1001 
0110 exists. The output will be complementary as shown 
in Figure 2 (0110 Olll 0110 1001 is the digital output). 
Figures 3 and 4 are timing diagrams showing the rela
tionship of serial data to clock and valid data to status. 

f--------- Maximum Thro~ghPut Time'" -----_______ _ 

Inlernal Clock 

Status (EOC) 

MSB 

Bit2 

Bit3 

Bit4 

Bit5 

Bit 6 

Bit7 

BitB 

Bit 9 

Bit 10 

Bit 11 

Bit12 

Bit13 

Bit14 

BitlS 

"0" 

u_J LJ"l" 
J 

~=_J 
:::; ______ ~'="o="~------------------------------~r--

1"0" r__ 
:::J 
:::J 
_uJ 

J 
:::J 
==::J 
===J :::J 

'--.J"1" 
LJ"1" 

L-Jr,,~l"~-------------------------

,"0" 
'--.J "1" 

LJ"l" 
1"0" 

LJ"l" 
::::::J 
==-_-.J 

J _________________________________ ~I="o="~~--~r--
T ,"0" r__ 

Bit16 ----1_ MSB 

Serial Data Out - ~_-_ 1WA..lJ-;:;2-r! "-;;:3" 4 i 5 I 6 7! 8 u..J 10 ! 11 
L-.J "1" 
14~ 

'I "0" "1" "1" "0" "0" "1" "1" "1:' "0" "1" "1" "0" ,"0" "1" 

NOTES: (1) The convert command must be at least Sans wide and mu~t remain low during a conversion. 
The conversion is initiated by the "trailing edge" of the convert command. 

(2) 171's for 16 bits. 

FIGURE 2. ADC76 Timing Diagram. 
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Serial 
Out 

Clock 
Out 

I 
1_40-125ns 

FIGURE 3. Timing Relationship of Serial Data to 
Clock. . 

DIGITAL CODES 
Parallel Data 

Two binary codes are available on the ADC76 parallel 
output: they are complementary (logic "0" is true) straight 
binary (CSB) for unipolar input signal ranges, and 
complementary offset binary (COB) for bipolar input 
signal ranges . .complementary two's complement (CTC) 
may be obtained by inverting MSB (pin I). 

Table I shows the LSB, transition values, and code defi
nitions for each possible analog input signal range for 
12-, 13- and l4-bit resolutions. Figure 5 shows the con
nections for 14-bit resolution, parallel data output, with 
±IOV input. 

MSB i-----·-------
: Dotted Lines 
: Are External 
I Connections , 

----~\ tl--~re-
Bit16 v I' 

'------,,- - - ~'!.-

Status 

I 
I 
I 
I 

40-125ns-1 
I L - . 

I 

FIGURE 4. TimingRelationship ofvillid Data to 
Status. 

Serial Data 

Two straight binary (complementary) codes are available 
on the serial output line; they are CSB and COB. The 
serial data is. available only during conversion and 
appears with MSB occurring first. The serial data is syn
chronous with the internal clock as shown in the timing 
diagrams of Figures 2 and 3. The LSB and transition 
values shown in Table I also apply to ·the serial data 
output except for the CTC code. 

+5VDC 

I}--:-::=--+---~----t---.,---:---t----''''''------< +15VDC 

ADC76 

,-, 
10kO 
l00kO Gain 

Adjust 10kOto 
l00kO· 

Offset 
lpF 

Adjust 

lpF J---------..... ---+-----~-___01 _____ _< -15VDC 

Status Output to 
l-----... Control Logic 

lpF 

Digital 
Common 

. ·Capacitor should be connected even if ex~ernal gain adjust is not used. 

FIGURE 5. ADC76 Connections for: ±IOV Analog Input, l4-Bit Resohition (Short-Cycled), Parallel Data Output. 
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TABLE 1. Input Voltages, Transition Values, LSB Values, and Code Definitions. 

Binary (BIN) INPUT VOL TAGE RANGE AND LSB VALUES 
Output 

Analog Input 
Voltage Range Defined As: !tOV ±5V ±2.5V o to +tOV o to +5V o to +20V 

Code COBIlI COBIlI COBIlI 
Designation orCTCI21 orCTCI21 orCTC!21 CSBI31 CSB!31 CSBIJI 

One Least FSR gQJ{ tOY ~ tOY 5V 20V 
Significant 2" 2n 2" 2n 2" 2ii 2" 
Bit (LSB) n= t2 4.88mV 2.44mV t..22mV 2.44mV 1.22mV 4.88mV 

n = 13 2.44mV 1.22mV 61O~V 1.22mV 61O"V 2.44mV 
n = 14 1.22mV 610~V 305"V 610~V 305~V 1.22mV 

Transition Values 

MSB LSB. 
000 •.. 000'" +Full Scale +10V -3/2LSB +5V -3/2LSB +2.5V -3/2LSB +10V ·3/2LSB +5V -3/2LSB +20V ·3/2LSB 
011.,.111 Mid Scale 0 0 0 +5V +2.5V +10V 
111 ... 110 -Full Scale -10V +1/2LSB -5V +1I2LSB -2.5V +1/2LSB 0+ 1/2LSB 0,+,1I2LSB 0+ 1/2LSB 

NOTES: (1) COB = Complementary Offset Binary. 
(2) Complementary Two's Complement-obtained by inverting the most significant bit, MSB (pin 1). 
(3) CSB = Complementary Straight Binary. 
(4) Voltages given are the nominal value for transition to the code specified. 

SPECIFICATIONS 
ELECTRICAL 
At +25'C and rated power supplies unless otherwisa noted. 

MODEL ADC76JM,KM ADC76AM,BM 

MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 16 Bits 

ANALOG INPUTS 

Voltage Ranges: Bipolar I ±2.5. ±5, ±10 V 
Unipolar o to +5, 0 to +10, V 

Oto+20 
Impedance (Direct Input) 

o to +5V, ±2.5V 2.5 kQ 
o to +10V, ±5.0V 5 kQ 
o to +20V, ±10V 10 kQ 

DIGITAL 'INPUTS'" 

Convert Command Positive pulse 50ns wide (min) trailing edge ("1" to "0" initiates conversion) 
Logic Loading . I I 1 I I I TTL Load 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Erro .... ±0.1 ±0.2 · % 
Offset Error: Unipolar''' ±0.05 ±0.1 · % of FSR '31 

Blpolarl21 ±0.1 ±0.2 %ofFSR 
Linearity Error: KM, BM ±O.OO3 

... 
%ofFSR 

JM,AM ±0.006 %oIFSR 
Inherent Quantization Error ±1/2 · LSB 
Differential Linearity Error ±0.003 %oIFSR 
Noise (30-, pop) ±0.003 %ofFSR 

POWER SUPPLY SENS.ITIVITY 
±15VDC 0.003 · % 01 FSR/%V. 
+5VDC 0.001 %01 FSRI%V. 

CONVERSION TIME'" 
14 Bits 15 . ps 
15Blts 16 IJS 
16Blls 17 IJS 

WARM·UP TIME 5 . Min 

.DRIFT 
-;I, 

Gain ±15 ppm/'C . 
Offset: Unipolar ±2 ±4 ppm 01 FSR/'C 

Bipolar ±10 ppm 01 FSR/'C 
Linearity ±2 ±3 ppm 01 FSR/'C 
No Missing Codes Temp Range 

KM, BM (14-bit) 0 +70 0 +70 'C 
JM, AM (13-blt) 0 +70 -25 +85 'C 

5-51 



ELECTRICAL (CONT) 
At +25'C and rated power supplies unless otherwise noted. 

MODEL ADC76JM,KM ADC76AM,BM 

MIN TYP MAX MIN TYP MAX UNITS 

OUTPUT 

DIGITAL DATA 
(All codes complementary) 
.Parallel 

Output Codes tSI : Unipolar CSB 
Bipolar COB,CTC'" 

Output Drive 2 TTL Loads 
Serial Data Code (NRZ) CSB, COB 

Output Drive 2 TTL Loads 
Status Logic "1" during conversion 

Status Output Drive 2 TTL Loads 
Internal Clock: Clock Output Drive 2 TTL Loads 

Frequencyl7l 933 1400 kHz 

POWER SUPPLY REQUIREMENTS 
Power Consumption 0.525 W 
Rated Voltage: Analog ±14.5 ±15 ±15.5 VDC 

Digital +4.75 +5 +5.25 VDC 
Supply Drain: +15VDC +14 rnA 

-15VDC -17 mA 
+5VDC +10 mA 

TEMPERATURE RANGE 
Specification 0 +70 -25 +85 'C 
Storage -55 +125 'C 

... 

• Specification same as ADC76JM/KM. 
NOTES: (1) DTLfTTL compatible, i.e., Logic "0" = 0.8V, max, Logic ''1'' = 2.0V, min for inputs. For digital outputs Logic "0" = 0.4V, max, Logic "1" = 2.4V, 
min. (2) Adjustment to zero. See "Optional External Gain and Olfset Adjustment" section. (3) FSR means Full Scale Range. For example, unit con
nected for ±10V range has 20V FSR. (4) Conversion time may be shortened with "Short Cycle" set for lower resolution and with use of Clock Rate Control. 
See "Optional Conversion Time Adjustment" section. The Clock Rate Control (pin 23) should be connected to Digital Common for specified conversion 
time. Short Cycle (pin 32) should be left open for 16-bit resolution or connected to the n + 1 digital output for n-bit resolution. For example, connect Short 
Cycle to Bit 15 (pin 15) for 14-bit resolution. For resolutions less than 16 bits, pin 32 should also be tied to +5V through a 2kQ resistor. (5) See Table I. 
CSB-Complementary Straight Binary, COB-Complementary'Olfset Binary, CTC-Complementary Two's Complement. (6) CTC coding obtained by 
inverting MSB (pin 1). (7) Adjustable with Clock Rate Control from approximately 933kHz to 1.4MHz. See Figures 12 and 13 and Table III. 

iF' 
U~I'" '===:=dJ 

NOTE: 
Leads in true position within .010" 
(.25mm) R at MMC at seating plane. 

c "'-- Denotes pin 1 Cr 1 ( 1 
:--IIIU 0111111111 II I I 
T G -..I l.- 0 -I- I.-- L--el 

DIM 

A 

B 

C 

o 
G 

H 

K 

L 

R 

~ r-- H ~ ....,.-- Pin numbers shown for reference only. l R ~ • • • • • • • • • • • •• • ,: .. V Numbers may not be marked on package. 

32 17 
0000000000000000 
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INCHES MILLIMETERS 
MIN MAX MIN MAX 

1.720 1.760 43.69 44.70 

'.'20 1.160 28.45 29.46 

.110 .250 4.32 6.35 

.0'5 .. 02' 0.4' 0.53 

.'008ASIC 2.54 BASIC 

.'00 .140 2.54 I 3,56 

.'50 .300 3.B' I 7.62· 

.900 BASIC 22.86 BASIC 

.'00 .'40 2.54 I 3.56 



CONNECTION DIAGRAM 

TOP VIEW 

MSB BII I (11 1====::;~-;:========t32> 

Bil7 

BII8 

1-;::;:;==;;--~31 CONVERT COMMAND 

M-:-.,---I27 COMPARATOR IN 

ANALOG COMMON 

21 -15VDC SUPPL Y 

DIGITAL COMMON 
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DISCUSSION OF SPECIFICATIONS 

The ADC76 is specified to meet critical performance 
criteria for a wide variety of applications. The most 
critical specifications for an AID converter' are linearity, 
drift, gain and offset errors, and conversion speed effects 
on accuracy. This ADC is factory-trimmed and tested 
for all critical key specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory-trimmed to 
typically ±O.l% of FSR (±O.OS% for unipolar offset) at 
2SoC. These errors may be trimmed to zero by connecting 
external trim potentiometers as shown in Figures 10 
and ll. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supply voltages will affect 
accuracy. The ADC76 power supply sensitivity is speci
fied at ±0.OO3% of FSR/%Vs for the ±ISV supplies 
and ±O_OOIS% of FSR/%Vs for thp +SV supply. Nor-

mally, regulated power supplies with 1% or less ripple are 
recommended for use with this ADC_ See Layout Pre
cautions, Power Supply Decoupling, and Figure 7. 

LINEARITY ERROR 

Linearity error is not adjustable and is the most meaning
ful indicator of AI D converter accuracy. Linearity is the 
deviation of an actual bit transition from the ideal 
transition value at any level over the range of the AID 
converter. 

DIFFERENTIAL LINEARITY ERROR 

Differential linearity describes the step size between tran
sition values. A differential linearity error of ±0.003% of 
FSR indicates that the size of any step may not vary 
from the ideal step size by more than 0.003% of Full 
Scale Range. 
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ACCURACY VERSUS SPEED 

In successive approximation AI D converters, tlte conver
sion speed affects linearity and differential linearity 
errors. Conversion speed and its effect on linearity and 
differential linearity errors for the ADC76 are shown in 
Figure 6. 

~ ." 
m 
t:: 
:::; 0.01 ~------.,.,..,Ih_------'--_l 
1i~ 
~~ 
~"O O.OO6A~....,..-~'----':;-+-'---------l 
~~ 
~g 
lOW 

~ 

1I2LSB 13 Bits 

1I2LSB 14 Bits * 0.0011-_______ ...1-_______ ..1 
:::; 10 IS . 

Conversion Tim~ (PO) 

FIGURE 6. Linearity and Differential Linearity 
Versus Conversion Time. 

LAYOUT AND OPERATING 
INSTRUCTIONS .. 

LAYOUT PRECAUTIONS 

20 

Analog and digital common are not connected internally 
in the ADC76, but should be connected together as close 
to the unit as p~ssible, preferably to a large plane under 
the ADC. If these grounds must. be run separately, use 
wide conductor pattern and a O.OlI'F to O.1I'F nonpolar
ized bypass capacitor .between analog and digital com
mons at the unit. Low impedance analog and digital 
common returns are essential.for low noise.performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. The comparator input 
(pin 27) is extremely sensitive to noise. Any connection 
to this point should be as short as possible and shielded 
by Analog Commo~ or ±15VDC supply p~tterns. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum or 
electrolytic capacitors as shown, in Fig~re 7 to ob.ain 
noise free operation. These capatitors should be located 
close to the ADC. . . 

@ 
-ISVDC 

+SVDC 

'PF 1 • .. 
1+ 

@ t Analog 

@ 
Common 

I'PF . IpF 
.... 

.. G) @) 1+ '. Digital Common 
+ISVDC 

FIGURE 7. Recommended Power Supply Decoupling. 

INPUT SCALING 

The analog input should be scaled as clo'se to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the AID con
verter. Connecnhe input signal dS shown in Table H. See 
Figure 8 for circuit details. 
TABLE II. A DC76 Input Scaling Connections. 

Input Connect 
Signal Output Pin 26 
Range Code laPin 

:':IOV COBorCTC' 27 
±5V COB or CTC' 27 

:':2.5V COB or CTC' 27 
o to +5V CSB 22 
o to +IOV 'CSB 22 
o to +20V CSB 22 

·Obtalned by Inverting MSB 'Pin 1 '. 

Connect 
Pin 24 

To 

InputSig. 
Open 
Pin 27 
Pin 27 
Ope 1 

Input Sig. 

Direct 
Input 

FIGURE 8. ADC76 Input ScaliIig Circuit. 

OUTPUT DRIVE 

Connect 
Input 

Signal 
TaPin 

24 
25 
25 
25 
25 
24 

, 

Normailyall ADC76 logic output~ Will drive two standard 
TTL loads; .however, if long digital lines must be driven, 
external logic buffers· are recommended. 

INPUT liViPEDANCE 

The input signal to the ADC76 should be low impedance, 
such as the output of an op amp, toavoid any errors due 
to the 'relatively low input impedance of the ADC76. 

If this impedance is not low, abuffer amplifier should be 
. added between the input signal and the direCt input to 
the ADC76 as shown in Figure 9. 

.Burr-Brown 3507 J 

FIGURE 9. Source Impedance Buffering. 

OPTIONAL EXTERNAL GAIN AND. 
OFFSET ADJUSTMENTS 
Gain and Offset errors may be trimmed.to zero using 
.external gain and offset trim potentiometers conn~cted 
to the ADC as shown in Figures 10 and 11. Multiturn 
potentiometers with 100ppm/oC or better TCRs are 
recommended for minimum drift over temp(:rature ~nd 
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time. These pots may be any value from IOkfl to 100kfl. 
All resistors should be 20% carbon or better. Pin 29 
(Gain Adjust) and pin 27 (Offset Adjust) may be left 
open if no external adjustment is requirtd; however, pin 
29 should always be bypassed with O.OIIlF to Analog 
Common. 

(a) 
1.aMO t +"'~ €> ..,.,., 

- 10kO to 100kO 
Comparator In Offset Adjust 

I -15VDC 

(b) 

180kO laOkO +15VDC 

27 - 10kO to 100kO 

122kO 
Offset Adjust 

Comparator In -15VDC 

FIGURE 10. Two Methods of ConnectlOg Optional 
Offset Adjust. 

+15VDC 

Gain Adjust 510kO f 10kO to 

~ 100kO 

~ T O.OlpF Gain Adjust 

Analog Common ~ 
. -15VDC 

FIGURE 11. Connecting Optional Gain Adjust. 

ADJUSTMENT PROCEDURE 

Offset-Connect the Offset potentiometer (make sure R,. 
is as close to pin 27 as possible) as shown in Figure 10. 
Sweep the input through the end point transition voltage 
that should cause an output transition to all bits off 
(Eor:), Figure I. 
Adjust the Offset potentiometer' Until the actual end 
point transition voltage occurs at (Eor:). The ideal 
transitio'1 voltage values of the input are given in Table I. 

Gain-Connect the Gain adjust nNentiometer as shown 
in Figure 11. Sweep the input Ihr('ugh the end point 
transition voltage that should cau'" an output transition 
to all bits on (EYij). Adjust the (j .. n potentiometer until 
the actuaJ end point transition voltage occurs at (EWt). 

Table I details the transition volt< • .;;e levels required. 

CONVERT COMMAND CONSIDERATIONS 
Convert command resets the converter whenever taken 
high. This insures a valid conversion on the first convers
sion after power-up. 

Convert command must stay low during a conversion 
unless it is desired to reset the converter during a conver
sion. 
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OPTIONAL CONVERSION TIME ADJUSTMENT 

The ADC76 may be operated with faster conversion 
times for resolutions less than 14 bits by connecting the 
Short Cycle (pin 32) as shown in Table III. Typical con
version times for the resolution and connections are 
indicated. 

TABLE III. Short Cycle Connections for 12- to 16-Bit 
Resolutions . 

Resolulion (Bils) 16 15 14 13 12 

Connect Pin 32 to Open Pin 16 Pin 15 Pin 14 Pin 13 

Typical Conversion Time 17ps 16ps 15ps 13ps 12ps 

Clock Rate Control may be connected to 'an external 
multiturn trim potentiometer with a TCR of±lOppm/oC 
or less as shown in Figure 12. The typical conversion 
time Versus the Clock Rate Control voltage is shown in 
Figure 13. The effect of varying the conversion time and 
the resolution on Linearity Error and Differential Linear
ity Error is shown in Figure 6. 

@)f-----<.~ 5kO Internal Clock 
!+15VDC 

Clock Rate Control Frequency Adjust 

FIGURE 12. Clock Rate Control, Optional Fine Adjust. 
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BURR-BROWN® 

IElElI ADC80 

General Purpose 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• INDUSTRY-STANDARD 12-BIT ADC 
• lOW COST 
• ±O.012% LINEARITY 
• 25j.1S MAX CONVERSION TIME 
• ±12V or ;±:15V OPERATION 
• NO MISSING CODES -25°C 10 +B5°C 
• HERMETIC 32-PIN PACKAGE, 
• PARAllEl AND SERIAL OUTPUTS, 
• 595mW, MAX DISSIPATION 

DESCRIPTION 
The ADC80 is a l2-bit successive-approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom designed 
for freedom from latch-up and optimum AC per
formance. It is complete with 'a comparator, a 
monolithic l2-bit DAC which includes a 6.3V refer
ence laser-trimmed for minimum temperature coeffi
cient, and a CMOS logic chip containing the succes
sive approximation register (SAR), clock, and all 
other associated logic functions. 

Internal scaling resistors are provided fo~ the selection 
of analog input signal ranges of ±2.SV, ±SV, ± IOV, 
o to +5V, or 0 to + lOY. Gain and offset errors may 
be externally trimmed to zero, enabling initial end
point accuracies of better than ±O.12% (±1/2LSB). 

The maximum conversion time of 25/Ls makes the 
ADC80 ideal for a wide range of l2-bit applications 
requiring system throughput sampling rates up to 
40kHz. In addition, the ADC80 may be short-cycled 

for faster conversion speed with reduced resolution, 
and an external clock may be used to synchronize 
the converter to the system clock or to obtain higher
speed operation. 

Data is available in parallel and serial .form with. 
corresponding clock and status signals. All digital 
input and output signalS are TTLI LSTTL-compa
tible, with internal pull-up resistors included on all 
digital inputs to eliminate the need for external pull
up resistors on digital inputs not requiring connec
tion. The ADC80 operates equally well with either 
±ISV or ±12V analog power supplies, and also 
requires use of a +SV logic power supply. However, 
~nlike many ADC80-type products, a +SV analog 
power supply is not required. It is packaged in a 
hermetic 32-pin side-brazed ceramic dual-in-line 
,package. 

Clock 
Inhibit ------, 

External.o-___ ., 
Clock 

Short 0----, 
Cycle 

Comparator 
In 

20V Range o-~~f--r.,... 

10V Range 

Bipolar o-_____ 2:=:::I==~_--o 
Offset Reference Out 

Inlernational Alrporllnduslri.1 Park: P.O. Box 11400· Tucson. Arizona 85734· Tel. (6D2) 746·1111 • Twx: 91()'952·1111· Cable: BBRCORP· Telex: 66·6491 

PDS-676 
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SPECIFICATIONS 
ELECTRICAL 
At TA == +25°C, ±Vcc:;:::: 12V or 15V, Vee - '''SV unless otherwise specified. 

MODEL ,IIDCBOAG 

MIN TYP MAX UNITS 

RESOLUTION ADCBOAG-12, ADCBO-AGZ-12'" 12 Bits 
ADCBOAG-10 10 Bits 

INPUT 

ANALOG Voltage Ranges: Unipolar o to +5, 0 to +10 V 
Bipolar ±2,5, ±5, ±10 V 

Impedance: o to 4-5V. -::2.5V 2.45 2.5 2.55 kO 
o to -10V, -5V 4.9 5 5.1 kO 
;:tOV 9.B 10 10.2 kO 

DIGITAL Logic Characteristics (Over specification temperature range) 
V," (Logie "1") 2.0 5.5 V 
V" (Logic "0") -0.3 +0.8 V 
I," (V'N = +2.7V) -150 /1A 
I" (V'N = +O.4V) 500 /1A 

Convert Command Pulse Width l21 100 2000 ns 

TRANSFER CHARACTERISTICS 

ACCURACY Gain Error(31 ±0.1 ±0.3 % of FSR'•' 
Offset Errorl31 : Unipolar ±0.05 ±0.2 % of FSR 

Bipolar ±0.1 ±0.3 % of FSR 
Linearity Error: ADCBOAG-12, ADC80AGZ-12 ±0.012 % of FSR 

ADC80AG-10 ±0.04B % of FSR 
Differential Linearity Error ±1/2 ",3/4 LSB 
Inherent Quantization Error ±1/2 LSB 

POWER SUPPLY SENSITIVITY 
11 .4V:5 ± Vee:5 16.5V ±0.003 ",0.009 % of FSR/%Vcc 
+4.5V :5 Voo :5 +5.5V ±0.002 ±0.005 % of FSR/%Voo 

DRIFT Total Accuracy, Bipolar's, ±10 ",23 ppm/'C 
Gain ±15 =30 ppm/'C 
Offset: Unipolar ±3 ppm of FSR/'C 

Bipolar ",7 ±15 ppm of FSR/'C 
Linearity Error Drift ±1 ±3 p'pm of FSRI'C 
Differential linearity over Temperature Range ±3/4 LSB 
No Missing Code Temperature Range -25 +85 'C 
Monotonicity Over Temperature Range Guaranteed 

CONVERSION TIME'" ADC80AG-12, ADC80AGZ-12 15 22 25 ps 
ADC80AG-10 13 20 22 /15 

OUTPUT 

DIGITAL (Bits 1-12, Clock Out, Status, Serial Out) 
Output Codesl7J 

Parallel: Unipolar CSB 
Bipolar COB,CTC 

Serial (NRZ)'·' CSB,COB 
Logic Levels: Logic a (I SINK :5 3.2mA) +0.4 V 

Logic 1 (ISOURCE::5 BOpA) +2.4 V 
Internal Clock Frequency 545 kHz 

INTERNAL REFERENCE VOLTAGE 
Voltage +6.2 +6.3 +6.4 V 
Source Current Available for Exte.rnal Loads!91 200 /1A 
Temperature Coefficient ±10 ±30 ppm/oC 

POWER SUPPLY REQUIREMENTS (For all models) 
Voltage: ±Vcc ±11.4 ±15 ±16.5 V 

Voo +4.5 +5,0 +5,5 V 
Current: +Icc 5 8.5 mA 

-Icc 21 26 mA 
100 11 15 mA 

Power Dissipation (±Vee = 15V) 450 595 mW 
Thermal Resistance, OJ,. 50 'C/W 

TEMPERATURE RANGE (Ambient) 
Specification -25 +85 'C 
Operating (derated specs) -55 +125 'C 
Storage -65 +150 'C 

NOTES: (1) ADC80AGZ-12 IS nOI recommended for new designs. Standard ADC80AG-12 now meets the extended power supply range of the 
ADCBOAGZ~12. (2) Accurate conversion will be obtained with any convert command pulse width of greater than 100ns: however, it must be limited to 2P5 
(max) to assure the specified conversion time. (3) Gain and offset errors are adjustable to zero. See "Optional External Gain and Offset Adjustment" section. 
(4) FSR means Full-Scale Range and is 20V for ±10V range, 10V for±5V and 0 to +10V ranges, etc, (5) Includes drift due to linearity, gain, and offset drifts. 
(6) Conversion time is specified using internal clock. For operation with an external clock see "Clock Options" section. This converter may also be 
short-cycled to less than 12~bit resolution for shorter conversion time; see "Short Cycle Feature" section. (7) eSB means Compleme.ntary Straight Binary, 
COB means Complementary Offset Binary, and CTC means Complementary Two's Complement coding. See Table I for additional information. (8) NRZ 
means Non-~eturn-to-Zero coding. (9) External loading must be constant during conversion, and must not exceed 200pA for guaranteed specification. 
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CONNECTION DIAGRAM 

Pin 1 - BitS 
Pin 2 -Bit5 
Pin3 -Bit4 
Pin4 -Bit3 
PinS -Bit2 
PinS - Bit 1(MSB) 
Pin7 - N/C' 
Pin B - Bit 1 (MSB) 

- Pin 9 - +5V Digital Supply 
Pin 10 - Digital Common 
Pin 11 - Comparator In 
Pin 12 - Bipolar-Offset 
Pin 13 - R1 10V Range 
Pin 14 - R2 20V Range 
Pin 15 - Analog Common 
Pin 16 - Gain Adjust 

• +5V applied to pin 7 has 
no effect on circuit. 

MECHANICAL 

32 

A 

Pin 32: Bit 7 
Pin31-BitB 
Pin 30- Bit9 
Pin 29 - Bit 10 (LSB-10 Bits) 
Pin 28 - Bit 11 
Pin 27 - Bit 12 (LSB-12 Bits) 
Pin 26 - Serial Out 
Pin 25 - -Vee 
Pin 24 - Ref. Out (+S.3V) 
Pin 23 - Clock Out 
Pin 22 - Status 
Pin 21 - Short Cycle 
Pin 20 - Clock Inhibit 
Pin 19 - External Clock 
Pin 18 - Convert Command 
Pin 17 - +Vee 

Leads in true position 
within .oio" (.25MM) R 
at MMC at Seating Plane. 

Seal ring is connected 
to Pin 10. 

J~~r--r-l=_1 -:J=;-L:J-r""",=;;:;,,-, 
Pin numbers shown for 
reference only. Numbers 
may not be marked on 
package. 

CASE: Ceramic, hermetic 
MATING CONNECTOR: 

2302MC 

WEIGHT: 7.3gm (0.2Soz) 

Plane 

ABSOLUTE MAXIMUM RATINGS 

+Vcc" to Analog Common ............................ 0 to +16.5V 
-Vee to Analog Common ........... .' ................ 0 to -1S.5V 
Voo to Digital Common ...............................• a to +7V 
Analog Common to Digital Common ...................... ±0.5V 
Logic Inputs (Convert Command. Clock In) 

to Digital Common . .................... '" -O.3V to Voo +0.5V 
Analog Inputs (Analog In. Bipolar Offset) 

to Analog C.ommon ................................... ±1S.5V 
Reference Output. . . . . . . . . . . . . . . . .. Indefinite Short to Common, 

Momentary Short to Vee 
Lead Temperature. Soldering ....•........... ".... +300·C. 10s 

CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 
Stresses above those listed under "Absolute Maximum ~.at,ngs" 
may cause permanent damage to the device. Exposure to absolute 
maximum conditions for extended periods may afJ~ct device relia
bility. 

TOP VIEW 

ORDERING INFORMATION. 

Resolution 
Model (bits) 

ADCBOAG-10 10 
ADCBOAG-12 12 . 

ADCBOAG-12Q'" 12 
ADCBOAGZ-12'" 12 

NOTES: (1) Q suffix indicates Environmental Screening; see Table IV for 
details. (2) ADCBOAGZ'12 is not recommended for new designs. Stand
ard ADCaOA~-12 now meets the extended power supply range 'of the 
ADCBOAGZ-12. '. 

TYPICAL PERFORMANCE 
CURVES 

POWER SUPPLY REJECTION 
VS POWER SUPPLY RIPPLE FREQUENCY 
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LINEARITY ERROR VS CONVERSION TIME 
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DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Under 
this definition of linearity (sometimes referred' to as 
integral linearity), ideal transition values lie on a line 
drawn through zero (or minus full scale for bipolar 
operation) and plus full scale, providing a signficantly 
better definition of converteL accuracy than the best
straight-line-fit definition of linearity employed by some 
manufacturers. . 

The zero or minus full-scale value is located at an analog 
input value 1(2LSB before the first code transition 
(FFF H to FFEH). The plus full-scale value is located at 
an analog valut' 3(2LSB beyond the last code transition 
(001 H to 000 H). See Figure I which illustrates these 
relationships. A linearity specification which guarantees 
±lj2LSB maximum linearity error assures the user that 
no code transition will differ from the ideal transition 
value by more than ±lj2LSB. 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of 20V (±IOV 
operation), the minus full-scale value of -IOV is 2.44mV 
below the first code transition (FFFH to FFEH at 
-9.997S6V) and the plus full-scale value of +IOV is 
7.32mV above the last code transition (OOIH to OOOH at 

OOOH 

00lH 

002H 

>- 7FDH 
::l 
a. 7FEH >-
::l 
0 7FFH 
...J 

~ 800H 
a 
is 

Otlset 

I 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I r- Midscale 
I 

I 
I 
I 

-i 
I I 

3/2LSB I'----J +Full 

-:-Full 
Scale 

ANALOG INPUT 

FIGURE I. ADCSO Transfer Characteristic 
Terminology. 

Scale 

+9.9926SV). Ideal transitions occur ILSB (4.SSmV) apart, 
and the ±1(2LSB linearity specification guarantees that 
no actual transition will vary from the ideal by more 
than 2.44mV. The LSB weights, transition values, .and 
code definitions for each possible ADCSO analog input 
signal range are described in Table I. 

TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 

Binary Output Input Voltage Range and LSB Values 

Analog Input Voltage Range Defined As: ±10V ±5V ±2.5V o to +10V' o to+5V 

Code Designation COB' orCTC" COB or CTC COB or CTC CSB'" CSB 

One Least Significant FSR/2" 20V/2" 1.0Vl2" 5V12" 10Vl2" 5V12" 
Bit (LSB) n=8 78.13mV 39.06mV 19.53mV 39.06mV 19.53mV 

n = 10 19.53mV 9.77mV 4.88mV 9.77mV 4.88mV 
n = t2 4.88mV 2.44mV 1.22mV 2.44mV 1.22mV 

Transition Values 
MSB LSB 
001H to OOOH +Full Sca,le +10V - 3/2LSB +5V- 3/2LSB +2.5V - 3/2LSB + 10V - 3/2LSB +5V- 3/2LSB 
800H to 7FFH Mid Scale 0 0 0 +5V +2.5V 
FFFH to FFEH -Full Scale --10V + 1/2LSB -5V + 1/2LSB ~2.5V + 1/2LSB 0+ 1/2LSB 0+ 1/2LSB 

'COB = Complementary Offset Binary **CTC = Complementary Two's Complement-obtained by using the complement of the most 
***CSB'= Complementary Straight Binary significant bit (MSB), MSB is available on pin 8, 
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CODE WIDTH (QUANTUM) 

Code width (or quantum) is defined as the range of 
analog input values for which a given output code will 
occur. The ideal code width is ILSB, which for 12-bit 
operation with a 20V span is equal to 4.SSmV. Refer to 
Table I for LSB values for other ADCSO input ranges. 

DIFFERENTIAL LINEARITY ERROR AND NO 
MISSING CODES 
Differential linearity error is the difference between an 
ideal I LSB code width'(quantum) and the actual code 
width. A specification which guarantees no missing 
codes requires that every code combination appear in a 
monotonically increasing sequence as the analog input is 
increased throughout the range, requiring that every 
input quantum must have' a finite width. If an input 
quantum has a value of zero (a differential linearity error 
of -I LSB), a missing code will occur but the converter 
may still be monotonic. Thus, no missing codes represent 
a more stringent definition of performance than does 
mono tonicity. ADCSO is guaranteed to have no missing 
codes to 12-bit resolution over its full specification 
temperature range. 

QUANTIZATION UNCERTAINTY 
Analog-to-digital converters have an'inherent quantiza
tion error of ±1/2LSB. This error is a fundamental 
property of the quantization process and cannot be 
eliminated. 

UNIPOLAR OFFSET ERROR 

An ADCSO connected for unipolar operation has an 
analog'input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value 1/2LSB above OV. Unipolar offset error is defined 
as the deviation of the' actual transition value from the 
ideal value, and is applicable only to converters operating 
in the unipolar mode. 

BIPOLAR OFFSET ERROR 
AI D converter specifications have' historically defined 
bipolar offset at the first transitio!1 value above the 
niinus full-scale value. The ADC80 follows this conven
tion. Thus, bipolar offset error for the ADC80 is defined 
as the deviation of the actual transition value from the 
ideal transition value located 1/2LSB above minus full 
scale. 

"'..lIN ERROR 
The last output code transition (OOIH to OOOH) occurs for 
an analog input value 3/2LSB below the nominal plus 
full-scale value. Gain error is the deviation of the actual 
analog value at the last transition point from the ideal 
value. 

ACCURACY DRIFT VS TEMPERATURE 

The temperature coefficients for gain, unipolar offset, 
and bipolar offset specify the maximum change from the 
actual 25°C value to the value at the extremes of the 
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Specification temperature range. The temperature coeffi
cient applies independently to the two halves of the 
temperature range above and below +25°C. 

POWER SU,PPLY SENSITIVITY 
Electrical specifications for the, ADC80 assume the 
application of the rated power supply voltages of +5V 
and ±12V or ±15V. The major effect of power supply 
voltage deviations from the rated values will be a small 
change in the plus full-scale value. This change, of 
course, results in a proportional change' in all code 
transition values (i.e., a gain error). The specification 
describes the maximum change in the plus full-scale 
value from the initial value for independent changes in 
each power supply voltage. 

TIMING CONSIDERATIONS 

Timing relationships of the ADC80 are shown in Figure 
2. It should be noted that although the convert command 
pulse width must be between lOOns and 2/ls to obtain the 
specified conversion time with internal clock, the ADC80 
will accept longer convert commands with no loss of 
accuracy, assuming that the analog input signal is stable. 

----------------------~~ 

~~----------------~~ 

Serial --I j.. IDV 
Data " IlTAlliVAlIOllllI'llT Zl,I'3Ian.I.11 !l11'Tllln 1111,.IIITI'11T IOlllllUIIlIfl 

Symbol Parameter Typ. Unit. 

tCD Clock pelay from convert command 30 ns 
tc, Nominal clock period 1.65 JJS 
tcw Nominal clock pulse width 0.65 JJS 
tso' S'tatus delay from convert command 130 ns 
t. All bits reset delay from convert command 65 ns 
tDv Data valid time from clock pulse high -5 ns 

FIGURE 2. ADC80 Timing Diagram (nominal values 
at +25°C with internal clock). 

In this situation, the actual indicated conversion time 
(during which status is high) for 12-bit operation will be 
equal to approximately l/ls less than the sum of the 
factory-set conversion time and the length of the convert 
command. The code returned by the converter at the end 
of the conversion will accurately represent the analog 
input to the converter at the time the status returns to the 



low state. In addition. although the initial state of the 
converter will be indeterminate when power is first 
applied, it is designed to time-out and be ready to accept 
a convert command within approximately 251's after 
power-up, provided that either an external clock source 
is present or the internal clock is not inhibited. 

During conversion, the decision as to the proper state of 
any bit (bit "n") is made on the rising edge of clock pulse 
"n + 1': Thus, a complete conversion requires 13 clock' 
pulses with the status output dropping from logic "I" to 
logic "0" shortly after the rising edge of the 13th clock 
pulse, and with valid output data ready to be read at that 
time. A new conversion may not be initiated until 50ns 
after the fall of the last clock pulse (pulse 13 for 12-bit 
operation). 

Additional convert commands applied during conversion 
will be ignored. 

DEFINITION OF DIGITAL CODES 

Parallel Data 
Three binary codes are available on the ADCSO parallel 
output; all three are complementary codes. meaning that 
logic "0" is true. The available codes are complementary 
straight bina~y (CSB) for unipolar input signal ranges. 
and complementary offset binary (COB) and comple
mentary two's complement (CTC) for bipolar input 
signal ranges. CTC coding is obtained by complementing 
bit I (the MSB) of the COB code; the complement of bit 
I is available on pin S. 
Serial Data 
Two (complementary) straight binary codes are available 
on the serial output of the ADCSO; 'as in the parallel 
case, they are CSB and COB. The serial data is available 
only during conversion and appears with the most 
significant bit (MSB) occurring first. The serial data is 
synchronous with the internal clock as shown in the 
timing diagram of Figure 2. The LSB and transition 
values of Table I also apply to the serial data output, 
except that the CTC code is not available. All clock 
pulses available. from the ADC80 have equal pulse 
widths to facilitate transfer of the serial data into 
external logic devices without external shaping. 

LAYOUT AND OPERATING 
INSTRUCTIONS 
LAYOUT PRECAUTIONS 

Analog and digital commons are not connected together 
internally in the ADCSO, but should be connected 
together as close to the unit as possible, preferably to an 
analog common ground plane beneath the converter. If 
these common lines must be run separately, use wide 
conductor pattern and a O.OII'F to O.lI'F nonpolarized 
bypass capacitor between analog and digital commons at 
the unit. Low impedance analog and digital common 
returns are essential for low noise performance. Coupling 
between analog input lines and digital lines should be 
minimized by careful· layout. For instance, if the lines 

must cross. they should do so at right angles. Parallel 
analog and digital lines should be separated from each 
other by a pattern connected to common. If external 
gain and offset potentiometers are used. the poten
tiometers and associated resistors should be located as 
close to the ADCSO as possible. 

POWER SUPPLY DECOUPLING 

. The power supplies should be bypassed with II'F to IOI'F 
tantalum bypass capacitors located close to the ~onverter 
to obtain noise~free operation: Noise on the power 
supply lines can degrade the converter's performance. 
Noise and spikes from a switching power supply are 
especially troublesome. 
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ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the analog input signal to 
the ADC80 will be driving into a nominal DC input 
impedance of 2.5kO to 10kO depending upon the range 
selected. However, the output impedance of the driving 
source should be very low, such as the output impedance 
provided by a wideband. fast-settling operational ampli
fier. Transients in AI D input current are caused by the 
changes in output current of the internal D: A converter 
as it tests the various bits. The output voltage of the 
driving source must remain constant while furnishing 
these fast current changes. If the application requires a 
sample/hold, select a sample/hold with sufficient band
width to preserve the accuracy or use a separate wideband 
buffer amplifier to lower the output impedance. 

INPUT SCALING 

The ADCSO offers five standard input ranges: OV to 
+5V, OV to +IOV, ±2.5V, ±5V, and :±:IOV. The input 
range should be scaled as close to the maximum input 
signal range as possible in order to utilize the maximum 
signal resolution of the converter. Select the appropriate 
input range as indicated by Table II. The input circuit 
architecture is illustrated in Figure 3. External padding 
resistors can be added to modify the factory-set input 
ranges (such as addition of a small external input resistor 
to change the lOY range to a 1O.24V range). Alternatively, 
the gain range of the converter may easily be increased a 
small amount by use of a low temperature coefficient 
potentiometer in series with the analog input signal or by 
decreasing the value of the gain adjust series resistor in 
Figure 5. 

TABLE II. ADCSO Input Scaling Connections. 

Connect 
Inpul Connect COlmeet Input 
Signal Output Pin 12 Pin 14 Signal 
Range Cod. To Pin To To 

±10V COBorCTC 11 Inpul Signal 14 
±5V COB or CTC 11 Open 13 
±2.5V COB or CTC 11 Pin 11 13 
010 +5V CSB 15 Pin 11 13 
010 +10V CSB 15 Open 13 



10V Aange --------., 
13 A2 

. 20V Aange'-1-4---~5"'kO"""--" 
AI 5kO 

Camp. In -;11:-----F-ro-m-D/-A-C .. o-n~ve ... rt-e-lr , ...... > ___ To 

Bipolar SAA 
Offset ~ 

Analog -----, 
Common 15 ~ VREF 

FIGURE 3. ADC80 Input Scaling Circuit. 

CALIBRATION 

Optional External Gain And Offset Adjustments 
Gain and offset errors may be trimmed to zero using 
external offset and gain trim potentiometers connected 
to the ADC80 as shown in Figures 4 and 5 for bo~h 
unipolar and bipolar operation. Multiturn potentiometers 
with 100ppm/oC or better TCR are recommended for 
minimum drift over temperature and time. These pots 
may be of any value between 10k!), and lOOk!),. All fixed 
resistors should be 20% carbon or better. Although not 
necessary in some applications, pin 16 (Gain Adjust) 
shouid be preferably bypassed with a O.OlJ.lF nonpolarized 
capacitor to analgg common to minimize noise pickup at 
this high impedance point, even if no external adjustment 
is required. 

(A) (B) 

+Vcc +Vcc 

I.SMOto 

11 I.B/vlO f ,~'" 11 lBOkO lBOkO ~ ,",n '" ,y. o 100kO 100kO 
Offset 

Camp. Inl~2kO 10 
Offset 

Camp. In Adjust .. Adjust 
.. 2BkO 

-Vee -Vee 

FIG U RE 4. Two Methods of Coimecting Optional 
Offset Adjust. 

(A) (B) 

+Vcc / 
+Vcc 

Gain Adjust B.2MO to 110kO to 

~~~~::t 
~ ~. 

Analog -Vee 

16 270kO 270kO !~~~~ciO 
~ 0.011'1 :6.BkO to ~~:~st 
~ 9.1kO ' 

":" -Vcc 

Common 

FIGURE 5. Two Methods of Connecting Optional Gain 
Adjust. ' 

Adjustment Procedure 
OFFSET -Connect the offset potentiometer as shown 
in Figure 4. Set the input voltage to the, nominal zero or 
minus full-scale voltage plus 1/2LSB. For example, 
referring to Table I, this value is -IOV +2.44mV or 
-9.99756V for the -IOV to +IOV range. 
With the input voltage set as above, adjust the offset 
potentiometer until an output code is obtained which is 
alternating between FFEH and FFFH with approximately 

50% occurrence of each of the two codes. In other words, 
the potentiometer is adjusted until bit 12 (the LSB)' 
indicates a true (logic "0") condition approximately ,half 
the time . 

GAIN-Connect the gairi adjust potentiometer as shown 
in Figure' 5. Set the input voltage t6 the nominal plus 
full-scale value minus 3/ 2LSB. Once again referring to 
Table I, this value is +IOV -7.32mV or +9.99268V for 
the -IOV. to + IOV range. Adjust the gain potentiomter 
until the output code is alternating between OOOH and 
OOIH with an approximate 50% duty cycle. As in the case 
of offset adjustment, this procedure sets the converter 
end-point transitions to a precisely known value. 

CLOCK OPTIONS 

The ADC80, is extremely versatile in that it can be 
operated in several different modes with either inie~nal 
or external clock. Most of these options can be imple
mented with inexpensive TTL logic as shown in Figures 
6 through 9. When operating with an external clock, the 
conversion time may be as short as '15J.1s (800kHz 
external clock frequency) with assured' performance 
within specified limits. When operating with the internal 
clock, pin 19 (external clock input) and pin 20 (clock 
inhibit) may be left unconnected. No external pull-ups 
are required due to the inclusion of pull-up resistors i'n 
the ADC80. Pin 20 (clock inhibit) must be grounded for 
use with an external clock, which'is applied to pin 19. 

SHORT-CYCLE FEATURE 
A short-cycle input (pin 21) permits the conversion tobe 
terminated after any number of desired bits has been 
converted, allowing shorter conversion times in applica
tilins not requiring full 12-bit resolution~ In these situa
tions, the short~cycle pin should be connected to the bit 
output pin of the next bit after the desired resolution. 
For example, when IO-bit resoltionis deSired, pin 21 is 
connected to pin 28 (bit 11). In this example, the 
conversion cycle terminates and status is reset after the 
bit 10 decision. Short-cyCle pin connections and associ
ated maximum 12-, Hi-, and 8~bit conversion times (with 
internal clock) arc; shown in Table II I. Also shown are 
recommended minimum conversion times (external clock) 
for these conversion lengths to obtain the stated accura
cies. The ADC80 is not factory-tested for these external 
clock conversionspeeds and the product is not guaranteed 
to achieve the stated accuracies under these operating 
conditions; the recommended' values are offered' as, an 
aid to the user. 
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TABLE III. Short-Cycle Connections and Conversion 
Times for 8-, 10", and 12-Bit Resolutions-

'ADC80 ' 

Relolutlon (Bill) 12 1.0 8. 

Conn,e~t pin 21 to Pi~.9 or NC Pin 28 Pin 30 

Maximum Conversion Timen" 
In!ernal Clock (ps) 25 .22, lB 

Min,imum'Conversion Timen' 

Exlernal Clock (PS) 15 13 10 

MaKimum Linearity Error 
AI +25:C (% of FSR) , 0.012 O.04B 0.20 

NOTE: (1) Conversion time to maintain ±1/2LSB linearity error. 
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during conversion.) 

FIGURE 7. Continuous External Clock. (Conversion initiated by 
rising edge of convert command. The convert 
command must be synchronized with clock.) 
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FIGURE 8. Continuous Conversion with 
External Clock. (Conversion is 
initiated by 14th clock pUlse. 
Clock runs continuously.) 

FIGURE 9. Continuous Conversion with 600ns between 
Conversions. (Circuit insures that conversion will start 
when power is applied.) 

ENVIRONMENTAL SCREENING 
The inherent reliability of a semiconductor device is 
controlled by the design, materials, and fabrication of 
the device-it cannot be improved by testing. However, 
the use of environmental screening can eliminate the 
majority of ~hose units which would fail early in their 
lifetimes (infant mortality) through the appli,cation of 
carefully selected accelerated stress levels. Burr-Brown Q 
models are environmentally screened versions of our 
standard industrial products, designed to provide 
enhanced reliability. The screening illustrated in Table 
IV is performed to selected methods of MIL-STD-883. 
Reference to these methods provides a convenient way 
of communicating the screening levels and basic pr<i~ 
cedures employed; it does not imply conformance to any 
other military standards or to any methods of MIL
STD-883 other than those specified. Burr-Brown's 
detailed procedures may vary slightly, model-to-model; 
from those in MIL-STD-883. 
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TABLE IV. Screening Flow for. ADC80AG-12Q. 

MIL-STD-883 
Method, Screening 

Screen Condition level 

Internal Visual Burr·8rown 
OC4118 

High Temperature 
Storage 1008.C 24 hour, +150°C 

(Stabilization Bake) 

Temperature Cycling 10tO. C 10 cycles, -65°C 
to + 150°C 

Constant Acceleration 2001. A 5000G 

Electrical Test Burr-Brown 
test procedure 

Burn-in 1015. B 160 hour. +12S'C. 
steady-state 

Hermeticity: 
Fine leak 1014. A t or A2 5 X 10-~ aim ecls 
Gross leak 1014. C bubble test only, 

preconditioning omitted 

Final Electrical Burr-Brown 
test procedure 

Final Drift Burr-Brown 
test procedu re 

External Visual Burr-Brown 
aC5150 



BURR-BROWN® 

I EEl EEl I ADC80H 

General Purpose 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• PIN~COMPATIBLE WITH INDUSTRY STANDARD ADCBO 
• <600mW POWER DISSIPATION 
• 15psec CONVERSION TIME WITH· EXTERNAL CLOCK 
• 25pSEC MAXIMUM CONVERSION TIME 
• ±O.012% INTEGRAL LINEARITY 
• 12-BIT RESOLUTION. 
• FULLY SPECIFIED FOR OPERATION ON ±12V OR 

±15V SUPPLIES 
• NO MISSING CODES -25°C TO +B5°C 
• PARALLEL AND SERIAL OUTPUTS 
• 32-PIN HERMETIC PACKAGE 

DESCRIPTION 
The ADCSOH is a 12-bit successive-approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom de
signed for freedom from latch-up and optimum AC 
performance. It is complete with a comparator, a 
monolithic 12-bit DAC which includes a 6.3V refer
e·nce laser-trimmed for minimum temperature coeffi
cient, am! a CMOS logic chip containing the succes-

. sive approximation register (SAR), clock,· and all 
other associated logic functions. 

Internal scaling resistors are provided for the selec
tion of analog input signal ranges of ±2.SV, ±SV, 
±IOV, 0 to +SV, or 0 to +IOV. Gain and offset 
errors may be externally trimrned to zero, enabling 
initial end-point accuracies of better than ±O.OI2% 
(±1/2LSB). Li~e the industry standard ADCSO, the 
ADCSOH is completely specified for -2SoC to +SsoC 
operation. 

The maximum conversion time of 2SILsec makes the 
ADCSOH ideal for a wide range of 12-bit applica-

tions requiring system throughput sampling rates up 
to 40kHz. In addition, the ADCSOH may be short
cycled for faster conversion speed with reduced reso
lution, and an external clock may be used to syn
chronize the converter to the system clock or to 
obtain higher-speed operation. 

Data is available in ·parallel and serial form with 
corresponding. clock and status .signals. All digital 
input and output signals are TTLI LSTTL-compa
tible, with internal pull-up resistors included on all 
digital inputs to eliminate the need for external pull~ 
up resistors on digital inputs not requiring connec
tion, The ADCSOH operates equally well with either 
±ISV or ±12V anaiog power supplies, and also 
requires use of a +SV logic power supply. However, 
unlike other ADCSO-type products, a +SV analog 
power supply is not required. It is packaged in a 
hermetic 32-pin side~brazed ceramic dual-in-line 
package. 
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~~~~lo-----' 
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SPECIFICATIONS 
ELECTRICAL 
TA = +25°C, ±Vcc = 12V or 15V, Voo = +5V unless otherwise specified. 

MOOEL ADCBOH·AH·12 

MIN TYP MAX UNITS 

RESOLUTION 12 Bits 

INPUT 

ANALO!l 
Voltage Ranges: Unipolar 010+5,Oto+l0 V 

Bipolar ±2.5, ±5, ±10 V 
Impedance: 0 to +SV. ±2.SV 2.3 kCl 

o to +10V, +5V 4.6 kCl 
±10V 9.2 kCl 

DIGITAL 
Logic Characteristics (Over specification temperature range) 

V,H (Logic "1") 2.0 5.5 V 
V" (Logic "0") -0.3 +0.8 V 
I'H (V'N ~ +2.7V) -150 pA 
I" (V'N ~+0.4V) 500 pA 

Convert Command Pulse Width l11 100 2000 "sec 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Errorf2] ±0.1 ±0.3 %of FSR f31 

Offset Errorf21 : Unipolar ±0.05 ±0.2 % of FSR 
Bipolar ±0.1 ±0.3 % of FSR 

Linearity Error ±O.012 % of FSR 
Differential Linearity Error ±3/4 LSB 
Inherent Quantization Error 1/2 LSB 

POWER SUPPLY SENSITIVITY 
+13.5V S +Vee S +16.5V or +11.4V S +Vee S +12.6V ±0.003 ±0.009 % of FSR/%Vee 
-16.5V S -Vee S -13.5Vor -12.6V S -Vee S -11.4V ±0.003 ±0.009 % of FSR/%Vee 
+4.5V S Vee S +5.5V ±0.002 ±0.005 % of FSR/%Vee 

DRIFT 
Total Accuracy. Blpolarl4l ±10 ±23 ppm/'C 
Gain ±15 ±30 ppm/'C 
Offset: Unipolar '±3 ppm of FSR/'C 

Bipolar ±7 ±15 ppm of FSR/'C 
Linearity Error Drift ±1 ±3 ppm of FSR/'C 
Differential Linearity over Temperature Range ±3/4 LSB 
No Missing Code Temperature Range -25 +85 'C 
Monotonicity Over Temperature Range Guaranteed 

CONVERSION TIME'" 15 22 25 psec 

OUTPUT 

DIGITAL(Bits 1-12, Clock Out, Status, Serial Out) 
Output Codes"" 

Parallel: Unipolar CSB 
Bipolar COB,CTC 

Serial (NRZ)'" CSB, COB 
Logic Levels: Logic 0 (llink :5 3.2mA) +0.4 V 

Logic 1 (llOuree:5 SOpA) +2.4V V 
Internal Clock Frequency 545 kHz 

INTERNAL REFERENCE VOLTAGE 
Voltage +6.2 +6.3 +6.4 
Source Current Available for External Loads 'S) 200 pA 
Temperature Coefficient ±10 ±30 ppml'C 

POWER SUPPLY REQUIREMENTS 
Voltage, ±Vee ±11.4 ±15 ±16.5 V 

Vee +4.5 +5.0 +5.5 V 
Current. +Icc 5 8.5 mA 

-Icc 21 26 mA 
leD 11 15 mA 

Power Dissipation (±Vco = 15V) 450 595 mW 

TEMPERATURE RANGE (Ambient) 
Specification -25 +65 'c 
Storage -65 +150 'c 
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NOTES: (1) Accurate conversion will be obtained with any convert command pulse width of greater than 100nsec; however, it must be limited to.2psec 
(max) to assure the specified conversion time. (2) Gain and offset errors are adjustable to zero. See "Optional External Gain and Offset Adjustments" 
section. (3) FSA means Full-Scale Aange and is 20V for ±10V range, 10V for ±5V and 0 to +10V ranges, etc. (4) Includes drift due to linearity, gain, and 
offset drifts. (5) Conversion time is specified using internal clock. For operation with an external clock see "Clock Options" section. This converter may 
also be short-cycled to less than 12-bit resolution for shorter conversion time; see "Short Cycle Feature" section. (6) CSB means' Complementary Stra'ight 
,Binary, COB means Comple'mentary Offset Binary, and CTC means Complementary Two's Complement coding, See Table I for additional informa
tion. (7) NRZ means non-return-to-zero coding. (8) External loading must be constant during conversion, and must not exceed 200pA for gua'ranteed 
specification, 

CONNECTION DIAGRAM 

Pin 1 -Bit6 
Pin 2 -Bit5 

'Pin3 - Bit4 
Pin4 - Bit3 
Pin5 - Bit2 
Pin6 -Bit1(MSB) 
Pin 7 -NrC 
Pin 8 - Bit 1 (MSB) 
Pin 9 - +5V Digital Supply 
Pin 10 - Digital Common 
Pin 11 - Comparator In 
Pin'12 - Bipolar Offset 
'Pin13'A110VAange 
Pin 14 - A2 20V Aange 
Pin 15 - Analog Common 
Pin 16 - Gain Adjust 

MECHANICAL 

3' 171 

~, ~~, .. j 
~'-----II 

Pin 32 - Bit 7 
Pin31-Bit8 
Pin 30- Bit9 
Pin 29 - Bit 10 
Pin 28- Bit 11 
Pin 27 - Bit 12 (LSB) 
Pin 26 - Serial Out 
Pin 25 - -Vee 
Pin 24 - Aef. Out (+6.3V) 
Pin 23 - Clock Out 
Pin 22 - Status 
Pin 21 - Short Cycle' 
Pin 20 - Clock Inhibit 
Pin 19 - External Clock 
Pin 18 - Convert Command 
Pin 17 - +Vee 

Leads in true position 
within .010" (.25MM) R 
at MMC at Seating Plane. 

Pin numbers shown for 
reference.only. Numbers, 
may not be marked on 
package. 

SIR is connected to 
Pin 10. 

N K +J =1 
seATING PLANE I---L 

INCHES 
DIM MIN MAX 

A 1.580 1.820 
B 

.1811 .1116 
0 .018 .020 
F .040 yp 
Q .11111 As~ 
H 1.04, .066 

.111111 12 
K .186 .180 
L .II11~ .82(1 
N .IJ4Il .080 

MILLIMETERS 
MIN MAX 

40.13 41.16 

8.0' 4.r2 
0.41 0.51 
1.02 rYf' 

12.114 IASK 

1.8 
.1 4.7 

1.02 1.52 

CASE: Ceramic, hermetic 
MATING CONNECTOR: 

2302MC 

WEIGHT: 7.3gm (0.260z) 

TOP VIEW 

ABSOLUTE MAXIMUM RATINGS 

+Vcc to Analog Common ............................ 0 to +16.5V 
-Vee to Analog Common ........ : ......... " ......... 0 to -16.5V 
Vee to Digital Common .... ;:.,~ ......................... 0 to +7V 
Analog Common to Digital Common ... ~ ...... : •...... ' ... " ±O.5V 
Logic Inputs (Convert Command, Clock In) 

to Digital Common. . . . . . . . . . . . . . . . . . . . . . .. -O.3V to Vee +O.5V 
Analog Inputs (Analog In, Bipo.lar Offset) . . 

to Analog Common .................................... ±16.5V 
Reference Output.................. Indefinite Short ,to CO!11mon, 

Momentary Short to Vee' 
Power Dissipation ............................... : : '. . .. ,1000mW' 
Lead Temperature, Soldering ....... ; ............. +300°C, 10sec 
Thermal Resistance, 8JA ••••••••••••••• " .•••••••••••••••• " 60°CIW 
CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling proc:edures should be followed. 
Stresses above those listed under '''Absolute Maximum Ratings", 
may cause permanent damage to the device. Exposure to absolute 
maximum conditions for extended periods may affect device relia
bility. 

DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 
Linearity error is defined as tlte deviation of actual code 
transition values from the ideal transition values. Under 
this definition of linearity (sometimes referred to as inte
gral linearity), ideal transition .values lie on a line drawn 
through zero (or minus fuB scale for bipolar opera~ion) 
and plus fuB scale, providing a significantly better defini
tion of converter accuracy than the best-straight-Iine-fit 
definition of linearity employed by some manufacturers. 
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The zero or minus full-scale value is located at an analog 
input value 1/2LSB before the first code transition 
(FFFOI to FFE II ). The plus full-scale value is located at 
an analog value 3/2LSB beyond the last code transition 
(OOIH to OOOH). See Figure I which illustrates these rela
tionships. A linearity specification which guarantees 
±1/2LSB maximum linearity error assures the user that 
no code transition will differ from the ideal transition 
value by more than ±lj2LSB. 

t-

~ 7FEH 
:::I 

:: .7FFH -1-------......... 1 -'-----c-~H 
~ OOOH OFFSET I 
c; ERROR I I 

OOIH SHIFTS : I 

FFDH[LHE LINE, I I 
FFEH I I 

: ~ MIDSCALE I 
FFFH I I I I I 

, ~I--~'~'--~//~~~+'--~'~ 
1/2LSB ~ ~ ZERO -i i- 3I2LSOi----t +FULL 

I I 1/2LSO : SCALE 

S;~LLi :--- CALIBRATION TRANSITION -i 
ANALOG INPUT 

FIGURE I. ADC80H Transfer Characteristic 
Terminology. 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of20V (±IOV opera
tion), the minus full-scale value of -IOV is 2.44mV 
below the first code transition (FFFH to FFEH at 
-9.99756V) and the plus full-scale value of +IOV is 
7.32mV above the last code transition (OOIH to OOOH at 
+9.99268V). Ideal transitions occur ILSB (4.88mV) 
apart, and the ±1/2LSB linearity specification guaran
tees that no actual transition will vary from th'e ideal by 
more than 2.44mV. The LSB weights, transition values, 
and code definitions for each possible ADC80H analog 
i'nptit signal range are described in Table I. 

CODE WIDTH (QUANTUM) 

Code width (or quantum) is defined as the range of 
analog input values for which a given output code will 
occur. The ideal code width is ILSB, which for 12-bit 
operation with a 20V span is equal to 4.88mV. Refer to 
Table I for LSB values for other ADC80H input ranges. 

DIFFERENTIAL LINEARITY ERROR AND NO 
MISSING CODES 

Differential linearity error is a definition of the differ
ence between an ideal ILSB code width (quantum) and 
the actual code width. A specification which guarantees 
no missing codes requires that every code combination 
appear in a monotonically increasing sequence as the 
analog input is increased throughout the range, requir
ing that every input quantum must have a finite width. If 
an input quantum has a value of zero (a differential 

" '-!i.nearity error of -I LSB), a missing code will occur but 
the converter may still be monotonic. Thus, no missing 
codes represent a more stringent definition of perfor
mance than does monotonicity. ADC80H is guaranteed 
to have no missing codes to 12-bit resolution over its full 
specification temperature range. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantiza
tion error of ±1/2LSB. This error is a fundamental 
property of the quantization process and cannot be elim
inated. 

UNIPOLAR OFFSET ERROR 

An ADC80H connected for uniplolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value 1/2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from' the 
ideal value, and is applicable only to converters operat
ing in the unipolar mode. 

BIPOLAR OFFSET ERROR 

A/ D converter specifications have historically defined 
bipolar offset at the first transition value above the 
minus full-scale value. The ADC80H follows this con~ 
vention. Thus, bipolar offset error for the ADC80H is 

TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 

Binary (BIN) Qulpul Inpul Vollage Range and LSB Values 

Analog Inpul Vollage Range Defined As: ±10V ±5V ±2.5V 010 +10V o 10+5V 

Code Designation COB' orCTC" COBorCTC COB or CTC CSB'" CSB 

One Least Significant FSR/2" 20V/2" 10V/2" 5V/2" 10Vl2" 5V/2" 
Bil (LSB) n=B 7B.13mV 39,06mV 19,53mV 39,06rnV 19.53mV 

n = 10 19.53mV 9.77mV 4.BBrnV 9.77rnV 4.BBrnV 
n= 12 4.BBmV 2.44mV 1.22rnV 2.44mV 1.22rnV 

Transition Values 
MSB LSB 
001H to OOOH +Full Scale +10V - 3/2LSB +5V- 3/2LSB +2.5V - 3/2LSB + 10V - 3/2LSB +5V - 3/2LSB 
BOOH 10 7FFH Mid Scale 0 0 0 +5V +2.5V 
FFFH 10 FFEH -Full Scale -10V + 1/2LSB -5V + 1/2LSB -2.5V + 1/2LSB 0+ 1/2LSB 0+ 1/2LSB' 

·COB = Complementary Offset Binary "eTC;' Complementary Two's Complement-obtained by using the complement of the m,ost 
'''CSB = Complementary Straighl Binary . significant bit (MSB). MSB is available on pin 8. ' . 

5-67 



defined as the deviation of the actual transition value 
from the ideal transition value located 1/2LSB above 
minus full scale. 

GAIN ERROR 
The last output code transition (OOIHto OOOH) occurs for 
an analog input value 3/,2LSB below the nominal plus 
full-scale value. Gain error is the deviation of the actual 
analog value at the last transition point from the ideal 
value. 

ACCURACY DRIFT VS TEMPERATURE 

The temperature coefficients for gain, unipolar offset, 
and bipolar offset specify the maximum change from the 
actual 25°C value to the value at, the extremes of the 
specification range. The temperature coefficient applies 
independently to the two halves of the temperature range 
abo~e and below +25°C. 

POWER SUPPLY SENSITIVITY 
Electrical specifications for the ADC80H assume'th~ 
application of the rated power supply voltages of+5V 
and ±12V or ±15V. The major effect of power supply 
voltage deviations from the rated values will be a small 
change in the plus full-scale value. This change, of 
course, results in a proportional change in all code tran
sition values (i.e. a gain error). The specification describes 
the maximum change in the plus fuli-scale value from 
the initial value for independent changes in each power 
supply voltage. 

TIMING CONSIDERATIONS 
Timing relationships of the ADC80H are shown in Fig
ure 2. It should be noted that although the' convert 
command puise width must be between lOOn sec and 
2Msec to obtain the specified conversion time with inter
nal clock, the ADC80H will accept longer convert com
mands with no loss of accuracy, assuming that the 
analog input signal is stable.!n this situation, the actual 
indicated conversion,time (during which status is high) 
for 12-bit operation will be equal to approximately IMsec 
less than the sum of the factory-set conversion time and 
the length of the convert command. The code returned 
by the converter at the end of the conversion will accu
rately represent the analog input to the converter at the 
time the convert 'command returns to the low state. In 
addition, although the initial state of the converter will 
be indeterminate when power is first applied, it is 
designed to time-out and be ready to accept a convert 
command within approximately 25MSeC after power-up, 
provided that either an external clock source is present 
or the internal clock is not inhibited. ' 

During conversion, the decision as to the proper state of 
any bit (bit "n ") is made on the, rising' edge of clock pulse 
"n+ I". Thus, a complete conversion requires \3 clock 
pulses with the status output dropping from 10gic."I" to 
logic "0" shortly after the rising edge of.the 13th clock 
pulse, and with valid output data ready to be read at that 
time. A new, conversion may not' be initiated until 

50nsec after the fall of the last clock pulse (pulse 13 for 
12-bit operation). 
Additional convert commands applied during conver
sion will be ignored. 

81112 

SERiAl 
DATA 

: I ! 
~~~~----------------~~ 

-11--, .. 
D"TAINV~LlDi BIT I IBIT2IBIT31I1TCI81TSIBITSIBITl'BITBi81T9!BIT10UIITlUBIT12! 

Symbol Parameter Typ. Unlls 

leD Clock delay from convert command 30 , nsec 
tcp· Nominal clock period 1.65 psec 
lew Nominal clock pulse wldlh 0.65 !lSec 
ISD Sialus delay from convert command 130 nsec 
IR All 'blls reset delay from convert command 65 nsec 
lov Oala valid lime from clock pulsa high -35 nsec 

FIGURE 2. ADC80H Timing Diagram (nominal values, 
at +25°C with internal clock). 

DEFINITION OF DIGITAL CODES 
Parallel Data 
Three binary codes are available on the ADC80H paral
lel output; all three are complementary codes, meaning 
that logic "0" is true. The available codes are comple
mentary straight binary (CSB) for unipolar input signal 
ranges, and complementary offset binary (COB) and 
complementary two's complement (CTC) for bipolar 
input signal ranges. CTC coding is obtained by comple
menting bit I (the MSB) relative to its normal state for 
CSB or COB coding; the complement of bit I is available 
on pin 8. 

Serial Data 
Two (complementary) straight binary codes are available 

. on the serial output '~f the ADC80H; as in the parallel 
case; they are CSB and COB. The serial data is available 
only during conversion and appears with the most signifi
cant bit (MSB) occurring first. The serial data is syn
chronous with the internal clock as shown in the timing 
diagram of Figure 2. The LSB and transition values of 
Table I also apply to the serial data output, except that 

, the CTC code is not available. All clock pulses available 
from the ADC80H have equal pulse widths to facilitate 
transfer of the serial data into external logic devices 

, without external shaping. 
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LAYOUT AND OPERATING 
INSTRUCTIONS 
LAYOUT PRECAUTIONS 

Analog and digital commons are not connected together 
internally in the ADC80H. but should be connected 
together as close to the unit as possible, preferably to an 
analog common ground plane beneath the converter. If 
these common lines must be run separately. use wide 
conductor pattern and a O.OlMF to O.IMf nonpolarized 
bypass capacitor between analog and digital commons at 
the unit. Low impedance analog and digital common 
returns are essential for low noise performance. Cou
pling between analog input lines and digitalliries should 
be minimized by careful layout. For instance. if the lines 
must cross, they should do so at right angles. Parallel 
anaJog and digital lines should be separated from each 
other by a pattern connected to common. If external 
gain and offset potentiometers are used, the potentiome
ters and associated resistors should be located as close to 
the ADC80H as possible. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with IMF to IOMF 
tantalum bypass capacitors located close to the conver
ter to obtain noise-free operation. Noise on the power 
supply lines can degrade the converter's performance. 
Noise and spikes from a switching power supply are 
especially troublesome. 

ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the analog input signal to 
the ADC80H will be driving into a nominal DC input 
impedance of 2.3kO to 9.2kO depending upon the range 
selected. However, the output impedance of the driving 
source should be very low, such as the output impedance 
provided by a wideband, fast-settling operational ampli
fier. Transients in A/ D input current are caused by the 
changes in output current of the internal D/A converter 
as it tests the various bits. The output voltage of the 
driving source must remain constant while furnishing 
these fast current changes. If the application requires a 
sample/hold, select a sample/hold with sufficient band
width to preserve the accuracy or use a separate wide~ 
band buffer amplifier to lower the output impedance. 

INPUT SCALING 

The ADC80H offers five standard input ranges: OV to 
+5V, OV to +IOV, ±2.5V, ±5V, and ±IOV. The input 
range should be scaled as close to the maximum input 
signal range as possible in order to utilize the maximum 
signal resolution of the converter. Select the appropriate 
input range as indicated by Table II. The input circuit 
architecture is illustrated in Figure 3. Use of external 
padding resistors to modify the factory-set input ranges 
(such as addition of a small external input resistor to 
change the IOV range to a 1O.24V range) will reqiJire 
matching of the external fixed resistor values to individ
ual devices, due to the large tolerance of the internal 

. input resistors. Alternatively, the gain range of the con
verter may easily be increased a small amount by use of a 
low temperature coefficient potentiometer in series with 
the analog input signal or by the decreasing the value of 
the gain adjust series resistor in Figure 5. 

TABLE II. ADC80H Input Scaling Connections. 

Connect 
Input Connect Connect Input 
Signal Output Pln12 Pin 14 Signal 
Range Code ToP!n To To 

±10V COB orCTC 11 Input Signal 14 
±5V .COBorCTC 11 Open 13 
±2.5V COB orCTC 11 Pin 11 13 
o to +5V CSB 15 Pin 11 13 
o to +10V CSB 15 Open 13 

10V RANGE :-:13;---------, 
R2 

20V RANGE '""14---.... 4".6"'knor--....... 
RI 4.6kn 

COMP IN 

BIPOLAR 
OFFSET 
ANALOG 
COMMON 

II FROM O/A CONVERTER 

~ ___ TO 

" SAR 

~ 
~ V", 

FIGURE 3. ADC80H Input Scaling Circuit. 

CALIBRATION 

Optional External Gain And Offset Adjustments 
Gain and offset errors may be trimmed to zero using 
external offset and gain trim potentiometers connected 
to the ADC80H as shown in Figures 4 and 5 for both 
unipolar and bipolar operation. Multiturn potentiome
ters with IOOppm/oC or better TCR are recommended 
for minimum drift over temperature and time. These 

[AI [B) 

+Vcc +Vcc 

1.5Mn- . r I.BMn f'~n II l80kn IBOkn TO II • 100kn *M 100kn 
OFFSET 

COMP IN '1~2kn- OFFSET COMP IN ADJUST 28kn ADJUST 
-Vee 

-Vee ..".. . 

FIG U RE 4. Two Methods of Connecting Optional 
Offset Adjust. 

[AI 
.+Vcc 

GAIN ADJUST 8.2Mn- f 10kn 
16 10Mn TO 
~IOOkn 

~ __ •• 1 GAIN 
•• 'T'0.OII1F ADJUST 
.!!.....-.J -Vee 

ANALOG 
COMMON 

IB) 

16 270kn 270kn 

l.O.OIIlF 16.Bkn
~l9.lkn 

+Vcc 

flOkn 
TO 
IOOkn 
GAIN 
ADJUST 

-Vee 

FIGURE 5. Two Methods of Connecting Optional Gain 
Adjust. . 
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pots may be of any value between IOkn and 100kn. All 
fixed resistors should be 20% carbon or better. Altho'ugh 
not necessary in some applications, pin 16 (Gain Adjust) 
should be preferably bypassed with a O.OIJ.'F nonpolar
ized capacitor to analog common to minimize noise 
pickup at this high impedance 'point, ~ven if no external 
adjustment is required. 

Adjustment Procedure 

OFFSET -Connect the offset potentiometer a~ shown 
in Figure 4. Set the, input voltage to the nominal zero or 
minus full-scale voltage plus 1(2LSB. For example, nifer
ring to Table I, this value is -IOV +2.44mV or -9.99756V 
for the -IOV to +IOV range. 
With the input voltage set as above, adjust the offset 
potentiometer until an output code is obtained which is 
alternating between FFEH and FFFH with approximately 
50% occurence of each of the two codes. In other words. 
the potentiometer is adjusted until bit 12 (the LSBj indi
cates a true (logic "0") condition approximately half the' 
time. 
GAIN-Connect the gain adjust potentiometer as shown' 
in Figure 5. Set the input voltage to thenom;nal plus 
full-scale value minus 3j2LSB. Once againreferring to 
Table I, this value is +IOV -7.32mV or +9.99268V for 

the -IOV to +IOV range. Adjust the gain potentiometer 
until the 'output code is alternating between OOOH and 
OOIH with an approximate 50% duty cycle. As in the case 
of offset adjustment, this procedure sets the converter 
end-point transition to a precisely known value. 

CLOCK OPTiONS 

The ADC80H is extremely versatile in that it can be 
operated in several different modes with either internal, 
or external clock. Most of these options can be imple
mented with inexpensive TTL logic as shown'in Figures 
6 through 9. When operating with an external clock, the 
conversion time may be as short as 15J.'sec (800kHz 
external clock frequency) with assured performarice 
within,specified limits. When operating with the internal 
clock, pin 19 (external clock input) and pin 20 (clock 
inhibit) may be left unconnected. No external pull-ups 
are, required due to the inClusion of pull-up resistors in 
the ADC80H. Pin 20 (clock inhibit) ~ustbe grounded 
for, use, with an external.c1ock, which is applied to pin '19. 

SHORT-CYCLE FEATURE 

A short-cycle input (pin 21) permits the conversion to be 
terminated after any number of desired bits has been 
converted, allowing shorter conversion times in applica-

1L'18 28 IIJ.BIT .n.n.JL...: EXTERNAL BIT 11 
28' ' IIJ.BIT 

BIT 11 ; EXTERNAL CLOCK t OPERATION OPERATION 
CONVERT I, SHORT, 21 COMMAND 

CYCLE 

AOC80H CLOCK 20 
INHIBIT 'OPTIONAL 

EXTERNAL 19 CONNECTION 

CLOCK +5V 

FIGURE 6. Internal Clock-Normal 
Operating Mode. (Conversion 
initiated by the rising edge of 
the convert com~and. The 
internal clock runs only 
during conversion.) 

IIJ.BIT 
SUU1... 19 2B EXTERNAL BIT 11 OPER. 

CLOCK EXTERNAL 
CLOCK 

AOC80H 

IB CONY. 

DIGITAL 
COMMON 

COM. 

SHORT 21 
CYCLE 

CLOCK 20 
INHIBIT 

I; 
I 
I 

DIGITAL 
COMMON 

FIGURE 8. Continuous Conversion with 
External Clock: (Conversion is 
initiated by 14th clock pulse. 
Clock runs continuously.) , 

I CLOCK 
,-

1 
ADCBOH I I 

I' 22 
STATUS SHORT 21 ' 

CYCLE 
I 
1 

JL IB CONY. CLOCK 20 

I CONVERT COM. INHIBIT DIGITAL 

1 COMMAND 
': COMMON 

Fl'GURE 7. Continuous External Clock. (Conversion initiated by 
rising edge of convert command. The convert 
command m'ust' be synchronized with clock.) 

+5V +5V' +5V +5V 

2.2kO, 33kO, 2.2kO 10kO 

200nsec 

2t 10 t o 5 
.fl, 18 CONVERT 

COMMAND 
NO 
CONNECTION 

3 CLR 11 CLR NECESSARY 

SHORT 

:~ 1~1I2 ij4 9 ~112, ij 12 AOCBOH CYCLE 

74LSI23 ' 74UI23 CLOCK 
INHIBIT 

22 STATUS EXTERNAL 19 
CLOCK 

FIGURE 9. ,Continuous Conversion with 600nsec' between 
,Conversions. (Circuit insures thai conversion will start 
when p~wer is applied.) , 
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tions not requiring full 12-bit resolution. In these situa
tions, the short-cycle pin should be connected to the bit 
output pin of the next bit after the desired resolution. 
For example, when IO-bit resolution is desired, pin 21 is 
connected' to pin 28 (bit II). In this example, the conver
sion cycle terminates and status is reset after the bit 10 
decision. Short-cycle pin connections and associated 
maximum 12-, 10-, and 8-bit conversion times (with 
internal clock) are shown in Table Ill. Also shown are 
recommended minimum conversion times (external 
clock) for these conversion lengths to obtain the stated 
accuracies. The ADC80H is not factory-tested for these 
external clock conversion speeds and the product is not 
guaranteed to achieve the stated accuracies under these 
operating conditions; the recommended values are offered 
as an aid to the user. 

TABLE Ill. Short-Cycle Connections and Conversion 
Times for 8-, 10-, and 12-Bit Resolutions
ADC80H. 

Resolullon (Blls) 12 10 8 

Connect pin 21 to Pin·9 or NC Pin 28 Pin 30 

Maximum Conversion Timen) 
Internal Clock (psec) 25 '.22 18 

Minimum Conversion Timen) 
External Clock (psec) 15 13 10 

Maximum linearity Error 
At +25'C (% of FSR) 0.012 0.048 0.20 

NOTE: (1) Conversion time to maintain ±1/2LSB linearity error. 

ENVIRONMENTAL SCREENING 

The inherent reliability of a semiconductor device is con
trolled by the design, materials, and fabrication of the 
device-it cannot be improved 'by testing. However, the 
use of environmental screening can eliminate the major
ity of those units which would fail early in their lifetimes 
(infant mortality) through the application of carefully 
selected accelerated stress levels. Burr-Brown Q models 
are environmentally screened versions of our standard 
industrial products, designed to provide enhanced relia
bility. The screening illustrated in Table IV is performed 
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to selected methods of MIL-STD-883. Reference to 
these methods provides a convenient way of communi
cating the screening levels and basic procedures em
ployed; it does not imply conformance to any other mil
itary standards or to any methods of MIL-STD-883 
other than those specified. Burr-Brown's detailed proce
dures may vary slightly, model-to-model, from those in 
M I L-STD-883. . 

TABLE IV. Screening Flow for ADC80H-AH-12Q 

MIL-STD-883 
Method, Screening 

Screen Condition Level 

Internal Visual Burr-Brown 
QC4118 

High Temperature 
Storage 1008. C 24 hour. +150'C 

(Stabilization Bake) 

Temperature Cycling 1010. C 10 cycles, -65°C 
to +150'C 

Constant Acceleration 2001. A 5000 G 

Electrical Test Burr-Brown 
test procedure 

Burn-in 1015, B 160 hour, +125°C, 
steady-state 

Hermeticity: 
Fine Leak 1014. A 1 or A2 5 X 10-7 atm cc/sec 
Gross Leak 1014. C bubble test only, 

preconditioning omitted 

Final Electrical Burr-Brown 
test procedure 

Final Drift Burr-Brown 
te~t procedure 

External Visual Burr-Brown 
QC5150 



BURR - BROWN@ 

IElElI 
For a 18838 version pf this 
product. see DAC87/8838 in 
the Military Products section. 

ADC84 
ADC85 

IC ANALOG-TO-DIGITAL'CONVERTERS 

FEATURES 

• COMPACT DESIGN· Sell·contained with internal clock. 
comparator. reference. and input buffer amplifier 
32·pin ceramic or hermetic metal package 

• FAST CONVERSION SPEEDS 
Provide Fast Signal Sainpling Rates 
12·bits· 10llsec. 1 O·bits • 61lsec 
Faster conversion speeds obtainable with 
··Short·Cycling" and adjustable clock rate 

• LOW COST· AOC84KG·12 

DESCRIPTION 
The ADC84 and ADC85 families of 10- and 12-bit 
analog-to-digital converters utilize state-of-the-art 
IC and laser-trimmed thin-film components, and are 
packaged in a compact 32-pin dual-in-line packages. 

Complete with internal reference and input buffer 
amplifier, they offer versatility and performance 
formerly offered only in larger modular or rack
mount packages. 

Thin-film internal scaling resistors are provided for 
the selection of analog input signal ranges of±2.5V, 
±5V, ±IOV. 0 to +5V or 0 to +IOV. Gain and offset 
errors may be externally trimmed' to zero, offering 
initial accuracies of better· than ±O.O 12% (±I j 2LSB). 

The fast conversion speeds of IOllsec for 12-bit and 
61lsec for 10-bit resolution make these ADC's 
excellent for a wide range of applications where 
system throughput sampling rates from 100kHz to 
'120kHz are required. In addition, (hey may be short 
cycled and the clock rate control may be used to 
obtain faster conversion speeds at low resolutions. 

Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are, DTLj TTL-compatible. 
Power supply voltages are ±15VDC and +5VDC, 

International Airport Induslrlal Park - P.O. Box 11400 -Tucson. Arizona 85734 - Tel. 160ZJ 746-1111 • Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-l55,E 

5-72 



DISCUSSION OF 
PERFORMANCE 
The accuracy of a successive approximation AI D 
converter is described by the transfer function shown in 
Figure I. All successive approximation AI D converters 
have an inherent Quantization Error of±1/2LSB. The 
remaining errors in the AI Dconverter are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties iJf the ladder and scaling networks, 
power supply rejection, and reference errors. I n summary, 
these errors consist of initial errors including Gain, 
Offset~ Linearity, Differential Linearity and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure I) about the zero or minus full scale point (all 
bits OFF) and Offset drift shifts the line left or right over 
the' operating temperature r~nge. Linearity error is 
unadjustable and is the most meaningful indicator of 
AI D converter accuracy. Linearity error is the deviation 
of an actual bit transition from the ideal transition value 
at any level over the range of the AI D converter. A 
Differential Linearity error of ± I I 2LSB means that the 
width of each bit step over the range ofthe AI D converter 
is ILSB±1/2LSB. 
The ADC84 and ADC85 are also monotonic, assuring 
that the output digital code either increases or remains 

the same for increasing analog input signals. Burr-Brown 
also guarantees that these converters will have no missing 
codes over a specified temperture range. 

'''1._000. 

000 ... DOl 
ill" 011 ._ 101 '" .. 
g: 011 ... 110 !.! 
I-

011 ... 111 ~ h~, l- I S 100._ 000 
~ 

tl:::L. 
I 

c 
100 ... DOl I I-

G 
I· is 

111 ... 110 I 
ON 

111_111 
'EIN 

.FSR '\. ANALOG INPUT +FSR ·ILSB 
2 EIN OFF 2 

·SEE TABLE I FOR DIGITAL CODE DEFINITIONS. 

FIGURE I. Input vs Output for an Ideal Bipolar AI D 
Converter. 

TIMING CONSIDERATIONS 
The timing diagram of the ADC's (see Figure 2) assumes 
an analog input such that the positive true digital word 
10011000100 I exists. The output will be complementary 
as shown in Figure 2(011001110110 is the digital output): 

MAXIMUM THROUGHPUT TIME!21 
CoNVERT!11 
COMMAND 

INTERNAL 
CLOCK 

STATUS (EOCI 

MSB 

BI12 

BIT 3 

BI14 

BIT 5 

BI16 

BI17 

BI18 

BIT 9 

BIT 10 

BIT 11 

LSB 

SERIALI31 
DATA 
OUT 

"0" 

"0"1 

~~f~~':h~ --- -tr--L[ -lJ-l.f-1[-1.r-1f-l[-l[ -1[-1[- U---LJ--lf - --
CLOCK I I NOTES: 
Ille pg. ~OOnSBc. max I I 1. The convert command must be at least 50nsec wide and must remain low during 1 convsrslon. Ths conVlnlon IslnHlltad by ths '1I'llilng 

-r1 ~ edgs" of ths convsrt command. 2. IO.5pllC lor 1 Z·blllind 6.4pasc lor ll1-blll. 3. Usslrllllng sdge of clock III strobllsrlll output 

:FIGURE 2. ADC84 and ADC85 Timing Diagram. 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +25°C and rated pawe", supplies otherwise noted 

MODEL ADC85 ADC85C ADC84KG UNITS 

RESOLUTION . 10 12 I 10 12 I 10 12 BITS 

INPUT 
ANALOG INPUTS 

:Vollages Ranges 
Bipolar ±2.5, ±5. ±10 V 
Unipolar Oto >5.0to+l0 V 

Impedance (Direct Input· 
o to +5V. ±2.5V 2.5 kit 

'0 io +10V. ±5V 5 kll 

±10V 10 kll 
Buffer Amplifier 
Impedance, min 100 Mll 
Bias Current 50 nA 

Settling Time 
to 0.01 % for 20V stepP) 2 J,lsec 

DIGITAL INPUTS(2) 
Convert Command Positive pulse SOnsee wide, min. Trailing Edge 

"1" to "0" initiates conversion 
Logic Loading 1 TTL Load 
External Clock See External Clock paragraph 

"'RANSFER CHARACTERISTICS 
ERROR 

±O.1 (Adjustable "to zero:! 
% 

Gain Error 
Offset Error Adju~table to zero % of FSRI3I 

Unipolar !0.05 . %of FSR 
; Bipolar to.l %of FSR 
Linearity Error, max(4) ±0.048 i ±0.012 I ±0.048 1 ±0.012 1 !0.048 1 ±0.012 %of FSR 
Inherent Quantization Error "±:1/2 LSB 
Oifferen!iallinearity Error ±112 LSB 

No Missing Codes -25 to +85 1 .0 to +70 1 o to +70 Oto+70. 1 o to +70 10to+70 'C 
Power Supply Sensitivity 

±15VDC ±0.004 % of FSR/%VS 
+5VDC +0.001 %. of FSR/%Vs 

DRIFT 
'Specification Temperature Range -25 to +85 o to +70 o to +70 'C 
Gain, max ±20 1015 ±40 ±25 ±30 ppm/oC 

.OHset 
Unipolar ±3 ±3 ±:i ±3 ±3 

I 
!3 ppm of FSR/'C 

Bipolar "t10 ±7 ±20 ±12 ::'::15 ::'::15 ppm of FSR/'C 
linearity. max ±3 ±2 ±3 ±3 ±3 ±3 ppm of FSR/'C 
Monotonicity Guaranteed 

CONVERSION SPEED I inax .!SH6) .6 10 6 10 6 10 ~sec 

OUTPUT . 
. DIGI:rAL DATA 
All codes com'plementary 
Par~llel 9utput Codesl71 

Unipolar CSB 
Bipolar COB.CTC 

Output Drive 2 TTL Loads 
Serial Data C.odes I NRZ I CSB. COB 

O'utput·.Drive 2 TTL Loads 
Status Logic "1" during conversion 

Status Output Drive 2 TTL Loads 
Internal· Clock . 

Clock Qutput Drive '2 TTL Loads 
Frequency!61 1.9 I 1.35 I 1.9 1 1.35 , I 1.9 I 1.35 MHz 

INTERNAL REF. VOLTAGE 6.3 'V 
Max External Current With no 

degradation of Specifications 200 ~A 

Ternpco of Drift. max ±5 1 ±5 1 ±10 1 ±10 1 ±20 I ±20 ppm/oC 

POWER REQUIREMENTS 
Rated Voltages ±15. +5 V 
Range for Rated Accuracy ~:; to 5.25 and ±14.5 to ±15

1
5 V 

S~pply Drain +15VDC +45 mA 
-15VDC 

, 
-35 -35 mA 

+5VDC +.120 +70 mA 
TEMPERATURE RANGE 
Specification -25 to +85 o to +70 o to +70 °C 
Operating r d.erated specs I -55 to +85! 110°C case Temp. 'C 
Storage -55 to +125 -55 to +125 -55 to +125 °C 
PACKAGE (see. Mechanical' 

Specifications) Metal I He~metic i Ceramic' 
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.NOTES: 
1. Thissettling time adds to conversion speed when buffer is connected to 

input. 
2. DTLITTL compatible; Le., Logic "0" = O.BV max, Logic "1":::: 2.0V, min for 

, inputs. Fordigilal outputs, Logic "0":::: +O.4V max, Logic "1" = 2.4V. min. 
3. FSR means Full Scale Range - for example. unit connected for ±10V 

range has 20V FSR. 

CONNECTION DIAGRAM 

4. Error shown is the same as ±1/2LSB max linearity error in % of FSR. 
5. Conversion time may be shortened with "short cycle" set for lower 

resolution, See Table III. 
6.lnternal Clock is externally adjustable. 
7. See Table II. CSB - Complementary Straight Binary. COB

Complementary Offset Binary. eTC - Complementary Two's 
Complement. 

(TOPVIEWI 

Bit 12 rLSB for Serial Qut 
12 bitsl 

Bit 11 -15VDC Supply 

Bit 10 (LSB for Buffer In 
10 bits) 

Bit9 Buffer Out 

BitB +15VDC Supply 

Bil7 Gain Adjust 

BitS Analog Common 

BitS R2 20V Range 

Bit4 Ri 10V Range 

8it3 Bipolar Offset 

Bit2 Comparator In 

Bit1(MSB( Convert Commandt 

Biii (MSiiI Status 

Short Cycle Clock Out 

Dig. Common· Ref. Out (+6.3V) 

+5VDC Supply Clock Rate Control 

·Digital Common is internally connected to case. IADC85 and ADCB5C only) 
t If an externiill clock is used, connect the clock to Pin~21 (conv. command). 
ISee Figure 2 and Exfer~al Clock paragraphl. 
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DEFINITION OF DIGITAL CODES 
PARALLEL DATA 

Three binary codes are available on the ADC84 and 
ADC85 parallel output; they are complementary (logic 
"0" is true) straight binary (CSB) for unipolar input 
signal ranges and complementary two's complement 
(CTC) and complementary offset binary (COB) for 
bipolar input singal ranges. 

Table I describes the LSB, transition values and code 
definitions for each possible analog input signal range for 
8-, 10-, and 12-bit resolutions. 

SERIAL DATA 

Two straight binary (complementary) codes are availahlc 
on the serial output line; they are CSB and COB. The 
serial data is available only during conversion arid 
appears with the most significant bit.(MSB) occurring 
first. The serial data is synchronous with the internal 
clock as shown in the timing diagram of Figure 2. The 
LSB and transition values shown in Table I also apply tn 
the serial data output except for the CTC code. 

TABLE I. Input Voltages, Transition Values, LSB Values. and Code Definitions. 
Binary I BIN, 

INPUT VOLTAGE RANGE AND LSB VALUES 
Output 

Analog Inpul 
Defined As: ' ±10V ±5V ±2.5V o to +10V Oto +5V Voltage Ranges 

Code COB' COB' COB' 
Designation orCTC'" orCTC'" orCTC'" CSB" CSB" 

One Least FSR 20V 10V 5V 10V 5V 
Significant 2n 2n 2n 2n 2n 2n 

BitlLSBI n=8 7B.13mV 39.06mV 19.53mV 39.06mV 19.53mV 

n = 10 19.53mV 9.77mV 4.BBmV 9.77mV 4.BBmV 
n= 12 4.BBmV 2.44mV 1.22mV 2.44mV 1.22mV 

Transition Values 

MSB LSB 
000 ... 000 .... ..... Full Scale +10V ·3/2LSB +5V-3/2LSB +2.5 -3/2LSB +10V ·3/2LSB ·5V··3/2LSB 
011 ... 111 MIL Scale 0 0 0 +5V +2.5V 
111 ... 110 ·Full Scale ·10V +1/2LSB ·5V + 1/2LSB ·2.5V +1/2LSB 0+ 1/2LSB 0+ 1/2LSB 

'COB - Complementary Offset Binary .. ·eTC - Complementary Two's complement· obtained •• .. Voltages given are the 
"CSB = Complementary Straight by using the complement of the most·significant nominal value for transition 

Binary bit IMSBI. MSB is available on pin·13. to the code specified. 

DISCUSSION OF SPECIFICATIONS 
The ADC84 and ADC85 are.specified to provide critical 
performance criteria for a wide variety' of applications. 
The most critical specifications for an AI D converter are 
linearity, drift, gain and offset errors and conversion 
speed effects on accuracy. These ADC's are factory
trimmed and tested for all critical key specifications: 

GAIN AND OFFSET ERROR 
I nitial Gain and Offset errors are factory-trimmed to 
±O.I % of FS R (±0.05% for unipolar offsei) at 25"C. 
These errors may be trimmed to zero by connecting 
external trim potentiometers as shown on.next page. 

ACCURACY DRIFT VS TEMPERATURE 
Three major drift parameters degrade AI D converter 
accuracy over." temperature; they are gain, offset and 
linearity drift. The worst-case accuracy drift is the 
summation of all three drift errors over temperature. 
Statistically, these errors do 'not add algebraically, but 
are random variables which behave as root-sum-squared 
(RSS) or la errors as follows: 

RSS = .J eg' + EO' + ee' 
wltere Eg = gain drift error (ppmj"C) 

eo = offset drift error (ppm of FSR/"C) 
ee = linearity error (ppm of FSR/"C) 
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For the. ADC85-12 operating in the unipolar mode the 
total RSS drift is ±15.42ppm/"C and for bipolar opera
tion the total RSS drift is ±16.7ppm/"C. 

ACCURACY VS SPEED 

In successive approximation AI D converters, the con
version speed affects linearity and differential linearity 
errors. Conversion speed and its effect on linearity and 
differential linearity errors for the ADC84 and ADC85 
are shown in Typical Performance Curves. 

The conversion speeds are specified for a maximum 
linearity error of± I / 2LSB with the internal clock. Faster 
conversion speeds are possible (see Clock Rate Control 
Alternate Connections). 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The ADC84 and the ADC85 power supply sensitivity is 
specified for±0.003% ofFSR/%Vs for± 15VDC supplies 
and ±0;0015% of FSR/%Vs for +5VDC supplies. 
Normally, regulated power supplies with I % or less ripple 
are recommended for use with these ADC's. See Layout 
Precautions and Power Supply Decoupling on next page. 



LAYOUT AND OPERATING INSTRUCTIONS 
LAYOUT PRECAUTIONS 

Analog and digital commons are not connected internally 
in the ADC84 and ADC85, but should be connected 
together as close to the unit as possible, preferably to a 
large ground plane under the ADC. If these grounds must 
be run separately, use wide conductor" pattern and a 
O.OI/lF to O.I/lF nonpolarized bypass capacitor between 
analog and digital commons.at the unit. Low impedance 
analog and digital common returns are essential for low 
noise performance. Coupling between analog inputs and 
digital lines should be minimized by careful layout. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum or 
electrolytic type capacitors as shown in Figure 3 to 
obtain noise free operation. These capacitors should be 
located close to the ADC. I/lF electrolytic type capacitors 
should be bypassed with O.OI/lF ceramic capacitors for 
improved high frequency performance. 

+5VDC .. ® ® ~ .. ·15VDC 

:::!t @) I+1• F .. ANA. 
DIG. I 1•F 

@ 
COM. 

COM. .. 
@) T~·F 

.. +15VDC 

FIGURE 3. Recommended Power Supply Decoupling. 

INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the AI D 
converter. Connect the input signal asshown in Table II. 
See Figure 4 for circuit details. 

BUFFER 
INPUT 

CDMP. 
IN 

FIGURE4. Input Scaling Circuit - ADC:84 and ADC85. 

TABLE II ADC84 andADC85 Input Scaling Connections. 
-- For For 

Buffered Direct Input 
Input-· (.ee note) 

Input 
Connect 

Connect Connect Connect Input 
Signal Output Pin 23 Pin 25 Pin 29 Signal 
Range Code To Pin To To Pin ToPln 

Input 
±10V COBorCTC 22 Signal" 25 25 
±5V COB 0' CTC 22 Open 24 24 

±2.5V COBo,CTC 22 Pin22 24 24 
o to +5V CSB 26 Pin22 24 24 

o to +10V CSB 26 Open 24 24 

Connect to Pm 29 or Input Signal as shown In next two columns. 
·*The input signal is connected to Pin 30 if the buffer amplifier is used. 

NOTE: If the buff.r amplifie, is not used, the input Pin 30 must beg,ounded 
(Pin 26). 

OPTIONAL EXTERNAL GAIN AND OFFSET ADJUSTMENTS 
Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected to 
the ADC as shown in Figures 5 and 6. Multiturn 
potentiometers with 100ppmj"C or better TCR's are 
recommended for minimum drift over temperature and 
time. These pots may be any value from 10kO to 100kO. 
All resistors should ~e 20% carbon or better. Pin 27 (Gain 
Adjust) should be bypassed with O.OI/lF to reduce noise 
pickUp and Pin 22 (Offset Adjust) may be left open if no 
external adjustment is required. 

ADJUSTMENT PROCEDURE 

Offset - Connect the Offset potentiometer as shown in 
Figure 5. Sweep the input through the end point transition 
voltage that should cause an output transition to all bits 
off (E'W!), 

Adjustthe Offset potentiometer until the actual end point 
transition voltage occurs at E~~F. The ideal transition 
voltage values of the input are given in Table I. 

Gain - Connect the Gain adjust potentiometer as shown 
in Figure 6.' Sweep the input through the end point 
transition voltage that should cause an output transition 
voltage to all bits on (E?~). Adjust the Gain potentio
meter until the actual end point transition voltage occurs 
at E?~. 
Table I details the transition voltage levels required .. 
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(., 
+15VDC (bl 

+15VOC 

f
lOkIl 

~~~~ TO 
~vv"""'- IDOkll 

OFFSET 
COMPo IN ADJUST 

·15VDC 

I @ l80kll l80kll f ~:n 
22}-""''-_''N-'-+- IDOkn 

, ~ l OFFSET 
COMP.IN -4: 22kll ADJUST 

·15VDC 

FIGURE 5. Two Methods of Connecting Optional 
Offset Adjust with a 0.4% of FSR Range 
of Adjustment. 

(bl (II 
+15VDC +15VDC 

GAtN f IOkIl ADJUST IOMII TO 
©J:...I\NI.-+- IDOkll 

~ T O.OI.F ~~~~ST 
ANA.~ .15VOC 

270kll f~:11 
27 ... "-N\r1>--'1,..,.., .... ,~ 1 DOkn 

B.8kn ~~~NUST 

·15VDC 

270kll 

COM. 

FIGURE 6. Two Methods of Connecting Optional 
Gain Adjust with a 0.6% Range 
of Adjustment. . 



CLOCK RATE CONTROL 
ALTERNATE CONNECTIONS 

If adjustment of the Clock Rate is desired for faster 
conversion speeds. the Clock Rate Control may be 
connected to an external multiturn trim potentiometer 
with TCR of ±IOOppm '''C or less as shown in Figures 
7 A and 78. If the potentiometer is connected to ~ 15VDC. 
conversion time can be increased as shown in Figure 8. If 
these adjustments are used. delete the connections shown 
in Table III for pin 17. See Typical Performance Curves 
for nonlinearity error vs. clock frequency. and Figure 8 
for the effect of the control voltage on clock speed. 
Operation with clock rate control voltage of less than 
-IVDC is not recommended. 

CLOCK t:";\ .5VOC i CLOCK 

RATE \!.!I- - - - -- 2kl! FREQUENCY 
CONTROL ADJUST 

_ ' [t 2·BIT RESOLUTIONI 
- RANGE OF ADJUSTMENT IS 

10M'"C 10 6.BMseC 

FIGURE 7A. 12-Bit Clock Rate Control Optional Fine 
Adjust. . 

CLOCK . .5VOC t CLOCK 

RATE @-'- - -__ 5kl! FREQUENCY 
CONTROL ADJUST 

[B· OR 1II·BIT RESOLUTIONI 
RANGE OF ADJUSTMENT IS 

~ 6.0Maec to 4.0~aec lor 10·blt and 
3.~ec FOR II-BIT RESOLUTIONS. 

FIGURE 7B. 8-Bit Clock Rate Control OptIOnal FIne 
Adjusi. 

I ... 
E 
;:: 
z e 
'" ffi ,. 
= .. .. 

20 

15 

10 

o 
-I 

III-BIT OPERATION 

""-I. 12.B'n OPERATION 

,~ 
I 

-.l 
10 12 14 15 

CONTROL VOLTAGE ON PIN 17 

FIGURE 8. Conversion Time vs Clock Speed Control 
Voltage. 

EXTERNAL CLOCK 

If an external clock is used. connect the external clock to 
convert command. pin 21. The convert command shown 
in Figure 2 is not used. After each conversion is 
completed. a new conversion cycle will automatically 
start of the first falling .edge of the external clock 
following the completion of conversion. The c1ock-o'ut 
signal will remain as shown in Figure 2 even ifan external 
clock is used. The external clock pulse must be a negative 
going pulse with a width between I OOnsec and 200nsec as 
shown in Figure 2. 
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ADDITIONAL CONNECTIONS REQUIRED 

The ADC84 and ADC85 may be operated at faster 
speeds for resolutions less than 12 bits by connecting the 
Short Cycle input, pin 14, as shown in Table III. Conyer
sion speeds, linearity and resolution are shown for ~efer
ence_ Specifications for IO-bit units assume connections 
as shown below. 

T ABLE I [I. Short Cycle Connections and Specifications 
for 8- to 12-Bit Reso[ution 

RESOLUTION [Bils) 12 10 B 

Connect Pin 17 to (1) Pin 15 Pin 16 Pin 28 

Connect Pin 14 to Pin 16 Pin 2 Pin 4 

Maximum Conversion 
Speed il-'sec){21 10 6 4 

Maximum Nonlinearity 
at 25°C (% of FSR) 0.012131 0.048141 0.20(4) 

NOTES: 
1. Connect only if clock rate control is not used 
2. Max. conversion speeds to maintain ±1I2LSB nonlinearity error 
3. 12-bit models only 
4. 10- or 12-bit models. 

CONVERTER INITIALIZATION 

On power-up, the state of the ADC internal circuitry is 
indeterminate. One conversion cycle is required to initial
ize the converter after power is applied. 

OUTPUT DRIVE 

Normally all ADC84 and ADC8S logic outputs will drive 
2 standard TTL-loads; however. iflong digital lines must 
be driven. external logic buffers arc rccommended. 

HEAT DISSIPATION 

The ADC84 and ADC85 dissipate approximately 1.2W 
and the packages have a case-to-ambient thermal resis
tance «-)c" should be lowered by a heat-sink or by forced 
air over the surface of the package). See Figure 9 for <'lcA 

requirement above 70"C. If the converter is mounted on a 
PC card. improved thermal contact with the copper 
ground plane under the case can be achieved using a 
silicone heat-sink compound. On a O.062-inch thick PC 
card with 16 square-inch minimum area. this technique 
will allow operation to 85°C. 

.. 
'-' 

<D 

25-1----...... 

10 

60 70 BO 90 

AMBIENT TEMPERATURE lOCI 

100 

FIGURE 9. OCA Requirement Above 70"C. 
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HIGH RELIABILITY AID CONVERTERS 
Each of the ADC85 models are available screened to the 
requirements of the Burr-Brown Q-Program. which 
consists of a sequence of ihermal and mechanical stress 

High Temp. Temperature Henneticlly 
Storage Cycling Gross Leak 

(MIL-STD-883) (MIL-STD-883) (MIL·STD-883) 

Method 1008 Method 1010 Method 1014 
Co~dition B Condition 8 Condition C 

+125°C -55 to +25°C Step 1 
24 Hours 10 Cycles Fluorocarbon 

MECHANICAL 

•••••••••••••• 00 

NOTE:' 
Leads in true position 
within 0.010' (0.255mml 
R at MMC at seating plane. 

INCHES MILLIMETERS 
DIM M(N MAX MIN MAX 

A 1.700 1.7150 43.18 441.70 

• 1.120 1.lS0 28.45 29.46 

C .170 .230 . 4.32 5.84 

D .018 .021 0.46 0.53 

F .03" .060 0.89 1.27 

G' .100 BASIC 2.54 BASIC 

H .110 .130 2.79 3.30 . .160 .250 3.81 15.35 
L .900 BASIC 22.B& BASIC 

N .002 . 010 0.05 0.25 

" .110 .130 2.79 3.30 

PINS: Pin material arid plating 
composition conform to method 
20031~01\lerability, 01 MIL-
STD-883 1 except paragraph 3.21 
CASE: Ceramic 
MATING CONNECTOR: 2302MC 
Set of two 16-pin strips 
WEIGHT: 13 grams (0,46 OZ. I 

procedures. plus a verification of package hermeticity. 
The diagram below illustrates the screening sequence 
wh'ich is applied to 100% of the Q-Screened AI D 
converters. 

Hermltl.lty 
Fine Leak Burn·ln 

(MIL-STD-883) (MIL-STD-883) 

Method 1014 Method 1015 
Condition A Condition 0 

Helium 168 Hours 
5 x lO-7ec/sec +700C IADC85C, 

+85° C ,ADC85, 

IF' 
Ul~ .' 

Centrifuge 
(MIL-STD-883) 

Method 2001 
2.000 G 
Y1 Axis 

ADC85, ADC85C 

rn E=. "--- Conot •• pin' NQTE: 
[ 1 Leads in true position 
.. .. within 0.010" to.25Smm! 

~1I1 uD 11111111111 Rat MMC at seating plane. 
T G -.I I.- a -I--
~~H c:- ... 000000.0.000. 

1 ~ 

" 

32 11 
o.ooO~.O •• D.O •• O 

Pin 1 identified on 
bollom by contrasling 

,color 01 glass or 
square' corner. 

Pin numbers shown for r~ference only. 
Numbers may not be marked on package. 

PINS: Pin' material and plating 
composition conform to method INCHES MILLIMETERS 

2003 (solderability, of MIL-
DIM MIN MAX MIN MAX 
A 1.720 1.7&0 43.&9 441.70 STO-883 1 except paragraph 3.2) • 1.120 1.180 28.45 29.46 CASE: Kovar. Nickel plated 

~170 .250 6.35 
MATING CONNECTOR: 2302MC 

c 4.32 

0 .01& .021 0.41 0.53 
Set of two 16-pin strips 

G .100 BASIC '2.54 BASIC 
WEIGHT: 13 grams (0,46 OZ. ( 

H .100 .140 2.54 3.5& 

• .150 .300 3.81 7.&2 

L .900 BASIC 22.8& BASIC 

" .100 .140 2.54 3.S6 

ORDERING INFORMATION 

Ai 0 Converter Family: 

AOC85 
ADC84 

ADCXX xx 

~ 
Grade: 

Blank (-2S'"C, +8S"CXADC8S only) 
CW'"C, +70'"CXADC8S only) 

KG (O"'c' +70"'C)(ADC84 only) 
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Resolution: 

10= 10 bits 
12 = 12 bits 



BURR-BROWN® 

IElElI ADC574A 

Microprocessor-Compatible 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
\ 

• COMPLETE 12·BIT AID CONVERTER WITH 
REFERENCE, CLOCK, AND B·, 12·, OR 16-BIT 
MICROPROCESSOR BUS INTERFACE 

• IMPROVED PERFORMANCE SECOND SOURCE FOR 
574A·TYPE AID CONVERTERS 

25ps Maximum Conversion Time 
lOOns Bus Access Time 
Ao Input: Bus Contention During Read Operation 

Eliminated 
• FULLY SPECifiED FOR OPERATION ON ±12V OR 

±15V SUPPLIES 
• NO MISSING CODES OVER TEMPERATURE 

DoC to +75°C: ADC574AJH, KH Grades 
-,55°C to +125°C: ADC574ASH, TH Grades 

. DESCRIPTION 
. . The ADCS74A is a 12-bit successive approximation 

analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom
designed for freedom from latch-up and for opti
mum AC perforrilance. It is complete with a self-

CONTROL { 
INPUTS 

BIPOLAR 
OFFSET 

20V RANBE 0-...;.--+--1 

IOV RANSE 

contained +IOV reference, internal clock, digital 
interface for microprocessor control, and three-stat.e 
outputs. ' 

The reference circuit, containing a buried zener, is 
laser-trimmed for minimum temperature coefficient. 
The clock oscillator is current-controlled for excel
lent stability over temperature. Full-scale and offset 
errors may be externally-trimmed to zero. Internal 
scaling resistors are provided for the selection of 
analog input signal ranges of OV to + 10V, OV to 
+20V,±SV, and ±IOV. 

The converter may be externally programmed to 
provide 8- or l2-bit resolution. The conversion time 
for 12 bits is factory set for 20/ols typical. 

Output data are available in a parallel format from 
TTL-compatible three-state output buffers. Output 
data are coded in straight binary for unipolar input 
signals and bipolar offset binary for bipolar .input 
signals . 

The ADCS74A, available in both industrial and mil
itary temperature ranges, requires supply voltages of 
+SV and ±12V or ±ISV. It is packaged in a hermetic 
28-pin side-brazed ceramic DIP. 

STATUS 

PARALLEL 
OATA 
OUTPUT 

REFERENCE o-------~ 
INPUT 

REFERENCE 0>------/ 
OUTPUT 

Inlernllional Alrporllnduslrlal Park· P.O, Box 11400· TUClon. Arizona 1!5734· Tal. (6021 746·1111 • Twx: 910-952·1111 • Cable: BBRCORP· Telex: 66·6491 

PDS~550A 
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-SPECIFICATIONS 
ELECTRICAL 
TAo:; +25°C, Vee;:: +12V or +15V. VEe = -12V or -15V, VLOGlC:;;: +5V unless otherwise specified. 

MODEL ADC574AJH, ADC574ASH ADC574AKH, ADC574ATH 

MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 12 BIIS 

INPUT 

ANALOG I I 
Voltage Ranges: Unipolar o to +10, 0 to +20 V 

Bipolar ±5,±10 V 
Impedance: 0 to +10V, ±5V 3.7 5 6.3 kCl 

±10V, OV to +20V 7.5 10 12.5 kCl 

DIGITAL (CE, CS, RIC, A., 1218) 
Over Temperature Range 

Voltages: Logic 1 +2.4111 +5.5 V 
Logic 0 -0.5 +0.8 V 

Current. D.OV ::s: VIN :5 5.0V -5 0.1 +5 pA 
Capacitance 5 pF 

TRANSFER CHARACTERISTICS 

ACCURACY 
At +25'C 

Linearity Error ±1 ±1I2 LSB • Unipolar Offset Error (adjustable to zero) ±2 LSB 
Bipolar Offset Error (adjustable to zero) ±10 ±4 LSB 
Full-Scale Calibration Errorl2/ 

(adjustable to zero) ±0.3 %of FSl3' 

No Missing Codes Resolution 11 12 Bits 
Inherent Quantization Error ±1/2 LSB 

TMIN to TMAX 

Linearity Error: J, K Grades ±1 ±1I2 %of FS 
S, TGrades ±1 %of FS 

Full-Scale Calibration Error 
Without Initial adjustmentf2J: J, K' Grad~S ±0.5 ±0.4 %of FS 

S, TGrades ±0.8 ±0.6 %of FS 
Adjusted to zero at +25°C: J. K Grades ±0.22 ±0.12 %of FS 

S, TGrades ±0.5 ±0.25 %of FS 
No Missing Codes Resolution 11 12 Bits 

POWER SUPPLY SENSITIVITY 
Change in Full·Scale Calibration 

+13.5V < Vcc < +16.5V or +11.4V < Vee < +12.6V ±2 ±1 LSB 
-16.5V < VEE < -13.5V or -12.6V < VEE < -11.4V ±2 ±1 LSB 
+4.5V < V,ao'c < +5.5V ±1/2 LSB 

CONVERSION TIME'" 
8-Bit Cycle 10 13 17 ps 
12-Bit Cycle 15 20 25 /IS 

DRIFT 
Unipolar 'Offset: J, K Grades ±10 ±5 ppm/oC 

S, TGrades ±5 ±2.5 ppml"C 
Change over Temperature Range. All Grades ±2 ±1 LSB 
Bipolar Offset, All Grades ±10 ±5 ppm/'C 
Change over Temperature Range: J, K Grades ±2 ±1 LSB 

S, T Grades ±4 ±2 LSB 
Full-Scale Calibration: J, K'Grades ±45 ±25 ppm/oC 

S, T Grades ±50 ±25 ppm/'C 
Change over Temperature Range: J. K Grades ±9 ±5 LSB 

S, T Grades ±20 ±10 LSB 

OUTPUT 

DIGITAL (DBn - DBo, STATUS) 

'uniPolar Strai9!. Bi~ary (USB) 
Over Temperature Range 

Output Codes: Unipoiar 
Bipolar Bipolar Offset Binary (BOB) 

Logic Levels: Logic a (I.ink = 1.6mA) +0.4 V 
Logic 1 (I.ource = 500pA) +2.4 V 

Leakage, Data Bits Only, High-Z State -5 0.1 +5 /lA 
Capacitance 5 pF 

INTERNAL REFERENCE VOLTAGE 
Voltage +9.9 +10.0 . +10.1 V 
Source Current Available for External LoadsC51 2.0 mA 
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ELECTRICAL (CONT) 
T. = +25·C. Vee = +12V or +15V. VEE = -12V or -15V. VLOGIC = +5V unless otherwise specified. 

MODEL ADC574AJH. ADC574ASH ADC574AKH. ADC574ATH 

MIN I TVP MAX MIN TVP MAX' UNITS 

POWER SUPPLY REOUIREMENTS 

Voltage: Vee +11.4 +16.5 · · V 
VEE -11.4 -16.5 · · V 
VLOGIC +4.5 +5.5 · V 

Current: Icc 11 15 · mA 
I .. 21 28 · mA 
kOGlc 7 15 rnA 

Power Dissipation (±15V Supplies) 515 720 mW 

TEMPERATURE RANGE (Ambient) 

Specification: J. K Grades 0 +75 · ·C 
S. T Grades -55 +125 ·C 

Storage -65 +150 ·C 

• Same specification as grade to the Immediate left. 
NOTES: . (1) Although this guaranteed threshold is higher than the standard TTL guaranteed level (+2.0V). bus loading is much less. Typical input current is only 
0.25% of a standard TIL load. (2) With lixed 500 resistor Irom REF OUT to REF IN. This parameter Is also adjustable to zero at +25·C·(see "Optional External Full 
Scale and Offset Adjustments" section) .. (3) FS in this specification table means Full-Scale Range. That is. for a ±10V input range. FS means 20V; lor a 0 to +iov 
range, FS means 10V. Use of the term Full Scale for these speclfic~tlons instead of Full·Scale Range is consistent with other vendors' 574 and 574A specification 
tables. (4) See "Controlling the ADC574A" section for detailed information concerning digital timing. (5) External loading must be constant during conversion. 
When supplying an external load and operating on ±12V supplies, a buffer amplifier must be provided for the reference output. 

ABSOLUTE MAXIMUM RATINGS 

Vee to Digital Common ............................ 0 to +16.5V 
VEE to Digital Common •........•••..•..••....•.... 010 -16.5V 
VLOGIC to Digital Common ........ ; .. .. .. .. .. .. . .. . ... 0 to +7V 
Analog Common to Digital Common •.....•••......•...... ±1V 

Control Inputs (CE. CS. A.. 12/8. RIC) 
to Digital Common ..........• '. . • • • . • •• -0.5V to VLOGIC +0.5V 

Analog Inputs (REF IN. BIP OFF. 10V,N) 
to Analog Common •....•••......•••••••..•....•..•.• ±16.5V 

20V1N to Analog C.ommon ... '.' ..•.......•••.....••.•• ~ .• ±24V 
REF OUT. . . • . • . . . . • . • . • • . . . . . . •. Indefinite Short to Common. 

Momentary Short to Vee 
Chip Temperature: J. K. L Grades .•••.••.•...... : . . . • .. +100·0 

S. T. U Grades .................... +ISO·C 
Power Dissipation . . . . . . . . . . . • . . . • . . . . . • • . • . . . . • • • • .• 1000mW 
Lead Temperature. Soldering .••.•..••••••••..... +300·C. 10seo 
Thermal Resistance. 8JA. . • . .. . • • • . . • . . • . • . • . • . . . . . . . .. 48°CIW 

CAUTION: The •• devlc .. are •• noiliv. to eleclro.tallc discharge. 
Appropriate I.C. handling procedures Ihould b.folloWed. 

MECHANICAL 

CONNECTION DIAGRAM 

+5VOC 
SUPPLY 1 
fVLOGlC) 

1218 2 

CE 

+Vee 

REF OUT 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1.388 1.414 311.20 311.82 
C .1'08 .188 2.74 4.22 
D .0111 .021 O.SS O.IIS 
F .0311 .080 0.88 1.112 

f:: : : 0: :. l5 NOTE: Leads in true position 
within .010" (.25mm) R at MMC at 

.1 I ::I~n::~::~hown lor relerence 

I. ___ F_1 L I only. Numbers may not be marked 

G • 100 BASIC 2.114 BASIC . . ~ on package . 

~ @OB.4 

l!i @083 
j: .. @)OB2 

i~ 
iii \!!I OBI 

16 OBO (lSB) 

Ij5\ DiGITAL 
-.:.::.I COMMON 

H .038 .084 0.81 1.8S 
a . oosl .012 0.201 0.30 
K .120 .240 3.011 8.10 

. . IN t .. ' . 
J~ O' CASE: Ceramic. hermetic L .SOO BASIC 111.24 BASIC 

M - - 10· - - 10· 
N .025 .OBO 0.B4 1.112 

-----.i J' . MATING CONNECTOR: 2803MC 

L -L . L \.- WEIGHT: 4.8 grams (0.170z.) 
H D G Seating Plane L M 



DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Ideal 
transition values lie on a line drawn through zero (or 
minus full scale for bipolar operation) and plus full scale. 
The zero value is located at an analog input value 
1/2LSB before the first code transition (00011 to DOl,;). 
The full-scale value is located at an analog value 3/2LSB 
beyond the last code transition (FFEII to FFFII) (see 
Figure I). 

.... B02H 
~ .... 
=> 
:: 800H +--------,-!'-l------!-I-+I 
~ 7FFH OFFSET I 
a ffiMR I 

7FEH SHIFTS I I I 

002H [ZHE LIHE : I : 

001H IBIPOLAR : : MIDSCALE : 
OFFSET -::1 r-IBIPOLAR I 

OOOH I TRANSITIOIlII I ZEROI I 
I II I I I 

112LSB --I 1+ ZERO -I fo- 312LSB I---l +FULL 
ZERO I-FULL.SCALE 1I2LSB +FULL.SCALE SCALE 

I-FULL CALIBRATION CALIBRATION 
SCALE) TRANSITION) TRANSITIOII 

AllALOG INPU~ 

FIGURE I. ADC574A Transfer Characteristic 
Terminology. 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of 20V (±IOV), the 
zero value of -IOV is 2.44m V below the first code transi
tion (OOOH to 001H at -9.99756V) and the plus full-scale 
value of +IOV is 7.32mV above the last code transition 
(FFEH toFFFH at +9.99268) (see Table I). 

NO MISSING CODES 
(DIFFERENTIAL LINEARITY ERROR) 

A specification which guarantees no missing codes 
requires that every code combination appear in a mono
tonically-increasing sequence as the analog input is 

increased throughout the range. Thus, every input code 
width (quantum) must have a finite width. If an input 
quantum has a value of zero (a differential linearity error 
of-lLSB), a missing code will occur. 

ADC57 A K Hand THgrades are guaranteed to have no 
missing codes to l2-bit resolution over their respective 
specification temperature ranges. 

UNIPOLAR OFFSET ERROR· 

An ADC574A connected for unipolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value 1/2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from the 
ideal value. The unipolar offset temperature coefficient 
specifies the change of this transition value versus a 
change in ambient temperature. 

BIPOLAR OFFSET ERROR 

. A/ D converter specifications have historically defined 
bipolar offset as the first transition value above the 
minus ·full-scale value. The ADC574Aspecification, 
however, follows the terminology defined for the 574 
converter several years ago. Thus, bipolar offset is 
located near the midscale value of OV (bipolar zero) at 
the output code transition 7FFH to 800H. 

Bipolar offset error for the· ADC574A is defined as the 
deviation· of the actual transition value from the ideal 
transition vahle located 1/2LSB below OV. The bipolar 
offset temperature coefficient specifies the maximum 
change of the code transition value versus a change in 
ambient temperature. 

FULL SCALE. CALIBRATION ERROR 

The last output code transition (FFEH to FFFH) occurs 
for an analog input value 3/2LSB below the nominal 
full-scale value. The full scale calibration error is the 
deviation of the actual analog value at the last transition 
point from the ideal value. The full-scale calibration 
temperature coefficient specifies the maximum change of 
the code transition value versus a change in ambient 
temperature. 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADCS74A assume the 
. application of thi: rated power supply voltages of +SV 

and ±12V or ±ISV. The major effect of power supply 

TABLE I. Input Voltages, Transition Values, and LSB Values. 

Binary (BIN) Outpul Input Voltage Range and LSB Values 

Analog Input Voltage Range Defined As: ±10V ±5V 010+10V 010+20V 

One Least Significant Bit (lSB) FSR 20V 10V 10V 20V 
2" 2- 2- 2- 2" 
n=8 7B.13mV 39.06mV 39.06inV 7B.13mV 

n = 12 4.B8mV 2.44mV 2.44mV 4.B8mV 

Output Transition Values 
FFEH 10 FFFH + Full-Scale Calibration +10V - 3/2LSB +5V - 3/2LSe +10V - 3/2LSB +20V - 3/2LSB 
7FFFH 10 BOOH Midscale Calibration (Bipolar Offset) o -1I2LSB o -1I2LSB +5V -1I2LSB +10V -1I2LSB 
OaOH to 00l H Zero Calibration (- Full-Scale Calibration) -10V + 1I2LSB -5V +1I2LSB 0+ 1I2LSB 0+ 1I2LSB 
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voltage deviations from the rate<;l values will be a small 
change in the full-scale calibration value. This change. of 
course, results in a proportional change in an code tnin
sition values (i.e. a gain error). The specificlllion describes 
the maximum change in the full-scale calibration value 
from the initial value for a change in each power supply 
voltage. 

TEMPERATURE COEFFICIENTS 

The temperature coefficients for full-scale calibration, 
unipolar offset and bipolar offset specify the maximum 
change from the +2SoC value to the value at TMI" or TMAx. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantiza
tion error of ±1/2LSB. This error is a fundamental 
property of the quantization process and cannot be elim
inated. 

CODE WIDTH (QUANTUM). 

Code width, or quantum, is defined as the range of 
analog input values for which Ii given otuput code will 
occur. The ideal code width is I LSB. 

INSTALLATION 
LAYOUT PRECAUTIONS, 

Analog (pin 9) and digital (pin 15) commons are not 
connected together internally in the ADCS74A, but 
should be connected together as close to the unit as pos
sible and to an analog common ground plane beneath 
the converter on the component side of the board. In 
addition, a wide conductor pattern should run directly 
from pin 9 to the analog supply cqmmon, and a separate 
wide conductor pattern from pin IS to the digital supply 
common. 

If the single-point system common cannot be established 
directly at the converter, pin 9 and pin IS should still be 
connected together at the converter; a single wide con
ductor pattern then connects these two pins to the sys

,tern common. This single common path will typically 
carry about I.SmA of current out of the converter. Code
dependent currents do not flow in analog (pin 9) or digi
tal (pin IS) commons. DCcurrents that flow are typically 
+7mA in pin 9 and -S.SmA in pin 15. 

Coupling between analog input and digital lil).es should 
be lI)inimized by carefullay'out. For instance, if the lines 
must cross, they should do so at right angles. Parallel 
analog and digital lines should be separated from each 
other by a' pattern connected to common. 

If external full scale and offset potentiometers are used, 
the potentiometers and associated resistors should be 
located as close to the ADC574A as possible. If no trim 
adjustments are used, the fixed resistors should likewise 
be as close as possible. ' 

POWER SUPPLY DECOUPLIN,G 

The power supplies should be bypassed with IO/lF tanta-

lum bypass capacitors located close to the converter to 
obtain noise-free operation. Noise on the power supply 
lines can degrade the converter's performance. Noise and 
spikes from a switching power supply are especially 
troublesome. 

ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the analog input signal to 
the ADCS74A will be driving into a nomin~1 DC input 
impedance of either Skn or IOkH. However, the output 
impedance of the driving source should be very low, such 
as the output impedance provided by a wideband, fast
settling operational amplifier. Transients in AiD input 
current are caused by the changes in output current of 
the internal D / A converter as it tests the various bits. 
The output voltage of the driving source must remain 
constant while.furnishing these fast current changes. If 
the application requires a sample I hold. select a sample 
hold with sufficient bandwidth to preserve the accuracy 
or use a separate wide band buffer amplifier to lower the 
output impedance. 

RANGE CONNECTIONS 

The ADC574A offers four standard input ranges: OV to 
+IOV. OV to +20V. ±SV. and ±IOV. If a IOV input range 
is required, the analog input signal should be connected 
to pin 13 of the converter. A signal requiring a 20V range 
is connected to pin 14. In either case the other pin of the 
two is left unconnected. Full-scale and offset adjust
ments are described b~low. 

To operate the converter with a 1O.24V (2.SmV LSB) or 
20.48V (5mV LSB) input range, insert a 200n potenti
ometer in series with pin 13 for the 10.24V range, or a 
soon potentiometer in series with pin 14 for the 20.48V 
range. Use a fixed 50n, 1% resistor for R2 (Figures 2 and 
3). Offset adjustment is still performed as described 
below. Full-scale adjustment is performed as described 
below but with adjustment performed using the input 
potentiometer instead of R2. 

+Vcc UNIPOLAR 
FULL·SCALE 
ADJUST 

OFFSET 
ADJUST 

R, 
IODkO AoC574A 

-Vee 

1000 
10V RANGE 

ANALOG ,..0 
INPUT , 

, 
.... 
'-0 

20V RANGE 

FIGURE 2. Unipolar Configuration. 
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FUll·SCALE ADJUST 

ADC574A 

BIPOLAR 
OFFSET ADJUST ~"" __ -I. 

ANALOG 

~
'NPUT " 

_ ........ '0 20V RANGE 

ANALOG COMMON 

FIGURE 3. Bipolar Configuration. 

CALIBRATION 
OPTIONAL EXTERNAL FULL-SCALE AND 
OFFSET ADJUSTMENTS 

Offset and full-scale errors may be trimmed to zero using 
external offset and full-scale trim potentiometers con
nected to the ADC574A as shown in Figures 2 and 3 for 
unipolar and bipolar operation. 

CALIBRATION PROCEDURE
UNIPOLAR RANGES 

If adjustment of unipolar offset and full scale is not 
required, replace R2 with a 50n, 1% metal film resistor 
and connect pin 12 to pin 9, omitting the adjustment 
network. 

If adjustment is required, connect the converter as 
shown in Figure 2. Sweep the input through the end
point transition voltage (OV + 1/2LSB; +1.22mV for the 
lOY range, +2.44mV for the 20V range) that causes the 
output code to be DBO ON (high). Adjust potentiometer 
R, until DBO is alternately toggling ON and OFF with 
all other bits OFF. Then adjust full scale by applying an 
input voltage of nominal full-scale value minus 3/ 2LSB, 
the value which should cause all bits to be ON. This 

TABLE II. ADC574A Control Line Functions. 

Pin 
D.,'gnatlon Dellnltlon 

value is +9.9963V for the lOY range and +19.9927V for 
the 20V range. Adjust potentiometer R2 until bits DB I:" 
DBII are ON and DBO is toggling ON and OFF. 

CALIBRATION PROCEDURE-BIPOLAR RANGES 

If external adjustments of full-scale and bipolar offset 
are not required, the potentiometers may be replaced by 
50n, 1% metal film resistors. 

If adjustments are required; connect the converter as 
shown in Figure 3. The calibration procedure is similar 
to that described above for unipolar operation, except 
that the offset adjustment is performed with an input 
voltage which is 1/2LSB above the minus full-scale value 
(-4.9988V for the ±5V range, -9.9976V for the ±IOV 
range). Adjust R, for DBO to toggle ON and OFF with 
all other bits OFF. To adjust fllll-scale, apply a DC input 

. signal which is 3/2LSB below the nominal plus full-scale 
value (+4.9963V for ±5V range, +9.9927V for ±IOV 
range) and adjust R2 for DBO to toggle ON and OFF 
with all other bits ON. 

CONTROLLING THE ADC574A 
The Burr-Brown ADC574A can be easily interfaced to 
most microprocessor systems and other digital systems~ 
The microprocessor may take full control of each con
version, or the converter may operate in a stand-alone 
mode, controlled only by the R(C" input. Full control 
consists of selecting an 8- or 12-bit conversion cycle, 
initiating the conversion, and reading the ouptut data 
when ready-choosing either 12 bits all at once, or 8 bits 
followed by 4 bits in a left-justified format. The five 
control inputs (12/8, CS, Ao, R(E, and CE) are all 
TTL/CMOS-compatible. The functions of the control 
inputs are described in Table II. The control function 
truth table is listed in Table III, 

STAND-ALONE OPERATION 

For stand-alone operation, control of the converter is 
accomplished by a single control line connected to R/ C. 
In this mode CS and Ao are connected to digital com
mon and CE and 12/8 are connected to VLOGle (+5V). 
The output data are presented as 12-bit words. The 

Function 

CE (Pin 6) Chip Enable Must be high ("1") to either initiate a conversion" or read output data. 0-1 edge may be used to ini~iate a 
(active high) conversion, 

CS (Pin 3) Chip Select Must be low ("0") to elther,initiate a conversion or read output data. 1-0 edge may be used to initiate a 
(active low) conversion. 

RIC (Pin 5) Read/Convert Must be low ("0") to initiate either 8 or 12-bit conversions. 1-0 edge may be used to initiate a conversion. Must 
('·1" = read) be high (",") to read output data. 0-1 edge may be used to initiate a read operation. 
('·0" = convert) 

A. (Pin 4) Byte Address In the start·convert mode, Ao selects a-bit (Ao = "1") or 12-bit (Ao = "0") conversion mode. When reading output 
Short Cycle data in 2 8-bit bytes. A. = "0" accesses 8 MSBs (high byte) and A. = ··1" accesses 4 LSBs and trailing "Os" (lOW 

byl.). 

12/8 (Pin 2) Data Mode Seleci When re.ding output data. 12/8= "1" enables all 12 output bits simultaneously. 1218= "0'· will enable the MSB·s 
("1" = 12 bits) or LSB's as determined by the A,. line. 
("0" = 8 bits) 
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TABLE III. Control Input TrUth Table. 

CE CS RIC 12/8 Ao Operation 

0 X X X X None 
'X '1 X X X None .,. 0 0 X 0 Initiate 12~bit conversion 

.,. '0 b X l' Initiate a-bit conversion 
1 ... O· X 0 Initiate 12-bii conversion 
1 ... 0 X 1 Initiate 87bit conversion 
1 0 ... X 0 Initiate 12-bit conversion 

·1 0 ... X 1 Initiate a-bit conversion 
1 0 1, .. 1 X Enable 12-bit .output 
1 0 1 0 0 Enable 8 MSBs only 
1 0 1 0 1 Enable 4 LSBs plus 4 

traJlir)9 zeros 

stand-alone mode is used in systems containing' dedi~ 
cated input ports which do not require full bus interface 
capability. . 

Conversion is initiated by- a high-to-Iowtransition of 
RI C. The three-state data output ·buffers are enabled 
when RIC is high and STATUS is low. Thus, there are 
two possible modes of operation; conversion .can be 
initiated with either positive or negative pulses. In either 
caSe the. RIC pulse must remain low for a minimum of 
50nsec. . ',' 

Figure 4 illustrates timing wheri conversion is .initiated 
by 'an RI C pulse which goes low and returns to the high 
state during the conversion; In this case, the three-state 
outputs go to the high-impedance state in response to the 
falling edge of RI C and are enabled for external access 
of the data after completion of the conversion. Figure 5 
illustrates the timing when conversion· is initiated by a 
positive RIC pulse. In this mode the. ouptut data from 
the previous conversion is enabled during the positive 
portion of RI C. A new conversion is started on the fai
ling edge of RIC, and the three-state outp.uts return to 

·the high-impedance state until the next occurrence of a 
high RIC pulse. Table I.V lists timing specifications for 
stand-alone operation. 

RIC r IHRL-1Ir--___ _ 

STATUS 
F .. 4-, .. ·.L-
I . I IHDA -----1 IHS 

. DATA VALlD9 . HIGH·Z STATE " PDATA VALID 
DBll-DBO.. 'I, 

FIGURE 4. RIC Pulse Low - Outputs Enabled After 
Conversion. 

~ 

IHA+-f=IDs--1-~ __ ----.:-..._ 

STATUS _--'-______ --J.!. 1'-
'ID~At;1 ~IHDA~' ~Ie • 

DBll_DBO~....,. ___ -'H;;.:IG;;.;.H-.::.Z.::.SI"'A'-'TE=--___ _ 

RIC 

FIG URE 5. RI C Pulse High - Outputs Enabled Only 
Whiie RIC Is High. ", 

TABLE IV. Stand-Alone Mode Timing. 

Symbol Parameter Min Typ 

tMRL Low RIC Pulse Width ' 50 
tDS STS Delay from RIC 
tHOR Data Valid Atter RIC Low 25 
tHS STS Delay After Data Valid 300 500 
tHRH High RIC Pulse Width 150 
tOOR Data Access Time 

FULLY CONTROLLED OPERATION 

Conversion Length . . 

'Max Units 

ns 
200 ns 

ns 
1000 ns 

ns 
150 ns 

Conversion length (8-bit or l2-liit) IS determined by the 
state of the Ao input, which is I,atched upon receipt of a, 
conversion start transition (described below). If A, is 
latched' high, the conversion continues for 8 bits. Th~ full. 
12-bit conversion will occur if Ao is low. If all 12 bits are' 
read following an 8cbit conversion, the 3LSBs(DBO· 
DB2) will be low (logic 0) and DB3 will be high (logic I l. 
A, is latched because it is also involved in enabling the 
output buffers. No other control inputs are latched. .. 

CONVERSION START 

The converter is commanded to initiate conversion by a 
transition occurring on any of three logic inputs (CE, 
CS, and RIC) as shown in Table III. Conversion is 
initiated by the last of the three to reach the required 
state and' thus all three may be dynamically controlled. If 
necessary, all three may change states simiHtaneously,. 
and the nominal delay time is the same regardless of 
which input actually starts conversion. If it is desired 
that. a particular input establish the actual start pf con
version, the other two .should be stable a minimum of 
50nsec prior to the transition of that input. Timing rela
tionships for start of c,onversion timing are illustrated in 
Figure 6. The specifications for timing are contained in 
TableV-. '.' . 

'. ·.1,.------'--"-'-"""\ 

CE'~I--~IHEC r,---
RIC. 

Ao 

STS -----11--:---1 
1-----

HIGH IMPEDANCE 
DBII-DBD---+---------~----

FIGURE 6. Conversion Cycle Timing. 
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TABLE V. Timing Specifications. 

Symbol Parameter Min 

Convert Mode 
tose STS delay Irom CE 
IH.c CE Pulse width 50 
tsse CS to CE setup 50 
tHsc CS low during CE high 50 
tSRC RIC to CE setup 50 
h .. RC RIC law during CE high 50 
tSAC Ao to CE setu p 0 
tHAC Ao valid during CE high 50 
t, Conversion time, 12 bit cycle 15 

8 bit cycle 10 

Read Mode 

too Access time from CE 

tHO Data valid after CE low 25 
tHe Output fioat delay 
tSSR CS to CE setup 50 
tSRR RIC to CE setup 0 
tSAR Ao to CE setup 50 
tHSR CS valid after CE low 0 
tHRR RIC high after CE low 0 
tHAR Ao valid after CE Jow 50 
tHS STS delay after"data valid 300 

.. 
NOTE: Specifications are at +25°C and measured at 50% level of transitions. 

The STATUS output indicates the current state of the 
converter by being in a high state only during conver
sion. During this time the three state output buffers 
remain in a high-impedance state, and therefore data 
cannot be read during conversion. During this period 
additional transitions of the three digital inputs which 
control conversion will be ignored, so that conversion 
cannot be prematurely terminated or restarted. How
ever, if AD changes state after the beginning of conver
sion, any additional start conversion transition will latch 
the new state of AD, possibly resulting in an incorrect 
conversion length (8 bits vs 12 bits) for that conv·ersion. 

READING OUTPUT DATA 

After conversion is initiated, the output data buffers 
remain in a high-impedance state until the following four 
logic conditions are simultaneously met: R/ C high, STA
TUS low, CE high, and CS low. Upon satisfaction of 
these conditions the data lines are enabled according to 
the state of inputs 12/8 and AD. See Figure 7 and Table V 
for timing relationships and specifications. 

In most applications the 12/8 input will be hard-wired in 
either the high or low condition, although it is fully TTL
and CMOS-compatible and may be actively driven if 
desired. When 12/8 is high, all 12 output lines (DBO
DBlI) are enabled simultaneously for full data word 
transfer to a 12-bit or I6-bit bus. In this situation the AD 
state is ignored. 

When 12/8 is low, the data is presented in the form of 
two 8-bit bytes, with selection of the byte of interest 

Processor 

Converter 

Word 1 

FIGURE 8. 12-Bit Data Format for 8-Bit Systems. 

5-87 

CE 

cs 

Typ 

100 
30 
20 
20 

0 
20 

0 
20 
20 
13 

75 
35 

100 
0 
0 

25 
0 
0 

25 
500 

Max 

200 

25 
17 

150 

150 

1000 

R/C--,.-I----------+--.I 

STS ---+------___., 
IHs 

DBIl-DBO __ ---1I-___ H;;;;IG:;;H;.:.Z ____ -f 

FIGURE 7. Read Cycle Timing. 

Unils 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
/lS 

/lS 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

accomplished by the state of AD during the read cycle. 
Connection of the ADC574A to an 8-bit bus for transfer 
of left-justified data is illustrated in Figure 8. The AD 
input is usually driven by the least significant bit of the 
address bus, allowing storage of the output data word in 
two consecutive memory locations. 

When AD'is low, the byte addressed contains the 8MSBs. 
When AD is high, the byte addressed contains the 4LSBs 
from the conversion followed by four logic zeros which 
have been forced by the control logic. The left-justified 



formats of the two 8-bit bytes are shown in Figure 8. The 
design of the ADC574A guarantees that the A" input 
may be toggled at any time with no dam'age to the,con
verter; the outputs which are tied together as illustrated 
in Figure 9 cannot be enabled at the same time. 

ORDERING INFORMATION 

In the majority of applications the read operation will be 
attempted only after the conversion is complete and the 
STATUS output has gone low. In those situations 
requiring the earliest possible access to the data, the read 
may be started as much as 1.15/Lsec (tm) max + tHS max) 
before STATUS goes low. Refer to Figure 7 for these 

, timing relationships. 

'--" 

Model 

ADC574AJH 

ADC574AKH 

ADC574ASH 

ADC574ATH 

STATUS r1L-
2 

1218 DBll IMSBI 
27 r 26 

A r 4 
Ao 

25 
oJ 

24 

ADDRESS " 23 
BUS 

22 
ADC574A 

21 

20 

19 

18 

17 

DBO IlSBI 
16 

DIGITAL 15 

COMMON -J:--

FIGURE 9. Connection to an 8-bit Bus. 
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Linearity Resolution, Full-
Temper- Error, No Missing Scale 

'ature max (TMIN Codes (TMIN Te. max 
Range loTMAX ) toTMAX) (ppmI"C) 

O"Cto ±ILSB 11 Bits ±45 
+75"C 
Qoeto ±1/2LSB 

I 
12 Bits ±25 

+75"C 
-55"C to ±ILSB 11 Bits ±50 
+125"C 

-55°C to ±ILSB 12 Bits ±25 
+125"C 

DATA 
BUS 



BURR-BROWN® 

IElElI ADC600 

ADVANCE INFORMATION 
Subject to Change 

12 .. BIT 
ULTRA-HIGH SPEED AID CONVERTER 

FEATURES 
• 12 BITS AT lDMHz WORD RATE 
• SELF·CDNTAINED SAMPLE/HOLD: 

±25ps Aperture Uncertainty 
• SIGNAL·TD·NOISE RATIO: 7DdB 
• INPUT BANDWIDTH: 5DMHz 
• POWER DISSIPATION: <lOW 
• CONVENIENT PC·BOARD·MDUNTED MODULE: 

3.75" X 4.5" 

DESCRIPTION 
The Burr-Brown model ADC600 is an. ultra-high 
speed 12-bit resolution A/ D converter capable of 
digitizing signals at rates up through 10 million 
samples-per-second. Burr-Brown's unique mix of 
monolithic and hybrid technologies permits this 
breakthrough in speed, size, power dissipation, and 
ease of use. 

Time (ns) . 

o 20 40 
I I I 

60 
I 

80 
I 

100 120 
I I 

The conversion technique is two~step subranging 
with digital error correction. Within the A/ D are all 
the required circuits: sample/hold amplifier, encod
ers, reference D/A converter, and timing circuits. 
The ADC600 requires only an external CONVERT 
command pulse and external power supplies for 
operation. No external parts are required. 

The ADC600 is constructed on a four-layer printed 
circuit card which is intended for mounting on a 
system PC board. It occupies only 17 square inches. 

The ADC600 is the best performing converter avail
able for digital oscilloscope, radar, spectrum ana
lyzer, high resolution video, and telecommunica
tions applications. 

Figure I is the timing diagram. The ADC600 uses a 
two-step subranging with digital error correction 
conversion technique. Therefore valid digital data 
output is delayed more than a full CONVERT 
command cycle from the sampling time for that 
data. On the first conversion after power-up, there is 
no valid data for 136ns. 

140 160 180 200 220 240 
I I I I I I 

I ../Sample #1 

con~ I 
/samPI •• 2 

\ " / Command I'-----....J 

i.. ' 136ns------_. i 
"i... Data From~Oat8 From---.J 

Output I r-samPle '1 ~Data~ Sample .2 , 
Data I I Not Valid 

Data 
Valid 

II I 
II I 

...,f\4ns f\ 
---------------------------~II 1 ~-----

8n8---1 I--

FIGURE 1. ADC600 Timing Diagram. 

InternaUanal Airport Industrial Park· P.O. Box 11400· Tuc.an. Arizona 85734 . Tel. (60217411-1111 • Twx: 910-952·1111 • Cable: BBRCGRp· Telax: 68-&491 

PDS-642 
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SPECIFICATIONS (Preliminary) 
ELECTRICAL 
At +25°C and rated power supplies, 10MHz sampling rate and after 15 minutes warmup. unless otherwise noted. 

PARAMETER 

RESOLUTION 

INPUTS 

ANALOG 
Voltage Range 
Impedance 
CapaCitance 
DIGITAL 
Convert Command 

Logic Loading 

LOW FREQUENCY TRANSFER CHARACTERISTICS (f'N = 200Hz) 

ACCURACY 
Gain Error 
Offset Error 
Linearity Error 
Differential Linearity Errorl21 

68.3% of all codes will not exceed 
99.7% of all codes will not exceed 
No codes will exceed 

No Missing Codes 

SAMPLIN.G RATE 

CONVERSION TIME'" (time from start convert to status) 

DYNAMIC TRANSFER CHARACTERISTICS 

Differential Linearity Error (f'N = 4.9MHz): 
68.3% of all codes will not exceed 
99.7% of all "codes will notexceed 
No codes will exceed 

Harmonic Distortion: 
f'N = DC to lMHz 
f'N;' lMHz to 5MHz 

Two-to'ne· Linearity at fiN = 60kHz, 62kHz 
= 2.498MHz, 2.500MHz 
= 4.996MHz, 4.998MHz 

MIN 

10.0 

ADC600K 

TYP 

±1.25 
1.5 
5 

Negative Pulse IOns (min) Wide 
(1 to 0) I nitiates Conversion 

ECL 10K-Compatible 

·±0.1 
±0.1 

MAX 

12 

±0.5 
±0.5 
1.25 

0.25 
1.00 

+1.25,-1 
Guaranteed 

130 150 

0,50 
1,50 
2,00 

. UNITS 

Bits 

V 
Mn 
pF 

% 
%01 FSRClI 

LSB 

±LSB 
±LSB 
±LSB 

MHz 

ns 

±LSB 
±LSB 

, ±LSB 

70 dB bel'ow FSR 
65 dB below FSR 
70 dB below FSR 
65 dB below FSR 
60 dB below FSR 

~jgnal-to-Noise Ratio'''' 70 dB 
_~~~ 6 M 

Aperture Uncertainty ±25 ps 
Input'Bandwidth (at 40dB below FS) 50 MHz 
~~ __ ~~ ____ ~~ ______ ~ ________ ~ ______ ~ __ ~ __ ~L-______ L-____ ~: 

DRIFT (f'N = 200Hz) 

Gain 
Ollset 
Linearity Error oac to +70aC 
Di~ferential Linearity Error oac to +70aC: 

63% of all codes will not exceed 
98% of all codes will·not exceed 
No codes will exceed 

Sampling Rate, O·C to +70·C 

DIGITAL OUTPUT 

Parallel, Output Coding 
Output Drive (data, data valid) 
End of Conversion Delay (time from output data to data valid) 
Rise and Fall Time (20% to 80%) 
Data Valid Pulse Width 

POWER SUPPLY REQUIREMENTS 

Rated Voltage: +Vee (+15V) 
-Vee (-15V) 
VDD' (+5V) 
VDD' (-5.2V) 

Supply Drain: +Vcc (+15V) 
-Vee (-15V) 
VDD' (+5V) 
VDD' (-5.2V) 

Power Consumption 
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10 

+14.25 
-14.25 
+4.75 
-4.95 

±30 
±50 

+15 
-15 
+5 

-5.2 
75 
45 
400 
900 
8,5 

1.5 

0.50 
1.25 
1.5 

+15.75 
-15.75 
+5.25 
-5.46 

ppml"C 
pV/·C 
±LSB 

±LSB 
±LSB 
±LSB 
MHz 

ECL Loads 
ns 
ns 
ns 

V 
V 
V 
V 

mA 
mA 
mA 
mA 
W 



ELECTRICAL (cont.) 

1 ADC600K I 
PARAMETER 1 MIN 1 TYP I MAX 1 UNITS 

TEMPERATURE RANGE (Amble"l) 

Specification I 0 I I +70 I ·C 
Storage -2S +8S ·C 

NOTES: {1} FSR means Full-Scale Range. 2.5V for AOC600. (2) Differential Linearity Error is a statistical measurement taken over thousands of 
samples and evaluated by histogram techniques. (3)Converter uses two-step techniques. 8tH acquisition time overlaps the conversion time except on the 
first conversion. (4) rms signal-ta-noise ratio with 500kHz analog input. 

MECHANICAL 

O.SOO" (12.70mm) -I' 4.S00" (114.30mm) 

I- I + 0.300" (7.620mm) 

i ~ ~.~25" (0.63Smm) 

T 38- 0 Q • • 0 • • 0 . . . • 0 • • . . .20,p <:::::( I 

rr::J ADC600 c::±l I 

0.100" SIN I 

(2.S40mm) 

I II I 
I 
I 
I 

3.7S" I 
I 

(9S.2S0mm) " E 

c::±J " 
0.200" 

15 
I±:::J > 

(S.080mm) " [C] <I> 

" D D ---L 39 

~D 
0 
0. 
E 

f t 
0 
0 

Mounting holes in 
1.40" each corner, not 

(3S.S0mm) E:J LClIJ 
shown on this 

I c::::±l + 0.04" 
drawing, will be 

0.100" LCl moved from their 
(2.S40mm) [C] [C] c::::±l ,(1.016mm) 

~ -~- ,p 

0.100" (2.S40mm) =II--
0.400" (10.16mm) 

PIN ASSIGNMENTS 

1 Common 
2 -Vee (-lSV) 
3 Voo. (-S.2V) 
4 VD D1 (+SV) 
S +Vee (+lSV) 
6 Common 
7 Voo. (-S.2V) 
8 Vom (+SV) 
9 Common 

10 Voo. (-5.2V) 
11 Common 
12 Common 
13 +Vee (+lSV) 
14 -Vee (-lSV) 
15 Voo. (-S.2V) 
16 Voo. (+SV) 
17 Common 
18 Voo. (-S.2V) 
19 Voo, (+SV) 
20 VOD2 (-S.2V) 

[C] LCl present location 

1. 0 •• . . . . . . . .. . . . . • • 19 ~c::::::t on future models. i=-- -I 1-0.200" I .'!---i f ~."'''-" 
(S.080mm) (1.S24mm) _ 0.210" 

3.600" (91.44mm) • (S.334mm) 
18 spaces 

21 Common 

ORDERING INFORMATION 

ADC600K 
22 Dala Valid 
23 Bit 12 (lSB) 
24 8it11 
2S Bit 10 
26 Bit9 
27 Bit8 
28 Bit7 
29 Bit6 
30 BitS 
31 Bit4 
32 Bit3 
33 Bit2 
34 Bitl (MSB) 
3S Bitl (MSBj 
36 Voo. (-5.2V) 
37 Common 
38 Convert Command 
39 Analog Input 
40 Analog Input Return 
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BURR-BROWN® 

IElElI ADC674A 

Microprocessor-Compatible 
ANALOG~TO-DIGITAL CONVERTER 

FEATURES 
• COMPLETE 12-BIT AID CONVERTER WITH 

REFERENCE, CLOCK, AND 8-, 12-, OR 16-81T 
MICROPROCESSOR BUS INTERFACE 

• IMPROVED PERFORMANCE SECOND SOURCE FOR 
574A-TYPE AID CONVERTERS 

15pS Maximum Conversion Time 
150ns Bus Access Time 
Ao Input: Bus Contention During Read Operation 

Eliminated 
• FULLY SPECIFIED FOR OPERATION ON ±12V OR 

±15V SUPPLIES 
• NO MISSING CODES OVER TEMPERATURE 

DoC to +75°C: ADC674AJH, KHGrades 
-55°C to +125°C: ADC674ASH, TH Grades 

DESCRIPTION 
The ADC674A is a 12-bit successive approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die' custom
designed for freedom from latch-up and for opti
mum AC perform~nce. It is complete with a ·self-

CONTROL { 
INPUTS 

BIPOLAR 
OFFSET 

2DV RANGE o--nT' 
10V RANGE o---J 

contained + lOY reference, internal clock, digital 
interface for microprocessor control, and three-state 
outpu~s. . 
The reference circuit, containing a buried zener, is 
laser-trimmed for minimum temperature coefficient. 
The dock oscillator is current-controlled for excel
lent stability over temperature. Full-scale and offset 
errors may be externally-trimmed to zero. Internal 
scaling resistors are provided for the selection of 
analog input signal ranges of OV to +IOV, OV to 
+20V, ±SV, and ±IOV. 

The converter may be externally programmed to 
provide 8- or 12-bit resolution. The conversion time 
for 12 bits is factory set for ISl'sec maximum. 

Output data are available in a parallel format from 
TTL-compatible three-state output buffers. Output 
data are coded in straight binary for unipolar input 
signals and bipolar offset binary for bipolar input 
signals. 

The ADC674A, available in both industrial and mil
itary temperature ranges, requires supply voltages of 
+SV and ±12V or ±ISV. It is packaged in a hermetic 
28-pin side-brazed ceramic DIP. 

STATUS 

PARALLEL 
DATA 
OUTPUT 

REFERENCE o-------~ 
INPUT 

REFERENCE 0>-------1 
OUTPUT 

IOV 
REFEREICE 

Inlernational Alrporllnduslrlal Park· P.O. Box 11400 • Tucson •. Arizona 85734 • Tel. 1602) 746·1111 • Twx: 910-952·1111 • Cable: BBReORP • Telex: 66·6491 

PDS-SSIA 
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SPECIFICATI'ONS 
ELECTRICAL 
TAo =) +25°C. Vee == +12V or ~15V. Vee;;::; -12V or -15V, VLOGIC =- +5V unless otherwise specified. 

MOOEL ADC674AJH, ADC674ASH ADC674AKH, ADC674ATH 

MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 12 Bits 

INPUT 

ANALOG II 
Voltage Ranges: Unipolar a to +10, a to +20 V 

Bipolar ±5, ±IO V 
Impedance: a to +IOV, ±5V 3.7 5 6.3 kO 

±IOV, OV to +20V 7.5 10 12.5 kO 

DIGITAL (CE, CS, RIC, A" 1218) 
Over Temperature Range 

Voltages: Logic 1 +2.4111 +5.5 V 
Logic a -0.5. +o.a V 

Current. O.OV:5 VIN:5 5.0V -5 a.' +5 pA 
Capacitance 5 pF 

TRANSFER CHARACTERISTICS 

ACCURACY 
At +25'C 

Linearity Error ±I ±1I2 LSB 
Unipols', Offset Error (adjustable to zero) ±2 LSB 
Bipolar Offset Error (adjustable to zero) ±IO ±4 LSi:! 
Full-Scale Calibration Errorl2J 

(adjustable to zero) ±0.3 %ofFS131 

No Missing Codes Resolution II 12. Bits 
Inherent Quantization Error ±1I2 LSB 

. TMIN to TMAX 

Linearity E~ror: J, K Grades ±I ±1I2 LSB 
S,. T Grades ±I LSB 

Full-Scale Calibration Error 
Without In,itial adjust'mentI2J : J. K Grades ±0.5 ±0.4 %oIFS 

S. T Grades ±o.a .±0.6 %01 FS 
Adjusted'to'zero at +25°C: J. K Grades'. ±0.22 ±0.12 %oIFS 

S. T Grades - ±0.5 ±0.25 %oIFS 
No Missing Codes Resolution II 12 Bits 

POWER SUPPLY SENSITiViTY 
Change in Full~Scale Calibration 

+13.5V < Vee < +16.5V or +l1.4V < Vee < +12.6V ±2 ±I LSB 
-16.5V < VEE < -13.5V or -12.6V < VEE < -11.4V ±2 '±I LSB 
+4.5V,< VLOGIC < +5.SV ±1/2 LSB 

CONVERSION TIME'" 
a;Bit Cycle 6 a 10 ps 
12-Bil Cycle 9 12 IS ps 

DRIFT 
Unipolar Offset: J, K Grades ±IO .. ±5 ppm/'C 

S: T Grades ±5 .±2.5 ppm/'C 
Change over Temperature Range, All G~ades ±2 : ±I LSB 

Bipolar Offset, All Grades ±IO ±5 ppm/'C 
Change over Temperature Range,: J, K Grades ±2 ±I LSB 

S, T Grades ±4 ±2 LSB 
Full-Scale Calibration: J, K Grades ±45 ±25 ppm/'C 

S, T Grades ±50 ±25 ppm/'C 
Change over Temperature Range: J. K Grades ±9 ±5 LSB 

·s, T Grades ±20 ±IO LSB 

OUTPUT 

DIGITAL (DB,., - DB, STATUS) 

luniPolar Sl,aigt Binary (USB! 
Over Temperature Range 

Output Codes: Unipolar 
. Bipolar Bipolar Offset Binary (BOB') 

logic Levels: Logic 0 (lslnk = 1.6mA) +0.4 V 
Logic 1 (lsoure. = 500~A) +2.4 V 

Leakage, Data Bits Only, Hi9h~Z State -5 0.1 +5 pA 
Capacitance 5 pF 

INTERNAL REFERENCE VOLTAGE 
Voltage +9.9 +10.0 +10.1 , V 
Source Current Available for External Loads's• 2.0 mA 
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ELECTRICAL (CO NT) 
T,,;:: +25°C. Vee = +12Vor +15V, VEE:::: -12V or -15V. VLOG1C:::: +5V unless otherwise specified. 

MOOEL ADC674AJH, ADC674ASH ADC674AKH, ADC674ATH 

MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLY REQUIREMENTS 

Voltage: Vee +11.4 +16.5 V 
V .. -11.4 -16.5 V 
VLOGIC +4.5 +5.5 V 

Current: lee 11 15 mA 
lEE 21 28 mA 
ILOGIC 7 15 mA 

Power Dissipation (±15V Supplies) 515 720 mW 

TEMPERATURE RANGE (Ambient) 

Specification: J, K Grades 0 +75 'C 
5, T Grades -55 +125 'C 

Storage -65 +150 'C 

·Same specification as grade to the immediate left. 
NOTES: (1) Although this guaranteed threshold is higher than the standard TTL guaranteed level (+2.0V). bus loading is much less. Typical input current is only 
0.25% of a standard TTL load. (2) With fixed 50n resistor from REF OUT to REF IN. This parameter is also adjustable to zero at +2SoC (see "Optional External Full 
Scale and Offset Adjustments" section). (3) FS in this specification table means Full-Scale Range. That is, for a ±10V input range, FS means 20V; for a 0 to +10V 
range, FS means 10V. Use of the term Full Scale for these specifications instead of Full-Scale Range is consistent'with other vendors' 574 and 574A type specification 
tables. (4) See "Controlling the ADC674A" section for detailed information concerning digital timing. (5) External loading must be constant during conversion. 
When supplying an external load and operating on ±12V supplies, a buffer amplifier must be provided for the reference output. 

ABSOLUTE MAXIMUM RATINGS 

Vec to Digital Common ............................ 0 to +16.SV 
VEE to Digital Common ............................ 0 to -16.5V 
VLOGIC to Digital Common ............................ 0 to +7V 
Analog Common to Digital Common ....................... ±lV 
Control Inputs (CE, Cs. A" 12/8, RIC) 

to Diqital Common ."................... -0.5V to VLOGIC +0.5V 
Analog Inputs (REF IN. SIP OFF. mv,.) 

to Analog Common .................................. ±16.5V 
20VIN to Analog Common. .. . . . .. . .. . .. . . . . .. . . .. . . . . ... ±24V 
REF OUT........................ Indefinite Short to Common, 

Momentary Short to Vcc 
Chip Temperature: J, K Grades.. . . .. . .. . . . . . . .. . . . ... +100°C 

S. T Grades.. . .................... +150'C 
Power Dissipation. . .. .. .. . .. . . . . . . .. .. . . .. . . . . . . . . .. 1000mW 
Lead Temperature, Soldering.................... +300°C, lOs 
Thermal Resistance, 8~A. ................... :.. • . . . . • . . •. 48°C/W 

CAUTION: These devlcel are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 

MECHANICAL 

CONNECTION DIAGRAM 

+5VDC 
SIIPPLY 1 
IVLOGI~ r';\ 

12/8 0 
CSG) 
A,0 

R/CG) 

CEG) 

I/L-'--__ -'~ .. 
\r------,~ .. = .. 

@Dil5 

@D84 

(!DD83 

~ (!DD82 

Z (!DD81 

@) 080 ILSBI 

lis' DIGITAL 
~CDMMDN 

[:0:] ==:~~: 
I FJ L I ~ only. Numbera may not be marked 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1.388 1.414 36.20 36.92 

C .108 .188 2.74 4.22 
D .016 .021 OAil8 0.53 
F .036 .080 
G • 100 BASIC 
H .030 .084 
J .008 .012 
K .120 .240 
L .800 BASIC 

M -- ,,,,"-
N .025 .080 

0.89 1.62 
2.64 BASIC 
0.91 1.83 
0.20 0.30 
3.06 8;10 

16.24 BASIC 

- - 10· 
0,84 1.52 

•• A ----~ on package . 
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DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Ideal 
transition values lie on a line drawn through zero (or 
minus full scale for bipolar operation) and plus full scale. 
The zero value is located at an analog input value 
l/2LSB before the first code transition (OooH to OOIH). 
The full-scale value is located at an analog value 3/2LSB 
beyond the last code transition (FFEH to FFFH) (see 
Figure I). 

~ 802H 

i; 801M 

: 800H I 
;! 7FFH . OFFSET I 
i; ERROR I 

7FEH SHIFTS . I: 

002H[ZHE LINE : I 
OOIH IBIPOLAR : : MIDSCALE 

OFFSET:?1 r-IBIPOLAR 
000.. I TRANSITION) I I ZERO) . 

. 1 !, I I I 

II2LSB -ol ~ ZERO -I I-- 3/2LSB f---I +FULL 
ZERO I-FULL.SCALE 1I2LSB +FULL.SCAlE SCALE 

I-FULL CALIBRATION CALIBRATION 
SCALE) TRANSITION) TRANSITION 

ANALOG INPUT 

FIGURE I.ADC674A Transfer Characteristic 
Terminology. 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of 20V (±IOV), the 
zero value of -lOY is 2.44m V below the first code transi
tion (ooOH to OOIH at -9.99756V) and the plus full-scale 
value of +IOV is 7.32mV above the last code transition 
(FFEH'to FFFH at +9.99268) (see Table I). 

NO MISSING CODES 
(DIFFERENTIAL LINEARITY ERROR) 

A specification which guarantees no' missing codes 
requires that every coae combination appear in a mono
tonically-increasing sequence as the analog input is 

increased throughout the range. Thus, every input code 
width (quantum) must have a finite width. If an input 
quantum has a value of zero (a differential linearity error 
of -ILSB), a missing code will occur. 

ADC674A KH and TH grades are guaranteed. to have 
no missing codes to 12-bit resolution over their respec
tive specification temperature ranges. 

UNIPOLAR OFFSET ERROR 

An ADC674A connected for unipolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value 1/2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from the 
ideal value. The unipolar offset temperature coefficient 
specifies the change of 'this transition value versus a 
change in ambient temperature. 

BIPOLAR OFFSET ERROR 

AI D converter specifications have historically defined 
bipolar offset as the first transition value above the 
minus full-scale value. The ADC674A specification, 
however, follows the terminology defined for the 574 
converter several years ago. Thus, bipolar offset is 
located near the midscale value of OV (bipolar zero) at 
the output code transition 7FFH to 8ooH. 

Bipolar offset error for the ADC674A is defined as the 
deviation of the actual transition value from the ideal 
transition value located 1/2LSB below OV. The bipolar 
offset temperature coefficient specifies the maximum 
change of the code transition value versus a change in 
ambient temperature. 

FULL SCALE CALIBRATION ERROR 

The last output code transition (FFEH to FFFH) occurs 
for an analog input value 3/2LSB below the nominal 
full-scale value. The full scale calibration error is the 
deviation of the actual analog value at the last transition 
point· from the ideal value. The full-scale calibration 
temperature coefficient specifies the maximum chimge of 
the code transition value versus a change in ambient 
temperature. . 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADC674A assume the 
application of the rated power supply voltages of +5V 
and ±12V or ±15V. The major effect of power supply 

TABLE I. Input Voltages, Transition Values, and LSB Values. 

Binary (BIN) Output Input Voltage Range and LSB Values 

Analog I nput Voltage Range Defined As: ±10V ±5V. OtO+10V Oto+20V 

One Least Significant Bit (LSB) -E§fL 20V 10V ...l2lL ~ 
2" ""7 2- 2" 2" 

n=B -" 7B.13mV 39.0BmV 39.08mV 7B.13mV 
n = 12 4.BBmil 2.44mV 2.44mV 4.BBmV 

Output Transition Values 
FFEH to FFFH + Fu"~Scale Calibration +10V - 3/2LSB +5V -3/2LSB +10V - 3/2LSB +20V - 3/2LSB 
7FFFH to BOOH Midscale Calibration (Bipolar Ollset) 0-1I2LSB 0-1I2LSB +5V -1I2LSB ±10V - 1I2LSB 
OOOM to 001H Zero Calibration (- Full-Scale Calibration) -10V + 1/2LSB -5V + 1I2LSB o +1I2LSB 0+ 1/2LSB 
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voltage deviations from the rated values will be a small 
change in the full-scale calibration value. This change, of 
course, results in a proportional change in all code tran
sition values (i.e. a gain error). The specification describes 
the maximum change in the full-scale calibration value 
from the initial value for a change in each power supply 
voltage. 

TEMPERATURE COEFFICIENTS 

The. temperature coefficients for full-scale calibration, 
unipolar offset and bipolar offset specify the maximum 
change from the +2SoC value to the value at TMIN or TMAx. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantiza
tion error of ±1/2LSB. This error is a fundamental 
'property of the quantization process and cannot be elim
inated. 

CODE WIDTH (QUANTUM) 
Code width, or quantum, is defined as the range of 
analog input values for which a given output code will 
occur. The ideal code width is ILSB. 

INSTALLATION 
LAYOUT PRECAUTIONS 

Analog (pin 9) and digital (pin 15) commons are not 
connected together internally in the ADC674A, but 
should be connected together as close to the unit as pos
sible and to an analog common ground plane beneath 
the converter on the component side of the board. In 
addition, a wide conductor pattern should run directly 
from pin 9 to the analog supply common, and a separate 
wide conductor pattern from pin 15, to the digital supply 
common. 

If the single-point system common cannot be established 
directly at the converter, pin 9 and pin 15 should still be 
connected together at the converter; a single wide con
ductor pattern then connects these two pins to the sys
tem common. This single common path will typically 
carry about 3mA of current out of the converter. Code
dependent currents do not flow in analog (pin 9) or digi
tal (pin 15) commons.' DC currents that flow are typi
cally 6mA in pin 9 and -3mA in pin 15. 

Coupling between analog input and digital lines should 
be minimized by car~fullayout. For instance, if the lines 
must cross, they should do so at right angles. Parallel 

. analog and digital lines should be separated from each 
other by a pattern connected to common. 

If external full scale and offset potentiometers are used, 
the potentiometers and associated resistors should be . 
located as close to the ADC674A as p'ossible. If no trim 
adjustments are used, the fixed resistors should likewise 
be as close as possible. 

POWER SUPPLY DECOUPLING 
The power supplies should be bypassed with IO/lF tanta-

lum bypass capacitors located close to the converter to 
obtain noise-free operation. Noise on the power supply 
lines can degrade the converter's performance. Noise and 
spikes from a switching power supply are especially 
troublesome. 

ANALOG SIGNAL SOURCE IMPEDANCE 
The signal source supplying the analog input signal to 
the ADC674A will be driving into a nominal DC input 
impedance of either Skn or IOkn. However, the output 
impedance of the driving source should be very low, such 
as the output impedance provided by a wideband, fast
settling operational amplifier. Transients in AI D input 
current are caused by the changes in output current of 
the internal D I A converter as it tests the various bits. 
The output voltage of the driving source must remain 
constant while furnishing these fast current changes. If 
the application requires a samplel hold, select a samplel 
hold with sufficient bandwidth to preserve the accuracy 
or use a separate wideband buffer amplifier to lower the 
output impedance. 

RANGE CONNECTIONS 
The ADC674A offers four standard input ranges: OV to 
+IOV, OVto +20V, ±SV, and ±IOV. If a IOVinput range 
is required, the analog input signal should be connected 
to pin 13 of the converter. A signal requiring a 20V range 
is connected to pin 14. In either case the other pin of the 
two is left unconnected. Full-scale and offset adjust
ments are described below. 

To operate the converter with a 1O.24V (2.SmV LSB) or 
20.48V (SmV LSB) input range, insert a 200n potenti
ometer in series with pin 13 for the 1O.24V range, or a 
soon potentiometer in series with pin 14 for the 20.48V 
range. Use a fixed son, 1% resistor for R, (Figures 2 and 
3). Offset adjustment is still performed as described 
below. Full-scale adjustment is performed as described 
below but with adjustment performed using the input 
potentiometer instead of R,. 

+VCC UNIPOLAR 
OFFSET 
ADJUST 

R, 
lOOkn 

-Vee 

loon 

FULL·SCALE 
ADjUST 

IOV RANGE 
~,..o 

"-
''0 

20V RANGE 

FIGURE 2. Unipolar Configuration. 
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FULL·SCAlE ADJUST 

AOC674A 

BIPOLAR 
,OFFSET ADJUST L.JIN ...... _-t 

ANALpG 
INPUT , 

r~"C)2OV RANGE r, ANALOG COMMON 9 _______ .. 

FIGlJRE 3. Bipolar Configuration. 

CALIBRATION 
OPTIONAL EXTERNAL FULL-SCALE AND 
OFFSET ADJUSTMENTS 

Offset and full~scale errors may be trimmed to zero using 
. external offset and full-scale trim' potentiometers con

nected to the ADC674A as shown in Figures 2 and Jfor 
unipolar and bipolar operation.. . 

CALIBRATION PROCEDURE- . 
UNIPOLAR RANGES 

If adjustment of unipoll!-r offset and full scale is not 
required, replace R2 with a son, 1% metal film resistor 
and connect pin 12 to pin 9, omitting the adjustment 
network. 

If adjustment is required, connect the converter as 
shown in Figure 2. SW'eep the input through the end
point transition voltage (OV + 1/2LSB; +1.22mV for the 
IOV range, +2.44mV for the 20V range) that causes the 
output code to be DBO ON (high). Adjust potentiometer 
RI until DBO is alternately toggling ON and OFF with 
all other bits OFF. Then adjust full scale by applying an 
input voltage of nominal full-scale value minus 3/2LSB, 
the value which should cause all bits to be ON. This 

TABLE II. ADC674A Control Line Functions. 

Pin 
Designation D.flnltlon 

value is +9.9963V for the IOV range and +19.9927V for 
the·20V range. Adjust potentiometer R2 until bits DBI
DBII are ON and DBO is toggling ON and OFF. 

CALIBRATION PROCEDURE-BIPOLAR RANGES 

If external adjustments of full-scale and bipolar offset 
are not required, the potentiometers may be replaced by 
son, 1% metal film resistors. 

If adjustments are required, connect the converter as 
shown in Figure 3. The calibration procedure is similar 
to that described above for unipolar operation, except 
that the offset adjustment is performed with an input 
voltage which is 1/2LSB above the minus full-scale value 
(-4.9988V for the ±5V range, -9.9976V for the ±IOV 
range). Adjust RI for DBO to toggle ON and OFF with 
all other bits OFF. To adjust full-scale, apply a DC input 
signal which is 3/ 2LSB below the nominal plus full-scale 
value (+4.9963V for ±5V range, +9.9927V for ±IOV 
range) and adjust R2 for DBO to toggle ON and OFF 
with all other bits ON. 

CONTROLLING THE ADC674A 
The Burr-Brown ADC674A can be easily interfaced to 
most microprocessor systems and other digital systems. 
The microprocessor may take full control of each con
version, or the converter may operate in a stand-alone 
mode, controlled only by the R/C input. Full .control 
consists of seJecting an 8- or 12-bit conversion cycle, 
initiating the conversion, and reading the ouptut data 
when ready-choosing either 12 bits all at once, or 8 bits 
followed by 4 bits in a left-justified format. The five 
control inputs (12/8, CS, Ao, R/C, andCE) are all . 
TTL/CMOS-compatible. The functions of the control 
inputs are described in Table II. The control function 
truth table is listed in Table III. 

STAND-ALONE OPERATION 

For stand-alone operation, control of the converter is 
accoinplished by a single control line connected to R/ C. 
In ihis mode CS and Ao are connected to digital com
mon and CE and 12/8 are connected to VLOGle (+5V). 
The output data are presented as 12-bit words. The 

FunCtion 

CE (Pin 6) Chip Enable Must be high ("1") to either initiate a conversion or re~d output data. 0-1 ect.ge ,may be used to initiate a 
(active high) conversion, 

CS (Pin 3) Chip Select ~ust be low ("0") to either initiate a conversion or read output data. 1-0 edge may be used to initiate a 
(active low) conversion. 

RIC (Pin 5) Read/Convert Must be low ("a") to initiate either 8 or 12·bit conversions. 1-0 edge may be used to initiate a conversion. Must 
("1" = read) 
("0" = convert) 

be.high ("''') to read output data. 0-' edge may be used to initiate a read operation. 

A. (Pin 4) Byte Address In the start--convert mode, Ao selects 8-bit (Ao = ",") or '~-bit CAo:;;:::' "0") conversion mode. When reading output 
Short Cycle data in 2 a-bit bytes. A. = "0" accesses a MSBs'(high byte) and A. = "1" accesses 4 LSBsand trailing ':os" (lOW 

byte). 

12/8 (Pin 2) Data Mode Select When reading output data, 12/8;::::: "'" enables 811'2 output bits simultaneously. 12/8:;;:::. "0" will enable the MSB's 
("1"= 12 bits) or LSS's as determined by the Ao line. 
("0" = a bits) 
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TABLE III. Control Input Truth Table. 

'CE CS RIC 12/8 Ao Operation 

0 X X X X None 
X 1 X X X None 

.t- O 0 X 0 Initiate 12-bit conversion 

.t- O 0 X 1 Initiate 8-bit conversion 
1 'I' 0 X 0 Initiate 12-bit conversion 
1 ~ 0 X 1 Initiate a-bit conversion 
1 0, 'V X 0 Initiate 12-bit conversion 
1 0 'I' X 1 Initiate a-bit conversion 
1 0 1 1 X Enable 12-bit output 
1 0 1 0 0 Enable B MSBs only 
1 0 1 0 1 Enable 4 LSBs plus 4 

trailing zeros 

stand-alone mode is used in systems containing dedi
cated input ports which do not require full bus interface 
capability. 

Conversion is initiated by a high-lo-low transition of 
RI C. The three-state data output buffers are enabled 
when RI C is high and STATUS is low. Thus, there are 
two possible ,modes of operation; conversion can be 
initiated with either positive or negative pulses. In either 
case the RIC pulse must remain low for a minimum of 
50nsec. ' 

Figure 4 illustrates timing when convetsion is initiated 
by an RIC pulse which goes low and returns to the high 
state duringthe conversion. In this case; the three-state 
outputs go to the high-impedance state in response to the 
falling edge of RI C and are enabled for external access 
of the data after completion of the conversion. Figure 5 
illustrates the timing when conversion is initiated by a 
positive RIC pulse. In this mode the output data from 
the previous conversion is enabled during the positive 
portion of RIC. A new conversion is started on the fal
ling edge of RI C, and the three-state outputs return to 
the high-impedance state until the next occurrence of a 
high RIC, pulse. Timing specifications for stand-alone 
operation are listed in Table IV. 

RIC I-IHRL---!~ _____ _ 

F~si- " ", 
STATUS ~k~~ 

61HOR ,IHs 

. DATA VALID') HIGH·Z STATE (' DATAVAllD 
DDll-DBD· .. 

FIGURE 4. RIC Pulse Low - Outputs Enabled After 
Conversion. 

RIC ~ 
IHRHr-FloS---1Ir-________ l-

STATUS ---:"'-~-----'-I 1,.1'-
100R~ ~IHoR ~ r--

DBll_DDD~f---:---.:H:::;IG=::H::!.Zc.!S~TA~J!:..E ___ _ 

FIGURE 5. RIC Pulse High - Outputs Enabled Only 
While RI C Is High. 

TABLE IV. Stand-Alone Mode Timing. 

Symbol Parameter Min Typ 

tHAL Low RIC Pulse Width 50 
tos STS Delay from RIC 
tHOR ,Data Valid Alter RIC Low 25 
tHS STS Delay Alter Data Valid 100 300 
tHRH High RIC Pulse Width 150 
tOOR Data Access Time 

FULLY CONTROLLED OPERATION 

Conversion Length 

Ma. Unlls 

nsec 
200 nsec 

"sec 
600 nsec 

nsec 
150 nsec 

Conversion length (8-bit or l2-bit) is determined by the 
state of the Ao input, which is latched upon receipt of a 
conversion start transition (described below). If Ao is 
latched high, the conversion continues for 8 bits. The full 
l2-bit conversion will occur if Ao is low. If all 12 bits are 
read following an 8-bit conversion, the 3LSBs (DBO
DB2) will be low (logic 0) and DB3 will be high.(logic 1). 
Au is latched becau'se it is also involved in enabling the 
output buffers. N 0 othe~ control inp~ts are latched. 

CONVERSION START 

The converter is commanded to initiate conversion by a 
transition occurring on any of three logic inputs (CE, 
CS, and ,RIC) as shown in Table III. Conversion is 
initiated by the last of the three to reach· the required 
state and thus all three may be dynamically controlled. If 
necessary, all three may change states simultaneously, 
and the nominal delay time is the same regardless of 
which input actually starts conversion. If it is desired 
that a particular input· establish the actual start of con
version, the other two should' be, stable a minimum of 
50nsec prior to the transition of that input. Timing rela
tionships for start of conversion timing are illustrated in 
Figure 6. The specifications for timing are contained in 
Table V. 

I~----~ 

CE ---1-1------- IH<o J'-----

STS---~--J 
I----Ic,------

DBlI_DBO--_-l-___ H;::IG::.H;.;I:;.MP:..;E::;DA::.:;N::;CE=--___ --'-__ 

FIGl)RE 6. Conversion Cycle Timing. 
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TABLE V. Timing Specifi~ations. 

Symbol P .... m.ter· Min lYP M •• Unit. 

Convert Mode 
IDSe 5-TS delay lrom CE 100 200 ns 

tHEe CE Pulse widlh 50 30 ns 
Isse C5 10 CE selup 50 20 ns 

'Hse C5 low during CE high 50 20 ns 

Is"" RIC 10 CE selup 50 a ns 
IHAC RIC low during CE high 50 20 ns 
lSAC Ao 10 CE selup a a ns 
IHAC Ao valid during CE high 50 20 ns 

Ie Conversion time, 12 bit cycle 9 12 15 /JS 
8 bil cycle 6 8 10 /JS 

ReodMode 
too Access time from CE 75 150 ns 
IHO Oala valid after CE low 25 35 ns 
tHL Oulpul 1I0ai delay 100 150 ns 
tSSR CS 10 CE selup 50 a ns 
ISRR RIC 10 CE selup a a ns 
IsAR A.to CE.elup 50 25 ns 
,"SR C5 valid after CE low a a ns 
tHRR RIC high after CE low a a ns 

'" .. Ao valid after CE low 50 25 ns 
IHS STS delay after dala valid 100 300 800 ns 

NOTE: Specifications are at +25°C and measured at 50% level of transitions. 

The STATUS output indicates the current state of the 
converter by being in a high state' only during conver
sion. During this time the three state output buffers 
remain in a high-impedance state, and therefore data 
cannot be read during conversion. During this period 
additional transitions of the three digital inputs which 
control conversion will be ignored; so that conversion 
cannot .be prematurely terminated or restarted. How
ever, if A. changes state after the beginning of conver
sion, any additional start conversion transition will latch 
the new state of AD, possibly resulting'in an incor.rect 
conversion length (8 bits vs 12 bits) for that conversion. 

READING OUTPUT DATA 

After conversion is initiated, the output data buffers 
remain in a high,impedance state until the following four 
logic conditions are simultaneously met: R/C high, STA
TUS low, CE high, and CS low. Upon satisfaction of 
these conditions the data lines are enabled according to 
the state of inputs 12/8 and A •. See Figure 7 and Table V 
for timing relationships and specifications. 

In most applications the 12/ ii input will be hard-wired in 
either the high or low condition, although it is fully TTL
and CMOS-compatible and may be actively driven if 
desired. When 12/8 is high, all 12 output lines (DBO~ 
DBll) are enabled simultaneously for full data word 
transfer to a 12-bit or 16-bit bus. In this situation the AD 
state is ignored. 

When 12/8 is low, the data is presented in the form of 
two 8-bit bytes, with' selection of the byte of interest 

Proceuor 

Converter 

FIGURE 8. 12-Bit Data Format for 8-Bit Systems. 

CE 

cs 

R/C--r-t-------1-"" 

STS----1------~ 

DIIl-DBO ---l--!!!!!.:!..--lC;;;~;:;;,:I-~ 

FIGURE 7. Read Cycle Timing. 

accomplished by the state of AD during the read cycle. 
Connection of the ADC674A to an 8-bit bus for transfer 
of left-justified data is illustrated in Figure 9. The A. 
input is usually driven by the least significant bit of the 
address bus, allowing storage of the output data word in 
two consecutive memory locations. 

When AD is low, the byte addressed contains the 8MSBs. 
When A. is high, the byte addressed contains the 4LSBs 
from the conversion followed by four logic zeros which 
have been forced by the control logic. The left-justified 
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formats of the two 8-bit bytes are shown in Figure 8. The 
design of the ADC674A guarantees that the AD input 
may be toggled at any time with no damage to the con
verter; the outputs which are tied together as illustrated 
in Figure 9 cannot be enabled at the same time. 

ORDERING INFORMATION 

In the majority of applications the read operation will be 
attempted only after the conversion is complete and the 
STATUS output has gone low. In those situations 
requiring the earliest possible access to the data. the read 
may be started as much as 950nsec (too max + tRS max) 
before STATUS goes low. Refer to Figure 7 for these 
timing relationships. 

'--"' 

Model 

ADC674AJH 

ADC674AKH 

ADC674ASH 

ADC674ATH 

STATUS ~ 

~ 121ii OBll (MSB( 27 

2B 

r 
Ao J 

4 
A, 

25 

24 

ADDRESS 
BUS 

23 

ADC674A 
22 

21 

20 

19 

lB 

17 

OBO (lSBI 
16 

DIGITAL 15 
COMMON .t 

FIGURE 9. Connection to an 8-bit Bus. 
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Linearity Relolutlon, Full-
Temper .. Error, NoMI •• lng Scale 

ature max.(TM1N Code. (TUIN TC,ma. 
Range toT"..u:) to TMAX) (ppml"C) 

O°Cto ±'LSB " Bils ±45 
+75'C 
O'Cto :l;1I2LSB '2 Bits ±25 
+75'C 

-55'Cto ±'LSB 11 Bits ±50 
+'25'C 

-55'Cto ±'LSB '2 Bits ±25 
+'25'C 

DATA 
BUS 



BURR-BROWN® 

IElElI ADC803 

High-Speed 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• 12-81T RESOLUTION 
• ±0.015% LINEARITY ERROR MAXIMUM IC GRADE) 

• NO MiSSiNG CODES -25°C TO +85°C 
• 32-PIN METAL PACKAGE 

• CoNVER~loN TIME: 5oonsec. 8 bits 
67onsec. 10 bits 
1.5psec. 12 bits 

DESCRIPTION 
The ADC803 is a high speed successive approxima
tion analog-to-digital converter utilizing state-of
the-art IC and laser-trimmed thin·fiIm components. 

PARALLEL 
DIGITAL 
OUTPUT 

It ,is complete with internal reference, clock, and 
comparator and is packaged in a 32-pin metal 
package. Conversion time is set at the factory to 
I.5Jlsec. 
With user-adjusted conversion time set at I Jlsec, 
±ILSB accuracy can be achieved. The gain and 
offset errors may b.e externally-trimmed to zero. 

Internal scali~g resisto'rs are provided for the selec
tion of analog signal input ranges ofOV to-IOV, ±5V. 
and ±IOV. 
Output data is available in a serial or parallel format. 
Output codes available are complementary binary 
for unipolar inputs and bipolar offset binary for 
bipolar inputs. 

All digital inputs and outputs are TTL-compatible. 
Power supply requirements are ±15V and +5V. 

CONVERT COMMAND 

~1I'r----()1 ~~\ '''''' 
COMPARATOR IN 

CLOCK RATE CONTROL 
CLOCK OUT 

STATUS 

SERIAL OUT 

Inlernational Airporllnduslrial Park - P.O. Box 11400 - Tucson. Arizona 85734 - Tel. (6021 746-1111 - Twx: 91O-952-,1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-49JB 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C, rated power supplies, 1.Spsec conversion time, and after 6-rninute warm-up unless otherwise noted. 

MODEL ADCB03CM ADCB03BM ADCB03SM 

MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 12 12 12 Bits 

INPUTS 

ANALOG 
Voltage Ranges: Bipolar ±S. ±10 V 

Unipolar Oto-10 V 
Impedance: -10V to OV. ±SV 1.4 kCl 

±10V 2.4 kCl 

DIGITAL 
Convert Command Negative pulse SOnsee wide (min) trailing edge (0 to 1) initiates conversion. 
Logic Loading I 4 I I I I I -TTL Loads 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Errorcu ±0.04 ±0.1 ±0.08 ±0.2 +0.04 +0.1 % 
Offset Error"':' Unipolar ±O.OS ±0.2 ±0.07 ±0.3 % of FSR I21 

Bipolar ±0.02 ±0.1 ±0.2 % of FSR 
Linearity Error: 

1.5.usec Conversion Time ±0.009 ±O.Q1S ±0.O20 ±O.O12 ±O.01S % of FSR 
1.0l1sec Conversion Time ±O.01S ±O.O20 ±O.O20 % of FSR 

Differential linearity Error: 
1.5.usec Conversion Time ±O.012 ±O.01S ±O.020 % 01 FSR 
1.0llsec Conversion Time ±O.O24 ±O.O24 %01 FSR 

Inherent Quantization Error 112 LSB 

POWER SUPPLY SENSITIVITY 
Gain and Offset: +1SVDC ±O.OO36 % of FSR/%Vcc 

-1SVDC' ±O.OOOS %.01 FSRI%Vcc 
+SVDC etO.OO1 % of FSR/%VoD 

Conversion Time: +1SVDC ±O.7 %1%Vcc 
-1SVDC None %1%Vcc 
+SVDC :1;0.8 %1%Voo 

CONVERSION TIME 
Factory Set 1.3 1.5 psec 
Range of Adjustments 0.8 2.2 psec 

DRIFT 
Gain ±10 ±30 ±1S ppm of FSRloC 
Offset: Unipolar ±2 ±7 ±3 ppm of FSRloC 

Bipolar ±3 ±10 ±S ppm of FSRI"C 
linearity Error 

-2SoC to +8SoC: 
1.5psec Conversion Time ±O.O12 ±O.018 ±O.O24 % of FSR 
1.0psec Conversion Time ±O.01S ±O.O20 % of FSR 

-55°C to +125°C: 
1.7psec Conversion Time, .. 

max.'·' ±.01S ±.O24 % of FSR 
Differential Linearity Error 

-2SoC to +8SoC: . 
1.5psec Conversion Time ±O.O12 ±O.O18 ±O.O24 %of FSR 
1.Op-sec Conversion Time ±O.01S ±0.024 %of FSR 

-SsoC to '+12SoC: 
. 1.7psec Conversion Time, 

m·ax'''' ±.01S ±.O24· % 01 FSR -Conversion Time ±O.1 %of FSR 
No Missing Code Temp. Range: 

1.5psec Conversion Time -2S +8S °C 
1.7l1sec Conversion Time, 

maxI .. ' -SS +12S °C 
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ELECTRICAL (CONT) 

MODEL ADCB03CM ADCB03BM ADCB03SM 

MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

OUTPUT 

DIGITAL DATA I I P~rallel 

Output Codes: tJnipolar Complementary Straight Binary 
Bipolar Bipolar Offset Binary 

Output Drive 6 I I TTL Loads 
Serial Dala Codes (NRZ) Same as Paraller'(MSB lirst) 

Output Drive 6 I I TTL Loads 
Status Logic "1" during Conversion 

Status Output Drive 6 TTL Loads 
Internal Clock: 

Clock Output Drive 3 TTL l.oads 
Frequency (without external 

'clock adjustment) 8 MHz 

POWER SUPPLY REQUIREMENTS 

Power Consumption 
Rated Voltage: Analog (±Vcc) ±14.25 0-15.0 ±15.75 . VDC 

Digital (Vee) .... 4.75 +5.0 +5.25 VDC 
Supply Drain: +15V +27 +32 rnA 

-15V -38 -55 " rnA 

+5V +180 +210 rnA 

TEMPERATURE RANGE (AMBIENT) 

Specification -25 +85 'C 
Storage -55 +125 'C 

.. 
"Same specification as for AOCB03CM . 

NOTES: (1) Adjustable to zero. See Optional Gain and Offset Adjustment section. (2) FSR means Full Scale Range. For example, unit connected for ±10V has 20V 
FSR. (3) See Optional Clock Rate Control section. For faster conversion time at less resolution, see section on External Short Cycle. (4) Conversion time is 
factory-set at approximately 1.4psec at +25°C, As temperature increases, the conversion time increases. At +125°C the converSion time will be no more than 1. 7/lsec. 
No Missing Codes is guaranteed over -55°C to +125°C provided the conversion time is allowed to increase with temperature. 

ABSOLUTE MAXIMUM CONNECTlqN DIAGRAM 
RATINGS 

IMSBI BIT I ANALOG COMMON 
Analog Supply BIT2 +15VDC SUPPLY I+Vccl 
Voltage To 81T3 ·15VOC SUPPLY ~Vcci 
Analog Common ••• ±18V BIT 4 BIPOLAR OFFSET 
Digital Supply BITS ANALOG COMMON 
Voltage To BIT6 SENSE 
Digital Common •••• +7V 

+5VOC IVogl SUPPLY COMPARATOR IN 
Digital Controis DIGITAL COMMON lOY 
Inputs ••••••••••• +5.5V SERIAL OUT 21!V 
Analog Inputs ••••• ±15V STATUS ·15VOC SUPPLY I·Vccl 
Operating· 8117 +5VOC SUPPLY 111001 
Temperature BIT B DIGITAL COMMON 

Ambient ........ +85° C BIT9 +15VOC SUPPLY I+Vccl 
Case ••••••••• +125° C BIT 10 CLOCK RATE CONTROL 

Storage BIT 11 CONVERT COMMAND 
Temperature •••• +125° C BIT 12 CLOCK OUT 
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MECHANICAL 

iF' 
U~ll"" ~ 

c:-- ioooooooo,00000;6 

PINS: Pin material and plating composition 
conform to method 2003 (solderability) of 
MIL-STD-883 (except paragraph 3,2) 
CASE: Kovar, Nickel plated 
HERMETICITY: Gross Leak Test 
MATING CONNECTOR: 2302MC Set of 
two 16-pln strips 

~ "'--Denotes pin 1 

C 32 , 17 
0000000000000000 

Pin numbers shown for reference only. 
Numbers may not be marked on package. 

WEIGHT: 13 grams (0.46 oz.) 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1.720 1.760 43.69 44.70 

B 1.120 1.160 2B.45 29.46 L-J I 
~IUUUUIIIIIIIIW 
T G--i 1.- ' D ---a.-

Pin 1 can be identified from bottom of unit 
by either a contrasting color of glass seal 
or a square corner. Case is tied to Digital 

C 

0 

G 

.170 .250 4.32 6.35 

.016 .021 0.41 0.53 

.100 BASIC 2.54 BASIC 

r ) Common. . H .100 ,140 2.54 3.56 

LL=:J 
NOTE: Leads in true position within 0.10" 
(0.25mm) R at MMC at seating plane. Pin 8 
connected to case. 

K 

L 

A 

.150 .300 

.900 BASIC 

.100 ,140 

3.81 7.62 

22.86 BASIC 

2,54 3.56 

THEORY OF OPERATION 
The accuracy of a successive approximation analog-to
digital converter is described by the transfer function 
shown in Figure I. All successive approximation AI D 
conyerters have an inherent Quantization Error of 
±1/2LSB. The remaining errors in the AID converter 
are combinations of analog errors due to the linear 
circuitry matching and tracking properties of the ladder 
and scaling networks, power supply rejection, reference 
errors and the dynamic errors of the DAC and compar
ator. In summary, these errors consist of initial errors 
including Gain, Offset, Linearity, Differential Linearity, 
and Power Supply Sensitivity. Initial Gain and Offset 
errors maybe adjusted to zero. Gain drift over temper
ature rotates the transfer function (Figure I) about the 
zero point and Offset drift shifts the transfer function 
left or right over the operating te!llperature range. 
Linearity error is unadjustable and is the most meaningful 
indicator of AI D converter accuracy. Linearity error is 
the deviation of an actual bit transition from the ideal 
transition value at any level over the range of the AI D 
converter. A Differential Linearity error of ±1/2LSB 

111. .. 111 

'SEE TABLE I FOR DIGITAL CODE DEFINITIONS. 

+FSR .ILSB 
2 

FIGURE l.'lnput versus Output for an Ideal Bipolar 
AI D Converter. 

means that the width of each bit step over ti).e range of 
the AID converter is ILSB, ±1/2LSB. The ADC803 is 
guaranteed to have no missing codes over the specified 
temperature range. 

TIMING CONSIDERATIONS 

The timing diagram (Figure 2) shows the relationship 
between the convert command, clock and outputs. The 
digital output word is positive true logic for bipolar 
operation and ,complementary logic for unipolar oper
ation. 

The following are some important notes on the ADC803 
'timing. The times given are typical unless otherwise 
noted. Nominal maximum and minimum times are also 
given in Figure 2. 

I. When power is first applied, the status of the ADC!!03 
will be undetermined. A CONVERT COMMAND 
must be applied to initialize the ADC803. 

2. The CONVERT COMMAND must be low at least 
50nsec prior to the "0" to "I" edge that starts a 
conversion. 

3. The clock runs continuously when the initial CON
VERT COMMAND goes high and whenever the 
CONVERT COMMAND is high thereafter. It does 
not run when CONVERT COMMAND is low. It 
may be beneficial to keep CONVERT COMMAND 
low except during conv<;rsions to limit the digital 
noise induced in the ground and power supplyJines. 

4. The clock starts 25nsec after the, "0" to "I" transition 
of the CONVERT COMMAND. 

5. P!lrallel Output Data: The Successive Appro'ximation 
Register (SAR) is reset 26nsec after the leading edge 
of the first clock period in the conversion cycle. The 
MSB is set to logic "0" and all other bits are set to 
logic "I". The bits are determined in sU!;cession 
starting with the MSB, Bit I, as shown in Figure 2. 
Each bit will be valid 26nsec after its corresponding 
clock pulse. 

The falling edge of the STATUS signal should not be 
used to strobe parallel data out of the ADC803 
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Cj!NVERT 4' t lcc · '. 1I ", 
COMMAND··. U 

. ~1;-1':On ;;Icp·n-~ 

. CLOCK-:::l~UUU,~~ 
STATUS~,~ ,Ie" ~ 
BITIR(I'~~ 
BIT2~ I ~ . . WM .. ~.~. .. BIT3~ i-~ .... 
B1T4~ Ieo~.' . 

I 'I;", 

BIT 10. ,~L·JI*-~~~ 
': taD 

BIT"~ I 

BITIZ~ r~ 
SERIAL ~DATA 'NVAUD~tjm,)J)ilpA Pmsj,miif.ft@tifl 

OUT ~fUL.I 

Time Min· Max' , 
Period (nsec) (nsec) 

Icc 50 -
teo 15 40 

tep·· 100 125 

tew 17 25 

t.D 10 38 

t. 10 38 

t.D 10 38 

t •• 10 38 

Nominal 
··Without external,adjustment 

FIGURE 2. ADCS03 TimirigDiagram.' 

directly. The, table in Figure 2 indicates that the fal~ 
ling edge of STATUS may occur prior to bit 12 data 
becoming valid. 

6. Serial Outpui Data: The serial 'output is indeter
minate until Bit' I is valid, which occurs 26nsec after 
the ·Ieading edge' of the second clock pulse. The 
remaining bits (Bits 2 through 12) are valid in slicces
sion for one clock period each beginning 26nsec after 
the leading edge of each clock pUlse .. 

7. STATUS goes high 26nsec after the leading edge of 
the first clock pulse and goes low, ISnsecafter the 
leading edge of the last clock pulse .. 

S. Bit 12 will become valid at about the same' time 
STATUS goes low lind a new conversion can be 
initiated at anytime after the outplit data has been 
read. ' 

9. The converter ·may be restarted during a conversion. 
When CONVERT COMMAND makes a'''O" to "I" 
transition after the minimum set-up'time, the SAR 
will be reset and a: new conversion will start regardless 
of the state of the converter prior to the CONVERT 
COMMAND being received. 

Figures 3, 4, and S are photographs of ,the actual pulse 
shapes and relationships. . 

FIGURE 3. Photo of (a) Convert Command. (b) Clock. 
and (c) Status (200nsec. div). 

a 

b 

FIGURE 4. Photo of (a) Convert Command. (b) Serial 
Out. and (c) Clock (SOnsec/div). 

FIGURES.Photo of (a) Bit-12 Data, (Parallel). 
(b) Clock. and (e) Status (20nsec;div). 
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DIGITAL CODES 
Parallel Data 

Two binary codes are available on the ADC803 parallel 
output; they are complementary straight binary (Logic 
"0" true) for unipolar input signal ranges and bipolar 
offset binary (Logic "I" true) for bipolar input signal 
ranges. Binary two's complement may be obtained for 
bipolar input ranges by inverting the MSB. It should be 
noted that for unipolar input ranges -10 volts is full scale. 

Table I shows the LSB. transition values. and code 
definitions for each possible analog signal range. 

TABLE l. Input Voltages. Transition Values. LSB 
Values. and Code Definitions. 

Analog Input 
Voltage Range ±10V ±5V a to ·10V 

Code 80B(1) BOB 
Designation orBTC(2) orBTe CSBi31 

One Least 
Significant 4.88mV 2.44mV 2.44mV 
BitlLSBI 

Transition Values 
MSB LSBI41 
000 •• ~~~::> -10V + 1/2LSB . -5V + 1I2LSB -10V + 3/2LSB 
000. 
011 •• ~~~:> -1/2LSB -1/2LSB -5V + 1/2LSB 
100. 
111. .~~~~ +10V - 3/2LSB +5V - 3/2LSB -1/2LSB 
111. 

NOTES: 1. BOB = Bipolar Offset Binary. 

2. BTC ~ Binary Two's Complement (obtained by inverting the 
most significant bit i pin 11. 

3. CSB = Complementary Straight Binary. 

4. Voltages given are the nominal value forthe transition from the 
next lower code. 

Serial Data (NRZ) 

Two binary codes are available on the serial output line; 
they are complementary straight binary (CSB) for uni
polar input ranges and bipolar offset binary (BOB) for 
bipolar input signal ranges. The serial data is available 
only during conversion and appears with the MS B first. 
See the timing diagram and discus,inn under "timing 
considerations" for more detailed information. 

The LSB and transition values shown in Table l. also 
apply to the serial data output. except serial output does 
not have a BTC code. 

ICHSCUSSiON Of 
SfPIEC~F~CAT~ONS 
The ADC803 is specified to meet critical performance 
criteria for a wide variety of applications. The most 
critical specifications for an A/ D converter are Linearity. 
Drift. Gain and Offset errors. and Conversion speed 
effects on accuracy. This ADC is factory-trimmed and 
tested for all critical key specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory-trimmed to 

typically ±0.05% of FSR at 25°C. These errors may be 
trimmed to zero by connecting external trim potenti
ometers as shown in Figures 10, 11, and 12. 

ACCURACY VERSUS CONVERSION TIME 

In successive approximation AI D converters. the con
version time affects Linearity and Differential Linearity 
errors. Conversion time and its effect on Linearity and 
Differential Linearity errors for the ADC803 are shown 
in Figure 6. 

iii 
in 
(f) 
...J 

a: 
~ ±2.0 
a: 
UJ 

~ 
~ ±1.5 
UJ 
Z 
::J 
...J 

~ ±1.0 
z 
UJ 
a: 
ll' 
i5±0.5 
;: 
f-
0: 
~ 
UJ 
z 
::J 

+85°C 

0.8 1.0 1.2 1.4 1.6 

CONVERSION TIME (psec) 

FIGURE 6. Linearity and Differential Linearity Error 
versus Conversion Time. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supply voltages will affect 
accuracy. Normally. regulated power supplies with I % or 
less ripple are recommended for use with this ADC. See 
Layout Precautions. Power Supply Decoupling. and 
Figure 7. 

@f------i@ 

@f-------i@) 

+5VDC 

0r------(@ ...... -i..-----O .. -
J.: I I~F ... 
_ D~TAL COMMON 

FIGURE 7. Recommended Power Supply Decoupling. 
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LINEARITY ERROR 

Linearity error is not adjustable by the user and is the 
most meaningful indicator of A! D converter accuracy. 
Linearity is the deviation of an actual bit transition from 
the ideal transition value at any level over the range of the 
AI D converter. 

DIFFERENTIAL LINEARITY ERROR" 

Differential Linearity describes the step size between 
transition values. A Differential Linearity error of. 
± I I 2LSB indicates that the size of any step may not vary 
from I LSB by more than ± I! 2LSB. 

ENVIRONMENTAL SCREENING 

Q screening is now available for all models of the 
ADC803 family. The Q-screened versions have the same 
specifications as the unscreened versions listed in the 
Specifications table. 

Q Screening 

Burr-Brown Q-screened models are environmentally
screened versions of our standard industrial products, 
designed to provide enhanced reliability. The screening, 
tabulated below, is performed to selected methods of 
MIL-STD-883. Reference to these methods provides a 
convenient method of communicating the screening lev
els and basic procedures employed; it does not imply 
conformance to any other military standards or to any 
methods cif MIL-STD-883 other than those listed below. 
Burr-Brown's detailed procedures may vary slightly from 
those of MIL-STD-883. 

SCREENING FOR ADC803BMQ, ADC803CMQ 
AND ADC803SMQ 

Method 
Burr-Brown or 

Screen MIL-STD-883 Condition 

Interoal Visual Burr-Brown OC4118 

High, :rem perature Storage 100B B 
(Stabilization Bake) (150'C. 24hr) 

Temperature 1010 B (10cy. 
Cycling -55'C to -I-125'C) 

Constant Acceleration 2001 (2000G. VI axis) 

Burn-in 1015 D 
ADCB03BMO. CMO (160 hrs. +S5'C) 
ADCB03SMO (160 hrs. +125'C) 

Electrical Test Burr-Brown 
Test Specification 

Hermeticity 
Fine Leak 1014 A 1 or A2 (Helium, 

5 X 1Q-7cc/sec) 

Gross Leak 1014 C 

Final Electrical Burr-Brown 
Test Specification 

External Visual Burr-Brown QC5150 

LAYOUT AND OPERATING 
INSTRUCTIONS 
LAYOUT PRECAUTIONS 

The ADC803 is a high speed analog-to-digital converter 
which requires more layout precautions than general 
purpose products. 

The AOC803 has two pins for analog common, two pins 
for digital common. and two pin~ for each power supply 
input. Each pair of these pins must be connected together 
externally. The connection between the digital supply 
pins and the connection between the digital common pins 
must be as short as possible. The analog and digital 
commons are not connected together internally in the 
ADC803. but should be connected together externally to 
a ground plane. " 

Connecting all commons to a ground plane at the 
ADC803 is the best method to minimize noise and 
dissipate heat. Pin 8 (Digital Common) is internally 
connected to the case. 

The ADC803 also has an analog common Sense input 
(pin 27) for the analog input. This sense pin must be 
connected to ana)og common as close to the input signal 
source as possible or connected to the ground plane. Low 
impedance analog and digital common returns are essen
tial for low noise performance. Coupling between analog 
inputs and digital lines should be minimized by careful 
layout Special attention should be taken to ensure that 
the clock noise on the +5V supply line does not couple 
into the analog inputs. 

The Comparator input (pin 26) is extremely sensitive to 
noise. Any connection to this point should be as short as 
possible" and shielded by analog common or ±15VDC 
supply patterns. The Clock Output (pin 17) is sensitive to 
stray capacitance: capacitance on this pin could alter the 
clock wav,e shape. 

POWER SUPPLY DECOUPLING 

. The power supplies should be bypassed with I/-,F tantalum 
capacitors as shown in Figure 8 to obtain noise-free 
operation. These capacitors should be located close to the 
ADC. 

INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the AI D 
converter. Connect the input signals as shown in Table II. 
See Figure 8 for circuit details. 

OUTPUT DRIVE 

All ADC803 outputs except ihe clock will drive six TTL 
loads; the clock will drive three TTL 10ads."1f long digital 
lines must be driven. external logic buffers are required 
particularly for the clock which is sensitive to capacitive 
loading. 
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TABLE II. ADCS03 Input Scaling Connections. 

Input Connect With Connect Connect 
Signal Output Pin 29 Gain Pin 24 Pin 25 
Range Code To Adjust To To 

±10V BOB 26 Ves 400 resistor in Gain Adjust 
.or series with Potentiometer 

BTC· input signal 

No Input Signal Analog 
Common 

±5V BOB 26 Ve. Gain Adjust 10n resistor in 
or Potentiometer series with 

BTC· input .Ignal 

No Analog Input Signal 
Common 

Oto-l0V CSB Analog Ve. Gain Adjust 100 resistor in 
Common Potentiometer series with 

Input signal 

No Analog Input Signal 
Common 

·Obtained by inverting MSB (pin 1) externally. 

2Kn FROM OIA CONVERTER 

IKn 

5450 

COMPARATOR 
TO SAR 

Note: Unused input must be grounded or connected 
to optional gain adjust pot. 

FIGURE S. Input Scaling Circuit. 

INPUT IMPEDANCE 

The source impedance to the ADCS03 should be low, 
such as the output of an op amp, to avoid any errors due 
to the relatively low input impedance of the ADCS03. 

If this impedance is not low, a buffer amplifier should be 
added between the input signal and the ADCS03 inp'ut as 
shown in Figure 9. 

ANALOG INPUT 

~5PF 

FIGURE 9. Source Impedance Buffering. 

CONNECT TO 
PIN 24 OR 25 
OF ADC803 

A common problem with successive approximation AI 0 
converters is the transients in input current caused by the 
comparator input being switched back and forth. This 
requires a fast settling amplifier to drive the input. 

The ADCS03 comparator is connected in a differential 
mode (see Figure S), greatly reducing ~he size ofthe input 

transients. The user, therefore, may use a low cost 
wideband monolithic amplifier to drive the ADCS03. 
The small signal settling time of the amplifier should be 
less than 100nsec. 

OPTIONAL EXTERNAL GAIN AND OFFSET 
ADJUSTMENTS 

Gain and Offset errors may be trimmed to zero using 
external trim potentiometers connected to the ADC as 
shown in Figures 10, II, and 12. For proper gain adjust 
range a series resistor must be connected to the analog 
input pin as specified in Table II and shown in Figures II 
and 12. Multiturn potentiometers with 100ppm/oC or 
better TCR's are recommended for minimum drift over 
temperature and time. All resistors should be ±I% metal 
film' or better. If the Offset adjust is not used, pin 26 
should be left open except for bipolar operation when it 
is connected to pin 29. If the Gain adjust is not used, the 
unused input (pin 24 or 25) must be grounded to meet 
specified gain accuracy. 

Adjustment Procedure 

Refer to Table I for LSB voltages and transition values. 

Unipolar offset - connect the offset potentiometer and 
resistors as shown in Figure II, sweep the input through 
the end point. transition voltage, from 111 ... 110 to 
III ... III. Adjust the Offset potentiometer until the 
actual end point transition voltage occurs at -1/2LSB. 

Bipolar offset - connect the offset potentiometer and 
resistors as shown in Figure 10. Sweep the input through 
zero and adjust the offset potentiometer until the transi
tion from om IIII IIII to 1000 0000 0000 occurs at 
-1/2LSB. 

+15VOC 

IOOkO 
26}----....Mr----< 

COMPARATOR IN 

IOkn 10 50k!! 
OFFSET ADJUST 

C 
·15VOC 

FIGURE 10. Optional Offset Adjust 

400 
1'::\----"#>.----- INPUT ~ -........ SIGNAL 

~ 25 L-J 1 

FIGURE II. Optional Gain Adjust for ± IOV Bipolar 
Operation . 
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t::\ 100 INPUT 
~I---~~,,". ---- SIGNAL 

~. 
24 L-J 1 

FIGURE 12. Optional Gain Adjust for±5V Bipolar 
or 0 to -IOV Unipolar Operation. 

Gain - connect the Gain potentiometer as shown in 
Figure II or 12. Sweep the input through. the end point 
transition voltage that should cause an output transition 
from 000 ... 000 to 000 ... 00 I. Adjust the Gain potenti
ometer until this transition occurs at the correct end point 
transition voltage as given in Table l. 

OPTIONAL CLOCK RATE CONTROL 

The clock is factory-set for a conversion time .between 
I.31lsec and 1.5llsec. By use of the optional Clock Rate 
Control as shown in Figure 13, the Conversion time can 
be adjusted down to 0.8llsec for I2-bit resolution. If the 
optional Clock Rate Control is not used, pin 19 should be 
left open. Figure 14 shows Conversion Time versus Clock 
Rate Control voltage and Figure 6 shows. Differential 
Linearity error versus Conversion time. 

+15VDC 
) 

9 5DKn 
1 }---------t~ CLOCK RATE ADJUST 

CLOCK RATE 
CONTROL 2.49Kn 

~ 
FIGURE 13. Optional Clock R\lte Control. 

POWER DISSIPATION 

The ADC803 dissipates approximately 1.9 watts (typical) 
and the package has a case-to-ambient thermal resistance 
(OeA) of 25"C; W. For operation above +85"C. O"A should 
be lowered by a heat sink or by forced air over the surface 
of the package. See Figure 15 for OCA requirements above 
+85"C, Improved 'thermal contact with the PC card 
copper ground plane under the case can be achieved using 
a silicone heat sink compound. On a 0.062" thick PC card 
with a 16-square inch (minimum) area. this technique will 
allow operation to +100"c' 

EXTERNAL SHORT CYCLE 

If less than 12 bits of resolution is required. the cycle time 
of the ADC803 can be shortened with the addition of two 
external components as shown in Figllre 16. This circuit 
will create a shortened status signal directly proportional 

2.5 

~ 
~ 2.0 
OJ 
::;. 

,j7 
z 1.5 
o 
en 
a: 
~ 1.0 
z 
o 
(,l 

0.5 

2 
CONTROL VOLTAGE IV, 

FIGURE 14. Conversion Time versus Clock Rate Control 
Voltage. 

25+------...... 
~ 20 

u 15 

'" g 10 

60 70. 110 90 1110 110 120 
AMBIENT TEMPERATURE lOCI 

FIGURE IS. OCA Requirement Above +85"C, 

to the reduction of resolution. For n bits of resolution. 
the n+ I bit is used to create th!-! falling edge of the 
shortened status signal. It is, possible to obtain the 
equivalent of a lO-bit converter with 670nsec conversion 

, time and an 8-bit converter with 500nsec conversion time 
using this short cycle technique and the external' Clock 
rate control shown in Figure 13. To begin a new 
conversion, simply give the converter a new convert 
command pulse. The SAR will reset and a new conversion 
will begin. 

BITIN+lI 
FROM, 
ADCBD3 

STATUS 
FROM ADCB03 

,1I274LS112 

1/274LSll2 

74LS04 . 

,FIGURE 16. External Short Cy~le Circuit., 

SHORTENED 
STATUS 
OUT 
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TESTING OF THE ADC803 
I n order to validate the test results of the ADC803 
obtained during final test, the customer must take 
extreme care in the design and layout of his test fixtures. 
Proper grounding, correct routing of analog and digital 
signals and power supply bypassing are crucial in 
achieving successful results. 

ANALOG GROUND, DIGITAL GROUND, SENSE 
Figure 17 shows a simplified model of the ADC depicting 
proper analog and digital grounding. Several analog and 
digital ground pins have been provided to allow for 
optimizing the internal layout of the ADC. As will be 
explained in more detail later, analog and digital grounds 
should be connected together only at one point by an 
extremely low resistive and inductive connection (a 
ground plane is ideal). A special analog ground called 
"sense" has been provided to eliminate the voltage drop 
that would otherwise be in the ground return of the R-2R 
ladder. Measuring the input signal with respect to the 
sense terminal makes the measurement independent of 
the impedance that is developed' in the connection 
between the sense terminal and the analog ground. pin 
28. 

ANALOG-TO-DIGITAL CONVERTER 
TEST TECHNIQUE 

A very effective way of determining the DC performance 
of an A DC is by using the "servo loop method." The 
block diagram of this technique is shown in Figure 18. 
This measurement system automatically locates the ana
log voltage that causes the digital output to alternate 
between the desired code and the adjacent code. The 

2kO 
ANALOG 
INPUrT -(>-~I",k0N-""' __ -I 

PIN 25 

TEST SIGNAL 
SOURCE 

PIN 27 

SEN~SEE~--~~:;l[~~iI!IIiCCCD~ 

FIGURE 17. Simplified Model of ADC803 Depicting 
Proper Analog and Digital Ground. 

DIGITAL 
OUTPUT 

FIGURE 18. Servo Loop Analog-to-Digital Tester. 

computer is programmed to place the desired code on the 
Ii 0 bus which is one set of inputs to the digital 
comparator. The other set of inputs to this comparator is 
the digital output of the ADC. Depending upon the 
result of this comparison, the integrator is directed to 
change its output until an equilibrium state is achieved. 
Once in equilibrium. the DVM measures the analog input 
to the ADC and transmits the information to the 
computer via the I EEE-488 bus. The test program checks 
all the desired code combinations, verifying the perfor
mance of the ADC. Test time will range from 10 seconds 
to several minutes depending on the speed of the test 
program, settling time of the DVM, and number of codes 
to be checked. 

GROUND LOOPS 
Figure 19 illustrates the interaction that occurs betwee~ 
the analog and digital grounds when an ADC is connected 
into a test circuit. This interaction is created by ground 
loops. The circuit in Figure 19 shows how ground loops 
are created when the ADC tester combines digital and 
analog portions of the circuit together-in this case, the 
test signal generator (analog) and the digital circuitry that 
detects the ADC code which corresponds to the analog 
signal (digital). The ground loop exists when the digital 
ground connection between the ADC and the tester is 
in parallel with the analog grounds that connect the tester 
with the ADC. When the connection is made in this 
manner some of the digital current is diverted into the 
analog signal return, which creates a code-dependent 
error signal due to the resistance in the analog signal 
return. This error distortS the linearity measurement and 
induces hysterisis. Theerrorcan be substantially reduced 
if the analog and digital grounds are. isolated from each 
other in the ADC tester. 
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DIGITAL GROUNO CURRENT 

1---1---I---J '\ /"'-------------------------. , , 

TEST SYSTEM 
GROUND 

V 
DIGITAL 
GROUND 

RESISTANCE 

PC CARD 
GROUND 

ANALOG 
GROUND 

.. CURRENT 

'--__ -----+----"/\ /\ 
'Vi \/ 

TESl'SYSTEM 
ANALOG 
GROUND 

RESISTANCE 

ADCB03 

FIGURE 19. Ground Loop Interaction Between Analog and Digital Grounds'When ADC Is Connected 
Into Test Circuit. 

BEAT FREQUENCY TEST 

A "beat frequency test" applied to an ADC803 with a 
companion sample/ hold illustrates both an effective 
means 'oftesting the high frequency performance of such 
a system and demonstrating that the ADC803 with its 
'associated sample/ hold is capable of digitizing high 
frequency signals cleanly. A sample/ hold must be used 
when perf,orming this test to hold the input of the 
ADC803 constant during the conversion time. Figure 20 
is a block diagram of the beat frequency test setup. 

The beat frequency test is useful for being able to rapidly 
determine whether there are any serious problems with 
the ADC. In this test the input frequency is set at slightly 
less than one-half the sampling rate. The slight difference 
is selected to allow the sample point to vary by I LSB, or 

TEKTRONIX H·P 
SINE WAVE PULSE 
OSCILLATOR GENERATOR 

SG503 8013B 

, = 750.oooHz 
CONVERT COMMAND 

',= 374.1138Hz 

TEKTRONIX SAMPLEI TTL·ECL 
SINE WAVE HOLD TRANS· 

OSCILLATOR BURR· ADC803 LATOR 
SG 503 BROWN MCIOl24 SHC803 

"FIGURE 20. Block Diagram of Beat Frequency Test Cir~uit. 

less,on successive samples. The data is clocked into a low 
frequency reconstruction DAC at one-half the sampling 
rate to enable viewing on an oscilloscope. Figure 21 is a 
photograph of the response to a full-scale input sine 
wave centered arou~d the MSB and Figure 22 is a 
photograph of the response of a small signal sine wave 
centered around the MSB. For comparison, a photo
graph (Figure 23) is included which shows the response 
of the ADC803 to a 125Hz input signal which is the 
same as the beat frequency. 

Figure 24 is the PC card layout that was used for the beat 
frequency test. This layout demonstrates some of the 
layout practices that must be followed when using a high 
speed ADC like the ADC803. 

TTL·ECL 
TRANSLATOR 

MCIOl24 

OSCILLO· 
SCOPE 
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1msec/diy' 

FIGURE 21. Beat Frequency Test 
Response of Full Scale 
Sine Wave Input. 

o START CONVERT 
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FIGURE 22. Beat Frequency Test 
Response of Small Signal 
Sine Wave Input. 

o 

• • • • • .. • • 
0 

.. 
~ • u 
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STATUS @ __ • 
J3 

o o V97-2 REV A o 
(a) Top View 

(b)Bottom View 

FIGURE 24. PC Board Layout for Beat Frequency Test Fixture. 
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FIGURE 23. Response of Small Signal 
125Hz Sine Wave Input. 
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BURR-:BROWN® 

113131 ADC804 

Serial Output 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• l1t-lsec CONVERSION TIME 
• SERIAL OUTPUT-Ideal for applications requiring 

isolation or long-distance data transmission 
• <500mW POWER DISSIPATION. 
• 24-PIN OUAL-WIOE HERMETIC PACKAGE 
• FULLY SPECIF.IEO FOR OPERATION ON ±12V OR 

±15V SUPPLIES 
• ±O.012% ,INTEGRAL LINEARITY 
• 12-BIT RESOLUTION 
• TWO TEMPERATURE RANGES AVAILABLE: 

ADCB04BH for -25° C to +85° C Operation 
ADC804SH for -55°C to +125°C Operation 

• NO MISSING CODES -25°C TO +85°C 

DESCRIPTION 
The ADC804 is a 12-bit successive approximation 
analog-to-digital converter, custom-designed for. 
freedorn 'from latch-up and· for optimum AC per
formance. It is complete' with a. comparator, a 
monolithic 12-bit DAC which includes a 6.3V refer
ence laser-trimmed for minimum temperature coeffi
cient, and a CMOS logic chip containingthe succes
sive approximation register (SAR), clock, and all 
other associated logic funtions. 

Internal sc.aling resistors are provided for the selec
tion of analog input signal ranges of ±2.5V, ±5V, 
±IOV, 0 to +5V, or 0 to +IOV. Gain arid offset 
errors may be externally trimined to zero,. enabling 
initial end-point accuracies of b.etter than ±0,OI2% 
(±112LSB). The ADC804 has two grades, one com
pletely specified for -:25°C to +856C operation 
(ADC804BH), and the other. for -55°C to +125°C 
operation !ADC804SH). : 

The maximum conversion time of 17/Lsec makes the 
ADC804 ideal for a wide range of 12-bit applications 
requiring system throughput sampling rates up to 
59kHz; In addition, an external clock may be used 
to synchronize the converter to the system clock or 
to obtain faster operation. As an added benefit for 
AD'cSO users employing the serial output capabilit¥, 
the A DCS04 is designed to replace or provide an 
alternate source to ADC80 with a minimum of cir
cuit board changes and it provide~ a 40% reduction 
in conversion time. 

Data is available in serial form with corresponding 
clock and status signals. Elimination of the parallel 
output 'capability enables the ADC804 to be the' 
smallest fully self-contained 12-bit ADC available 
today.' All digital input and outPUt signals are 
TTL/ LSTTL-compatible, with internal pull-up resis
tors inclUded on all digital inputs to eliminate the 
need for external pull-up resistors on digital inputs 
not requiring connection. The ADC804 operates 
equally well with either ±15V or ±i2V analog power 
supplies. and also requires use of a +5V logic 
supply. It is packaged in a herinetic 24-p'in side
brazed ceramic dual-in-line package. 

CLOCK INHIBIT 0----., 

CLOCK OUT 
EXT~~~~~ 0-----, 

CLOCK 

. 200 ~'NGE O-""t"f""I--r~ SERIAL OUT 

100 ~'NGE 

BIPOLAR o--.,.,..--==I:==2...~-<l OFFSET 
REFERENCE OUT 

Internalional Airport Industrial Park· P.O. Box 11400 . Tucson. Arizona 85734 . Tel. 1602) 746·1111 . Twx: 910-952·1111 . Cable: BBRCORP . Telex: 66·6491 

PDS-576 
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SPECIFICATIONS 
ELECTRICAL 
TA = +25°C. ±Vcc = 12V or 15V, Voo = +sv unless otherwise specified. 

MOOEL AOC804BH AOC804SH 

MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 12 Bits 

INPUT 

ANALOG 
o tlo +5. 0 to ;10 Voltage Ranges: Unipolar V 

Bipolar ±2.5. ±5. ±10 V 
Impedance: o to +5V. ±2.5V 2.3 kn 

o to +10V. +5V 4.6 kn 
±10V 9.2 kn 

OIGITAL 
Logic Characteristics (over specification temperature range) 
V1H (logic "1") 2.0 5.5 V 
V1L (logic "0") -0.3 +0.8 V 
hH (VIN = +2.7V) -150 vA 
hL (VIN =+O.4V) 500 vA 
Convert Command Pulse Width 100 1200 nSt:c 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Error'1l ±0.1 ±0.3 % of FSR!2) 
Offset Error!1I: Unipolar ±0.05 ±0.2 % of FSR 

Bipolar ±0.1 ±0.3 - % of FSR 
Linearity Error ±0.012 % of FSR 
Differential linearity Error ±1 LSB 
Inherent Quantization Error 1/2 LSB 

POWER SUPPLY SENSITIVITY 
+13.SV::; +Vcc S +16.5V or +11.4V:S: +Vcc S +12.6V ±0.003 ±0.009 % of FSR/%Vcc 
-16.5V S ':""Vcc:::= -13.5V or -12.6V::; -Vee S -11.4V ±0.003 ±0.009 % of FSR/OfoVcc 

+4.SV::; Veo S +5.5V ±0.002 ±0.005 % of FSR/O/OVOD 

OR 1FT 
Total Accuracy, Bipolar(3) ±10 ±23 ppmrc 
Gain ±15 ±30 ppm/oC 

Offset: Unipolar ±3 ppm of FSR/oC 
Bipolar ±7 ±15 ppm of FSR/oC 

Linearity Error Drift ±1 ±3 ppm of FSRI"C 

Differential Linearity over Temperature Range +1. --3/4 I LSB 
No Missing Code Temperature Range -25 ~85 -55 +125 °c 
Monotonicity Over Temperature Range Guaranteed Guaranteed 

CONVERSION TIME'" 15 17 psec 

OUTPUTS 

OIGITAL(Clock Out. Status. Serial Out) 
Output Codes, Serial (NRZ)'~' CSB.COB 
Logic Levels: Logic 0 (It,,,k ::s; 3.2mA) +0.4 V 

Logic 1 (Isource $' BOpA) +2.4 V 

Internal Clock Frequency 92.3 kHz 

INTERNAL REFERENCE VOLTAGE 
Voltage +6.2 +6.3 +6.4 V 
Source Current Available for External Loads'61 200 VA 
Temperature Coefficient ±10 ±30 ppmrc 

POWER SUPPLY REQUIREMENTS 
Voltage, ±Vcc ±11.4· ±15 ±16.5 V 

Voo +4.5 +5.0 +5.5 V 

Current, +Icc 5 8.5 mA 

-Icc 21 26 mA 

100 11 1.5 mA 
Power Dissipation (±Vcc ~ l'5V) 450 595 mW 

TEMPERATURE RANGE (Ambient) 
Specification -25 +85 -55 +125 °c 
Storage -65 +150 °c 

·Same as specification for AOC804BH. 

NOTES: (1) Gain and offset errors are adjustable to zero. S!3e "Optional External Gain and Offset Adjustments" section. (2) FSR means full~scale range 
and is 20V for ±10V Range, 10V for ±5V and 0 to +10V ranges, etc. (3) Includes drift due to linearity, gain, and offset drifts'. (4) Conversion time is 
specified using intornal clock. For operation with an external clock see "Clock Options" section. (5) csa means Complementary Stn!ight Binary, and 
COB means Complementary Offset Binary, NAZ means non~return-to-zero coding. See Table I for additional information. (6) External loading must be 
constant during conversion, and must not exceed 200pA for guaranteed specifications. ' 
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CONNECTION DIAGRAM 

Pin 24 - N/C 
Pin 23 - N/C 
Pin 22 - Serial Out 
Pin 21 - -Vee 

TOP VIEW 

Pin 1 - N/C 
Pin 2 - N/C 
Pin 3 - N/C 
Pin 4 - N/C 
Pin 5 - Voo 
Pin 6 - Digital Common 
Pin 7 - Comparator In 
Pin 8 - Bipolar Offset· 
Pin 9 - Rl 10V Range 
Pin 10 -. R2 20V Range 
Pin 11 - Analog Common 
Pin 12 - Gain Adjust 

Pin 20 - Reference Out (+6.3V) 
Pin 19 - Clock Out 
Pin 18 - Status 
Pin 17 - N/C 
Pin 16 - Clock Inhibit 
Pin 15 - External Clock 
Pin 14 - Convert Command 
Pin 13 - +Vcc 

ABSOLUTE MAXIMUM· RATINGS 

+Vcc to Analog Common ............................ 0 to +16.5V 
-Vee to Analog Common ............................. 0 to -16.5V 
Voo to Digital Common ....... ' ...••.................... a to +7V 
Analog Co~mon to I:?igital Common ....••...•............ ±O.SV 
Logic Inputs (Convert Command. Clock In) 

to Digital C~mmon .............. '. . . . . . . . . .. -O.3V to VOD +O.5V 
Analog .Inputs (Analog In. Bipolar Offset) 

to Analog Common ............................ : ...... ±16.5V 
Referen,ce Output. . . . . • . . . . . . • . . . .. Indefinite Short to Common, 

. Momentary Short to Vee 
Power Dissipation ...•...........•....... ~ , . . • . . . . • . . .. 1000rnW 
Lead Temperature, Soldering .....•..... ~ ......... +300°C. 10sec 
Thermal Resistance, 8JA .................... l .•.••••••••• 6o°CIW 

,Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to. the device. Exposure to absolute 
maximum conditions for extended periods may affect device relia
bility. 

CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 

MECHANICAL 

r---" . I . NOTES: 
.1. Leads in true position within 

.010" (.25MM) R at MMC at 
Seating Plane. D4 131. 

J 2. Pin numbers shown for 
1 . l2· referenCe only. 

may not be marked on 
package. 

~ Jl~r~~~ ~ ~J~ ~ JJ 
INCHES MILlIMETERS 

MIN MAX MIN MAX 

CASE: Ceramic. hermetic 

MATING CONNECTOR: 0245MC 

WEIGHT: 4.4gm (O.I60z) 

DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Under 
this definition of linearity (sometimes referred to as inte
grallinearity), ideal transition values lie on a line drawn 
through zero (or minus full scale for bipolar operation) 
and plus full scale, providing a significantly better defini
tion of converter accuracy than the best-straight-line-fit 
definition of linearity employed by some manufacturers. 
The zero or minus full-scale value is located at an analog 
input value 1/2LSB before the first code transition 
(FFFH to FFEH). The plus full-scale value is located at 
an analog value 3/2LSB beyond the last code transition 
(OOIH to OOOH). See Figure I, which illustrates these rela
tionships. A linearity specification which guarantees 

~ 
7FDH 

:::> 
: 7FFH+--------------,~1 ~--------~~~ 

i SOOH OFFSET I 
is ERROR I 

801 H SHIFTS I 

SCALE 

II 
II 

: :- MIDSCALE 
I I 
I I 

ANALOG INPUT 

FIGURE 1. ADC804 Transfer Characteristic 
Terminology. 
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±1/2LSB maximum linearity error assures the user that 
no code transition will differ from the ideal transition 
value by more than ±1/2LSB. 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of 20V (±IOV opera
tion), the minus full-scale value of -IOV is 2.44mV 
below the first code transition (FFFH to FFEH at 
-9.99756V) and the plus full-scale value of +IOV is 
7.32mV above the last code transition (OOIH to OOOH at 
+9.9926SV). Ideal transitions occur ILSB (4.SSmV) apart, 
and the ±I/ 2LSB linearity specification guarantees that 
no actual transition will vary from the ideal by more 
than 2.44mV. The LSB weights, transition values, and 
code definitions for each possible ADCS04 analog input 
signal range are described in Table I. 

CODE WIDTH (QUANTUM) 
Code width (or quantum) is defined. as the range of 
analog input values for which a given output code will 
occur. The ideal code width is ILSB, which for 12-bit 
operation with a 20V span is equal· to 4.SSmV. Refer to 
Table I for LSB values for other ADCS04 input ranges. 

DIFFERENTIAL LINEARITY ERROR AND NO 
MISSING CODES 
Differential linearity error is a definition of the differ
ence between an ideallLSB code width (quantum) and 
the actual code width. A specification which guarantees 
no missing codes requires that every code combination 
appear in a monotonically increasing sequence as the 
analog input is increased throughout the range, requir
ing that every input quantum must have a finite width. If 
an input quantum has a. value of zero (a differential 
linearity error of -I LSB), a missing code will occur but 
the converter may still be monotonic. Thus, no missing 
codes represent a more stringent definition of perfor
mance than does monotonicity. The ADCS04BH is guar
anteed to have no missing codes to 12-bit resolution over 
its full specification temperature range of -25°C to 
+S5°C, and the ADCS04SH displays no missing codes 
over the temperature range of -55°C to + 125°C. 

QUANTIZATION UNCERTAINTY 
Analog-to-digital converters have an inherent quantiza
tion error of±I/2LSB. This error is a fundamental prop
erty of the quantization process and cannot be elimi-
nated. 

UNIPOLAR OFFSET ERROR 
An ADCS04 connected for unipolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value 1/2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from the 
ideal value, and is applicable only to converters operat
ing in the unipolar mode. 

BIPOLAR OFFSET ERROR 

A/ D converter specifications have historically defined 
bipolar offset at the first transition value above the 
minus full-scale value. The ADCS04 follows this conven
tion. Thus, bipolar offset error for the ADCS04 is 
defined as the deviation of the actual transition value 
from the ideal transition value located 1/2LSB above 
minus full scale. 

GAIN ERROR 

The last output code transition (OOIH to OOOH) occurs for 
an analog input value 3/2LSB below the nominal plus 
full-scale value. Gain error is the deviation of the actual 
analog value at the last transition point from the ideal 
value. 

ACCURACY DRIFT VS TEMPERATURE 
The temperature coefficients for gain, unipolar offset, 
and bipolar offset specify the maximum change from the 
actual 25°C value to the value at the extremes of the 
specification range. The temperature coefficient applies 
independently to the two halves of the temperature range 
above and below +25°C. 

POWER SUPPLY SENSITIVITY 
Electrical specifications for the ADCS04 assume the 
application of the rated power supply voltages of +5V 
and ±12V or ±15V. The. major effect of power supply 
voltage deviations from the rated values will be a small 
change in the plus full-scale value. This change, of 
course, results in a proportional change in all code tran
sition values (i.e, a gain error). The specification describes 
the maximum change in the plus full-scale value from 
the initial value for independent changes in each power 
supply voltage. 

TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 

Binary (BtN) Output Input Voltage Range and LSB Values 

. Analog Input Voltage Range Defined As: ±10V ±SV ±2.SV o to +10V Oto+s\l 

Code Designation COB· COB· COB· CSB·· CSB·· 

One Least Significant FSR/2" 20V12" 10Vl2" SVl2" 10Vl2" SVl2" 
Bit (LSB) n = 12 4.SSmV 2.44mV 1.22mV 2.44mV 1.22mV 

Transition Values 
MSB LSB 
001H to OOOH +Full Scale +10V - 3/2LSB +SV-3/2LSB +2.SV - 3/2LSB + 10V - 3I2LSB +SV - 3/2LSB 
SOOH 10 7FFH Mid Scale 0 0 0 +SV +2.SV 
FFFH to FFEH -Full Scale -10V + 1/2LSB -SV+ 1/2LSB -2.SV + 1/2LSB 0+ 1/2LSB 0+ 1/2LSB 

·C08 = Complementary Offset Binary "ess = Complementary Straight Binary· 
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TIMING CONSIDERATIONS 

Timing relationships of the ADC804 are shown in Fig
ure 2. It should be noted that although the convert 
command pulse width must be between 100nsec and 
1.2!,sec to obtain the specified conversion time with 
internal clock, the ADC804 will accep~ longer convert 
commands with no loss of accuracy, assuming that the 

-I 1-',,,: -j 1-"" 

STATUS --.J 

-11-10. SERIAL 
DATA DATIIINVALIolsITIIBIT2iaIT3'BIT4iBITS'BIT6iBIT1'BIT8iBtT9jBITIOIBITII'8ITI21. 

Symbol Parameter Typ Unlls 

teo Ctock delay from convert command 30 nsec 
tc. Nominal clock period 1.1 /lsec 
tew ,Nominal clock pulse width 0.55 pBec 

tso Statu. delay from convert command 130 nsec 
tov oals vllld lime from clock pulse high -35 nsee 

FIGURE i ADC804 Timing Diagram (normal values 
at +25°C with Internal clock). 

analog Input signal is stable. In this situation, the actual 
indicated conversion time (during which status is high) 
for l2-bit operation will be equal to approximately 
600nsec less than t'he sum of the factory-set conversion 
time and the length of the convert com~and. The code 
returned by the converter at the end of .the conversion 
will accurately represent the analog input to the conver
ter at the time the convert command returns to the low 
state. In addition, although. the initial state of the con
verter will be indeterminate when power is first applied, 
'it is designed to time-out and be ready to accept a con
vert co'mmand within approximately l5!,sec after power
up,'provided that either an external clock source is pres
entor the internal clock is not inhibited. 

During ,conversion, the decision as to the proper state ,of 
any bit (bit "n "j is made on the ri~ing edge of clock pulse 
" n + I ". Thus; a complete conversion requires 13 clock 
pulses with the status output dropping from logic "I" to 
logic "0" shortly after the rising edge of the thirteenth 
clock pulse. A new conversion may not be initiated until 
50nsec after the, fall of the thirteenth clock pulse. Addi- ' 
tional convert commands applied during conversion wiil 
be ignored. 

DEFINITION OF DIGITAL CODES 

Two binary codes are available on the serial output of 
the ADC804, complementary straight binary (CSB) for 
unipolar input signal ranges, and complementary offset 
binary (COB) for bipolar input ranges. Both are com
plernentary codes, rneaning that logic "0" is true .. Serial 
data is available only during conversion and appears 

with the most significant bit (MSB) occurring first. The 
serial data is synchronous' with the internal clock as 
shown in the timing diagram of Figure 2. All clock 
pulses available from the ADC804 have a nominal pulse 
width of 550nsec to facilitate transfer ,of the serial data 
into external logic devices without external shaping. 

LAYOUT AND OPERATING 
INSTRUCTIONS 
LAYOUT PRECAUTIONS 

Analog and digital commons are not coniiected together 
internally in the ADC804 but should be connected 
together as close to the unit as possible, preferably to an 
analog common ground plane beneath the converter. If 
these common lines must be run separately, use a wide 
conductor pattern and a O.OI!,F to O.I!,F nonpolarized 
bypass capacitor between analog and digital commons at 
the unit. Low impedance analog and digital common 
returns are essential for low noise performance. Coupling 
between analog input lines' and digital lines should be 
minimized by careful layout. For instance, if the lines 
must cross, they should do so at right angles. Parallel 
analog and digital lines should be separated from each 
other by a pattern connected to common. If external 
gain and offset potentiometers are used, the potentiome
ters and associated resistors should be located as close to 
the ADC804 as possible. 

POWER SUPPLY DECOUPLING 

The pow~r supplies should be bypassed with I!,F to IO!,F 
tantalum bypass capacitors located close to the conver
ter to obtain noise-free operation. Noise on the power 
supply Jines can degrade the converter's performance. 
Noise and spikes, from a switching power supply are 
especially troublesome, 

ANALOG SIGNAL SOURCE IMPEDANCE 

The' .signal source supplying the analog input signal to 
the ADC804 will be driving into a nominal DC input 
impedance of 2.5kn to IOkn. However, the output 
impedance of the driving source should be very I'ow, such 
as the output impedance provided by a wideband, fast- , 
settling operational arnplifier. Transients in A/ D input 
current are caused by the changes in output current of 
the internal D/ A converter as it tests the various bits. 
The output voltage of the driving source must remain 
constant while furnishing these fast current changes. If 
the application requires a sample/ hold, select a sam
ple/hold with sufficient bandwidth to preserve the accu
racy or, use a separate wide band buffer amplifier to lower 
the output impedance. ' 

INPUT SCALING 

The ADC804 offers five standard input ranges: OV 
to+~V, OV to +IOV, ±2.5V, ±5V, and ±IOV. The input 
range should be scaled as close to the maximum input 
signal range as possible in, order to utilize the maximum 
signal resolution of the converter. Select the appropriate 
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input range as indicated by Table II. The input circuit 
architecture is illustrated in Figure 3. Use of external 
padding resistors to modify the factory-set input ranges 
(such as addition of a small external input resistor to 

, change the lOY range to a 1O.24V range) will require 
matching of the external fixed resistor values to individ
ual devices, due to the large tolerance of the internal 
input resistors. Alternatively, the gain range of the con
verter may be easily increased a small amount by use of a 
low temperature coefficient potentiometer in series with 
the analog input signal or by decreasing the value of the 
gain adjust series resistor in Figure 6. 

TABLE II. ADC804 Input Scaling Connections. 

Input Connect Connect 
SIgnal Output PIn 8 PlnlD 
Range Code To PI" To 

±10V' COB 7 Input Signal 
±5V COB 7 Open 
±2,5V COB 7 Pin 7 
o to +-5V CSB 11 Pin 7 
o to +10V CSB 11 Open 

lOV RANGE .:9 _______ ---, 

R2 
20V RAUGE :.:10'--__ ~,....--~ 

5kO 
5kO 

COMP IN 7 FROM OtA 

BIPOLAR B 6.3kO CONVERTER 
OFFSET~ 

ANALOG 11 V":, 
COMMON ~ V." 

FIGURE 3. ACD804 Input Scaling Circuit. 

REPLACEMENT OF ADCBO 

Connect 
Input 
Signal 

To 

10 
9 
9 
9 
9 

TO 
SAR 

As illustrated in Figure 4, a circuit board configured for 
use of the ADC80 serial output capability may be very 
easily adapted to also use the ADC804, or to achieve 
space savings due to the smaller package of the ADC804. 
The pin assignments of the ADC804 have been chosen to 
allow it to fit neatly into one corner of the ADC80 

AlIC8IJ .1.11&1104 
'IN PIN 

.sv 
11\ 6 DlliTALCDfllJIIOIL 

1 COIII'AIlATOIlII 

B IIPDLAROfF$ET 

lDVRANGf 

" 
1\ AII'LaSCO.MOI 

16 GAil AlI.IU$I 

TDPVlfW -o o 

o 
o 0 ,...--------, o AIICBIU 0 

.\ b 0 

.\ ~ 
I I o 0---0 
I I o 0---0 
I I 

I r=:=:: 
I I o 0 
I I o 0---0 
I I 
o 0---0 
I I 
o 0---0 
I I tt ________ ~ 

SlRLU.DUT 

CLOCK out 

ADct04l.QCCII 
'IN PIN 

UTERllAlClOCK 16 

CDIlVERTCOMllAlD 14 

layout. When replacing ADC80 with ADC804, a board 
space improvement of approximately 1.25 square inches 
(8.06cm') is obtained. 

CALIBRATION 

Optional External Gain and Offset A,djustments 
Gain and offset errors may be trimmed to zero using 
external offset and gain trim potentiometers connected 
to the ADC804 as shown in Figures 5 and 6 for both 
unipolar and bipolar operation. Multiturn potentiome
ters with 100ppm/oC or better TCR are recommended 
for minimum drift over temperature and time. These 
potentiometers may be of any value between IOkO and 
lOOk!!. All fixed resistors should be 20% carbon or bet
ter. Although not necessary in some applications, pin 12 
(Gain Adjust) should be preferably bypassed with a 
O.Ol/LF n(mpolarized capacitor to analog common to 
minimize noise pickUp at this high impedance point, 
even if no external adjustment is required. 

IA) IB) 
+vcc +vcc 

'~o- ! i ,.0 7 I.BMO 10kO TO 7 IOOkO IBOkO 
~ 100kO ' TO 

COMPARATOR IN OFFSET COMP IN 1 100kO 

ADJUST 22kO- OFFSET 
2BkO ADJUST 

-Vee '=" -Vee 

FIGURE 5. Two Methods of Connecting Optional 
, Offset Adjust. 

IA) 
+Vcc 

IB) 
+Vcc 

,~.""U ""_ ! lOkO 
12 l'OMO lOkO TO 12 270kO 270kO TO 
~IOOkO 100kO GAIN 

JO.OII'F U O,D1I'F ADJUST GAIN 

II II 6.BkO- ADJUST 
9.1KO 

ANALOG COMMON -Vee ANALOG --::- -Vee 
COMMON 

FIGURE 6. Two Methods of Connectmg OptIOnal Gam 
Adjust. 

Adjustment Procedure 
OFFSET-Connect the offset potentiometer as shown 
in Figure 5. Set the input voltage to the nominal zero or 
minus full-scale voltage plus If2LSB. For example, refer
ring to Table I, this value is -lOY + 2.44mV or 
-9.99756V for the -lOY to +IOV range. 

With the input voltage set as above, adjust the offset 
potentiometer until an output code is obtained which is 
alternating between FFEH and FFFH with approximately 
50% occurrence of each of the two codes. In other words, 
the potentiomter is adjusted until bit '12 (the LSB) indi
cates a true (logic "0") condition approximately half the 

FIGURE 4. Adapting an ADC80 Layout for ADC804. time. 
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GAIN-Connect the gain adjust potentiometer as shown 
in: Figure 6. Set the input voltage to the nominal plus 
full-scale v;llue minus 3/2LSB. Once again referring to 
Table I, this value is +IOV - 7.32mV or +9.9926SV for 
the -IOV to +IOV rarge. Adjust the gain potentiometer 
until the output code is alternating between OOOH and 
OOIH with an approximate 50% duty cycle. As in the case 
of offset adjustment, this procedure sets the converter 
end-point transition to a precisely known value. 

CLOCK OPTIONS 

The ADCS04 is extremely versatile in that it can be 
operated with either internal or external clock. Thus, use 
of an available system clock enables synchronization of 
the converter to the rest of the system to optimize per
formance in a noisy environment. 

When operating with the internal clock, pin 15 (external 
clock input) and pin 16 (clock inhibit) may be left 
unconnected. No external pull-ups are required due to 
the inclusion of pull-up resistors in the ADCS04. Pin 16 
(clock inhibit) must be g~ounded for use with an external 
clock, which is applied to pin 15. 

See Figures 7 through 10 for diagrams to implement the 
various dock options. 

14 ADCB04 

CONVERT 
COMMAND 

CLOCK 
INHIBIT 

16 
NC 

EXTERNAL 15 
NC 

CLOCK 

FIGURE 7. Internal Clock-Normal Operating Mode. 
(Conversion initiated by the rising edge of 
the convert command. The internal clock 
runs only during conversion.) 

I 
ENVIRONMENTAL SCREENING 

The inherent reliability of a semiconductor device is con
trolled by the design, materials, and fabrication of the 
device-it cannot be improved by testing. However, the 
use of environmental screening can eliminate the major
ity of those units which would fail early intheir lifetimes 
(infant mortality) through the application of carefully 
selected accelerated stress levels. Burr-Brown Q models 

15 EXTERNAL 
CLOCK 

AOC804 
L.-____ 1B-t STATUS 

14 CONVERT CLOCK 16 
~----'-----tICOMMANO INHIBIT DIGITAL 

":' COMMON 

FIGURE S. Continuous External Clock. (Conversion 
initiated by rising edge of convert com
mand. The convert command must be syn
chronized with clock.) 

..n.n..I1... 15 EXTERNAL 
EXTERNAL CLOCK 
CLOCK 

ADCB04 

CLOCK 16 
14 CONVERT INHIBIT 

COMMAND ":' 
DIGITAL ':" DIGITAL 
COMMON COMMON . 

FIGURE 9. Continuous Conversion with external 
Clock. (Conversion is initiated by 14th 
clock pulse. Clock runs continuously.) 

2 t Q 13 10 t ~OOnsec 
14 CONVERT 

Q COMMAND 

3 CLR II CLR 

I • "0 14 9. - 12 CLOCK 16 
Q 

INHIBIT 
112 74LS123 11274LS123 } ." ... "', .. 

lB STATUS EXTERNAL 15 
NECESSARY 

CLOCK 

FIGURE 10. Continuous Conversion with 200nsec between Conversions Using Internal Clock. (Circuit insures that 
the conversion process will start when power is appli 1d.) 
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are environmentally-screened versions of our standard 
ind ustrial products, designed to provide enhanced relia
bility. The screening illustrated in Table III is performed 
to selected methods of MIL-STD-883. Reference to 
these methods provides a convenient method of com
municating the screening levels and basic procedures 
employed; it does not imply conformance to any other 
military standards or to any methods of MIL-STD-883 
other than those specified. Burr-Brown's detailed proce
dures may vary slightly, rriodel-to-model, from those in 
MIL-STD-883. 

TABLE III. Screening Flow for ADC804xHQ 

MIL-STO-BB3 
Method, Screening 

Screen Condlllon Level 

Internal Visual Burr-Brown 
QC411B 

High Temperature 
Storage 100B. C 24 hour, +150°C 

(Stabilization Bake) 

Temperature Cycling 1010. C 10 cycles, -65°C 
to +150·C 

Constant Acceleration 2001. A 5000G 

Electrical Test Burr-Brown 
test procedure 

Burn-in 1015. B 160 hour, +125°C, 
steady-state 

Hermeticity: 
Fine Leak 1014. Al or A2 5 X 10-7 aim cc/sec 
Gross Leak 1014. C bubble test only, 

preconditioning omitted 

Final Electrical Burr-Brown 
test procedure 

Final Drift Burr-Brown 
test procedure 

External Visual Burr-Brown 
QC411B 
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BURR-BROWN® 

11311311 PCM75 
DESIGNED FOR AUDIO' 

11 S=Ba~ ~ybrDd 
ANAlOG-'fO-D~G~TAl CONVERTER 

FEATlLDlRES 

o 16-BIT RESOLUTION 

.. 90dB DYNAMIC RANGE 

00.004% THO [FS Input. 16 Bits) 

00.02% MAX THO [-15dB. 16 Bits) 

o Hps MAX CONVERSION TIME (16 Bits) 

.. 15ps MAX CONVERSION TIME [14 Bits) 

.. lOps CONVERSION TIME (Reduced Specs) . 

o EIAJ STC-D07-COMPATIBLE 

PARALLELC DIGITAL 
OUTPUT 'I 

, 

DESCRIPTION 

The PCM75 is a low cost, high quality, 16-bit suc
cessive . approximation analog-to-digital converter. 
The PCM75 uses state-of-the-art IC and laser
trimmed thin-film components and is packaged in a 
bottom-brazed ceramic 32-pin dual-in-line package. 
The converter is complete with internal reference 
and clock . 

The PCM75 is designed for PCM audio applications 
and is compatible with EIAJ STC-007 specifica
tions. 

The conversion time can be reduced from 151ls to 
lOllS with some increase in distortion. Distortion is 
specified on the data sheet to assure performance in 
critical audio applications. 

r--
~ .. '" SHORT CYCLE .... ~ a:: r--o COtlVERT COMMAND ... ~ 

-vi :f~ 
~ 

-.. 
~ 

c ~ 

I . HI·BIT '" ..... 
SUCCESSIVE APPRDX. I 

REGISTER ISARI d} AUDIO INPUT II 
RANGE SELECT 

COMPARATOR IN 

+ 
':' -'" BIPOLAR OFFSET 

4 CLOCK ..... CLOCK OUT ~ 

CLOCK RATE 
STATUS 

..... SERIAL OUT 

Inlernalional Airport Induslrlal Park· P.O. Box 11400· Tucson. Arizon. 85734· Tet. 16021 746·1111 • Twx: 910.952·1111 • Cable: D8RCORp· Telex: 66·6491 

PDS-624 
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SPECIFICATIONS 
ELECTRICAL 
At 25°C and rated power supplies unless otherwise noted. 

MODEL. PCM75KG PCM78JG 

MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 16 Bits 

DYNAMIC RANGE'" 90 dB 

INPUT 

ANALOG 
Voltage Ranges. Bipolar ±2.5. ±5. ±10 V 
Impedance (Direct Input) 

o to +5V. ±2.5V 2.5 kO 
o to +10V. ±5V 5 kO 
o to +20V. ±10V 10 KO 

DIGITAL'" 
Convert Command Positive pulse Sans wide (min) trailing edge ("1" to "0:' initiates conversion) 
Logic Loading I I 1 I I i . TTL Load 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Error ±O.l f31 % 
Ollset Error. Bipolar ±O.1 t31 %0' FSRf • 1 

Differential Linearity Error (major carry) ±0.0015 ±0.003 %oIFSR 
Inherent Quantization Error ±1I2 LSB 

TOTAL HARMONIC DISTORTION'" 
V." = ±FS at I = 400Hz 

14-8it Resolution 0.006 0.006 % 
16-8it Resolution 0.004 0.006 % 

V." = -15dB at I = 400Hz 
14-81t Resolution 0.025 0.03 0.05 % 
16-Bit Resolution 0.015 0.02 0.021 % 

POWER SUPPLY SENSITIVITY 
±15VDC 0.003 %oIFSRI%V. 
+5VDC 0.001 %oIFSRI%V. 

CONVERSION TIME'" 
14 Bits 15 /IS 
16 Bits 17 /IS 

WARM-UP TIME 5 min 

DRIFT 
Gain ±20 ppm/'C 
Offset. Bipolar ±15 ppm 01 FSRrC 

OUTPUT 

DIGITAL (all codes complementary) 
Parallel 

Bipolar Output Codes!'1 COB.CTC'" 
Output Drive 2 TTL Loads 

S.rial Data Code (NRZ) CSB.COB 
Ou~put Drive 2 TTL Loads 

Status Logic "1" during conversion 
Status Output Orive 2 

I I 
TTL Loads 

Internal Clock: Output Drive 2 TTL Loads 
Frequency'" 933 kHz 

POWER SUPPLY REQUIREMENTS 

Power Consumption 0.525 W 
Rated Voltage: Analog ±14.5 '±15 ±15.5 VDC 

Digital +4.75 +5 +5.25 VDC 
Supply Drain: +15VDC +14 mA 

-15VDC -17 mA 

+5VDC +10 mA 

TEMPERATURE RANGE 

Specification 0 • +70 . 'c 
Operating (derated specs) -25 +85 'c 
Storage -55 +100 'c 

·Speclflcatlon same as PCM75KG. 
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NOTES: (1) Th. m.asur.m.nt of total harmonic distortion (THO) and Dynamic Rang. is highly d.p.nd.nt on the charact.ristics of th. sampl./hold 
amplifier, the digital-la-analog converter, the deglilchar. and the low-pass filter. To accurately measure THO and Dynamic Range, the accuracy of each 
device should be better than 16-blt accuracy. A block diagram showing the measurement technique Burr-Brown uses is shown in Figure 6. (2) OTLITTL 
compatible. I. •.• Logic "0" = 0.8V max. Logic "1" = 2.0V min for inputs. For digital outpuls Logic "0" = ~.4V max. Logic "1" = 2.4V min. (3) Adjustable to 
z.ro. (s •• "Optional Ext.rnal Gain and Offs.t Adjustm.nt") (4) FSR m.ans Full Scale Range. For .xampl •• unit connected for ±10V ra~g. has 20V 
FSR. (5) Conversion time may be shortened with "Short Cycls" set for lower resolution and with use of Clock Rate Control. See "Additional Optional 
Connections" section. The Clock Rate Control (pin 23) should be connected to Digital Common for specified max conversion tim •• Short Cycl. (pin 32) 
should be left open for 16-bit resolution or connected to the n + 1 digital output for n-bit resolution. For example. connect Short Cycle to bit 15 (pin 15) for 
14-bit resolution. (6) See Table I. CSB-Complementary Straight Binary. COB-Complementary Offset Binary. CTC-Complem.ntary Two's Compl.
m.nt. (7) CTC coding obtained by inverting MSB (pin 1). (8) Adjustabl. with Clock Rat. Control from approximat.,y 933kHz to 1.4MHz. S.e Figur.s 14 
and 15 and Tabl. III. 

MECHANICAL 

:-----. l----l 

CONNECTION DIAGRAM 

(MSB) Bitl 

Bit 2 

Blt3 

81t4 

BitS 

Blt6 

Bit7 

Blt8 

Bit9 

Pin numbers shown for reference 
only. Numbersmay not be marked on 
package. 

CASE: C.ramic 
MATING CONNECTOR: 

2302MC 
WEIGHT: 13 grams 10.460z., 
HERMETICITV: 

Conforms to method 1014 con~ 
dition C step 1 I fluorocarbon I of 
MIL-STD-883 Igross leak I. 

TOP VIEW 

A 1.618 1.112 42.62 

B 1019 1.101 2741 21.97 

C 180 210 4.51 ." 
U .016 .020 41 " r .04' 0" 140 

G 100 BASIC 2.54RAsrc 

H 089 .106 2.26 2.69 

I .009 012 23 .30 

K . 200 210 SO • 5.33 

.9ODBASIC 21.B6BASIC 

.015 030 J8 .. 
LEADS IN TRUE POSITION WITHIN .010· 
U5MMI R&MI'oIC AT SEATING PLANE 

SHORT CYCLE 

CONVERT COMMAND 

,SVDC SUPPLY 

GAIN ADJUST 

+15VDC SUPPLY 

COMPARATOR IN 

BIPOLAR OFFSET 

10V 

20V 

ANALOG COMMON 

-lSVDC SUPPLY 

CLOCK OUT 

DIGITAL COMMON 

Bit 11 

Bit 12 

(LSB for 13 bils) Bit 13 

(LSB for 14 bils) Bitt4 

Bit 15 

Bit 16 ~~~!:~~~~~~~~~~~~~~ STATUS 1 SERIAL OUT 

THEORY OF OPERATION 
The accuracy of a successive-approximation AI D con
verter is described by the transfer function shown in 
Figure I. All successive-approximation AI D converters 
have an inherent Quantization Error ±1/2LSB. The 
remaining errors in the AI D converters are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks. 
powersuppJy rejection, and reference errors. In summary. 
these errors consist of initial errors including Gain, 

Offset, Linearity. Differential Linearity, and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure I) about the zero or minus full scale point (all 
bits Off), and Offset drift shifts the line left or right over 
the operating temperature range. Total Harmonic 
Distortion (THD) is a measure of the magnitude and 
'distribution of the Linearity Error. Differential Linearity 
Error. and Noise. as well as Quantization Error, that is 
useful in Audio Applications. To be useful. THD should 
be specified for both high level and low level input 
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signals. This error is unadjustable· and is the most 
meaningful indicator, of A, D converter accuracy for 
Audio Applications. The resolution of an AI D converter 
can be expressed in .terms of Dynamic Range. The 
Dynamic Range is a· measure of the ratio of ihe smallest 
signals the converter can resolve to the full scale· range 
and is usually expressed in decibels (dB). The theoretical 
dynamic range of a converter is approximately 6 x n. 
where n is the number uf bits of resolution, or 96dB for a 
l6-bit converter. The actual or useful dynamic range is 
limited by noise and linearity errors and is therefore 
somewhat less than the theoretical limit. 

0000 ... 0000 

0000 ..• 0001 

:g O! II ... 1101 

g 0111 ... 1110 
I!!! 
e. Din ... 1111 
0-
::I 
~ 1000 ... 0000 
::I 

~ 1000 .• DODI 
~ 
;;; 1111 ... 1110 
is 

1111 ... 1111 

·FSR ANALOG I~PUT 
T EINOFF 

·See Table liar dlgllal code dellnallons. 

FIGURE I. Input vs Output foran Ideal Bipolar AI D 
Converier. 

TIMING CON.SIDERATIONS 
The timing diagram in Figure 2 assumes an analog input 
such that the positive true digital word 1001 1000 1001 
0110 exists. The output will be complementary as shown 
in Figure 2 (0110 om 0110 1001 is the digital output). 
Figures 3 and 4 are timing diagrams showing the rela
tionship of serial data to clock and valid data to status. 

DEFINITION OF DIGITAL CODES 
Parallel Data 
Two binary codes are available on the PCM75 parallel 
output; they are complementary (logic "0" is true) 
straight binary (CSB) for unipolar input signal ranges 
and complementary _offset binary (COB) for bipolar 
input signal ranges. Complementary two's complement 
(CTC) may be obtained by inverting MSB(pinl). 

Table 1 shows the LSB, transition values, and code defi
nitions for each possible analog input signal range for 
14-, 15- and l6-bit resolutions. Figure 5 shows the con· 
nections for l4-bit resolution, parallel data output, with 
±5V input. 

Serial Data 
Two straight binary (complementary) codes are available 
on the serial output line; they are eSB and eOB. The 
'serial data is available only during· conversion and 
appears with MSD occurring first. The serial data is syn
chronous with the internal clock as shown in the timing 
diag~am of Figure 2. The LSD and transition values 
shown in Table I also apply to the serial data output 
except for the eTC code. 

I-----~--- MAXIMUM THROUGHPUT TIME'" ----,---------,--1 
CONVERT 
COMMAND'" 
INTERNAL CLOCK 

STATUS (EDC) ---.l 

CONVERSION TIME 

MSB =~::J "0" 

BIT 2 . :::.r-L.J"=*=~---;:;; .. ;: ... ===================== 
BIT 3 :::::_J L-J ..... 
BIT 4 ___ J 1"0" r-

BIT 5 = ::....;~J ___ -'_--=I""O=··=;-_;::::::=============================-r-_ 
BIT 6 :::::::J . L-J'"J"" 
BIT 7 :::·-Jr----:-'--------,LJ· .... 
BIT 8 ::_J LJ· .... 
BIT 9 ---] 1"0" 

BIT 10 :::::J L-J"T' 
BIT II ::::::::...,Jr---------------'L.Jr.: .. -;;: ... ---.,.--.,.----.,.--...,-...,.-
BIT 12 ___ J 1"0"" 
BIT 13 ::::'::J LJ"T' 
BIT f4 ---JJ ____ -,-_.,...:-______ :...-__ ~ __ ~r=·o··::::;-:-:;;:---~r-
BIT '5' __ ~J' 1"0"" r-
BIT '6 MBB 
SERIAL ,oj DATA OUT __ ov ......... _I'-'r-::2~: -'3:-"1 4 : 5 

I -0:' "'" "'" "0" . "0" 
I NOTES: 

I. The convert comllllnd musl be Illelll 50ns wid. Ind mull remain low during I 
convenlon. The convenlon IsinlUIIed bV Ihe "railing edge" of Ihe convert command. 

2. '71J1 for '6bltJ. - . 
3. USllrllllng (high ID low)ldg. of clock ID strobe each urlll oulflul blL 

FIGURE 2. Timing Diagram. 
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SERIAL OUT I 
I 
I , 

I 
I 
1 
1 
1 
1--4O-125nl' 

FIGURE 3. Timing Relationship of Serial Data to 
Clock. 

i DOTTED liNES ARE -
I EXTERNAL 

BIT 16 
1 

\ l----~~-'~-:~~~--_ -----~I 

STATUS 

1 
1 
I 
1 
I 
I 

-I 
I 
I 
I 

I 

't--4O-125R1 

FIGURE 4. Timing Relationship of Valid Data to 
Status. 

: CONNECTIONS. 
1 

H~=::---------..... -----------< +5VOC 

I .. I 
i)--;-;;;=--+----<~:=:GA"'IN::---+--........ --..... ---...;,.-< +15VDC 

~ 

~ .... => . ... .... 
=> .. ... 
c; 
9 

PCM75 

__ oJ 

ADJUST IDkel to 

~~~~~~:--:~~r~~~~IM~III~tOt~~?IOOkel 
). OFFSET 

ADJUST 
(Opllonall 

DIGITAL 
COMMON 

·Capacltor should bl conn ectad IVen II axtarnal gain adlultll nol ulld. 

FIGURE 5. PCM75 Connections for: ±5V Audio Input, 14-Bit Resolution (Short-Cycled), Parallel Data Output. 

TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 

Binary / BIN) 
INPUT VOLTAGE' RANGE AND LSB' VALUES 

Output 

Audio Input 
Defined As: ±10V ±SV ±2.SV 010 +10V 010 +SV Oto +20V 

Voltage Range 

Code COBII) COBII) COBIl) 
Designation orCTC(2) orCTC(2) orCTC(2) CSB(3) eSB(3) eSB(3) 

One Least FSR 20V' 10V SV 10V ~ 20V 

Significant 2" 2" 2" 2" 2" 2n 2" 
BitILSB) n=16 30S"V lS3"V 77"V lS3"V 77"V 3OS"V 

n=lS 610"V 30S"V lS3"V 30S"V 153"V 610"V 
0=14 1.22mV 610"V' 3OS"V 6.0"V 30S"V 1.22mV 

Transition Values 
MSB LSB 
000 ... 000(4) +Full Scale +10V -3f2LSB +SV'-3f2LSB +2.SV -3f2LSB +lOV -3f2LSB +SV-3f2LSB +20V -3/2LSB 
011...111 Mid Scale 0 0 0 +SV +2.SV +10V 
111...110 -Full Scale -10V +lf2LSB -SV +lf2LSB -2.SV +1/2LSB 0+1f2LSB o +1f2LSB o +lf2LSB 

/1) COB = Complementary Offset Binary (3) CSB = Complementary Straight Binary 
(2) CTC = Complementary Two's Complement - Obtained by (41 Voltages give'n are'the nominal value 

inverting the most significan~ bit. MSa (pin 11. for transition to the code specified. 
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DISCUSSION OF 
SPECI FICATI ONS 
The PCM75 is specified to provide critical performance 
criteria for a wide variety of applications. The most 
critical specifications for an A, D converter in audio 
applications are total harmonic distortion. drift. gain and 
offset errors. and conversion time effects on accuracy. 
The ADC is factory-trimmed and tested for all critical key 
specifications. 

CONVERT COMMAND CONSIDERATIONS 
Convert command resets the converter whenever taken 
high. This insures a valid conversion on the first conver-
sion after power-up. . 

Convert command must stay low during a conversion 
unless it is desired to reset the converter during a conver
sion. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory trimmed to 
typically ±O.I% of FSR (typically ±0.05% for unipolar 
offset) at 25°C. These errors may be trimmed to zero by 
connecting external trim potentiometers as shown in 
Figures 12 and 13. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The PCM75 power supply sensitivity is specified for 
±0.003% of FSR/%V. for ±15VDC supplies and 
±0.0015% of FSR/%V. for+5VDC supplies. Normally. 
regulated power supplies with I % or less ripple are 
recommended for use with this ADC. See Layout Pre
cautions, Power Supply Decoupling, and Figure 9. 

TOTAL HARMONIC DISTORTION 

The Total Harmonic Distortion (THD) is defined as the 
ratio of the square root of the sum of the squares of the 
value of the rms harmonics to the value of the rms 
fundamental and is expressed in percent or dB. A block 
diagram of the test circuit used to· measure the TH D of 
the PCM75 is shown in Figure 6 along with a timing 
diagram for the control logic. If we assume that the error 
due to the test circuit is negligible. then the rms value of 
the PCM75 error referred to the input can be shown to be 

where N is the number of samples. Edi) is the linearity 
error of the PCM75 at each sampling point. and EQ(i) is 
the quantization error at each sampling point. The THD 
can then be expressed as 

.!.. ~. [Edi) + EQ(i)]' 
f N i: I THD = ~ = --'-__ c--_.....,-_____ X 100% 

Erm\ Erm\ 

This expression indicates that there is a correlation 
between the THD and the square root of the sum of the 
squares of the linearity errors at each digital word of 
interest. HQwever. this expression does not mean that the 
worst-case linearity error of the AI D is directly correlated 
to the THD because the digital output words from the 
AI D vary according to the amplitude and frequency of 
the sine wave input as well as the sampling frequency. 

For the PCM75 the test sampling period was chosen to 
be 22.7 ).Is, which is compatible with the EIAJ STC-007 
specification for PCM audio. The test frequency is 
400Hz and the amplitude of the input signal is OdB (full 
scale) and -15dB. 

DD OPA 102 ANALOG DD 3550K 
OR EQUIVALENT SWITCH DR EQUIVALENT 

r----l 10ko 
I I - VOUT 

Li- -r-'OEGLITCHERs5PF " 

HP 339A 
DR EQUIVALENT 

I 
I 
I 
I 
I 
I 
I 
I 

SEE SIH SCHEMATIC 
lFIGURE 7) 

-" - '-<. CONTROL - \ 

. LSIMPlIFIEO SCHEMATIC OF OEGLITCHER \ 

CONVERT 
COMMAND 

BAC73KOR 
EQUIVALENT 

DEGLITCHER CONTROL 

SEE CONTROL LOGIC TIMING (FIGURE 81 

\ 

FIGURE 6. Block Diagram of Distortion Test Circuit. 

5-128 

-20 

40 
Oil" 

;- -60 

~ -60 

-100 

-120 

LOW-PASS FIlTER 
CHARACTERISTICS 

./\1 

" 1 101 102 103 ln4 105 
FREQUENCY (Hz) 



ACCURACY VS CONVERSION TIME 

Figures 16 and 17 show the relationship of THD vs input 
voltage level for the PCM75 with both 14-bit and 16-bit 
resolution. Notice that the distortion level is reduced by 
increasing the resolution from 14 to 16 bits due to the 
reduced quantization error: 

·3.9kn 
·15VOC 

'CAPACITORS WITH HIGH INSULATION RESISTANCE AND LOW DIELECTRIC 
ABSORPTION SUCH AS TEFLON. POLYSTYRENE. OR POLYPROPYLENE SHOULD 
BE USED. 

FIGURE 7. Schematic of Sample/ Hold Amplifier. 

A: 

B: 

C: 
0: 

2Z.6983pa - --5ps~ r-- : 

S/HCONTROL ~ 
CONVERT ~ 
COMMAND 
STATUSOFADC~ 
IFOR REFERENCE) 
LATCHENABLE ~ 
OEGLITCHER ....,:-- 5DOns 
CONTROL ~ 

--.: :..- 2.5pa , 

FS=44.Q5I1kHz ~ 
(FOR REFERENCE) 

FIGURE 8. Control Logic Timing for PCM75 
. Distortion Test Circuit. 

LAYOUT AND OPERATING 
INSTRUCTIONS 
LAYOUT PRECAUTIONS 
Analog and Digital Common are not connected internally 
in the PCM75 but should be connected together as close 
to the unit as possible. preferably to a large plane under 
the ADC. If these grounds must be run separately. use 
wide conductor pattern and a 0.0 I~F to O.I~ F nonp8lar
ized bypass capacitor between analog and digital com
mons at the unit. Low impedance analog and digital 
common returns are essential for low noise performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. The comparator input 
(pin 27) is extremely sensitive to noise. Any connection to . 
this point should be as short as possible and shielded by 
Analog Common or ±15VDC supply patterns. 

POWER SUPPLY DECOUPLING 
The power supplies should be bypassed with tantalum or 
electrolytic capacitors as shown in Figure 9 to obtain 
noise free operation. These capacitors should be located 
close to the ADC. Bypass the I~F electrolytic type 
capacitors with O.Ol~F ceramic capacitors for improved 
high frequency performance. 

+5VOC.. 1+ ® 
® 1 · ·15VOC 

~
I"F 

I I~F 
22 . + AUDIO 

. COMMON 
.. - ® 

DIGITAL COMMON ("F ® + • +15VOC 

FIGURE 9. Recommended Power Supply Decoupling. 

INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order tll 
utilize the maximum signal resolution of the A. D 
converter. Connect the input signal as shown in Table II. 
See Figure 10 for circuit details. 

TABLE II. PCM75 Input Scaling Connections. 

Connect 
Input Connect Connect Input 
Signal Output Pin 26 Pin 24 Signal 
Range Code To Pin To To Pin 

±10V COBorCTC' 27 Input Sig. 24 
±5V COBorCTC' 27 Open 25 

±2.5V COBorCTC' 27 Pin 27 25 
Oto+5V CSB 22 Pin27 25 
Oto +10V CSB 22 Open 25 
Oto +20V CSB 22 Input 5ig. 24 

'Obtained by inverting M5B [pin 1 I. 

® 
COMP .• 

IN 21'~----------~------~~ 
l3kO 
~. 

wtfs~: hREF 

FIGURE 10. PCM75 Input Scaling Circuit. 

INPUT IMPEDANCE 

.The input signal to the PCM75 should come from a low 
impedance source. such as the output of an op amp. to 
avoid any errors due to the relatively low input impedance 
of the PCM75. 

If this impedance is not low. a buffer amplifier should be 
added between the input signal and the direct input to 
the PCM75 as shown in Figure II. 
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~ 1" . + LM310 . 

. AUDIO INPUT OUOUIVALENT 
SIGNAL 

5kO 

5kO PCM75 

. FIGURE H.Buffer Amplifier for PCM75 Input. 

OPTIONAL EXTERNAL GAIN AND OFFSET 
ADJUSTMENTS 
Gain and Offset errors may be tri~med to zero using 
external gain and offset trim potentiometers connected 
to the ADC as shown in Figures 12 and 13. Multiturn 
potentiometers with lOOppm/oC or better TCRs' are 
rec~mmended for ·minimum drift over temperature and 
time. These pots may be any value from lOkO to lOOkO. 
All resistors should be 20% carbon or better. Pin 29 
(Gain Adjust) and pin 27 (Offset Adjust) may be left 
open if no external ~djustment is required; powever, pin 
29 should always be bypassed with O.OI/lF to Audio 
Common. 

ADJUSTMENT PROCEDURE 

OFFSET-Connect the Offset potentioineter (ma\{c: sure 
Rds as close to pin 27 ,as pos~ible) as shown in Figure 12. 
Sweep the.input through the end point tr,msition voltage 
that should cause an output transition to all bits off 
(Eol,:).. . 

Adjust the Offset potentiometer until the aCtual end point 
transition voltage occurs at EOI':' The .ideal transition 
voltage values <if the input are given in Table I. 

lal 

'l.8Mo 
®I---''''~''''''''--_''~ IOkO to 10000 ~ 

+15VOC 

COMPo IN OFFSET ADJUST 

·15VOC 

Ibl i +15VOC 

~j80kO I8OkO. IBkoto.IOOkO 

COMPo IN 221IO" OFFSETAoJUST 
.' . ·15VoC 

FIGURE 12. Two Methods of Connecting Optional 
Offset Adjust. 

-. 

GAIN-Connect the Gain adjust potentiometer as shown 
in Figure 13. Sweep,the input through the end point 
transition voltage that should cause an output transition 
to all bits on (E~~). Adjust the Gain potentiometer until 

. the actual end p~int transition voltage occurs.at E(:~. 
Table I details the transition voltage levels required. 

~
+15VoC 

. 5IUkO' 
GAIN ADJUST @ 1. Wv--+ IUko.to 1000o 

. 0.01 ~F GAIN ADJUST 
AUDIOCOMMON~ ·15VOC 

FIGURE 13. Connecting Optional Gain Adjust. 

OUTPUT DRIVE 

Normally all PCM75 logic outputs will drive two stan
dard TTL loads; however. if long digital lines must be 
driven. external logic buffers are recommended. 

ADDITIONAL OPTIONAL CONNECTIONS 

The PCM75 may be operated with faster conversion 
times for resolutions less than 14 bits. if a higher TH Dis 
acceptable, by connecting Short Cycle (pin 32) as shown 
in Table III. Typical conversion times for the resohition 

. and connections are indicated. 

TABLE III. Short Cycle Connections for 14- to 16-Bit 
Resolutions. . 

R.solution (BItS) 16 15 14' 

Connect Pin 32 to Open Pin 16 Pin 15 
Conversion Time (Typical) psec 17 16 i5 

The Clock Rate pin may be conne.cted to an external 
multiturn trim potentiometer with a TCR of ±IOOppm/ °C 
or less as shown i~ Figure 14. The typical conversion 
time vs the Clock Rate Control voltage is shown in Fig
ure IS. The effect of varying the conversion.time and the 
resolution on the total harmonic distortion is shown in 
Figures 16 and 17. 

1+15VoC 

CLOCK . 
RATECONTROL@r-- .5kO 

-=- CLOCK FREQUENCY ADJUST 

FIGURE 14. Clock Rate Control~ Optional Fine Adjust. 

I 20 
TYPICAL 

-'" ~ 15 
~ 

~ -III-BIT OPERATION 
L 

""'IL 
z: 
co .. ..... 

100:::: I4-BIT OPERATION 
-=:'" 

I"'<; 
10 0 2 4 """"" i 

CONTROL VOLTAGE ON PIN 23 

FIGURE 15. Conversion Time vs Clock Rate Control 
Voltage .. 
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FIGURE 16. Total Harmonic Distortion vs Conversion 
Time. 
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FIGURE 17. Total Harmonic Distortion vs Input 
Voltage Level. 
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DIGITAL-TO-ANALOG 
CONVERTERS 

The Burr-Brown digital-to-analog converter product line contains a' 
broad variety of products designed to simplify your task of converting 
digital information to analog form. The available products provide 
resolutions ranging from 8 bits to 16 bits, and ericompass a variety of 
performance features and package types engineered to meet your 
needs for accuracy and reliability at low cost. 

These products are designed to ease the task of application. Most 
units are complete, requiring no external components to achieve the 
desired function. All the D/A converters listed in this section include an 
internal reference and most have an output voltage amplifier, although 
the line also includes current output versions carefully designed for 
applications requiring current outputs, such as driving displays. 

For low-cost general-purpose applications, consider the pin-compa
tible DAC800 and DAC80. If you require high resolution and accuracy, 
such as in test equipment and high performance instrumentation, the 
DAC700 and DAC70 families provide a variety of alternatives. Need 
high speed? Try the ECL-compatible DAC63 or TTL-compatible 
DAC812. The PCM52 and PCM53 have been optimized to provide 16-
bit resolution with very low total harmonic distortion, required in audio 
and acoustic applications. Recent additions to the line include 
DAC7081709 and DAC811, deSigned for complete microprocessor 
compatibility. Refer to the Selection Guide in this section for a com
pletelisting of available products. 

Whether your system requires low cost, high resolution, high speed, 
wide temperature range, or low drift, consider Burr-Brown-a world 
leader in D/A converters. 
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DIGITAL-TO-ANALOG CONVERTERS 
FOR INDUSTRIAL APPLICATIONS 

SELECTION GUIDE 

The Burr-Brown DAC80 set the world-wide standard for complete 
hybrid and monolithic l2-bit D / A converters used in the past 10 
years. Two years ago we added the DAC811, a complete 12~bit D/A 
converter with reference, output op amp and microprocessor 
interface logic-all on a single chip. 

are complete monolithic D/ A converters. DAC705 through DAC709 
provide microprocessor interface logic, allowing 8- and 16-bit ports, 
as well as serial data input (DAC708f709). 

Burr-Brown is a world leader in the design and nianufacture of 
16-bit resolution D/ A converters. Our product line includes a wide 
range of circuit options and packages, PAC700 through DAC703 

Technical advances in design and manufacturing, plus high volume 
',production., ,have pushed our l6-bit D/A family far down the 
'. learning curVe., A user today 'needs to carefully consider the low

cost 16-bit .options before designing in an 8- or 12-bit converter. 

'6-BIT DI!3ITAL-TO-ANALOG CONVERTERS, 

Resolu- Linearity Gain Drift. Zero Drift, Settling Temp 

tion Error, max maxl~1 max Output Time, Range 
Description Model'" (Bits) (% of FSR) (ppm/oC) (ppm FSRI"C) Ranges maxl31 '" Package Page 

High DAC700KH 16 ±O.OO3 ±25 ±5 Oto-lmA il/SElc ,'com 6-96 
Resolution, DAC700LH' 16 ±O.OO15 "±10 ±3 Oto-lmA lpsec Com { 24-pln OIP. 6-98 
Monolithic, DAC700BH, (10M) 16 ±O.O~ ±15 ±3 Oto:-lmA ',..OC Ind Hermetic, 6-98 
Industry DAC700CH 16 ±O.OO15 ( ±10 ±3 Oto-imA lpsec Ind Ceramic 6-96 
Standard; DAC700SH. (10M) 16 ±O.OO3 :tIS ±3 Oto-lmA lJ1sec MIL 6~98 

OAe 70, DAC700BL, (10M) 16 ±O.OO3 ±15 ±3 Oto-lmA lpsec Ind t6-term, LCC, 6-98 
71,72 DAC700SL, (10M) '16 ±0.OO3 ±15 ±3 o to -~mA '1pSec MIL Hermetic, 6-98 
Compatible , Ceramic 

DAC701KH 16 ±O:OOO ±25 ±5 o to HOV .... ec Com 6-96 
DAC701LH 16 ±0.OO15 *10 ±3 010.fl0V Spsec Com { 24-pln OIP. 6-96 
DAC7018H, (10M) 16 ±0.003 ,:±15 ±3 Oto+l0V ' 8psec Ind Hermetic, 6-96 
DAC701CH 16 ±0.OOI5 '±10 ±3 o to +10V .... ec Ind Ceramic 6-96 
DAC701SH,'(I0M) 16 ±0.003 ±15 ±3 010+10V Spsec MIL 6-98 
DAC701 BL, (10M) 16 ±0.003 ±15 ±3 010 +10V .... ec Ind t6-term, LCC, 6-96 
DAC701 SL, (10M) 16 ±0·.003 . ±15 ±3 ,OtoHOV Spsec MIL Hermetic, 6-96 

Ceramic 

DAC702JP 16 ±Q.006 ±30 ±15 ±1mA 350nsec, typ Com { 24-pin DIP, 6-96 
DAC702KP 16 ±O.OO3 ±25 ±12 ±1mA ,,,,ec Com Plastic EHi6 
DAC702KH 16 ±O.O03 ±25 ±12 ±lmA 11'SOC Com 6-96 
DAC702LH 16 ±O.OO15 ±10 ±5 ±lmA 1#S8C Com { 24-p;n OIP, 6-96 
DAC702BH, (lQ'M) , Hi ±0.003 '±15 .. ±10 ±lmA , .... c 'Ind Hermetic, 6-96 
DAC702CH 16 fo.oa15 ±10 ±5 ±1mA 1#Sec Ind Ceramic 6-96 
DAC702SH, (10M) 16 ±O.OO3 ±15 ' ±10 ±lmA 1#Sec MIL 6-96 
DAC702BL, (10M) 16 ±O.O03 ±15 ±10 ±lmA 1pSec Ind' C8-term. LCC, 6-96 
DAC702Sl", (10M) 16 ±O.OO3 ±15 ±10 ±lmA ,,,,ec MIL Hermetic, 6-98 

Ceramic 

DAC703JP 16 ±D.OO6 • ±30 ±15 ±10V 4¢;ec, typ Com { 24-pin DIP, 6-98 
DAC703KP 16 ±0.OO3 ±25 ±12 ±10V Bpsec Com Plastic 6-98 
DAC703KH 16 ±O.003 ±25 :t'2 ±10V 8#Sec Com 6-96 
DAC703LH 16 ±0.0015 +10 ±5 .. 

±10V . Bpsec ' Com { 24-p;n OIP • 6-98 
DAC703BH, (10M) 16 ±O.O03 ±15 ±10 ±10V .... ec Ind Hermetic, 6-98 
DAC703CH 16 ±0.OO15 ±10 . ±5 ±10V .... ec Ind .' Ceramic 6-98 
DAC703SH, (10M) 16 ±O.OO3 ±15 , ±10 ±10V .... ec MIL 6-96 
DAC703BL, (10M) 16 ±0.OO3 ±15 . ±10 ±10V' ..... c Ind { 26-t.,m, LCC • 6-96 
DAC703SL, (10M) 16 ±O.OO3 ±15 ±10 ±10V .... ec MIL, Hermetic, 6-98 

Ceramic 

High DAC705KH 16, ±O.OO3 ±25 ±12 .. ±5V' ""sec Com { '28-pin DIP, 6-106 
Resolution, DAC7058H, (10M) 16 . ±0.OO3 ±15 ±10 ±5V , Spsec Ind Hermetic; 6-106 
Micro- DAC705SH, (10M) 16 ±0.O03 ±15 ±10 ±5V .... ec MtL .. Ceramic 6-106 
Processor 

DAC706KH 16 ", ±0:OO3 ±25 ±12 ±lmA 
" 350nsec, typ Com { ,28-pln DIP, 6-106 Interface, 

16-bitport DAC706BH, (10M) 16 ±0.OO3 ±15 ±10 ±lmA 350nsec, typ Ind . Hermetic, 6-106 
DAC706SH, (10M) 16 ·±C.D03 ±15 .±10· ±lmA 350nsec, typ MIL Ceramic 6-106 

DAC707KH 16 ±0.OO3 ±25 ±12 ±10V., 8psec C.om { 28-pin DIP, 6-106 
DAC707BH .. (10M) 16 ±O.OO3 ±15 ±10' ±10V ""sec Ind Hermetic, 6-106 
OAC707SH, (10M) .' 16 .. ±O.OO3 ±15 ±10 ±10V .8pse9 MtL Ceramic 6-106 

High DAC708KH 16 ±O.OOO ±25 ±5U ±12S's, ±I,-2mA 350nsec, typ Com { 24-pin DIP, 6-106 
Resolution, DAC708BH, (10M) 16 ±C.C03 ±15' ±3U: ±;OBI51 ±1,-2mA 350nsec; typ Ind Hermetic, 6-106 
Micro- OAC708SH, {10M) 16 ±O.OO3 ±15 ±3U,. ±10B~' ±1,-.2mA 350nsec, typ MIL , Ceramic 6-106 
Processor 

OAC709KH 16 ±O.OO3 ±25 ±~U, ±12B151 
Interface, ±5,±10, .... ec COrfl { 2~pln DIP, 6-106 

B-blt Port, OAC709BH, (10M) 16 ±O.O03 ±15 ±3U, ±10S,sf , +10V ' BIIsec Ind . He'rmetic, 6-106 

Serial Input DAC709SH, (lO.MI 16 ±o.OO3 ±15 ±3U,.±10S'S' .... ec MtL Ceramic 6-106 
" 

Motor; DAC710KH 16 ±O.OO3 ±50 ±1mA 350nsec, typ . Com { 24-pin DIP, 6-116 
Control, DAC111KH 16 OLE around ±50 ±10V 6psec Com' Hermetic, 6-116 
Monolithic BPZero Ceramic 

Monolithic DAC71-CSB-1 16 ±.OO3 ±45: ±1 O10-2mA 1#S8C ,e.om { 24-p;n DIP. 6-28 
Replace- OAC71-COB-1 16 ±.OO3 I ±45 .' ±40 ±lmA l#sec Com Hermetic, 6-28 
mentsfor OAC71-COB-V 16 ±.O03 ±15 ±10, . ,±10V, , .... c Com Ceramic 6-2B 
Industry DAC71-CSB-V 16 ±.OO3 ±15 ±2 010 HOV lo,..oc Com 6-28 
Standard 
Hybrids 

CCDCode OAC71-CCD-1 4 Digit ±Q.OO5 ±45 ±1 Oto -1,25mA lpSec Com' 24-pin DIP 6-35 
Hybrids OAC71-CCD-V 40lglt ±Q.005 ±15 ±1 Oto +10V 1D#1Sec Com 24-pin DIP 6-35 

High DAC73J 16 ±0.OO15 ±10,el ±2U, ±5B18I f ±1,-2mA 50psec, typ Com Modular 6-41 
Resolution, DAC73K 16 ±O.OOO75 ±101ef ±2U, ±5B'8I ±2.5, ±5, ±10, 5Opsec, typ Com Modular 6-41 
High DAC736J 16 ±O.OOI5 ±10,e, ±2U,±5B'8I +5, +10V 50#Sec,typ Com Modular 6-41 
Accuracy. DAC736K 16 ±0.OOO75 .' ±10,e, ±2U, ±5B181 5Opsec, typ Com Modular 6-41 
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Description 

Monolithic, 
Low Cost, 
Industry 
Standard 
Pinout 

Monolithic, 
Micro
Processor 
Interface, 
low Cost 

Industry 
Standard 
DACaO 
Monolithic 

DAC80 with 
DeCimal 
Coding 

Industry 
Standard 
DACBS 
Monolithic 

Mil Temp. 
-55DCIO 
+125DC, 
Monolithic 

Ultra-High 
Speed, 
ECl Input 

UltrQ.·Hlgh 
Speed, 
TIL Input 

Monolithic 
B·Bit 

Wide Temp 
-5SoC to 
+200DC 

Military 

OAC600P-CBI-1 
DAcaOOP-CBI-V 

DAC600-CBI-1 
DACBOo-CBI·V 

DACasD-CBI-I. (10M) 
DAC850-CBI-V, (10M) 

DAC6S0BL-I. (10M) 
DAC650BL-V. (10M) 

DACB51-CBI-I, (10M) 
DACB51·CBI·V, (10M) 

DAC651Sl-l, (10M) 
DAC651SL-V, (10M) 

DACal1JP 
DACallKP 
DAC811AH, (10M) 
DAC811BH, (10M) 
DAC811RH, (10M) 
DAC811SH, (10M) 
DAC811Al, (10M) 
DAC811BL, (10M) 
DACBllRl, (10M) 
DAC81lSL, (10M) 

DAC80·CBI·1 
DACBD--CBI·V 

. DACBOP-CBI-I 
DACBOP-CBI-V 

DAC8o-CCD-1 
DACSO·CCD·V 

DACB5H-CBI-I, (OM) 
DAC8SH-CBi·V, (OM) 

DACBSl.v, (OM) 

DACB7H-CB1·V, (OM) 

DAC87l-V, (OM) 

DAC63BG 
DAC63CG 
DAC63BM 
DAC63CM 
DAC63SM 
OAC63TM 

DAC812BM 
DACB12CM 

DAC90BG. (a) 
DAC90SG. CO) 

OAC10HT 

Resolu
tion 

(Bils) 

12 
12 

12 
12 

12 
12 

12 
12 

12 
12 

12 
12 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 . 

12 
12 

12 
12 

3 Digit 
3 Digit 

12 
12 

12 

12 

12 

12 
12 
12 
12 
12 
12 

12 
12 

• 12 

12 

12-BIT DIGITAL-TO-ANALOG CONVERTERS 

Linearity 
Error, max 
(% 01 FSR) 

±O.012 
±O.012 

±O.012 
±O.012 

±O.012 
±O.012 

±O.012 
±O.012 

±O.012 
±O.012 

±O.012 
±O.012 

±O.012 
±0.006 
±O.012 
±O.006 
±O.012 
±O.006 
±O.012 
±O.006 
±O.OI2 
±O.006 

±O.012 
±0.012 

±0.012 
±0.012 

±0.D25 
±0.02S 

±O.012 
±O.012 

±0.012 

±0.012 

±0.OI2 

±0.OI2 
±0.OI2 
±0.OI2 
±0.012 
±0.012 
±O.OI2 

±O.012 
±0.012 

±0.2 
±0.2 

±0.012 

Gain Drlf1, 
maxl2• 

(ppm/DC) 

±30 
±30 

.t30 
±30 

±20 
±20 

±20 
±20 

±25 
±25 

±25 
±25 

±30 
±20 
±3() 
±20 
±3() 
±20 
±3() 
±2O 
±30 
±20 

±30 
±30 

±30 
±30 

±30 
±30 

±20 
±20 

±20 

±20 

±20 

±4O 
±30 
±4O 
±3() 
±40 
±3() 

±40 
±2O 

±75 
±75 

±101tl 

Zero Drill, 
max 

(ppm FSRloC) 

±3U, ±1SS171 

±3U, ±1S8111 

±3U, ±15BI?i 

±3U, ±1SBf7I 

±3U,±10a'" 
±3U, ±10a'71 

±3U,±10BI7! 
±3U, ±10BI7! 

±3U, ±15Bm 

±3U, ±15SIn 

±3U, ±15B'" 
,.t3U, ±15S'" 

±10U, ±10BcS1 
±7U,±7ScS1 

±10U. ±10B'51 
±7U,±7B'S' 

±10U, ±10B'51 
±7U,±7S'51 

±10U, ±10SI " 

±7U. ±7SC51 
±10U. ±10S151 
±7U,±7B'51 

±3U, ±15Bm 

±3U, ±15B'" 

±3U,±15BI7J 

±3U,±15BI7! 

±3U, ±15SC1I 

±3U,±15Sr7I 

±3U, ±10BI7I 

±3U.±10BITI 

±3U,±10BI7I 

±3U, ±10e l1l 

±3U, ±10Bm 

±1U, ±15B111 

±0.6U, ±10Bm 

±lU, ±15Bm 

±O.6U, ±10e!71 
±lU, ±15SI1I 

±0.6U, ±IOB I1I 

±lU,±15Si1) 
±O.su, ±10B I7I 

±2U, ±75B(11I 
±2U, ±75BI1I 

±2U.±10a!71 

Output 
Ranges 

±1. -2mA 

{ ±2.5. ±5, ±10, 
+5, HOV 
±1.-2mA 

{ ±2.5, ±5, ±10, 
+5, HOV 

±1, -2mA 

{ ±2.5. ±5, ±lQ, 
+5, +10V 
±1, -2mA 

{ ±2.5, ±5, ±10, 
+5, +lOV 

±1, 2mA 

{ ±2.5, ;t5, ±10, 
+5, +10V 
±1,-2mA 

{ ±2.5, ±5, ±10, 
+5, +10V 

. ±5, ±10, +10 
±5, ±10, +10 
±5, ±10, +10 
±5, ±10, +10 
±5, ±10, +10 
±5, ±10, +10 
±5, ±10, +,0 
±5,±10,+10 
±5, ±10, +10 
±5. ±10, +10 

±1, 2mA 

{ ±2.5, ±5, ±10, 
+5,·+10V 
±I,-2mA 

{ ±2.5, ±S. ±10, 
+5, +10 

Oto-2mA 
010 +lOV 

±l, -2mA !±2.5, ±5, ±10, 
+5, +lOV 

±2.5, ±5, ±10, 
+5, +10V 

{ ±2.5, ±5, ±10, 
+5, +10 

{ ±2.5, ±5. ±10 
+5, +10 

±5, -lOrnA 
±5, -lOrnA 
±5, -lOrnA 
±5,-lOmA 
±5, -lOrnA 
±5,-10mA 

±5, -lOrnA 
±5,-10mA 

±l,-2mA 
±1, -2mA 

±2.S, ±5, ±10, 

See Military Products, Bection 12. 

Settling 
Time, 
maxl31 

3DOnsee, typ 
5IJSoc 

300nsoc. typ 
5psoc 

300nsec, typ 
Spsec 

300nsec, typ 
5psec 

300nsec, Iyp 
.5pse~ 

300nsec, typ 
5psec 

4.usec 
4psoc 
4psec 

" 4psec 
4psec 
4psec 
4psec 
4psec 
4psec 
4psec 

300nsec, typ 
3psec, typ 

3OOnsec, typ 
3psec,lyp 

300nsec, typ 
Spsec, typ, 

300nsec, typ 
3psec, typ 

3psec, typ 

3psec, typ 

3psec, typ 

5SnseclQJ 

5Onsec~g, 
55nsec,g, 
SOnsec'lD 
S5nsecC81 
SOnsecfll 

65nsec 
80nsec 

200nsec, typ 
200nsec::, typ 

300nsec, typ 

Temp 
Range 

Com 
Com 

Com 
Com 

lod 
lod 

1M 
lod 

MIL 
MIL 

MIL 
MIL 

'Com 
Com 
Iod 
lod 
MIL 
MIL 
lod 
lod 
MIL 
MIL 

Com 
Com 

Com 
Com 

Com 
Com 

lod 
1M 

lod 

MIL 

MIL 

lod 
lod 
lod 
lod 
MIL 
MIL 

lod 
Iod 

lod 
MIL 

Package 

{ 24-pin DIP, 
Plastic 

{ 
24-pin DIP, 
Hermetic, 
Ceramic 

{ 24·pln DIP, 
Hermetic, 

{
Ceramic 

2S·term. LeC, 
Hermetic, 
Ceramic 

24--pinDIP, 
Hermetic, 
Ceramic 

2a-term. LCe, 
Hermetic, 
Ceramic 

t 2'-p'o DIP. 
Plastic 

28·pln DIP, 
Hermetic, 

, Ceramic 

{
2a-term. lCC, 

Hermetic, 
Ceramic 

1

124-PIO DIP, 
Hermetic, 
Ceramic 

24·pin DIP, 
Plastic 

24-pln DIP, 
Ceramic 

24·pin DIP, 
Hermetic, 
Ceramic 

2B~term lCC, 
Hermetic, 
Ceramic 

24-pin DIP 
Hermetic, 
Ceramic 

26-term. lCC, 
Hermetic, 
Ceramic 

t 
24-pln DIP, 

Ceramic 
24·pln DIP, 
Hermetic, . 

Metal 

{ 24-Pin DIP, 
Hermetic 

16-pin DIP 
Hermetic, 
Ceramic 

24--pln DIP 
Hermetic, 
Ceramic 

Page 

6-123 
6-123 

6-123 
6-123 

6·144 
6·144 

6-144 
6·144 

6·144 
6-144 

6-130 
6·130 
6·130 
6-130 
6-130 
6-130 
6·130 
6-130 
6-130 
6-130 

6-84 
6·64 

6-64 
6-64 

6-72 
6-72 

6-'5 
6-'5 

6-.. 

6·85 

6·85 

6-12 
6-12 
6-12 
6-12 
6-12 
6-12 

. 6·138 
6·138 
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NOTES: (1) "0" or "10M" Indicates product Is also available With screening for Increased reliability. See High Reliability Screening, section 12. (2) ThiS spec applies to current 
output D/A converters when used with an external output amplifier and also using the internal feedback resistor of the O/A converter. (3) For 12·bit converters: settling to within 
±O.012% of FSR (±1I2LSB). Forl6-bit converters: settling to within ±0.003% of FSR. (4) Com = 0 to +70°C, Ind = -25°C to +85"C, MIL = -55"C to +125°C. (5) U = Unipolar Zero; 
B = Bipolar Zero. (6) Exclusive of Reference Drift. (7) U = Unipolar Zero; B = Bipolar Offset. (8) OAC80Z models are available that operate from ±12V power 
supplies. (9) Settling time to within ±1LSB. ' 

DIGITAL-TO-ANALOG CONVERTERS FOR COMMERCIAL APPLICATIONS 

Achieving new levels of price/performance in low cost D/As, these 
12- and l6-bit converters are truly the lowest priced complete D / As 
on the market. The prices of these parts make it possible to apply 
high resolution solutions to your cost sensitive applications. These 
D / A converters are ideal for applications where high resolution and 

monotonicity are the key application parameters and where tightly
specified performance over temperature is not required. Use of 
reliable, cost-effective plastic packages makes these parts the solution 
of choice in many commercial applications. 

Description 

12~Blt 

Micropro· 
cessor 
Interface 

16-Blt 

.DAC1200KP-V 

OACl201Kp·V 

DACl600JP-V 
DAC1S00KP-V 

R9501u· 
tion 

IBllSl 

12 

12 

I. I. 

Linearity 
Error, max 
(%of FSR) 

±a.01B 

±a.Ot8 

±a.DOS 
±a.OO3 

DIGITAL-TO-ANALOG CONVERTERS 

Gain Drift, 
Iyp 

(ppm/oC) 

±10 

±10 

±10 
±10 

Zero Drift, 
lyp 

(ppm FSRre) 

±8, Bipolar 
Offset 

±6, Bipolar 
Zero 

1 ±5, Bipolar 
'l Zero 

OUlput 
Ranges (V) 

±2.5, ±5, ±10, 
+5, +10 

±5,±10, +10 

±10 
±10 

Settling 
Time, 
'max"1 

7psec 

7psec 

lCJpsec 
lOpsec 

Temp 
Range 

Com 

Com 

Package 

24-pln DIP, 
Plastic 

28-pin DIP, 
Plastic 

Com I J 24-pln DIP, 
Com It Plastic 

Page 

6·151 

&-155 

6-160 
6-160 

NOTES: (1) For 12-bit converters: to within ±O.012% of FSR (±l12LSB), For 16·blt converters: to within ±O.OO3% of FS~ (±1/2lSB at 14 bits). (2) Com = O°C to +70°C. 
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ULTRA-HIGH. SPEED CONVERTERS 
Burr-Brown is committed to applying higher levels of integration to 

high performance converter components. Our ultra-high speed 
0/ A converters are listed here 

ULTRA-HIGH SPEED CONVERTERS 

Reso-· linearity Gain Drilt. Zero Drllt, Output Settling 
Diglial-to- lution Error, max .max121 maxl31 (ppm Ranges Time, max Temp 
Analog Model (Bits) (%of FSR) (ppmI"C) FSR/'C) (mA) (nsec)'4' Range Package Page 

Ullra-High DAC63BG 12 ±0.012 ±40 ±IU,±15B ±5,-10mA 50 Ind e4-Pin DIP, 6-12 
Speed, DAC63CG 12 ±O.012 ±30 ±0.6U,±10B ±5,-10mA 50 Ind Ceramic 6-12 
ECl Input DAC63BM 12 - ±0.012 ±40 ±IU, ±15B ±5,-10mA 65 Ind ~24-Pin DIP, 

6-12 
DAC63CM 12 ±O.012 ±30 ±O.6U,±10B ±5,-10mA 65 Ind 6-12 
DAC63SM 12 ±0.012 ±40 ±IU,±15B ±5,-10mA 65 Mil ~ Metal 6-12 
DAC63TM 12 ±O.012 ±30 ±0.6U, ±10B ±5,-10mA 65 'Mll 6-12 

Ultra-High DAC612BM 12 :1:0.012 ±40 ±IU,±15B ±5,-10mA 65 Ind e4-Pin DIP, 6-136 
Speed, DAC612CM 12 ±O.012 ±20 ±0.5U, ±10B ±5, -10mA 80 Ind Metal 6-138 
TTL Input 

NOTES: (1) This spec applies to current output D/A converters when used with an external output amplifier and also using the internal feedback resistor 
of Ihe D/A converter. (2) COM = O.to HO'C, Ind = -25'C to +B5'C, Mil = -55'C to +125'C. (3) U = Unipolar Zero, B = Bipolar Offset. (4) Settling 
to within ±llSB. 

CONVERTERS FOR DIGITAL AUDIO. APPLICATIONS. 
Burr-Brown PCM D/A converters have set the standards for 
price/performance in digital audio applications world-wide. Appli
cations includ~ compact disk players and electronic musical instru-

ments and systems. Our broad product line provides a Wide range 
of choices of· specifications, features and power supply. voltages 
making Burr-Brown PCM D / A converlers ideal for any digital 
audio application. 

PCM DIGITAl-TO-ANAlOG CONVERTERS 

Settling 
Reso- Total Harmonic Time,lyp Temp DynamiC 
lution Distortion, (FSRlo Oulpul Range· Range 

Description Model (Bils) max ±1/2lSB) Range '" (dB) Package Page 

±15V PCM53JG-V 16 0.004% at FS 3psec ±10V Com 96dB { 24-pin DIP, 6-164 
Supplies PCM53JG-1 16 0.004% al FS 350nsec ±lmA Com 96dB Ceramic, 6-164 

PCM53JP-V 16 0.004%al FS 3psec ±10V Com 96dB 6-164 
PCM53JP-1 16 0.004%al FS 350nsec ±lmA Com 96 

{ 
6-16B 

PCM53KP-1 16 0.0025% at FS 350nsec ±lmA Com 96 24-pin DIP, 6-166 
PCM53JP-V 16 0.004%al FS 3psec ±10V Com 96 Plaslic 6-166 
PCM53KP-V 16 0.0025% al FS 3psec ±10V Com 96 6-166 

+5Vto ±12V PCM54HP'" 16 O.ooB%·al FS 3psec ±3V Com 96 { 28-pln DIP, 6-160 
Supplies PCM);4JP 16 0.004% at FS 3psec ±3V Com 96 Plastic 6-160 

PCM54KP 16 0.0025% at FS apsec ±3V Com 96 6-180 

SOIC Package, PCM55HP'" 16 0.006% at FS 3psec ±3V Com 96 { 24-lead 6-160 
±5V Supplies PCM55JP 16 0.004% at FS apsec ±3V Com 96 Plastic SOIC ·6-160 

NOTES: (1) Com = 0 to +70'C. (2) Operates on ±5V to ±12V supplies. (3) Operates on ±5V supplies. 
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BURR-BROWN® 

IElElI DAC10HT 

A Wide Temperature Range 
General Purpose 12-Bit 

DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• "-55°C TO +200°C SPECIFICATION 

• FULL 12-BIT RESOLUTION 

• 30Dnsec SETTLING TIME. TYPICAL 

• MONOTONIC OVER FULL TEMPERATURE RANGE 

• TTL- AND CMOS-COMPATIBLE 

• HERMETIC DUAL-WIDTH CERAMIC PACKAGE 

12·BIT 
LADDER 

RESISTOR 
DIGITAL NETWORK 
INPUTS AND 

CURRENT 
SWITCHES 

GAIN 

DESCRIPTION 
Desiged for use in circuits that operate over a 
wide temperature range, DAClOHT is a general 
purpose, 12-bit D/A converter. The design uses 
state-of-the-art integrated circuit and laser
trimmed thin-film techniques for maximum accu
racy. Compatible with TTL and CMOS logic, 
DACIOHT is monotonic over the full -55°C to 
+200°C temperature range. Special design tech
niques minimize output glitches. The package is a 
compact, dual-width, 24-pin ceramic DIL. 

100% screening operations are conducted at' key 
manufacturing steps. Burn-in and temperature 
cycling are examples. 

SETTLING OUTPUT } .mno 
RESISTOR AMPLIFIER 

BIPOLAR C 
OFFSET 

RESISTOR 

REFERENCE } EXTERNAL 

CONTROL 
REFERENCE 

CIRCUIT 

International Airport Industrial Park· P.O. Box 11'\00· Tucson. Arizona 85734· Tel. 16021 746·1111 • Twx: 910-952·1111 • Cable: BBRCORp· Telex: 66·6491 

PDS·S4SA 
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SPECIFICATIONS 
ELECTRICAL 
Specifications at Vee = +15VDC V-=E ::: -15VDC Reference::: +10VDC and TA::: +25°C unless otherwise noted. 

MODEL DAC10HT 
MIN ~ TYP ~. MAX Jl UNITS 

INPUT 
DIGITAL INPUTS 
Resolulion 12 
TTL-Logic "1" all00nA. max 2.0 

Logic "0" at -l00~A. max 
Logic "0" al-l00pA. max. al +200'C 

CMOS(1)-Logic "I" at 100nA. max 70% Vee 
Logic "0" al-l00~A, max 

,TRANSFER CHARACTERISTICS 

ACCURACY 
linearity Error al +25°C 

12-Bil 

at -55°C to +2000C 
12-Bit 

Gain Errort2J 
Bipolar Offset Error input all O's ,(2) 
Unipolar Offset Error! input all O's ,(2) 
Monotonic Temperature Range 

12-Bit 
Differential Linearity Error 

12-Bit 
Total Unadjusted E'rror(3) 

+25°C 
-55°C to +2000C 

Total Adjusted Errorl') 
+25°C 
-55°C to +2000C 

CONVERSfON SPEED 
Setting Time to ±1/2LSB (+FS Change)'" 
Major Carry Glitch Duration 

(to 90% complete I 

DRIFT I-55°C to +200oC, 
Gain j exclusive of reference drift I 
Bipolar Offset 
Unipolar Offset 
Differential linearity 

OUTPUT 

-55 

:t1/4 

0.05 
0.05 

±1/2 

±0.1 
±0.3 

±O.OOS 
±0.Oi5 

300 

35 

±2 
±2 
±1 
±2 

I-~~~~; I 

0.8 
O.S 

30% Vee 

±1/2 

t2 
0.2 
0.2 
0.2 

+200 

±1 

±O.4 

±0.8 

±0.012 
±0.40 

i 

Bits 
V 
V 
V 
V 
V 

LSB 

LSB 
% 

% 01 FSR 
% of FSR 

LSB 

% of FSR 
% of FSR 

% of FSR 
% of FSR 

nsec 

1 nsec 

±10 
±10 
±2 
±3 

,I ppm/DC 
I ppm of FSR/o C 
I ppm of FSR/OC 
1 ppm of FSR/oC 

mA 
mA 

Current - Unipolar 1±10%! 
Current - Bipolar 1±10Df01 
Selectable Ranges(6) o to +5. 0 to +10. -2.5 to +2.5. 

Resistance 
CapaCitance 
Compliance Voltage 

EXTERNAL ADJUSTMENTS 

Gain Adjust Range 
Bipolar Offset Adjust Range 
Unipolar Offset Adjust Range 

NOISE IO.1Hz to 10Hz. aU"I"s, 

MULTIPLYING MODE PERFORMANCE 

Number of Quadrants(7) 
Reference Voltage Range 
Accuracy(S) 
Feedthrough(9) 
Output Slew Rate('O) 
Output Settling Time Ito 0.01%0' FSI(10j 

Control Amplifier BW Ismall·signa', 
closed-loop, 

POWER SUPPLIES AND REFERENCE 

Reference Input Impedance 
Reference Voltage Range 
Power Supply. Voltage - Vee 

Voltage - VEE 
Current - Vee 
Current - VEE 

Power Supply Sensitivity 
Vee al +5VDC 
VEE at -15VDC 

-5r5'~rT10 

o 
:to.05 

o 
+4.75 
-13.5 

±0.25 
±0.25 
±0.25 

30 

±0.02 
6 
3 

10 

20±10% 

-15 
+9 
-28 

1 
3 

2 
+10.24 

1 
I 

:~~:~ ! 

~i 
10 II 
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V 
kU 
pF 
V 

% of FSR 
% 01 FSR 
% of FSR 

~V. p-p 

V 
%of FSR 
%of FSR 
mA(,",sec 

,",sec 

MHz 

kU 
V 

VDC 
VDC 
mA 
mA 

'ppm/%AV 
ppml%AV 



ELECTRICAL (CO NT) 
MODEL DAC10HT I 

I MIN I TYP I MAX I UNITS 

TEMPERATURE RANGE 

Specification 

1 

-55 1 I 
+200 

1 

°C 
Operating -55 +200 °C 
Storage -65 +210 °C 

NOTES: 

1. +4.75V < Vee < +15.0V and pin 2 tied to pin I PIN DESIGNATIONS 
2. Adjustable to zero (see Figures 4 and 51. 
3. Includes Gain. Offset, and Linearity Errors with external +10.DV ±lmV +Vee I 24' BIT I IMSB, 

reference. Does not include Reference Drift. LOGIC THRESHOLD 2 23 BIT 2 

4. Gain and Offset Errors removed at +25°C with external +10.DV ±1 mV VREF INPUT I LO, 3 22 BIT3 

reference. Does nol include Reference Drift. NIC 4 21 BIT4 

5. Current settling into short circuit. VREF INPUT I HI, 5 20 BIT 5 

6. Using internal scaling resistqrs and OPA11HT output op amp. 
7. Bipolar operation at digital inputs only. 
8. For lVDC reference voltage Isee Figure 21, Full Scale Range = 1V. 
9. Voltage at reference input: 0 to +10V. 2kHz sine wave I see Figure 3" 

-VEE 6 19 BIT6 
BIPOLAR OFFSET 7 18 BIT 7 
BIPOLAR OFFSET 8 17 BITO 

CURRENT OUTPUT 9 16 BIT9 

10. All "1 "5. 10V step on reference input. . 10V RANGE 10 15 BIT 10 
20V RANGE II 14 BIT 11. 

COMMON 12 13 BIT 12 ILSB! 

MECHANICAL 

3' 2. 

0 
13 

INCHES MILLIMETERS 

Jmf1ffffl1td 
DIM MIN MAX MIN MAX 

~ 
A 1.185 1215 30.10 30.86 

C .105 .170 2.67 4.32 l=:l-oJ G L \ Seating Plane 
0 .015 .02' 0.38 0.53 

0
' " F 03. .060 0.89 152 

I. F---JLj G .100 BASIC 2.54 BASIC 

A 
H .030 .070 . 0.76 1 ,. 

1, ~ 
, .OOB .012 0.20 0.30 

Pin numbers shown for reference only. 
K .120 .240' 3.05 6,'0 

c .600 BASIC 15.24 BASIC 
Numbers may nol be marked on package. 

'" 10° 10° 

NOTE: L ~~ N .025 .060 0.64 1.52 

leads in true' position within 0.010" c 
CASE: Ceramic with hermetic seal 

10.25mm,R at MMC at seating plane. 

CONNECTION DIAGRAM - UNIPOLAR CONNECTION DIAGRAM - BIPOLAR 

0111 . BII12 
(M8BI BII 2 III 3 III 4 611 5 III 6 Bn 7 Bill 1119 Bit 10 BlIlI LSB) 

Bill BII12 
(MBD) BII2 8113 BI14 BII5 BItB .B117 IIiB BItB Bilio oli 11 (LSI) 

13 

12 12 

+5/+15VO& -15VO& +15VO& +5/+15VO& -15Vo& 

*In high temperature environme~ts with high levels of shock and vibration it is recommended that discrete wirewaund or metal film resistors be used 

instead of potentiometers. 
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DISCUSSION OF SPECIFICATIONS 

DIGITAL INPUT CODES 
DACIOHT accepts a positive-true straight binary (BI1\) 
input code. Offset-binary code is created by offsetiing the 
output amplifier with the DAC reference, Two's com
plement code is obtained from offset binary by inverting 
bit I (the most significant bit) externally. See Table I. 

ACCURACY 
Linearity ofthe DACIOHT is guaranteed to be within the 
specification over' its temperature range. This is the 
measure of the deviation of the actual transfer curve from 
the ideal transfer curve expressed graphically as a straight 
line drawn between the end-point values. For the 
DACIOHT the maximum deviation is ±I 2LSB at 25"C 
and ±LSB over the full specification temperature range 
from -55°CC to +200°C. 

Differential Linearity error is the deviation from an ideal 
I LSB output voltage change from one adjacent state to 
the next. An error specification of ± I; 2LSB indicates 
that output voltage step size can range from 1/ 2LSB to 
3/2LSB between adjacent states. 

Monotonicity is an important property for a 0; A 
converter. especially one used in a closed control loop. A 
converter is monotonic if the output signal increases or 
remains the same for an increase in digital input. A 
converter's differential linearity determines whether or 
not it is monotonic. If differential linearity is <± I LSB, 
the converter will be monotonic. Monotonicity is guar-

'r ABLE I. Digital Input Codes. 

anteed over the entire specified temperature range for the 
DACIOHT .. 

Leakage Current is measured at the converter output with 
. logic 0 on all digital inputs. It appears as part of offset 
error. both at room temperature and over the specified 
temperature range. In the unipolar configuration. 
virtually all offset error is due to leakage current. 

DRIFT 
Gain Drift is a measure of the change in the full scale 
range output due to a change in· temperature and is 
expressed in parts per million per "C (ppm, "C). It is 
calculated by determining the full scale range value at 
high temperature. then at low temperature. The difference 
in the two values is divided by the difference in the two 
temperatures. 

Offset Drift is a measure of the actual change in output 
over the specified temperature range with logic 0 on all 
digital inputs. It is calculated by measuring offset voltage 
at the temperature extremes. The maximum change 
referred to the offset voltage at +25"C is divided by the 
temperature excursion from +25"C. Offset drift is 
expressed in parts per million of full scale range per "C 
(ppm of FSR;"C). 

Differential Linearity Drift (the change in differential 
linearity over the specified temperature range) is cal
culated in a manner similar to offset drift and is expressed 
in ppm of FSRj"C. 

DIGITAL INPUT CODES 

ANALOG OUTPUT 

LOGIC INPUts VOLTAGE' CURRENT 

Binary o to +10V -10Vto +10V o to -2mA -lmA to ,+1 mA 

fll111111111 +9.9976V +9.9951V -1.9995mA -0.9995mA 
1,00000000000 +5.0000V O.OOOOV -1.oooomA O.OOOOmA 
011111111111 +4.9976V -o.0049V -o.9995mA +O.oOO5mA 
000000000000 O.OOOOV -10.0000V O.OOOOmA +1.oooomA 

Binary Two's Complement •• 

011111111111 +9.9951V -O.9995mA 
000000000000 O.OOOOV O.OOOOmA 
111111111111 -0.0049V +0.OOO5mA 
100000000000 " -10.000V +1.0000mA 

lLSB (BIN) 2.44mV 4.86mV O.48S"A O.488"A 

, To obtain values for other binary ranges: 0 to +5V range-divide 0 to +10V range values by 2; ±5V range-divide ±10V range values by 2; 
±2.5V range-divide ±10V range values by 4. ' 

.. MSB must be inverted externally for this code. 

CONVERSION SPEED 
Settling Time is the time required for the output to enter 
and reinain within an error band of the final value 
measured from the time the digital input is changed. 

The settling time for a I LSB change at the input is 
naturally less than for a full scale change. It is greatest at 
the major carry point (the point at which all of the bits 
change states) due to nonuniform switching times of the 
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internal current switches. For a I LSB change at the 
major carry point, settling time to within ±O.OI% will 
typically be 300nsec. 

COMPLIANCE VOLTAGE 
This is tlie maximum voltage which can be impressed on 
the current output node and stilI remain within the speci
fied accuracy. These voltages are -l.OV and +l.OV. 



POWER SUPPL V SENSITIVITY 

This measure of the effect of a power supply voltage 
change on the D/ A converter output is defined as a 
percent of FSR/percent of change in either the +5V, 
+ 15V or -15V power supplies about the nominal supply 
voltages. Figure I shows power supply rejection vs 
frequency. 

1000 

;; 
..., 100 

~ 
~ 
'0 
E 
~ 
~ 10 

o 10 100 

+15 

L 
/ 

V 
-15 

/ 

-/ 
lK 10K lOOK 

Frequency (Hz) 

FIGURE I. Power-Supply Rejection vs 
Power-Supply Ripple Frequency. 

MUL TIPL VING MODE PERFORMANCE 

The output of the DACIOHT is the product of the 
reference input and digital input values. The reference 
may be an AC signal and can vary from 0 to + 10 volts. 
This is .useful in applications where digitally programmed 
attenuation of a signal is desired. Bcause the reference 
voltage input must be positive, the DACIOHT mUltiplies 
in two quadrants only. For highest accuracy the input 
reference voltage should be as high as possible (see 
Figure 2). 

0.10 

0.09 

ffi 0.08 
LL. 

~ 0.07 
~ 
'C 

e 0.06 
'0 
~ 0.05 

~ ~ 0.04 

~ 
c: 0.03 
'iii 

C!l 0.02 

0.01 

0.00 

! 

\ 
\ 
r\. 

" ........ ~ r--.... r-
~ 3 4 6 8 9 10 

Reference Input IVoltsl 

FIGURE 2. Gain Accuracy vs Reference Voltage. 
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Feedthrough of the DACIOHT is theamount of reference 
signal that appears at the output when all digital inputs 
are logic O. Expressed in % of FSR, .it increases with 
increasing reference frequency (see Figure 3). 

0.08 

0.07 

0:06 
a: 
en 
LL. 0.05 '0 
~ 
~ 0.04 
~ 

E! 
:6 0.03 

~ 
0.02 

0,01 

o 
10 

..I 

100 lK 10K lOOK 1M 

Frequency I Hz I 

FIGURE 3. Feedthrough Voltage vs Power-Supply 
Ripple Frequency (Unipolar Mode). 

OPERATING INSTRUCTIONS 
INPUT LOGIC LEVELS 

Inputs of the DACIOHT are either TTL or CMOS logic 
compatible. For TTL, connect +5V to pin I (pin 2 open). 
For +5V CMOS, connect +5V to pins I and 2. For + 15V 
CMOS compatibility, connect +15V to pins I and 2. 

In circuits where pin 2 is used to determine the digital 
threshold level, the following application tip may be 
helpful. If the analog system ground (to which the 
DACIOHT is referred) is separate from the digital driving 
logic ground, the threshold voltage input (at pin 2) may be 
driven from an external voltage source to keep the 
threshold at proper value. Threshold voltage will always 
be at one-half the voltage applied to pin 2 (+ I.4V < pin 2 
<+15V). . 

POWER SUPPLIES 
Each power supply should be bypassed to ground with a 
O.IJ.lF capacitor as shown in the Connection Diagrams. 
Locate the capacitors as close as possible to the 
DACIOHT. 

GAIN AND OFFSET ADJUSTMENTS 

(Voltage Output Configuration) 

Initial gain and offset errors of the DACIOHT circuit 
may be trimmed out using the following procedures: 

Unipolar configuration - input all 0'5 and null offset error 
by adjusting R.l until output voltage equals zero. Input all· 
I's and adjust R, until the output voltage is +FS -I LSB 
(see Table I and Connection Diagram). 



Bipolar configuration - input all O's and null offset error 
by adjusting R2 until output voltage equals -FS. Input all 
I's and adjust RI until the output voltage is+FS - I LSB 
(see Table I and Connection Diagram). 

To obtain specified gain and offset errors, replace the 
lOOn potentiometers (RI and R2) shown in the Connec
tion Diagrams with son 0.1% fixed resistors. 

SELECTING AN EXTERNAL REFERENCE 

DACIOHT is configured to use a +IOV reference. An 
internal 19.9n resistor in series with an external lOOn 
adjust potentiometer sets the current into the reference 
input at O.SmA (see Figure 4). 

Temperature drift of the reference increases drift of the 
entire circuit. In unipolar configurations the drift 
specification adds directly to the total Circuit drift. In the 
bipolar configuration some drift cancelling effects take 
place. One-half of the reference drift added to the total 
DAC drift will give total circuit drift. 

0'5mA 

+ 

FIGURE 4. Using a +IOV Reference. 

SELECTING AN EXTERNAL REFERENCE 

Building An External+10V 2000 CReference 

The DACIOHT requires'an external +IOV reference for 
normal operation. A circuit for obtaining this reference 
voltage that will operate a +200°C is shown in Figure S. 
The value of RI or R2 should be adjusted to provide a 
reference voltage Of 10V ± I mV due to the tolerance of the 
zener voltage. With no adjustment to the zener current for 
optimum' zero T.C. point this reference will have an 
average temperature coefficient of about ±20ppm/ oC 
over -SsoC to +200°C. 

5.B7kn vR = Vz (1 + Rz/RII 

+IDV 

. R3 49011 

L-__ ~ ________ V~z.'~3V~% 
CDB25 
ICDMPENSATED -= DEVICES\ 

FIGURE S. +IOV Reference That Will Operate at 
+200°C. . 

LOW POWER OPERATION 

The typical supply currents required by the DACioHT 
under normal operating conditions are 9mA (V",) and 
28mA (V",.). The avp.rage power required (Pn) is therefore 

Pn = I Vee X 9mA/ + IvEI, X 28mA/ 
= SS5inW (+Vs = ISV. -Vs = ISV). or 
= 46SmW (+Vs = SV. -Vs = ISV). 

Under certain operating conditions this power consump
tion can be reduced to as little as 245m W. 

The major contributort9ithe power consumption is the 
-.15V supply. As long as a + IOV reference is used. VII: 
must be between -13.5V and -16.5V. If. however. a lower 
reference voltage is used. VII: can be reduced considerably 
and this greatly reduces the power consumption. Lower
ing the reference voltage will. of course. lower the full 
scale output voltage by a proportional amount. For· 
example. if the reference voltage is +5V. the full scale 
output voltage when using the IOV range pin (pin 10) will 
be +5V instead of +IOV with a +IOV reference in the 
unipolar mode of operation. Table II indicates the 
minimum supply voltages and the power consumption 
obtained when using these supply voltages for. various 
values ofVREI'. 

TABLE II. Minimum Power Supply Voltages and 
Typical Power Consumption for Operation 
with Various Values of VRI'I' 
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'. 
External +Vcc -VEE Total Power 

VREF IPin 11 (Pin 61 Consumption I Typical, 

+IOV +5V -13V 409mW 

+6.3V +5V -IOV 275mW 

+5V +5V -8V 235mW " 

S,ELECTING AN OUTPUT AMPLIFIER 

The most important characteristics ofthe output amplifier 
are input offset voltage drift . .input bias (or difference) 
current drift. and settling time. Specifications over the full 
operating temperature range are very im·portant. Initial 
input offset voltage and bias current effects '\~libe 
trimmed out. but bias errors will be introduced as these 
parameters drift with temperature changes. Errors 
introduced will appear as offset in the b A circuit output. 

Table III provides the equations used to convert these 
amplifier errors to D, A output errors. . 

TABLE Ill. Computing DAC Error Coniributed by 
. Exiernal Amplifier. 

UNIPOLAR BIPOLAR 
~ARAMETER CONFIGURATION CONFIGURATION 

.Ie x RF "Ie x ffF x 100 
l8Ias FSR 

x 100 
FSR 

( RF) ( RF ) Vos 1+- Vos" 1+-. 

Vo• 2kO x 100 1.67kO x 100 
FSR FSR 

FSR = Full scale range r-2.SV to +2.SV is a SV FSR, etc.'. Results 
are in % of FSR; to get ppm of FSR, multiply by 104. 
RF is the value of the feedback resistor. 
RF1 anq RF2 are options shown fn Figure 6. 



Example: 
If V,,, drift and I"" drift of the output amplifier are 
lOll V !"C and 0.5nA!"C, respectively. in a 0/ A converter 
with -IOV to + IOV.output. the output drift due to these 
effects would be computed in this manner. 

( IOkO) 
(10 X 10-6) I + 1.67kO 

Vos: 
20 

X 100 = 0.00035% 
of FSR/oC 

. or 3.5ppm of FSR/oC 

0.5 X 10-' X (lOkO) 
IOIAS: X 100 = 0.0000;3% 

20 of FSR/oC 

or 0.3ppm of FSR/ °C 

Total error contribution of amplifier = 
3.5 + 0.3 = 3.8ppm of FSR/o,!= 

Effects of input bias current drift may be reduced 
approximately by a factor of 5 by placing aresistor in 
series with the positive input lead of the amplifier as 
shown in Figure 6. 

--------,7 =5011 
r----t)-....,.,..--FROM v ral 

9.95kO 
-----, , 

5kO RFI 11"-;:- , ,- , , 
10 I 

5kO RF2 
I , 

2kO 

12 

FIGURE 6. Equivalent Output Circuit. 

This balances the offset created by bias currents and the 
.error is reduced to the difference in bias currents in the 
positive and negalive inputs·. (Substitute I",,,,, in equations 
in Table III). 

The value of this resistor is shown in Table IV for different 
output ranges. 

TABLE IV. Rli Values. 

Output 
Range ±2.5V ±5V ±10V o to +5V o to +10V 

RE 
Value lkO 1.2SkO 1.43kO 1.11kO 1.43kO 

Settling time of the DACIOHT is less than 400nsec for an 
FSR change to within 0.0 I % of final value. The output 
amplifier's dynamic characteristics should be compatible 
with this performance. Burr-Brown's OPA III HT, 
OPA27HTand OPA37HT are fully specified to operate 
up to +200°C. 
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CURRENT OUTPUT OPERATION 

OACIOHT can be connected to produce a bipolar voltage 
output without the use of external components by 
connecting the internal resistors as shown in Figure 7. 
Output voltage range of this circuit is limited to approx
imately the compliance voltage range of ±IV by the 
9090 resistor between pins 9 and 12. 

..----------.11 

5kO 10 
1000 

FIGURE 7. Bipolar Current Output Operation Utiliz
ing Internal Resistors. 

Gain and offset adjustments are made as' described 
previously except the "+FS" and "-FS·· are interchanged 
and "-FS + I LSB substituted for +FS -I LSB. 

Unipolar and other bipolar ranges may be selected by' 
using an external load resistor as long as the compliance 
voltage limits, -IV to +IV, are observed. 

MULTIPLYING MODE OPERATION 
OACIOHT can be used as a two-quadrant multiplying 
0/ A converter by applying the analog signal to be 
processed through a loon potentiometer to tl1e reference 
voltage input, pin 5. The analog signal must be between 0 
and +IOV. The output will be an analog signal equal to 
the product of the input analog signal and the input 
digital code. OC error of the output signal is less than 
0.05% for a reference voltage range of + I V to+ IOV. For 
voltages near zero. the error can be quite large (see Figure 
2). 

HEAT DISSIPATION 
The OACIOHT dissipates approximately 430mW (with 
+5V and '-15Vpower supplies) and the package has a 
case-to-ambient thermal resistance (O<.d of 34"CW. For 
optimum performance at +200"c' (k.\ should be lowered 
by a heat sink or by forced air over the surface of the 
package. If the converter is mounted 'on a PC card. 
improved thermal contact with the copper ground plane 
under the package can be achieved by using a silicone 
heat-sink compound, 



BURR-BROWN® 

IElElI DAC63 

Ultra-High Speed 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 12-BIT RESOLUTION AND ACCURACY 

• 30nsec SETTLING TIME (MAJOR CARRYI 

• ECL~COMPATIBLE INPUTS 

• LOW GLITCH ENERGY 

• ±30ppm/oC MAX GAIN DRIFT 

• LINEARITY ERROR LESS THAN ±112LSB OVER 
SPECIFIED TEMP RANGE 

DESCRIPTION 
The DAC63 is an ultra-fast-settling l2-bit current 
output D/A converter ina 24-pin dual-in-line pack
age. The inputs are ECL-compatible and the output 
settles in 30nsec, typ (40nsec, max for C and T 
grades) to within ±O.0l2% of Full Scale Range for 
an MSB change. The DAC63 utilizes a monolithic 
l2-bit switch chip and'a stable thin-film-on-sapphire 
resistor network to achieve fast settling time and 

. excellent stability over temperature and time. Be
cause' of the close thermal tracking of the current
switching transistors (all on one monolithic chip), 
the possibility of thermal-tail settling time problems 
are eliminated. An internal applications resistor for 
use with an external output op amp is included to 
convert the output current to insure excellent track
ing and therefore lower drift. The linearity is guaran
teed to be witJiin±l/ 2LSB over'the specified temp
erature range of ":"25°C to +85°C for the CG, CM, 
BG, and BM grades and -55°C to +125°C for SM 
and TM grades. Gain drift is ±30ppm/oC max and 
bipolar offset drift is ±lOppm of FSR{OC max (high 
grades). Also included intern.ally is a +6.2V refer
ence. An output voltage' compliance range of+2.0V 
to -O.5V allows thl;·generation of an output voltage 

• ADJUSTABLE LOGIC THRESHOLD FOR IDEAL 
SWITCHING 

• INTERNALLY-BYPASSED SUPPLY LINES TO 
MINIM,IZE SETTLING TIME 

• INTERNAL FEEDBACK RESISTOR FOR EXCELLENT 
THERrt'iAL TRACKING 

• INDUSTRIAL AND MILITARY GRADES 

• HIGH RELIABILITY SCREENING AVAILABLE 

without using an external output amplifier. The 
device is available in both metal and ceramic bottom
brazed packages. 

FUNCTIONAL DIAGRAM 

·YCC 

L._ +YCC 
lOGIC 
THRESHOLD 
SELECT 

+6.2Y 
BIPOLAR 
OFFSET 

ECl REF BIPOLAR 
CURRENT OFFSET 
SWITCHES lOUT DIGITAL AND 

lkli 
INPUTS RESISTOR 

RFEEOBACK LADDER 
NETWORK 

GND 

GND 

GND 

GNO 

GND 

International Airport Industrial Park· P.O. Box 11400 . Tucson. Arizona 85734 . Tel. (602) 746·11 U . Twx: 910·952·1111 . Cable: BBRCORP . Telex: 66·6491 

PDS-439B 
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SPECIFICATIONS 
ELECTRICAL 
At +25" C and raled supplies unless otherwise specified. 

MODEL I DAC&3CGICMITM DAC&3BGIBMISM 

PARAMETER MIN TYP I MAX MIN TYP I MAX I UNITS 

INPUT 

DIGITAL INPUT 
Resolution 12 Bits 
Logic Inputsl1l EeL-compatible 

Logic "1": Voltage -0.78 -0.90 -0.96 V 
Current 6.0 33.0 pA 

Logic "0": Voltage -1.62 -1.75 -1.85 V 
Current 10.0 nA 

Logic Threshold: Voltage -1.20 -1.33 -1.40 V 
Current 0.25 mA 

TRANSFER CHARACTERISTICS 

ACCURACY 
Linearity Error ±0.012 %ofFSR!31 

Differential Linearity Error ±0.012 %oIFSR 
Gain Errorl21 ±O.02 ±O.1 % 
Offset Errorl21 : Unipolar ±0.01 ±0.04 %01 FSR 

Bipolar ±0.02 ±0.1 %of FSR 
Monotonicity. Temp. Range (min) 

CG. CM. BG. BM -25 +85 ·C 
TM.SM -55 +125 ·C 

SETTLING TIME (into 1500) 
lLSB Change 

Settling to ±O.012% of FSR 
CMITM. BMISM 30 40 40 50 nsec 
CG.BG 30 40 35 45 nsec 

Full Scale Change 
Settling to ±1% of FSR 17 20 nsec 

±O.I%of FSR 30 "sec 
±0.024% of FSR 

CMITM. BMISM 55 65 65 75 nsec 
CG.BG 35 50 40 55 nsec 

±0.012% of FSR 
CMITM. BM. SM 70 80 nsec 
CG.BG 40 nsec 

Glitch Energy 1.1 250 LSB/nsec 

DRIFT (over speCified temp. range) 
Gain ±15 ±30 ±20 ±40 ppmrc 
Offset: Unipolar ±0.3 ±0.6 ±0.5 ±1 ppm/oC 

Bipolar ±10 ±15 ppm/oC 

Linearity Error 
(over specified temp. range) ±0.012 ±0.025 %of FSR 

D!fferential Linearity Error 
(over specified temp. range) ±0.025 ±0.05 %of FSR 

OUTPUT 

ANALOG OUTPUT 
Output Current Oto -10. ±5 rnA 
Output Voltage Ranges 

with External Op Amp 010 +10, ±5 V 
without External Op Amplsi o to +1.5, ±O.S V 

Output Impedance without 
External Op Amp 

Unipolar: Positive 150 0 
Negative 200 0 

Bipolar 170 0 
Compliance Voltage -0.5 +2.0 V 

POWER SUPPLIES AND REFERENCE 

Internal Reference Voltage +6.2 V 
Internal Reference Drift ±15 ppmrc 
Power Supply Voltages ±13 ±15 ±18 .' V 
Power Supply Current: +15V 26 31 mA 

-15V 38 46· mA 
Power Supply Sensitivity: +lSV ",0.0035 %I%/IV 

-1SV ±0.OOO4 %I%/IV 
Power Dissipation 960 1160 mW 
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ELECTRICAL (CO NT) 

MODEL DAC63CG/CMITM DAC63BG/BM/SM 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

PHYSICAL CHARACTERISTICS 

TEMPERATURE RANGE 
Specification: CG, CM, BG, BM -25 +85 ·C 

TM,SM -55 +125 ·C 
Storage -65 +150 ·C 

PACKAGE 
CG,SG 24-pin DIP bottom-brazed ceramic 
CM, TM, BM, SM 24-pin DIP metal 

·Specification same as for DAC63CG/CMITM. 

NOTES: (1) Logic Input voltages and currents are dependent on the logic threshold voltage. The logic input values given in each column are correct for the logic 
thrf"shold voltage given in that column. (2) When used with ~n external output op amp or when the internal impedances/resistors are used as the load. (3) FSR is 
Full Scale Range, which is lOrnA for both the DAC63BG and DAC63CG. (4) Refer to Output Glilch section. (5) Refer to Figures 8 and 9. 

MECHANICAL 

Ilil~~I~~~; NOTES-
1 LEADS IN TRUE POSITION WITHIN .010· 

(25MM) R@MMCATSEATINGPLANE 

PIN ASSIGNMENTS 

PinNa. Function 

1 , Bitl,MSBI 
2 Bil2 
3 Bil3 
4 Bil4 
5 Bil5 
6 Bil6 
7 Bil7 
8 Bil8 
9 Bil9 

10 Bill0 
11 Billl 
12 Bil121LSB, 
13 GND 
14 GND' 
15 GND 
16 GND 
17 GND 
18 Feedback Resistor Connection 
19 Current Output 
20 Bipolar Offset 
21 Bipolar Offset 
22 Logic Threshold 
23 +15VDC 
24 -15VDC 

6-14 

DIM 
MILLIMETERS 
MIN 

.8'0 20.07 20.57 

250 1.35 

.IOOIASIC 

.125 .150 

.300 
.. IOOIASIC 

00' 
IS.Z4aASIC 

", 

L..ed,in Iruepos.tionw.th,n .010" 
!.2Smml A@lMMC:atseel,nlllllene 

DISCUSSION OF 
SPECIFICATIONS 
ACCURACY 

Linearity of aD/ A converter is one of the true measures 
of its performance. The linearity error of the DAC63 is 
specified over its entire temperature range, The analog 
output will not vary by ,more than ±1/2LSB from an 
ideal straight Hne drawn between the end points (inputs 
all "I"s and all "O"s) over the specified temperature 
range. 

Differential linearity error of aD/ A converter is the 
deviation from an ideal ILSB voltage change from one 
adjacent output state to the next, A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can range from 1/2LSB to 3/2LSB 
when the input changes from one adjacent input state to 
the next. 



Monotonicity over the specified temperature range is 
guarantt:ed to insure that the analog ou'tput ,will increase 
or rt:main the same for increasing input digital codes. 

DRIFT 
Gain Drift is 'a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (ppm/oq. Gain drift is established by: I) 
testing the end point differences for the DAC63 at tmin, 
+25°C, and tm,,; 2) calculating the gain error with 
respect to the +25°C value and; 3) dividing by the 
temperature change. This figure is expressed in ppm/oC 
and is given in the electrical specifications (includes 
internal reference). 

Offset Drift is a measure of the actual change in output 
around zero over the specified temperature range. The 
offset is measured at tmin, +25°C, and tm". The maximum 
change in Offset is referenc'ed to the Offset at +25°C and 
is divided by the temperature range. This drift is ex
pressed in parts per million of full scale range per °C 
(ppm of FSR/oq. 

COMPLIANCE 
Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
the DAC63 is +2.0V and -0.5V. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
defined as' a perc'ent of FSR per percent of change in 
either the positive or negative supplies about the nomi
nal power supply voltage. To insure precision operation, 
each supply lead should be bypassed to ground as' close 
to the unit as possible with a I/LF CS-type, tantalum 
capacitor. 

GROUNDING 

Care must be exercised when grounding the DAC63 
(pins 13, 14, 15, 16, and 17). In order to preserve the stated 
linearity a~d accuracy specifications it is necessary to use 
the ground pins as the analog ground reference point. 
Any voltage drop that develops between any of these five 
pins and the actual ground reference point will degrade 
the performance of thepAC63. To achieve fast settling 
performance it i~ recommended that pins 13 through 17 
be returned directly to a ground plane (see Figure I). The 
analog ground should be located as Close to the DAC63 
as possible., Otherwise; the accuracy will be degraded by 
the vohage drop in the ground lines. 

OUTPUT 

DIGITAL INTERFACE, LOGIC THRESHOLD, 
AND NOISE IMMUNITY' 

The DAC63 is compatible with conventional ECL logic 
families such as ECL 10,000. The circuit diagram shows 
that the equivalent circuit of each DAC63 digital input is 
the base of one side of a differential amplifier. The logic 1 
input voltage is -0.S5V with a typical input current of 
S/LA. The logic 0 input voltage is -1.75V with an input 
current of less than SnA. 

The Logic Threshold function of the DAC63 is very 
important in dealing with noise in the ECL i,nput-driving 
circuitry. The ECL 10,000 logic family haS a noise 
immunity of 125mV maximum. It has a temperature 
coefficient of -1.4m V / °C and a power supply sensitivity 
of 16mV/%8V. With a realistic condition ofa 5% power 
supply variation and a 25°C temperature change, the 
noise immunity would be degraded to IOmV. In addi
tion, a precision 0/ A converter is 'more susceptible to 

, noise than is the ECL logic. Noise at levels acceptable to 
the logic can couple through the D/A, resulting in an 
unacceptably noisy output. 

Through the logic threshold input, the threshold voltage 
of the DAC63 is dynamically adjusted as the tempera
ture and power supplies vary to give"maximum noise 
immunity at the analog output over a wide range of 
conditions. 

If aIi MCI01l5 line receiver (or similar logic function) is 
used to drive the DAC63 input, the logic threshold pin 
can be driven by the VBB output of the ECL gale. Rdn 
to an EeL 10,000 data book for more detail. l'iglll'c :' 
shows alternate methods for generating the drive signal 
for logic threshold, pin 22. 

TO LOGIC 
THRESHOLD 

(pin 22) 

The gate Is an MCI 01 01. The loll owing logic types can also be used In this 
manner: MC10102. MC10103. MC10104. MC10105. MC10107. and MC1010B. 
fAI! EClIO.QOO). ' 

METHOD 2 MC1D115 BIT 1 

BIT 2 '"~, { } OO'M DIGITAL DATA BI1.3 DIGITAL DATA 

BIT4 

VBS TO LOGIC 

THRESHOLD (pin 22) 

FIGURE2. Driving the Logic Threshold Input. 

. ",,' 

SETTLING TIME. 

Settling time for the DAC63' is the total time required for 
the output to settle within an error band around its final 
value after a digital input change. This time includes the 
digital delay of the internal switches. 
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The settling time of the DAC63 is determined by digitiz
ing the output waveform produced by toggling the 
inputs between ounlllnn and 100000000000 continu
ously and verifying the output settles to within ±1/2LSB 
in the specified time. The testing technique used is de
.scribed in detail in Application Note AN-1I5 which can 
be pbtained from tlte factorv. 

Figure 3 shows a typical settling time curve of the 
DAC63 versus output error. This curve is for full-scale 
digital code changes. Figure 4 is a photograph showing 
typical output response characteristics of the DAC63. 

± 1 

~ 
'0 
if. ±o .1 

e w 
"5 
Co 

;3 ±O.02 

±O.O1 2 

\ 

~ 
\\ 
~. 

1\ ~C63CM. BM, TM. 8M 

~\ I'~ 
i""-

DAC63CG.BG r---. 
o 10 20 30 40 50 60 70 60 90 100 

Settling Time (nsec) 

FIGURE 3. Output Error vs SettlIng Time (typical). 

5nsec/div 

SnsecJdiv 

FIGURE 4. Full Scale Settling of DAC63 into 50n 
Load. 

In order to achieve minimum settling time it is necessary 
to observe the following good high frequency construc-
tion techniques: . 

I. The. power supplies, including the logic threshold 
input (pin 22), should be bypassed by -II'F CS-type 
tantalum capacitors. 

2. Use a ground plane to .connect common ground 
points. . 

3. Remove the ground plane from underneath signal 
lines where it would add capacitance. 

4. Separate analog and digital signal leads to avoid cou
pling of the digital signal into the analog paths. 

5. Bring the source. of the digital driving signal as close 
to the inputs of the DAC63 as possible. If the digital 
inputs are not clean it will be necessary to reshape 
them using registers or line drivers. Figure 6 shows 
how to interface the DAC63 to an input register. It is 
recommended that the logic power line be bypassed 
near the digital logic circuitry as a further measure to 
achieve clean signals. 

6. If possible, the DAC63 should be soldered directly 
into the printed circuit board since connector lead 
length will cause ringing in the output. 

OUTPUT GLITCH 

"Glitch" is defined as the difference in the waveforms at 
the output of the DAC if there is data skew and if there is 
not. The measurement of' glitch is accomplished by 
measuring the area between these two waveforms. 

An output glitch of less than 250LSB-nsec is achievable 
with the DAC63 because it employs ECL circuitry with 
current switches that have virtually identical delay times 
for logic signals making either positive or negative tran
sitions. A glitch results when the digital data changes 
from one code to the next and the bits do not all switch 
at the same time. The delay time between the earliest and 
latest switching bits is called skew time. Typically during 
the skew time of the digital data, which includes the 
DAC switching; the digital code is undefined and the 
DAC output can go to any voltage between the full scale 
extremes. The glitch creates a noisy output which can be 
troublesome in some applications such as precision di~
plays and complex waveform generation. Figure 5 IS a 
photograph of a scope trace of the DAC output with a 
glitch occurring at the major carry transition. 

The DAC63 design has been optimized for low glitch 
energy. However, it further reduction in the output glitch 
can be achieved by adjusting the skew of the higher order 

. bits of the driving circuitry and by adjusting the logic, 
threshold. This can be done by connecting a variable 
capacitor from the data lines to ground on each of the 
first three significant bits (more than three lines may be 
adjusted if desired). Refer to Figure 6. It will be neces
sary to create a driving digital code pattern that causes a 
major carry transition around these bits. It is convenient 
to use a digital ramp from a counter for this purpose. 
Initially set the logic threshold exactly half-way between 
logic I and a logic O. This will be about -I.3V. Then 
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FIGURE 5. Typical Glitch Repsonse of DAC63 at 
Major Carry Transition with a 1.6V Full 
Scale Range. 

examine the major carry transition associated with bit 3 
and adjust the capacitor for minimum glitch. Make the 
same adjustment to bit 2 and then to bit 1. If done in this 
order, interactions will be minimized. Finally, fine tune 
the response by adjusting the logic threshold voltage (pin 
22) for minimum glitch. It may be necessary to repeat 
this procedure once or twice for complete optimization. 

r ·5.2V . 

IMSB)BITI-

BIT2-
BIT3-

OUTPUT CONFIGURATIONS 
AND APPLICATIONS 
INFORMATION 
The DAC63 contains two 1.24kO resistors for generating 
the bipolar offset current and a IkO resistor which is 
primarily used as the feedback resistor when used with 
an external op amp. This thin-film network is con
structed on sapphire to provide excellent temperature 
tracking capability inherent in thin-film networks. These 
internal resistors along with other internal resistors 
cause the DAC63 output, in any'mode, to be a ratiomet
ric product of the reference. The feedback resistor has 
very low power sensitivity so that linearity is maintained 
independent of digital code changes. Because this resis
tor is constructed on a sapphire network, it is possible to 
have both superior tra"king and low capacitance. Figure 
7 shows the DAC63 connected to an external op amp in 
unipolar and bipolar modes. With the Burr-Brown model 
'OPA600 it is possible to achieve settling times to ±O.OI% 
accuracy in l50nsec. Many of the output accuracy and 
linearity specifications are given when connected to an 
external op amp. 

For highest speed operation, the DAC63 should be used 
without an external op amp. Figures 8 and 9 show how 
to connect the DAC63 for bipolar and positive unipolar 

I 

2 
BIT1IMSB) 

3 
BIT2 
BIT3 

BIT4- MCI0176 CI I C2 ~ C* Iff 
BIT 4 

1'- '1 BIT5- BIT 5 

BIT6- -=- BIT6 

oAC 63 - CLOCK 

BIT1- - 1 BIT 1 

BIT 8-
B BIT B -

Bn9- - 9 
BIT 9 

MC10176 10 
BIT 10- - BIT 10 

BIT 11-
11 

I-
12 

BIT II 
ILSB) B.IT 12-t- BIT 12 

OATA STROBE ·5.2V 
-'- CLOCK 330n 

LOGIC THRESHOLD 

~ lOOn 
22 

I~F 

1·5.2v 
MCIo116 *-+- TANTALUM 

NOTES: 200n 
1. Pull·down reslslors are all 51011. iaL 2. CI. C2. C3 adJusted between 0 and 50pF lor minimum glitch. lOOn 

3. Power and ground connections are not shown. 
330!! 

·5.2V 

FIGURE 6. DAC63 Interface to Input Latches Including Glitch-Adjust Circuitry. 
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operation, " Figure 10 illustrates how to connect, the 
DAC63 to construct a fast. AID converter. The ADC 
attempts to create 'a null at the DAc cititput, so it is 

+ 
6,2V 

Make this connection to 
20 get Bipolar Operation GAIN,ADJUST 

r-:-=::-----p.-------~ 

200n 

OAC63 

lB 

19· 
1.5Mn 

+15V 'OFFSET ADJUST 

, ~100iCll 
-15V~ 

possible to clamp the output voltage with a pair of 
• diodes, th~reby avoiding the negative' compliance limit: 

Unipolar Bipolar 

Digital Codes 1111111'11111 O.OOOOV -5,0000V 
v. 01111'1"'" 5,0000V O,OOOOV 

Output Voltage '000000000000 9.9976V 4,9976V 

R Value ' ' R '69n '47ll 
Pin 20 Open', '. ' 

Connect 
Connection to Pm 19 

FIGURE 7. Bipolar and Unipolar Output Connections when Used with External Op Amp. 

20 . 
OFFSET AoJ UST ' 

+15V ."'! OFFSET 1.24kn ~1 r 1.24kn 20 
ADJUST 

~2~2V ~~2V 19V 
1.24kn 

1,5Mn 1 l00kn -15Y 
-t5V 

+ 19 ~ 
Your lkn 18 

GAIN ADJUST Vour :, .. 
3DDn 

17 L lkn ~ GAIN (Dl~:A 200n SOOn 

0 L: ADJUST .() 

200n 500n -"J:- 16 -
oto 10mA ,.).7 ,{5 r. 

, 

-4=- oAC63 ,{4 
..l6 13 

IS 
110 Relationships for Voltage Output 

14 Configuration without External Op Amp 
~ 

oAC63 
,.).3 ulgital 

Input Code 

000000000000 

""-=- 011111111111 
111111111111 

FIGURE 8. Bipolar Voltage Output Without External 
Op Amp. ' 

Output Voltage 
Positive 
Unipolar Bipolar 

O,OOOOV -0,500V 
0,7500V O,OOQV 
1.4996V 0.500V 

.. 
FIGURE 9. PosItive Umpolar Voltage Output Without 

External Op Amp. 
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0-.. 
co 
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;: 
c;; 
is 

BIT I 

.. I 
I 
I 
I 
I 
I 
I 
I 10 

I"F r.:::L I.l. 
TANTALUM--1±""" ~ 7.:". 

+ I"F TANTALUM 

24 

~ lMF TANTALUM 

19 

Ikn 
12·BIT 

LADDER 
RESISTOR 1o-...... --'I#..-:IB::-1----, 
NETWORK 

AND 
CURRENT 

SWITCHES 

lkn 

4.12kn 

·15V 

ANALOG 
INPUT 

11 

'~ri---------4 12------~ 

17 

16 

15 

14 

13 
BIT 12 ~--------------~ = 

lkn 
Ikn BIT 1 

2.74kn ~T 
I 
I 25D4 SAR ·15V I 

lkn 
lkn I I 

I I 
BIT 12 

Z.74kn '-------- CLOCK 
'DAC63 Blls 21hrough 11 are also eonneeled 
10 SAR Inpull BII 2 Ihrouah Bllil relpectlvely. 

·15V 

FIGURE 10. DAC63 Used in a Fast AID CQnvert~r. 
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BURR-BROWN® 

IElElI DAC70BH 
DAC72BH 

Monolithic 16-Bit 
DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
o III-BIT. 40DlGIT RESOLUTION 
• ±D.003% MAXIMUM NONLINEARITY 

. • LOW ORIFT.±7ppm/oC. (TYPICAL) 
• MONOLITHIC CONSTRUCTION 
• EXACT OAC70172 HYBRID REPLACEMENT 
• MONOTONIC (AT 14 BITS) OVER FULL 

SPECIFICATION TEMPERATURE RANGE 
• CURRENT AND VOLTAGE MODELS 

DIGITAL 
INPUTS 

I6-BIT 
LADDER 

RESISTOR 
NETWORK 

AND 
CURRENT 
SWITCHES 

I 
I 

DESCRIPTION 
The DAC70BH/72BH are complete l6-bit digital
to- analog converters that include a precision buried
zener voltage reference and a low-noise, fast-setting 
output operational amplifier (voltage output mod
els), all on one smail monolithic chip. A combina
tion of current-switch design techniques accomp
lishes not only l4-bit monotonicity over the entire 
specified 'temperature range but also a maximum 
end-point linearity error of ±O.003% of full-scale 
range. Digital inputs are complementary binary 
coded and are TTL-, LSTTL-. 54f74C-. 54f74HC
compatible over the entire temperature range. Out
puts of 0 to +10V, ±10V, 0 to -2mA. and ±lmA are 
available. 
These D/A converters are packaged hi hermetic 24-
pin ceramic side-brazed packages. 

t-_J>.N-.-_ REFERENCE OUTPUT 

SUMMING JUNCTION 
COMMON 

OUTPUT 
I I I _ I 
L': ___ J 

VOLTAGE 
MODELS 

ONLY 

_ GAIN ADJUST 
"""'--+Vcc 
""--Vcc 
- VDD 

Inlarn.llonll Airport Industrial Pork· P.O. BOlt 11400· Tucson. Arizona 85734· TIl. (602\746·1111· Twx: 910-952·1111 . Clble: 88RCORp· Tllex: 66·8491· 

PDS.Q6 
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SPECIFICATIONS 
ELECTRICAL 
lYplcal at T. = +2~'C and rated power supplies unlass otherwlsa noted. 

MODEL DAC70BH DAC72IH 

MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution, CSB, COB 16 · Bits 
Dlgltallnputs''': V,H +2.4 +5.5 · · V 

VIL 0 +0.4 · ' · V 
IIH V, = +2.7V +40 · pi. 
II" VI :::: +D.4V -1.6 · mA 

TRANSFER CHARACTERISTICS 

ACCURAC"'" 
Linearity Error At +25'C ±o.OO3 '11101 FSRm 

Gain Error"': Voltage ±o.OS ' ±o.IS 'III 
Current ±o.OS ±o.OS ±o.25 'III 

Ollsat Erro~": Voltage, Unipolar ±o.IO ±2 mV 
Bipolar ±10 mV 

Current, Unipolar ±1 · pA 
Bipolar ±1 ±5 pA 

Monotonlclty Temperature Range (14 bits) -25 +65 · · 'C 

ORin (OYER SPECIFIED 
TEMPERATURE RANGE) 
Total Bipolar, Drill (Includes 

Gain, Ollset, and Linearity Drill):m' Voltage ±5 ±11 ppm,ol FSRfDC 
Current ±10 . ±40 ppm 01 FSRfDC 

Total Error Over Temperature Range: 
Voltage, Unipolar ±o.072 'IIIoIFSR 

Bipolar ±o.072 'III 01 FSR 
Current, Unipolar ±o.12 ±o.24 'III 01 FSR 

Bipolar ±o.12 ±0.24 'III 01 FSR 
Gain: Voltage ±5 ±20 ppm/DC 

Current ±7 ±47 ppml"C 
Ollset: Voltage, Unipolar ±1 ±2 ppm 01 FSR/DC 

Bipolar ±8 ppm 01 FSRI'C 
Current, Unipolar ±1 ±1 ppm 01 FSRfDC 

Bipolar ±5 ±35 ppm 01 FSRfDC, 
Dillere,ntial Linearity over Temperature ±1 ±1 ppm 01 FSRfDC 
Linearity over Temperature ±2 ±1 ppm 01 FSRI"C 

SETTLING TIME'" 
Voltage Models (to ±o.OO3'111 01 FSR) 

Output: 20V Step 5 10 ". 
lLSBStepl7l 3 5 ". 

Slew Rate 10 VIps 
Switching Translentlll 500 mV 

Current Models (to ±o.OO3'111 01 FSR) 
Output, 2mA step: 100 to 1000 load 15 1 ". 

lk!lload 50 3 '" OUTPUT 

ANALOG OUTPUT 
Voltage Models 

Ranges:CSB Oto+l0 V 
COB ±10 V 

Output Current ±5 mA 
Output Impedance (DC) O.OS 0 
Short Circuit Duration Indellnlteto Common 

Current Models 
Ranges: CSB Oto-2 mA 

COB ±1 mA 
Output Impedance: Unipolar 4.0 kO 

Bipolar 2.45 kO 
Compliance ±2.5 V 

tNTERNAL YOLTAGE REFERENCE 6.0 6.3 6.6 V 
Maximum External CUrrent ±200 ±200 pA 
Temperature Coallicient 01 Drill ±7 ±10 ppml'C 
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ELECTRICAL (CONT) 
~Ical at T. = +25·C and rated power supplies unleas otherwise noted. 

MODEL DAC70BH DAC72BH 

MIN TYP MAX MIN TYP MAX' UNITS 

POWER SUPPLY SENSITIVITY 
Unipolar 0_ ±15VDC ±.OOOt. · '110 of FSRI'IIo Vee 

+5VDC ±.OOOI · '110 of FSRI'IIoVoo 
BlpolarOlfsel: ±15VDC ±.0004 ... '110 01 FSRI'IIo Vee' 

+5VDC ±.OOOI · '11001 FS1lI'IIo VDD' 

Gain: ±15VDC ±o.oOI · '11001 FSRI'IIoVee 
+5VDC ±.0005 · '110 01 FSRI'IIo VDD 

POWER SUPPLY REQUIREMENTS 
Voltage. ±14.5. +4.75 ±15.0.+5.0 ±15.5. +5.25 · · VDC 
Supply Drain: ±15VDC (no load) ±2O · ±30 mA 

+5VDC (logiC supply) . +5 ±IO mA 

TEMPERATURE RANGE 
Specification ·-25 +85 . · . "C 
Storage -60 +150 . · ·C 

'Specific~tlon same as DAC70. 

NOTES: (I) Digital Inputs are TTL. LSTTL. 54n4C. 54n4HC. and 54n4HTC compatible over the operating voltage range'~1 Voo = +5V to +15V and over 
the specified tamperature range. The Input switching threshold ramains at the TTL threshold 01 1.4V over the supply range 01 Voo = +5V to 
+15V. (2') Currant-output models are specified and tested with an external output operational amplifier connected using the intemalleedback raslstor In 
all parameters except settling time. (3) FSR means lull-scale range and Is 20V for the ±IOV range (COB-V). 10V lor the 0 to +IOV range (YSB-V). FSR Is 
2mA lor the ±lmA range (COB-I) and the 0 to -2mA range (CSB-I). (4) Adjustable to zero with externat trim potentiometer. (5) With gain and zero 
errors adjusted to zero at +25·C. (6) Maximum reprosents the 3u limit. Not 100'lI0 testad lor this parameter. (7) LSB Is lor 14-blt resolution. (8) At the 
major carry. 7FFFH.to eooo.. and eooo.. to 7FFFH. . 

CONNECTION DIAGRAM 

PIN ASSIGNMENTS 
Pin 

I Models No. 

,MSB,Bitl l' 
Bit 2 2 
Bit3 3 
Bit4 4 
Bit5 5 
Blt6 6 
Blt·7 7 
Bit8 8 
Bit9 9 

Bit 10 10 
Bit 11 11 
Bltl2 12 
Bit 13 13 
Bit14 14 
Bit 15 15 

ILS~1 Bit 16 16 
RF 17 

+5VDC 18 
-15VDC 19 

COMMON 20 
lOUT 21 

GAIN ADJUST 22 
+15VDC 23 

6.3V REF. OUT 24 

+'" 

ZlIIIn 

.~'" 
NOTES: 
(I) Can bs .locI'o +V .. 

inatead 01 hIVing .. perala 
VDD8UPPty· 

(2) Decoupllng capacitors ere 
O.",F '0 l.o,.F. 

(3) Potentiometers are 10kn 
. 10100Ic0. 
(') 5kll (CSB). IOkO (COB). 

V Models 

iiii'1"iMSB, 
Bit 2 
Bit3 
Bit4 
8it5 
Bit6 
Bit7 
Bit8 
Blt9 
Bit 10 
Bit 11 
Bit12 

, 
Bit13 
Bitl" 
Bit 15 
BitI6ILSB, 
VOUT 
+5VDC 
-15VDC 
COMMON 
SUMMING JUNCTION 
GAIN ADJUST 
+15VDC 
6.3V REF. OUT 

MECHANICAL 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1 .... 1.J.2 31.4. 11.0' 

• C .1.0 .1.' 4.0S 4. 
D .011 .010 0.41 O. 
F .08 • • 041 0.17 1.07 
G .1001ASIC 2.14 IAS~ 
H .0.7 .0" 1.70 2.11 
~ .00. .012 0.10 '0.80 
K .170IASIC 4.811ASIC 
L •• 00IASIC ".24 IA.IC 
N .040 .0.0 .1.01 1.11 
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DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

The DAC70BH/72BH accept complementary digital 
input codes in either binary format (CSB, Unipolar or 
COB, Bipolar). The COB models may be connected by 
the user for either complementary offset binary (COB) 
or complementary two's complement (CTC) codes (see 
Table I). 
TABLE I. Digital Input' Codes. 

Analog Output 

Digital Complementary Complementary Complementary 
Input Straight Binary Offset Binary Two's Complement 

Codes ICSB) (COB) (CTC)' 

ooooH + Full Scale + Full Scale -1LSB 
7FFFH +112 Full Scale Bipolar Zero - Full Scale 
8000H +1/2 Full Scale -1LSB , + Full Scale 

-1LSB 
FFFFH Zero - Full Scale Bipolar Zero 

-Invert the MSB of the COB code with an externallOverter to obtsln eTC 
.code. 

ACCURACY 

Linearity 

This specification describes one of the most important 
measures of performance of a D / A converter. Linearity 
error is the deviation of the analog output from a 
straight line drawn through the end points (all bits ON 
point and all bits OFF point). 

Differential Linearity Error 

Differential Linearity Error (DLE) of a 0/ A converter is 
the deviation from an ideal ILSB change in the output 
from one adjacent output state to the next. A differential 
linearity error specification of ±1/2LSB means that the 
output step sizes can be between 1/2LSB and ·3/ 2LSB 
when the input changes from one adjacent input state to 
the'next. A negative DLE specification of no more than 
-I LSB (-0.006% for 14-bit resolution) insures monoto
nicity. 

Monotonicity 

Monotonicity assures that the analog output will increase 
or remain the same for increasing input digital codes. 
The DAC70BH/72BH are specified to be monotonic to 
14 bits over the entire specification temperature range. 

DRIFT 
Gain Drift 
Gain drift is a measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per degree centigrade (ppm/°C). Gain drift is 
established by : (I) testing the end point differences for 
each D/ A at tmin, +25°C and tm .. ; (2) calculating the gain 
error with respect to the +25°C value; and (3) dividing 
by the temperature change. 
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Offset Drift 
Offset drift is a measure of the change in the output with 
FFFF H applied to the digital inputs over the specified 
temperature range. The maximum change in offset at tmin 
or tm .. is ,referenced to the offset error at +25°C and is 
divided by the temperature change. This drift is expressed 
in parts per million of full scale range p,er degree centi
grade (ppm of FSR/°C). 

SETTLING TIME 

Settling time of the D/ A is the total time required for the 
analog output to settle within an error band around its 
final value after a change in digital input. Refer to Figure 
I for typical values for this family of products. 

iX 
rn ... 
'0 

1,0~--T"-"T'"..,---.,.,r----., 

-g ~ 0,1 t----+--i--+--+~f_--__1 .. -ID., 
~ '" 0" 

c5&! 
,,!/ 
:J .. 

~~ 
~ & O.01t------ti---+-+--tlt--__1 
u:'O 

E 
" I:! 
~ 

,0,OO1 ... ____ ~--.-~~-_..a.I __ ~ 
0,01 

Sellling -Time (psec) 

FIGURE I. Final-Value Error Band Versus Full-Scale 
Range Settling Time. ' 

Voltage Output 

Settling times are specified to ±0.OO3% of FSR (± I /2LSB 
for 14 bits) for two input conditions: a full-scale range 
change of 20V (COB) or 10V (CSB) and a I LSB change 
at the "major carry," the point at which the worst-case 
settling time occurs. (This is the worst-case point since 
all of the input bits change wh'en going from one code to 
the next). 

Current Output 

Settling times are specified to ±0.003% of FSR for a 
full-scale range change for two output load conditions: 
one for IOn to lOon and one for 1000n. It is specified 
this way because the output RC time constant becomes 
the dominant factor in determining settling time, for 
large resistive loads. 

COMPLIANCE VOLTAGE 

Compliance voltage applies only to current output mod
els. It is the maximum voltage swing allowed on the 
output current pin while still being able to maintain spec
ified accuracy. 



POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/ A converter 
output. It is defined as a percent of FSR change in the 
output per percent of change in either the positive supply 
(+Vcc), negative supply (-Vee) or logic supply (Voo) 
about the nominal power supply voltages (see Figure 2). 
It is specified for DC or low frequency changes. The 
typical performance curve in Figure 2 shows the effect of 
high frequency changes in power supply voltages. 

0.030 

i 0.025 

; 
-/15 V Supply 

.E 
a g- 0.020 
a 

" 0 
'0 
.,. 0.015 

~ .. 
e 
Iii 0.010 
a: 
'" ... IJ +15V 
'0 Supply 
.,. 0.005 

~v 
0 

u~ 

1 1 100 1k 10k 100k 

Power Supply Ripple Frequency (Hz) 

FIGURE 2. Power Supply Rejection Versus Power 
Supply Ripple Frequency. 

REFERENCE SUPPLY 

All models have an internal low-noise +6.3V reference 
voltage derived from an on-chip buried zener diode. This 
reference voltage is available to the user. A minimum of 
200J.lA is available for external loads. Since the output 
impedance of the reference output is typically In, the 
external load should remain constant. 

If a varying load is to be driven by the reference supply, 
an external buffer amplifier is recommended to drive the 
load in order to isolate the Bipolar Offset (connected 
internally to the reference) from load variations. 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors (IJ.1F to 
IOJ.lF tantalum recommended)should be located close to 
the DAC70BH/72BH. Electrolytic capacitors, if used, 
should be paralleled with O.OIJ.lF ceramic capacitors for 
best high frequency performance. 

EXTERNAL OFFSET AND GAIN 
ADJUSTMENT 
Offset and gain may be trimmed by installing external 
offset and gain potentiometers. Connect these potentio
meters as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
be IOOppm/oC or less. The 3.9Mn and 510kn resistors 
(20% carbon or better) should be located close to the 
DAC70BH/72BH to prevent noise pickup. If it is not 
convenient to use these high-value resistors, an equival
ent "T" network, as shown in Figure 3, may be substi
tuted in place of the 3.9Mn. A O.OOIJ.lF to O.OIJ.lF 
ceramic capacitor should be connected from Gain Adjust 
(pin 22) to common to prevent noise pickUp. Refer to 
Figures 4 and 5 for relationship of offset and gain 
adjustments to unipolar and bipolar D/ A converters. 

~----o = ~I""'----'J~~',fl'...--o 
3.9MO 180110 ~ llIOIcO 

lOIc°l 

FIGURE 3. Equivalent Resistances. 
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FIGURE 4. Relationship of Offset and Gain Adjust
ments for a Unipolar D{ A Converter. 
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FIGURE 5. Relalionship of Offset and Gain Adjust
ments for a Bipolar D. A Converter. 
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TABLE II. Digital Input and Analog Output Relationships. 

VOLTAGE OUTPUT MODELS 

Analog Output 

Unipolar Bipolar 

Digital Input Code 16-bit IS-bit 14-bit 16-blt IS-bit 14-bit 

One LSB (PV) 153 30S 610 30S 610 1224 
ooooH (V) +9.99985 +9.99969 +9.99939 +9.99969 +9.99939 +9.99878 
FFFFH (V) 0 0 0 -10.0000 -10.0000 -10.0000 

CURRENT OUTPUT MODELS 

Unipolar 

Digital Input Code 16-bit IS-bit 

One LSB (PA) 0.031 0.061 
oooOH (rnA) -1.99997 -1.99994 
FFFFH (rnA) 0 0 

OFFSET ADJUSTMENT 
For unipolar (CSB) configurations, apply the digital 
input code that should produce zero potential output 
and adjust the offset potentiometer for zero output. 

For bipolar (COB) configurations, apply the digital 
input code that should produce the maximum negative 
output voltage. The COB model is internally connected 
for a 20V FSR range where the maximum negative out
put voltage is -lOY. See Table II for corresponding 
codes and the Connection Diagram for offset adjustment 
connections. Offset adjust should be made prior to gain 
adjust. 

GAIN ADJUSTMENT 
For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive out
put voltage. Adjust the gain potentiomenter for this pos
itive full scale voltage. See Table 11 for positive full scale 
voltages and the Connection Diagram for gain adjust
ment connections. 

INSTALLATION 
CONSIDERATIONS 
This 01 A converter family is laser-trimmed to 14-bit 
linearity. The design of the device makes the 16-bit reso
lution available. If 16-bit resolution is not required, bit 15 
and 16 should be connected to Voo through a single IkO 
resistor. 
Due to the extremely-high resolution and linearity of the 
DI A converter, system design problems such as ground
ing and contact resistance become very important. For a 
16-bit converter with a +IOV full-scale range, ILSB is 
153/lV. With a load current of 5mA, series wiring and 
connector resistance of only 30mO will cause the output 
to be in error by I LSB. To understand what this means 
in terms of a system layout, the resistance of #23 wire is 
about 0.0210/ft. Neglecting contact resistance, less than 
18 inches of wire will produce a I LSB error in the analog 
output voltage! 

In Figures 6, 7, and 8, lead and contact resistances are 
represented by R, through Rs. As long as the load resist-

Analog Output 

Bipolar 

14-bit 16-bit IS-bit 14-bit 

0.122 0.031 0.061 0.122 
-1.99988 -0.99997 -0.99994 -0.99988 

0 +1.00000 +1.00000 +1.00000 

ance RL is constant, R2, simply introduces a gain error 
and can be removed during initial calibration. R3 is part 
of RL, if the output voltage is sensed at Common, and 
therefore introduces no error. If RL is variable, then R2 
should be less than RLminli6 to reduce voltage drops due 
to wiring to less than ILSB. For example, if RLmin is 
5kO, then R2 should be less than 0.080. RL should be 
located as close as possible to the D 1 A converter for 
optimum performance. The effect of R. is negligible. 

In many applications it is impractical to sense the output 
voltage at the outpilt pin. Sensing the output voltage at 
the system ground point is permissible with the DAC70 
family because the 01 A converter is designed to have a 
constant return current of approximately 2mA flowing 
from Common. The variation in this current is under 

CSB-V MODELS 

VOUT 

TO +Vcc 
+V 

COM ±15VOC 1--'*-----='" SUPPLY 

TO -Vee 

TO V •• 
• IpF 

-V 

SYSTEM GROUND POINT 
+V 

COM +5VDC 
SUPPLY 

OR. = 2kCl (VOLTAGE OUTPUT MODELS) 

FIGURE 6. Output Circuit for Voltage Models. 
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20l'A (with changing input codes), therefore R. can be as 
, large as 30 without adversely affecting the linearity of 
the 01 A converter. The voltage drop across R. (R. X 

CURRENT OUTPUT MODELS 

SYSTEM GROUND POINT 

TO VDO _--:-:r:-:--:-_+---::-+",V"j 
+ 1"" COM, 

+SVDC 
SUPPLY 

*r----r---~--r_--_, 

, * R. should bl l_ulllG Ibl outpul I~Pldlncl 1\ Ibe curnnl ... lpul IG cam· 
panlltelar Ibl bill currlnt drift, 01 A,. UII oIIndard iO%. 1I4W clrboo 
eamp.lllin Dr lIIulvallnt ".1110 ... 

FIGURE 7. Preferred External Op Amp 
Configuration. 

CURRENT OUTPUT MODELS 

TO +Vcc ----1r----¥-~ 

TO -Vee _---J~ __ +""'...., 
±15VOC 
SUPPLY 

TO Voo _-:-::r:--:---"-i_-=+::V"j +5VOC 
+ 1,.f COM SUPPLY 

J.....:::;'--~----=-="-l 

R. 

R.+R, =R,+R, 
R. ~'RDAC 

FIGURE 8. Differential Sensing Output Op Amp 
Configuration. 

6-26 

2m A) appears as a zero error and can be removed with 
the zero, calibration adjustment. This alternate sensing 
point (the system ground point) is shown in Figures 6, 7, 
and 8. 

Figures 7 and 8 show two methods of connecting the 
current output models with external precision output op 
amps. By sensing the output voltage at the load resistor 
(i.e., by connecting RF to the output' of AI at Rio), the 
effect of RI and R2 is greatly reduced. RI will cause a gain 
error but is independent of the value of RL and can be 
eliminated by initial calibration adjustments. The effeCt 
of R2 is'negligible because it is inside the feedback loop 
of the output op amp and is therefore greatly reduced by 
the loop gain. 

If the output cannot be sensed at Common or the system 
ground point as mentioned above, the differential output 
circuit shown in Figure 8 is recommended. In this circuit 
the output voltage is sensed at the load common and not 
at the 01 A converter common as in the previous' cir
cuits. The value of R6 and R7 must be adjusted for max
imum common-mode rejection at RL. Note that if R3 is 
negligible, the circuit of Figure 8 can be reduced to the 
one shown in Figure 7. Again the effect ofR. is negligi
ble.The 01 A converter I!ndthe wiring to its connectors 
should be'located to provide optimum isolation from 
'sources of RFI and EM!. The key concept in elimination 
of RF radiation or pickup is loop area; therefore, signal 
leads and their return conductors should, be kept close 
together. This teduces the external magnetic field along 
with any radiation. Also, if a single lead and its,return 
conductor are wired close together, they present a small 
flux-capture cross section for any external field. This 
reduces radiation pickup in the circuit. 

APPLICATIONS' 
DRIVING AN EXTERNAL OP AMP WITH 
CURRENT OUTPUT DACs 

'The DAC70BH/72BH current output models Will drive 
the summing junction of anop amp to produce an out
put voltage as shown in Figure 9. Use of the internal 
feedback resistor is required to obtain specified gain 
accuracy and low gain drift. 

Current output models can be scaled for any desired 
, voltage range with an external feedback resistor, but at 
the expense of increased drifts of up to ±50ppm/oC. The 
resistors in the D/A converter ratio track to ±lppm/oC 
but their absolute TCR may be as high as *SOppm/oC. 

An alternative method of scaling tbe output voltage of 
the D/A converter and preserving the low gain drift is 
shown in Figure 10. 

'OUTPUTS LARGER THAN 20-VOL T RANGE 

For output voltage ranges larger than ±IOV, a high volt
age op amp may be employed with an external feedbaCk 
resistor. Use lOUT values of ±lmA for bipolar voltage 
ranges and -2mA for unipolar voltage ranges (see Fig
ure II). Use protection diodes as shown when a high 
voltage op amp is used. 



FIGURE 9. External Op Amp Using Internal 
Feedback Resistors. FIGURE II. External Op Amp Using External 

Feedback Resistors. 

FIGURE 10. External Op Amp Using Internal and 
External Feedback Resistors to Maintain 
Low Gain Drift. 

ORDERING INFORMATION 

Model InputCocle 

Current Output: DAC70BH-COB-1 Complementary Oll.et Binary 
BH-CSB-I Complementary Straight Binary 

DAC72BH-COB-1 Complementary Ollset Binary 
BH-CSB-I Complementary Straight Binary 

Voltage Output: DAC72BH-COB-V Complementary Ollset Binary 
BH-CSB-V C.omplementary Straight Binary 
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BURR-BROWN® 

IElElI DAC71 

Monolithic 16-Bit 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 16-BIT. 4-OIGIT RESOLUTION 
• ±O.003% MAXIMUM NONLINEARITY 
• LOW DRIFT ±7ppm/oC. (TYPICAL) 
• MONOLITHIC CONSTRUCTION 
• EXACT DAC71 HYBRID REPLACEMENT 

.• MONOTONIC (AT 14 BITS) OVER FULL 
SPECIFICATION TEMPERATURE RANGE 

• CURRENT AND VOLTAGE MODELS 

DIGITAL 
INPUTS 

16·BIT 
LAODER 

RESISTOR 
NETWORK 

ANO 
CURRENT 

SWITCHES 

I 
I 

DESCRIPTION 
The DAC71 is a complete l6-bit digital-to- analog 
converter that includes a precision buried-zener volt
age reference, and a low-noise, fast-setting output 
operational amplifier (voltage output models), all on 
one small monolithic chip. A combination of cur
rent-switch design techniques accomplishes not only 
l4-bit monotonicity over the entire specified temper
ature range but also a maximum end-point linearity 
error of ±O.OO3% of full-scale range. Digital inputs 
are complementary binary coded and are TTL-, 
LSTTL-, 54/74C-, 54f74HC-compatible over the 
entire temperature range. Outputs of 0 to +IOV, 
±IOV,O to -2mA, and ±lmA are available. . 

This D / A converter is packaged in a hermetic 24-pin 
ceramic side-br;u:ed package. 

1-_-.;......,.._ REFERENCE OUTPUT 

SUMMING JUNCTION 
COMMON 

OUTPUT 
I I I _ 1 
L': ___ J 

VOLTAGE 
MODELS 

ONLY 

_ GAIN ADJUST 
'--+Vcc 
"'---Vcc 

- Yoo 

Internallonll Alrporllndualrlll Park· P.O. Box 11400· Tucson. Arizona 85734· TIl. 16021 746·1111 • Twx: 910.952·1111 • Cabll: BBRCORp· Telex: 66-6491 

PDS-613A 
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SPECIFICATIONS 
ELECTRICAL 
Typical at T,,:::; +25°C and rated power supplies unless otherwise noted. 

MODEL DACT1 

MIN TYP' MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolulion, CSB, COB 16 Bits 
Oigitallnputslll: 

v" +2.4 +S.S V 
V" 0 +0.4 V 
iJMV1=+2.7V +40 pA 
III VI = +O.4V -1.6 mA 

TllANSFER CHARACTERISTICS 

ACCURACY'" 
linearity Error At +25~C ±Q.Q03 %ofFSR 'll 

Gain Error'•I: Voltage ±0.01 iO.l0 'Ib 
Current ±O.OS iO.2S 'Ib 

Offset Error!·l: 
Voltage Unipolar ±0.10 ±2 mV 
Voltage Bipolar i5 mV 
Current Unipolar ±1 pA 
CUrrent Bipolar ±5 pA 

Monotonicily Temperature 
Range (14 bils) 0 +10 'C 

DRIFT (OVER SPECIFIED 
TEMPERATURE RANGE) 
Total Bipolar Drift: 

{Includes Gain, Offset, 
and Linearity Oriftj'SJ 

Voltage ±l ±15 ppmol FSRI'C 
Current ±15 i50 ppm 01 FSRI'C 

Total Error Over 
Temperature Range: 

Voltage, Unipolar ±0.063 'lboIFSR 
Voltage, Bipolar ±0.011 'lboIFSR 
Current, Unipolar iO.23 'lboIFSR 
CUllenl, Bipolar ±0.23 'Ib 01 FSR 

Gain: Voltage ±20 ppml'C 
Current ioo ppm/'C 

Offset: Voltage, UnipOlar ±I ±2 ppm 01 FSR/'C 
Voltage, Bipolar ±IO ppm 01 FSR/'C 
Current, Unipolar ±I ppm 01 FSR/'C 
Current, Bipolar i40 ppm 01 FSR/'C 

Differential Linearity over 
Temperature ±2 ppm 01 FSR/'C 

Linearity over 
Temperature i2 ppm 01 FSR/'C 

SETTLING TIME'" 
Voltaga Models 
(10 iO.003'1b 01 FSR) 

Oulpul: 20V Step 5 10 pS 

ILSBSlep'" 3 5 pS 

Slew Rate 10 Vips 
Switching Transient181 SOO mV 

Current Models 
(10 ±0.OO3'1b 01 FSR) 

Output, 2mA step: 
100 to 1000 load I pS 

IkO load 3 pS' 
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MODEL DAC71 

MIN TYP MAX UNITS 

OUTPUT 

ANALOG OUTPUT 
Voltage Models 

Ranges: CSB Oto+IO V 
COB ±IO V 

Output CUrrent ±5 mA 
Output Impedance (DC) 0.05 0 
Short Circuit Duration Indefinite to Common 

Current Models 
Ranges: CSB Oto-2 mA 

COB ±I mA 
Output Impedance: 

Unipolar 4.0 kO 
Bipolar 2.45 kO 

Compliance ±2.S V 

INTERNAL VOLTAGE 
REFERENCE 6.0 6.3 6.6 V 
Maximum External 

Current ±200 pA 
Temperature Coefficient 

of Drift ±10 ppml'C 

POWER SUPPLY 
SENSITIVITY 
Unipolar Offsel: ±15VDC ±.OOOI 'Ib 01 FSMIo V", 

+SVDC ±.OOOI '1\ 01 FSMIo Voo 
Bipolar Ollsel: ±15VDC ±.0004 '1\ 01 FSRI'IbV", 

+5VDC i.OOOI 'lboIFSRl'lbV"" 
Gain: ±15VDC ±0.001 'Ib 01 FSRI'Ib Vee 

+SVDC ±.0005 'II 01 FSR/'Ib V"" 

POWER SUPPLY 
REQUIREMENTS 
Voltage ±14.5, +4.7 ±15.0, +5.0 ±15.5, +5.25 VDC 
Supply Drain: 

±15VDC (no load) ±20 ±30 mA 
+5VDC (logic supply) +5 +10 mA 

TEMPERATURE RANGE 
Specification 0 +70 'C 
Storage -60 +150 'C 

NOTES: (1) Digllal inputs are TTL, LSTTL, 54174C, 54174HC, and 
54174HTC compatible over the operating voltage range of Voo = +5V to 
+15V and over the specified temperature range. The input switching 
'threshold remains at the TTL threshold of 1.4V over the supply range of 
Voo = +5V to +15V. _ (2) Current-output models are specified and tested 
with an external output operational amplifier connected using the internal 
feedback resistor in all parameters except settling time. (3) FSR means 
lull-scale range and is 20V lor the ±laV range (COBeY), l0V lor the 0 to 
+10V range (CSB-V). FSR is 2mA lor the ±1mA range (COB-I) and the 0 to 
-2mA range (CSB-I). (4) Adjustable to zero with external trim potenti
ometer. (5) With gain and zero errors adjusted to zero at +25°C. 
(6) Maximum represents the 3u limit. Not 100% tested for this parameter. 
(7) LSB is lor 14-bit resolulion. (8) Allhe major carry, 7FFFH to BOOOH 
and 8000H to 7FFFH • 



PIN ASSIGNMENTS 

Pin 
I Models No. 

IMSBI Bit I I 
Bit2 2 
Bit3 3 
Bit4 4 
BitS S 
Bit 6 6 
Bit7 7 
Bit 8 8 
Bit9 9 

BitlO 10 
.Bitll II 
Bitl2 12 
Bitl3 13 
Bitl4 14 
BitlS IS 

IlsBI Bitl6 16 
RF 17 

+SVDC 18 
-ISVDC 19 

COMMON 20 
lOUT 21 

GAIN ADJUST 22 
+ISVDC 23 

6.3V REF. OUT 24 

CONNECTION DIAGRAM 

MECHANICAL 

~. 
BltllMSBI 
'Bit2 
Bit3 
Bit4 
BitS 
Bit6 
Bit7 
Bit8 
Bit9 
Bit 10 
Bill I 
Bitl2 
Bitl3 
BMI4 
Bit IS 
Bit 16 ILSBI 
VOUT' 
+5VDC 
-ISVDC 
COMMON " 

SUMMING JUNCTION 
GAIN ADJUST 
+ISVDC 
6.3V.REF. OUT 

NOTES: 
(1) Can be tied to +Vcc 

Instead of having separate 
VDOsupply. 
(2) Oicoupllng capacitors are 

0.1"" 10 I.O/IF. 
(3) Potentiometers are 10kn 

to100kO.· , 
(4) SkI) (CS~). 10k!) (COB). 

MILLIMETERS 
MIN MAX MAX 

A •••• , ..... , ...... 

... . 
I.U 1 .. 7 

. DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 
TheDAC71 accepts complementary digital input codes 
in either binary format (CSB, Unipolar or COB, Bipo
lar). The COB models may be connected by the user for 
either complementary offset binary (COB) or comple
mentary two's complement (eTC) codes (see Table I). 

TABLE I. Digital Input Codes. 

Analog Output 

Dlgllal Complementary Complementary Complementary 
Input Straight Binary Oflset Binary Two's Complement 
Cod •• (CSB) (COB) (CTC)' 

()(J()(),. + Full Scale + Full Scale -ILSB 
7FFF. ±1I2Full Scale Bipolar Zero - Full Scale 
8000. +112 Full Scale -ILSB + Full Scale 

-ILSB 
FFFFH Zero - Full Scale Bipolar Zero 

"Invert the MSB of the COB code with an external Inverter to obtain CTC 
code. 

. ACCURACY 

. Linearity 
This specification describes one of the most important 
measures of performance of a D/ A converter. Linearity 
error is the deviation of the analog output from a 
straight line drawn through the end points (all bits ON 
point and , all bits OFF point). 

Differential Linearity Error 
Differential Linearity Error (DLE) of a D/ A converter is 
the deviation from an ideal lLSB change in the output 
from one adjaceIit output state to the next. A differential 
linearity error specification Of ±1/2LSB means that the 
output step sizes can be between 1/2LSB and 3/2LSB 

,when the input changes from one adjacent input state to 
the next. A negative DLE specification of no more.than 
...,.ILSB (-0.006% for l4-bit resolution) insuresmonoto
nicity. 

Monotonlclty 
Monotonicity assures that the analog output will increase 
or remain the same for increasing input digital codes. 
The'DAC7l is specified to be monotonic to 14 bits over 
the entire specification temperature range. 

DRIFT 
Gain Drift 
Gain drift is a' measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per degree centigrade (ppm/°C). Gain drift is 
established by: (I) testing the end point differences for 
each D/A at tMIN, +25°C and tMAX; (2) calculating the 
gain error with respect to the +25°C value; and (3) divid
ing by the temperature cha!lge. 

Offset Drift 
Offset drift is a measure of the change in the output with 
FFFF H applied to the digital inputs over the specified 
temperature range. The maximum change in offset at 
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tMIN or tMAX is referenced to the offset error at +25°C 
and is divided by the temperature change. This drift is 
expressed in parts per million of full scale range per 
degree centigrade (ppm of FSR/°C). 

SETTLING TIME 

Settling time of the D/ A is the total time required for the 
analog output to settle within an error band around its 
final value after a change in digital input. Refer to Figure 
I for typical values for this family of products. 

1.0_--_-.,.......,---.,.,r----., 

~ 
'0 

-g ~ 0.1 f-----r-+----'~-___1H+_---_I .. -m" 
~ '" e ; 
Ilia: 
",!! 

i! =r.!. 
~ ~ 0.01 f-----\+----J~___1I___t-r---_I 
u::'O 

0.001 .... ____ ~-.......... -~--... ~~ 
0.01 10.0 

SeHling Time (pa) 

FIGURE 1. Final-Value Error Band Versus Full-Scale 
Range Settling Time. 

Voltage Output 
Settling times are specified to ±o.003% of FSR (±1/2LSB 
for 14 bits) for two input conditions: a full-scale range 
change of 20V (COB) or IOV (CSB) and a lLSB change 
at the "major carry;" the point at which the worst-case 
settling time occurs. (This is the worst-case point since 
all of the input bits change when going from one code to 
the next). 

C!Jrrent Output 
Settling times are specified to ±0.003% of FSR for a 
full-scale range change for two output load conditions: 
one for 100 to lOOn and one for 10000. It is specified 
this way because the output RC time constant becomes 
the dominant factor in determining settling time for 
large resistive loads. 

COMPLIANCE VO,L TAGE 

Compliance voltage applies only to current output mod
els. It is the maximum voltage swing allowed on the 
output current pin while still being able to maintain speci
fied accuracy. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/A converter 
output. It is defined as a percent of FSR change in the 
output per percent of change in either the positive supply 
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(+Vee), negative supply (-Vee) or logic supply (VDD) 
about the nominal power supply voltages (see Figure 2). 
I is specified for DC or low frequency changes. The typi
cal performance curve in Figure 2 shows the effect of 
high frequency changes in power supply voltages. 

0.030 

I! J ~ 0.025 

~ I I 111111 
.5 

-15V Supply 

~ 0.020 .. 
.c 
0 
'0 
"II. 0.015 

~ 
~ e w 0.010 
a: 
~ / +15V 
'0 Supply 
"II. 0.005 

~ ~V u~ 
0 

1 10 100 lk 10k lOOk 

Power Supply Ripple Frequency (Hz) 

FIGURE 2. Power Supply Rejec~ion Versus Power 
Supply. Ripple Frequency. 

REFERENCE SUPPLY 

All models have an internal low-noise +6.3V reference 
voltage derived from an on-chip buried zener diode. This 
reference voltage is available to the user. A minimum of 
200l'A is available for external loads. Since the output 
impedance of the reference output is typically 10, the 
external load SQ~uld remain constant. 

If a varying load is to be driven by the reference supply, 
an external buffer amplifier is recommended to drive the 
load.in order to isolate the Bipolar Offset (connected 
internally to the reference> from load variations. 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors shoul4 be added as. shown 
in the Connection Diagram. These capacitors (iI'F to 
10l'F tantalum recommended) should be located close to 
the DAC71. Electrolytic capacitors, if used, should be 
paralleled with O.OlI'F ceramic capacitors for best high 
frequency performance. . 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external 
offset and gain potentiometers. Connect these potentio
meters as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
be 100ppm/oC or less. The 3.9MO and 510kO resistors 
(20% carbon or better) should be located dose to the 
DAC71 to prevent noise pickup. If it is not convenient to 



use these high-value resistors, an equivalent "T" net
work, as shown in Figure 3, may be substituted in place 
of the 3.9Mn. A O.OOl"F to O.OI"F ceramic capacitor 
should be connected from Gain Adjust (pin 22) to com
mon to prevent noise pickUp. Refer to _Figures 4 and S 
for relationship of offset and gain adjustments to unipo
lar and bipolar D/A converters. 

FIGURE 3. Equivalent Resistances. 
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FIGURE 4. Relationship of Offset and Gain Adjust
ments for a Unipolar D/A Converter. 
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OFFSET ADJUSTMENT 

For unipolar (CSB) , configurations, 'apply the digital 
input code that should produce zero ,potential output 
and adjust the offset potentioineter for zero output. 

For bipolar (COB) configurations, apply the digital 
input code that should p~oduce' the maximum negative 
output voltage. The COB model is internally connected 

for a 20V FSR range where the maximum negative out
put voltage is -IOV. See Table II for corresponding 
codes and the Connection Diagram for offset adjustmel).t 
connections. Offset adjust should be made prior to gain 
adjust. 

GAIN ADJUSTMENT 

For either unipolar or bipolar configurations; apply the 
digital input that should give the maximum positive out
put voltage. Adjust the gain potentiomenter for this posi- ' 
tive full scale voltage. See Table II for positive full scale 
voltages and the Connection Diagram for gain adjust
ment connections. 

INSTALLATION 
CONSIDERATIONS 
This D/A converter is laser-trimmed to 14-bit linearity. 
The design of the device makes the 16-bit resolution 
available. If 16-bit resolution is not required, bits IS and 
16 should be connected to VDD through a single Ikn 

. resistor. 

DUe to the extremely-high resolution and linearity of the 
" D/A converter, system design problems such as ground

ing and contact resistance become very important. For a 
'16-bit converter with a ±IOV full-scale range, ILSB is 
IS3"V. With a loa~ current of SmA, series wiring and 
connector resistance of only 30mn wiII cause the output 
to be in error bYlLSB. To understand what this means in 
terms of a system layout, the resistance of #23 wire is 
about 0.02In/ft. Neglecting contact resistance, less than 
18 inches of wire will produce a ILSB error in the analog 
o~tput Voltage! 
In Figures 6, 7, and 8, lead and contact resistances are 
represented by RI through Rs. As long as the load resist
ance RL is constant, R2 simply introduces a gain error 
and can be removed during initial calib,ration. R3 is part 
of RL, if the output voltage is sensed at Common, and 
therefore introduces no error. If RL is variable, then R2 
should be less than RL MIN/216 to reduce voltage drops 
due to wiring to less than lLSB. For example, if RL MIN is 
5kn, then Rz should be less than 0.08n. RL should be 
located as close as possible to the D 1 A converter for 

, opthnum performance. The effect of R. is negligible. 
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in many applications it is impractical to sense the output 
voltage at the output pin. Sensing the output voltage at 
the system ground point is permissible with the DAC7I 
because the DI A converter is designed to have a constant 
return current 'of approximately 2mA flowing from 
Common. The variation in ,this current is under 20"A 
(with changing input codes), therefore R. can be as large 
as 3n without adversely affecting the linearity of the 
D/A converter. The voltage drop across ft. (R. X 2mA) 
appears as a zero error and can be removed with the ze'ro 
calibration adjustment. This alternate sensing point (the 
system ground point) is shown in Figures 6, 7, and 8. 

Figures 7 and 8, show two methods of 'connecting the 
current output models with external precision output op 



TABLE II. Digital Input and Analog Output Relationships. 

VOLTAGE OUTPUT MODELS 

Analog Output 

Unipolar Bipolar 

Digital Input Code t6-bit IS-bit 140bit 16-bit IS-bit 14-bit 

One LSB UN) 153 305 610 305 610 1224 
oooOH (V) +9.99985 +9.99969 +9.99939 +9.99969 +9.99939 +9.99878 
FFFFH (V) 0 0 0 -10.0000 -10.0000 -10.0000 

CURRENT OUTPUT MODELS 

Unipolar 

Digital Input Code 16-bit IS-bit 

One LSB (PA) 0.031 0.061 
OOOOH (rnA) -1.99997 -1.99994 
FFFFH (rnA) 0 0 

CSB-V MODELS 

R, ~ 5kn """ _ r Vou, 

dtl:(JP ']L 
COMMON ~ 

ALTERNATE GROUND R" "---SENSE OUTP~T 
SENSE CONNECTION ..., ~ / >--- +V 

TO +Vee +J. 
+ ,.. (/IF I .... / COM ±(5VDC 

TO -Vee 

TOVoo 

+~ I.......... SUPPLY :'fM I........ -V 
............... SYSTEM GROUND POINT 

+V 

COM +5VDC 
SUPPLY 

*R. = 2kn (VOLTAGE OUTPUT MODELS) 

FIGURE 6. Output Circuit for Voltage Models. '. 

amps. By sensing the output voltage at the. load resistor 
(i.e., by connecting RF to the output of A, at RL), the 
effect of R, and R2 is greatly reduced. RI will cause a gain 
error but is independent of the value of RL and can be 
eliminated by initial calibration adjustments. The effect 
of R2 is negligible because it is inside the feedback loop 
of the output op amp and is therefore greatly reduced by 
the loop gain. 

If the output cannot be sensed at Common or the system 
ground point as mentioned above, the differential output 
circuit shown in Figure 8 is recommended. In this circuit 
the output voltage is sensed at the load common and not 
at the D / A converter comm~n as in the previous circuits. 
The value of R6 and R7 must be adjusted for maximum 

Analog Output 

Bipolar 

140bil 16-bit IS-bit 140bit 

0.122 0.031 0.061 0.122 
-1.99988 -0.99997 -0.99994 -0.99988 

0 
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+1.00000 +1.00000 

CURRENT OUTPUT MODELS 

TO Voo _-,...,...,...-:-_-t-_+_V.., 
+ IpF COM 

+5VOC 
SUPPLY 

+1.00000 

R, 

R. 

*r----;----r---;-~-~ 

* R. IhOuld be equll 10 oia Dutput Impedance It thl current oulpul to com· 
pansllllor the bill current drill 01 A,. UII IlIndlrd 10'1t. Jl4W carbon 
cDmpollUon or equivalent realllOrl. 

FIGURE 7. Preferred External Op Amp 
Configuration. 

common-mode rejection at RL. Note that if R3 is negligi
ble, the circuit of Figure 8 can be reduced to the one 
shown in Figure 7. Again the effect of R. is negligible. 
The D/A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EMI. The key concept in elimination 
of RF radiation or pickup is loop area; therefore, signal 
leads and their return conductors should be kept close 
together. This reduces the external magnetic field along 
with any radiation. Also, if a single lead and its return 
conductor are wired close together, they present a small 
flux-capture cross section for any external field. This 
reduces radiation pickUp in the circuit. 



CURRENT OUTPUT MODELS 
SENSE 

OUTPUT 

~--------, \ 
R. .) 

TO +V.e ----,r--c-++-~ R.+R, =R,+R, 
±16VDC R. = ROAC 
SUPPLY 

TO -Vee _--<"-"'--+-'''~ 

FIGURE 8. Differential Sensing Output Op Amp 
Configuration. 

APPLICATIONS' 

FIGURE 9"'External Op Amp Using Internal 
Feedback Resistors;' 

OR .. ft, TCR < ±lOpplI'oC DRIVING AN EXTERNAL OP AMP WITI:I 
CURRENT OUTPUT DACs FIGUREIO. ExternalOp Amp Using Internal and 
The DAC7l current output models will drive the sum
mingjunction of an op amp toproduce.an output volt
age as shown in Figure 9. Use of the internal feedback 
resistor is required to obtain specified gain accuracy and 
low gain drift. 

Current output models can be scaled for any desired 
voltage range with an external feedback resistor, but at 
the expense of increased drifts of up to ±50ppm/oC. The 
resistors in the D/Aconverter'ratio track to ±lppm/oC 
but their absolute TCR may be' as high 'as ±50pp~/ °C. 
An alternative method of scaling the ~utput voltage of 
the D/A converter and preserving the lowgain drift is 
shown in Figure 10. . 

OUTPUTS LARGER'THAN 20V RANGE 

. External Feedback Resistors to Maintain 
Low Gain Drift. 

VOUT 

for output voltage ranges largeqhan ±IOV, a high volt
age op amp may be employed with an external feedback 
resistor. Use lOUT valuesof±lmA for bipolar voltage 
range~ and -2mA for unipolar voltage ranges (see Fig
tire II). Use protection diodes as shown when a high 
voitage op amp is .used.· . 

. FIGURE If. External Op Amp Using External 
Feedback Resistors. 

ORDERING INFORMATION 

M_I In'putC_ 

·Current Output: DAC71-COB-1 Complementary Offset Binary 
-CSs:.1 Complementaiy Straight Binary 

Voltage Output: DAC71-COB-V Complementary Olfael Binary 
-CSB-V . Complementary Straight Binary 
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BURR-BROWN® 

IElElI DAC71-CCD 

High Resolution 
16-BITDIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 16-BlT, 4-0IG1T RESOLUTION 
• ±O.005% MAXIMUM NONLINEARITY 
• LOW DRIFT, ±7ppm/oC TYPICAL 
• CURRENT AND VOLTAGE MODElS 
• LOW COST 

Voltage Model 

6.3V Reference Qut 

+15VDC 

Gain Adjust 

Summing Junction 

Common 

-15VDC 

+5VDC 

VOUT 

DESCRIPTION 
The DAC71 is a high quality 16-bit hybrid IC D/ A 
converter available in a 24-pin d ual-in-line ceramic 
package. 

The DAC7I with internal reference and optional 
output amplifier offers a maximum linearity error of 
±O.005% of FSR at room telllperature and a maxi
mum gain drift of.±20ppm/oC over a temperature 
range ofOcC to +70cC. 

The DAC71-CCD accepts complementary 4-digit 
BCD TTL-compatible input codes. 

Packaged within the DAC71 are fast-settling switches 
and stable laser-trimmed thin-film resistors that let 
you select two output ranges: 0 to + IOVDC (DAC7I
CCD-V) and 0 to -1.25mA (DAC7I-CcD-I). 

Inlemation.' Airport Industrial Park· P.O. Box 11400· Tu •• on. Ailzona 85734 . Tel. 1602) 746-1111 - Twx: 910-952-1111 - Cable: B8RCORP - Telex: 66~6491 

PDS-671 
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SPECIFICATIONS 
ELECTRICAL 
Typical at T A = 25°C and rated power supplies unless otherwise noted. 

MODEL DAC71-CCD 

MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution 4 Digits 
Logic Levels (TTL~Compatible)''': 

Logical "1" (at +40jlA) +2.4 +5.5 VDC 
Logical "0" (at -1.6mA) 0 +0.4 VDC 

TRANSFER CHARIICTERISTICS 

ACCURACY 
Linearity Error at 25°C ±0.005 %of FSR'" 
Gain E'rror431 : Voltage ±0.01 ±0.1 % 

Current ±0.05 ±0.25 % 
Offset Errorl31 : Voltage, Unipolar ±0.1 ±2 mV 

Current. Unipolar ±1 jlA 
Monotonicity, Temperature Range (14 bits) 0 +50 "C 

DRIFT (Over specified temp. range) 
Total Error over Temperature Range'''': 

Voltage, Unipolar ±0.063 %of FSR 
Curreri, Unipola,r ±0.23 %of FSR 

Gain: Voltage ±20 ppm/"C 
Current ±60 ppml"C 

Offset: Voltage. Unipolar ±1 ±2 ppm of FSRrC 
Current, Unipo",ar ±1 ppm of FSR/"C 

Oifferen,ti81 Linearity over Temperature ±2 ppm "f FSRI"C 
linearity Error over Temperature ±2 ppm of FSR/"C 

SETTLING TIME. 
Voltage Model (to ±0.005% of FSR) 

Output: 20V Step 5 10 jlS 

1LSBStep'" 3 5 I's 
Slew Rate 20 Vljls 

Current Model (to ·±0.005% of FSR) 
Output: 2mA step, 100 to 1000 Load 1 jlS 

1kO Load 3 jlS 
Switching Transient 500 mV 

OUTPUT 

ANALOG OUTPUT 
Voltage Model 

Range Oto+10 V 
Ouiput Current ±5 mA 
Output Impedance (DC) 0.05 0 
Short-Circuit Duration Indefinite to Common 

Current Model 
Range Oto -1.25 mA 
Output Impedance, Unipolar 15 kO 
Compliance ±2.5 V 

INTERNAL REFERENCE VOLTAGE 6.0 6.3 6.6 V 
Maximum Ext~al Current'll ±200 jlA 
Temperature Coefficient· of Orift ±10 ppm/"C 

POWER SUPPLY SENSITIVITY 
Unipolar Offset: ±15VDC ±0.001 %of FSR/%V. 

+15VDC ±O.OOl %of FSR/%V. 
Gain: ±15VDC ±O.OOl %of FSR/%V. 

+5VDC ±O.0005 %of FSR/%V. 

POWER SUPPLY REQUIREMENTS 
Voltage ±14.5. +4.75 ±15,+5 ±15.5, +5.25 VDC 
Supply Drain: ±15VDC (no load) ±25 ±35 -rnA 

+5VDC (logic supply) ±20 ±35 mA 

TEMPERATURE RANGE 
Specification 0 +70 "C 
Operating (double above Drift Specs) -25 +85 "C 
Storage -55 +100 "C 

"NOTES: (1) Adding external CMOS hex buffers CD4009A will provide 15VOC CMOS input compatibility. 
The percent change in output" Vo as logic 0 varies from O.OV to +0.4V and logic 1 changes from +2.4V to +5.0V 
on all inputs is less than 0.006% of FSR. (2) FSR means Full Scale Range and is 20V for ±10V range, 10V for 
±5V range. etc. (3) Adjustable to zero with external trim potentiometer. (4) With gain and offset'errors 
adjusted to zero ~t 25°C. (5) LSB is for 14~bit resolution. (6) Maximum with no degradation of specifications. 
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MECHANICAL 

• 

NOTE: Leads in true position 
within 0.10" (0.25mm) R at MMC 
at saating plane. 

13 

~' 12 

--:J~·A·~l 
Pin numbers shown for reference only. 

. Numbers may not be marked on 
package. 

NL' 
j=--~II'IIIII~ 

K . L°-L 
G , 

INCHES MILLIMETERS 
OIM MIN MAX ¥IN MAX 

1.310 1.360 33.21 34.54 

• .170 .810 19.56 20.57 

C .150 .210 3.81 5.33 

.018 .021 0.46 0.53 

.035 .050 0.89 1.27 

G .100 BAStC 2.54 BASIC 

.110 ,130 2.79 3.30 

.150 .250 3.81 6.35 

.600 BASIC 15.24 BASIC 

.002 .010 0.05 0.25 
0.B5 .105 2,16 2.67 

CASE: Ceramic 

MATING CONNECTOR: 245MC 

WEIGHT: 8.4 grams (0.3 oz.) 

HERMETICITY: Conforms to method 
1014. condition C, step 1 (fluorocarbon) 
of MIL-STD-883 (gross leak). 



CONNECTION DIAGRAM 

+Vs 

10kll 
to 

100kll 

·Vs 
lOW 

I}-~-J~ ______ ~~ to 

100kll 

+Vs 

}-----"T"-o ·VS 

L-----~-----o+VL 

NOTE: Current Model 
does not contain A1. 

DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

The DAC7l accepts comlementary digital input codes in 
decimal (CCD) format (see Table I). 

TABLE l. Digital Input Codes. 
.OIGITAL INPUT CODES 

~ 
o 
o 
:; 

8 FS bits ON 0110 0110 
u AIiBllsOFF 1111 "11 

ACCURACY 
Linearity 

CCD 

Complementary Coded 
DeCimal 4 DigIts 

-FUll Scale 
Zero 

"Inverl the 
MSBof Ihe 
COBcade 

With an 
eKlernal 

Inverlerlo 
obtain eTC 

code. 

This specification desci-ibes one of the truest measures of 
01 A converter accuracy. As defined it means that the 
analog output will not vary by more than ±O.005% max 
(CCD) from a straight line drawn through the end points 
(all bits ON and all bits OFF) at +25°C. 
Differential Linearity 
Differential linearity 'error of a 01 A converter is the 
deviation from an ideal lLSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can be anywhere from l/2LSB to 
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PIN ASSIGNMENTS 

I Model Pin V Model 

(MSB) Bitl Bitl (MSB) 
Bit 2 Bit2 
Bit3 8it3 
Bit 4 4 8it4 
BitS 5 BitS 
8it6 '6 Bit6 
Bit 7 Bit 7 
Bit 8 Bit8 
Bit 9 Bit9 

Bit 10 10 Bit 10 
Bit 11 11 Bitl1 
Bit 12 12 Bit 12 
Bit 13 13 Bit 13 
Bit14 14 Bit 14 
Bit 15 15 Bit15 

(LSB) Bit 16 16 Bit 16 (LSB) 
RF 17 VOUT 

+5VDC 18 +5VDC 
·15VDC 19 ·15VDC 

COMMON 20 COMMON 
lOUT ,21 SUMMING JUNCTION 

GAIN ADJUST 22 GAIN ADJUST 
+15VDC 23 +15VDC 

6.3V REF. OUT 24 6.3V REF OUT 

3/2LSB when the input changes from one adjacent input 
stage to the next. 

Monotonicity 
Monotonicity over O°C to +50"C is guaranteed. This 
insures that the analog output will increase or remain the 
same for increasing l4-bit input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (see Figure I). Gain Drift is established by: 
1. testing the end point differences for each DAC71 

model at +25°C and the appropriate specification 
temperature extremes; 

+0.08 

Charac,teristic 
.0.080~---+2-:':5:-------+~70· 

Temperature ,oC, 

FIGURE I. Gain Drift Error (%) vs Temperature .. 



2. calculating the gain error with respect to the +25°C 
value; and 

. 3. dividing by the temperature change. This is expressed 
in ppm/oC. 

Offset Drift is a measure of the actual change in output 
wi~h all "I "s on the input over the specified temperature 
range. 

The maximum change in offset is referenced to the offset 
at +25°C and is divided by the temperature range. This 
drift is expressed in parts per million of full scale range 
per °C (ppm of FSR/°C). 

SETTLING TIME 

Settling time is the total time (including slew time) 
required for the output to settle within an error band 
around its final value after a change in input (see Figure 2). 

0.001 187511 
0.1. 

V Models 

100 

FIGURE 2. Full Scale Range Settling Time vs . 
Accuracy. 

Voltage Output Models' 
Settling times are specified to '±0.005% of FSR; one for 
maximum full scale range ehanges of 20V and one for a 

'ILSB change. The ILSB change is measured at the major 
carry (0111 . ,. II to 1000 ... 00), the point at \\Chich the 
worst-case settling time occurs. 

CUrrent'Output Models 
Two settling times are specified to ±0.005% of FSR. 
Each is given for current models connected with two 
different resistive loads: 100 to 1000 and 10000. 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the output of the current models while 
maintaining;specified accuracy: The typical compliance 
voltage of all current output models is +2.5V and 
maximum safe voltage swing permitted' without damage 
is +5V. . 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
,power supply change on the D/A converter output.It is 
defined as a percent of FSR per percent of change in 
either the positive, negative, or logic supplies about the 
nominal power supply voltages (see Figure 3). 
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2: 0.1 c. 
c. 0.08 ~ en 0,06 
> 
.S 0.04 .'5~SUPPIY 

" co ~ / c 0.02 
'" .<: +5V SUPPIY2 ~ ~ .() 

0.01 
'0 0.008 
if! 0.006 
~ c. 0.004 +15V Supply 
e 

./ // .1 w 0.002 
c:: /' ./ en 
"- 0.001 
'0 1 10 100 lk 10k lOOk 
if! Power Supply Ripple Frequency I Hz, 

FIGURE 3. Power Supply Rejection vs Power Supply 
Ripple Frequency. 

REFERENCE SUPPLY 

All DAC71 models are supplied with an internal +6.3V 
reference voltage supply,· This reference voltage (pin 24) 
has a tolerance of ±5% and is connected internally for 
specified Qperation. The-zener is selected for a Gain Drift 
oftypically ±3ppmjOC and is burned-in for a total of 168 
hours for guaranteed reliability. This reference may also 
be used externally but the current drain is limited to 
200I'A. An external buffer amplifier is recommended if 
the DAC7I internal reference is used externally in order to 
provide a constant load to the reference supply output. 

OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance' and 'noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors (11'F tan
talum or electrolytic recommended) should be located 
close to the DAC71. Electrolytic capacitors, if used, 
should be paralleled with O.OII'F ceramic capacitors for 
best high frequency performance. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external 
offset and gain potentiometers. Connect these poten
tiometers· as shown in the Connection Diagram and 
adjust as described below. TCR of the potentiometers 
should be 100ppm/oC or less. The 3.9MO and 270kO 
resistors (20% carbon or better) should be located close 
to the DAC71 to prevent noise' pickup. If it is not 
convenient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure 4; may be substituted in 
place of the 3.9MO. A O.OOII'F to O.OII'F ceramic 

~=~ 
. .' ·tOkD 

. 

FIGURE 4. Equivalent Resistances. 



capacitor should be connected from Gain Adjust (pin 22) 
to common to prevent noise pickup. Refer to Figure 5 
for relationship of offset and gain adjustments to unipolar 
and bipolar D / A converters. 

• ..L 
+Fuliscal~It I- ~ '", 

1Ls8 ,",'" "'T 
:; .. ~ , , 
.s- ~ ~ ''-",-' /" Range of 

~ ~ ~'" '" Gain Adj. 
~ ~ ~,' 
~ ~ ... /;~ 
c VJ ... ~ . 
< 3 All bits /..~.i'" Gam AdJ 

Range of u.. Logic 1 e~ rotates 

Offset AdJl1 L~;I~ the line 

OffsetAdj. 
translates ~ 
the line I Oigilallnput 

All bits 
Logic 0 

FIGURE 5. Relationship of Offset and Gain Adjust
ments for a Unipolar D/ A Converter. 

Offset Adjustment 
For unipolar configurations, apply the digital input code 
that should produce zero potential output and adjust the 
offset potentiometer for zero output. 

See Table II for corresponding codes and the Connection 
Diagram for offset adjustment connections. Offset adjust 
should be made prior to gain adjust. 

TABLE II. Digital Input and Analog Output 
Relationships. 

OUTPUT CODE 

DIGITAL INPUT CODE VOLTAGE CURREN' 

16-811 14·8,1 /6-811 14-811 

~~Ia';:"Blnarv 
Resolution Resolution ResollJllon ResolutIOn 

4-0 19 11 4-01911 
Coded Decimal CGD Resolution ReSOluTion 

010 -tOVerOto ·125mA NA NA 
QneLSB ., OmV o 125"A 
Full Scale 01tO 0110 ·9999V ., 24987mA 

AU Bits OFF 1111 1111 Zero Zero 

Gain Adjustment 
For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full scale voltage .. See Table II for positive full 
scale voltages and the Connection Diagram for gain 
adjustment connections. 

INSTALLATION 
CONSIDERATIONS 
Figure 6 shows the connection diagram for a voltage 
output DAC71. Lead and contact resistances are repre
sented by RI through R5. As long as the load resistance 
Rd is constant. R2 simply introduces a gain error that 
can be removed during initial calibration. RJ is part of 
RL if .the output voltage is sensed at Common (pin 20) 
and therefore introduces no error. If RL is variable then 
R2 should be less than RLmin/216 to reduce voltage drops 

due to wiring to less than ILSB. For example, if RLmin i, 
5.0, then R2 should be less than 0.080. RL should be 
located as close as possible to the DAC7l for optimum 
performance . 

OAC71-CCO-V 

comm~~ 20 R, 

~ R~ Sense Output 

]

L 

+v 
To Pin 23 

+*ljJF 'cOM ±15VOC 

+:f1jJF -V 
Supply 

To Pin 19 

+V 

+~ljJF COM +5VOC 
Supply 

To Pin 18 

FIGURE 6. Output Circuit for Voltage Models. 

Figures 7 and 8 show two methods of connecting current 
model DAC7ls with the external precision output op 
amps. By sensing the output voltage at the load resistor . 
(i.e., by connecting RF to the output of AI at R,) the 
effect of RI and R2 is greatly reduced. RI will cause a 
gain error but is independent of the value of RL and can 
be eliminated during initial calibration. The effect of R2 
is negligible because it is inside the feedback loop of the 

OAC71-CCO-1 

""-RF R, 

RFt 8kCl ~ lOUT 

¢ 15kClfRDAC L21 - R2 
A, 

+ 
Common 

4o~Cl::R" RL 
R, 

Sense Output R, 

To Pin 23 +V 

+:F 1I1F COM ±15VOC 

++lI1F -V 
Supply 

To Pin 19 

To Pin 18 
+V +5VOC 

+*ljJF COM 
Supply 

• Rs should be equal to the output impedance at Pin 21 to 
compensate for the bias current drift of A,. Use standard 10% 
1I4W carbon composition or equivalent resistors. 

FIGURE 7. Preferred External Op Amp ConfiguratIOn. 



output op amp and is therefore greatly reduced by the 
loop gain. If the output cannot be sensed at Common 
(pin 20), then the differental output circuit shown in 
Figure 8 is recommended. In this circuit the output 
voltage is sensed at the load common and not at the 
DAC common as in the previous circuits. The value of 
R. and R7 must be adjusted for maximum common
mode rejection at RI. Note that if RJ is negligible, the 
circuit of Figure 8 can be reduced to the one shown in 
Figure 8 because Rs = (R7 + Rs) II R •. In all three 
circuits the effect of R. is negligible. 

OAC71-CCO-1 

~'J. R. 

R5 + R7 = RF + RI 
Re:::;:; ROAC 

., "Sense 

'--____ ~" ~.!futPul . 

+V,.----, 
To Pin 231---.~--1---:---I 

t-c'-::-_t-.:..CO;:.M-I ±15VOC 
-V Supply 

To Pin 19'-~~--1---:-.,--i 

+V +5VOC 
. To Pin lSI---,.:r:1-'PF='·-+-C=-O:-M-I Supply 

FIGURE 8. Differential Sensing Output Op Amp 
Configuration. 

The DAC7I and the wiring to its connectors should be 
located to provide optimum isolation from sources of 
RFI and EM!. The key word in elimination of RF 
radiation. or pickup is loop area. Therefore, signal leads 
and their return conductors should be kept close together. 
This reduces the external magnetic field along with any 
radiation. Also, if a signal lead and its return conductor 
are wired close together, they present a small flux
capture cross section for any external field. This reduces 
radiation pickup in the circuit. 

NOTE: It is recommended that the digital input lines of 
the DAC71 be driven from inverters or buffers of TTL 
input registers to obtain specified accuracy. 

APPLICATIONS 
DRIVING AN EXTERNAL OP AMP WITH 
CURRENT OUTPUT DAC 
The DAC7I-CCD-I is a current output device and will 
drive the summing junction of an op amp to produce an 
output voltage (see Figure 9). The op amp output 
voltage is: 

VOUT = - lOUT RF 

FIGURE 9. External Op Amp Using Internal 
Feed back Resistors. 

where lOUT is the DAC71 output current and RF is the 
feedback resistor. Use of the internal feedback resistor 
(pin 17) is required to obtain specified gain accuracy and 
low gain drift. 

The DAC71 can be scaled for any desired voltage range 
with an external feedback resistor, but at the expense of 
increased drifts of up to ±25ppm/ DC. The resistors in the 
DAC71 are chosen for ratio tracking of±lppm/oC and 
not absolute 'fCR (whic/! may be as high at ±25ppm/°C). 

An alternative method of scaling the output voltage of 
the DAC71 and preserving the low gain drift is shown in 
Figure 10. 

OR" R. TCR < ±10ppm/'C 

. FIGURE 10. External Op Amp Using Internal and 
External Feedback Resistors to Maintain 
Low Gain Drift. 
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BURR-BROWN® 

I E:IE:I I DAC73 
DAC736 

High Resolution 16-Bit 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 16-BIT RESOLUTION 

• ±1I2LSB MAXIMUM NONLINEARITY 

• LOW DRIFT 

• CURRENT OR VOLTAGE OUTPUT 

• INTERNAL GAIN. OFFSET. AND 
LINEARITY ADJUSTMENT 

• LATCHED INPUTS (OAC73) 

• LOW COST 

DESCRIPTION 

i 

The DAC73 is a 16-bit modular high performance 
digital-to-analog converter in a 2" x 4" x 0.4" 
(50.8mm x 101.6mm x lO.2mm) package. The low 
drift and ultra-high linearity of the DAC73 provide 
voltage or current output signals that are accurate to 
±0.00075% of full scale input range at 25"C ambient. 

The critical components including the current 
steering switches. the temperature-compensated 
zener reference. and the precision laser-trimmed bit 
resistor netwQrk are contained in a single ceramic 
hybrid package. 

The feedback and reference resistors are laid out for 
maximum stability with low current density and 
±lOppmj"C maximum temperature coefficient with 

,-------_ .. _--_ ... _--------._---, . . 
6V Relerence 

Output 

t-'---- Ground 
Sense 

Precision Raslstor Natwork 

Hybrid 

± I ppm "C tracking. This insures very-low 
superposition errors and low temperature coefficient 
of gain. 

The inputs are TTL-compatible CMOS and contain 
level triggered latches in an 8-bit format for 
microprocessor data bus compatibility. No external 
components are required to achieve full 16-bit 
accuracy. Gain and offset potentiometers are also 
included in the DAC73. 

The DAC736 has electrical specifications identical to 
the DAC73. but it is pin-compatible with the 
AD1136. The input latches. bit adjust pins. ground 
sense pin. and internal offset adjust pot are not 
included. 

International Airport Industrial Park - P.O. Box 11400· Tucson. Artzona 85734· Tel. (6021 746-l11t • Twx: 9tO·952·1I11 - Cable: BBRCORp· Telex: 66·6491 

PDS-4t98 
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SPECIFICATIONS 
ELECTRICAL 
TA = +2SOC and rated power supplies unless otherwise noted 

I DAC73JIDAC736J I DAC73KIDAC736K I 
, 

MODEL 1 MIN I TYP I MAX I MIN TYP MAX I UNITS 

INPUT 

DIGITAL INPUT 
Resolution - CSB, COB 16 16 Bits 
Logic Levels ,TTL-Compatible CMOS, 

Logical"1" 'St +1.0",A, . +3.5 +5.5 +3.5 +5.5 VDC 
Logical "0" I at ·O.SmA I -0.5 +1.5 -0.5 +1.5 VDC 

TRANSFER CHARACTERISTICS 

ACCURACY 
Linearity Error a~ 25°C ±0.0015 ±0.00075 % of FSR(1) 
Gain Error,l2I Voltage esa ±0.005 ±0.02 ±0.005 ±0.02 % 

COB ±0.01 ±0.05 ±0.01 ±0.05 % 
Current ±0.05 ±0.25 ±0.05 ±0.25 % 

OHset Error,(2) Voltage, Unipolar ±O.8 ±0.8 mV 
Bipolar ±IO ±IO mil 

Current, Unipolar ±I ±I ~A 
Bipolar ±5 ±5 ~A 

Monotonicity Temp. Range 16 Bits for K. 15 Bits for J :!:15 +5 +35 °C 

DRIFT lOver specified temp. range I 
10tal Drift tincludes gain, offset. and linearity driftl 

ppm of FSRIoC CSB ±9.5 ±24 ±9.5 ±24 
COB ±9 ±22 ±9 ±22 ppm of FSRIoC 

Total Error over Temp. Range(31 
Voltage, Unipolar OOC to 70°C ±0.043 ±0.108 ±0.043 ±O.IOB % of FSR 

Bipo.lar ±0.040 ±0.099 . ±0.040 :to.OS9 % of FSR 
Voltage. Unipolar 15°C.to 35°C ±0.010 ±0.024 ±0.010 ±0.024 % of FSR 

Bipolar ±0.009 ±0.022 ;:0.009 ·±0.022 % of FSR 
Gain I Exclusive of reference drift ±4 ±10 ±4 ±10 ppmloC 
Offset' Exclusive of reference drift I 

Unipolar ±0.5 ±2 ±0.5 ±2 ppm of FSRIoc 
Bipolar ±2 ±5 ±2 ±s ppm of FSR/oC 

Differential Linearity over Temperature ±1 ±2 ±1 ±2 ppm of FSRIoC 
Linearity Error over Temperature ±1 ±2 ±I ±2 ppm of FSRIoC 

SETTLING TIME 
Voltage ,to ±0.00075% of FSR, 

Output: 20V Step 50 50 ,",sec 
1 LSB Stepl4) • 6 10 6 10 I'sec 

Slew Rate 18 18 VI~sec 
Current ,to ±0.OOO75% of FSR, 

Output: 2mA Step 6 , 6 J!sec 
COB Switching Transient Magnitude 600 600 mV 
COB Switching Transient Energy 0.45 0.45 V-Ilsec 

OUfPUT 

ANALOG OUTPUT 

Voltage Output 
Ranges - CSB Oto+5 Oto +5 V 

Oto+10 Oto +10 V 
COB ±2.5; ±5, ±1Q . ±2.5, ±5, ±IO V 

Output Current - Unipolar +4 +4 mA 
Bipolar ±2 ±2 mA 

Output Impedance I DC I 0.03 0.05 0.03 0.05 II 
Short Circuit Duration Indefinite to Common Indefinite to Common 

Current Output 
Ranges - CSB o to-2 o to-2 mA 

COB ±I ±1 mA 
Output Impedance - Unipolar 15 15 kll 

Bipolar 4.4 4.4 kll 
Compliance -1.5to+l0 -1.5to+10 V 

INTERNAL REFERENCE VOLTAGE 5.990 6.000 6.010 5.990 6.000 6.010 V 

Maximum External Current/51 +4 +4 
/ 

mA 
Temp. Coeff. ±4 ±10 ±4 :!;10 ppmloC 

OUTPUT NOISE 
Current, COB 

O.IHz to 10Hz 1 1 nA, pop 

10Hz to 100kHz 4 4 nA, rms 
Voltage, COB, ±IOV Range 

0.1Hz to 10Hz 10 10 ~V, pop 
'10Hz to 100kHz 70 70 I'V, rms 
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ELECTRICAL (CO NT) 
DAC73J/DAC736J DAC73K/DAC736K 

MODEL MIN TYP MAX MIN TYP MAX UNITS 

STABILITY, LONG TE.RM 

GaiR I Exclusive of reference I ±30 ~30 
ppm/l03hr 

Offset COB I Exclusive of reference I ±30 ±30 ppm 01 FSRI 
103hr 

CSB ±5 ±5 ppm 01 FSRI 
103hr 

linearity -0.25 -<:0.25 LSB/l03hr 
Reference .±10 ±10 ±20 ppm/l03hr 

POWER SUPPLY SENSITIVITY 
Unipolar Offset 

±15VDC ±0.0001 ±0.0001 % of FSR/% Vs 
... 5VDC !0.0001 !:O.OOO1 % of FSR/% Vs 

Bipolar Offset 
±15VDC !0.0004 ±0.0004 % 01 FSR/% Vs 
+5VDC !0.0001 ~0.0001 % 01 FSR/% Vs 

Gain 
±15VDC ±0.001 ±O.OOT % 01 FSR/% Vs 
+5VDC !0.0005 ±0.0005 % of FSR/% Vs 

POWER SUPPLY REQUIREMENTS 
Rated Voltage =:15 1 +5 ~15. +5 VDC 
F:lange !14.5. r4.75 :!:15. -r-5 ! 15.5 .• 5.25 !14.5 .• 4.75 :!:15. +5 !15.5 .... 5.25 VDC 
Supply Drain. !:15VDC no load "+35. -45 +50. -60 +35. -45 +50. -60 mA 

+5VDC logic supply 9 9 mA 

TEMPERATURE RANGE 
Specification 0 .70 0 ·70 'C 
Storage -55 ·100 -55 ·100 C 

NOTES 
1. FSR means Full Scale Range-and is 20V for !10V range. lOV for :!:5V range, etc. 4. LSB is for 16-blt resolution. 
2.' Adjustable to zero with internal trim potentiometer I offset adjustment external on OAC7361. 5. Maximum with 00 degradation of specifications. 

3. With gain and offset errors adjusted to zero at +25°C. 

MECHANICAL 

DAC73 ,. " 

1 IJ 
NOTE 
Leads In true 
POSition within 
015" .3Bmm R 
at MMC at 
sealing plane 

~I I 
r-----:~m U ~~~~ m ~ ~ m~ ~ ~ ~ ~ 

I I 
i I 

T " -J I....... "--I I.- --11.-0 1.-, --I 
I -I j-" 
!:L--==tt:-:-:--::::--:-:-;-:--:--,:::-:-:-:-:-"""1..;" Pm numbers shown for' CR i···· .... .. .......... ":\1> reference only. Numbers 

INCHES 
DIM MIN MAX 

3.950 4.010 

1.950 2.010 

.350 .410 " 

.Ot9 .021 

G .100 BASIC 

H .150 .250 

.250 .350 

I.BOO BASIC 

.200 BASIC 

0.50 .150 

may nol be marked on 
package. 

MilLIMETERS 
MIN MAX 

100.33 

49.53 51.05 

8.89 10.41 

2.54 BASIC 

3.81 6.35 

6.35 8.89 

45.72 BASIC 

5.08 BASIC 

1.:n 3.81 
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DAC736 

r A " 

1 IJ 
NOTE 
Leads In !rue 
pOSition within 
015·· .. 38mm A 
at'.MMC al 
s~atmg plane 

~I I 
r--::-:~~~~ ~~ii m I ~~~~ ~ ~ i ~ 

I I 
I I 

n --II....... ,--I I.- --11.-0 1.-, --I 
L.::I t:::= H Pm numbers shown for I,,·,'.· .. ·.················r' 

....... 
INCHES 

DIM MIN MAX 

A 3.950 4.010 

B 1.950 2.010 

C .350 .410 

0 .019 .021 

G .100 BASIC 

H 15. .250 

K .250 .350 , 1.800 BASIC , .200 BASIC 

R 0.50 .150 

3. re erence only Numbers 

" 

may not be marked on 
package 

. MilLIMETERS 
MIN MAX 

100.33 101.85 

49.53 51.05 

8.89 10.41 

0.48 0.53 

2.548ASIC 

3.81 6.35 

6.35 8.89 

45.72 BASIC 

S.OB BASIC 

1.27 381 



CONNECTION DIAGRAMS 
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PIN ASSIGNMENTS 
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DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

The DAC73J736 .accepts complementary digital. input 
codes in (-SB or COB format. The COB model may be 
connected by the user for either complementary offset 
binary (COB) or complementary two's complement 
(CTC) codes (see Table I). 

TABLE I. Digital Input Codes. 

DIGITAL INPUT CODES 

CSB COB CTC· 
~ Campi . ... 
Q Campi. CampI. Two's 0 
:ll MSB LSB Straight Offset Cample-
GO , I Binary Binary ment 

8 All bits ON 0000 ... 000 +FuliScale +Full Scale -ILSB as Mid Scale 0111 ... 111 +112 FUll Scale Zera -FUll Scale 
~ .. II Bits OFF 1111 ... 111 'Zero -FUll Scale Zero 

1000 ... 000 Mid Scale-1LSB -ILSB +FuliScale 

·ln~"Crt the MSB of the COB code with an external invertert() obtain CrCcode. 

INPUTS 

Each bit input of the DAC73 consists of a buffered 
CMOS D type latch (see Figure I). Bits I (MSB)through 
8 are latched by a low level on pin 6. Bits 9 through 16 
(LSB) are "latched by a low level on pin 21. The latch 
inputs may be left open for transparent transfer of data. 

OAC73 

Input 

+5VOC 
tOkIl 

o 

Buffered CMOS LIIGh 

FIGURE I. DAC73 Input. 



The DAC736 inputs are CMOS inverters with 10k!} pull
up resistors (see Figure 2). 

DAC736 
+5VDC 

10ku 

CMOS Inverter 

FIGURE 2. DAC736 Input. 

The DAC73 and DAC736 can be driven directly by open 
collector or totem pole TTL logic. 

ACCURACY 
Linearity 

This specification describes one of the truest measures of 
Di A converter accuracy. As defined it means that the 
analog output will not vary by more than ±0.00075lii 
max (CSB. COB) from a straight line drawn through the 
end points (all bits ON and all bits OFF) at +2S"C (see 
Figure 3). 

... 
~ 

~ 
~ 

~ ·2 
::::; 

-4 

-Ii 

+15 +25 +35 +70 
Temperature (OCI 

FIGURE 3. Nonlinearity vs Temperature. 

Differential Linearity 

Differential linearity error of a D A converter is the 
deviation from an ideal I LSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±I 2LSB means than the output 
voltage step si;>:es can be anywhere from I 2LSB to 
3, 2LSB when the input changes from one adjacent input 
stage to the next. . 

Monotonlclty 

Monotonicity over a ±5"C range for the DAC73 and 
DAC736 is guaranteed when ambient linearity is 
calibrated. This insures that the analog output will 
increase or remain the same for increasing 16-bit input 
digital codes. . 

DRIFT 
Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in LSB's per"C 
(see Figure 4). Gain Drift is established by: I) testing the 

end point differences for each DAC73 model at +2S"C 
and t~e appropriate specification temperature extremes; 
2) calculating the gain error with respect to the +25"C 
value; and 3) dividing by the temperature change. This is 
expressed in ppm; "C. 

Offset' Drift is a measure of the actual change in output 
with all "I"s on the input over the specified temperature 
range. 

The maximum change in offset is referenced to the offset 
at +2S"C and is divided by the temperature range. This 
drift is expressed in parts per million of full scale range 
per "C (ppm of FSRI"C). 

+0.05 

~ 

~ 
.~ 

'" 
·0.05 

-0.10 

FIGURE 4. Gain Drift Error (%) vs Temperature . 

SETTLING TIME 
Settling time for each DAC73 /136 model is the total time 
(including slew time) required for the output to settle 
within an error band around its final value after a change 
in input (see Fi,gure 5). 

. t 

I 0.1 t---+~++--:::::;-::-'---I 
'" \ ±20V Slep 
If I 
~ 0.01 ------1,,1--- 1!2LSBI2Blts --

J ~\ ~ '5 - J{~L~B .. ~..B.!'~ ___ _ 
5 _._ 112LSB. 15Blts __ 
c3 0.001 I---'+-'I.----t---'l"""c=-:-:::t 

;~~Bjte/' .ji:iB-,6 t' --
0.0001 ':'t ----:3:---:,'='0 ---:30':::--~'00 

Settling Time (pseel 

FIGURE 5. Full Scale Range SettlingTimevs Accuracy. 

Settling times are specified to ±0.00075% of FS R; one for 
maximum full scale range changes of 20V and one for a 
I LSB change. The I LS B change is measured at the major 
carry (0 111...11 to 1000 ... 00), the pointat which the worst 
case settling time occurs. 

COMPLIANCE 
Compliance voltage is the maximum voltage swing 
allowed on the· current output while maintaining 
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specified accuracy. The maximum compliance voltage is 
-1.5V to + 10V. 

POWER' SUPPL Y SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the Di A converter output. It is 
defined as a 'percent of FS R per .perceill of change in 
either the positive. negative. or logic supplies about the 
·nominal power supply 'voltages' (see Figure 6). 

~ 
1000II1II ... 

oe 100 
a: . 
If 
'IS 
e 
~ 10 a: 
GO .... 

10 100 Ik 
FraqulIICY IHzI 

FIGURE 6. Power Supply Rejection vs Power Supply 
Ripple Frequency. 

REFERENCE SUPPLY 

All' models are supplied with an interiml +6V 'reference 
voltage' supply. This reference voltage (pin 52) has a 
.tolerance of ±0.051Jf and is .connected internally for 
specified operation. The zener is selected for ,a Gain Drift 
of typically ±4ppm/ "c and is burned-in for a total9f 48 
hours for guaranteed reliability. This reference may also 
be used externally but the current drain is limited to4mA 
and constant load cond itions. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 
For optimum performance and noise rejection th~ 
DAC73 736 decoupling capacitors are included 
internally. Refer to Figure 13 for correct grounding 
connections. 
OFFSET AND GAIN ADJUSTMENT 
Before taking·measuremehlsor making adjustments. the 
DAC73 736 should be warmed upfor at least 25 minutes. 
The DAC73 has internal gain and offset potentiometers 
that are connected to an internal regulated supply. In 
most applications no external adjustment will be 
required. 

External offset and gain adjustment of the DAC736. !lr 
DAC73 if the application requires. maybe accomplished 
as shown in Figures 7 and 8. These external circuits could 
be used in an application using both unipolar and bipolar 
modes. Refer to Figures 9 and 10 for relationship of offset 
and gain adjustments to unipolar and bipolar D/A 
converters. The internal potentiometers could be used to 
r:1U1I the unipolar gain and offset. and the external null 

could be switched in by relays to null bipolar gain and 
offset.. An alternate offset adjustment is shown on the 
DAC736 connection diagram. 

OAC73 

48 10M/! 
o-f--"' ..... ·~100kll 

RVt 

0ZI and 0zz are IN4104. 
RVI Is 20·turn. tOOppm/OC 

FIGURE 7. External Gain Adjustment. 

OAC73 

44 10Mn 
o-f--"' ...... ~IOOk!l 

RV2 

0Zl andOZ2 are IN4101. 
RV2 Is 20·turn. 100ppm/oC 

. FIGURE 8. External Offset Adjustment. 
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FIGURE 9 .. Relationship of Offset and 'Gain Adjust
ments for a Bipolar Dj A Converter. 
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FI G U RE,I O~ Relationship of Offset and Gain Adjust
ments for a Unipolar Dj A Converter. 



OUTPUT RANGE CONNECTIONS 

lnternal'scaling resistors in the DAC73, 736 provide a 
wide range of output voltage range connections. These 
internal resistors may be connected to provide three 
bipolar output voltage ranges of±IOV. ±5V. or±2.5Vor 
two unipolar voltage ranges of 0 to +5V or 0 to + I OV. 
Since the internal scaling resistors are an integral part of 
the DAC73, 736. gain and offset drift arc minimized by 
their usc. Connections for DAC73 1.36 are shown in 
Table II. Figure II is a connection diagram. 

TABLE II. Output Range Connections. 

Output Digital Connect Connect Connect Connect 

Range Input Codes Pin 47 to Pin 46 to Pin 44 to Pin 68 to 

.±:10V COB 68 44 69 47 
±5V COB 70 44 69 NC 

±2.5V COB 70 44 69 69 
o to +10V CSB 70 NC 69 NC 
o to +5V CSB 70 NC 69 69 

In all cases pins 52 and 53 and pins 4!! and 49 should be 
shorted together with low resistance capacitance 
connections. 

Ski! 1 Skll ~: I w., 

6k!1 

53 0 """" 0 46 

it> :: 
FIGURE II. Output Amplifier Voltage Range Scaling 

Circuit. 

TABLE III Calibration Procedure 

DVM READING 
HEX 

LINEARITY ADJUSTMENT 

Internal 

If it becomes necessary to adjust the linearity of the 
DAC73 or DAC736 after an extended time period or for 
operation under temperature extremes. the 4MS 8's may 
be user-adjusted. For optimum operation the unit should 
be calibrated in its operating environment. Calibration, 
is performed by a differential linearity adjustment at the 
first four major carries. This method of calibration is 
possible since the DAC73 and DAC736 have almost no 
superposition error. The calibration procedure including 
gain. offset. and linearity adjustment is outlined in Table 
III. Steps I and 10 may be omitted for linearity 
adjustment only. 

External(DAC73 only) 

The linearity adjustment of the first 4MSB's of the 
DAC73 may be accomplished externally either with 
potentiometers or with D/ A converters. Using a DAC to 
adjust linearity will allow computer controlled accuracy 
adjustments of the DAC thus giving the capability of 
maintai'ning 16-bit accuracy over all environmental 
variations. Gain and offset may also be adjusted in this 
manner. 

Eight-bit bipolar voltage output DAC's can be used for 
all of the adjustments. Each circuit is shown in Figure 12. 

INSTALLATION CONSIDERATIONS 

To maintain the extremely-high accuracy of the DAC73 
and DAC736 when installed in a system environment. 
careful attention must be paid to grounding and to 
connection resistances. Figures 13 and 14 are examples of 
correct connection configurations to yield maximum 
accuracy. The effects of various wiring and contact 
resistances R,. R,. R \. and R. are reduced or eliminated 
as foilows. 

'R, appears in series with the feedback resistance and 
therefore introduces only a gain error that can be nulled 
during calibralion. 

R, is inside the output amplifier feedback loop and its 
effect will be reduced by the loop gain. 

In Figure 13 for the DAC736. R.\ is in series with the load 

INPUT ADJUST UNIPOLAR -10 VOLT DESCRIPTION 
STEP CODE POTENTIOMETERI \ I MODE BIPOLAR MODE 

, FFFF RV6'2J .O.OV -'O.OOOOV Null Offset 

2 FOOO N/A V4 V4 Read Output Voltage 

3 EFFF RV4 v4 ... 'S3"V V4 + 30S"V Adjust RV4 until DVM reads V 4 T , LSB 

4 EOOO N/A V3 V3 Read Output Voltage 

5 DFFF RV3 V3 + 'S3"V V3 + 30S"V Adjust RV3 until DVM reads V3 + , LSB 

6 COOO N/A V2 V2 Read Output Voltage 

7 BFFF RV2 V2 + 'S3"V V2 +30S"V Adjust RV2 until DVM reads V2 + 'LSB 

8 8000 N/A V, V, Read Output Voltage 

9 7FFF Rv, V, + 'S3"V V, +30S"V Adjust RV' until DVM reads V, + , LSB 

'0 0000 RVS +9,999847V +9,GG9S9SV Adjust Gain 

NOTES: 1. For potentiometer location see Pin ASSignments. 2. External offset adJustment on DAC736. 
. . 
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resistor and will cause an error in the voltage across RI.. 
One-half l.SB error would result at full load for R, = 
O.02!l. Therefore. if possible. sense the output voltage to 
include R,. . 

Ranoe: ±O.SmV Adjustment Resolution: !:4~V 181polar Mode) 

GAIN ADJUST IManual coarse adjust 
required). 

Range: +2SlSB. ·4lSB Resolution: ±O.llSB 

~tOV Ranoe »)--. ----~® 
LINEARITY ADJUST IRepeat lor each 01 the bit adjust inputs). 

FIGURE 12. External Accuracy Adjustment. 

r ~~---------~~~-------~ 
: ~f ~ , ;" : (>kll , 
'ROAC ! 47 82 i .~ tSkn Ai >--i P:J--"M..-.,-
: ISkn : 
: RB : 

t·-------------·34(;L---------~ 83 

~ sense;ou~tp~ut~=:;----' 
+V 84 Vl 

-::-::-:":" ""-::--:::--::-1 
± t SVOC SUPPly.-T_O _PI_n ,30,.-.-__ T_o_p_ln_2_8 ... +SVDC Supply 

. ·V TDPIn3t ~ 

FIGURE 13. DAC'736- Unipolar Mode. 

Figure 14 illustrates the optimum connection made 
possible by the ground sense pin on the DAC'73. In the 
configuration shown R;, = RI' and R;. II RII = RUAC II 
RIII'n. This causes any signal developed across R, to be 
rejected as a common-mode input. and R, will not affect 
the voltage across RI.. This config~ration will also reject· 
noise present on the system common. . 

R. is negligible in b!>th circuits when ground connections 
are made as shown. 

-------, 
,68 RI 

.' , 
'47 

+Svnc 
[0 Pin 28 Supply 

FIGURE J4. DAC'73 - ± IOV Bip~lar Mode. 

Sense 
Output 

The DAC'73 ;736 and the wmng to their connectors 
should be located to provide optimum isolation from 
sources of R FI and EM l. The key word in elimination of 
RF radiation or pickup is loop area. Therefore. signal 
leads and their return conductors should be kept close 
together. This reduces the external magnetic field along 
with any radiation. Also. if a signal lead and its return 
conductor are wired close together they present a small 
flux-capture cross section for any external field. 
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BURR-BROWN ® 

IElElI DAC74 

Self-Calibrating High Resolution True 16-Bit 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 111-BIT RESOLUTION 
• SELF-CALIBRATION MAINTAINS ACCURACY OF 

±1I2LSB NONLINEARITY } 
±D.00035Dfo GAIN ERROR +15°& TO +45°C 
±40~V OFFSET 

• UNIPOLAR OR BIPOLAR VOLTAGE OUTPUT 
• DOUBLE BUFFERED FOR AN II- OR 111-BIT BUS 

CONTROL 
INPUT AND 

OUTPUT CONTROL 
CIRCUIT 
WITH 
ROM 
AND 
RAM 

MEASUREMENT 
CIRCUIT 

DESCRIPTION 
The DAC74 is a self-contained true 16-bit Digital-to
Analog converter designed for applications requiring 
high resolution and accuracy such as displays, 
frequency synthesizers, automated test equipment, 
analytical instruments, and high resolution control
lers. Furthermore, in applications where equipment 
is inaccessible or frequent calibration is impractical 
the DAC74 is ideal because the self-calibration 
accuracy depends' only on the long term stability of a 
heated zener reference diode. 

Using self-calibration circuits, the DAC74 maintains 
typically ± I LSB total error over + IS"C to +4S"C! 
Compare this with other high resolution converters 
which can only maintain this accuracy over a ±2"C or 
±3"C range. A patented microprocessor-controlled 
differential measurement technique is the keycontri
butor to the DAC74's drift performance. This tech
nique allows use of low cost hybrid and monolithic 
circuits to remove linearity, gain, and offset errors 
resulti~g from ambient temperature variations, com
ponent aging, and varying load conditions. 

This product iscovcred by United States patents4.222.I07 and 4.272.760. Other patents pending rna}' ahm apply upun thcalluYol.mccand i~~uam:l!' Ilfpah:nls thc..'rI:un. J hI.' 
product may also be covered in olher countries by one or more internalional patenls correspunding to the ahmc idcntilil.'d U.S. IXllcnh. 

International Airport Industrial Park· P.O. Box 11400· TUCion. Arizona 85734· Tel. (6021 746-1111 • Twx: 911).952·tll I . Cable: BBRCORP - Talax: 66-6491 

PDS-442 
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SYSTEM DESCRIPTION 
The DAC74 is a self-calibrdting. 16-bit digital-to-analog 
converter in a 5" x 7"'x 0.6" (127mm x 178mm x IS.2mm) 
package. This Df A converter provjdes either a unipolar 
or a bipolar volt~ge output that is linear to within 
±lj2LSB of the, Full Scale Range(FSR). The FSRin the 
unipolar mode is set by the internal + 10V reference. The 
FSR in the bipolar mode is set by the difference between 

, the + IOV and the -IOV references. With respect to the 
internal references. the offset and gain errors are also less 
than ±lj2LSB. The settling time to ±1/2LSB is typically 
6/lsec for al LSD step. 

A microprocessor-controlled calibration circuit retrims 
the D/ A converter to this accuracy in the'face of drift over' 
temperature and time. The absolute, accuracy of the 
calibrdtion is dep'endent upon the accuracy ofthi: internal 
voltage references. The drift of the reference is typically 
±0.5ppmj"C. 

The linearity and accuracy of the DAC74 versus tempera
ture is illustrated in Figures I and 2. The calibratio'il was 
performed at 5"C intervals. It can be seen that ihe 
calibration greatly increases the useful temperature range 
of the D, A converter. 

The DAC74 (see Figure 3) consists 01'( I) a 16-bit.latchc;d 
input main D, A converter. which performs,the digital-to
analog conversion. (2) a stable. temperaturc-compcnsated 
voltage reference. (3) an error-measuring circuit which 
compares the D/ A converter output to known references. 
and (4) a microcomputer-based controller that stores the 
output of the error measuring circuit and calculates 
correction factors for offset. gain. and linearity, The 
controller stores these correction factors in RA M and 
these are used to adjust errors when an input data word 
selected by the user is presented at the input to the main 
D/ A converter. 

The critical compon'ents. includ ing the current steering 
switches and the laser-trimmed resistor network: are 
contained in a single ceramic hybrid package for improved 
thermal tracking. The zener reference 'is maintained at a 
constant temperatu're to reduce drift due'to ambient 
temperature fluctuations. 

The DAC74 is housed in a steel package which provides 
excellent electromagnetic shielding. The package can he 
mounted from either side for socket mounting or for use 
of ribbon cable connectors. ' 

II2UB 

TEMPERATURE rCI 

FIGI}RE 1. DA~74 Linearity versus Temperature. 

.I 
IiiJUII 

.0.004 

&!" 0.1112 .. ... 
'0 
0;. 0 

'" Ii! 
'" ... -0.1112 

-11.004 

TEMPERATURE rCI 

FIG U R E ,2. DAC74' AccurdCY versus Temperature. 



3 
STATE 

81· 

VOUT 
MAIN OIA 
CONVERTER 

1_ ... BlREC ....... I":"T""---.. 
TIONAL,. L 
LATCH A 

CALIBRATION 
CONTROLLER 

nUU/CAL • PORT' r-~~~wm~~~iE~~~T~ 
~, MICROPROCESSOR. 
".L ROM. RAM 
iiiIII PORT 0 

FIGURE 3. DAC74 Block Diagram: 

• A user initiates a calibration by applying a negatiw pulse 
to the reset input RES with the RUN m input held 
low. After an initial system check. the m status goes 
low and a 2,5 second calibration cycle is started. During 
calibration. the external inputs arc disabled and the R 1I!'\ 
status is high. The D; A converter returns to the RlI!,\ 
mode at the end of the calibration cycle.C'AT. remains low 
in the RUN mode if the calibration was successful. The 
Rij'N status output is low during ,normal D A converter 
operation: in this state. the external digital data inputs arc 
routed to the main D A converter. 

THE MAIN D/A CONVERTER 

The 16 data inputs to the main D A converter arc 
buffered by two octal latches that arc enahled hy a high 
input to ENMSB. In addition. the 81.SB's arc double 
buffered by a latch with an enable input labeled ENLSB. 
This arrangement allows transparent operation. a 16-bit 
interface, or an 8-bit interface. The data inputs are positive 
true. The MSB is labeled DI5 and the LSB is labeled DO. 
Both latches transfer their inputs to the output when the 
enable is high. The input data is held in the latch when the 
enable is low. 

Four potentiometers adjust the bit currents for the 
4MSB's. Two more potentiometers allow the Offset and 
Gain to be adjusted manually. After a calibration period 
of I year, these potentiommeter adjustments may hc 
required to trim the D/ A converter to within the error 

ERROR 
MEASUREMENT 

CIRCUIT 

,range which can be trimmed by the seli'-c1,\libration 
circuit,S. The procedure is given in the Manual Calihration 
section. 

The output operational amplifier c'onverts tlie 0 to 2mA 
current from the bit switches intQ a' voltage output. A 
5-wire olltput connection to the main Di A converter is 
described in the Installation section: All five wires MUST 
be installed to ihe load as indicated to obtain the full 
specified accuracy. 

The output connection diagrams forO to +IOV unipolar 
operation or ±IOVbipolar operation are shown in the 
I nstallation section. Jumpers must be installed to con
figure the main D, A converter and the calibration 
circuits for each of these output c~lI1figurations. 

PRECISION VOLTAGE REFERENCES 

The + I QV and-I OV references, shown in Figure 3, supply 
the voltage . standards for calibrating the main D; A 
converter. The -IOV reference is required only for bipolar 
openition. The ± I OV references derive their outputs from 
a heated zener reference diode. I n addition, both reference 
circuits are temperature compensated to cancel variations 
caused hy drift in the other components of the reference. 
The accuracy of these references over temperature and 
time'determine the accuracy of the Di A converter after 
calibration. these reference voltages are available for 
external use but the load must remain constant. Alter
natively, external +IOV and -IOV references may be used 
with the DAC74. 
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ERROR MEASUREMENT CIRCUIT 

The error measurement circuit of the DAC74 includes an 
analog switch. differential instrumentation ainplifier •. 
pedestal offset Df A converter. and an analog-to-digital 
converter. The circuit measures a sequence of voltage 
pairs. Theerrorofthe main D/ A converter trim is derived 
from the differences in each pair of voltages. For instance. 
the Offset error is the difference between the minus filII 
scale D / A converter output and the minus full scale 
reference (RTN for unipolar and -lOY for bipolar). The 
Gain error is the difference between the plus full scale 
D / A converter output and the + 10V reference less I LSB. 

The analog sWitch selects one of three sources as the input 
to the instrumentation amplifier. These sources are the 
main D/ A converter output. minus full scale 'reference. 
and the plus full scale reference. The analog switch IS 
controlled by the calibration controller. 

The difference amplifier derives one of its inputs from a 
pedestal offset D/ A converter which pro'vides a voltage 
roughly comparable to the other input. The tlther input 
comes, froOl: the analog switch. During 'any pair of 
measurements. the pedestal offset D! A converter output 
remains the same. Since the gain of the instrumentation 
amplifier is 512. small differences (20~V) in the voltage 
pair' are detected by theanalog-to-digital converter 
con,nected to the output of the difference amplifier. The 
input to the pedestal offset Df A converter is set to the 

, same value as that sent to the mainD/ A converter so that 
the high gain difference amplifier will stay within its linear 
range. The accuracy of the pedestal offset Di A converter, 
does not affect the calibration accuracy. ' 

The,IO-bit analog-to-digital converter translates the out
put of the difference amplifier into a digital code for the 
microcomputer-based controller. Only the difference in 
the readings between a pair of measurements is used by 
the controller. The Gain and Offset ofthis 10-bit ana log- ' 
to-digital converter are preset at the factory. The control 
signals to, the Aj D converter are generated by the 
controller during a calibration cycle. 

CALIBRATION CONTROLLER 

The Calibration Controller consists of a microcomputer 
which has three functions: (I) interpret com'mands from 
the control inputs and terminal interface. (2) conduct 
measurements by sending control signals to the error 
measurement subsystem. and (3) calculate the trims to be 
sent to the.trim D/ A converter,. In the RUN mode. the 
microcomputer is idle: in fact. it can be turned off to 
reduce noise by asserting the MPUOFF control input 

, high or leaving it open. The user may initiate a calibration 
cycle with a negative pulse to the rn control input with 
the MPUOFF and the RUN/CAL controli!:!E.\!ts both 
low. At the end 'of the pulse,to RES. the RUN'status 
output goes high indicating the main D/ A converter is no 
longer under user contr~s discussed in the ,Manual 

. Calibration section. the CAL output goes low indicating 
that the calibration process is,underway. At the end of the 
calibation. the R'UN status will return low. Ifand only if 
the calibration succeeds. the C'AI. status will remain low. 
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The two status outputs itDN and CAL are open-collector 
TTL outputs (7406) which can drive an LED indicator 
directly: At the end of the calibration., the controller 
automatically returns to the RUN mode and control of 
the main D/ A converter inputs is returned to the user. 

The Offset is first adjusted with respect to the minus full 
scale reference. Then a sequence of four differential 
linearity measurements are conducted on the four MSB's 
cifthe DrA converter. Starting with the LSB of these four 
bits. each bit is trimmed to be linear with respect to all the 
lesser significant bits. After the linearity is established. a 
final gain cprrection ,is made with respect to the full scale 
reference. If the calibration fails. either a component has 
failed. or the internal drift of the system has exceeded the 
range of the trim circuit. If calibration under normal 
operating conditions fails. adjustments of eight poten
tiometers must be made to restore the D / A converter to 
its original accuracy. A detailed description of the 
calibration procedure is contained in theManual Calibra
tion section. 

The trim circuits of the DAC74 consist of 16 RAM 
locations. Linearity/Offset trim Dj A converter. and a 
Gain trim D/ A converter. As shown in the block 
diagram. the RAM address inputs are taken from either a 
latch connected to the controller bus or from the four 
MSB's of the data input to the main D/ A converter:ln 
the RUN mode. the four inputs from the main DjA 
converter select one of 16 digital codes.'The 8-bilcode 
selected by the address inputs constitutes the sum of the 
corrections for the Offset error ,and the sum of the bit 
errors for those bits of the upper four which are logic 
ones. For instance. the RAM location 0 contains the 
digital code for just the Offset correction since none of the 
upper four bits are turned on. The RAM location 8 
contains the digital code for the sum of the Offset 
correction and the correction for the MSB error. During 
calibration. the controller addresses' the RAM. Ii first 
zeros the RAM and then adds the correction for the 
Offset error to all the RA M locations. Then the correc
tions for the bit errors are added to those locations which 
have that bit turned on. For instance. the correction for 
the MSB is, added to all locations whose address starts 
with one (I XXX). The 8-bit digital code from the RAM is 
the input to the Offsetj Linearity trim D/ A converter. The 
output of the trim D/ A converter makes a slight adjust
ment in the total current of the main Dj A converter (one 
part in 2048). The, maximum trim in the unipolar mode is 
±2.44ImV. With an 8-bit resolution trim Dj A converter. 
the minimum possible trim is 1/8LSB or 0.019mV at the 
main D/ A converter output. 

A final Gain trim is made by sending a separate 8-bit trim 
word to the Gain Dj A converter. The Gain error is the 
deviation of the full scale output from the full scale 
reference (+IOV -I LSB). The maximum and minimum 
correction range in the full scale output are the same as 
the linearityj offset maximum and minimum. 2.44ImV. 



SPECIFICATIONS 

ELECTRICAL 
fA = 2SDC rated power supplies and after 30 minute warm-up unless otherwise noted 

MODEL DAC74 

I MIN TYP I MAX I 
DIGITAL INPUT 

Resolution 16 
Voltage Levels 

Logic 1. V'H +2 +5.5 

Logic O. V'L 0 +0.8 
Current 

00-015. ENLSB. ENMSB ,SN74LS373, 
hH. V, = 2.7V 20 
hL. V, = 0.4V -0.4 

m. RUN/OAr:. UNIPOLAR CAL 
hH. V, =2.4V 40 
hL. V, = 0.4V -1.6 

MPUOFF dnc. 10kll pullup' 
hH. V, =2.4V -0.3 
hL. V, = O.4V -2.1 

ANALOG OUTPUT 

Ranges. Unipolar OtO+l0 
Bipolar ±10 

Output Impedance, DC' 0.03 0.05 
Short Circuit to Common I Duration I Indefinite 

Load Current ±5 
SeHling Time ,to ±1/2LSB 

20V Step 20 50 
llSBStep(11 10 
SlewRate 18 

Noise 
Voltage. Bipolar 
O.IHz to 10Hz 10 
10Hz to 100Hz 70 

DIGITAL OUTPUT 

Open Collector ,SN7406, 
,with 10kll Pull up , 
Voltage Levels 
Logic 1 +2.4 
Logic 0 +0.4 

Current ,with 10kll Pullup, 
00. iiUiif 

tOH' 1 
IOL -15 

TRANSFER CHARACTERISTICS AFTER SELF-CALIBRATION CYCLE 

Accuracy(2) 
Total Error 
Unipolar 
Bipolar 

Linearity Error 
Gain, Error. Unipolar 

Bipolar 
Ollsat Error. Unipolar 

Bipolar 
Monotonicity after Calibration. 16 bits 

DRIFT 

Total Error Drift ,includes gain. offset 
and linearity drif"')' 
Unipolar 
Bipolar 

Total Error over Temp Range 
Voltage. Unipolar ,O"C to 70°C, 

Bipolar 
Voltage. Unipolar, +ISoC to +4SoC, 

Bipolar 
Gain ! exclusive of reference drift I 
Offset t exclusive of reference drift I 

Unipolar 
Bipolar 

Dillerential Linearity over Temperature 
Linearity Error oyer Temperature 

PRECISION 10Y REFERENCES 

VoltagelS) 

Drift vs Temperature 
External Currentl.1 

Guaranteed 

±4 
±5 

±2 

±a.s 
±2 
±1 
±1 

±a.OO1S 
±O.OOIS 

±1/2 
±0.OOO35 
±O.OOO3S 

±40 
±oo 

±9 
±11 

±0.06 
±a.06 
±0.Q13 
±0.013 

±5 

±1 
±3 
±2 
±2 

±9.999S ±10.oo ±10.0005 
±a.s ±1 

+4 
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UNITS 

Bits 

VDC 
VDC 

~A 
mA 

p.A 
mA 

mA 
mA 

V 
V 
II 

mA 

JASOC 

J.lsec 
Vlp.sec 

~V. pop 
",V.rms 

V 
V 

mA 
mA 

%01 FSRI31 
%ofFSR 

LSB 
%oloutput 
% of output 

p.V 
~V 

ppm of FSR/oC 
ppm of FSRt"C 

%oIFSR 
%oIFSR 
%ofFSR 
%ofFSR 
PP'1'/oC 

ppm of FSRfOC 
ppm of FSRfOC 
ppm of FSRfOC 
ppm of FSRfOC 

V 
ppm/oC, 

mA 

MECHANICAL 

~~ 

IL ~~ I· I •• 66--3321'2,THRU, 

BI ,2 PLI. SEE NOTE 2. 
-y------. 

1 ~ 11 :::::::::~~::.::::::::::~4 :::::::::.::::.:::~ 
MJ T ~~~ ~ :l ~j' I J~~' 

.8 - 32 0.263 DEEP ,0.188 MIN DEPTH I ,4 PL, 

• 

SEE NOTE 2. 

j by v1 K 

C I ~ I ~: 
CUT-AWAY SHOWING 
PIN DETAIL 

NOTES: AB 
1. Leads in true position within 9·01S- Ii W 

(O.38mml A,at MMC at seating plane. ~ r-
2. Holes In true position within 0.015- + 

,O.38mml R at MMC. Z 

CASE MATERIAL: Epoxy cooted steel cp-ftc 
LABEL: Metal foil ljl --f.l 
WEIGHT: 200z. ,257gm.1 max. Cj) ~ 
PIN: Gale;! Flashed ' ~ =¥-tt 
Mati ng Connectors ~ Z 
shipped with DAC74: e, rh 
AMP86418-1 20 pin. PI Test I l 

Interface ,-U' 
AMPI-86418-8 34 pin. P2 Digital ---
AMP86418-2 40 pin. P3 Analog 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 6.980 7.020 177.29 178.31 

B 4.980 5.020 126.49 127.51 

C .550 .600 "13.97 15.24 

0 .022 .028 .5. .71 

E 1."2 BASIC 28.24 BASIC 

F 4.150 BASIC 106.41 BASIC 

G .100 BASIC 2.54 BASIC 

H 2.837 BASIC 71,98 BASIC 

J .353 ! .373 a.97! 9.47 

K .3OB I .328 7.e.! B.33 

L .100 BASIC 2.54BASrc 

M .143 I .183 3 .• 3! 4.66 

N .573 I .613 14.55! 15.67 

p .730 I, .770 , •. 54! 19.56 

Q .900 BASIC 22.86 BASIC 

R 1.200 BASIC 30.48 BASIC 

S 1.600 BASIC 40.64 BASIC 

T 3.100 BASIC 91.44 BASIC 

U 1.900 BASIC 48.26 BASIC 

v .020 .040 .51 1.Q2 

W .267 .2B7 6.78 7.29 

Y .831 .aS1 21." 21.82 . 

Z .430 .470 10.92 11.94 

AA .293 .333 7." .. " 
AB .240 .260 6.10 6.60 

AC .585 .585 14.35 14.86 



ELECTRICAL (CONT) 

'MODEL DAC7. 

I MINI TVP I MAXI 

STABILITY, LONG TERM 

Gain lexcluslve 01 referencel ±30 
Offset I exlusi.ve of reference I 

Unipolar ±5 
Bipolar ±30 

Linearity ±O.25 ±0.5 
Precision 10V Relerences ±20 

POWER SUPPLY SENSITIVITY 

Unipolar Ollset 
+15V and -15V Supplies ±O.OOOI 
+5V Supply ±O.OOOI 

Bipolar Ollsal 
+15V and -15V Supplies ±O.OOO4 
+5V Supply ±O.OOOI 

Gain 
+15V and -15V Supplies ±O.OOI 
+5V Supply ±0.OOO5 

POWER SUPPLY REQUIREMENTS 

Range ±14.5. ±15. ±15.5. 
+4.75 +5 +5.25 

Supply,Draln. ±15VOC 
I not Including outpulloadl 200 

Current Surge. +15V.Supplyl7) 400 
+5VDC Supply 800 

~U~AATURERANGE 

Sell-calibration Operation +15 ±45 
Drift Specification 0 +70 
Storage -55 +100 

TIMING SPECIFICATIONS' 

Control and Status TiminglSI 
Ion 50 
IRES 14 
tiN 500 
tda 100 
td, 100 
IRUN I sell-cal model 2.5 3 
IRUN I service mode I 300 350 

Data Input Timing " 
IENLSB. ENMSB I pulse width tw I 15 
t,U I dah;-;liput setup time I 20 
th Idata input hoid lime I 10 

PIN CONFIGURATION 
Connecior PI is Ii special service snd test connector used by the laclory. 
P2 is the Digital.lIO connector containing the 16 input lines to the D/A 
converter .. the control and status signals. and the +5V supply pins. 
Connector P3 contains all analog lunction 
pins lor output, output sense. relerences. 
options. analog test pOints. and ±15V power 
supply input. ' 
The DAC74 is delivered complete with mating 
connectors lor printed circuit mounting, 17 18 

DIGGND • 
DIGGND • 

UNITS 

ppm/l()3 hr 

ppm 01 FSR/l03 h 
ppm 01 FSR/l03 h 

LSB/l03 hr 
ppm/l03hr 

%01 FSR/%Vs 
%01 FSR/%Vs 

%01 FSR/%Vs 
%01 FSR/%Vs 

%of FSR/%Vs 
%01 FSR/%Vs 

V 
V 

rnA 
rnA 
rnA 

°C 
°C 
°C 

msee 
psec 
""sec 
",sec 
",sec 
sec 

msee 

nsac 
nsec 
nsec 

MECHANICAL (CO NT) 

t ~-32XO.44· 
I' FHSCREW 

I~~_~COVER 

i ADJUSTMENT ~ ! INSULATOR 
~ . '~KAPTON 

_ POTENTIOMETERS.!. • /fSOLDER SIDE W '1..A PCB 
I .. <~;;t'I~ W. I 

c.i:(j)' l :COMPONENT 
- : SIDE 

~:-JI-t+'-
: .. I 

'BASE I,d::. I 

Screws holding the package together are covered by the 
top labellnot shown,. II the package must be opened. 
the top I~bel must be peeled back at the corners. The 
package is mounted through inserts in the corners when 
the connectors are mounted pins-dow,:, or through the 
two holes in the center of the package when the 
connectors are mounted pins-up. 

Manual cali!lration potentiometers are located on one 
end olthe package. The potentiometers are accessed by 
peeling oil the label on the edge 01 the package. 

NOTES: 
1. lLSB at 16 bits =0.00152% 01 FSR, = 15.2ppm of 

FSR. 152pV unipolar, 304pV bipolar. 
2. Sell-calibration can operate over +15°C to +45°C. 

DAC74 meets these specilications after 
the calibration cycle. These assume that the ±10V 
references have been adjusted to ±10.0000V 
±10,.,V after 3O-minute warm-up. 

3. FSR means Full Scale Range and is 20illor bipolar 
and 10V lor unipolar: 

4. DAC74 will operate as aDIA converter over OOC to 
.. 700C. Self·calibration leature may be out 01 
correctable range over a temperature range wider 
than +15°C to +45°C. 

5. Manually adjustable to +10.00000 and -10,00000 
after 30-minute warm-up. 

6. Maximum with constant load for no degradation o~ 
specifications. 

7. The heater current of the heated zener reference 
momentarily causes the initial power-.up current of 
the +15V supply to approach 400mA. The +15V 
supply current then tapers to less than 200mA 
within 3 seconds. 

·8. See Operation section for timing diagrams. 
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UNIPOLAR GAIN OFFSET DAD,. • BIPOLAR GAIN ,OFFSET DAC 

VOLTAGE OUT I OFFSET OAel. • -10VREF OUT 
UNIPOLAR CAL. • -F,S. REF .ALL BITS OFF 

RES • 
MPUOFF • 

RUN/CAt • 
DlGGND • 

UNIPOLAR GAIN TRIM ·OFFSET DAC.. • BIPOLAR GAIN TRIM ,OFFSET DAC, 
OFFSET TRIM OFFSET OAe. • +1OVAEF IN 

UNIPOLAR OFFSET TRIM ,OFFSET OAe, •.• +10VREF OUT 

ENMSB. • ENLSB 

'MSBg:~ )2: g;; 
011. • 010 
09 •• 08 
07 •• 06 
OS •• 04 
03 • • 02 
01. • DO ,Lsa, 

DIG GND. • DIG GND 
+5VIN • • +5VIN 
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N/C • • ADCVOLTAGE IN ·TEST 
BIPOLAR GAIN. • UNIPOLAR GAIN 

CURRENT OUTPUT. • BIPOLAR OFFSET 
CAL SENSE .P3. DAC VOLTAGE OUTPUT 

BIPOLAR RTN SENSE. • +F,S, REF ,ALL BITS ON. 
UNIPOLAR RTN SENSE • • CMR TRIM 

RTN •• RTN 
RTN •• RTN 

ANALOG COMMON. • ANALOG COMMON 
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• ·12VTEST 
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CONNECTION DIAGRAM - UNIPOLAR 
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DESCRIPTION OF PIN FUNCTIONS 
CONNECTOR P1 
Connector P I is a test connector used by the factory. It is not described in this data sheet. 

CONNECTOR P2 (Digital Signal Connector) 
~. Iksignalinn 

+SVI~ 

DIGITAl. COMMON 

.3 through 10 DI. 1>:1. DS. 1>7. D9 • 
1)11.1)13. DIS 

II ENMSB 

12 I>IGITAI. COMMON 

IJ ·RUNm 

14 MPU Off 

IS RES 

16.17.18. 19 DIGITAl. COMMON 

20 m 

21 iRQ 
22 RUN 
23 KEY 

24 ENI.SB 

2S through 32 D14, 012. DID. OS •. 
06. 04. 02. DO 

33 DIGITAl. COMMON 

34 +SV1S 

~ 
+5V supply input. Connc:cled inlernally to pin 34. 

+SV supply return. Connected internally to pins 12. 16. 17. 18. r9. ~3. 
Data input to the Main D A. illS LS the MSB. t.ogic I is it high input logic Ie,"cl. 

Enable for the d,ata input latches. Controls.the MSB byte lalch and Ihc2nd bnch in Ihcduuhh:~huITercd I.SH hytc.l.i..-wl 
Iriggercd on high level. 

+SV supply return. 
"" " 

Control input. l.ow input for SEI.F-CAI.IBRATION mode. High input fur !iERVICE. the manualcalihratiun mnde. 

Controh. microprocessor osciIJaulr. l.ow -.ON. High - OF .... Must 'be low fur 50m~' .. hc!furc RES b u:rt.:rt.erted. 

Control input. Resets the DAC74 controller and suhsequently cau:rt.c:rt. the RAM t'o he cleared and '"calihration" or 
"service" to begin. Inpul is a logic 0 (low) pulse wilh 14psec minimum width. 

+SV supply return. 

Status Output. Informs the user if calibration failed. l.ogie low means calih .... ltion ~u~ce~sful. 

An internal microprocessor control input. Not used by user. 

Status Output. This is high during the time the calibration controller has control of the main J> A cnnwrter. 

This pin may be used to key the module to protect against incurre.ct plug·in alig.nment. 

Enable input for I.SB byte latch .. l.evel ~riggered on high le·vel. 

Data input to the main D A. 00 is the I.SB. togic 1 is high logic level. 

+SV supply return. 

+SV supply input. 

CONNECTOR P3 (Analog Connector) 

~. Designalion . 

1.2 NC 

·ISV,lIo 

+ISV,s 

S.6 ANALOG COM MON 

7.8 RTN 

UNIPOLAR RTN 
SENSE 

10 BIPOI.AR RTN 
SENSE 

II CAL SENSE 

12" CURRENT OUTPUT 

13 BIPOI.AR GAIN 

14 NC 

IS UNIPOLAR OffSET 
TRIM (OffSET DAC) 

16 OffSET TRIM 
(OffSET DAC) 

17 " UNIPOLAR GAIN 
TRIM (OFFSET DAC) 

18 UNIPOLAR CAL 

19 VOLTAGE OUT 
(OFfSET DAC) 

20 UNIPOLAR GAIN 
(OFFSET DAC) 

21 BIPOI.AR GAIN 
(OfFSET DACI 

22 ·IOV.,d OUT 

23 ·f.S. REf 
(AU BITS OFf) 

24 BIPOI.AR GAIN 

~ 
No connection. 

-ISV supply input. Connected internally to pin 38. 

+ISV supply input. Connect~ internally to pin 37. 

Return for ±ISV supply. Connected internally to pins 35 and 36. 

Analog return for the analog output Connected internally to pins 33 and 34. 

Unipolar Return Sen~: Analog load sense for unipolar output conliguration. 

Bipolar Return Sense. Analog load sense ror bipolar output configuration. 

Calibration Sense. A connection to sense the D. A output 81 the load and prmide an input tn the errnr meDsu'rcmcnt 
circuit. 

A connection ~o the current output of the bit switches. U5ed to cunnect Bipolar Offset. pin 29. ' 

Connection to scale the output amplifier for bipolar output range HO to +10V) and to provide a sense input from the 
load. . 
No connection. 

. Connects an internal trim network to pin 16 for unipolar operation. This network is factory set 

Offset trim input connection to the pedestal offset DI A converter. 

Gain trim input connection to the pedestal offset D. A convener for unipolar operation. 

A digital option line selecting the software routine calibrating the main D. A COR\rerter for the bipolar or unipolar 
configuration. 

Analog output of Ihe pedestal offset Di A converter. 

Connects the pedestal offset D. A converter for 0 to + IOV output range. Connect to pin 19. 

Conneels the pedestal offset D A converter for ·IOV to +IOV output range. Connect to pin 19. 

·IOV precision reference output.' 

Minus Fun Scale input to analog switch of error measurement circuit. Connect to pins 7. 8. 33. 34l'or unipolar. Connect. 
to. pin 22 for bipolar. 

Gain trim input connection to the. pedestal offset 0 A convener for bipolar operation. Connect to pin 25. 
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25 +IOVMH IN 

26 +IOV llu OUT 

27 Aile' VOl.TAGE IN 
(TEST) 

28 lINIPOl.AR GAIN 

29 BIPOl.AR OFFSET 

30 IlACVOl.TAGE 
OliTPliT 

31 +F.S. REF 
(ALI. BITS ON) 

32 CRM TRIM 

33 • .34 RTN 

35.36 ANAl.OG COMMON 

37 +ISV1!I. 

38 -15V1 ... 

39 +12V TEST 

40 -12V TEST 

INSTALLATION 

Connection to pro\'idc precision +IOV rcfcrcm:c Inlhc D A cUl1\crlcr circuit!oo. Cmlllel'! In pin 2t.. 

+IOV precision reference output. 

The analug output of the difference amplifier in the error mC:I!lun:rncnl cin.:uit. 

Connection to scale the output amplifier for unipular nutput riUl!:!!! (0 10 + IOV) and Itl pru\idc il ,",CIl!lC inrllilrum Ih\., 
load. 

Connects the bipolar oll"sct current source 10 thccurn:nt output ul"thc main I) A l'tln\crh:r tl) (lrtl\it.lc hipl)I .... 1111 .. ..:1. 
Connect to pins 7. 8 • .33. 34 fur unipolar. Cnnm .. -ct In pin 12 for hipulm. 

Analog voltage output of the main () A com'crlcr, 

Plus Full Scale input In analug: switches of the error mca!rlurcmcn! /"·irc.:uil. 
Connect to pin 25. 

Common-mode rejection trim fur the output amplifier for bipolar upenlliull un I) . 
Connect In pins 7. 8. 33. 34 for unipolar. Cunnr..."Cllo pin 12 for bipulm. 

Analog return for the analog outpUI. Also cunnected internally tn pin!rl 7 and It 

Return for ± ISV supplic!io. Connected internally to pins 5 and fl. 

+ ISV supply input. Connected internally tn pin 4. 

-ISV supply input. Cunnected internally 10 pin 3. 

Test pin for internal +12VDC 

Test pin for internal -12VDC 

The three connectors described in the previous section 
have three se"parate functions: analog interface. digital 
interface. and the terminal interface. The terminal inter
face is used only for factory test. Connection to a printed 
circuit board can be made using female printed-circuit
mounted connectors supplied with the DAC74. They 
should be' positioned relative to the four internally
threaded mounting holes at the corners of the DAC74 as 
shown in Figure 4. Mount the DAC74 with four #6 
external tooth lockwashers and four #6-32 screws using 
0.156" diameter holes. Be sure to leave clearance for 
screwdriver adjustment of the trim potentiometers. 

washers and two #6-32 screws by means of the two 
internally-threaded holes near the center of the DAC74 as 
shown in Figure 4. In this orientation. connection to 
ribbon cable can be made with mass terminated. female. 
flat cable connectors (3M. 3421-0000. 3414-OqOO. 3417-
0000). Individual wires may also be connected to the 
DAC74 in this orientation using female wire-applied 
connectors (A M P 1-87456-6. 3-87456-0. 3-87456-6 hous
ings plus appropriate crimp snap-in·pins). In either case. 
the jumpers for the unipolar or the bipolar configuration 
should be made right at the analog connector P2 as 
described in the following paragraph. The potential drops 
due to long jumpers cause a degradation in the accuracy 
of the calibration circuit. 

Alternatively. the DAC74 can be mounted on a chassis 
with the connectors facing upward using two #6 lock-

Il00-
.lIOnml 

5. 
(127 

8.375-
D.313- b 1.112~_,.. 

(161.93mml 
4.150-

17.lIimmlr (2Ut1Iml il05.41mml -. 
tll37-

172.DBmml 

5.375-
(l38.53mml 

-$-_lI-32lhrUd Phrul 
(2PL) 

-$- 1 .......... 20 .......... : ...... 34 · ... ··· ..• 1······ .. ·· ······1 
0.438- l-i ~:J/.900~Ill.1 I~ 111.13mml (22.88mml 1.600-

-).ZOO- r ml 
(30.48mml 191.*ml 

FIGURE 4. DAC74 Package Mounting Hole Locations. 
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POWER SUPPLY CONNECTIONS 
A typical configuration is shown in Figure 5. Regardless 
of the local grounding, bring two separate return lines 
from the common near the power supplies to the DAC74. 
Connec.t one to Digital Common and the other to Analog 
Common. The load return line should be connected only 
to RTN (pins 7, 8, 33, 34) on P3 as shown in the unipolar 
and bipolar Connection Diagrams. Other connections to 
local grounds should be made with caution as they may 
cause ground loops which induce undesirable voltages at 
the common return points. The case is tied internally to 
Analog Common. Normally it should not be connected to 

. any local grounds. Besides the power supply connections,' 
other connections to tbe DAC74 should be limited to the 
digital inputs with a single digital current return and the 
5-wire connection to the load, The external connections 
should be made so as to minimize the conduction paths to 
external noise sourc~s, Internal bypass capacitors are 
included in the DAC74; no other bypass is needed nor 
recommended. 

The power supply voltages may be seljuenced on or off in 
anY,o.rder provided that the power supply inputs havc no 
transient voltages o(polarity oppositc to the normal DC 
input with respect til Analog or "Digital Common. 

The power supply reljuircmcnts are listed below. During 
power-up, an initial surge of 400ml\ is .rcljuircd by thc 
+15V sUPP,ly inpui.· . 

Input Voltage +5V +15V -15V 

Current. max 8IiomA 200mA 200mA 
typ SOOmA 150mA 150mA 

Precautions 

I. Provide all three grounds before "pplying \"Ullagc 
to either the power supply inputs or the signal inputs. 

2. Avoid static discharge during handling and installation. 
Store the DAC74 in a conduetivc packagc. 

3. Use short pairs of wire close togcther to minimizc 
electromagnetic pickUp. 

In very noisy environments. separate floating supplies 
may be needed to power the DAC74. These supplies and 
their common returns should be connected only to the 
DAC74. Some experimentation with extra shielding and 
alternative return eonfigurdtions may be necessary in 
eiltreme circumstances. 

OUTPUT CONNECTION 
The output connection for unipolar and bipolar operation 
are shown in the Connection Diagrams. For either 
unipolar or bipolar. it is very important to provide both" 
current-carrying wire and a sense wire to both sides' of the 
load an order to minimize the errors caused l1y induced 
potentials and losses in the wiring to the load. The fifth 
wire. CAL SENSE. returns the output voltage at the load 
to the error measurement circuit. In a noisy environment 
these wires should be enclosed in a shield that is connected 
only to the RTN pins ofthe.DAC74. The return line from 
the load to the RTN pin of the DAC74 must be separate 
from other grounds in order to avoid potential drops due 
to shared current paths. The resistance·ofthis path must 
be low so that the v()ltage drop is less than 20~V. For 
example. at .SmA one foot of 16-guage copper wire 
(4!lr 1000fl.) produces a 20~V drop. 

TO PIli 13 IBIPOLAR GAINI 
OR PIN 281UIIIPOLAR GAlli TO PIli II ICAl SEILSEI 

VOL TABE OUTPOT 

DIGITAL 
CDMMOII 

TO PIli 10 IBIPOLAR RTII SEIISEI 
OR PIN 9 lUll POlAR RTII SENSEI 

FIGURE 5. Power Supply and Common ConnectiOils. 
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Unipolar Connection. The output connections and jumpers are listed below. The pin n~mbers refer 10 Ilie analog 
connector P3. The fIrst five connections constitute the 5-wire connection to the load. 

Connection 

30 to load (top) 

28 to load (top) 

7 to load (bottom) 

9 to load (bottom) 

II to load (top) 

33 to 6 

23 to 34 

29 to 34 

26 to 25 

15 to 16 

17 to 25 

19 to 20 

18 to digital common 

31 to 25 

Purpose 

DAC VOLTAGE OUTPUT 
Output connection to the load. 

UNIPOLAR GAIN 
Output sense to the inverting input of the output amplifier. Sets unipolar range. 

RTN 
Current return from the load. This return impedance must be low - equivalent of 
16-gauge wire. 

UNIPOLAR RETURN SENSE 
Return sense to the noninverting input of the output amplifier. 

CAL SENSE 
Input to the error measurement circuit from the load. 

RTN TO ANALOG COMMON 
Connect common returns. Thisjumper is essential to prevent damage to the internal 
reference. 

~F.S. REF (ALL BITS OFF) 
Set minus full scale to 0 volts. Keep as short as possible. 

BIPOl.AR OFFSET TO RTN 
Maintain the same current drain on the +10 volt' reference as bipolar connection. 

+IOV REF OUT TO +IOV REF IN 
Keep as short as possible. 

UNIPOLAR OFFSET TRIM TO OFFSET TRIM 
Connect offset trim to offset adjust input of the pedestal offset D A converter. 

UNIPOLAR GAIN TRIM (OFFSET DAC) to +10 VOl.T REF 
Connect the full scale gain reference of pedestal offset D A converter. 

VOLTAGE OUT (OFFSET DAC) output to UNIPOLAR GAIN (OFFSET DAC) 
Return sense to inverting input of tbe pedestal offset D; A converter. 

UNIPOLAR CAL.to DIGITAL COMMON 
Set software to unipolar mode. 

+F.S. REF to +IOV REF IN. 

Bipolar Connection. The output connections and jumpers for bipolar operation are listed below. The pin numbers 
refer to the analog connector P3. The first five connections constitute the 5-wire connection to the load. 

Connection Purpose 

30 to load (top) DAC VOLTAGE OUTPUT 
Output connection to the load. 

13 to load (top) 

7 to load (bottom)· 

10 to load (bottom) 

I I to load (top) 

32 to 7 

7.8.33,34 

33 to 6 

BIPOLAR GAIN 
Sense to the inverting input of the output amplifier. Sets bipolar range. 

RTN 
Current return from the load. This return impedance must be low - equivalent of I foot 
16-guage wire for 5mA output. 

BIPOLAR RETURN SENSE 
Return sense to the noninverting input of the output amplifier. 

CAL SENSE 
Input to the error measuring circuit from the load. 

CMR to RTN 
Match the equivalent impedance to RTN for. both inputs of output amplilier for the 
bipolar configuration. 

RTN 
Tied together internally. 

RTN to ANALOG COMMON 
Connect common returns. This jumper is essential to prevent damage to the internal 
references 
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Purpose Connection 

23 to 22 -F.S. REF (All BITS OFF) to -IOV REF OUT 
Set minus Full Scale to '-10 volts. Keep.as short as possible. 

29 to 12 BIPOLAR OFFSET to CURRENT OUTPUT 
Bipolar offset for output amplifier. 

26 to 25 +IOV REF OUT to +IOV REF IN 
Keep as short as possible. 

16 to 25 OFFSET TRIM (OFFSET DAC) to +IOV REFERENCE IN 
Connect bipolar offset of the pedestal offset D/ A converter to + 10V REF. 

24 to 25 BIPOLAR GAIN TRIM (OFFSET DAC) to +IOV REF 
Connect the Full Scale gain reference of the pedestal offset D / A converter. 

19 to 21 VOLTAGE OUTPUT (OFFSET DAC) to BIPOLAR GAIN (OFFSET DAC) 
Return sense to inverting input of the pedestal offset D! A converter. 

31 to 25 +F.S. REF to +IOV REF IN. 

Internally Connected Pins. The following pins are connected internally: 

'Function Pin No. 

DIGITAL COMMON 

+5V'N 
ANALOG COMMON 

+15V,N 

-15V,N 

RTN 

DIGITAL INPUTS 

2~ 12, 16, 17, 18, 19,33 

I, 34 

5,6,35,36 

4,37 

3,38 

7,8,33,34 

Data inputs DO - DI5 and enable inputs, ENMSB and 
ENLSB, are low power Schottky (74LS373). Control 
inputs RES, RUN/CAL and UNIPOLAR CAL are 
standard TTL inputs. M PUOFF is a standard TTL input 
with a 10kO pullup resistor connected to +5V volts. 

Timing specifications on the digital inputs are listed in the 
Specifications table and discussed in the Operation 
section. 

OPERATION 
DAC74 data inputs, control signals, and status lines are 
shown in Figure 6. MPUOFF will usually be tied to 
DIGITAL COMMON permitting ,the internal crystal 
ocsillator to run continuously. However, one may wish to 
control the oscillator to remove all possible sources of 
noise during D/ A converter. operation. MPUOFF must 
be asserted low 50msec before the RES pulse is asserted. 

The RES line resets the calibration controller and starts 
controller operation when it returns high after being 
asserted low for at least 14l'sec. 

RUN/CAL isa mode control line. When high, RUN/CAL 
enables the controller to set up the SERVICE mode. In 
this mode, the user performs a coarse manual adjustment 
of the D/A converter. When RUN/CAL is low, the 
controller is informed to set up the SELF-CALIBRA
TION mode, the normal mode of operation. 

Data input latches are level-triggered by ENSMB and 
ENLSB .. These are used to strobe-in data from an 8-bit 
bus with DO throughD7 connected to D8 through DI5 

respectively. For 16-bit bus operation ENLSB can be 
permanently connected to +5V. Since all three latches are 
octal transparent latches (74LS373), their inputs may be 
transferred directly to their outputs by setting their 
respective enable inputs high. The table below indicates 
four common interfaces. A high input refers to a logic I 
input(2V to 3.5V)and a low input refers toa 10gicO illPut 
(OV to 0.8V) .. 

Mode ENMSB ENL~B Description 

Transparent High High Inputs are transferred d!rectly 10 the 
MAIN D/ A converter. 

I ()"bit Positive High All 16 bits are latched at the end of the 
interface Pulse ENMSB pulse. 

S-bit l.ow Posilive Capture 8I.SB"s from the data bus in 
interface Pulse low by", buffer. 

S-bit Positive Transfer 8MSB~ from the data bus and 
interface Pulse transfer latcbed BI.SB"s to the MAIN 

0: A converer at.the end of the pulse. 

The three-s~ate output in, the second rank of latches is 
disabled by iITiiii, a status output signal, during the time 
tlte calibration controller has control of the main D/ A 
converter. 

, INITIAL SETUP 
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It is necessary to trim the + IOV and -IOV reference as 
close to 10V as possible using the potentiometers located 
at the edge of the module. The procedure is described in 
Manual Calibration section. 



It should not be necessary to manually adjust OFFSET. 
GAIN. and LINEARITY on units received from the 
factory. However. after a year or more of operation it may 
be necessary to adjust these parameters to within the 
range which can be trimmed by the self-calibration 
circuits. The manual adjustment procedure is described in 
the Manual Calibration section. It is important that either 
the load be connected or that a dummy load be switched 
in during calibration or adjustment. 

Self-Calibration Mode 
After power-up. a 1/2-hour warm-up period must be 
allowed. This permits the heated zener reference and 
other critical circuits to stabilize. 

The next step is to initiate the SELF-CALIBRATION 
routine. Self-calibration is initiated by providing a pulse 
(low. 14j.<sec min) from the host equipment to the RES 
line. Self-calibration typically takes 2-1/2 seconds. CAL 
and RON inform the user on the internal status of the 

. calibration controller. The operation of these is best 
explained by a timing diagram. Figure 7. 

Upon application of the reset pulse. CAL goes (or 
remains) low and goes high about 100j.<sec after RES is 
returned high. EAr remains high for 500j.<sec maximum. 
Ifit remains high. self-calibration has failed. Ifit goes low. 
self-calibration will be successful. The fact that calibration 
has failed means that either a noise transient has inter
ferred with system operation or that the maximum 
correction factors have been used and that the main Di A 

015 (MSBI 
1 
1 
1 

DB I 
I 

ENMSB 

ENL88 
I I 

01 EN DE 
1 
1 LATCH 14LS373 1 

00 (LSB) 1 
I 

RUN/CAL 

RES t +5V lOkI! 
MPUDFF 

RUN 

CAL 

FIGURE 6. DAC74 Inputs. 

converter connot be corrected to within specification. 
However. the converter will still operate. It will be 
necessary to perform manual adjustments described in 
the Manual Calibration section. 

RfJN goes high about I 001' sec after the RES pulse returns 
high and remains high until all calibration controller 
operations are complete and control of the main 0, A 
converter is. returned to the digital data inputs. It is 
important to be aware of two facts during self-calibration: 
(I) the main 0: A converter is being exercised. its output 
is moving and changing the voltage on the load; and (2) 
the three-state output enable of the main Pi A converter 
input latches is held high by RUN thereby disconnecting 
the data inputs from the main [) A converter. 

Service Mode 
Before one can manually adjust the GAIN. OFFSET and 
LINEARITY of the DAC74. it must.be put in a mode 
called the SER~ mode. This is accomplished by 
~hing.RUN/CAL high and asserting a pulse on the 
RES line. The result' of going into this mode is that all 
corrections in the RAM are set to zero ,before control is 
returned to the user data input lines. 

The timing is illustrated in Figure 7. CAL does not return 
low as it did in the SELF-CALIBRATION mode but 
remains high. RON returns low indicating that control 
has been returned to the data inputs. RUN time is about 
300msec. Manual calibration may proceed as described in 
the Manual Calibration section. 

--
I---

LATCH 14LS313 

DE EN t---

MAIN D/A CONVERTER 

~ 
DE EN t---

LATCH 14LS313 

t---

--
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Full Automatic Control 

If the user wishes to automatically control the total 
operation of the DAC74 including the SERVICE mode 
as well as the SELF-CALIBRATION mode, additional 
timing considerations apply. An additional timing dia
gram is shown in Figure 8. Note that the MPUOFF must 
be asserted low SOmsec before RES is asserted and the 
RUN/CAL must be asserted within 500psec of the time 
that the RES pulse returns high. 

MANUAL CALIBRATION 

Manual adju;tment of the DAC74 is accomplished by 
eight potentiometers located at one end of the package. 
Space for screwdriver access must be provided on the 
mounting surface. A label marked "REFER TO MAN
UAL BEFORE REMOVING LABEL"must be removed 
from the end ofthe package to access t\:le potentiometers. 

10Y Reference Adjustment 

After the DAC74 has been installed, the load connected, 
and a 1/ 2-hour warm-up period has elapsed, the refer
ences may be adjusted. The reference voltages should be 
set to ((iV, ±lOpV. 

A 6-1/2 digit voltmeter, which has been calibrated as 
accurately as possible may be used to adjust the reference 
and coarse calibrate the D/ A converter. . 

ADJUSTMENT PROCEDURE 

I. Connect the volt mete .. between the +IOV REF OUT 
pin(26) and an ANALOG COMMON pin(5.6,3S.36). 
Adjust the + IOV REF potentiometer to obtain a 
reading of 10.OOOOOV, ±IOpV. 

2. Connect the voltmeter to the -IOVREF OUT 
pin (22) and adjust the -IOV REF potentiometer to 
read -IO.OOOOOV, ±IOpV. Needed for bipolar only. 

, Note: I f these reference voltages are to be used io provide 
references to "ther circuits, those loads must be connected 
before the above adjustments are made. External refer
ence lo~ds must remain constant for accurate operation 
of the DAC74. 

Coarse Calibration of the Main D/A Converter. 

The self-calibration controller can. correct main D/ A 
errors within a limited range:. If the gain, offset or linearity 
shift due to initial installation environment; such as load 
return wire voltage drops; power supply voltage line 
regulation, or component aging, a manual coarse adjust
ment will be necessary. These six adjustments are made 
using potentiometers at the edge of the DAC74 package. 

Coarse adjustments bring the errors of the DAC74 to 
within the operating range of the self-calibration circuit. 
It is sufficient to adjust the DAC74 output to within 
norminal values. 

ADJUSTMENT PROCEDURE 

After the DAC74 had been installed, the load connected. 
a I /2-hour warm-up period has elapsed. and the reference 
voltages have been set, manual calibration may proceed. 
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Put the DAC74 into the SERVICE mode as descrihed in 
the Service Mode section. 

Adjustments will be made in the following order: OFF
SET. preliminary GAIN. 4MS8's (I.INEARITY). and 
final GAIN. Output voltage readings will he dillerent for 
bipolar and unipolar configurations. Tahle I shows the 
data word to be strohed into DAC74. the potentiometer 
to be adjusted. and the output reading to he attained for 
unipolar and bipolar conliguratiol1s. 

After these adjustments are made, put the DAC74 in the 
SELF-CALIBRATION mode as described in the Self
Calibration Mode section. The DAC74 is now ready for 
normal operation. 

TABLE I. Calibration Voltages, 

Data Input Adjust OIA OU.!Eut Reading 
Step Word Ihexl Potenlometer Unipolar Bipolar 

1 0000 OFFSET 0,OOOOV;±50~V -10,OOOOV.±I00~V 

2 0800 GAIN 0.3125V.±50~V -9.3750V,±I00"V 
3 1000 012 0.6250V,±50~V -8.7500V.±I00~V 

4 2000 013 1 ,2500V,±50~V -7.5000V.±I00"V 
5 4000 014 2,5OOOV,±50~V -5.0000V.±100~V 

6 8000 015 5.0000V,±50~V O,OOOOV,±I00~V 

7 FFFF GAIN 9.99985V,±50~V '-9.9997V·.±I00"V 

OPERATIONAL CHECKLIST 

I. Be sure that all pins and jumpers are connected pro
perly as discussed and illustrated in the Installation 
section. Careful layout and shielding is necessary to 
keep digital noise out of the analog circuits. 

2. The load return line from the load to RTN (pin 7.1'3) 
must have less than 20" V voltage drop across its 
length for proper operaiion. See Installation section. 

3. Be sure and wait ahoilt 12-hoilr for warm-up. 
4. Check power supply voltages at the module pins. 

+ISV and -ISV. ±O.SV 
+SV, ±0.2SV , 

S. Check +12V and -12VvoJtages generated internally. 
+12V. ±0.6V pin 39.1'3 
-12V. ±0.6V pin 40.1'3 

6. Check + 10V and -IOV references. The [) A converter 
accuracy is dir,ectly dependent o~ these voltages. See 
Adjustment.Procedure if) the Manual Calihration 
section. 

+1O.00000V, ±lOpV pin 26.1)3 
-IO.OOOOOV. ±IOpV pin 22, P3 

7. Check MPUOFF(pin 14,1'3) to be sure it is low. It 
must be low for at least 50msec before attemptinl! 
self-calibration. 

8. Be sure ;-;U'1t'N~('n:POn;-l-:A"";!R~C~A";-l (pin 18.1'3) is high for 
bipolar operation or low for unipolar operation. 

9. ~ pulse must be at least 14"sec wide. 
10. (fCAL status does not return low during an automatic 

self-calibration, the D/ A converter may be out of 
tolerance. Adjust it using the procedure in the Manual 
Calibration section.· An unsuccessful self-calihration 
can result from a voltage or current transient in the 
D/ A converter system. Attempt a second self-
calib.ration. . 



BURR-BROWN® 

IElElI DAC80 
DAC80P 

Monolithic 12-Bit 
DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• INDUSTRY STANDARD PINOUT 
• LOW POWER DISSIPATION: 345mW 
• FULL ±10V SWING WITH Vee = ±12VDC 
• DIGITAL INPUTS ARE TTL- AND CMOS-COMPATIBLE 
• GUARANTEED SPECIFICATIONS WITH ±12V AND 

± 15V SUPPLIES 
• SINGLE-CHIP DESIGN 
• ±1I2LSBMAXIMUM NONLINEARITY, DoC to +70°C 
• GUARANTEED MONOTONICITY, O°C to HO°C 
• TWO PACKAGE OPTIONS: Hermetic side-brazed 

ceramic and low-cost molded plastic 
• SETTLING TIME: 4ps max to ±D.01% of Full Scale 

DESCRIPTION 
This monolithic digital-to-analog converter is pin
for-pin equivalent to the industry standard DAC80, 
first introduced by Burr-Brown. Its single-chip design 
includes the output amplifier and provides a highly 
stable reference capable 'of supplying up t'o 2.5mA to 
an external load without degradation of D f A 
performance. ' 

This converter uses proven circuit techniques to 
provide accurate and reliable performance over 
temperature and' power supply variations. The use 
of a buried zener diode as the basis for the internal 
reference contributes to the high stability and low 
noise of the device. Advanced methods of laser 
trimming result in precision output current and 
output amplifier feedback' resistors, as, well as low 
integral and differential linearity errors. Innovative 
circuit design enables the DAC80 to operate at 
supply voltages as low as ±lI.4V ,with no loss in 

performance or accuracy over any range of output 
voltage. The lower power dissipation of this 1I8-mil 
'by l21-mil chip results in higher reliability and 
greater long term stability. 

Burr-Brown has'further enhanced the reliability of 
the monolithic DAC80 by offering a hermetic, side
brazed, ceramic package. In addition, ease of use 
has been enhanced by eliminating the need for a 
+5V logic power supply. 

For applications requiring both reliability and low 
cost, the DAC80P in a molded plastic package 
offers the same electrical performance over temper- , 
ature as the ceramic model. The DAC80P is available 
with either voltage or current output. 

For designs that require a wider temperature range, 
'see Burr-Brown models DAC85H and DAC87H. 
For designs that require complementary coded deci
mal inputs, see Burr-Brown model DAC80-CCD-V 
(-I). 

'"-"t---.---Aeference 

Gain 
, Adjustment 

Scaling 
H~r-""""'~IY--Network 

Analog 
Output 

Offset 
~ _____ Adjustment 

---+Supply 
----Supply 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +25°C and ±Vcc = 12V or 15V unless otherwise noted. 

MODEL DACBO 

PARAMETER MIN TYP MAX UNITS 

DIGITAL INPUT 
Resolution 12 Bits 
Logic levels (DOC to +70°C)lll: 

V,H (Logic "1") +2 +16.5 VDC 
V" (Logic "0") 0 +O.B VDC 
IIH (VIN = +2.4V) +20 /iA 
I" (VIN = +O.4V) -180 /iA 

ACCURACY (at +25'C) 
Linearity Error ±1/4 ±1/2 LSB 
Differential Linearity Error ±1/2 ±3/4 LSB 
Gain Errorl21 ±0.1 ±0.3 % 
Offset Error l21 ±0.05 ±0.15 % of FSR I31 

DRIFT (ODe to + 70oC)141 

Total bipolar drift (includes gain, 
offset, and linearity drifts) ±10 ±25 ppm of FSRrC 

Total Error Over DOG to +70°C I51 

Unipolar ±0.06 ±0.15 % of FSA 
Bipolar ±0.06 ±0.12 % of FSR 

Gain: Including Internal Reference ±10 ±30 ppmrc 
Excluding Internal Reference ±S ±1O ppmrc 

Unipolar Offset ±1 ±3 ppm of FSRrC 
Bipolar Offset ±7 ±15 ppm of FSRrC 
Differential Linearity DoC to +70°C ±1/2 ±3/4 LSB 
Linearity Error Doe to +7QDC ±114 ±1/2 LSB 
Monotonicity Guaranteed 0 +70 °c 

CONVERSION SPEED, VOUT models 
Settling Time to ±O.01% of FSR 

For FSR change (2kO II SOOpF load) 
with 10kO Feedback 3 4 /is 
with 5kO Feedback 2 3 /is 

For 1 LSB Change 1 /is 
Slew Rate 10 VI/is 

CONVERSION SPEED, lOUT models 
Setlling Time to ±0.01 % of FSR 

For FSR change: 100 to 1000 load 300 ns 
lkO load 1 /is 

ANALOG OUTPUT, VOUT models 
Ranges ±2.5, ±5.±10. +5. +10 V 
Output Current4B ) ±5 I I mA 
Output Impedance (DC) 0.05 0 
Short Circuit to Common, Ouration f71 Indefinite 

ANALOG OUTPUT, lOUT models 
Ranges: Bipolar ±0.96 ±1.0 ±1.04 mA 

Unipolar -1.96 -2.0 -2.04 mA 
Output Impedance: Bipolar 2.6 3.2 3.7 kO 

Unipolar 4.6 . 6.6 8.6 kO 
Compliance -2.5 +2.5 V 

REFERENCE VOLTAGE OUTPUT +6.23 +6.30 +6.37 V 
External Current (constant load) 2.5 mA 
Drift vs Temperature ±10 ±20 ppmfOC 
Output Impedance 1 0 

POWER SUPPLY SENSITIVITY 
Vee = ±12VDC or ±15VDC ±0.002 ±0.006 % FSRI % Vee 

POWER SUPPLY REQUIREMENTS 
±Vcc ±It.4 ±16.5 VDC 
Supply Orain (no load): +Vee 8 12 mA 

-Vee 15 20 mA 
Power Dissipation (Vee = ±15VDC) 345 480 mW 

TEMPERATURE RANGE 
Specification 0 +70 °c 
Operating -25 +85 °c 
Storage: Plastic DIP -60 +100 °c 

Ceramic DIP -65 +150 °c 

NOTES: (1) Refer to "Logic Input Compalibility" section. (2) Adjustable to zero with 
external trim potentiometer. (3) FSR means full scale range and is 20V for ±10V range, 
10V for ±5V range for VOUT models; 2mA for lOUT models. (4) To maintain drift spec, 
internal feedback resistors must be used. (5) Includes the effects of gain, offset and 
linearity drift. Gain and offset errors externally adjusted to zero at +25°C. (6) For ±Vcc 
less than ±12VDC, limit output current load to ±2.5mA to maintain ±10V full scale output 
voltage swing. For output range of ±5V or less, the output current is ±5mA over entire ±Vcc 
range. (7) Short circuit current is 40mA, max. 
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MECHANICAL 

Hermetic Ceramic 24-Lead DIP 

2' 

0 
'3 NOTE: 

Leads In true pOSItion 
wIthin 0.010" (0.25mm) 
Rat MMC at seating plane. 

0' " Pm numbers shown lor 

I. F-J~I 
reference only. Numbers 
may nol be marked on 

A 
package 

N:3 i 

J ~~,~,e IflE~ 
iJ ~ PIN: Pin matenal and 

plating compositIon con-
form to method 2003 

LL~~ 
(solderabilltYI of MIL-
STO-883 (except para-
graph 3.2). 

HERMETICITv: Con-

INCHES MlllIMETE~S 
forms to Method 1014. 

DIM M'N M., MIN MA> CondItion Al or A2 (frne . 111S 1215 lOIO ]086 leak) and ConditIon C 
, 

'0' '" '" '" 
(gross leak). Metal lid of 

0 ", '" ". '" package IS connected to , 
0" ",,0 '" '" Vee internally 

G IOO8AoSIC 2S"8ASIC 

H '" ,"0 01' ... CASE: CeramIC 
0 ... '" '" '" MATING CONNECTOR: 

'" '" '" .. 0 0245MC , 6008Ao$'C 152"8ASIC 
WEIGHT: 4.1 grams 

" ,,0 '00 

" ". "'" 0 .. '" 
(0.15 oz.) 

Molded Plastic 24-Lead DIP 

I~AA 
A 

.n..n A...I AA 

)0 0 1 
B 

J 
'\.~ .. ",,,,vvV"''u''Ji'" 

~ c~ 
K N '-- ... ,,". --H.--o 

G " .... 

~tJ ~ NOTE: 

-..JC=-L- Leads in true pOSition 
within 0.010" (O.25mm) 

M Rat MMC at seating plane. 

INCH£s, MILLIMflEPS PIN: Pin material and 
D'M M" MU M'" M" plating composition con-

A 1.23' 1.283 31.32 U.U form to method 2003 

• .038 .018 13.81 1 .... 1 (solderability) of MIL-
e .tea . 11-4 -4.2 • 0.70 5TO-883 (except para-

.015 .023 0.08 graph 3.2). 
F .0' .082 1.08 1.157 

Q .100 BASIC 2.54 BASIC 

H .030 .080 0.71 2.211 CASE: Plastic 
J .001 .015 0.20 0.31 
K .'0 .13 2.54 3.36 MATING CONNECTOR: 

.100 SABIC 16.24 BASIC 0245MC ,. O' .. O' ... WEIGHT: 3.7 grams 
N .011 .022 0.41 0.58 

(0.13 oz.) 



FUNCTIONAL DIAGRAM AND PIN ASSIGNMENTS 

Voltage Models Current Models 

(MSB) Bit 1 ' 24 6,3V Reference Out (MSB) Bitl 6,3V Reference Out 

Bit2 Bit2 Gain Adjust 

Bit3 +Vcc Bit3 +VCC'. 

Bit4 Common Bit4' Common 

BitS Summing Junction BitS Scaling Network 

Bit 6 20V Range Bit6 Scaling Network 

Bii7 10V Range Bit7 Scaling Network 

Bita Bipolar Offset Bita Bipolar Offset 

Bit9 Reference Input Bit9 Reference Input 

VOUT Bitl0 lOUT 

Bit 11' -Vee Bitll -Vee 

(LSB) Bit 12 NC· (LSB) Bit 12 NC· 

~ Logic supply applied to this pin has no effect 

DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 
The DAC80 accepts complementary binary digital input 
codes. The CBI model may be connected by the user for 
anyone of three, complementary codes: CSB, ,COB, or 
CTC (see Table I). ", 

ACCURACY, 

Linearity of a D / A converter is the true measure of its 
performance. The linearity error ofthe DAC80 is specified 
over its entire temperature range. This means that the 

TABLE I. Digital Input Codes. 

DIGITAL INPUT ANALOG OUTPUT 

CSB COB CTC' 
Compl. Campi, Compl, 

MSB LSB siraight Offset Two's, , , Binary Binary Compl, 

OOOOOOOOOOOO 
011111111111 
100000000000 +Full Scala +Full Scale -lLSB 
111111111111 +112 Full Scale Zero -Full Seale 

1/2 Full Scale -1 LSB -lLSB -FUll Seale 
Zero -Full Scale Zero 

• ~nyen.tbe MSB of the, COB ~'with an c:.x~emal inverter to obtain 
CTC code. 

ORDERING INFORMATION 

Model Output Package 

DACaO-CBI-1 Current Ceramic 
DACaD-CBI-V Voltage Ceramic 
DACaOP-CBI-1 Current Plastic 
DACaOP-CBI-V Voltage Plastic 
DACaOZ-CBI-I* Current Ceramic 
DACaOZ-CBI-V* Voltage Ceramic 

• DACaoz is not recommended for new designs; both standard DACaO 
and DACaOp now operate over extended power supply range, 

ABSOLUTE MAXIMUM RATINGS 
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+Vcc to Common ................................... OV to +1BV 
-Vee to Common; .................................. OV to -1BV 
Digital Data Inputs to ,Common .............. -1V to +1BV 
Reference Output to Common .... , ..................... ±Vcc 
Reference Input to Common ............................ ±Vcc 
Bipolar Offset to Common .......................... :.... ±Vcc 
10V Range R to Common ................................ ±Vcc 
20V Range,R to Common ........................... : .... ±Vcc 
External Voltage to DAC Output ....... : ...... -5V to +5V 
Lead Temperature, Soldering ....... , ... , ....... +300·C, 10s 
Max Junction Temperature ............................. 165·C 
Thermal Resistance, 8J.: Plastic Oil" ............ 100·C/w 

Ceramic DIP ........... 65·C/W 

Stresses aboye those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. Exposure to absolute max
Imum condillonslor extended periods may alleet device reliability. 



analog output will not vary by more than ±lj2LSB, 
maximum, from an ideal straight line drawn between the 
end points (inputs all "I "s and all "O"s) over the specified 
temperature range ofO°C to +70°C. 

Differential linearity error of a D j A converter is the 
deviation from an ideal I LSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±lj2LSB means that the output 
voltage step sizes can range from Ij2LSB to 3j2LSB 
when the input changes from one adjacent input state to 
the next. 

Monotonicity over a O°C to +70°C range is guaranteed 
in the DAC80 to insure that the analog output will 
increase or remain the same for increasing input digital 
codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
. range output 'over temperature expressed in parts per 
million per .oC (ppm/oq. Gain drift is established by: I) 
testing the end point differences for each DAC80 model 
at O°C, +25°C and +70°C; 2) calculating the gain error 
with respect. to the 25°C value and; 3) dividing by the 
temperature change. This figure is expressed in ppmj °C 
and is given in the electrical specifications both with and 
without internal reference. 

Offset Drift is a measure of the actual change in output 
with all "I"s on the input over the specified temperature 
range. The offset is measured at O°C, +25°C and +70°C. 
The maximum change in Offset is referenced to the 
Offset at 25°C and is divided by the temperature range. 
This drift 'is expressed in parts per million of full scale 
range per °C (ppm of FSRjoq. 

SETTLING TIME 

Settling time for each DAC80 model is the total time 
(including slew time) required for the output to settle 
within an error band around its final value after a change 
in input (see Figure I). 

~ .. 
Cl 

" .. 
a: 

>-" 
~~ 
:>00 
..,..!. 

~~ 
'0 
E e 
~ 0.003\ RL = 

1000010 

0.0011 18750 

0.1 10 100 
Settling Time (P~) 

FIGURE I. Full Scale Range Settling Time vs Accuracy. 
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Voltage Output Models 
Three settling times are specified to ±0.01% of full scale 
range (FSR); two for maximum full scale range changes 
of 20V, lOY and one for a ILSB change. The ILSB 
change is measured at the major carry (0111 ... II to 
1000 ... 00), the point at which the worst case settling 
time occurs. 

Current Output Models 
Two settling times are specified to ±0.01% of FSR. Each 
is given for current models connected with two different 
resistive loads: IOn to lOon and 1000n to 1875n. Internal 
resistors are provided for connecting nominal load 
resistances of approximately 1000n to 1800n for output 
voltage range of±IV and 0 to -2V (see Figures II and 12). 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
all current output models is ±2.5V. Maximum safe 
voltage rangeof±IV and 0 to -2V. (See Figures I I and 
12). 

POWER SUPPLY SENSITIVITY 

Power supply sen,sitivity is a measure of the effect of a 
power supply change on the DjA converter ·output. It is 
defined as a percent of FSR per percent of change in 
either the positive or negative supplies about the nominal 
power supply voltages (see Figure 2). 

~ 
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0.01 

0.001 

0.0001 
1 

, 
-Vee 

, 
" +Vcc 

10 100 lk 10k lOOk 

Power Supply Ripple Frequency (Hzj 

FIGURE 2. Power Supply Rejection vs Power Supply 
Ripple. 

REFERENCE SUPPLY' 

All DAC80 models are supplied with an internal 6.3V 
reference voltage supply. This voltage (pin 24) has a 
tolerance of ± 1% and must be connected to the Reference 
Input (pin \6) for specified operation. This reference may 
be used externally also, but external current drain is 
limited to 2.5mA. 



If a varying load is to be driven, an external buffer . 
amplifier is recommended to drive the load in order to 
isolate bipolar offset from load variations. Gain and 
bipolar offset adjustments should be made under constant 
load conditions. . 

LOGIC INPUT COMPATIBILITY 

DAC80 digital inputs are TTL, LSTTL and 4000B, 
54f74HC CMOS compatible. The input switching 
threshold remains at the TTL threshold over the entire 
supply range. 

Logic "0" input current over temperature is low enough 
to permit driving DAC80 directly from outputs of 4000B 
and 54f74C CMOS devices. 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

Connect power supply voltages as shown in Figure 3. 
For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown. 

. These capacitors (l/lF tantalum) should be located close 
to the DAC80. 

±12V OPERATION 

All DAC80 models can 'operate over the .entire power 
supply range of ±lI.4V to ±16.5V. Even with supply 
levels dropping to ±lI.4V, the DAC80 can swing a full 
±JOV range, provided the load current is limited to 
±2.5mA. With power supplies greater than ±12V, the 
DAC80 output can be loaded up to ±5mA. For output 
swing of ±5V or less, the output current is ±5mA, min. 
over the entire Vee range. 

Voltage Output Models 

No bleed resistor is needed from +Vcc to pin 24, as was 
needed with prior hybrid Z versions of DAC80. Existing 
± l2V applications that are being converted to the mono
lithic DAC80 must omit the resistor to pin 24 to insure 
proper operation. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these poten
tiometers as shown in Figure 3 and adjustas described 
below. TCR of the potentiometers should be 100ppm/oC 
or less. The 3.9MO and IOMO resistors (20% carbon or 
better) should be located close to the DAC80 to prevent 
noise pickup. If it is not convenient to use these high 
value resistors, an equivalent "T;' network, as shown in 
Figure 4, may be substituted. 

~ 
10MO 

~ 
3.9MO 

270kO 270kO 

~010kO 
180kO -= 180kO 

~7 

FIGURE 4. Equivalent Resistances. 

Existing applications that. are converting to the mono
lithic DAC80 must change the gain trim resistor on pin 
23 from 33MO to 10MO to insure sufficient adjustment 
range. Pin 23 is a high impedance point and aO.OOI/lIFto 
O.OI/lF ceramic capacitor should be connected from this 
pin to Common (pin 21) to prevent noise pickup. Refer 
to Figure 5 for relationship of Offset and Gain adjust
ments to unipolar and bipolar D/A operation. 

. Current Output Models 

+Voc 

10kO 
I--., ...... """~~ to 

l00kO 

-Vee 

..-__ ~I~~O 

100kO 

+Vcc 

-Vee 

FIGURE 3. Power Supply and External Adjustment Connection Diagrams 

6-68 



+ Full Scale f- ,. Range of u.".... :~ 1 
., -:"'- Gain Adjust 

- 1LSB ' , "'T ::J ~ ~ ~ % CD ,,",,"'/ 

o .. 0> ~'" 
'" ~ ~ AIIBlts 4E .. ' 
.2 Range 01 = ~ Logic 1 //,oIAi'" 
~ Offset .t L ~}' Gain Adjust 

the Line 
« Adjust ~l ,J' Rotat.es 

AIiBits 
Oliset Adjust ~ Logic 0 

Translates t f 
the Line Digital Input 

Bipolar if + Full l. Scale /' Range of 
1LSBJ " ,.; Gain Adjust 

-5 
c. Full Scale 4\'. T 
;; Range J#)o'¥ --Gain Adjust 
0 .... i ~ ~/ Rotates All Bits" '" ~;? the Line 0 Logic 1 .. 
c:: 

R f BIP:'lar ./:' f'MSB On '" « angeo ... ~ I • 

Offset Offset i- All Others All Bits 
Adjust 1/ Off Logic 0 

Offset Adjust 1 Ll Ii" Full Scale 
Translates I 
the Line . T Digital Input 

FIGURE 5, Relationship of Offset and Gain Adjustments 
for a Unipolar and Bipolar 0/ A Converter. 

Offset Adjustment 
For unipolar (CSB) configurations, apply the digital 
input code that should produce zero potential output 
and adjust the Offset potentiometer for zero output, 

For bipolar (COB, eTC) configurations, apply the digitai 
input code that should produce the maximum negative 
output Example: If the Full Scale Range is connected 
for 20V, the maximum negative output voltage is -lOY, 
See Table II for corresponding codes, 

TABLE II, Digital Input/ Analog Output, 

ANALOG OUTPUT 

DIGITAUNPUT . VOLTAGE" CURRENT 

MSB LSB o to +lOV ±10V Oto-2mA ±1mA 

000000000000 +9.9976V +9.9951V -1.9995mA -O.9995inA 
,011111111111 +5.000DV O.OOOOV -1.00DOmA O.DOOOmA 
100000000000 +4.9976V -0.0049V -o.9995mA +0:0005mA 
111111111111 O.ooOOV -10.OOOOV O.OOoomA +l.ooom/\ 

OneLSB 2.44mV 4.88mV 0.488~A 0.488~A 

*To obtain values for other binary ranges: 
o to +5V range divide 0 to +10V range values by 2. 
±5V range: divide ±lOV range values by 2. 
±2.5V range: divide ±10V range values by 4: 

Gain Adjustment 
For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive 
output, Adjust the Gain potentiometer for this positive 
full scale output See Table II for positive full scale 
voltages and currents. 

VOLTAGE OUTPUT MODELS 

Output Range Connections, 
Internal scaling resistors provided in the DACSO may be 
connected to produce bipolar output voltage ranges of 

± lOY, ±5V or ±2.5V or unipolar output voltage ranges 
of 0 to +5V or 0 to + lOY. See Figure 6. . 

Reference Input C To Reference Control Circuit 

16 -'''---'IN 17 Bipolar 
6.3kO * Offsel 

Summing 
rJUnction, 

From Weighted 20 18 
Resistor $5kn~ 1 5kn' 
Network __ . ~ • ~ 19 

.. 
':" *ResistorTolerances: ±2% max. 

21 Common 

? 

15 Output 

FIGURE 6. Output Amplifier Voltage Range Scaling 
Circuit. 

Gain and offset drift are minimized because of the 
thermal tracking of the scaling resistors with other 
internal device components. Co~nections for various 
output voltage ranges are shown in Table III. Settling 
time for a full-scale range change is specified as 41ls for 
the 20V range and 31ls for the lOY range. 

TABLE III. Output Voltage Range Connections for 
Voltage Models. 

Output Digital Connect Connect Connect Connect 
Range Input Codas Pin 15to Pin i7to pjn19to Pin 1610 

±10 COBorCTC 19 20 15 24 
±5 . COBorCTC 18 20 NC 24 

±2.5V COBorCTC 18 20 20 24 
OIO+IOV CSB 18 21 NC 24 
OIO+5V CSB 18 21 20 24 

CURRENT OUTPUT MODELS 

The resistive scaling network and equivalent output 
circuit of the current model differ from the voltage 
model and are shown in Figures 7 and S. 

To Reference 
Control Circuit 

Reference Input I6:31;n. 
. . 16 ~,,".------,--17 

3kn* 2kn* 

:: "'J"""1'"5-k~n":''''~·'''--<r-'''N'''o--:: 

* Resistor Tolerances: ±2% max. 

FIGURE 7. Internal Scaling Resistors. 

Oto 
2mA 

To 

- .... ---"'""'-16 Reference Input 

r--.,...----'f15 lOUT 

FIGURE S. Current Output Model Equivalent Output 
Circuit. 
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Internal scaling resistors (Figure 7) are provided to scale 
an external op amp or to configure load resistors for a 
'voltage output. These connections are described in the 
following section;s. 

If the internal resistors are not used for voltage scaling, 
external RL (or RF) resistors should have a TCR of 
±2Sppm/oC or less to minimize drift. This will typically 
,add ±SOppm/oC plus the TCR of RL (or RF) to the total 
,drift. 

Driving An External Op Amp 
The current output11l0del bACSO will drive the summing 
junction of an op amp used as a current-to-voltage 
converter to produce an output voltage. See Figure 9. 

5kCl 

5kCl 

lOUT 
6,6kCl 010 

2mA 

FIGURE 9. External Op-Amp-Usinglnternal 
Fee,dback Resistors .. 

VOU, = lOUT X RF 

0 
VOUT 

where lOUT is the DACSO output current and RF is the 
feedback resistor. Using the internal feedback resistors 
of the current output model DACSO provides output 
voltage ranges the same as the voltage model DACSO. To 

. obtain the desired output voltage range when connecting 
an e,xternal op amp, refer to Table iv. 

TABLE IV Voltage Range of Current Output 

Oulpul Digilal ®nect Connect Connect Connecl 
Range Inpul Codes A 10 Pin 1710 Pin 1910 Pin 1610 

±10V COBorCTC 19 15 @ 24 
±5V COB or CTC 18 15 NC 24 

±2.5V COBorCTC 18 15 15 24 
Oto+l0V CSB 18 '21 NC 24 
Oto +5V CSB 18 21 15 24 

Output Larger Than 20V Range, 
For output voltage ranges larger than ±IOV, a high 
voltage op amp may be employed with an external 
feedback resistor. Use lOUT values ,of ±lmA for bipolar 
voltage ranges and -2mA for unipolar voltage ranges. 

, See Figure 10. Use protection diodes when a high voltage 
op amp is used. 

The feedback resistor, RF, should have a temperature 
. coefficient as low as possible. Using an external feedback 
resistor, overall drift of the circuit increases due to the 
lack of temperature tracking between RF and the internal 
scaling resistor network. This will typically add SOppm/oC 
plus RF drift to total drift. . 

VOUT 

·For outpul voltage swings up 10 290V p-p. 

FIGURE 10. Exteni.a1 Op-Amp-Using External 
Feedback Resistors. 

Driving a Resistive Load Unipolar 
A load ,resistance, RL = RLl + RLS, connected as shown 
in Figure II will generate ,a voltage range, VOUT, deter
mined by: 

VOUT = -2mA [(RL X Ro) + (RL + Ro)] 

FIGURE H. Current Output Model Equivatent Circuit 
Connected for Unipolar Voltage Output 

, with Resistive Load . 

The unipolar output impedance Ro equals 6.6kO (typ) 
and RLl is the internaJ. load resistance of 96S0 (derived 
by connecting pin IS to pin 20 and pin IS to 19). By 
choosingRLs = 210!l, RL= 117S!l. RL in parallel with 
Ro yields lkO total load. This gives an output range of 0 
to -2V. Since Ro is not exact, initial trimming per 
Figure 3 may be necessary; also RLS may be trimmed. 

Driving a Resistive Load Bipolar 
'The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 12, RL = RLl + RLS . VOUT is 
determined by:' " 

VOUT = ,±lmA [(Ro X RL) + (Ro + RL)] 

By connecting pin 17 to IS, the output current becomes 
bipolar (±lmA) and the output impedance Ro becomes 
3.2kO (6.6kO in parallel with 6.3kn). RLl is 12000 
(derived by connecting pin IS to IS and pin IS to 19). By 
choosing RLS = 2SS0, Ri. = 14SS!l. RL in parallel with 
Ro yields Ik!l total load. This gives an output range of 
±IV. As indicated above, trimming may be necessary. 
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,,~~--~-----;~--------<)+ 

VOUT 

A,s 

FIGURE 12. Current Output Model Connected for 
Bipolar Output Voltage with Resistive 
Load. 
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BURR-BROWN® 

IElElI DAC80-CCD 

Integrated Circuit 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 3·DlGlT RESOLUTION 
• COMPLETE WITH INTERNAL REFERENCE AND 

OUTPUT AMPLIFIER IV MODELS) 
• FAST SETTLING: 30Dns to ±O.Ol% (I MODELS) 
• WIDE POWER SUPPLY RANGE MODELS AVAILABLE 

IZ MODELS) 
• CERAMIC DUAL·IN·LlNE PACKAGE 

J!l 

" c. 
.5 

~ 
'" is 

Vollage Model 

6.3V Reference Out 

Gain Adjust 

+Vs 

Common 

Summing Junction 

10V Range 

Scaling Network 

No Connection 

Reference Input 

VOUT 

-Vs 

Logic Supply 

DESCRIPTION 
Use this popular 3-digit digital-to·analog converter 
for low cost precision performance applications. 

DAC80, with internal reference and optional output 
amplifier, offers a maximum nonlinearity error of 
±O.OI2%, ±30ppm/oC maximum gain drift, and 
monotonicity-all over a O°C to +70°C operating 
range. Total accuracy drift is guaranteed to be less 
than ±25ppm/°C. . 

Packaged within DAC80's 24-pin dual-in-line ceramic 
case are fast-settling switches and stable, laser
trimmed thin·film resistors. Voltage output models 
settle to ±O.05% of FSR in 31's for a lOY step change. 

By specifying the DAC80Z model with a supply 
range of±IL4V to ±16.0V, you can use this proven 
D / A converter in microprocessor and semiconductor 
memory systems. 

Iniarnatlonal Airport Induslrlal Park· P.O. Box 11400· Tucson. Arizona B5734· Tel. 1602,·746-1111 • Twx: 910·952·1111 • Cable: BBRCORp· Telex: 66-6491 

PDS-680 
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SPECIFICATIONS 
ELECTRICAL 
Typical at 25°C and rated power supplies unless otherwise noted. 

MODEL DACBO-CCD 

MIN TYP MAX UNITS 

DIGITAL INPUT 
Resolution 3 Digils 
Logic Levels (TTL COmpatible)l1l: Logic "I" (HallA max at +5.0\1) +2.4 +5.0 VDC 

Logic "0" (1.6mA max at +O.4V) a +0.4 VDC 

ACCURACY 
Linearity Error at 25°C ±118 ±114 LSBI21 

Differential Linearity Error ±1/4 ±1/2 LSB 
Gain Errorl3J ±O.I ±0.3 % 
Offset Errorl31 ±0.05 ±0.15 %01 FSR '41 

Monotonicity Temp. Range, min a +70 'C 

DRIFTI51 (O'C to + 70'C) 
Total drift. max (includes gain, offset. and linearity drifts) ±25 ppm of FSR/'C 
Total error over ooe to +70°CI61 ±0.08 ±0.15 % of FSR 
Gain ±15 ±30 ppm/'C 

Exclusive of internal reference ±IO ppml'C 
Unipolar Offset ±I ±3 ppm of FSR/'C 
Differential Linearity ooe to +70°C ±1/2 +1, -7/8 LSB 
linearity Error ooe to +70°C ±1/2 LSB 

CONVERSION SPEED (V MODELS) 
Settling Time to ±O.OI% of FSR: For FSR Change with 8kO Feedback 5 lis 

For ILSB Change 1.5 liS 
Slew Rate 10 20 VIliS 

. CONVERSION SPEED (I MODELS) 
Settling Time to ±0.01% of FSR 
For FSR Change: lao to 1000 Load 300 ns 

IkO Load I liS 

ANALOG OUTPUT (V MODELS) 
Rangel7l Oto+IO V 
Output Current 5 mA 
Outpufimpedance (DC) 0.05 0 
Short Circuit Duration Indefinite to Common 

ANALOG OUTPUT (I MODELS) 
Range Oto -1.25 rnA 
Output Impedance, Unipolar 15.6 kO 
Compliance ±2.5 V 

INTERNAL REFERENCE VOLTAGE +6.3 V 
Maximum External Current fSI ±200 IIA 
Tempco of Drift, max ±IO ±20 ppm/'C 

POWEFi SUPPLY SENSITIVITY 
+15V Supply ±0.02 % of FSR/% V, 
-15V and +5V Supplies +0.002 %of FSR/% V, 

POWER SUPPLY REQUIREMENTS 
DAC80 ±14, +4.75 ±15, +5 ±16,+16 VDC 
DAC80Z'" ±11.4, +4.75 ±12,+5 ±16:+16 VDC 
Supply Drain: ±15V/±12V (including SmA load) ±25 ±35 mA 

+5V (logic supply) +20 +30 mA 

TEMPERATURE RANGE 
Specification a +70 'C 
Operating (double above specs) -25 +85 'C 
Storage -55 +100 'C 

NOTES: (I) Adding external CMDS hex buffers CD 4009A will provide CMOS input compatibility. (2) LSB is based on 3-digit or la-bit resolulion. 
(3) Adjustable to zero with external trim potentiometer. (4) FSR means "Full Scale Range" and is 10V. (5) To maintain drift spec, internal feedback 
resistor must be us.ed for current output models. (6) With gain and offset errors adjusted to zero at +25'C. (7) DAC80Z supply range is ±12.0V min to 
±16.0V max for a to +IOV output. (8) Maximum with no degradation of specifications. 
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CONNECTION DIAGRAMS 

Voltage Model 

External Adjustment and Voltage Supply 
Connection Diagram:Voltage Model 

+V. 

tOkO 
to 

tOOkO 

-VS 

iOkO 
to 

l00kO 

+V. 

Current Model 

+VS 

10kO 
to 

l00kO 

-V. 

10kO 
to 

l00kO 

+V. . 

NOTES: (1) This resistor is required only for Z models (see "Operating Instnuctlons':). Make no connection to power supply on non-Z models. (2) No 
internal connection. (3) Pin 13 can be connected to +V.; power dissipation wlllincr.a .. 200mW. 

MECHANICAL 

l-----~.:;:.:;:.:!.:!.:;.:;.~.tl.;:;:;:;:~ Pin riumbers 
~~ 13 shown for 

B 4 reference only. L-----b-- ' .. I Numbers may not --=--:J- be marl<ed on 

N [CR ~ "A":J package. 

r L '111~~1 n oJL ., L 

INCHES MILLIMETERS NOTE: Leads in 
DIM MIN MAX MIN MAX true position 

within .010" .. 34.54 1.310 1.360 33.27 (.25mm) Rat • .77 .8'0 ".158 20.57 MMC at seating 
0 .110 .210 3 .• ' 1.33 plane. 
0 .01. ,02' 0."8 0.53 

F . 035 .050 0.8' 1.21 

0 .'00 BASIC 2.548ASIC 

H .110 .130 2.1t :UD 

• .'50 .250 3.81 •. 35 

L .Ioa BASIC 1&.24 BASIC 

N .00' .010 0." 0.25 
on .105 2.18 2.87 

CASE: Ceramic 

MATING CONNECTOR: 245MC 

PIN: Pin material and plating composition conform to method 2003 
(solderability) of MIL-STD-883 (except paragraph 3.2). 

WEIGHT: 8.4 grams (0.3 oz.) 

HERMETICITV: Conforms to method 1014, condition C, step 1 
.(fluorocarbon) of MIL-STD-883 (gross leak). 

PIN ASSIGNMENTS 

I Models Pin V Models 

(MSB) Bit 1 1 Bit 1 (MSB) 
Bit 2 2 Bit 2 
Bft3 3 Bit 3 
Bit 4 4 Bit4 
Bit 5 5 Bit5 
Bit 6 6 Blt6 
Blt7· 7 Bit 7 
Bit8 8 Bit 8 
Blt9 9 Bit 9 

Bitl0 10 Bit 10 
Bitll 11 Bit 11 

(LSB) BII12 12 Bit 12 (LSB) 
Logic Supply 13 Logic Supply 

-Vs 14 -V. 
lOUT 15 VOUT 

Reference Input 16 Reference Input 
No Connection 17 No Connection 

Scaling Network 18 Scaling Network 
Scaling Network 19 10VRange 

No Connection . 20 Summing Junction 
Common 21 Common 

+V • 22 +V. 
Gain Adjust 23 Gain Adjust 

6.3V Reference Out 24 6.3V Reference Out 

ORDERING INFORMATION 

Supply 
Mode' Range (V) Output 

DAC80-CCD-V ±14to±16 Voltage 
DAC80Z-CCD-V ±11.4to ±16 Voltage 
I;)AC8Q-CCD-1 ±14to ±16 Current 
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DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 
The DAC80-CCD-V (or -I) produce the analog outputs 
given in Table I for the indicated digital inputs. 

TABLE I. Digital Input Codes. 

Digital Input Analog Output 

CCD 
MSB LSB Complementary Coded Decimal-3 Digits 

011001100110 Full Scal. 
111111111111 Zero 

ACCURACY 
Linearity of a D / A converter is the true measure of its 
performance. The linearity error of the DAC80 is specified 
over its entire temperature range. This means that the 
analog output will not vary by more than ±1/2LSB, 
maximum, from an ideal straight line drawn between. the 
end points of Table lover the specified temperature 
range ofO°C to +70°C. 

Differential linearity error of a D / A converter is the 
deviation from an ideal ILSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ± I / 2LSB means that the output 
voltage step sizes can range from I/2LSB to 3/2LSB 
when the input changes from one adjacent input state to 
the next. 
Monotonicity over a O°C to +70°C range is guaranteed 
in the DAC80 to insure that the analog output will 
increase or remain the same for increasing input digital 
codes. 

DRIFT 
Gain Drift is a measure'of the change in the full scale 
range output over temperature expressed in parts' per 
million per °C (ppm/°C).Gain drift is established by: 

I. testing the end point differences for each DAC80 
model at O°C, +25°C and +70°C; 

2. calculating the gain error with respect to the 25°C 
value and; 

3. dividing by the temperature change. 

This figure is expressed in ppm/DC and is given in the 
electrical specifications both with and without internal 
reference. 

Offset Drift is a measure of the actual change in output 
with all "I "s on the input over the specified temperature 
range. The offset is measured at O°C, +25°C and +70°C. 
The maximum change in Offset is referenced to the 
Offset at 25°C and is divided by the temperature range. 
This drift is expressed in parts per million of full scale 
range per °c (ppm of FSR/°C). 

SETTLING TIME 

Settling time for each DAC80 model is the total time 
(including slew time) required for the output to settle 
within an error band around its final value after a change 
in input"(see Figure I). 

il 
" Cl 
c: .. 
a: 0.1 

>om 

~1j 
"m 
~~ 

"0 
]l 
~ 
a. 

Settling Time (ps) 

FIGURE I. Full Scale Range Settling Time vs Accuracy. 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
all current output models is ±2.5V. Maximum safe 
voltage swing permitted without damage to the DAC80 
is±5V. 

POWER SUPPLY SENSITIVITY 
Power supply sensitivity is a measure of the effect of a . 
power supply change on the D I A converter output. It is 
defined as a percent of FS R per percent of change in 
either the positive, negative, or logic supplies about the 
nominal power supply voltages (see Figure 2). 

0.1 
;!!. ~ 0.06 
~ ~ 0.04 

E~ 0.0::: 
Lb";) 0.01 
ffi ~ 0.006 
~~ 0.004 
~"O 0.002 

0.001 

+Supply (+v,) ~-" 
/ 

-. Supply ( V,) 
~-\"'1') 

./ S\l\l\l~ \..oQ,\C 

1 10 100 1k 10k 100k 

Pow .• r Supply Ripple Frequency (Hz) 

FIGURE 2. Power Supply Rejection vs Power Supply 
Ripple. 
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REFERENCE SUPPLY 

All DAC80·models are supplied with an internal 6.3V 
reference voltage supply. This voltage (pin 24) has a 
tolerance of ±5% and must be connected to the Reference 
Input (pin 16) for specified operation. This reference may 
be used externally' also, but external current drain is 
limited to 200}olA. An external buffer amplifier is recom
mended if this reference will be used to drive other 
system components. 

OPERATING INSTRUCTIONS 
±12V SUPPLY OPERATION 

The Z models will operate with supply voltages as low as 
±IIAV. For operationwith supplies less than ±14V, an 
external resistor must be connected between the positive 
supply and pin 24. This provides additional current 
required by the internal reference.· The required resistor 
value for supply voltages of ±IIAV to ±12.6V is 2.0kfl 
and for supplies of ±12.6V to ±14V is 3.9kfl. For 
supplies in the range ±14V to ±16V, no resistor is 
required. 

It is recommended that an output voltage range of 0 to 
+ IQV not be used with the Z mOdel if the supply voltages 
are ever less than the recommended ±12V. The output 
amplifier may saturate if I V SUPPLY I - I VOUT max I < 2.0V 
Except for 'operation at lower supply voltages, t,he 
DAC80Z alld DAC80 o'peration is identical. 

POWER SUPPLY CONNECTIONS 

Decoupling: For optimum performance and noise rejec
'tion, power supply decoupling capacitors should be 
added as shown in the Connection Diagrams. These 
capacitors (I}o1F tantalum or electrolytic recommended) 
should be' located close to the DAC80. Electrolytic 
capacitors, if used, should be paralleled with O.OI}oIF 
ceramic capacitors for best high frequency performance. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external 
Offset and Gain potentiomters. Conect these poten
tiometers as shown in the connection diagrams and 
adjust as described below. TCR of the potentiometers 
should be IOOppm/oC or less. The 3.9Mfl.and 33Mfl 
resistors (20% carbon or better) should be located close 
to the DAC80 to prevent noise pickup. If it is not 
convenient to use these high value resistors, an equivalent 
"Tn network, as shown in Figure 3, may be substituted in 
each case. The Gain Adjust (pin 23) is a high impedance 
point and a O.OOI}olF to O.OI}olF ceramic capacitor should 
be connected from this pin to Common (pin ,21) to 
prevent noise pickup. Refer to Figure 4 for. relationship 
of Offset and Gain adjustments to D / A converter output. 

Offset Adjustment: For the unipolar CCD configura
tion, apply the digital input code that should produce 
zero potential output and adjust the Offset potentiometer 
for zero output. 

o---¥Iv-O 
33MCl 

3.9MCl 

C>--'Wv-O 
180kCl 180kCl 

~ 
FIGURE 3. Equivalent Resistance: 

.L 
/ 

"/" 

lLSB /"',,"" /"T 
~ , ~ . 

:; 
Co 
:; 
O· 

~ ,. .... "r( /' Range of 
.. ~ /" Gain Adjust 

C> 
a 
OJ 
c: « 

'!i /~~.'" ~ 
~ , o'/;i'" 
en . '.'-
:; All bill . ,~,,"" Gain Adjust 
u. logic 1 JW Rotates 

~~~~ ~~jl11 ¥ " the line ~~g~~~o" 
Offset Adj. ~+-HHI-I-4(Jr-lI-+'I-+--+1 -I~'-I/ 
Translates r- Digital Input 
the line I 

FIGURE 4. Relationship of Offset and Gain Adjust
ments for a Unipolar D/ A Converter. 

Gain Adjustment: Apply the djgital input that should 
give the maximum positive voltage output. Adjust the 
Gain potentiometer for this positive full scale. voltage. 
See Table II for positive. full scale voltages and the 
Connection Diagrams for gain adjustment connections. 

TABLE II. Digital Input/ Analog Output. 

Analog Outpul 

Dlgllallnpul 010 +10Y 01o-2mA 

3-Digit Resolution 
MSB LSB 
011001100110 +9.990Y- -1,249rriA 
01100110 1111 +9.9900V -1.238mA 
01101111 1111 +9.000V -1,125mA 
111111111111. O,OOOV O,OQOmA 

One LSB 10,00rnV 1,251'A 

"To obtain values for other binary (CBI) ranges: 
o to +5V range: divide 0 to +10V range values by 2, 
±5V range: divide ±1QV range values by 2. 
±2,5V range: divide ±10V range values by 4 . 

.. Normal Full Scale Range with correct codes; output can go higher 
if illegal codes are applied, 



VOLTAGE OUTPUT MODELS 
OUTPUT RANGE CONNECTIONS 
An output of 0 to + IOV is derived from voltage output 
models by connecting pin IS to pin 18. Also. connect pin 
16 to pin 24 to connect the internal reference. 

Thermal tracking of the internal scaling resistors with 
other devices in the DAC80 minimizes output drift 
versus temperature. 

CURRENT OUTPUT MODELS 
I The equivalent output circuit and resistive scaling network 

of the current model differ from the voltage model and 
are shown in Figures Sand 6. Instructions for using the 
DAC80-1 with a resistor or an external op amp follow. 
External RLS or RLP resistors are required to produce 
exactly 0 to -2V or ±IV output. TCR of these resistors 
should be ±IOQppm/oC or less to maintain the DAC80 
output specifications. If exact output ranges are not 
required, the external resistors are not needed. 

Reference Input 6.3kQ Internally tied 
16 0 ~.------.., to Common 

3k!l * 
18 :J-·..----"N'.------~OI9 . 

5k!l 020N.C. 

15 OAC80-CCO-1 . 017 N.C. 

FIGURE S. Internal Scaling Resistors. 

To Reference 
Control Circuit 

,..----.-----"'115 lOUT 

I 
0102mA 

15.6kl' 

FIGURE 6. DAC80 Current Model Equivalent Output 
Circuit. . 

Internal resistors are provided to scale an external op 
amp or to configure a resistive load to offer two output 
voltage ranges of±IV orO to -2V. These resistors (Ru) 
are an integral part of the DACSO and maintain gain and 
bipolar offset drift specifications. If the internal resistors 
are not used, external RL or RF) resistors should have a 
TCR of ±2Sppm/oC or less to minimize drift. This will 
typically add ±SOppm/oC plus the TCR ofRL (orRF) to 
the total drift. 

DRIVING A RESISTIVE LOAD UNIPOLAR 
Connect the internal scaling resistors as shown in Table 
III and add an external metal film resistor (RLP) in 
parallel as shown in Figure 7 to obtain a 0 to -2V full 
scale output voltage range for CCD input codes: 

With RL = (Ru X RLP) -;- (Ru + RLP) = I.7SkO 

IS.6kO X RL 
VOlrr = -1.2SmA X IS.6kO + RL = -2.0V 

If RLP = 00, VOUT = -2.0V. 

Current controlled 
15 \r by digital input 

+ 

15.6k!l RLI ALP VOUT 

FIGURE 7. DACSO-CCD-I Connected for Voltage 
Output with Resistive Load. 

DRIVING AN EXTERNAL OP AMP 

The current model DACSO will drive the summing 
junction of an op amp used as a current-to-voltage 
converter to produce an output voltage. See Figure S. 

VOUT = lOUT X RF 

where lOUT is the DACSO output current and RF is the 
feedback resistor. Using the internal feedback resistors 
of the current model, DACSO provides output voltage 
r'anges the same as the voltage model DACSO. To obtain 
the desired output voltage range when connecting an 
external op amp, refer to Figure S. 

3k!l 

5k!l 

VOUT 

I 
Oto 2mA 

* For fast settling times 

FIGURE S. Exterrial Op Amp Using Internal Feedback 
Resistors. 

TABLE III. DACSO-CCD-I Resistive Load Connections. 

Dlgllal Output Internal 1% Metal Film Ru Connections Reference 
External 

Input Code Range Resistance, Au External Resistance, ALP Connect Pin 15 to I Connecl Pin 18 to Connecl Pin 16 10 Load, RLP 

CCO Oto-2V 1.875k!l 36.5k!l 19 I Common (21) 24 Betwe~n pins 
15 and 21 
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BURR-BROWN@ 

IElElI DAC82 

a-BIT DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 8-BIT RESOLUTION/LINEARITY 

• .NO EXTERNAL ADJUSTMENTS REQUIRED FOR 
±1 LSB ACCURACY 

• INTERNAL REFERENCE AND SCALING RESISTORS 

• 2-QUADRANT MULTIPLYING WITH 
EXTERNAL REFERENCE 

• HERMETIC. DUAL-IN-LiNE PACKAGE 

• OPERATION OVER -55°C TO +125°C 

DESCRIPTION 
The DAC82 is an 8-bit digital-to-analog converter 
with voltage and current outputs. Packaged in an 18-
pin metal DIP, it is complete with its own internal 
reference and scaling resistors. When u'sed with a 
variable, external reference, the DAC82 wilImuItiply 
in two quadrants. Two versions are available: the 
DAC82BM (-25°C to +85°C) and the DAC82SM 
(-55°C to +125°C). Both offer ±ILSB absolute 
accuracy at room teinperature with no external 
adjustments required and nonlineaity. is guaranteed,. 
to be within ±1/2LSB over the specified temperature 
ranges. The small size of the DAC82 makes it an ideal 
choice for applications where space or weight is_ at a 
premium such as aircraft instrumentation, portable 
instruments, or CRT displays. 

FUNcnONAL DIAGRAM 

Inlernatlonal Airport Industrial Plrk - p.o. Box 11400 - Tucson. Arlm"1 85734· Tel. 16021746-1111 • Twx: 910-952·1111 • Cable: BBRCORP· Telex: 66·6491 

PDS-369A 
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ELECTRICAL SPECIFICATIONS MECHANICAL 
NOTE 
L •• dl in IrU'1l0Iit.gn within .010" 1.25mm) A @""Me 
i11 ... et,n"pl,n •. 

MODEL OAC82KG OAC82SM UNITS iA ==:--1 
OAC828M eg" DIGITAL INPUT 

Resolution H B Bits 
Logic Levels (TIL compatible) 

~L~C 
Logic "I" +2 < e~ < +5.5 at +40~A V 
Logic "0" o < e~ < +0.8 at -I.OmA V n TRANSFER CHARACTERISTICS 

ACCURACY J L Linearity Error at 2S"C (max) ±O.16 ±O.16 % of FSR 
_25°C to +85"C (max) :to.2 % of FSR .L=:tJ~=-H 
_55°C to +125°C (max) ±O.2 %of FSR ••• 0.0000 

Differential linearity Error ±O.5 ±O.5 LSB 
'1)0 \6 '10 

Gain Error ±O.I :tU.I % 
R 18 1 '1.""')'11110 

000000000 

Offset Error ~QS ±O.OS % ofFSR Pin numbers shown tor "',r,nCI only 

Total Accuracy Error (max) ±I """"±I LSB Numb,r',r, not mlrkld on p.cI".~. 

MonOlonicity Temp Range -25 to +85 -55 to +125 T 

DRIFT CONNECTOR: None 

Gain (max) 
CASE: Metal (8M, SM) Ceramic (KG) 

·25"C to +85"C ±50 ppm,"C 
PIN: Pin material and plating composition conform 

·55"C to + 125'C ±35 pprn,'C 
to method 2003 (solderability) of MI L-STO-883 
(except paragraph 3.2) 

Offset 
HERMETICITY: Gross Leak (fluorocarbon) Fine 

Unipolar 
Leak (helium, 5 x lO-7ce/sec) (8M, SM only) 

·25"C to +85"C ±I ppm of FSR,"C 
·55"C to +125"C ±I ppm of FSR. "c INCHES MILLIMETERS 

Bipolar (max) DIM MIN MAX MIN MAX 
·25"C to +85"C ±20 ppm of FSR, "C A 1.060 1.080 26.92 27.43 

·55"C '0 +125"C ±15 ppm of FSR/"C • .490 .5'0 12.45 '2.95 

CONVERSION SPEED 
c .110 .250 '.32 6.35 

0 .016 .021 0.4' 0.5;1 

Voltage Ouiput G .'00 BASIC 2.54 BASIC 

Settling time to ±O.2% of FSR H .115 .155 2.92 3.94 

For FSR change K .150 .300 3.81 7.62 

20V Range 2.5 psec L .300 BASIC 7.62 BASIC 

IOV Range 2.0 psec R .000D .'20 2.03 3.05 

For I LSB change 0.5 psec 
Slew Rale 20 V/.uSe1; 

CONNECTION Current Output 
Settling time to ±O.2% DIAGRAM For FSR change 

10 to loon load 250 nsec 
IkO ioad 350 nsec 

W 7AkO ~0. OUTPUT R,",<D ~IOII 
ANALOG OUTPUT 

'''''<2: ~J.-~lovRang:e Voltage Output + c; 
Ranges ±2.5. ±5. ±IO. +5. +10 Volts 

+ISV(2: .. -=- ~t..s ~20VRange Output Current, min ±5 rnA 
Output Impedance (DC) 0.05 n 

Current Output BillQ: ~ ~IIIH(lnl.) 
Ranges ±O.8. 0 to ·1.6 rnA 
Output Impedance· Bipolar 1.8 kn 

Bi12Q: ~ ~common Unipolar 2.0 kO U .-
Compliance ±4.0V Volts 

~ 
<: 

INTERNAL REFERENCE VOLTAGE Bit3G: 
0 ~.ISV 

Magnitude +6.3 Volts 
T empco of Drift. max ±20 ppm(C 

Bit4Q.: 
I ... 

~1.H(EXt.) -POWER SUPPLY SENSITIVITY 
+ 15VDCSupply ±O.O2 % of FSR/%Vs 

BitS<!: 
r-

~8it8(LSB) .15VDC Supply ±O.OO2 % of FSR/%Vs - Ir,-- J POWER SUPPLY REQUIREMENTS 
Bit6<! ~Bit7 Rated Voltage ±15 Volts -

Ra~ge ±14.0 to ±16.0 Volts 
S!1Pply Drain (No load) 
+I~VDC 15 rnA 
·15VDC 10 rnA 

TEMPERATURE RANGE 
Specilicatipn ·25 to +85 ~55 10 +125 "c 
OpCraling (double above drift specs) ·55 to +125 -55 to +125 "c 
Storage ~55 to +125 ·55 '0 +125 "c 
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DISCUSSION OF SPECIFICATIONS 

DIGITAL INPUT CODES 
The DAC82 accepts digital inputs in complementary 
binary (CBI) format and may be connected for 
complementary straight binary (CSB) or complementary 
offset binary· (COB) operation. By using one external 
inverter, the user can operate the DAC82 in the 
complementary two's complement (CTC) mode. 

DIGITAL OUTPUT RANGE 

INPUT VOLTAGE· CURRENT 
CODES o to +IOV ±IOV Oto 1.6mA 

MSD LSD 

OOOOOODO +9.961 V +9.922V ·LS94mA 
o I I I I I I I +S.OOOV O.OOOV ·0.800mA 
10000000 +4.961 V ·78.12mV ~.792mA 

I I I 1.1 I I I O.OOOv ·IO.OOOV O.OOOmA 
one LSD 39.06mV 78.12mV .. 6.248~A 

• To obtain values f9f other: binary,(CBI) ranges: 
o to +SV range: divide 0 to +IOV range yalu~ by 2. 
±SV range: divide ±JOV range values by 2. 
±2.SV range: divide ±IOV range values by 4. 

TABLE I.. Digital Input and Analog Output 
Relationship. 

ACCURACY 

LINEARITY 

±0.8mA 

~.794mA 

O.OOOmA 
+6.248~A 
'Hl.800mA 
6.248~A 

The LINEARITY of a D 1 A converter is the true measure 
of its performance. The DAC82 analog output will not 
vary by more than ±1/2 LSBfrom an ideal straight line 
drawn between the end points (alii's and all O's) over the 
specified temperature range. 

DIFFERENTIAL LINEARITY 
The DIFFERENTIAL LINEARITY error of a D 1 A 
converter is the deviation from an ideal I LSB voltage 
change from one adjacent output state to the next. A 
DIFFERENTIAL LINEARITY error specification of 
±l/i LSB means that the output voltage can change 
anywhere from 1/2 LSB to 3/2 LSB when the input 
changes from one adjacent digital state to the next. 

DRIFT 

GAIN DRIFT 
GAIN DRIFT is a measure of the change in the analog 
output over temperature expressed in parts per million 
per °C (ppm/"C). The GAIN DRIFT is determined by 
testing the end poiIit differences at the high and low 
temperature extremes and at 25°C for each model, 
calculating the GAIN ERROR with respect to the 25°C 
value, and dividing by the temperature change. 

OFFSET DRIFT 
OFFSET DRIFT' is a measure of the actual change in 
output voltage at zero volts output over the specified 

. temperature range. The offset voltage is measured at the 
temperature extremes, and the maximum change 
referenced to 25°C is divided by the temperature range. 
This drift is. expressed in parts per million of full scale 
range per °C (ppm of FSR/"C). 

SETTLING TIME 
Settling time is the time required for the output to enter 
and remain in an error band equal to ±0.2% offull scale 
range measured from the time the digital input is 
changed. Typical settling time values for full scale 
changes are a function of the load resistor and are shown 
in the figure below. 
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300ns 

l.."..ooi-' 
<r! 

B~ 
i='Q 200ns "fII' 

~i;<! 
:.:N 
!if, 
"'£ 

lOOns 

1000 IkO 10kO 100kO 
Load Resistor 

FIGURE 1. Settling Time for FSR Change vs L~ad. 

COMPLIANCE 
The COMPLIANCE VOLTAGE of th. DAC82 is the 
maximum voltage swing allowed on the current output in 
order to maintain the specified accuracy. It is -4.0 to +4.0 
volts flJr the unipolar and bipolar. current ranges. 



POWER SUPPLY 
SENSITIVITY 

POWER SUPPLY SENSITIVITY is a measure of the 
effect of a power supply voltage change on the D / A 
converter output. It is defined as a percent of 
FS R / percent of change in either the + 15 volt or -15 volt 
power supplies about the nominal power supply voltages. 
Figure 2 shows Power Supply Rejection vs Frequency. 

.1 / 
.06 L 
.04 " 

Il1 +ISV Supply"" / ./ 
8. 1 .02 

~> 

, 
~ .S: 

.01 

"' " / ~ 1!' .006 til • / u.ij .004 
'0'0 /' " .ISVSrPIY 
~~ 

.002 

.001 
I 10 100 Ik 10k lOOk 

Power Supply Ripple Frequency (Hz) 

FIGURE 2. Power Supply Rejection vs. Power Supply 
Ripple Frequem;y. 

OPERATING INSTRUCTIONS 

POWER SUPPLY 
CONNECTIONS 

DECOUPLING 
For best performance and noise rejection, power supply 
decoupling capacitors should be connected as shown in 
Figure 3. These capacitors should be located close to the 
DAC82 and should be tan'talum or electrolytic types 
bypassed with a 0,01 }.IF ceramic capacitor for best high 
frequency performance. 

OPERATION IN THE 
CURRENT OUTPUT MODE 

On the current output pin, the DAC82 provides a 
unipolar output current of 0 to -1.6mA and a bipolar 
output current of ±o.8mA. Refer to Figure 4 and Table II 
for proper connections. In applications requiring the use 
'of the DAC82 in the current output mode, such as an 
AID converter, the internal scaling resistors should be 
used to generate currents corresponding to analog input 
voltages. 

OUTPUT RANGE CONNECT PIN I TO: 

o to-1.6mA N.C. 

±O.8mA Pin 18 

TABLE II. Connections for Current Output Mode. 

r-_P:L---,-_To +ISVDC 
Supply 

II'F 

DAC82 r-_t':----_Common 

L ___ ...J~)-.....,~ ____ TO-ISVDC 
Supply 

FIGURE 3. Recommended Power Supply Decoupling. 

FIGURE 4. Current Output Mode Connection Diagram. 
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DRIVING AN EXTERNAL OP AMP. 
UNIPOLAR OR BIPOLAR -
UP TO 20V OUTPUT RANGE 
the DAC82 will drive the summing junction of an op 
amp (the opamp being .used as a current to voltage 
converter) to produce an output voltage (see Figure S). 

VOUT =-loUT X RF 

where lOUT is the DAC82 output current and RF is the 
feedback resistor. The internal feedback resistors should 
be used to maintain the temperature drift specification .. 
Refer to Table III and Figure S for proper connections .. 

OUTPUT DIGITAL: CONNECT CONNECT CONNECT 
RANGE' INPUT CODES @TO PIN I TO PIN 16TO 

±IOV COB orCTC 16 18 .3) 
:.-

±SV COB or CTC 17 18 N.C. 

±2.SV COB orCTC 17 18 18 ' 

Oto+IOV CSB 17 Common N.C. 

o to +SV CSB 17 Common 18 

TABLE III. Voltage Ranges of Current Output DAC82 
with External Op Amp. 

OUTPUTS LARGER THAN 20 VOLT RANGE 
For output voltage ranges larger than ±IO volts, Ii high 
voltage op amp may be employed witn an external 
feedback resistor. Use lOUT values of±o.8mA for bipolar 
voltage ranges, and 0 to - I.6mA for unipolar voltage 
ranges (see Figure·6). Use protection diodes when a high 
voltage op amp is used. 

FIGURE S. External Op Amp": Using Internal 
Feedback Resistors. 

REF 
Inp;.:ut~"---lIotL-____ -'-""",, 

FIGURE 6. External Op Amp - Using External 
Feedback Resistors. 

VOUT 

VOUT 

VOLTAGE OUTPUT OPERATION USING 
INTERNAL AMPLIFIER . 

The DAC82 contains internal scaling resistors to provide 
a wide range of output voltage ranges. These resistors 
may be connected to provide 3 bipolar output ranges of 
±IO, ±S, or ±2.5 volts or two unipolar output voltage' 
ranges of 0 to +S or 0 to + I 0 volts. Gain and offset drift 
errors are minimized since these scaling resistors are 'an 

OUTPUT DIGITAL CONNECT CONNECT CONNECT 
RANGE INPUT CODES PIN 2TO PIN ITO PIN 16 TO 

±IOV COBorCTC 16 18 2 

±Sv COB or CTC 17 18 N.C. 

±2SV COB orCTC i7 18 18, 

Oto+IOV CSB ·17 ' Common ·N.C. 

o to+SV CSB 17 Co~mmon 18 

TABLE IV. Voltage Ranges oCCurrent Output DAC82 
with External Op Amp. 
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integral part of the DAC. Connections for DAC82 output 
voltage ranges are shown in Table IV and Figure 7 below. 

VOUT 

FIGURE 7. Voltage Output Using Internal Amplifier. 



OPERATION AS MULTIPLYING DAC 

By using an external voltage reference, the DAC82 can be 
connected as a mUltiplying DAC, such that the analog 
output represents the product of the digital input and the 
analog reference input. To operate the DAC82 as a two 
quadrant MDAC, connect the unit as shown in Figure 8. 
If R2, the bipolar offset resistor, is replaced with an open 
circuit, the DAC will operate in one quadrant. Table V 
below shows the digital input and analog output 

DIGITAL OUTPUT RANGE 
INPUT 

CODES VOLTAGE' CURRENT 

MSB LSB o to +IOV ±IOV o to ·1.6mA 

00000000 (4 V.)(Rd(0.9961) 
(R,) 

(4 V.)(R, )(0 9922) 
(R,) . 

~0.9961} 
(R,) 

0111111 ~(O.5OOO) 0.0000 (4 V.},O.5ooo) 
(R,) (R,) I 

10000000 (4 V.)(R'\04961) (4 V.)(Rd ~0.4961) 
(R,) . (R,')(-o.007S) (R,) 

(4 V.)(R,) 
11111111 0.0000 ---(-I} 0.0000 

(R,) 

I LSB 
(4 V.)(R'\0.0039) 

(R,l. 
(4 v.)( R, )(0.007S) 

(R,) 
~(00039) (R,) . 

TABLE V. Digital Input and Analog Output 
Relationship for MUltiplying Configuration. 

±O.SmA 

(4 v.) 
(R,')(0.9922) 

0.0000 

(4 v.) 
(R';)(-o.007S) 

(4 v.) 
--(·1) 
(R,) 

(4 v.) 
"'('R;)i0.007S) 

relationships for one quadrant and two quadrant 
mUltiplication and Figure 8 shows the connection for 
output voltage or output current. Since the absolute 
temperature coefficient of the internal feedback resistors 
(6.25k) is typically 30 ppm/"C, improved temperature 
stability can be achieved by using an external 13.5k 
resistor connected between pins 2 and pins 18, making no 
connection to pins 16 or 17. 

R2 (Bipolar operation only) 

R2=~ 
2 

FIGURE 8. Connection for MUltiplying Mode. 

Vlln 

OPTIONAL EXTERNAL OFFSET 
AND GAIN ADJUSTMENTS 

The DAC82 has been laser trimmed at the factory to insure absolute accuracy 
of I LSB. at +25°C. However, externally connected offset and gain 
potentiometers may be used to null these error components to zero. If these 
adjustments are not used, simply leave the pins open. Adjustment networks 
should be located physically closed to the DAC82 to minimize signal pickUp. 

OFFSET ADJUSTMENT 
For unipolar operation, apply the digital input code that 
should give zero volts output and adjust the OFFSET 
potentiometer for zero volts output. For bipolar' 
operation, apply the digital input code that should give 
the maximum negative voltage output. Example: If the 
FULL SCALE RANGE is connected for 20 volts, then 
the maximum negative voltage outpqt is -10 volts. See 
Table I for corresponding codes. 

Offset if_l'_in_I_8 ___ ,J,3~.,..O __ CC-+(_._ ...... I~~~DC 
, 100 kO 

Alternate ISO kO ISO kO CW ·ISVDC 

networkfor~ .. 
3.9 MO 10 kO 
resistor. 
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Range of adjustment: ±O.2% of FSR 

, " . .-L 
+Full Scale I / ", 

I LSBr ;;--T 
_ e!l, ' ''''-
~ X -:" Range of 
~ ~ &~ Gain Adj. 

~ ~ "'-~ Gain Adj. 
~ ~ All bits -'- ~ rotates 

Range 1 Logic I A. '" the line 

~ , /T All bits 
Offset Adj. ~ I Logic 0 

Offset Adj. J_ 
'~-r~~-+~~-+~+-

;::7i:~tcs t Digi~l Inp~t 

FIGURE 9. Relationship of OFFSET and GAIN 
Adjustments for a UNIPOLAR 0/ A Converter. 



GAIN ADJUSTMENT 
For either unipolar or bipolar D / A converters, apply the 
digital input that should give. the maximum positive 
voltage output. Adjust the GAIN potentiometer for this 
positive full scale voltage. The positive fuil scale voltages 
for the DAC82 are given in Table V. . 

Gain O .. 12:---:-___ -"3~.,..II"---.C_ICtl-w-.i !:Sk~DC 
Adj. ~ .001 "F .100 kll 

_ 7"' to CW . -ISVDC 
Common <...y"" , .. OJ JJF 

Pin 14 

Alternate 270 kll 270 kll 

networkfor~ 33 Mil 
resistor. -= 3.9 Ul 

~ange of Offset Adjustment: ±o.2%ofFSR 

i 
;. 
o 

i 
< 

'~LSB "...i... ., Range of 

T. +FUIIS"~;'?;_~j. 

! .t:}"\ 
All Bits ~,/ ;. ;r Oain Adj. 
LOlie I , {/ . rolates 

"\ ~ the line 

f-++"i':-. I-rt+t-!I'z'f-+H++-t., All Bio. 

l.og~O 

, Offset 

DisitaJlnput 

FIGURE 10. Relationship of OFFSET and GAIN 
Adjustments for a BIPOLAR D/ A Converter. 

APPLICATIONS 
Two DAC82's can be connected as shown to construct a 

. digitally-controlled attenuator which will accept bipolar 
input voltages. Since the input to tpe DAC is a summing 
junction(pin 12), inpilt voltages greater than ± I OV can be 
used if RIN is increased proportionately. The transfer 
function is: . 

R" (SOk) 

~'''''~ 
12 

~ • ISk~ DACS2 

O.2mA 
, 

_I 
4 S 6 7 8 

MSB~ 
,... 

,{ -
-.-
~ 

LSB~ 
V,0.2mA 

• ISk..! 
~ S 6 7 8 

'--- 12 

DAC82 

9 10 

9 10 

VOUT --= 
YiN 

To remove 'initial gain errors, the two 15k resistors should 
be adjusted such that 0.2 rnA flows into pin 12 of each 
DAC82 when \fIN = O. 

1611 2 

18t--
II 

RFB 

, 
j 

II 
16r--

2~ 

.. 

. 

• VIN ABina". 
Vm~=4(-)(--)R'B 

R'N 2S6 

Adjust for 0.2mA 

bias into pin 12 

. of each DAC with 

zero volts input .. 

DIGITALLY CONTROLLED ATTENUATOR WITl-i BIPOLAR INPUT 
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BURR-BROWN® 

1E3E31 DAC85H 
DAC85L 
DAC87H 
DAC87l 

Monolithic 12-8il 
DIGITAl-TO-ANALOG CONVERTER 

FEATURES 
G INDUSTRY STANDARD PINOUT 
• LOW POWER DISSIPATION: 345mW 
• FULL ±10V SWING WITH Vee = ±12VDC 
• DIGITAL INPUTS ARE TTL- AND CMOS-COMPATIBLE 
• GUARANTEED SPECIFICATIONS WITH ±12V AND 

±15V SUPPLIES 
• SINGLE-CHIP DESIGN 
• ±1I2LSB MAXIMUM NONLINEARITY, -55°C Iii 

+125°C 
• GUARANTEED MONOTONICITY; -55°C TO +125°C 
• TWO PACKAGE OPTIONS: Hermetic DIP and 

Leadless Chip Carrier 
• SETTLING TIME: 4ps max to ±0.01% of Full Scale 

DESCRIPTION 
These monolithic digital-to-analog converters are 
pin-for-pin equivalent to the industry standard 
DAC85 and DAC87 first introduced by Burr-Brown. 
Their single-chip designincludes the output amplifier 
and provides a highly stable reference capable of 
supplying up to 2.5mA to an external load without 
degradation.of D / A performance. 
These converters use proven circuit techniques to 
provide accurate and reliable performance over tem
perature and power supply variations. The use of a 
buried zener diode as the basis for the internal 
reference contributes to the high stability and low 
noise of the device. Advanced methods of laser 
trimming result in .precision output current and 

output amplifier feedback resistors, as well as low 
integral and differential linearity. errors. Innovative 
circuit design enables the DAC85 and DAC87 to 
operate at supply voltages as low as ±1l.4V with no 
loss in performance or accuracy over any range of 
output voltage. Ease of use has been enhanced by 
eliminating the need for a +5V logic power supply. 
The lower power dissipation of the 118 mil by 121 mil 
chip results in higher reliability and greater long 
term stability. 

Both models are available in a hermetic, side-brazed, 
ceramic DIP and in a ceramic leadless chip carrier. 
The DAC85H and L are specified over the industrial 
temperature range of -25°C to +85°C. The DAC87H 
and L are spe<;ified over the entire ·military temp
erature range of -55°C to +I25°C. 

~-_---Reference 

Gain 
Adjustment 

Scaling 
~~~~~N--Ne~O~ 

Analog 
Oulput 

Offset 
L... ___ --Adjustment 

-.--+ Supply 
----Supply 

Inlernalional Airport Induslrfal Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (602) 74.6·1111 . Twx: 911J.952·1111 . Cable: BBRCORP· Telex: 66-6491 

PDS-681 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +25'C and ±Vcc = t2V or t5V, unless otherwise noted, 

MODEL DAC85H,L DAC87H,L 

PARAMETER MtN TYP MAX MIN TYP MAX UNITS 

DIGITAL INPUT 
Resolution 12 12 Bits 
Logic Levels (O'C to +70'C)"': 

V," (Logic "I") .. +2 +16.5 +2 +16.5 VDC 
V" (Logic "0") 0 +0.8 0 +0.8 VDC 
I," (VIN = +2.4V) +20 +20 pA 
I" (V," = +O.4V) -180 -180 pA 

ACCURACY . (at 25'C) 
Linearity Error ±1/4 ±1/2 ±1/4 ±1I2 LSB 
Differential Linearity Error ±1/2 ±3/4 ±1/2 ±3/4 LSB 
Gain Errorl21 ±O.I ±0.2 ±O.I % 
Offset Errorl21 ±0.05 ±O.I ±0.05 %01 FSRc31 

DRIFT (over specification. 
temperature ranget" 

Total bipolar drift (incldues gain, 
offset, and linearity drifts) . ±IO ±25 ±30 ppm of FSR/'C 

Total Error (over .speclfication 
temperature range)151: Unipolar ±0.2 ±0.2 % of FSR 

Bipolar .' ±0.12 ±0.2 %of FSR 
Gain: Including Internal Reference, ±20 ±20 ppm/'C 

Excluding Internal Reference ±5 
I ±IO ±5 ±IO ppm/'C 

Unipolar Offset ±3 ±3 ppm of FSR/'C 
Bipolar Offset ±IO ±IO ppm of FSR/'C 
Differential Linearity ±314 ±3/4 LSB 
Linearity Error ±1/4 ±1/2 ±1/4 ±1/2 LSB 
Monotonicity Guaranteed -'25 +85 -55·. +125 'C 

CONVERSION SPEED, VOUT modela 
Settling Time to ±0.01% of FSi'l 

For FSR change (2kO II 500pF load) 
with 10kO Feedback 3 4 3 4 pS 

with 5kO.Feedback 2 3 2 3 ps 
For I USB Change I I ps 

Slew Rate 10 10 VIpS 
CONVERSION SPEED, lOUT models 
Settling Time to ±0.01% of FSR 

For FSR change: .100 to 1000 load 300 300 ns 
IkO load I I ps 

ANALOG OUTPUT, VOUT models 
Ranges ±2.5, ±5, ±IO, +5, +10 ±2.5, ±5, ±IO, +5, +10 V 
Output Currentllli ±5 ±5 mA 
Output Impedance.(DC) 0.05 0.05 0 
Short Circuit to Common, Ouration t71 Indefinite Indefinite 

ANALOG OUTPUT, lOUT models 
Ranges: Bipolar ±0.96 ±I.O ±1.04 ±0.96 ±I.O ±1.04 mA 

Unipolar -1.96 -2.0 -2.04 -1.96 -2.0 -2.04 mA 
Output Impedance: Bipolar 2.6 3.2 3.7 2.6 3.2 3.7 kO 

Unipolar 4.6 . 6.6 8.6 4.6 6.6 8.6 kO 
Compliance -2.5 +2.5 -2.5 +2.5 V 

REFERENCE VOLTAGE OUTPUT +6.23 +6.30 +6.37 +6.23 +6.30 +6.37 V 
External Current (constant load) 2.5 2.5 mA 
Drift vs Temperature ±20 ±IO ppm/'C 
Output Impedance I I 0 

POWER SUPPLY SENSITIVITY 
Vee = ±12VDC or ±15VDC ±0.002 ±O.006 ±O.002 ±0.004 % FSRI % Vee 

POWER SUPPLY REQUIREMENTS 
±Vee ±11.4 ±16.5 ±11.4 ±16.5 VDC 
Supply Drain (no load): +Vee 8 12 8 12 mA 

-Vee 15 20 15 20 mA 
Power Dissipation (Vee = ±15VDC) 345 480 345 480 mW 

TEMPERATURE RANGE 
Specllication -25 +85 -55 +125 'C 
Storage -65 +150 -65 +150 'C 

I'lOTES: (I) Refer to "Logic Inpu.t Compatibility" section. (2) Adjustable to zero with external trim potentiometer. (3) FSR means full scale range and 
is 20V for ±IOV range, 10V for ±5V. range for VOUT models; 2mA for lOUT models. (4) To maintain drift spec, internal feedback resistors must be 
USed. (5) Includes the effects of gain, offset and linearity drift. Gain and offset errors externally adjusted to zero at +25'C. (6) For ±Vee less than 
±12VDC. limit output current load to ±2.5mA.to maintain ±10V full scale output voltage swing. For output range of ±5V or less. the output current Is ±5mA 
over entire ±Vee range .. (7) Short circuit.currentis 40mA,max. 
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MECHANICAL 

H PACKAGE (Hermetic DIP) 
NOTE: Leads in true position 

2. 

0 
'3 within 0.010" (0.25mm) R et 

MMC at seating plane. Pin 
numbers shown for reference 
only. Numbers many not be 

.' " 
marked on package. Metanid 
of package is connected to 

I. ~-Jg -Vee irternally. 

A CASE: Ceramic 

mtfffl1tW~]j iJ ~ J l-:l-oJ G L Seati~g Plane 
I j~ I 
~ L 

'INCHES MILLIMETERS MATING CONNECTOR: 
DIM MIN MAX MIN MAX 0245MC 

A '.185 '.215 30,10 30.86 WEIGHT: 4.1 grams 
c .105 .170 2.67 4.32 (0.15 oz.) 
0 .015 .021 0.38 0.53 PIN: Pin material and plat-
F .035 .060 0.89 1.52 Ing composition conform 
G .1OOSASle 2.54 BASIC to Method 2003 (soldera-
H .030 . 070 0.76 , , . bility) of MIL-STD-883 
J .008 .012 ,0.20 0.30 (except paragraph 3.2). 
K ,120 .240 3.05 6.10 HERMETICITY: Conforms 
L .600 BASIC 15.24 BASIC to Method 1014, Condition 

L PACKAGE 
(Hermetic LCC.) NOTE: Pin numbers shown 

for reference only. Numbers 

~ 
many not be marked on pack-

22 age. Metal lid is floating. 

I 
CASE: Ceramic 

CAP: Kovar, gold plated 

t-i-tS .' MATING CONNECTOR: 
2802MC (adapts LCC 

S ~ package to 24-pin DIP 
DAC8SH pinoul.) 

WEIGHT: 0.76 grams 

~--?--~C (0.026 oz.) 

CONTACTS: Material and 

II H HH IHHHIL,. composition conform to 

~. 
Method Method 2003 

bUUD [J U[J~ 
(solderability) of MIL-
STD-883 (except para-

~ ~ 
graph 3.2, steam aging). 

HERMETICITY: Conforms 
to Method 1014, Condition 

~ '--!'fNol•• Cl 
A1 or A2 and Condition C. 

p P .. , Cl 
INCHES MILLIMETERS 

~[) 00 II 0 [)~ DIM MIN MAX MIN MAX 
A .442 .458 11.23 1'.63 

...! 1-, - 1-0 B .442 .4.58 11.23 11.63 
C .064 .100 '.63 2.54 
F .022 .028 0.56 0.71 

M _. 'D· '0· Al or A2 (line leak) and 
N .025 . 060 0.64 Ui2 Condition C (gross leak) . ·leadless Chip Carrier 

G 0.50 BASIC 1.27 BASIC 
H .008 RTYP. O.20R TYP 

FUNCTIONAL DIAGRAM AND PIN ASSIGNMENTS 

Voltage Models H PACKAGE (DIP) Current Models 

(MSB) Bit 1 24 6.3V Reference Out (MSB) Bit 1 6.3V Reference Out 

Bil2 Bit2 Gain Adjust 

Bit3 +Vcc Bit3 

Bit 4 Common Bit4 Common 

BitS Summing Junction BitS Scaling Network 

Bit6 20V Range Bit6 Scaling Network 

Bit7 10V Range Bit7 Scaling Network 

Bit8 Bipolar Offset Bil8 Bipolar Ollset 

Bit9 Reference Input Bit 9 Reference Input 

Bit 10 VOUT Bit 10 lOUT 

Bitll -V"" Bit·,1 

(LSB) Bil12 NC' (LSB) Bit 12 NC" 

"Logic supply applied to this pin has no ellect 
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+vcc 

Gain 
Adjust 

6.3V 
Ref Out 

NC 

Bitl 
(MSB) 

L PACKAGE (LCC) 

g>" 
'E ,g 
E.g 
"" (/)-, 

Q) Q) 

'" '" " .. tii 
II: II: 
> > () 0 ~ '" Z 

12~Bit Resistor' 
Ladder Network and 

Current Switches 

Bit6 NC Bit 7 

-5m 
.9-::: 
alO 

Q) 

" " e_ 
"" -e, 
~E 

VOUT 

NC 

NC 

Bit12 
(LSB) 

NOTE: All references to pin numbers In this data sheel are relaUve 10 
the H Package (24-pln DIP). The L Package (28-pln LCC) sequence of 
functions around the periphery Is tha same as the sequence for the,H 
Package; however, the numbering Is different. Therefore, "Operallng 
Instructions" that follow should be Interpreted for the L Package In 
terms of pin function rather than pin number. 

ABSOLUTE MAXIMUM RATINGS 

;'Vee to Common ........... , ................................ OV to +IBV 
-Vee to Common ............... : ............................ OV to -IBV 
Digital Data Inputs to Common ........................... -1V to +IBV 
Reference Output to Comrrion ..................................... ±Vee 
Reference Input to Common .......................... : ...... : ..... ±Vcc 
Bipolar Offset to Common .......................................... ±Vcc 
10V Range R to Common ..... , ..................................... ±Vee 
20V Range R to Common .......................................... ±Vee 
External Voltage to DAC Output. .......................... -5V to +5V 
Max Junction Temperature ... : ............... : .............• 165°C 
Lead Temperature, Soldering ................ :; •.....• +300"C,·10s 
Thermal Resistance, 9,.: H Package .•.•................... 65"CIW 

L Package ...•....•......•.•..•.•• 65~CIW 

Stresses above those listed under "Absolute Maximum Ratings" mav 
cause permanent damage to the device .. Exposure to ablolute max
Imum conditions for extended periods mav affect device rellabllltv. 

ENVIRONMENTAL SCREENING 

10M. Screening 
Burr-Brown /QM models are environmentally-screened 
versions of our standard industrial products. designed to 
provide enhanced reliability. The screening, tabulated 
below. is performed to selected methods of MIL-STD-
883. Reference to these methods provides' a convenient 
method of communicating the screening levels and basic 
procedures employed; it does not imply co'nformance 10 

any other military standards or to any methods of M 11.
STD-883 other than those specified below. Burr-Brown's 
detailed procedures may vary slightly. model-to-model. 
from those in MIL-STD-883. 

Screening Flow For 10M Models 

MIL-STD-88~ 

Screen Method ondltlon Comments 

Internal Visual 2010 B 

High Temperature" 
Storage 
(Stabilization Bake) 100B C +150 ClC.24hrs 

Temperature -65 la' +150"C. 
Cycling 1010· C 10 cycles 

Burn-in 1015 B +125°C, l60hrs 

Constant 
Acceleration 2001 E 30.000 Gs 

Hermeticity 
Fine Lea~ 1014 AlorA2 5 X 10-8 aim cc/sec 
Gross Leak 1014 C 60psig, 2hrs 

External Visual 2009 

ORDERING INFORMATION 

Model Output Package 

DACB5H-CBI-1 Current DIP 
DACB5H-CBI-IIOM Current DIP 
DACB5H-CBI-V Voltage DIP 
DAC85H-CBI-VlOM Voltage DIP 
DACB5L-V Voltage LCC 
DACB5L-VlOM Voltage LCC 

DACB7H-CBI-V Voltage DIP 
DACB7H-CBI-VlOM Voltage DIP 
DAC87L-V Voltage LCC 
DACB7L-VlOM Voltage LCC 

DISCUSSION OF SPECIFICATIONS 
DIGITAL INPUT CODES 

The DAC85H Series accepts complementary binary 
digital input codes. The CBI model may be connected by 
the user for anyone of.three complementary codes: CSB, 
COB, or CTC (see Table I). 

ACCURACY 

Linearity of a D / A converter is the true measure of its 
performance. The linearity error of the DAC85H Series 
is specified over its entire temperature range. This means 
that the analog output will not vary by more than 
±1/2LSB, maximum, from an ideal straight line drawn 
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TABLE I. Digital Input Codes. 

Digital Input ' Analog Output 

CSB COB CTC" 
Complementar)' Complemen. Complemen. 

MSB LSB 
Straight Offset Two' •. 

j j Binary Binary Complement 

000000000000 +Full Scale +Full Scale -ILSB 
011111111111 +1I2.Full Scale Zero -Full Scale 
100000000000 112 Full Scale -ILSB -ILSB +Full Scale 
111111111111 Zero -Full Scale Zero 

"Invert the MSB of the COB code with an external inverter to obtain 
CTCcode. 



between the end points (inputs all "I"s and all "O"s) over 
the specified temperature range of O°C to +70°C. 

Differential linearity error of a D/ A converter is the 
deviation from an ideal ILSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can range from 1/2LSB to 3/2LSB 
when the input changes from one adjacent input state to 
the next. 

Monotonicity over the specification temperature range is 
guaranteed, in the DAC85H Series to insure that the 
analog output will increase or remain the same for 
increasing input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (ppm/°C). Gain drift is established by: I) 
testing the end point differences for each DAC85H 
Series model at O°C, +25°C and +70°C; 2) calculating 
the gain error with respect to the 25°C value and; 3) 
dividing by the temperature change. This figure is 
expressed in ppm/oC and is given in the electrical 
specifications both with and without internal reference. 

Offset Drift is a measure of the actual change in output 
with all "I"s on the input over the specification tempera
ture range. The offset is measured at O°C, minimum 
temperature and maximum temperature. The maximum 
change in Offset is referenced to the Offset at 25°C and is 
divided by the temperature range. This drift is expressed 
in parts per million of full scale range per'oC (ppm of 
FSR/°C). ' 

SETTLING TIME 

Settling time for each DAC85H Series model is the total 
time (including slew time) required for the output to 
settle within an error band around its final yalue after a 
change in input (see Figure I). 

100 

FIGURE I. Full Scale Range Settling Time vs Accuracy. 
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Voltage Output Models 
Three settling times are specified to ±0.01% of full scale 
range (FSR); two for maximum full scale range changes 
of 20V, IOV and one for a ILSB change. The ILSB 
change is measured at the major carry (Olll ... 11 to 
1000 ... 00), the point at which the worst case settling 
time occurs. 

Current Output Models 
Two settling times are specified to ±0.01% of FSR. Each 
is given for current models connected with two different 
resistive loads: IOn to lOon and 1000.0 to 1875.0. Internal 
resistors are provided for connecting nominal load 
resistances of approximately 1000.0 to 1800.0 for output 

,voltage range of±IV and 0 to -2V. See Figure II. 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
all current output models is ±2.5V. Maximum safe 
voltage swing permitted without damage to the DAC85H 
Series is ±5V. ' 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D / A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive or negative supplies about the nominal 
power supply voltages (see Figure 2). 

~ 
,5 

" '" 

0,1 

:ii s: 0,01 
() 

'0 
"#. 

~ 
o .Ii 0.001 
a: 
~ 
'0 
"#. 

0.000 1 
, 1 

~ 
-Vee 

" ~ 
+Vcc 

10 100 ' lk 10k lOOk 

P~wer SupPly Ripple Frequency (Hz) 

FIGURE 2. Power Supply Rejection vs Power Supply 
Ripple. 

REFERENCE SUPPLY 

All DAC85H Series models are supplied with an internal 
6.3V reference voltag~ supply. This voltage (pin 24) has a 
tolerance of ± 1% and must be comi.ected to the Reference 
Input (pin 16) for specified operation. This reference may 
be used externally also, but. external current drain is 
limited to 2.5mA. ' 



If a varying load is to be driven, an external buffer 
amplifier is recommended to drive the load in order to 
isolate bipolar offset from load variations: Gain and 
bipolar offset adjustments should be made. under constant 
load conditions: 

LOGIC INPUT COMPATIBILITY 
DAC85H Series digital inputs are TTL,' LSTTL and 
4OO0B, 54f74HC CMOS compatible. The input switching 
threshold remains at the TTL threshold over the entire 
supply range. 

Logic "0" input current over temperature is low enough 
topermit'driving DAC85H Series directly from outputs 
of 4000B and 54f74C CMOS devices. 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 
Connect power supply voltages as shown.in Figure 3. 
For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown. 
These capacitors (l/LF tantalum) should be located close 
to the DAC85H Series. 

±12V OPERATION 

All DAC85H Series models can operate over the entire 
,power supply range of ±1I.4V to ±16.5V. Even with 
supply levels dropping to ±1I.4V, the DAC can swing a 
full ±IOV range, provided the load current is limited to 
±2.5mA. With power supplie~ greater than ±12V, the 
DAC output can be loaded up to ±5mA. For output 
swing of ±5V or less, the output current is ±5mA, min. 
over the entire Vee range: ' 

Voltage Output Models 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 
Offset and gain may be trimmed by' installing external 
Offset and Gain potentiometers. Connect these poten
tiometers as shown in Figure 3 and adjust as described 
below. TCR of the potentiometers should be 100ppm/oC 
o'r less. The 3.9MO and 10MO resistors (20% carbon or 
better) should be located close to the DAC to prevent 
noise pickup. If it is not convenient to use these high 
value resistors, an equivalent "T" network, as shown in 
Figure 4, may be substituted. 

~ 

10MO 

~ 
3.9MCl 

270kCl 270kCl 

~?10kCl 
l80kCl ":" l80kCl 

T-
FIGURE 4. Equivalent Resistances. 

Existing applications that are converting to the mono
lithic DAC85H Series must change the gain trim resistor 
on pin 23 from 18MO to IOMO to insure sufficient 
adjustment range. Pin 23 is a high impedance point and 
a O.OOI/LF to O.OI/LF ceramic capacitor should be con
nected from this pinto Common (pin 21) to prevent 
noise pickup. Refer to Figure 5 for relationship of Offset 
and Gain adjustments to unipolar and bipolar D/A 
operation. 

Ollset Adjustment 
For unipolar (CSB) configurations, apply the digital 
input code that should produce zero potential output 
and adjust the Offset potentiometer for zero output. 

Current Output Models 

+Vcc 

10kO 
t--"t-W_~ 10 

l00kCl 

r---'S l~~Cl 
l00kCl 

+Vcc 

-Vee' 

FIGURE 3. Power Supply and External Adjustment Connection Diagrams (H Package). 
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For bipolar (COB, CTC) configurations, apply the digital 
input code that should produce the maximum negative 
output. Example: If the Full Scale Range is connected 
for 20V, the maximum negative output voltage is -lOY. 
See Table 11 for corresponding codes. 

Unipolar .L ,. Range of 
.- "",........ Gain Adjust 

+ Full Scale 

'S ,""'''''' .... T .s- ,W',,"'/ 
::::I «10> ~" 
~ ell g> All Bits 4'\ 
~ Range of 3 ~ Logic 1 ·i7 G · Ad' t 
" Offset u. ~,am IUS 
< Adjust 11 J' Rotates I ' the Line Oftset Adjust 

Transiatesr
the Line I 

All Bits 
Logic 0 

Digital Input 

Bipolar +Full..L . 
Scale .". Range of 

'5 
~ ,~; T~ Gain Adjust 

-:1 '\~Gain Adjust 
All Bits" .. !/ Rotates 

c. 
'5 o 
~ .. 
" < 

Logic 1 , ...... -o-il_~!-1i:~f-"" __ - the Line 

f .. J '" Range of Bipolar'~ MSB On. All B' 
Oftset ':lftsel'" All Others . Its 
Adjust 1 Off LogiC 0 

Off d· • - Full Scale setA ,lust / 

i~:n~~~esT Digital Input 

FIGURE 5. Relationship of Offset and Gain Adjustments 
for a Unipolar and Bipolar D/ A Converter. 

Gain Adjustment 
For either unipolar or bipolar configurations, apply the 
digital input that sho'uld give the maximum positive 
output. Adjust the Gain potentiometer for this positive 
full scale output. See Table II for positive full scale 
voltages and currents. 

TABLE II. Digital Input/Analog Output 

ANALOG OUTPUT 

DIGITAL INPUT VOLTAGE' CURRENT 

MSB LSB o to+l0V ±10V 010 -2mA 

boooo~ +9.9976V +9.9951V -1.8995mA 
011111111111 +5.0000V O.OOOOV -1.0000mA 
100000000000 +4.9976V -0.0049V -o.9995mA 
111111111111 O.OOOOV -10.0000V O·OOOOmA 

OneLSB 2.44mV 4.88mV O.488pA. 

*To obtain values for other binary ranges: 
o to +5V range divide 0 to +10V range values by 2. 
±5V range: divide ±IOV range values by 2. 
:!:2.5V range: divide :!:10V range values by 4. 

VOLTAGE OUTPUT MODELS 

Output Range ConnE!ctlons 

+1mA 

-o.9995mA 
O.OOOOmA 

+O.OOO5mA 
+1.000mA 
0.488pA 

Internal scaling resistors provided in the DAC85H Series 
may be connected to produce bipolar output voltage 
ranges of ±IOV, ±5V or ±2.5V or unipolar output 
voltage ranges of 0 to +5V or 0 to + lOY. See Figure 6. 

Reference Input C To Reference Control Circuit 
16 _ .... ____ "'. 17 Bipolar 

6.3k~ * Offset 

Summing r Junction 
From Weighted 20 

Network _..--...-:.. -
18 

~ 

21 Common 

"*" 
5kO' 
~19 

, + ------ 15 Output 

Resistor . $5kO' 

'=" "Reslstor Tolerances: ±2% ~~x. 

FIGURE 6.' Output Amplifier Voltage Range Scaling 
Circuit. 

Gain and offset drift are minimized because of the 
thermal tracking of the scaling resistors with other 
internal device components. Connections for various 
output voltage ranges are shown in Table III. Settling 
time for a full-scale range change is specified as 4jJs for 
the 20V range and 3jJs for the lOY range. 

TABLE III. O~tput Voltage Range Connections for 
Voltage Models. 

Output Digital Connect Connect Connect Connect 
Range Input Codes Pin 15to Pin 17 to Pin 19to Pin 16to 

±10 COBorCTC 19 20 15 24 
:!:5 COBorCTC 18 20 N.C. 24 

±2.5V COBorCTC 18 20 20 24 
010+10V CSB 18 21 N:C. 24 
Oto +5V CSB 18 21 20 24 

CURRENT OUTPUT MODELS 

The resistive scaling network and equivalent output 
circuit of the current model differ from the voltage 
model and are shown in Figures 7 and 8. 

To Reference 

1 Control Circuit 

Reference In~~t _·-4.--6"'·?N~""'?_· ______ 17 

3kO' 2kO' 

:: -J-1~5-k~O":-"''''''''''''4'--~·\fI~'''' --:: 

• ReSistor Tolerances: ±2% rr-ax. 

. FIGURE 7. Internal Scaling Resistors. 

Oto 
2mA 

To 

-_--_\.'6 Reference Input. 

r--,------J'5 lOUT 

FIGURE 8. Current Output Model Equivalent Output 
, Circuit. . 
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Internal scaling resistors (Figure 7) are provided to scale 
an external op amp or to configure load resistors for a 
voltage output. These connections are described in the 
following sections. 

If the internal resistors are not used for voltage scaling, 
external RL (or RF) resistors should have a TCR of 
±25ppm/oC or less to minimize drift. This will typically 
.add ±50ppm/oC plus the TCR of RL (or RF) to the total 
drift. 

Driving An External Op Amp 
The current output model DAC85H will drive the sum
mingjunction of an op'amp used as a current-to-voltage 
converter to produce an output voltage. See Figure 9. 

5kO 

5kO 

lOUT 
Oto 
2mA 

6.6kO 

20VRange 

o 
VOUT 

'For fast settling, 

FIGURE 9. External Op-Amp-Using Internal 
Feedback Resistors. . 

VOUT' = lOUT X. RF 

.where lOUT is the DAC85H output current and RF is the 
feedback resistor. Using the internal feedback resistors . 
of the current output model DAC85H provides output 
voltage ranges the same as the voltage model DAC85H. 
To obtain, the desired output voltage range when con
necting an external op amp, refer to Table IV. 

TABLE IV. Voltage Range of Current Output 

Output Digital @nect Connect Connect Connect 
Range Input Codes A to Pin 17 to Pin 19to Pin 1610 

±10V COBorCTC 19 . 15 0 24 
±5V COBorCTC 18 15 NC 24 

±2.5V COBorCTC 18 15 15 24 
Olo+IOV CSB 18 21 NC 24 
010 +5V .CSB 18 21 15 24 

. Output Larger Than 20V Range 
,'For output volta:ge ranges larger than ±IOV, a high 
voltage op amp may be employed with an external 
feedback resistor. Use lOUT values of ±lmA for bipolar 
voltage ranges and -2mA for unipolar voltage ranges. 
See Figure 10. Use protection diodes when a high voltage 

. op alllP is used. 

The feedback resistor, RF, should have a temperature 
coefficient as low as possible. Using an external feedback 
resistor, overall drift of the circuit increases due to the 
lack of temperature tracking between RF and the internal 
scaling resistor network. This will typically add 50ppm/o(: 
plus RF drift to total drift. 

VOUT 

• For oulput vollage swings up to 290V pop. 

FIGURE 10. External Op-Amp-Using External 
Feedback Resistors. 

Driving a Resistive Load Unipolar 
A load resistance, RL =RLl + RLS , connected as shown 
in Figure II will generate a voltage range, VOUT, deter
mined by: 

VOUT = -2mA [(RL X Ro) .;- (RL + Ro)] 

FIGURE II. Current Output Model Equivaleni Circuit 
. Connected for Unipolar Voltage Output 
. with Resistive Load. 

The unipolar output impedance Ro equals 6.6kO (typ) 
and RLl is the internal load resistance of.9680 (derived 
by connecting pin 15 to pin 20 and pin 18 to 19). By 
choosing RLS = 2100, RL = 11780. RL in parallel with 
Ro yields IkO total load. This gives an output range of 0 
to. -2V. Since Ro is not exact, initial trimming per 
Figure 3 may be necessary; also RLS may be trimmed. 

Driving a Resistive Load Bipolar 
The equivalent but put circuit for a bipolar output voltage 
range is similar to Figure II, R'L = RLl + RLS. VOUT is 
determined by:' . 

VOUT = ±lmA [(Ro X Rd ';-(Ro + RL)] 

By connecting pin 17 to 15, the output current becomes 
bipolar (±lmA) and the output impedance Ro becomes 
j.2kO (6.6kOIl 6.3kO). RLl is 12000 (derived by con
necting pin IS to 18 and pin 18 to 19). By choosing RLS = 
2550 (for a bipolar output connect RLS between pin 20 
and pin 21), RL = 14550. RL in parallel with Ro yields 
IkO total load. This gives an output range of ±iv. As 
indicated above, trimming may be necessary. 
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11:31:31 DAC90 

Monolithic Microcircuit 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 

• a·BIT RESOLUTION 

• CURRENT OUTPUT 

• FAST SETTLING 
200nsec 10 ±D.2% 

• HERMETIC oUAL·IN·L1NE PACKAGE 

• LOW COST 

• INTERNAL REFERENCE AND SCALING RESISTORS 

FUNCTIONAL DIAGRAM . 

DESCRIPTION 

The DAC90 is an 8-bit Dj A Converter that offers 
performance usu~lly found only in larger, modular 
units. Housed in a 16-pin ceramic dual-in-line 
package, the DAC90 is complete with its own 
internal reference and scaling resistors. 

Two versions are available: the DAC90BG (-25"C to 
+85"C) and DAC90SG (-55"C to + I 25"C) both offer 
±O.2% nonlinearity over their respective temperature 
ranges. Settling time to ±O.2% is typically 200nsec. 

The small size of the DAC90 makes it an ideal choice 
as the heart of your AI C converter design or for 
applications where space or weight is at premium, 
such as CRT displays, aircraft instrumentation, and 
portable instruments. 

I~tematlonal Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734 . Tel. (6021746·1111 • Twx: 910-952·1111.· Cable: BBRCORp· Telex: 66·6491 
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. SPECIFICATIONS 
ELECTRICAL .' 
Typical at 25°C and rated power supplies unless otherwise noted. 

MECHANICAL 
MODEL DAC90BG DAC90SG . UNITS 

DIGITAL INPUT 

~. r 
• 

f}.~ 
Resolution 8 8 Bits 
Logic Levels (TTL-compatible' 
Logic "1" +2< ed < +5.5 at +40pA V " 8 

Logic "0" 0< ed < +0.8 at -1.0mA V LA= TRANSFER CHARACTERISTICS 

ACCURACY 

Linearity Error at 25°C, max ±1/2 ±1/2 LSB -3-! .' -25°C to +85°C. max ±1/2 LSB 
·55°C to +125°C, max ±1/2 LSB 

Differential Linearity Error ±1/2 ±1/2 LSB 

~ Gain Error(1) 5 5 % 
Offset Errorll) 1 1 % of FSRI2) 

~ '~ G ' ' s .. tI •• PI, •• 

Minimum Temperature Range for 
Guaranteed Monotonicity -25 to +85 -55 to +125 °C 

DRIFT(3, 

Gain NOTE: 

-25°C to +85°C ±50 ppm/DC 
L .. ds in true pOlltion within .010" 
1.25mm) R @I t.IIMC at ... tlno plene. 

-55°C to +125°C ±50 ppm/DC 
Offset 

INCHES MILLIMETERS 

Unipolar 
DIM MIN MAX MIN MAX 

-25°C to +85OC ±1 ppm of FSR/oC A .790 .810 20.07 20.57 

-55°C to +125°C ±1 ppm of FSR/oC 
e ,105 .170 2.67 4.32 

Bipolar 
0 .015 .021 0.38 0.53 

-25°C to +85°C ±50 ppm of FSR/oC 
F .048 .060 1.22 1.52 

-55°C to +125°C ppm of FSR/oC 
G .100 BASIC 2.54 BASIC 

±SO H .030 .070 0.76 1.78 

CON VERSt ON SPEED J .... .012 0.20 0.30 

Settling time to ±0.2% of FSR for K .120 .24Q 3." 6.10 

FSR change L .300 BASIC 7.62 BASIC 

Ion to loon load 200 nsec M 10· - 10· 

lkn load 300 nsec N .0215 .060 0.64 1.52 

ANALOG OUTPUT 
Ranges ±·1. 0 to-2 mA CASE: Ceramic, with hermetic seal 

Output Impedance - Bipolar 1.8 kn HERMETICITY: Conforms to MIL-STD-883 Method 

Unipolar 2 kll 1014. Condition C. Step 1 Fluorocarbon Gross leak 

Compliance -4 to +4 V and Condition A Helium I, 5 x 10-7 cc/sec Ifine leakl. 

Internal Reference Voltage!Vrl 7t V 
Tempeo of Drift +50 ±SO ppm ofV,,·C 

POWER SUPPLY SENSITIVITY 
+15VDC ±O.02% %ofFSR/%Vs 

-15VDC . ±0.OO2 %oIFSR/%Vs 

POWER SUPPLY REQUIREMENTS 
Rated Voltage ±15 VDC 
Range ±14.5 to ±15.5 VDC CONNECTION DIAGRAM 
Supply Drain ±15VDC 7 mA 

TEMPERATURE RANGE 
Bit28-Specification -25 to +85 -55 to +125 ·C @I Bit1 

Operating . -55 to +125 -55 to +125 ·C At· 2mA 

(MSB) 

Storage -55 to +125 -55 to +125 ·C 
Bit3@ . §+15V 

NOTES: , 
1. Adjustable to zero with external trim potentiometer. 

Bit4~ ~common 2. FSR means "full scale range" and is 20V for ±10V range, 10V for ±5V range, etc. 

~ 
lout ~ 

3. To maintain drift spec internal feedback resistors must be used.· 2kU 

Bit5~ I-- ~ lout 
,...- O.SmA SkU 

Bit·6 G: ,... 
~ ~ ~10V c: Range ... 5kU 

L-- "! 

Bit7G: 
. .~ \ I.....- ~20V 
7.6~·lnt Ref. Range 

~T~n ~8iPOlar 
Bit B, (£ t- Offset 
ILSB) 

-15V G: 
" 

~Gain 
Adj. 

4. Connect'to ground ii gain adjust circuit Is not used. 
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DISCUSSION OF SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC90 accepts digital inputs in complementary 
binary (CBI) format and may be connected for com
plementary straight binary (CSB) or complementary 
offset binary(COB) operation (see Table I). By using one 
exterJ]al inverter. the user can operate the DAC90 in the 
complementary two's complement (CTC) mode. 

TABLE I. Digital Input and AnalogOutput 
Relationship. 

DIGITAL OUTPUT RANGE 
INPUT VOLTAGE* CURRENT 
CODES o to +1DV ±10V o to ·2niA ±tmA 

MSB LSB 

00000000 +9.961V +9.922V -1.992mA -0.992mA 

01111111 +5.000V O.OOOV -1.000mA O.OOOOmA 

10000000 +4.961V -7B.12mV -0.99mA +7.BlI'A 

11111111 O.OOOV -10.000V O.OOOmA +1.000mA 

one LSB 39.06mV 78.12mV 7.SWA 7.S1jJA 

* Requires external amplifier. To Obtain values for other binary 

(Cal) ranges: 0 to +5V range: divide 0 to +10V range values by 2 

ACCURACY 

Linearity 

t5V ranga! divide ±10V range values by 2. 
±2.SV range: divide t10V range values by 4. 

The LINEARITY ofa Dj A converter is the true measure 
of its performance. The DAC90 analog output will not 
vary by more than ± I j2LSB from an ideal straight line 
drawn between the end points (alll's and aIlO's) over the 
specified temperature range. 

Differential Linearity 
DIFFERENTIAL LINEARITY error of a Dj A con
verter is the deviation from an ideal I LSB voltage change 
from one adjacent output state to th«next. A DIFFER
ENTIAL LINEARITY error specification of ±I j2LSB 
means that the output voltage can change anywhere from 
I j2LSB to 3j2LSB when the input changes from one 
adjacent digital state to the next. 

DRIFT 

Gain Drift 

GAIN DRIFT is a measure of the change in the analog 
output dver temperature expressed in parts per million 
per "c (ppmj"C). The GAIN DRIFT is determined by 
testing the end point differences at the high and low 
temperature extremes and at 2S"C for each model. 
calculating the GAIN ERROR with respect to the 2S"C 
value. and dividing by the temperature change. 
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Offset Drift 
OFFSET DRIFT is a measure of the actual change in 
output voltage (using an external amplifier) at zero volts 
output over the specified temperature range. The offset 
voltage is measured at the temperature extremes. and the 
maximum change referenced to 2S"C is divided by the 
temperature range. This drift is expressed in parts per 
million of full scale range per "C (ppm of FSR/"C). 

SETTLING TIME 

Sr:TTI.l~(j TI M r: is the time required I'm the output to 
enter and remain in an error hand equal to ±().2'i of full 
scale range measured from the time the digital input is 
changed. Typical settling time values for full scale 
changes arc a function of the load resistor and arc shown 
in the figure helow. 

300 

~ 
_100' 

0> " E -
200 

._ a: 

... '" 
~". 

",U-
e::-= 0 
=;jI. 
O>N 

"';i 100 
$l 

100 lk 10k lOOk 

load Resistor (n, 

FIGURE I. Settling Time for FSR Change vs Load. 

Compliance 
The COMPLIANCE VOLTAGE of the DAC90 is the 
maximum voltage swing allowed on the current output in 
order to maintain the specified accuracy; it is -4.0V to 
+4.0V for the unipolar and bipolar current ranges. The 
maximum safe voltage swing allowed with no damage to 
the DAC90 output is -4.0B to +IS.OV 



POWER SUPPLY SENSITIVITY 

POWER SUPPLY SENSITIVITY is a measure of the 
effect of a power supply \'oltage change on the [) A 
converter output. It is defined as a percent of FSR/. 
percent of change in either the +15VDC or -15VDC 
power supplies about the nominal power supply voltages. 
Figure 2 shows power supply rejection vs frequency. 

" 

0.1 

0.06 
0.04 

0.02 

0.Q1 

c. 0.006 

g 0.004 
w 
c: 
[f 
'0 0.002 
;J'-

0.00 1 

L , 
L 

+15VDC Supply ...... / .L 
~ 

L 
1/ 

/ " -15VDC Supply 

1 
10 100 lk 10k lOOk 

Power Supply Ripple Frequency (Hz( 

FIGURE 2. Power Supply Rejection vs. Power Supply 
Ripple Frequency. 

OPERATING INSTRUCTIONS' 

POWER SUPPLY CONNECTIONS 

Decoupling 

For best perfonnance and noise rejection. power supply 
decoupling capacitors should be connected as shown in 
Figure 3. These'capacitors shol)ld be located close to the 
DAC90 and should be tantalum or electrolytic types 
bypassed witha O.OIJ,LF cera'lIJic capacitor for best high 
frequency performance. 

OPERATION IN THE CURRENT OUTPUT MODE 

In the current output mode. the DAC90 provides a 
unipolar output current of 0 to ~2mA and a bipolar 
output current of ± I rnA. Refer to Figure 4 and Table II 
for proper connections. In applications requiring the use 
of the DAC90 in the current output mode. such as an 
AI D converter. the internal scaling resistors should be 
used to generate currents corresponding to analog input 
voltages. 

TABLE II. Connections for Current Output Mode. 

Output Range Connect Pin@to: 

o to -2mA N.C. 

±lmA Pin 10 

,)--.... -:----_ To +15VDC 
Supply 

DAC90 Common 

)--.... ----~ To -15VDC 
'-----,- Supp(y 

FIGURE 3. Recommended Power Supply Decoupling 

o to 
-2mA 

FIG URE 4. Current Output' Mode Connection Diagram. 
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VOLTAGE OUTPUT using an EXTERNAL OP AMP 
UNIPOLAR OR BIPOLAR OPERATION 
The OAC90 will drive the summing junction of an op 
amp (the op amp bei~g used as a current-to-voltage 
converter) to produce and output voltage. 

FIGURE 5. External Op Amp Using Internal, 
Feedback Resistors. 

Von' = -I x RF 

where Ion is the OAC90 output current andRF is the 
feedback resistor. Refer t~TableIII and Figure 5. 

TABLE Ill. Voltage Ranges of Current Output OAC90 
with External Op Amp. 

Output Digital Connect Connect 
Range Input Codes ® to Pin@to 

±10V .COB 11 10 

±5V COB 12 10 

±2.5V COB 12 10,11 

Oto +10V CSB 12 N.C. 

o to +5V ' CSB 12 11 

EXTERNAL OFFSET and GAIN ADJUSTMENT 
Initial offset and gain errors may b~ trimmed by the user 
with externally connected OFFSET and GAIN poten
tiometers and an operational amplifier. Refer io Figures 
5 and 6 for proper connections. The adjustment 
procedures are described below. Potentiometer resis
tances are shown as a range of values and should have a 
temperature drift coefficient of IOOppmj"C or less. The 
trimming networks should be located as close to the 
OAC90 as possible to minimize noise pickup. The 
ceramic capacitor shown in Figure 6 will further reduce 
noise pickup at the gain adjust point. 

OFFSET ADJUSTMENT 

Offset adjustment .should be made prior to gain adjust
ment. Connect the unit as shown in Figure 5 for the 
desired output range and add the offset adjust network 
shown in Figure 6,' Offset adjustment is the same 
procedure for either bipolar or unipolar operation. 
Apply the digital input code which should give zero volts 
output and adjust the offset potentiometer for zerovolts 
output. See Table I for the corresponding codes. 

+Full Scale , 

5 lLSB ~~,. 
0. ."" ~." 

~ ~ ~!~/' 
~ ~ 'l~r( 
«" .",Y'- . 

~ All l's ,,!%.;,' Gain Adj. 

t 
Range of 
Gain Adi 

'3 ~ rotates 

Range ~~ l I / ..;~ the line All O's 

Offset Ad~ -1 ;".Y . / 
Offset Adj'-a-IC.,HH-+-+4.H-+++~ 
Translates I Digital Input 
the line 

FIGURE 7. Relationship of OFFSET and GAIN 
Adjustment fora UNIPOLAR OJ A 
Converter. 

+15VDC 

~Offset 
100kn Adjust 

13 , " 
10k!1 to, 

. ". 100k!1 

-15VDC 

, !14. " 0 +15VDC 

Gain 
O.001~F 7R Adjust 
to 

9 O.Ol/lF R 

R ~ 1k!1 to 
10k!1 

7R 

.Q -15VDC 

FIGURE 6. Connections for OFFSET and GAIN 
Adjustment. 

GAIN ADJUSTMENT 
The gain adjust pr~cedure is the same for either bipolar 
or unipolar operation. An external amplifier should be 
connected as shown in Figure 5. Connect the unit for the 
desired output range and add the gain adjust network 

, shown in' Figure 6; Apply" the digital input code which 
should give the maximum positive output voltage and 
adjust the gain potentiome~er for the correct output. 
Refer to Table I for the corresponding codes. 
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FIGURE 8. RelatIOnship. of OFFSET and GAIN 
. Adjustments for BIPOLAR 0/ A 

Converter. . 



BURR-BROWN@) 

IElElI DAC700/702 
DAC.701/703 ' 

Monolithic 16-Bit 
DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• MONOLITHIC CONSTRUCTION 
• VOUT AND louT MODELS 
• HIGH ACCURACY: 

Linearity Error ±0.OO15%· of FSR max 
Olfferentlal Linearity Error ±D.OO3% of FSR max 

DESCRIPTION 
This is another industry first from Burr-Brown-a 
complete 16-bit digital-to-analog converter that 
includes a precison buried-zener voltage reference 
and a low-noise, fast-settling output operational 
amplifier (voitage output models), all on one small 
monolithic chip. A combination of current-switch 

'design techniques accomplishes not only IS-bit mon
otonicity over the entire specified temperature range 
but also a maximum end-point linearity error of 
±O.OOIS% of full-scale range. Total full-scale gain 
drift is limited to ±IOppm/oC maximum (LH and 
CH grades). 

DIGITAL 
INPUTS 

16·BIT 
LADDER 

RESISTOR 
NETWORK 

AND 
CURRENT 
SWITCHES 

I 
I 
I 

• MONOTONIC (at 15 bits) OVER FULL 
SPECIFICATION TEMPERATURE RANGE 

• PIN·COMPATIBLE WITH DAC70. OAC71. DAC72 
• LOW COST 
• DUAL-IN-LiNE PLASTIC AND HERMETIC CERAMIC. 

AND lEADlESS CHIP CARRIER PACKAGES 
• 10M ENVIRONMENTAL SCREENING AVAILABLE 

Digital inputs are complementary binary coded and 
are TTL-, LSTTL-, S4/74C~ and 54/74HC-compa
tible over the entire temperature range. Outputs of 0 
to + IOV, ±IOV, 0 to -2mA, and ±lmA are av.ailable. 

These D / A converters are packaged in hermetic 24-
pin ceramic side-brazed or molded plastic and 28-
contact lead less 'chip carrier packages. The DIP
packaged parts are pin-compatible with the voltage 
and current 'oufput DAC71 and DAC72 model 
families. The DAC700 andDAC702 are also pin
compatible with the DAC70 inodel family. 

t-~-¥.f'r-~ REFERENCE OUTPUT 

SUMMING JUNCTION 
COMMON 

OUTPUT 

I _ 1 
L': ___ J 

VOLTAGE 
MODELS 

ONLY 

_ GAIN ADJUST 
.......--+vcc 
~-vcc 

-.VOD 

In1lrn1l1DA11 Alrpm Induslrtll Park· P.O. Box 11400· TUCIDA. Arizona 85734 • Tel. 16021 74&-1111 • Twx: 910-952.1; II - Cable: BBRCORP - TellX: &8-6491 

PDS-494D 
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SPECIFICATIONS 
ELECTRICAL 
At T. = +25'C and rated power supplies unles. otherwise noted. 

MODEL DAC702l703J DAC70017011702l703K DAC70017011702l703B, S DAC70017011702l703L, C 

PARAMETER MIN TYP MAX MIN TVP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution 16 · · · Bits 
Digitallnputs'1l 

V," +2.4 +Vcc · · · · · · V 

V'L -1.0 +0.8 · · · · · · V 
IIH. VI = +2,7V +40 · · · pA 
I'L, V, = +0.4V -0.35 -0.5 · · · · · · mA 

TRANSFER CHARACTERISTICS 

ACCURACV'" 
Linearity Error'''' ±0.0015 ±0.006 · ±0.003 · · ±O.OOO75 ±0.0015 % of FSR I31 

Differential Linearity 
Error'''' ±0.003 ±0.012 · ±0.006 · · ±0.0015 ±0.003 %oIFSR 

Differential Linearity 
Error at Bipolar Zero 
(DAC7021703)'" ±0.003 ±0.006 ±0.OO15 ±0.003 · · % 01 FSR 

Gain Error'51 ±0.07 ±0.30 · ±0.15 ±0.05 ±0.10 · · % 
Zero Errorl!51181 ±0.05 ±0.10 · · · · · · % 01 FSR 
Monotonicity Over Spec. 

Temp. Range 13 14 · 15 Bit. 

DRIFT (over.pecilication 
temperature range) 

Total Error Over . 
Temperature Range 
(all model.)'" ±0.08 · ±0.15 ±D.05 ±D.l0 · · %oIFSR 

Total Full Scale Drift: 
DAC7001701 ±10 · ±30 ±8.5 ±18 ±6 ±13 ppm 01 FSR/'C 
DAC7021703 ±10 · ±25 ±7 ±15 · · ppm 01 FSR/'C 

Gain Drift (all model.) ±10 ±30 · ±25 ±7 ±15 ±5 ±10 ppm/'C 
Zero Drilt: 

DAC700/701 ±2.5 ±5 ±1:5 ±3 · · ppm 01 FSR/'C 
DAC7021703 ±5 ±15 · ±12 ±4 ±10 ±2.5 ±5 ppm 01 FSR/'C 

Differential Linearity 
% oiFSR Over Temp,''') ±0.012 +0.009, · +0.006, 

-0.006 -0.003 
Linearity Error 

Over Temp.'~' ±0.012 ±0.006 · ±0.003 %oIFSR 

SETTLING TIME (to 
±0.003% 01 FSR)'" 

DAC701n03 (Vour models) 
Full Scale Step, 2kn load 4 · 8 · · · · J,lSec 
lLSB Step at 
Worst-Case CodeC!!' 2.5 · · · psec 

Slew Rate 10 · · · V/J,lSec 
DAC7001702 (lour models) 

Full Scale Step (2mA), 
10 to 100Q load 350 · 1000 .. · · · "sec 
lkQ load 1 · 3 · · · · psec 

OUTPUT 

VOLTAGE OUTPUT 
MODELS 

DAC701 (CSB Code) Oto+l0 · V 
DAC703 (COB Code) ±10 · · · V 

Output Current ±5 · · · mA 

Output Impedance 0.15 · · · 0 
Short Circuit to 

Common Dur.ation Indefinite · · · CURRENT OUTPUT 
MODELS 

DAC700 (CSB Code)"o, Oto-2 · · mA 
Output Impedance"OI 4 · · kO 

DAC702 (COB COde)"o, ±1 · · · mA 
Output ImpedanceC101 2.45 · · · kO 

Compliance Voltage ±2.5 · · · V 
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ELECTRICAL (CO NT) 

MODEL DAC702l703J DAC700/701n02l703K DAC700/701n02n03B, S DAC700n01n02/703L, C , . 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

REFERENCE VOLTAGE 
Voltage +6.3 +6.0 +6.3 +6.6 +6.24 +6.3 +6.36 , , 

" V 
Source Current Available 

for External Loads +2.5 +1.5 , · · · · rnA 
Temperature Coefficient ±10 · ±25 · ±15' · , ppml"C 
Short Circuit to Common 

Duration Indefinite · · · 
POWER SUPPLY REQUIREMENTS 

Voltage: +Vcc 13.5 15 16.5 · · · · · · · · · V 
-Vce 13.5 15 16.5 · · · · · · '. · · V 

Voo +4.5 +5 +16.5 · · · · . · · · · · V 
Current (no load): 

DAC700/702 
,.(IOUT models) 

+Vcc +10 · +25 · · · · rnA 
-Vce -13 · -25 · · · , 

rnA 
Voo +4 · +B · · · · rnA 

DAC7011703 
(VOUT models) 

+Vcc +16 · +30 · · · · rnA 
-Vce -1~ · -30 · · · · rnA 

Voo +4 · +B · · · · rnA 
Power-Dissipation: 

(Voo = +5.0V)"11" , 
DAQOO1702 365 · 790 · 630 · · '. mW 
DAC7011703 530 '. 940 · 780 · · mW 

Power Supply Rejection: 

+Vcc ±0.OQ15 ±0.006 · · · ±0.003 · , % of FSRI%Vcc 
':"'Vcc ±0.0015' ±0.006 · · · ±0.003 , · % of FSRI%Vcc 

Voo ±0.0001 ±0.001 · · · · *' · % of FSRI%VDD. 

TEMPERATURE RANGE 

Specification: 
B, Cgrades -25 +85 · · 'C 
Sgrades -55 +125 'C 
J, K, L grades 0 +70 · · 0 +70 'C 

Storage: Ceramic -60 +150 · · · · 'C 
Plastic -60 +100 · · 'C 

.. 
·Speclflcatlon same as model to the left. 

NOTES: (1) Digital'inputs,are TTL, LSTTL; 54/74C, 54/74HC, and 54174HTC compatible over the operating voltage range of Voo = +5V to +15V and over the 
specified temperature range. The input switching threshold remains at the TTL threshold of 1.4V over the supply range of Voo = +5V to +15V. As logic "0" and logic "1" 
Inputs vary over OV to +O.BV and+2.4V to +10V respectively, the change in the D/A converter output voltage will not exceed ±0.001'5% of FSR for the LH and CH 
grades, ±0.003% of FSR for the BH grade and ±0.006% of FSR for the KG grade. (2) DAC700 and DAC702 (current-output models) are specified and tested with an 
external output operational a'mplifier connected using.the internal feedback resisto,r in all parameters except settling time. (3) FSA means 1ull-scale range and is 20V 
for the ±10V range (DAC703), 10V forthe 0 to +10V range (DAC701). FSR is 2mA for the ±lmA range (DAC700) and the 0 to +2mA range (DAC702). (4) ±0.0015% of 
full-scale range is equivalent to lLSB in 15-bit resolution. ±0.003% of full-scale range is equivalent to lLSB in 14-bit resolution. ±0.006% of full-scale range Is 
equivalent to lLSB in 13-bit resolution. (5) Adjustable to zero with external trim potentiometer. Adjusting the gain potentiometer rotates the transfer function around 
the zero point. (6)' Error at input code FFFFH for DAC700 and DAC701, 7FFFH 'for DAC702 and DAC703. (7) With gain and zero errors adjusted to zero at 
+25'C. (8) Maximum represents the 3u limit. Notl00% tested for this parameter. (9) At the major carry, 7FFFH to 8000H and BOOOH to 7FFFH. (10) Tolerance on 
output impedance and output current is ±30%. (11) Power dissipation is an additional40mW when Voo is operated at.+15V. 

ABSOLUTE MAXIMUM RATINGS 

+Vcc to Common.. . .. . .. .. .. .. . .. . .. .. .. .. .. . .. .. ... OV, +18V 
-Vce to Common.. .... .. .. .. .. .. .. .. . .. .. .. .. • .. .... OV, -18V 
Voo to Common ..................................... OV, +lBV 
Digital Data Inputs to Common.. .. . .. .. .. .. .. .. .. ... -lV, +18V 
Reference Out to Common. • • • . . . •• Indefinite Short to Common 
External Voltage Applied to RF (DAC700/702) ... , . . . . • . • .• ±18V 
External Voltage Applied to D/A Output 

(DAC7011703) .•...•...•....................... ' ... -5V to +5V 
VOUT (DAC7011703) .............•... Indefinite Short to Common 
Power Dissipation. . . . • . . . . . . . • . • . . ... . .. • . . . • . . • .. . . • .. 1000mW 
Storage Temperature. . . . . . . . . . . . . . . . . . . . . . . .. -GOoe to +150°C 

·Stresses above those listed un'der "Absolute Maximum Ratings" 
may cause permanent damage to the device. Exposure to absolute 
maximum conditions for extended periods may affect device relia-
bility. . 
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MECHANICAL 

L Packages CASE: Ceramic 
CAP: Kovar, gold plated 
TERMINALS: Material and 
composition conform to 
Method 2003 (solderability) 
of MIL-STD-883 (except 
Paragraph 3.2, steam aging). 
WEIGHT: 0.76gm (0.0260z) 

MILLIMeTERS 
DIM .... A .. 11.23 " .. a .... .... 11.23 11.13 

C • 084 .1DO 1.ea .... 
F .... .... o.ee 0.1t 
G .050 BAIIC 1.127 BASIC 
H .aoaA TYP. O.IOR TYPo 



H Packages 

[OJ] CASE: Ceramic, 
hermetic 

MATING CONNEC-
TOR: 024SMC 

WEIGHT: 9.2gm 

I. A F--J~I (0.320z) 

3! 
INCHES MILLIMETERS 

"M M" MA> M" MA> . 1.185 1.215 30.10 30.88 

J~~ 
• ,800 ,no lfU!4 15.15 
C .12S .171 3.18 4.34 
D .010 .021 0 F .0311 .080 0,1111 1.152 
G .100 BABIC 2.5" 8A81C 
H .030 .070 0.711 1.78 

H G Plano J .008 .012 0.20 0.30 
K .02 .240 3.01!\ 8.10 L .800 DAOIe 10.24 BASIC 

1J ~ 
M -- '0· - - '0· 
N .020 .080 0.114 1.02 

LL~M~ 
NOTE: 
Leads in true position within .010" 
(.2Smm)"R at MMC at seating plane. 

P Packages 

MI~ MA.~ 

1.233 1.283 31.32 "2.118 
.11"8 .11711 1.3.11714.11 
.188 .114 4.28 11.70 
.018 .023 0.111 
.04 .082 1.08 1.117 

• 00 IIASIC 2.54 BAalC 
.030 .080 0.71 2.28 

• 0111 0.20 0.311 
1 .1.3 2.84 3.38 

.100 8"'8t 111.24 DA&IC 
1. O· 1.11-

.018 .022 0.480.88 

PIN ASSIGNMENTS CONNECTION DIAGRAMS 

Hand P Package. 

Pin # DAC700n02 DAC701n03 

Bit' (MSB) Bit 1 (MSB) 
Bit 2 Bit 2 
Bil3 Bit 3 
8il4 Bit 4 
Bit 5 Sit 5 
8it6 Bit 6 
Bil7 Bit 7 
Bit 8 Bil 8 
Bit 9 Bit 9 

10 Blll0 ell 12 
11 Bit" Bit 11 
12 Bit 12 Bit 12 

'3 Bit 13 Bit 13 

" 
Bit 14 Bit 14 

15 Bit 15 Bit 15 
16 Bit 16 (LSB) Bit 16 (LSB) 

'! RFEE08ACK VOUl 

18 Voo Voo 
19 -Vee -Vee 
20 Common Common 
21 lOUT Summing Junction (Zero Adjust) 
22 Gain Adjust Gain Adjust 
23 +Vee +Voc 
2' +S.3V Reference Output +S.3V Reference Output 

L Package. 

Pin # DAC700n02 DAC701/703 

No connection No connection 
Bill (MSB) Bit 1 (MSB) 
BI12 Bit 2 
Bil3 Bit 3 
Bit 4 Bit 4 
B.t5 Bit 5 
BitS Bit S 

8 No connection No connection 
9 Bit7 Bit 7 

10 Bit 8 Bit 8 
;1 81t9 Bit 9 
12 Bit 10 Bit 10 
13 Bit11 Bit 11 ,. Bit 12 Sil 12 
15 No connection No connection 
16 Bit 13 Bil 13 
17 Bil14 Bit 14 
18 Bit 15 Bit 15 
19 Bit 16 (LSB) Bit 16 (LSB) 
20 RFEEDaAell Your 
21 Voo Voo 
22 No connection No ,connection 
23 -Vee -Vee 
2. Common Common 
25 tour Summing Junction 
26 Gain Adjust Gain Adjust 
27 +Vee +Voc 
28 +6.3V Ref~rence Output +6.3V Reference Output 

Hand P Models 

LMODELS 
'''~ 
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+v~ 

DIIlITAL 
INPUTS 

NOTE: 
Leads in true position within 
.010" (.2Smm) R at MMC at 
seating plane . 

+Voc 

270kn 

NOTES: 
,. Can be tied to +Vcx: instead of 

having separate Voo supply. 
2. Decoupling capacitors are O.lpF to 

1.0pF. 
3. Potentiometers are 10kO to l00kO. 
4. 5kO (OAC700. DAC701). 10kO 

(DAC702, DAC703). 

-v~ 

+v~ 

t-----+---v~ 

+-f '" 

r-------,;..---v .. "' 
+.f'" 

L-----::uR. 
1. Oecoupling capacitors lire O.lpF to 

10jlF. 
2 Potenti~metel'$arel0kOtol00kO. 

3 Can be tied 10 +Vcc instead of 
haVing separate Voo Supply 

4. 5kO (OAC700. DAC701i, lOkO 
(OAC702, DAC703i 



ORDERING INFORMATION 

Model Package 

DAC70~JP, DAC703JP Plastic DIP 
DAC702KP, DAC703KP Plaslic DIP 
DAC700KH, DAC701KH Ceramic DIP 
DAC702KH, DAC703KH Ceramic DIP 
DAC700(3H, DAC701BH Ceramic DIP 
DAC792BH, DAC703BH Ceramic DIP 
DAC700BH/OM, DAC701BH/OM Ceramic DIP 
DAC702BH/OM, DAC703BH/OM Ceramic DIP 
DAC700B~, DAC701BL ' CeramicLCC 
DAC702BL, DAC703B~ CeramicLCC 
DAC700BLlOM, DAC701BLlOM CeramicLCC 
DAC702BLlOM, DAC703BLlOM CeramlcLCC 
DAC700LH, DAC701LH Ceramic DIP 
DAC700CH, DAC70jCH Ceramic DIP 
DAC700SH, DAC701SH Ceramic DIP 
DAC702LH, DACI03LH Ceramic DIP 
DAC702CH, DAC703CH Ceramic DIP-
DAC702SH, DAC703SH Ceramic DIP 
DAC700SH/OM, DAC701SH/OM Ceramic DIP 
DAC702SH/OM, DAC7Q~SH/OM Ceramic DIP 
DAC700SL, DAC701SL Ceramic LCC 
'DAC702SL, DAC703SL CeramicLCC 
DAC70OSLlOM, DAC701SLlOM Ceramic LCC, 
DAC702SUOM, DAC703SUOM Ceramic LCC 

DISCUSSION OF KEY 
Ct-IARACTERISTICS 
DIGITAL INPUT CODES 

Output 
Configuration 

±1mA,±10V 
±1mA,±10V 
010 -1mA, 0 10 +10V 
±1mA,±10V 
010-1mA,010+10V 
±1mA,±10V 
010 -1mA, 0 10 +10V 
±1mA,±10V 
010 -1mA, 0 10 +10V 
±1mA,±10V 
010 -1mA, 010 +10V 
±1mA,±10V 
010 -2mA, 0 10 +10V 
010 -2mA, 0 10 +10V 
010-1mA,010+10V 
±1mA,±10V 
±1mA,±10V 
±1mA,±10V 
010 -1mA, 010 +10V 
±1mA,±10V 
OI0-1mA,010+10V 
±1mA,'±10V 
010-1mA,010+10V 
±1mA,±10V 

The DAC700{70I{702{703 accept complementary digi
tal input codes in either binary format (CSB,Unipolar 
or COB, Bipolar). The COB models DAC702{703 may 
be connected by the user for either complementary offset 
binary (COB) or complementary two's complement 
(CTC) codes (see Table I). 

TABLE I. Digital Input Codes. 

Analog Oulpul 

DAC7oo1701 DAC7021703 DAC7021703 
Digital Complemenlary Complemenlary ComplementarY 
Inpul Siraighl Binary Ollset Binary Two's Complemenl 

Code. (CSB) (COB) (CTC)' 

,0000H + Full Seale + Full Scale -1LSB 
7FFFH +112 Full Scale Bipolar Zero - Full Scale 
SooOH +112 Full Scale -1,LSB + Full Scale 

-1LSB 
FFFFH Zero -'FUIi Scale Bipolar Zero 

'Invert Ihe MSB of the COB code with an exlernal Inver)erto oblaln GTC' 
code. ' 

SETTLING TIME 

Settling time of the D { A is the total time required for the' 
analog output to settle within an error band around its 
final value after a change in digital input. Refer to Figure 
I for typical values for this family of products. . ' 

Voltage Output 
Settling times are specified to ±O.003% of FSR (±I/2' 
LSB for 14 bits) for two input conditions: a full-scale 
~ange change of 20V (DAC703) or IOV (DAC701) and a. 

Linearity Gain 
Error,max Drift, 

Temperature at 25'C max, 
Range (%of FSR) (ppm/'C) 

010+70'C ±0.006 ±30 
Oto+70'C ±0.OO6 ±25 
010+70'C ±O.O03 ±25 
O,lo+70'C ±0.003 ±25 
-25 to +65'C ±0.OO3 ±15 
-2510 +65"C ±0.003 ±15 
-25 10 +65'C & ±0.003 , ±15 
10M screening ±O.OO3 '±15 
-25 10 +65'C ±0.003 ±15 
-25 to' +65'C ±O.003 ±15 
-25 to +85'C & ±a.OO3 ±15 
10M screehing ±0.OO3 ±15 
O'Clo +70'C ±0.OO15 ±10 
-25'C 10 +85'C ±0.OO15 ±10 
-5510 +125'C ±0.OO3 ±15 
O'Clo+70'C ±0.OO15 ±10 
-25'C 10 +S5'C ±0.0015 ±10 
-5510 +125'C ±0.003 ±15 
-5510 +125'C & ±0.003 ±15 I 10M screening ±0.003 ±15 
-5510 +12$'C ±0.003 ±15 
-5510 +125'C' ±a.OOO ±15 
-55 10 +125'C & ±a.003 ±15 
10M .creening ±0.003 ±15 

1.0r---,...-,......,.--....,r"'I'"----. 

~ 
'6 

-g ~ O.11----+......-jI---+---++~---_I .. -
Ill" 
~C> o c: 

. .n ~ 
.. .!! 

i31 
:::"..!. 

~ ~ 0.01 t------+lI----+--+--+'I----I 
u::'O 

;: 

I 
0.OO1 ... ____ ~--... -~~--..Ii.: .... ~ 

0.01 10.0 

Sellflng Time (psec) 

FIGURE 1. Final-Value Error Band Versus Full-Scale 
, Range Settling Time. . 

lLSB change at the "major carry," the point at which the 
worst-case settling time occurs. (This is the worst-case 
point since all of the input bits change, when going from 
one code to the next). 

Current Output' 
Settling times are specified to±O.003% of FSR for a full
scale range change for two output load conditions: one 
.for Ion to lOon and one for lOOO'{}; It is specified this 
way because the output RC time constant becomes the. 
dominant factor in determining settling time for large 
resistive loads. 
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POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the DI.A converter 
output. It is defined as a percent of FSR change in the 
output per percent of change in either the positive supply 
(+Vee), negative supply (-Vee) or logic supply (Voo) 
about the,nominal power supply voltages (see Figure 2). 
It is specified for DC or low frequency changes. The 
typical performance curve in Figure 2 shows the effect of 
high frequency changes in power supply voltages. 

0,030 

II, I! I I II 
: I ! i : I ~ 0.025 

; I i! I ! I, 
.E ! i I 

I -15V SUP~IY 

~ 0,020 
! ' I 

.. 
I II .c 

0 
'0 I ., 0,015 

I I 
:;; 

11. 

g II 
w 0.010 
a: 
(J) J +15V u. 

'0 I Supply 
., 0,005 

i "" 
~V ,~ 

0 
1 10 100 lk 10k lOOk 

Power Supply Ripple Frequency (Hz) 

FIGURE 2. Power Supply Rejection Versus Power 
Supply Ripple Frequency. 

ENVIRONMENTAL SCREENING 

10M Screening 

Screening Flow For 10M Models 

MIL·STD-883 
Screen Method ondltlon 

Internal Visual 2010 B 

High Tempereture 
Storage 
(Stabilization Bake) 1008 C 

Temperature 
Cycling 1010 C 

Bum-in 1015 B 

Constant 
Acceleration 2001 E 

Hermeticity 
Fine Leak 1014 AlorA2 
Gross Leak 1014 C 

External Visual 2009 

Comments 

+150·C. 24hrs 

-85 to +1fiO"c. 
10 cycles 

+125"C. 160hrs 

30.000 Gs 

5 X 10-8 atm cc/sec 
60pslg. 2hrs 

Burr-Brown IQM models are environmentally-screened 
versions of our standard industrial products, designed to 
provide enhanced reli'ability. The screening; tabulated 
below, is performed to selected methods of MIL-STD-
883. Reference to these methods provides a convenient 
method of communicating the screening levels and basic 
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procedures employed; it does not imply conformance to 
any other military standards or to any methods of MIL
STD·883 'other than those specified below. Burr-Brown's 
detailed procedures may vary slightly, model-to-model, 
from those in MIL·STD·883. 

OPERATING INSTRUCTIONS 
POWER ,SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. l/LF tantalum capacitors 
should be located close to the DI A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external 
zero and gain potentiometers. Connect these poteriti
ometers as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers shouid 
be 100ppm/oC or less. The 3.9MO and 270kO resistors 
(±20% carbon or better) should be located close to the 
D I A converter to prevent noise pickup. If it is not con
venient to use these high·value resistors, an equivalent 
"T" network, as shown in Figure 3, may be substituted in 
place of the 3.9MO part. AO.OOI/LF to O.OI/LF ceramic 
capacitor should be connected from Gain Adjust to 
Common to prevent noise pickUp. Refer to Figures 4 
and 5 'for the relationship of zero and gain adjustments 
to unipolar and bipolar D/A converters. 

~ == C>----'V"'"., -,--[.-~ .... ",,,,.---o 
3.9MCl lBOkCl .. 180kCl 

IOkCli 

FIGURE 3. Equivalent Resistances. 

+ +FULL • ...L 
SCALE 1- ",;". 

lLSB ,;0',;0/ "'T 
? " , 

~ !l! ;r',; 0' /' RANGE OF 

g:i '~' '" GAIN ADJ. 
g ~ ~., 
;;! 1il o'/"",i" 
:! :::l INPUT = /;.; GAIN ADJ. 

RANGE OF ~ FFFFH eft ROTATES 

ZERO ADJ'lll ... ¥~ THE LINE 

ZERO ADJ. ~. S I I 

INPUT = OOOOH 

II 
TRANSLATES.-- DIGITAL INPUT 
THE LINE I 

FIGURE 4. Relationship of Zero and Gain Adjust
ments for Unipolar D/A Converters, 
DAC700 and DAC701. 

Zero Adjustment 
For unipolar (CSB) configurations, apply the digital' 
input code that produces zero voltage or zero current 
output and adjust the zero potentiometer for zero output. 



ILsa. , 
+FULL /I 

I t tiIillLt./" . 

~... RANBEOF t GAIN ADJ. !:l A :1'/ GAIN OFFSET . c ... ..... ADJUST ADJUST .... 
~= Ib ROTATES TRANSLATES. 

,UT = FFFF" ~ '* THE LINE THE LINE 
;- t '1 

q 
, I \. INPUT = 0008" RANGE AND 

~ Msa ON ALL' 
OFFSET 

~~ 
ADJUST 

OTHERS OFF ·1FFF" 

'" "/. ~I 
"'// -FULL SCALf 

'/ DIGITAL INPUT 

FIGURE 5. Relationship of Zero and Gain 
Adjustments for Bipolar D/A converters, 
DAC702 and DAC703. 

For bipolar (COB, CTC) configurations, apply the digi: 
tal input code that produces zero output voltage or cur~ 
rent. See Table II for corresponding codes and the'Con-' 
nection Di'agram for zero adjustment circuit connections. 
Zero c~libration should be made before gain calibration. 

Gain Adjustment 
Apply the digital input that gives the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full scale voltage. See Table II Jor positive full 
scale voltages and the Connection Diagram for gain 
adjustment circuit connections. . 

INSTALLATION 
CONSIDERATIONS 
This D 1 A converter family is laser-trimmed to l4-bit lin
earity. The design of the device makes the 16-bit resolu
tion available. If 16-bit resolution is not required, bit IS 
and bit 16 should be connected to V DD through a single 
IkO resistor. 

Due to the extremely-high resolution and linearity of the 
DI A converter, system design problems such as ground
ing and contact resistance become very important. For a 
16-bit converter with a +IOV full-scale range,'ILSB is 
153jlV. With a load current of SmA, series wiring ani! 
connector resistance of only 30inO will ca!,lse the output· 
to be in error by ILSB. To understand what this means in 
terms of a system layout, the resistance of #23 w!re 'is 
about 0.0210/ft. Neglecting contact resistance, less than 
18 inches of wire wiJI produce a lLSB error in the analog 
output Voltage! 

In Figures 6, 7, and 8, lead and contact resistances are 
represented by R, through R,. As long as the load resist-. 
ance RL is constant, R2 simply introduces a gain error 
and can be removed during initial calibration. RJ is part 
of RL, if the output voltage is sensed at Common, and 

DAC701 

to +Vcc 

TO -Vee 

TOVDD 

VOUT 

±15VOC 
SUPPLY 

SYSTEM GROUND POIN~. 
+V 

COM +6VOC 
SUPPLY 

*R. = 2kCl (OACTOI Aim OAC703) 

FIGURE 6. Output Circuit, for ,Voltage Models. 

TABLE II. Digital Input and Analog Output Relationships. 

VOLTAGE OUTPUT MODELS 

Analog Output 

DAC701 Unipolar DAC703 Bipolar 

Digital Input Code 16-blt IS-bit 14-blt 16-bit lS-'blt 14-bit 

Ona LSB (PV) 153 305 610 305 610 1224 
OOOOH (V) +9.99985 +9.99969 +9.99939 +9.99960 +9.99939 +9:99878 
FFFFH (V) a a a -10.0000 -10.0000 -10.0000 

CURRENT OUTPUT ~ODELS 

Analog Output 

DAC700 Unipolar DAC702 Bipolar 

Digital Input Code IS-bit IS-bit 14-bit IS-bit 15.bit 14-blt 

One LSB (PA) 0.031 0.061 0.122 0.031 '0.061 0.122 
OOOOH (mA) -1.99997 . -1.99994 -1.99988 -0.99997 -0.99994 -0.99988 
FFFF" (mA) '0 a a +1.00000 . +1.00000 +1.00000 
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therefore introduces no error. If RL is variable, then R, 
should be'less than RLm;n/ 216 to reduce voltage drops due 
to wiring to less than ILSB. For example, if RLm;n is 5k!1, 
then R, should be less than O.08!1. RL should be located 
as close as possible to the D/A converter for optimum 
performance. The effect of R4 is negligible. 

In many applications it is impractical to sense the output 
voltage at the output pin. Sensing the output voltage at 
the system ground point is permissible with the DAC700 
family because the D / A converter is designed to have a 
constant return current of approximately 2mA flowing 
from Common. The variation in this current is under 
20,.,.A (with changing input codes), therefore R4 can be as 
large as 3!1 without adversely affecting the linearity of 
the D / A converter. The voltage drop across R4 (R4 X 
2mA) appears as a zero error and can be removed with 
the zero calibration adjustment. This alternate sensing 
point (the system ground point) is shown in Figures 6, 7, 
and 8. 

DAC700/DAC702 

SYSTEM GROUNO POINT 

TO Vee ~--:-r---:--+--+_V-1 
+ I!1F COM 

+5VOC 
SUPPLY 

t R. should be equal 10 Ihe oulput Impedance at the current output to com· 
pensate for the bias current drift of A,. Use standard 10%. 1/4W carbon 
composition or equivalent resistors. 

FIGURE 7. Preferred External Op Amp 
Configuration. 

Figures 7 and 8 show two methods of connecting the 
current output models (DAC700 or DAC702) with 
external precision output op amps. By sensing the out-

6-105 

put voltage at the load resistor (i.e., by connecting RF to 
the output of AI at Rd, the effect of RI and R, is greatly 
reduced. RI will cause a gain error but is independent of 
the value of RL and can be eliminated by initial calibra
tion adjustments. The effect of R, is negligible because it 
is inside the feedback loop of the output op amp and is 
therefore greatly reduced by the loop gain. 

DAC700/DAC702 

TO Vee _--:-::!::-:-::----t-"'+"'Vct +5VOC 
+ lpF COM SUPPLY 

FIGURE 8. Differential Sensing Output Op Amp 
Configuration. 

If the output cannot be sensed at Common or the system 
ground point as mentioned above, the differential output 
circuit shown in Figure 8 is recommended. In this circuit 
the output voltage is sensed at the load common and not 
at the D / A converter common as in the previous circuits. 
The value of R6 and R7 must be adjusted for maximum 
common-mode rejection at RL. Note that if R3 is negligi
ble, the circuit of Figure 8 can be reduced to the one 
shown in Figure 7. Again the effect of R4 is negligible. 

The D / A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EMI. The key concept in elimination 
of RF radiation or pickup is loop area; therefore, signal 
leads and their return conductors should be kept close 
together. This reduces the external magnetic field along 
with any radiation. Also, if a single lead .and its return 
conductor are wired close together, they present a small 
flux-capture cross section for any external field. This 
reduces radiation pickup in the circuit. 



BURR-BROWN® 

IEJEJI DAC70S/706/707 
DAC70S/709· 

Microprocessor-Compatible 
16-BIT DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• TWO-CHIP CONSTRUCTION 
• HIGH-.SPEEO 16-BIT PARALLEL; B-BIT (BYTE) 

PAIIA~LEL, AND SERIAL INPUT MODES 
• DPUBLE-BUFFERED iNPUT REGISTER 

CONFIGURATION 
• VOUT AND louT MODELS 

DESCRIPTION 
The DAC708 and DAC709 are Hi-bit converters 
designed to interface to an 8-bit microprocessor bus. 
H;-bit data is loaded in two successive 8-bit bytes 
into parallel 8-bit latches before being transferred 

-into the D/A latch. The DAC708 and DAC709 are 
current and voltage output models respectively and 
are 'in 24-pin hermetic DIPs or 24-pin plastic DIPs. 
Input coding is Binary Two's Complement (bipolar) 
or Unipolar Straight Binary (unipolar, when' ,an 
external logic inverter is used to invert the MSB). In 
addition, the DAC708/709 can be loaded serially 
(MSB first). They are packaged in a 24-pin hermetic 
DIP or 24-pin plasti" DIP. 

"IT II«IA { 
INPUT 
PORT . 

SERiAl 
DATA 
INPUT. 

LATCH EIlAIlEl/{ 
IIOIE SELECT 1M ---'-:::::"1----' 

1!II1P1lmT 

DAC708/709 Block Diagram 

I L\II 
FIEf 

. . 

• HIGH ACCURACY: 
Linearity Error ±O.003% of FSR max 
Differential Linearity Error ±O.006% of FSR max 

• MONOTONIC (TO 14 BITS) OVER SPECIFIED 
TEMPERATURE RANGE' 

• HERMETICALLY SEALED 

• LOW COST PLASTIC VERSIONS,AVAILABLE 

to interfa!=e to a 16-bit bus. Dl!ta is written into a 
16-bit latch and subsequently the D/A la~ch. The 
DAC705 and DAC707 are voltage output models. 
DAC706 is a current output· model. Outputs are 
bipolar only (current or voltage) arid input coding is 
Binary Two's Complement (BTC). . 

All models have Write and Clear control lines as 
well as inpullatch ~nable lines. In addition, DAC708 
and DAC709 have Chip Select control lines. In the 
bipolar mode, the Clear input sets the D/A latch to 
give zero voltage or current output. They are all 
14-bit accurate and are complete with referenc~,and, 
for the D.AC705, DAC707, and.DAC709, a voltage 
output amplifier. 

LUCKE.UUII 
'£Im. 
WlIITE 

CONTROL 
LOGIC 

DAC705/706/707 Block Diagram 

'International Alrporllndustrlal Park - P.O. Box 11400 - Tucson. Arizona 85734 - Tel. 16021 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 

pnS-~S7B 

6-106 



SPECIFICATIONS 
ELECTRICAL 
At Til. = +25°C, Vee = ±15V, Voo == +5V, and after a 10 minute warm-up unless otherwise noted. 

MODEL DAC7051706/7071708/709KH, DAC7071709KP DAC705170a1707170BI709BH, SH 

MIN TYP MAX MIN TYP. MAX UNITS 

INPUT 

DIGITAL INPUT 

Bin.!y Two's comPlelent 
Resolution 16 Bits 
Bipolar Input Code (All models) 
Unipolar Input Code'" (DAC70S1709 only) "TO. ''''OM .". Logic Levelsl21: V1H +2.0 +5.5 V 

V" -1.0 +O.S V 
"H (V, = +2.7V) 1 pA 
I" (V, = +0.4V) 1 pA 

TRANSFER CHARACTERISTICS 

ACCURACY'" 
Linearity Error ±0.00t5 ±0.003 %01 FSR c041 

Differential Linearity Errorl5J ±0.003 ±0.006 % of FSR 
at Bipolar Zero'S,III ±0.003 ±0.006 ±0.0015 ±0.003 %of FSR 

Gain Errorl7l ±0.07 ±0.15 ±0.05 ±0.10 % 
Zero Errorl71 ±0.05 ±0.1 % of FSR 
Monotonicity Over Spec Temp Range 14 Bits' 
Power Supply Sensitivity: +Vcc ±0.0015 ±0.006 ±0.003 % of FSR/%Vcc 

-Vee ±0.0015 ±0.006 ±0.003 % of FSR/%Vcc 
VDD ±0.0001 ±0.001 % of FSR/%Voo 

DRIFT (over specification 
temperature ran90(31) 

Gain Drift ±TO ±25 ±7 ±15 ppni/oC 
Zero Drift: Unipolar (DAC70a1709 only) ±2.5 ±5 ±1.5 ±3 ppm of FSRioc 

Bipolar (al.1 models) ±5 ±12 ±4 ±10 ppm of FSR/oC 
Differential Linearity Over TemptS' +0.009. 

-0.006 %of FSR 
Linearity Error Over Templ!!1 ±0.006 %01 FSR 

SETTLING TIME (to ±0.003% of FSR)'" 
Voltage Output Models 

Full Scale Step (2kn load) , 4 a ps 
1 LSB Step at Worst Case Codel91 2.5 4 ps 

SlewRate 10 VIps 
Current Output Models 

Full Scale Step (2mA) ns 
10 to lOOn load 350 ps 
lkn load 1 

OUTPUT 

VOLTAGE OUTPUT MODELS 
Output Voltage Range 

DAC709 Unipolar (USB Code) Oto+l0 V 
Bipolar (BTC Code) ±5,±10 V 

DAC707 Bipolar (BTC Code) ±10 V 
DAC705 Bipolar (BTC Code) ±5 V 

Output Current ±5 mA 
Output Impedance 0.15 n 
Short Circuit to Common Duration Indefinite 
CURRENT OUTPUT MODELS 
Output Current Range (±30% typ) 

DAC70S Unipolar (USB Code) Oto-2 mA 
Bipolar (BTC Code) ±1 mA 

DAC706 Bipolar (BTC Code) ±1 mA 
Unipolar Output Impedance (±30% typ) 4.0 kn 
Bipolar Output Impedance (±30% typ) 2.45 kn 
Compliance Voltage ±2.5 V 

POWER SUPPLY REQUIREMENTS 

Voltage. DAC70517061707: +Vee +13.5 I +15 +16.5 V 
-Vee -13.5 -15 -16.5 V 

VDD +4.5 +5 +5.5 V 
Voltage. DAC70S1709: +Vcc +13.5 +15 +16.5 V 

-Vee -13.5 -15 -16.5 V 
VDD +4.5 +5 +5.5 V 

Current (No load. +15V supplies) 
Current,Output Models: <+Vee +10 +25 mA 

-Vee -13 -25 mA 
VDD +5 +10 mA 

Voltage Output Models: +Vee +16 +30 mA 
-Vee -1S -30 mA 

VDD +5 +10 mA 
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ELECTRICAL (CO NT) 

MODEL DAC70S/7061707170S/709KH, DAC7071709KP DAC70S/70S1707170S1709BH, SH 

MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLY REQUIREMENTS (CO NT) -
Power Dissipation (±15V supplies)' 

Current Output Models 370 800 mW 
Voltage Output Models 535 950 mW 

TEMPERATURE RANGE , 
Specification: BH grades -25 +85 'C 

KP, KH grades D +70 'C 
SH grades -55 +125 ~C 

Storage, ceramic -65 +150 'C 
plastic -60 +100 'C 

."Specificatlon same as for DAC706/707l70B/709KH. 

NOTES: (1) MSB must be inverted externally prior to DAC7081709 input. (2) Digital inputs are TTL, LSTTL, s4rt4C, 54174HC and 54/74HTC compatible over the 
specified temperature range .. (3) DAC706 and DAC708 (current-output models) are specified and tested with an external output operational amplifier connected 
using Ihe internal feedback resistor in all tesls. (4) FSR means Full Scale Range. For example, for ±10V output, FSR ~ 20V. (5) ±0.0015% of Full Scale Range is 
equal to 1 LSB in 16-bit resolution. ±0.003% of Full Scale Range is equal 10 1 LSB in 15-bit resolution. ±0.006% of Full Scale.Range is equal to 1 LSB in 14-bit 
resolution. (6) Error at input code OOOOH. (For unipolar connection on DAC708/709 the MSB must be inverted externally prior to D/A input.) (7) Adjustable to zero 
with external trim potentiometer. Adjusting the gain potentiometer rotates the tra~sfer function around the bipolar zero point. (8) Maximum represents the 3u limit. 
Not 100% tested for this parameter. (9) The bipolar worst-case code change is FFFFH to OOOOH and OOOOH to FFFFH. For unipolar (DAC70B1709 only) it is 7FFFH to 
8000H and 8000H to 7FFFH. 

CONNECTION DIAGRAMS 

DAC70Si709 
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DESCRIPTION OF PIN FUNCTIONS 

DAC705/7061707 
Pin 

DAC70B/709 

Designator Description # Designator Description 

Veu, (DAC707 Voltage output lor DAC707 (±10V) and DAC705 (±5V) 1 A, Latch enable lor D/A latch (Aclive low) 
and DAC70S) or an internal feedback resistor for use with an external 
RF (DAC706) output op amp lor Ihe DAC706. 

Vee Logic supply (+SV) 2 A;; Latch enable for "'ow byte" input (Active low). When 
both Ao and A, are logic "0", the serial input mode is 
selected and the serial input is enabled. 

DCOM Digital Common 3 A, Latch enable for "high byte" input (Active low). When 
both Ao and A, are logic "0", the serial input mode is 
selected and the serial input is enabled. 

ACOM Analog Common 4 07 (015) Input lor data bit 7 il enabling low byte (LB) latch or 
data bit 15 il enabling the high byle (HB) latch. 

SJ (DAC705 Summing Junction of the internal output op amp for the 5 06 (014) Input for data bit 6 if enabling LB latch or data bit 14 if 
and DAC707) OAC70S and DAC707, or the current output for the enabling the HB latch: 
lou, (DAC706) OAC706. Offset adjust circuit is connected to the 

summing junction of the output amplifier. Refer to Block 
Diagram. 

GA Gain Adjust pin. Refer to Connection Diagram for gain 6 OS (013) Data bit 5 (LB) or data bit 13 (HB) 
adjust circuit. 

+Vee Positive supply.voltage (+1SV) 7, 04 (012)' Data bil4 (LB) or data bil 12 (HB) 

-Vee Negative supply voltage (-1SV) 8 03 (011) Data bil3 (LB) or dala bil 11 (HB) • CIii Clear line. Sets the input latch to zero and sets the D/A 9 02 (010) Data bit 2 (LB) or data bil 10 (HB) 
latch to the input code that gives bipolar zero on the 
D/A output (Active low) 

WR Write control line (Active low) 10 01 (09) Data bit 1 (LB) or data bil9 (HB) 

A, ~Enable for D/A converter latch (Active low) 11 DO (D8)/SI Data bit 0 (LB) or data bit 8 (HB). Serial input when 
serial mode is selected. 

Ao Enable for input latch (Active low) 12 DCOM Digital Common 

D1S(MSB) Data bit 15 (Most Significant Bit) 13 RF2 Feedback resistor for internal or external operational 
amplifier. Connect 'to pin 14 when a 10V output range is 
desired. Leave open for a 20V output range. 

014 Data bit 14 14 V OUT Vol~age output for DAC709 or feedback resistor for use 

R" (OAC708) with an external output op amp for the DAC70a. Refer to 
Connection. Diagram for connection of external op a'mp 
to DAC708. 

Di3 Data bit 13 15 ACOM Analog common 

012 Data bit12· 16 SJ (DAC709) Summing junction of the internal output op amp for the 
lou, (DAC708) DAC709, or the current output lor the DAC708. ReIer to 

Connection Diagram for connection of external op amp 
to DAC708. 

011 Data bit 11 17 BPO Bipolar offset. Connect to pin 16 when operating in the 
bipolar mode. Leave open for unipolar mode. 

010 Data bit 10 18 GA Gain Adjust pin 

09 Data bit9 19 +Vee Positive supply voltage (+15V) 

08 Data bit 8 20 -Vee Negative su·pply voltage (-1SV) 

07 Data bit 7 21 CLR Clear line. Sets the high and low byte input registers to 
zero and, for bipolar operation. sets the D/A register to 
the' input code that gives bipolar zero on the D/A output. 
(In the unipolar mode. inverUhe MSB prior to the D/A.) 

06 Dala bit 6 22 WR Write control line 

05 Data bit S 23 Cs Chip select control line 

04 Data bit 4 24 Vee Logic supply (+SV) 

03 Data bit 3 25 Nopin 

02 Data bit2 26 No pin 
(The DAC708 and OAC709 are in 24-pin packages) 

01 Data bit 1 27 No pin 

DO (LSB) Data bit 0 (Least Significant Bit) 28 Napin 
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MECHANICAL 

DAC708/709 

I~ ~I 

l 
nJ 

Pin' 12 

DAC707KP 

I 

i 1 ,1--,
'iol-

ABSOLUTE MAXIMUM RATINGS 

. V;,., to COMMON" •••••••••.••••••••••• , ••••••••••••••• ·OV. +15V 
+Vee to COMMON ••••••••..•. : ••.•••••• ; ••••••••••••••• OV.+18V 
-Vee to COMMON ••••••••••••••••••••••••••••••• ; •••••• OV. -18V 
Digital Data Inputa to COMMON ••••••••••• :.... •• ~.5V. VDD +0.5 
DC Current any Input •••••••••••••••••••••••••••••••••••• ±10mA· 
Reference Out to COMMON. • • • • •• •• Indellnlte Short to COMMON 
External Voltage Appllad to R. . 

(pin ~. DAC7C8; pin 13 or, 14. DAC7OS) •.••••••••.••••••••••• ±18V 

ORDERING INFORMATION 

Model Temperature Range Input Configuration 

DAC705KH 010 +70ClC 16-bitport 
DAC705BH -25 to +85°C 16-bit port 
DAC705BH/OM -25 to +85°C 16·bit port 
DAC705SH -5510 +12SoC 16-bit port 
DAC705SH/OM -55 to ""125°C 16·bit port 

DAC706KH a to +70°C la-bit port 
DAC706BH -2510 +85"C 1G-bit port 

, OAC706BH/QM 25 to +-85"C 16-bil port 
DAC706SH -5510 + 125"C 16-bit port 
DAC70sSH/OM ' 55 to + 125"C ,&obit pdrt 

OAC707KH Oto "70"C 16-bit pori 
OAC707KP o to +70°C 16-bit port 
DAC707BH - 2510 "'85"C 16-bit port 
DAC707BH/QM -25 to ... 85"C 16-bitport 
DAC7Q7SH -55 to +125"C l&oblt port 
DAC707SH/OM -55 to +125"C 16-b!1 port 

DAC70BKH ,010 +70"C 8-blt port 
DAC708BH -25 to +85"C 8-bit port 
DAC70BBH/OM -2510 +85"C 8-bit port, 
OAC708SH ....,5510 +125"C 8-bil port 
DAC70BSH/OM -5510 +125"C 8-bilporl 

DAC709~H 010 +70°C 8-bit port 
DAC709KP 010 +70"C 8-bil port 
DAC709BH ":25 to +85"C 8-bil port 
DAC709BH/OM -25 to' +85"C 8-bitport 
DAC709SH -5510 +l25"C 8-bitport 
DAC709SH/OM -55 to +125"C 8-bit port 

DAC70S/7061707 

I I 

[ p ,.~ 

~ 
. , 

L c c' - --- ~ 

N .. A_ JL. J ~ 
PLANE 

DAC709KP 

r' A ............................................. 'l 

~~M:'l"t"T'j 

. External Voltage Appllad to D/A Output 

'0 • . 

3115 
1207 

'" 04' 
"" 2.54B" 
U!7 254 
020 035 
330 390 
15.24BAStC 
O'C 1S·C 

'" 

(pin 1. DAC707; pin 14. DAC709) .••.•••••.....••.•.••...•.. , ±5V 
V.in (DAC707. DAC709) • • •.. • •• • •• • •• Indellnlle Short to COMMON 
Power Dissipation. • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • •. l000mW 
Storage Temperature. • • • • • • • • • • • • • • • • • • •• • • • • • •• -6Q'C to +lSO'C 

Stre.se. aboy.lhose listed under "Absolute Maximum Rallngs" may 
cause permanent damage to the device. Exposure 10 absolute maxi
mum conditions for extended period. may affect device reliablliiy, 

Output Conftguratlon 

±5Voutput 
±5Voutput 
±5Voulput 
±5Voutput 
±5Voutput 

±1mAoutput 
±lmA output 
±1mA output 
±lmAoutput 
±lmAoutput 

±10V oulput 
±10VOUlpUI 
±10Voutput 
±10Voutput 
±10VO\JlpUI 
±10V OUlP,UI 

±lmAoutput 
±lm.o!\ oUlput 
±tmAQutpul 
±lmAoutpul 
±lmAoutput 

±10Voulput 
±10Voulput 
±lOV output 
±10VoutpUI 
±10voLiiput 
±'OVou~put 
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DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

For bipolar operation, the DAC705!706!707!708/109 
accept positive-true binary two's complement input code. 
For unipolar operation (DAC708/109 only) the input 
code is positive-true straight-binary provided that the 
MSB input is inverted with an external inverter. See 
Table 1. 

TABLE I. Digital Input Codes. 

Analog Output 

Digital Unipolar St~al9ht Binary'" Binary Two's Complement 
Input (OAC7081709 only; eonnee- (Bipolar operation; 
Codes ted for Unipolar operation) all models) 

7FFFH +1/2 Full Scale -1 LSBm, +Full Scale 
OOOOH Zero Zero 
FFFFH +Full Seele -ILSB 
8000H +112 Full Scale -Full Scale 

(I) MSB must be inverted externally. (2) Assumes MSB Is Inverted 
externally. 

ACCURACY 

Llnearl~y 

This specification describes one of the most important 
measures of performance of a D i A converter. Linearity 
error is the deviation of the analog output from a 
straight line drawn through the end points (-Full Scale 
point and +Full Scale point). 

Differential Linearity Error 
Differential Linearity Error (DLE) of a D/ A converter is 
the deviation from an ideal ILSB change in the output 
when the input changes from one adjacent code to the 
next. A differential linearity error, specification of 
±1/2LSB means that the output step size can be between 
1/2LSB and 3/2LSB when the input changes between 
adjacent codes. A negative DLE specification of-ILSB 
maximum (-0.0006% for 14-bit resolution) insures mon
otonicity. 

Monotonlcity 
Monotonicity assures that the analog output will increase 
or remain the same for increasing input digital codes. 
The DAC705/106/107/108/109 are specified to be mon
otonic to 14 bits over the entire specification temperature 
range. 
DRIFT 

Gain Drift 
Gain drift is a measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per degree centigrade (ppm/°C). Gain drift is 
established by: (I) testing the end point differences at tmin, 
+25°C and tm .. ; (2) calculating the gain error with 
respect to the +25°Cvalue; and (3) dividing by the 
temperature change, . 

Zero Drift 
Zero drift is a measure of the change in the output with 
OOOOH applied to the D I A converter inputs over the spec
. ified temperature range. (For the DAC708/709 in unipo-

lar mode, the MSB must be inverted.) This code corres
ponds to zero volts (DAC705/107 and DAC709) or zero 
milliamps (DAC706 and DAC708) at the analog output. 
The maximum change in offset at tmin or tmax. is referenced 
to the zero error at +25°C and is divided by the tempera
ture. change. This drift is expressed in FSR/oC. 

SETTLING TIME 

Settling time of the D/ A is the total time required for the 
analog output to settle within an error band around its 
final value after a change in digital input. Refer to Figure 
I for typical values for this family of products. 

it 
~ 
Q 

I.O,---,.--,...""T"--....,I"T"---_, 

,,# 
ii!!. 0.1 t----+--t---\---H+-----I 

ED " ~ CI 
o c 
~ .. 
Ilia: 
",!! 
~ .. 
li~ 

~~ 
c u.. 0.01t-----*--'--\--!--4+---~ 
u::'O 

E 
1J 
ff. 

O.OOI ... ____ ~--.-~~--..: .... .1 
0.01 10.0 

Settling Time !/nIee) 

FIGURE I. Final-Value Error Band Versus Full-Scale 
Range Settling Time. 

loltage Output 
Settling times are specified to ±0.003% of FSR (±1/2 
LSB for 14 bits) for two input conditions: a full-scale 
range change of 20V (±IOV) or IOV (±5V or 0 to 10V) 
and a ILSB change at the "major carry", the poillt at 
which the worst-case settling time occurs. (This is the 
worst-case point since all of the input bits change when 
going from one code to the next.) 

Current Output 
Settling times are specified to±0.003% of FSR for a full
scale range change for two output load conditions: one 
for Ion to lOon and one for 1000n. It is specified 'this 
way because the output RC time constant becomes the 
dominant factor in determining settling time for large 
resistive loads. 

COMPLIANCE .VOLTAGE 

Compliance voltage applies only to current output mod
els. .It is the maximum voltage swing allowed on the 
output current pin while still being able to maintain spec
ified accuracy . 
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POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the Dj A converter 
output. It is defined as a percent of.FSR change in the 
output per percent of change in either the positive supply , 
(+Vcc), negative supply (-Vee) or logic supply (VDD ) 

about. the nominal power supply voltages (see Figure 2). 
It is specified for DC or low frequency changes. The 
typical performance curve in Figure 2 shows the effect of 
high frequency changes in power supply :voltages. 

0.030 

~ 0025 

:; 
-15 V Supply .. 

[0.020 

so 
0 

"0 
'" 0·015 
~ 

Q. 

e w 0.010 
a: 
(() 
u. I) +15V 

!0.005 
Supply 

~V = 0 
1 10 100 1k 10k 100k 

Power Supply Ripple Frequency (Hz) 

FIGURE 2. Power Supply Rejection Versus Power 
Supply Ripple Frequency. 

OPERATiNG iNSTRUCTiONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection,. power 
supplydecoupling capacitors should be added as shown 
in the Connection Diagram. II'F tantalum capacitors 
should'be located clcse to the DjA converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external 
zero and gain potentiometers. Connect these potenti
ometers as'shown in the Connection Diagrarn and adjust 
as described below. TCR of the potentiometers should 
be IOOppmjOC or le'ss. The 3.9Mfl and 270kfl resistors 
(±20% carbon or better) should be located close to the 
D j A converter tu prevent noise pickup. If it is not con
venient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure 3, may be substituted in 
place of the 3,9Mfl resistor. A O.OOlI'F to O.oI}lF 
ceramic capacitor should be connected from GAIN 
ADJUST to ANALOG COMMON to prevent noise 
pickup. Refer. to Figures 4 and 5 for the relationship of 
zero and gain adjustments to unipolar D j A converters. 

)OkO 

FIGURE 3. Equivalent Resistances. 

Zero Adjustment 
For unipolar (USB) configurations,apply the digital 
input code that produces zero voltage or zero current 
output and adjust the zero potentiometer for zero out
put. 

For bipolar (BTC) configurations, apply the digital 
input code that p'roduces zero output'voltage or current. 
See Table II for corresponding codes and connection 
diagrams for zero adjustment circuit connections. Zero 
calibration should be made before gain calibration . 

+FULL -l~f r-- • L 
SCALE f ' " 

lLSB • -' ""1' 
I " ' , 

~ ~ .. ~ /" RANGE OF 

~ ~ ,~~" GAIN ADJ .. 

~ ~ e'/1~~\ 
~ :::l INPUT = .;. GAIN ADJ. 

RANGE OF i!! OOODH eft' ROTATES 

.. " INPUT = FFFFH ZERO ADJ'lll ~ ~;J THE LINE 

ZERO ADJ. - I,;:'" I I I I I I / 
TRANSLATES.- DIGITAL INPUT 
THE LINE I . 

FIGURE 4. Relationship of Zero and Gain Adjust
ments for Unipolar Dj A Converters, 
DAC708 and DAC709. 

INPUT = 8000H 

/' 

-FULL SCALE 

RANGE AND' 
OFFSET 
ADJUST 

FIGURE 5. Relationship of Zero and Gain Adjust
ments for BipolarDjA CQnverters, 
DAC705j706j707 and DAC708j709. 
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TABLE II. Digital Input And Analog Output Voltage/Current Relationships. 

VOLTAGE OUTPUT MODELS 

Analog Oulpul Analog Oulpul 
Digital 

·Unlpolar. 0 10 +10V 
Dlgllal 

Bipolar. ±10V Bipolar. ±5V 
Inpul Input 
Code 16-BII 15-BII 14-BII Unlls Code 16-BII 15-BII 14-BII 16-BII 15-BII 14-BII Unlls 

One LSB 153 305 610 pV One LSB 305 ' 610 1224 153 305 610 pV 
FFFFH +9.99985 +9.99969 +9.99939 V 7FFFH +9.99960 +9.99939 +9.99878 +4,99980 +4.99970 +4.99939 V, 
OOOOH 0 0 0 V 8000H -10.0000 -10.0000 -10.0000 -5.0000 -5.0000 -5.0000 V 

CURRENT OUTPUT MODELS 

Analog Oulpul 
Olgllal 

"Unipolar, 0 to -2mA 
Inpul 
Code 16-BII 15-BII 14-BII Unlls 

One LSB 0.031 0.061 0.122 pA 
FFFFH -1.99997 -1.99994 -1.99988 rnA 
OOOOH 0 0 0 rnA 

·MSB assumed to be Inverted externally. 

Gain Adjustment 
Apply the digital input that gives the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full-scale voltage .. See Table II for positive full
scale voltages and the Connection Diagrams for gain 
adjustment circuit connections. 

INTERFACE LOGIC AND TIMING 

DAC70S/709 
The signals CHIP SELECT (CS). WRITE (WR), regis
ter enables (Ao, A" and A2) and CLEAR (CLR), provide 
the control functions for the microprocessor interface. 
They are all active in the "low" or logic "0" state. CS 
must be low to access any of the registers. Ao and AI 
steer the input 8-bit data byte to the low- or high-byte 
input latch respectively. A2 gates the contents of the two 
input latches through to the D / A latch in parallel. The 
contents are then applied to the input of the D / A conver
ter. When WR goes low, data is strobed into the latch or 
latches which have been enabled. 

The serial input mode is activated when both Ao and A, 
are logic "0" simultaneously. The DO (D8)/ SIinput data 
line accepts the serial data MSB first. Each bit is clocked 
in by a WR pulse. Data is strobed through to the D / A 
latch by A2 going to logic "0'; the same as in the parallel 
input mode. ' 

Each of the latches can be made "transparent"- by main
taining its enable signal at, logic "0". However, as stated 
above, when both Ao and AI are logic "0" at the same 
time, the serial mode is selected. 

The CLR line resets both input latches to all zeros and 
sets the D / A latch to 8000H. ,This is the binary code that 
gives a null, or zero, at the output of the D / A in the 
bipolar mode. In the unipolar mode, activating CLR will 
cause the output to go to one-half of full scale. 

The maximum clock rate of the latches is IOMHz. The 
minimum time between write (WR) pulses for successive 
enables is 20nsec. In the serial input mode (DAC708 and 
DAC709), the maximum rate at which data can be 
clocked into the input shift register is 10M Hz. 

The timing of the control signalsis given in Figure 6. 

Analog Oulpul 
Dlgllal 

Bipolar, ±lmA 
Inpul 
Code 16-Bil 15-BII 14-BII Unlls 

One LSB 0.031 0.061 0.122 I,' pA 
7FFFH -0.99997 -0.99994 -0.99988 rnA 
8000H +1.00000 +1.00000 +1.00000 rnA 

LOGIC TIMING - Parallal or Serial Data Inpul Over Temperalura 
nsec. min. nsec. max. 

low Dala vilid \0 end of Wii 811 

lew CS valid 10 end 01 Wii 811 

.... w AD. Ai, Ai velld 10 end of Wi 811 
twp Wrlle pulse width 80 

IOH Dlla hoid aner end 01 Wii 

TIMING DIAGRAM r- ~ 
CS ----....~ 'lew I /r---

~~--.....J:===""W~/r---AD.Al.A2 ': .. I. t low-1 

00·::::DI5:":. 8:::"1----""* I *"-,---
IOH~~ 

Wi-----r,""I,,~\ ~""-"-,:,",--
I- Iwp:j 

FIGURE 6. Logic Timing Diagram. 

. DAC70Sn07 
The DAC70Sj706j707 interface timing is the same as 
that described above except instead of two 8-bit sepa
rately-enabled input latches, it has a single 16-bit input 
latch enabled by Ao. The D/ A latch is enabled by A,. 
Also, there is rio serial-input mode and no CHIP 
SEI:EC'f (CS) line. 

INSTALLATION 
CONSI DERATIONS 
Due to the extremely-high accuracy of the D /A conver
ter, system design problems such as grounding and con-, 
tact resistance become very important. For a 16-bit con
verterwitha +IOV full-scale range, ILSB is IS3/LV. With 
a load current of SmA, series wiring and connector 
resistance of only 30mn will 'cause the output to be in 
error by ILSB. To understand what this means in terms 
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of a system layout, the resistance of typical I ounce 
copper-clad printed circuit board material is approxi
mately 1/2mo. per square. In the example above, a JO 
milliinch-wide conductor 60 milliinches long would cause 
a ILSB error. 

In Figures 7 and 8, lead and contact resistances are 
represented by RI through Rs. As long as the load resist
ance RL is constant, R2 simply introduces a gain error 

FIGURE 7. DAC70517071709 Bipolar Output Circuit 
(Voltage Out). 

OAC708170B 

DIGITAL 
COMMON 

_ ALTERNATE GRDURD 
... R. / SERSE CDRRECTIDR 

/' 
SYSTEM 
BRBURD 

I , / +VCC 

''''' 

ANALOG 
CDMMOR 

-v" 

DIGITAL 
COMMDR 

±vcc 
SUPPLY 

v" 
SUPPLY 

FIGURE 8. DAC7061708 Bipolar Output Circuit 
(with External Op Amp). 

and can be removed with gain calibration. R3 is part of 
RL if the output voltage is sensed at ANALOG COM
MON. 

Figures 8 and 9 show two methods of connecting the 
currrent output model with an external precision output 
op amp. By sensing the output voltage at the load resis
tor (connecting RF to the output of the amplifier at RL) 
the effect of RI and R2 is greatly reduced. RI will cause a 
gain error but is independent of the value of RL and can 
be eliminated by initial calibration adjustments. The 
effect of R2 is negligible because it is inside the feedback 
loop of the output op amp and is therefore greatly 
reduced by the loop gain. 

DAC708 DR DAC7D1! 

FIGURE 9. Alternate Connection for Ground 
Sensing at the Load (Current Output 
Models). 

In many applications it is impractical to sense the output 
voltage at ANNALOG COMMON. Sensing the output 
voltage at the system ground point is permissible because 
these converters have separate analog and digital com
mon lines and the analog return current is a near
constant 2mA and varies by only JOllA to 20ILA over the 
entire input code range. R. can be as large as 30. without 
adversely affecting the linearity of the DI A converter. 
The voltage drop across R. is constant and appears as a 
zero error that can be nulled with the zero calibration 
adjustment. 

Another approach senses the output at the load as 
shown in Figure 9. In this circuit the output voltage is 
sensed at the load common and not at the DI A converter 
common as in the previous circuits. The value of R6 and 
R7 must be adjusted for maximum common-mode rejec
tion across RL. The effect of R. is negligible as explained 
previously. 

The D I A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EM!. The key to elimination of RF 
radiation or pickup is small loop area. Signal leads and 
their return conductors should be kept close together 
such that they present a small flux-capture cross section 
for any external field. 

ENVIRONMENTAL SCREENING 

IQM Screening 
All HH and SH models are available with Burr~Brown's 
IQM environmental screening for enhanced reliability. 
The screening, tabulated below, is performed to selected 
'methods of MIL-STD-883, Reference to these methods 
provides a convenient method of communicating the 
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. screening levels and basic procedures employed; it does 
not imply conformance to any other military standards 
or to any methods of MIL-STD-883 other than those 
specified below. Burr-Brown's detailed procedures may 
vary slightly, model-to-model, from those in MIL-STD-
883. 
SCREENiNG FLOW FOR /QM MODELS 

MIL-STD-883 
Screen Method Condition Comments 

Internal Visual 2017 B 

High Temperature 
Storage (Stabili-
zation Bake) 1008 C +150'C. 24hrs 

Temperature -65 to +15D'C, 
Cycling 1010 C 10 cycles 

Burn·jn 1015 B +125'C, 16Dhrs 

Constant 
Acceleration 2001 

28-pin pkg. B 10,OooG 
24-pin pkg. E 30,OODG 

Hermeticity 
Fine Leak 1014 AlorA2 

28-pin pkg. 2 x 10-7 atmee/sec 
24-pin pkg . 5 X 10-8 atmee/sec 

. Gross Leak', 1014 C 60psig,2hr 

External Visual 2009 

APPLICATIONS 
LOADING THE DAC709 SERIALLY ACROSS AN 
ISOLATION BARRIER 

A very useful application of the DAC709 is in achieving 
low-cost isolation that preserves high accuracy. Using 
the serial input feature of the input register pair, only 
three signal lines need to be isolated. The data is applied· 
to pin II in a serial bit stream, MSB first. The WR input 
is used as a data strobe, clocking in each data bit. A 
RESET signal is provided fot system startup and reset. 
These three signals are each optically isolated. Once the 
16 bits of serial data have been strobed into the input 
register pair, the data is strobed through to the D / A 
'register by the "carry" signal out of a 4-bit binary syn
chronous counter that has counted the 16 WR pulses 
used to clock in the data. The circuit diagram is given in 
Figure 10. 

CONNECTING MULTIPLE DAC707s TO A 16-BIT 
MICROPROCESSOR BUS 
Figure II illustrates the method of connecting mUltiple 
DAC707s to a 16-bit microprocessor bus. The circuit 
shown has two DAC707s and uses only one address line 
to select either the input register or the D/ A register. An 
external address decoder selects the desired converter. 

v" 

+ 

DAC708 
CUi OR 

DACTOII 

ANALOG 
OUTPUT 

POWER ISOLATED ~ _____ -+ 
SUPPLY POWER 
VOLTAGE SUPPLY 

iiiTrniffiii 
SERIAL INPUT 

A2 

ANALOG 
OUTPUT 

I : 

L -ISOLATION BARRIER 

~ ... ~ 
I 

~ .. ~ 
iL-
I 

-------Ivv--
FIGURE 10. Serial Loading of Electrically Isolated 

DAC708p09. 

FIGURE II. Connecting Multiple DAC707s to a 16-
Bit Microprocessor. . 
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BURR-BROWN® 

IElElI 

\ 

'DAC710 
DAC711 

Monolithic 16-Bit 
ROBOTICS DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• DESIGNED SPECIFICALLY FOR CLOSED-LOOP 

SERVO-CONTROL APPLICATIONS ' 
• MONOTONIC TO 15 BITS OVER TEMPERATURE 
• MONOLITHIC CONSTRUCTION 

DESCRIPTION 
Robotics, nume'rical controllers, and other applica
tions that involve the driving of servomotors require 
D f A converters that have very-good differential lin
earity around the zero output point. The DAC710KH 
(current output) and DAC711KH (voltage output) 
have been optimized for this characteristic. 

DAC710 and DAC711 are complete 16-bit DfA 
converters on one chip. They include a precision 
buried-zener voltage reference, a fast settling opera
tional amplifier (DAC711 only) as well as the Df A ' 
converter circuits. A combination of current switch 
design techniques accomplishes a guaranteed mono-

OAC710 

6.3V REF OUT 

+Vee 

GAIN ADJUST 

lOUT 

COMMON 

-Vee 

.VOD 

lRFEEDBACIC 

• VOUT AND louT MODELS 
• PIN-COMPATIBLE WITH DAC702. DAC703 
• VERY-LOW COST FOR MULTIPLE-CHANNEL 

APPLICATIONS 

tonicity of 15 bits around Bipolar Zero over the 
entire specification temperature range, ODC to + 70DC. 

Digital inputs are complementary binary coded and 
are TIL-,.LSTTL-, 54f74C-, and 54f74HC-co!ll.pa
tible over the entire temperature range. Outputs are. 
±IOV for the DAC711KH and ±lmA for the 
DAC710KH, ' 

This Df A family is pin-compatible with the voltage 
and current output DAC703 and DAC702 model 
families. These Df A converters are packaged in 24-
pin ceramic side-brazed packages that are hermeti
cally sealed. 

6.3V REF OUT 

+Vcc 

GAIN ADJUST 
SUMMING 
JUNCTION .. COMMON ... .. 

"-
!! '-Vee ... 
I! VDD 

~ 

International Airport Industrial Park - P,O, 80x 11400 - Tucson. ArIzona 85734 - Tel. (8021746-1111 - Twx: 910-952-1111 - Cable: 8BRCORP - Telex: 66-6491 

PDS-S46A 
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SPECIFICATIONS 
ELECTRICAL 
At TA;:::;; +25°C and rated power supplies and after 10 minutes of warm-up time unless otherwise noted. 

MODEL DAC710KH/DAC711KH 

MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution 16 Bits 
Oigitallnputs·11 : VIH +2.4 +Vcc V 

V" -1.0 +0.8 V 
IIH. VI;::; +2.7V +40 pA 
I.L. VI ;;:: +O.4V -0.35 -0.5 rnA 

TRANSFER CHARACTERISTICS 

ACCURACY'" 
Differential Linearity Error (near bipolar zero)141151 +0.006, -0.003 %of FSR I31 

Monotonicity (near bipolar zero)'4' 15 Bits 
Linearity Error ±0.0045 %of FSR 
Gain Error,el ±0.15 ±0.30 % 
Bipolar Zero Error/Illtl ±0.05 ±0.1 %of FSR 

DRIFT (over specification temperature range) 
Differential Linearity Error (near bipolar zero) over 

Temperaturel411S1 +0.009, -0.003 %of FSR 
Monotonicity (near bipolar zero) over Temperature'''' 1'5 Bits 
linearity Error over Temperature ±0.O09 %01 FSR 
Gain Drift ±25 ±50 ppml"C 
Bipolar Zero Drift ±5 ±12 ppm of FSRI"C 

SETTLING TIME (to ±0.003% of FSR)'" 
DAC711 (Vou, Models) 

Full Scale Step (2kO load) 4 8 psec 
For 1 LSB Step Change at Worst-Case Code'" 2.5 4 psec 
Slew Rale 10 Vipsee 

DAC710 (Iou, Models) 
Full Scale Step (2mA): 100 to 1000 load 350 nsec 

lkOload 1 psec 

OUTPUT 

VOLTAGE OUTPUT 
DAC711 ±10 V 
\ Output Current ±5 rnA 

Output Impedance 0.15' 0 
Short Circuit to Common Duration Indeflnlle " 

CURRENT OUTPUT 
DAC710 

Output Range (±30% typ) ±1 rnA 
Output Impedance (±30% typ) . 4.0 kO' 
Compliance -2.5 +2.5 V 

REFERENCE VOLTAGE 
Voltage +6.3 V 
Source Current Available for External Loads +2:5 rnA 
Short Circuit to Common Duration Indefinite 

POWER SUPPLY REQUIREMENTS 

Voltage: +Vee +13.5 +15 +16.5 V 
-Vee -13.5 -15 -16.5 V 

Voo +4.5 +5 +16.5 V 
Current: (No Load) 

DAC711 (Vou, Model): +Vcc +16 +30 rnA 
-Vee -18 -30 rnA 

Voo +4 +8 rnA 
DAC710 (I~u, Model): +Vcc +10 +25 rnA 

-Vee -13 -25 rnA 
Voo +4 +8 rnA 

Power Dissipation (Voo = +5.0V) n.,: DAC711 530 940 mW 
DAC710 365 790 mW 

Power Supply Rejection: +Vee ±0.OO3 ±0.006 % of FSR/%Vcc 
-Vee ±0.OO3 ±0.OO6 % of FSR/%Vcc 

Vco ±C.OOOI ±0.001 % of FSR/%VDD 

TEMPERATURE RANGE 

Specification 0 +70 ·C 
Storage -60 +150 ·C 
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NOTES: (1) Digital inputs are TTL-. LSTTL-. 54174C-. 54174HC-. and 54174HTC-campatible aver the aperatingvaltage range·af Voo -5V to • ,1.5V and 
over the specified temperature range. The input switching threshold remains'at the TTL threshold of l.4V over the supply range of VOD -, +5V to +1SV As 
logic "0" and logic "," inputs vary over OV to +O.8V and +2.4V to +10V. respectively, the change in the O/A converter output voltage will not exceed +0.006% 
of FSR. (2) DAC710KH is specified and tested with an external output operational amplifier ,using the internal feedback resistor In all parameters except 
settling time, (3) FSR means Full Scale Range and is 20V for the DAC711KH and 2mA for the DAC710KH. (4) This specification IS lar" 2048 consecutIve 

. codes around the bipolar zero code; th'at is, from 77FFH to 87FFH •. (5) ±O',003% of FSR is 1LSB for 1S-bii 'resolution. (6) Adjustable 'to za'fa with external 
trim potentiometer. Adjusting the gain potentiometer rotates ttie transfer function around the bipolar zero. point. (7) Error at Input code 7FFFM. bipolar 
zero. (8) Maximum represents the 3u limit. Not 100% tested for this parameter. (9) At the major carry, 7FFFH to aoooM and aOOOM to 7FFFM. (10) Power 
dissipation is an additional40mW when VDO is operated at +15V. 

PIN ASSIGNMENTS 

Pin 
Function 

No. DAC710 

1 Bit 1 (MSB) 
2 Bit2 
3 Blt3 
4 Bit4 
5 Bil5 
6 Bite 
7 Bit7 
8 Bit8 
S BitS 

10 Bit 10 
11 Bit11 
12 Bit 12 
13 Bit13 
14 Bit14 
15 Bit 15 
16 Bit 16 (LSB) . 
17 RFEEDBACK 

18 Voo 
19 -Vee 
20 Common 
21 lOUT 

22 .. Gain Adjust 
23 +Vee 
24 +6.3V ReI. Out. 

CONNECTION DIAGRAM 

MECHANICAL 

DAC711 

Bil1 (MSB) 
Bit2 
Bit3 
Bit4 

> D -r 
• NOTE: 

~. Leads in true 
0 position 

Bit5 
Bite 
Bit7 I. F-J~I 

within 0,010" 
(0.25mm) R .t 

A MMC at seat-
Bit8 
BitS 
Bif10 
Bit 11 
Bit 12 
Bit 13 
Bit 14 
Bit 15 

Na * 
mg plane. 

J~::,1j ..... 
D INCHES MILLIMETERS 

H G OIM MIN MAX MIN MAX 

.Bit 16 (LSB) 
Vour 
Voo 
-Vee 
Common 
Summing Junction 

(lero Adjust) 
Gain Adjust 
+Vee 

• 1.185 1.2115 30.10 30.88 

• .800 .820 111.24 111.715 
C .125 .171 3.18 4.34 

-EJ ~ 
0 .015 .021 03. O. F .03a .080 0.88 1.152 

0 .100 BASIC 2.14 BASIC 
H .030 .070 0.78 1.78 

L ~M\.-
J .008 .012 0.20 0.30 
K .1' .240 3.05 8.10 

L .800 BASIC 15.24 BASIC 
L M - - 10' - - 10' 

+6,3V Ref, Oul. N .025 .080 0.84 1.152 

+Vee 

270ko 
[z2])-------------<p----.~ (31 

O.oIIlF + 
3.91110 "!". L------=.---:--:--...,.,-~M,..__---t~ 13) 

-Vee 

L..-_____ -----'---,..-".,- Voo 111 

NOTES: 
1. CAN BE TIEO TO +Vcc INSTEAO OF 

HAVING SEPARATE VDO SUPPLY. 
2. OECOUPLING CAPACITORS ARE O.M 

TO 1.01IF. TANTALUM. 
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ABSOLUTE MAXIMUM RATINGS 

Vee to COMMON •..•••.•..........•.•....... ' ...•.. OV to +lBV 
+Vee to COMMON ..•....••..............•••...•.. OV to +lBV 
-Vee to COMMON ...••••.••.............••....... OV to -IBV 

- Digital Data Inputs (pins 1-16) to COMMON .•...... -lV to +IBV 
Reference out (pin 24) 
to COMMON •.•.........•..• , •••• Indefinite Short to COMMON 
External Voltage Applied to R, (pin 21, DAC710KH) , •.•.•.• ±IBV 
External Voltage Applied 
to D/A Output (pin 17. DAC711KH) ••• , ..••......... -5V to +5V 
Veu, (pin 17. DAC711) .........•... Indefinite Short to COMMON 
Power Dissipation . ................................... 1QOOmW 
Storage Temperature. . . . . . . . . . . . . . . . . . . . . ... -60°C to +150°C 

NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. Exposure to 
absolute maximum conditions for extended periods may affect 
device reliability. 

DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

The DAC7IO/1I1KH accept complementary binary dig
ital input codes in bipolar format. They may be con
nected by the user for either complementary offset 
binary (COB) or complementary two's complement 
(CTC) codes (see Table I). 

ACCURACY 

linearity 
Linearity error is the deviation of the analog output 
from a straight line drawn through the end points (all 
bits ON point and all bits OFF point). 

Differential Linearity 
For servomotor control applications, differential linear
ity error (DLE) is one of the most important perfor
mance measures of a Df A converter. DLE is the devia
tion from an ideallLSB change in the output when the 
input changes from one adjacent code to the next. A 
differential linearity error specification of +0.006% of 
FSR maximum means that an output step size can be 
between lLSB and 3LSB (at 15 bits) when the input 
changes between adjacent codes. A DLE specification of 
-0.003% maximum ensures l5-bit monotonicity. 

Monotonlclty 
When a D f A converter is monotonic, the analog output 
iocreases or remains the same for an increasing input 
digital code. For ±2048 consecutive codes around 
bipolar zero, the DAC710KH and DAC711KH are 
monotonic to 15 bits over the entire specification 
temperature range. 

DRIFT 

Gain Drift 
Gain drift is a measure of the change in the full-scale 
range output over temperature expressed in parts-per
million per degree centigrade (ppm/"C). Gain drift is 
established by (1) testing the end point difference for 
each D f A at tmin,_ +25°C and tm .. (2) calculating the gain 
error with respect to the +25°C value, and (3) dividing 
by the temperature change. 

Zero Drift 
Zero drift is a measure of the change in the output with 
7FFFH (bipolar zero) applied to the digital inputs. This 
code corresponds to OV (DAC7ll KH) or OmA 
(DAC7IOKH) at the analog output. The maximum 
change in offset at tmi. or tmax is referenced to the zero 
error at +25°C and is divided by the temperature 
change. This drift is expressed in parts-per-million of 
full-scale range per degree centigrade (ppm of FSR/eC). 

TABLE I. Digital Input Codes. 

Digital 
Analog Output 

Input Complementary Offset • Complementary Two'. 
Code. Binary (COB) Complement (CTC) 

OOOOH + Full Scale -ILSB 
7FFFH Bipolar Zero - Full Scale 
BOOOH -ILSB + Full Scale 
FFFFH - Full Scale Bipolar Zero 

-Invert the MSB of the COB code With an external Inverter to obtain CTC 
code. 

SETTLING TIME 

Settling time of the D I A is the total time required for the 
output to settle within an error band around its final 
value after a change in input. Refer to Figure 1 for typi
cal values. 

Voltage Output, DAC711KH' 
Settling times are specified to·±0.003% of FSR for two 
input conditions: a full-scale range change of 20V and a 
±0.006% ofFSR (±l LSB in 14 bits) change at the major 
carry, the point at which the worst-case setting time' 
occurs. 

Current Output, DAC710KH 
Settling times are specified to ±0.003% of FSR for a full
scale range change for two output load conditions: one 
for 100 to 1000 and one for 10000. 

COMPLIANCE VOLTAGE 

Compliance voltage applies only to current output mod
els. It is. the maximum voltage swing allowed on the 
output while maintaining specified accuracy. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change rin the Df A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive supply (+ V cc), negative supply (-V cc) 
or logic supply (Voo) about the nominal power supply 
voltages (see Figure 2). 

REFERENCE SUPPLY 

All models have an internal +6.3V reference voltage 
derived from an on-chip buried-zener diode. This refer
ence voltage, available at pin 24, has a tolerance of ±5%. 
A minimum of 1.5mA is available for external loads. 
Gain and Zero adjustments should be made under con
stant-load conditions. 

If a varying load is to be driven by the reference supply, 
an external buffer amplifier is recommended to drive the 
load in order to isolate the bipolar offset (connected 
internally to the reference) from load variations. 
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OPERATI.NG INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejectiori,pow~r 
supply decoupling capacitors should be added as.shown 
in the Connection Diagram. The lJ.lF tantalum capaci
tors should be located close to the D / A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by. installing external 
zen;> and gain potentiometers. Connect these potenti
ometers as shown in the Connection Diagram and adjust . 
as described below. TCR of the potentiometers should 
be JOOppm/oC or less. The 3.9MO and 270kO resistors 
(:±20% carbon or better) should be located close to the 
DJ A converter to prevent noise pickup. If it is not con
venient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure 3, may be substituted in 

place of the 3.9MOpart. A O.oOlJ.lFto O.OlJ.lF ceramic 
capacitor should be connected (even if GAIN ADJUST 
is not used) from' GAIN ADJUST (pin 22) to COM
MON to prevent noise pickup. Refer to Figure 4 for the 
relationship of zero and gain adjustments .. 

Zero Adjustment 
Apply the digital input code (7FFFH) that produces zero 
output voltage or current. See Table II for corresponding 
codes and the Connection Diagram for zero adjustment 
circuit connections. Zero calibration should be made 
before Gain calibration. 

Gain Adjustment 
Apply the digital input code (OOOOH) that gives the max
imum positive output voltage or current. Adjust the gain 
potentiometer for this positive full-scale voltage or cur-

. rent. See Table II for positive full-scale values and the 
Connection Diagram for gain adjustment circuit connec
tions. 

. 3.9MO l80kO l80ko 

~ =0-_--,,,,.A""'...--r-.III'''''--.I\O 

FIGURE 3 .. Equivalent Resistances. 

... 
~ 

~ INPUT = F FFFH 

.; /. 
z: 
c 

ILSB 

1 

MSBON.ALl 
OTHERS OFF 7FFFH 

. -FULL SCALE 

DIGITAL INPUT 

FIGURE 4. Rehltionship of Zero and Gain 
Adjustments. 

RANGE OF 
GAIN ADJUST 
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TABLE II. Digital Input and Analog Output Relationships. 

Digital OAC710 Current Output Input 
Code III-bit IS-bit 14-blt Units 

lLSB 0.031 0.061 
OOOOH -0.99997 -0.99994 
7FFFH 0.00000 0.00000 
FFFFH +1.00000 +1.00000 

INSTALLATION 
CONSIDERATIONS 

0.122 
-0.99988 
0.00000 

+1.00000 

Due to the extremely high resolution and linearity of the 
DI A converter, system design problems such as grounding 
and contact resistance become very important. For a 16-bit 
converter with a +lOV flill-scale range, lLSB is 1531lV. 
With a load current of SmA, series wiring and connector 
resistance of only 30mO will cause the output to be in erro~ 
by ILSB. To understand what this means in terms of a 
system layout, the resistance of #23 wire is about 0.02101 ft. 
Ignoring contact resistance, less than six inches of wire 
will produce a lLSB error in the analog output voltage! 

In Figures 5, 6, and 7, lead and contact resistances are 
represented by R, through R~. As long as the load resis
tance (RL) is constant, R, simply introduces a gain error 
and can be removed during initial calibration. R3 is part of 
RL, if the output voltage is sensed at COMMON (pin 20), 
and therefore introduces no error. If RL is variable, then R, 
should be less than RLminl 2'6 to reduce voltage drops due 
to wiring to less than ILSB. For example, if RLmin is SkO, 
then R, should be less than 0.080. RL should be located as 
close as possible to the DI A converter for optimum per
formance. The effect of R. is negligible. 

In many applications it is impractical to sense the output 
voltage at pin 20. Sensing the output voltage at the system 
ground point is permissible with the DAC710f711 
because the D 1 A converter is designed to have a constant 
return current of approximatley 2mA flowing from pin 20. 
The variation in this current is under 20llA (with changing 
input codes), therefore R4 can be as large as 30 without 
adversely affecting the linearity of the D 1 A converter. The 
voltage drop across R4 (R. X 2mA) appears as a zero error 
and can be removed with the zero calibration adjustment. 
This alternate sensing point (the system ground point) is 
shown in Figures 5, 6, and 7. . 

Figures 6 and 7 show two methods of connecting the cur
rent output model (DAC710KH) with external precision 
output operational amplifiers. By sensing the output volt
age at the load resistor (i.e., by connecting RF to the output 
of AI at RL), the effect of RI and R, is greatly reduced. RI 
will cause a gain error but is independent of the value of RL 
and can be eliminated by initial calibration adjustments. 
The effect of R, is negligible because it is inside the feed
back loop of the output op amp and is therefore greatly 
reduced by the loop gain. If the output cannot be sensed at 
COMMON (pin 20), or the system ground point as men~ 
tioned above, then the differential output circuit shown in 
Figure 7 is recommended. In this circuit the output voltage 
is sensed at the load common and not at the D 1 A converter 
common as in the previous circuits. The value of R6 and R7 

IlA 
rnA 
rnA 
rnA 

Analog Output 

OAC711 Voltage Output 

lG-blt IS-bit 14-blt 

305 610 1224 
+9.99960 +9.99939 +9.99878 
0.00000 0.00000 0.00000 

-10.0000 -10.0000 -10.0000 

H, 

H, 

TO PIN 23 
+V 

COM ±15VOC 
SUPPLY 

TO PIN 19 
-V 

SYSTer.I GHOUNO POINT 

TO PIN 18 
+V 

of: +5VOC 
IIlF COM SUPPLY 

FIGURE S. Output Circuit for DAC71J. 

SYSTEM GROUND POINT 

+V 
TO PIN 18-+~r---'Il-F-+----'CO:"':Mi 

+5VDC 
SUPPLY 

Units 

IlV 
V 
V 
V 

RL 

R, 

FIGURE 6. Preferred External Op Amp Configuration 
for DAC71O. 

must be adjusted for maximum common-mode rejection at 
RL. Note that if R3 is negligible, the circuit of Figure 7 can 
be reduced to the one shown in Figure 6. Again, the effect 
of R. is negligible .. 
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DAC110 SENSE 
R, OUTPUT 

~ R. 

R, 

TO PIN 23::::~=--==:t;--=~---, R. + R, = R, + R, 

TO PIN 19--~P---'--t~j ___ J 

+V 
TO PIN 181--+-_-1-pf--+--, -CO:';M~ +5VDC 

SUPPLY 

FIGURE 7. Differential Sensing Output,Op Amp Con-
figuration for DAC71O. 

The D / A converter and the wiring to its connectors 
should be located to, provide optimum isolation from 
sources of RFI and EM!. The key concept in elimination 
of RF radiation pickup is small loop area. If a signal lead 
and its return conductor are wired close together, they 
present a small flux-capture cross section for external 
fields. 

APPLICATIONS 
DRIVING AN EXTERNAL OP AMP WITH 
CURRENT OUTPUT D/A'S 

DAC7IOKH is a current output device arid will drive the 
summing junction of an op amp to produce an output 
voltage as shown in Figure 8. Use of the internal feed
back resistor (pin 17) is required to obtain specified gain 
accuracy and low gain drift. 

DAC710KH can be scaled for any desired voltage range 
with an external feedback resistor at the expense of 
increased drift with temperature. The resistors in the 
DAC7IOKH ratio track tQ ±Ippm/oC but their absolute 
TCR may be as high as ±50ppm/oC. 

An alternative method of scaling the output voltage of 
the D / A converter and 'preserving the low gain drift is 
shown in Figure 9. 

OUTPUTS LARGER THAN 20V RANGE 
For output voltage ranges larger than ±IOV, a high volt
age op amp may be employed with an external feedback 
resistor. Use an lOUT value of ±lmA to calculate the out
put voltage range (see Figure 10). Use protection diodes 
as shown when a high voltage op amp is used. 

IOkO 

-lmA 
TO 

+lmA 

FIGURE 8. External Op Amp Using Internal Feed
back Resistors (DAC710). 

OR .. R. TCR < ±lOppm/'C 

FIGURE 9. External QP Amp Using Internal and 
ExternalFeedback,Resisto~s to Maintain 
Low Gain Drift (DAC7JO). 

IOkO 

-lmA 
TO 

+lmA 
VOUT 

FIGURE 10. External Op Amp Using External Feed
back Resistors (DAC7IO). 

ORDERING INFORMATION. 
Model Package Temp., Range , Output 

DAC,710KH Hermetic Ceramic O'C to +70'C Current,±1mA 
DAC711KH Hermetic Ceramic O'C to +70'C Voltage. ±10V 

. I, 
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BURR-BROWN@ 

IElElI DAC800 
DAC800P 

Integrated Circuit 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• LOW COST HIGH RELIABILITY SINGLE-CHIP 

REPLACEMENT FOR INDUSTRY STANDARD DAcao 

• 12-BIT RESOLUTION 

• ±1I2LSB MAXIMUM NONLINEARITY, DoC to HO°C 

• GUARANTEED MONOTONICITY, DoC to HO°C 

• DUAL-IN-LiNE PACKAGE WITH INDUSTRY STANDARD 
(DACaO) PINOUT 

• HERMETIC PACKAGE (optional) 

• TWO PACKAGE OPTIONS: hermellc side-brazed and 
molded plasllc 

• GUARANTEED SPECIFICATIONS WITH ±12V AND 
±15V SUPPLIES 

DESCRIPTION 
The DAC800 is a third-generation monolithic 
Integrated Circuit that is a pin-for-pin equivalent to 
the industry-standard DAC80 first introduced by 
Burr-Brown. It has all of the functions oJ its 
predecessor plus faster settling time and enhanced 
reliability because of its monolithic construction. 
The current output model ofthe DAC800 is a single
chip integrated circuit containing a subsurface zener 
reference diode, high speed current switches, and 
laser-trimmed thin-film resistors. The DAC800 
provides output voltage ranges ·of ±2.5V, ±5V, 
±IOV,O to +5V, 0 to +IOV (V models) or output 
current ranges of ±1.I75mA or 0 to -2.35mA (I 
model). 
This high accuracy converter offers a maximum 
nonlinearity error· of ±lj2LSB, ±30ppmj"C max-

imum gain drift and guaranteed monotonicity, all 
overO·C to +70·C. In the bipolar configuration, total 
drift is guaranteed to be less than 25ppm of FS Rj ·C. 

The DAC800 is in a 24-pin dual-in-line package with 
the popular DAC80 pinout. Two package options 
are available: a hermetic ceramic side-brazed pack
age and a low-cost molded plastic package. 

For designs that require a wide temperature range, 
see Burr-Brown models DAC850 and DAC851. 

VOLTAGE MODEL 

8.3V REF OUT 

GAINAOJUST 

+VCC 

COMMON 

SUMMING JUNCTION 

20VRANGE 

IOVRANGE 

BIPOLAR OFFSET 

REF INPUT 

VOUT 

.VCC 

lOGIC SUPPLY 

Patents pending may apply upon the allowance and issuance of patents 
thereon. The product may also be covered in other countries by one, or' 
more international patents. 

Inlernational Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85134· Tel. 16021 146-1111 • Twx: 911).952·1111 • Cable: BBRCORp· Telex: 66-6491 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +2S"C and ±Vcc = t2V or ISV unles. otherwl.e noted. 

MODEL DACIDO. DACIDOP 

PARAMETER MIN TYP MAX UNITS 

DIGITAL INPUT 
Resolution 12 bits 
Logic Levels 

(over spec. temp. range)'" 
VIH (Logic ''1'') +2 16.5 VOC 
VIL (Logic "0") 0 +0.8 VOC 
IIH WIN = +2.4V) +20 pA 
IlL (VIN = +O.4V) -0.36 mA 

ACCURACY 
Linearity Error at 25° C ±1/4 ±112 LSB 
Differential Linear'lty Error ±1/2 +1, -3/4 LSB 
Gain Error'!' ±O,1 ±0.3 % 
Offset Error'tI ±O.OS ±D.15 %otFSR/31 

POWER SUPPLY SENSITIVITY 
+15V and +5V Supplies ±O.OOOI ±O.OO1 % of FSRlDfoVcc 
-15V Supply ±0.003 ±O.OO6 0/0 of FSR/%Vcc 

DRIFT4'(O°C to +70°C) 
Bipolar Drift (±full-scate drilt 

for the bipolar connection) ±10 
Total Error Over DOC to -I-70°C 

±25 ppm ali FSRr c 

Unipolar ±D.06 ±O.15 %ofFSA 
Bipolar ±0.05 ±O.12 %ofFSR 

Gain ±10 ±30 ppm/DC 
Unipolar Offset ±1 ±3 ppm of FSR/o C 

Bipolar Offset ±7 ±15 ppm of FSRI"C 
Differential Lin~arity DOC to +70°C ±112 +1, -7/8 LSB 
Linearity Error O·C to +70·C ±1/2 LSB 
Monotonicity Temp. Range. min 0 f70 "C 

CONYERSION SPEED, V models 
Settling Time to ±O.01% of FSR 

For FSR Change 
20V range, 2kO load 3 5 ps 
10V range. 2kO load 2.5 4 .ps 

For 1LSB Change, Major Carry. 
2kO load 1.5 ps 

Slew Rate. 2kO load 10 15 VIps 

CONVERSION SPEED. I model 
Setlling Time to ±O.01% of FSA 

For FSR Change 
100 to 1000 load 300 ns 
1kO load 1 ps 

ANALOG OUTPUT, V models 
Ranges (±Vcc = 15V) ±2.5. ±5. ±10. a t~ +5. 0 to +10 V 
Output Current!" ±5 mA 
Output Impedanco (DC) 0.05 Il 
Short Circuit to Common. Duration Indefinite' 

ANALOG OUTPUT. I model 
Ranges: Bipolar ±0.88 ±1.175 ±1.47 mA 

Unipolar o to -1.76 Oto -2.35 o to -2.94 mA 
Output Impedance: BipOlar 3.1 kll 

Unipolar I 7.2 kll 
Compliance ·-2.5 +2.5 .. V 

REFERENCE VOLTAGE OUTPUT +6.23 +6.30 +6.37 V 
Current (for external loads), Source 1.5 2.5 mA 
Tempco of Drift ±10 ±30 ppm/GC 

POWER SUPPLY REQUIREMENTS 
±Voc ±11.4 ±15 ±16.5 VOC 

VDD m +4.5 +5.0 +16.5 VOC 
Supply Drain 

""15V. -15V (no load) +8, -20 +12, -25 mA 
+5V (logic supply) +7. +10 mA 

TEMPERATURE RANGE 
Specification 0 +70 "C 
Operatinglll -25 +85 "C 
~torage, DAC800P -60 +100 "C 

OAC800 -65 +150 "C 
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MECHANICAL 

DAC800 
NOTE: 

24 13 
Leads In true position 
within 0.010". (0.2Smm) 0 R at MMC at seating plane. 

,1 12 Pin numbers shown lor 
relerence only. Numbers 

L .F--J~I may not be marked on kage. 
A package. 

. NT{ 

iJ ~ 
I Jmtmtmtn L-LoJ L s:~ I\-. I 

jM. H G Plane I- L 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1.185 1.215 30.10 30.86 
C .105 .170 2.67 4.32 
0 .015 .021 0.38 0.53 CASE: Ceramic 
F .035 .060 0.89 1.52 MATING CONNECTOR: 
G .100 BASIC 2.54 BASIC 0245MC 
H .030 .070 0.76 1.78 

WEIGHT: 4.1 grams J .008 .012 0.20 0.30 
K .120 .240 3.05 6.10 

(O.ISoz.) 

L .600 BASIC 15.24 BASIC 
M .. 10" .. IO-
N .025 .060 0.64 1.52 

DAC800P 

0, . i·1 NOTE: 

. '. , I Leads in true posi-o 0 J' tion within 0.010" 
. (0.2Smm) R at 
MMC at seating 

Pin 1" plane. 

1 

I~C:HES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1.233 1.283 31.32 32.59 
B .638 .675 13.67 14.61 
C .189 .224 4.29 5.88 
0 ,OUi .023 0.38 0.68 
F .043 .082 1.09 1.67 
G .100 BASIC 2.64 BASIC 
H .030 .080 0.76 2.28 
J .008 .015 0.20 0.38 
K .100 .132 2.6" 3.35 
L .800 BASIC 16.24 BASIC 
M 0' 16' 0' 15' 
H .018 .022 0.46 0.58 

NOTES: 
(1) ReIer to Logic Input Compatibility. 

CASE: Plastic 
MATING CONNECTOR: 

024SMC 
. WEIGHT: 3.7 grams 

(0.13 oz.) 

(2) Adjustable to zero with external trim potentiometer. 
(3) FSR means "Full·Scale Range·· and .is 20V lor ±10V range. ±10V lor 

±5V range, etc. , , 
(4) To maintain drift spec internal feedback resistors must be used for 

current output models. 
(5) Includes the effects of gain, offset and linearity drift. Gain and offset 

errors are adjusted to zero at +25°C. 
(6) For operation 01 V models with supply voltag.s 01 less than ±13VDC, 

load current must'be limited JO ±1m~ n:-ax. 
(7) Power dissipation is an additional100mW, max, when Voe is operated 

at+1SV. 
(8) Max operating temperature lor DAC800P is HO'C. 



CONNECTION DIAGRAMS 

Voltage Models 

PIN ASSIGNMENTS 

PIN 
I MODEL NO. 

,MSB, BIT 1 
BIT2 
BIT3 
BIT4 
BIT 5 5 
BIT6 6 
BIT7 7 
BIT8 8 
BIT9 9 

BIT 10 10 
BIT 11 11 

ILSBI BIT 12 12 
LOGIC SUPPLY. Vee 13 

-Vee 14 
lOUT 15 

REF. INPUT 16 
BIPOLAR OFFSET 17 

SCALII\IG NETWORK 18 
SCALING NETWORK 19 
SCALING NETWORK 20 

COMMON 21 
+Vee 22 

GAIN ADJUST 23 
6.3V REF. OUT 24 

~ 
BIT 1 ,MSB, 
BIT2 
BIT3 
BIT4 
BITS 
BIT6 
BIT7 
BIT8 
BIT9 
BIT lO 
BIT 11 
BIT 121LSBI 

101m 
10 

IOOkll 

+Vcc 

LOGIC SUPPLY. Vee 
-Vee 
VOUT 
REF. INPUT 
BIPOLAR OFFSET 
10VRANGE 
20VRANGE 
SUMMING JUNCTION 
COMMON 
+Vee 
GAIN ADJUST 
6.3V REF. OUT 
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Current Model 

NOTES: 

1. DAC80 which may be replaced by DAC800 requires a 33Mn,resistor. 
DAC800 requiresa 10Mn resistor. DAC80's may also be operated with a 
10Mn resistor resulting in increased trim range. 

2. Pin 16 of DAC800 is used only to connect the bipolar offset resistor. An 
external reference volt,age may not be used with CACaOO as is possible 
withDAC80. 

3. If connected to +Vcc. which is permissible, power dissipation 
increases 75mW typ, 100mW max. 

4. For fastest settling time connect pins 19, 18, and 15 together. 

5. Values shown are for ±15V supplies. For supplies below ±13.5V use 
2.7Mn in place of 3.9Mn and 7.5Mn in place of 10mn. 

ORDERING INFORMATION 

Model Output Package 

DAC800-CBI-1 Current Side-braze 

DACeOO-CBI-V Voltage Side-braze 

DAC800P-CBI-I Current Molded 
plastic 

DACeOOP-CBI-V Voltage Molded 
plastic 



DISCUSSION QF 
SPECIFICATIONS 
DIGITAL INPUT CODES 
The DAC800 accepts complementary binary digital 
input codes. The CBI model. may be connected by the 
user for aily cine of three complementary codes; CSB, 
CTC, or COB. 

TABLE I. Digitallnput·.Codes. 

DIGITAL INPUT ANALOG OUTPUT 

CSB COB CTC' 
Compl.· ·Compl. Compl. 

MSB· LSB Straight Offset Two's 

l l Binary Binary Compl. 

000000000000 +Full Scale +Full Scale -1LSB 
01111'111111 +1/2 Full Scale Zero -Full Scale 
100000000000 1/2 Fuli Scale -1LSB -1LSB +Full Scale 

111'1111111' Zero -Full Scale Zero 

"Invert the MSB of the COB code with an externalln"e"er to obtain 
CTCcode. 

ACCURACY 
. Linearity of a D/ A converter is the true measure of its 
performance. The linearity error of the DAC800 is 
specified over its. entire temperature range. This means 
that the analog output will not vary by . more, than 
±1/2LSB, maximum; from an ideal straight line drawn 
between the end points (inputs all, "I "s and all "O"s) over 
the specified temperature range ofO°C to +70°C .. 
Differential linearity 'error of aD/ A converter is the 
deviation from an ideal I LSB v'oltage change from one' 
adjacent output state to the next. A differential linearity 
error specification of ± 1/2LSB means that the output 
voltage step sizes can range from li2LSB t03/2LSB 
when the input changes from one adjacent input state to 
the next. . 

Monotonicity over a O°C to +70°C range is guaranteed in 
the DAC800 to insure that the analog output will increase 
or remain the same for increasing input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per °C (ppm/"C). Gain Drift is established by: I) 
testing the end point differences for each DAC800 model 
at O°C, +25°C and +70"C: 2) calculating the gain change 
with respect to the +25°C value and; 3) dividing by the· 
temperature change. This figure is expressed in ppmj"C. 

Offset Drift is a measure of the change in output with all 
"I "s on the inputs over the specified temperature range. 
The Offset is measured at O°C, +25°C and +70°C. The 
maximum change in Offset is referenced to the Offset at 
+25°C and is divided by the temperature change. This 
drift is expressed in parts per million of full scale range 
per °c (ppm of FSR/"q. 

6-126 

Bipolar Drift is a measure of the change in plus or minus 
full-scale output over the specification temperature range 
for the bipolar connection. Because Bipolar Offset Drift 
and Gain Drift have canceling interactions, Bipolar Drift 
is not simply the sum of the two. Total bipolar error over 
temperature.is. calculated using .Bipolar Drift, then 
adding ±1/2LSB of linearity error. 

SETTLING TIME 
Settling time is the total time (including slew time) 
required for the output to settle within an error band 
around its final value after a change in input (see Figure I). 
Voltage Output Models: Three settling times are specified 
to ±0.01% of full-scale range (FSR); two for maximum 
full-scale range changes of20V, lOY, and one for it ILSB 
change. The I LSB change is measured at the major carry 
(0111...11 to 1000 ... 00), the point at which the worst case 
settling time occurs. 

Current Output Model: Two settling times are specified 
to ±9.01% of FSR. Each is given'for the current model 
connected with two different resistive loads: IOn to lOon 
and 1000n. Internal resistors are provided for connecting 
a nominal load resistance of approximately looon for 
output voltage ranges of±IV and 0 to -2V . 

3 

{[V~dT. 1/ 
~ lJ!el~ ", ~ ~ 0.3 

~~ 
g -! 0.1 
w" 
"en ,,= 
~ ~ 0.03 

~~ ._ C 

lL ~ 0.01 

:f 
0.003 

0.001 
0.1 

\ 

\' , 
Rl = lOll 
to 10011 

JLlIJ 
1~kntefdp~clk, 

~~5k~1 JJdTIl 

~ 
Rl= ~ 
100011 ~ 

~ 

~ ..... 100 ~ 
10 

Settling Time ,,,sec, 

.... 
100 

FI G U REI. Full-Sc~le Range Settling Time vs Fimil 
Value,Error Band. 

COMPLIANCE 
Complian<;e voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The inaximum compliance voltage of 
all current output models is -2.SV to +2.5V. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/ A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive, negative, or logic supplies about the 
nominal power supply voltages (see Figure 2). 



" " 0.0 > 
.S 

1 
cc ~ncc .. 

'" c .. 
.c 
0 
'0 

" " ~ 0.00 " 
1 Voo 

1 
11. 

:;; 
a. 

2 
aU 
a: 

I 

~ 
'" u. 

1 ./ ./ 2 0.000 
ii 1 10 lk 100 10k lOOk 1M 10M 
~ :. . Frequency I Hz I 

FIGURE 2. Power Supply Rejection vs Power Supply 
Ripple. 

REFERENCE SUPPLY 

All DAC800 models have an on-chip +6.3 volt reference. 
This voltage (pin 24) has a tolerance of±l% and must be 
connected to the Reference Input (pin 16) for specified 
operation. Pin 16 is used only to corinect the bipolar 
offset resistor. An external reference may not be used 
with DAC800. See Connection Diagrams. The reference 
voltage may be used to supply external circuits with 
2.5mA of current . (typical) in addition to the ImA 
required by the bipolar offset circuit. 
If a varying load is to be driven. an external buffer 
amplifier is recommended to. drive the load in order to 
isolate bipolar offset from load variations. Gain and 
bipolar offset adjustments should be made under constant 
load conditions. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

Decoupling: For optimum performance .and noise 
rejection, power supply decoupling capacitors should be 
added as shown in the Connection Diagrams. These 
capacitors (I~F tantalum or electrolytic recommended) 
should be located close to the DAC800. Electrolytic 
capacitors, if used, should be paralleled with O.OI~F 
ceramic capacitois for best high frequency performance. 

±12V OPERATION 

The DAC800 is fully specified for operation on ±12V 
power supplies. However, to use the ±IOV and 0 to + IOV 
ranges of the voltage output models, the power supplies 
must be ±13V or greater. All other voltage output ranges 
and all <;urrent output ranges provide satisfactory opera
tion with' ±ll.4V supplies. The supplies should be bal
anced to obtain optimum performance. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and Gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these poten
tiometers as shown in the connection diagrams and 
adjust as described below. TCR of the potentiometers 
should be 100ppm/"C or less. The 3.9MO and IOMO 
resistors (20% carbon or better) should be located close to 
the DAC800 to prevent noise pick-up. For operation 
with supplies of less than ±13.5V, use 2.7MO and 
7.5MO resistors in place of the 3.9MO and IOMO resis
tors, respectively. If it is not convenient to use these high 
value resistors, an equivalent "T" network, as shown in 
Figure 3, may be substituted in each case. The Gain 
Adjust (pin 23) is a high impedance point and a O.OOIILF 
to O.OIILF ceramic capacitor should be connected from 
this pin to Common (pin 21) to reduce noise pick-up. 
Figures 4 and 5 illustrate the relationship of Offset and 
Gain adjustments to unipolar and bipolar Df A conver
ter output. 

~ ... 
7.5MO OR 1DMO 

o--.Nv--O ... 
2.7MO OR 3.9MO 

270kn 270kn 

~ 
180kn -=- ISOkn 

~ 
FIGURE 3. Eq4ivalent Resistances. 

Offset Adjustment: For unipolar (CSB) configurations, 
apply the digital input code that should produce zero 
potential outp'ut and adjust the Offset potentiometer for 
zero output. 

+FULLSCA",~t- _,;l.. 
5 tLSS .1~:":~T 
== ~ , .... *'/ 

RANGE OF 
GAIN ADJ. 

::0 ..... ~ .. 
~ bl!i ALLBITS ~ .. ' 
co ..... LOGIC I 0,,1' ;1 RANGE OF :5 a: .?'" GAIN ADJ. 
.. OFFSET ADJ. "'11' ,,# ROTATES 
OFFSET ADJ. ~.k THE LINE 
TRANSLATES 
THE LINE f .DIGITAL INPUT 

ALL BITS 
LOGIC 0 

FIG U R E 4. Relationship ofOffse! and Gain Adjustments 
for a Unipolar Df A Converter. 

+FULL' L 
SCALE/; - 'RANGE OF 

... /)' T GAIN ADJ. 

... 1}\~ GAIN ADJ. 
ALL BITS /~;/ ROTATES 
LOGIC I "'H-,"*"T-'.-.HtcI' ~"""'H-"" THE LINE· 

BIPOLARV /% 
RANGE OF OFFSET J,!f, 
OFFSET ADJ'l ' I 

OFFSET ADJ. /. . ·FULL SCALE 
TRANSLATES . 
THE LINE T DIGITALINPUT 

ALL BITS 
LOGIC 0 

OFFSET 

FIGURE 5. Relationship of Offset and Gain Adjustments 
for a Bipolar Df A Converter. 
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For bipolar (COB, CTC) configurations, apply the 
digital input code that should· produce the maximum 
negative output voltage and adjust the Offset poten
tiometer for minus full-scale voltage. Example: If the Full 
Scale Range is connected for 20V, ·the maximum negative 
output -voltage is -IOV. See Table II for corresponding 
codes and the Connection Diagrams for offset adjustment 
connections. Offset should be adjusted prior to gain. 

Gain Adjustment: For either unipolar or bipolar con
figurations, apply the digital input that should give the 
maximum positive voltage output. Adjust the Gain 
potentiometer for this positive full-scale voltage. See 
Table II for positive full-scale voltages and the Con
nection Diagrams for gain adjustment connections. 

TABLE II. Digital Input! Analog Output. 

Analog Output 

Digital Input Voltage- Current 

MSB LSB 010 +10V ±10V 010 -2mA , , 
000000000000 +9.9976V +9.9951V -1.9995mA 
011111111111 +5.OOOOV O.OOOOV -l.0000mA 
100000000000 +4.9976V -O.OO49V -O.9995mA 
1111"111111 O.OOOOV -10.OOOOV O.OOOOmA 

One LSB 2.44mV 4.88mV 0.4BI!jIA 

-To obtain values for other binary ranges: 
o to +5V range: divide 0 to +10V range values by 2. 
±5V range: divide ±10V range values by 2. 
±2.5V range: divide ±10V range values by 4. 

VOLTAGE OUTPUT MODELS 

Output Rangfi! Connections 

±lmA 

-O.9995mA 
a.oaOOmA 

+O.OOO5mA 
+1.0000mA 

0.4BI!jIA 

. Internal scaling resistors provided in the DAC800 may be 
connected to produce bipolar output voltage ranges of 
± IOV, ±5V or ±2.5V or unipolar output voltage ranges of 
o to +5V or 0 to + IOV. See Figure 6. 

5.36kn 
REF. INPUT ·16 ""'.,... ----

SUMMING 
.JUNCTlON· 

20 18 
FROM WEIGHTED 
RESISTOR 
NETWORK _ $ __ j __ 4;_~_ .... _n_ 

17 BIPOLAR 
OFFSET. 

21 COMMON 
~ ... 
19 

OUTPUT 
15 

",. RESISTOR TOLERAMCES ±Z5% 

FIGURE 6. Output Amplifier Voltage Range Scaling 
Circuit. 

TABLE III. Output Voltage Range Connections
Voltage Model DAC800 .. 

Output Digital Connect Connect Connect Connect 
Range Inpul Codes Pin 15 to Pin 17 to Pin 19 to Pin 1610 

±IO COBorCTC 19 20 IS 24 
±S COB or CTC 18 20 NC 24 

±2.SV COB or CTC 18 20 20 24 
O.o+IOV CSB 18 21 NC 24· 
O.o+SV CSB 18 21 20 24 

Gain and offset drift are minimized because of the 
thermal tracking of the scaling resistors with other device 
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components. Connections for various output voltage 
ranges are shown in Table III. Settling time for a full-scale 
range change is specified as 3"sec for the 20-volt range 
and 2.5"sec for the· IO-volt range. 

. CURRENT OUTPUT MODEL 
The resistive scaling network and equivalent output 
circuit ofthe current model differ from the voltage model 
and are shown in Figures 7 and 8. 

5.36kn 
REF. INPUT 18 -.-,.., ..... ------ 17 

2.55kn 1.71kn 
18J~~"~V""'--~~~ 11 

4.ZBkn 
15 L-______ m 

RnlllDr lol.rancH ±Z5% 

FIGURE 7. Internal Scaling Resistors. 

Internal scaling resistors (Figure 7) are provided to scale 
an external op amp or to configure load resistors for a 
voltage output. These connections are described in the 
following sections. 

If the internal resistors are not used for voltage scaling, 
external RL (or RF) resistors should have a TCR of 

OTO 
2.35mA 
±Z5% 

.,POLAR OFF8ET 

l..-"!:!!.!.!.-418 lIEF. INPUT 

.--+----' 15 'oUT 

FIGURE 8. Current Output Model Equivalent 
Output Circuit .. 

±25ppm/"C or less to minimize drift.. This will typically 
add ±50ppm/"C plus the TCR of RL' (or RF) to the total 
drift. . 

Driving a Reslstl.ve Load Unipolar 

A load resistance, RL = RLI + RLS, connected as shown in 
Figure 9 ~i11 generate a voltage range, VOUT, determined 
by: 

( Rio x 7.2kO) 
VOUT = -2.35mA RL + 7.2kO 

~~--~--~----~~------~+ 

VOUT 

FIGURE 9. Current Output Model Equivalent Circuit 
Connected for Unipolar Voltage Output 
with Resistive Load. 



To achieve specified drift, connect the internal scaling 
resistor (Ru) as shown to an external metal film trim 
resistor (RLS) to provide full-scale output voltage range of 
o to -2V. If the internal resistors are not used, external RL 
(or RF) resistors should have a TCR of ±25ppm/"C or 
less to minimize drift. This will typically add ±50ppm/"C 
plus the TCR of RL (or RF) to the total drift. Tolerances 
on internal equivalent resistors are wide. Rl.s will have to 
be selected for each unit. 

Driving a Resistive Load Bipolar 

The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 10; RI. = RI.I + RLS. VOUT is 
determined by: 

V .=+1175 A(RI.X3.07ko.) 
nUl _. m RI. + 3.07ko. 

To achieve specified drift, connect 1.71ko. and 2.55ko. 
internal scaling resistors in parallel (Ru) and add an 
external metal film resistor (RLS) in series to obtain a full-

FIGURE 10. Current Output Model Connected for 
Bipolar Output Voltage with Resistive 
Load. 

scale output range of ± I V. The tolerances on the 
internal equivalent resistors are wide. Rl.s will have to he 
selected for each unit. . 

Driving An External Op Amp 

The current output model DAC800 will drive the 
summing junction of an op amp used as a.current to 
voltage converter to produce an output voltage. See 
Figure I I. 

4.26kll 

4.26kll 

I 
010 
2.35mA 

20V RANGE 

7.2kll 

FIGURE II. External Op Amp - Using Internal 
Feed back Resistors. 

o 
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VOUT = lOUT X RF 

where lOUT is the DAC800 output current and RF is the 
feedback resistor. Using the internal feedback resistors of 
the current output model DAC800 provides output 
voltage ranges the same as the voltage model DAC800. 
To obtain the desired output voltage range when 
connecting an external op amp, refer to Table IV. 

TABLE IV. Voltage Range of Current Output DAC800. 

Output Digital Connect Connect Connect Connect 
Range tnput Codes @to Pin 17 to Pin 19to Pin 1610 

±10V COBorCTC 19 15 0 24 
±5V COBorCTC 18 15 NC 24 

±2.5V COB or CTC 18 15 15 24 
a to +10V CSB 18 21 NC 24 
O10;'5V CSB 18 21 15 24 

Output Larger Than 20V Range 

For output voltage ranges larger than ±IOV, a high 
voltage op amp may be employed with an external 
feedback resistor. Use lOIn values of± 1.175mA ±25% for 
bipolar voltage ranges and -2.35mA ±25% for unipolar 
voltage ranges. See Figure 12. Use protection diodes 
when a high voltage op amp is used. 

VOUT 

21 
'--------·FOR OUTPUT VOLTAGE SWINGS UP TO 140V Pi!. 

FIGURE 12. External Op Amp - Using External 
. Feedback Resistors. 

The feedback resistor, RF, should have a temperature 
coefficient as low as possible. Usingan external feedback 
resistor, overall drift of the circuit increases due to the 
lack of temperature tracking between RF and the internal 
scaling resistor network. This will typically· add 50 
ppm/"C + RF drift to total drift. ' 

LOGIC INPUT COMPATIBILITY 

DAC800 digital inputs are TTL, LSTTL and 54/74HC 
CMOS compatible over the operating range of VOl>, +5 
to +15V. The input switching threshold remains at the 
TTL threshold over supply range of Voo, +5V to + 15V. 

Logic "0" input current over temperature is low enough 
to permit driving DAC800 directly from outputs of 
4000B and 54/74C CMOS devices over the logic power 
supply range of +5V to + 15V. 



BURR-BROWN® 

IElElI DAC811 

Microprocessor-Compatible 
12-BIT DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• SINGLE INTEGRATED CIRCUIT CHIP, 
• MICROCOMPUTER INTERFACE: DOUBLE·BUFFERED 

LATCH 
• VOLTAGE OUTPUT: ±10V, ±5V, +10V 
• MONOTONICITY GUARANTEED OVER TEMPERATURE 
• ±1I2LSB MAXIMUM NONLINEARITY OVER 

TEMPERATURE 
• GUARANTEED SPECIFICATIONS AT ±12V AND ±15V 

SUPPLIES 
• TTL/f'V CMOS·COMPATIBLE LOGIC INPUTS 

DESCRIPTION 
The DAC811 is a complete single-chip integrated 
circuit microcomputer-compatible l2-bit digital-to
analog converter. The chip includes a precision 
voltage reference, microcomputer interface logic, 
double-buffered latch, and a l2-bit D / A converter 
with a voltage output amplifier. Fast current switches 
and a laser-trimmed thin-film resistor network 
provide a highly accurate and fast D / A conv.erter. 

Microcomputer interfacing is facilitated by a double
buffered latch. The input latch is divided into three 
4-bit nybbles to permit interfacing to 4-, 8-, 12- or 
16-bit buses and to handle right- or leftiustified 
data. The 12-bit data in the input latches is trans
ferred to the D / A latch to hold the output value. 

Input gating logic is designed so that loading the last 
nybble or byte of data can be accomplished simultan
eously with the transfer of data (previously stored in 
adjacent latches) from adjacent input latches to the 
D / A latch. This feature avoids spurious analog 
output values while using an interface technique that 
saves computer instructions. 

The DAC81I is laser trimmed at the wafer level and 
is specified to ±1/4LSB maximum linearity error (B, 
K, and S grades) at 25°C and ±1/2LSB maximum 
over the temperature range. All grades are guaran
teed monotonic over the specification temperature 
range. 

The DAC81I is available in six performance grades 
and three package types, as well as offering environ
mentally screened versions for enhanced reliability. 
DAC81IJP and KP are specified over the tempera
ture range of O°C to +70°C; DAC81IA and Bare 
specified over -25°C to +85°C; DAC811R and S are 
specified over -55°C to +125°C. DAC81IJP and KP 
are packaged in a reliable 28-pin plastic molded. 
package, while DAC81IA, B, R, and S are available 
in either a 28-pin O.6-inch wide dual-in-line hermeti
cally-sealed ceramic side-brazed package (H pack
age) or a 28-terminal 0,45-inch square hermetically
sealed ceramic lead less chip carrier (L package). 

4-MSB's 4-LSB's 

Inlernalional Alrporllnduslrlal Park - P_O_ Box 11400 - Tucson_ Arizona B5734 - Tel. (6021.746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-S03C 
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SPECIFICATIONS 
ELECTRICAL 
TA = +25°C. ±Vcc = 12V or 15V unless otherwise noted. 

MODEL I DAC811A,JP DAC811B, KP DAC811R i DAC811S 

PARAMETER I MIN TYP MAX MIN I TYP I MAX MIN i TYP MAX MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 

lsa, aoJ 
Resolution 12 Bits 

Codeslll 

Digital Inputs Over Temperature Aangel21 

V" +2.0 +15 vac 
V" 0.0 +O.B vac 
IrHI V, = +2.7V +10 pA 
hL. V, = +O.4V ±20 pA 

Digital Interface Timing Over Temperature Range 
twP, WR pulse width 50 nsec 
tAw1. Nx andLD'AC valid to end ofWA 50 osec 
tow. data valid to end of WR ' BO osec 
tDH. data valid hold time 0 +10 nsec 

TRANSFER CHARACTERISTICS 

ACCURACY 
LInearity Error ±1/4 ±112 ±1I8 ±1I4 ±1I4 ±1/2 ±1I8 ±1/4 LSa 
Differential Linearity Error ±1I2 ±3/4 ±1I4 ±1/2 ±1/2 ±3/4 ±114 ±1/2 LSa 
Gain Error':lI ±0.1 ±O.2 q; 

Offset Error'3,~ ±0.05 ±O.15 IMIofFSR'51 

Monotonlclty Guaranteed 
Power Supply Sensitivity. +Vcc ±O.OOI ±0.003 % 0' FSRI%Vcc 

-Vee ±0.OO2 ±0.OO6 % of FSR/%Vcc 

V" ±0.OOO5 ±0.OOI5 "'of FSRl'itVDO 

DRIFT (over specification temperature range) 
Gain ±10 ±30 ±io ±20 ±15 ±30 ±15 ±30 ppm/"C 
Unipolar Offset ±5 ±10 ±5 ±7 ±5 ±10 ±5 ±7 ppm of FSR/oC 

Bipolar Zero ±5 ±10 ±5 ±7 ±5 ±10 ±5 ±7 ppm of FSRrC 
linearity Error Over Temperature Range ±1I2 ±3/4 ±1I4 ±112 ±1I2 ±3/4 ±114 ±112 Lsa 
Monotonicity Over Temperature Range Guaranteed 

CONVERSION SPEED 

SETTLING TlMEI8I (to within ±O,01% of FSR of 
final value: 2kn load) , 

For Full Scale Range Change. 20V Range 3 4' psec 
10V Range 3 4 psec 

For 1LSB <;:hange at Major Carryl?1 1 , psec 

Slew Rate'eJ 8 12 V/psec 

OUTPUT 

ANALOG OUTPUT 
Voltage Range (±Vcc = 15V)I8I, Unipolar Oto+10 V 

Bipolar ±5,±10 V 
Output Current ±5 mA 
Output Impedance (at DC) 0.2 n 
Short Circuit to Common Duration Indefinite 

REFERENCE VOLTAGE 
Voltage 

+6.21 +6.3.J 
+6.4 V 

Source Current Available for External Loads +2.0 mA 
Temperature Coefficient ±10 ±30 ±10 ±20 ±10 ±30 ±10 ±20 ppml"C 
Short Circuit to Common Duration Indefinite 

POWER SUPPLY REQUIREMENTS 

Voltage. +Vcc +11.4 +15 +18.5 vac 
-Vee -11.4 -15 -18.5 vac 

V,. +4.5 +5 +5.5 vac 
Current (no load), +Vcc +16 +25 mA 

-Vee -23 -35 mA 

V" +8 +15 mA 
f'0tentlal at DCOM with Respect to ACOM11l ±0.5 V 
Power Dissipation 825 . 800 mW 

TEMPERATURE RANGE 

Specification: J, K 0 +70 ·C 
A,a -25 +65 .·c 
R,S -55 +125 ·C 

Storage: J. K -60 +100 ·c 
A.B,R.S -65 +150 ·c 

·Same as specification to Im,medlate left. , 

NOTES: (I) USB = Unipolar Straight Binary; BOB = Bipolar Offset Binary. (2) Refer to Logic Input Compatibility section. (3) Adjustable to zero with external 
trim potentiometer. (4) Error at Input code 000,. for both unipolar and bipolar ranges. (5) FSR means Full Scale Range and is 20V for the ±IOV range. (6) Maxi
mum represents the 30' limit. Not 100% tested for this parameter. (7) At the mejor carry, 7FF" to 800,. and 800,. to 7FF,.. (6) Minimum supply voltage required for 
±10V output swing is ±13.5V. Output swing for ±11.4V supplies Is at least -6V to +6V. (9) The maximum voltage at which ACOM and DCOM may be separeted . 
without affecting accuracy specifications. 
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TIMING DIAGRAMS .......... ·r".,.~=" 
N.: No: rrc . _ 

DBn-DBo 

Write Cycle #1 

MECHANICAL 

H PACKAGE 

[: 0 :::JE;::;:E-I. A Fj~I"- package.· 

~j"IO t I J J~-~- L } H . Q L 

NOTE: 
. Leads in true position within .010" 

(.25mm) R at MMC at seating plane. 

CASE: Ceramic. hermetic 
MATING CONNECTOR: 2803MC 
WEIGHT: 4.8gm (0.170z) 

P PACKAGE 

NOTE: 
Leads in true position within .010" 
(.25mm) Rat MMC at seating plane. 

CASE: Ceramic. hermetic 
MATING CONNECTOR: 2803MC 
WEIGHT: 4.3gm (0.150z) 

(LOAD SECOHD RAHK~F:M FIRST RAH~~ H~" H •• He =J 
LDAC / 

~ ___ :..J 

~~J ___ L __ 
_W_r_i_te_C_y_C_I_e_#_2 ___ -/~. -------- :1::----

WR 

ABSOLUTE MAXIMUM RATINGS 
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+Vee ................................ O to +18V 
-VedO ACOM ...................... 0 to -18V 
Voo to DCOM ........... , ............ 0 to +7V 
Voo to ACOM ............................. ±7V 
ACOM to DCOM ................ ; ........ ±7V 
Digital Inputs (pins 2-14, 16-19) 

to DCOM ...................... -O.4V to +18V 
External Voltage Applied 

to lOY Range Resistor ................... ±12V 
REF OUT ............ Indefinite short to ACOM 
External Voltage Applied 

to DAC Output. . . . .. . . . . .. . .. ... -5V to +5V 
Power Dissipation. . . . . . . . . . . . . . . . . . . .. 1000m W 
Operating Temperature: .. 

AH, BH .................... -25°C to +85°C 
RH, SH .................... -55°C to +125°C 

Storage Temperature ............ -65°C to +150°C 
NOTE: ·Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. Exposure to absolute 
maximum conditions for extended periods may affect device reliability. 
Metal lids of Hand L packages are connected to -Vet;. 

L PACKAGE 

EBl wllnnuaUIL, . 

f ' 'H 

.r iiI:'\' .... ~. . 

CASE: Ceramic 

CAP: Kovar. gold plated 

TERMINALS: Material and 
composition conform to 
Method 2003·(solderabllity) 
of MIL-STD-883 (except 
Paragraph 3.2. ~team aging). 

WEIGHT: 0.76gm (O.026oz) 

c 
F 
o 

INCHES MILLIMETERS 
MIN. 

.442 .4811 11.23 11.lIa 
Ma Ale 11.13 11.11 
.014 .100 
.D22 .otl 
.olD BABIC 
.aOIlR TYP. 

1.81 2.14 
0.1. 0.71 

1.27 BASIC 
D.20R TVP~ 



PIN NOMENCLATURE 

PIN NAME FUNCTION 

Vee Logic Supply, +5V 

2 WR WRITE, command signal to load latches. Logic 
low loads latches. 

LDAC LOAD DIA CONVERTER, enables WR to load the 
D/A latch. Logic low enables. 

4 N. NYBBLE A, enables WR to load input latch A (the 
most significant ~ybble. Logic low enables. 

N, NYBBLE B, enables WR to load input latch B. 
Logic Im'J enables. 

N;; NYBBLE C, enables WR to load input latch C (the 
least significant nybble). Logic low enables. 

7 0" DATA, Bit 12. MSB, positive true. 

8 0" DATA, Bit 11 

9 0, DATA, Bit 10 

10 0, DATA, Bit 9 

11 0, DATA, Bit 8 

12 0, DATA, Bit 7 

13 0, DATA, Bit6 

ORDERING INFORMATION 

Model Package 

DAC811JP Plastic 
DAC811KP Plastic 
DAC811AH Ceramic 
DAC811AH/OM Ceramic 
DAC811AL LCC 
DAC811AL/QM LCC 
DAC811BH Ceramic 
DAC811BH/QM Ceramic 
DAC811BL LCC 
DAC811 BL/OM LCC 
DAC811RH Ceramic 
DAC811RH/QM Ceramic 
DAC811RL LCC 
DAC811RL/QM LCC 
DAC811SH Ceramic 
DAC811SH/QM Ceramic 
DAC811SL LCC 
DAC811SL/QM LCC 

DISCUSSION OF 
SPECIFICATIONS 
INPUT CODES 

Temperature LInearity Error, 
Range ('C) rna. (+25'C) 

0/+70 ±1I2LSB 
0/+70 ±1I4LSB 

-25/+85 ±1I2LSB 
-25/+85 ±1/2LSB 
-251+85 ±1/2LSB 
-25/+85 ±1I2LSB 
-251+85 ±1/4LSB 
-251+85 ±1/4LSB 
-251+85 ±1I4LSB 
-25/+85 ±1/4LSB 

-55/+125 ±1I2LSB 
-55/+125 ±1I2LSB 
-55/+125 ±1I2LSB 
-55/+125 ±1/2LSB 
-55/+125 ±1/4LSB 
-55/+125 ±1I4LSB 
-55/+125 ±1I4LSB 
-55/+125 ±1I4LSB 

The DAC811 accepts positive true binary input codes, 
DAC811 may be connected by the user for anyone of the 
following codes: USB (unipolar straight binary), BOB 
(bipolar offset binary) or, using an external inverter on 
the MSB line, BTC (binary two's complement), See 
Table I. 

LINEARITY ERROR 
Linearity Error as used in D / A converter specifications 
by Burr-Brown is the deviation of the analog output 
from a straight line drawn between the end points 
(inputs all "I's" and all "O's''). The DAC811 linearity 
error is specified at ±1/4LSB (max) at +25°C for B, K, 
and S grades and ±1/2LSB (max) for A, J, and R grades, 

PIN NAME FUNCTION 

14 D. DATA, Bit 5 

15 DCOM DIGITAL COMMON, Vee supply return 

16 Do DATA, Bit I, LSB 

17 0, DATA, Bit 2 

18 0, DATA, Bit3 

19 03 DATA, Bit 4 

20 +Vcc Analog Supply Input, +15V or +12V 

21 -Vc-:, Analog Supply Input, -15V or -12V 

22 GAINADJ To externally adjust gain 

23 ACOM ANALOG COMMON, ±Vcc supply return 

24 Vout D/A converter voltage output 

25 10V RANGE Connect ~o pin 24 for 10V Range 

26 SJ SUMMING JUNCTION of output amplifier 

27 BPO BIPOLAR OFFSET. Connect 10 pin 26 for Bipolar 
Operation 

28 REF OUT 6.3V reference output 

Gain Drift. 
(ppm/'C) 

30 
20 
30 
30 
30 
30 
20 
20 
20 
20 
30 
30 
30 
30 
20 
20 
20 
20 

TABLE I. Digital Input Codes. 

DIGITAL INPUT ANALOG OUTPUT 

USB BOB BTC' 
Unipolar Bipolar Binary 

MSB LSB Straight Offset Two's 

• I Binary Binary Complement 

111111111111 +Full Scale +Full Scale -1 LSEI 

100000000000 +1/2 Full Scale Zero -Full Scale 

011111111111 1/2 Full Scale -1 LSB -1 LSB +Full Scale 

000000000000 Zero -Full Scale Zero 

"Invert the MSa of the BOB code with external inverter to obtain BTC 
code. 

DIFFERENTIAL LINEARITY ERROR 
Differential Linearity Error (DLE) is the deviation from 
a lLSB output change from one adjacent state to the 
next, A DLE specification of 1/2LSB means that the 
'Output step size can range from 1/2LSB to 3/2LSB when 
the input changes from one state to the next. Monotoni-
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city requires that DLE be less than ILSB over the 
temperature range of interest. 

MONOTONICITY 
A D/A converter is monotonic if the output either 
increases or remains the same for increasing digital 
inputs. All grades of DAC811 are monotonic over their 
specification temperature range. 

DRIFT 
Gain drift is a measure of the change in the full scale 
range output over the specification temperature range. 
Drift is expressed in parts per million per degree centi
grade (ppml ° C). Gain drift is established by testing the 
full scale range value (e.g., +FS minus -FS) at high 
temperature, +2SoC, and low temperature; calculating 
the error with respect to the +25°C value and dividing 
by the temperature change. 

Unipolar offset drift is a measure of the change in output 
with all O's on the input over the specification tempera
ture range. Offset is measured at high temperature, 
+2So C, and low temperature. The maximum change in 
offset referred to the +2So C value divided by the temper
ature change is the offset drift. It is expressed in parts per 
million of full scale range per degree centigrade (ppm of 
FSR/°C). . 

Bipolar zero drift is measured at a digital input of 80016, 
the code that gives zero volts output for bipolar opera
tion. 

SETTLING TIME 
Settling Time is the total time (including slew time) for 
the output to settle within an error band around its final 
value after a change in input. Three settling times are 
specified to ±0.01% of Full Scale Range (FSR): two for 
maximum full scale range changes of 20V and lOY, and 
one for a ILSB change. The ILSB change is measured at 
the major carry (7FFI6 to 80016 and 80016 to 7FFI6), the 
input transition at which worst-case settling time occurs. 

REFERENCE SUPPLY 
DAC811 contains an on-chip 6.3V reference. This voltage 
(pin 28) has a tolerance of ±O.lV. The reference output 
may be used to drive external loads, sourcing at least 
2.0mA. This current should be constant for best perfor
mance of the D/A converter. 

POWER SUPPLY SENSITIVITY 
Power Supply Sensitivity is a measure of the effect of a 
power supply change on the D 1 A converter output. It is 
defined as a percent ofFSR output change per percent 
of change 'in eitherthe positive, negative, or logic supply 
voltages about the nominal voltages. Figure 1 shows 
typical power supply rejection versus power supply 
ripple frequency. 
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FIGURE 1. Power Supply Rejection versus Power 
Supply Ripple Frequency. 

IQM SCREENING 

Burr-Brown IQM models are el}viroilmentally-screened 
versions of our standard industrial products, designed to 
provide enhanced reliability. The screening, tabulated 
below, is performed to selected methods of MIL-STD-
883. Reference to these methods provides a convenient 
method of communicating the screening levels and basic 
procedures employed; it does not imply conformance to 
any other military standards .or to any methods of MIL
STD-883 other than those specified below. Burr-Brown's 
detailed procedures may vary slightly, model-to-model, 
from those in MIL-STD-883. 

SCREENING FLOW FOR DAC811/QM 

MIL-STD-883 
Screen Melhod Condlll~ 

Internal Visual 2010 B 

High Temperalure Slorage 1008 C (150'C. 24Hr) 
(Stabilization Bake) 

Temperature Cycling 1010 C 

Burn-in 1015 B 

Constant Acceleration 2001 E 

Hermeliclly: Fine Leak 1014 AlorA2 
Gross Leak 1014 C 

Exlemal Visual 2009 

OPERATION 
DAC811 is a'complete si~gie IC chip 12-bit DI A conver
ter. The chip contains a 12-bit DI A converter, voltage 
reference, output amplifier, and microcomputer-compa
tible input logic as shown in Figure 2. 



'$I 
······01 Dr· ... ···04' OJ. ·······aG 

FIGURE 2. DAC811 Block Diagram. 

INTERFACE LOGIC 
Input latches A, B, and C hold data temporarily while a 
complete 12-bit word is assembled before loading into 
the OJ A register. This double-buffered organizatioll 
prevents the generation of spurious analog output values. 
Each register is independently addressable. 

These input latches are controlled by NA, No, Nc ·and 
WR. NA, No, and Nc are internally NORed with WR so 
that the input latches transmit data when both N A (or 
No, N c) and WR are at logic "0". When either N A (or No, 
Nc) or WR go to logic "I", the input data is latched into 
the input registers and held until both NA (or No, Nc) 
and WR go to logic "0". 

The 0 j A latch is controlled by LDAC and WR. LDAC 
and WR are internally NORed so that the latches 
transmit data to the DjA switches when both LDAC 
and WR are at logic "0". When either LDAC or WR are 
at logic "I", the data is latched in the OJ A latch and held 
until LDAC and WR go to logic "0". 

All latches are level-triggered. Data present when the 
control signals are logic "0" will enter the latch. When 
anyone of the control signals returns to logic "I", the 
data is latched. A truth table for all latches is given in 
Table II. 

TABLE II. DAC811 Interface Logic Truth Table. 

WR N. N. Nc LDAC OPERATION 

1 X X ·x X No Operation 

0 0 .1 1 1 Enables Input Latch 4MSB's 

0 1 0 ' 1 1 Enables Input Latch 4 Middle ,Bits 

0 1 1 0 1 Enable • .input Latch 4 LSB·. 

0 1 1 1 0 Loads D/A Latch From Input Latche. 

0 0 0 0 0 Ail Latche. Transparent 

" .. x - Don t Care, 

GAIN AND OFFSET ADJUSTMENTS 
Figures 3 and 4 illustrate the relationship of Offset and 
Gain adjustments to unipolar and bipolar OJ A converter 
output. 

OFFSET ADJUSTMENT 
For unipolar (USB) configurations, apply the digital 
input code that should produce zero voltage output and 

adjust the Offset potentiometer for zero output. For 
bipolar (BOB, BTC) configurations, apply the digital 
input code that should produce the maximum negative 
output voltage and adjust the Offset potentiometer for 
minus full scale voltage. Example: If the Full Scale 
Range is connected for 20V, the maximum negative 
output voltage is -IOV. See Table III for corresponding 
codes. 

GAIN ADJUSTMENT 
For either unipolar or bipolar configurations, apply the, 
digital input that should give the maximum positive 
voltage output. Adjust the Gain potentiometer for this 
positive full scale voltage. See Table III for positive full 
scale voltages. 

±12V OPERATION 
The DAC811 is fully specified for operation on ±12V 
power supplies. However, in order for the output to 
swing to ±IOV, the power supplies must be ±13.5V or 
greater. When operating with ±12V supplies, the output 

•!it- +FULL SCALE _-;1.. 
5 lLSB ~":":""T 
:!: ~ ,,'-,,01/ 
:::0 ~... ~" 
~ : I ALL BITS .J,'\ 
~ RANGE OF:5 lOGIC 0 .;.-- GAINAOJ. 

RANGE OF 
GAIN AOJ. 

C OFFSET AOJ. "'11' ¥J~ ROTATES 
OFFSET ADJ. ~ THE LINE 
TRANSLATES .-

ALL BITS 
L081C I 

THE LINE I OIGITAL INPUT 

FIGURE 3. Relationship of Offset and Gain Adjustments 
for a Unipolar DjA Converter 

+FULL .L if SCALE ,/; - ,RANBE OF 

T ,// T- 8AIN ADJ. 
~ ILSB "b .. 5 FULL SCALE 1J"- lAlla .... 

ALL BITS RANGE .~/ IIOTATEI 
; LOBIC 0 " J ~' TIlE U. 
c" BIPOLAR V t ,I ['MSB ON 

RANGE OF OFFSET j," ALL OTHERS ALL BITS 
LOGIC I OFFSET AOJ.} , I OFF 

OFFSET AOJ. /4" I I ;FULL SCALE 
TRANSLATES _'== 1# OFFSET 
THE LINE T DIGITALINPUT 

FIGURE 4. Relationship of Offset and Gain Adjustments 
for a Bipolar DjA Converter. 

TABLE Ill. Digital InputjAnalog Output, ±Vcc = ±lSV. 

ANALOG OUTPUT VOLTAGE 

DIGITAL INPUT Oto +10V ±5V ±10V 

12-Blt Resolution 
MSB LSB 
I I 
111111111111 +9.9976V +4.9976V +9.9951V 
100000000000 +5.0000V O.OOOOV O.OOOOV 
011111111111 +4.9976V -0.0024V -0.0049V 
000000000000 O.OOOOV -5.0000V -10.0000V 

1LSB 2.44mV 2.44mV 4.88mV 
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swing should be restricted to ±8V in order to meet 
specifications. 

LOGIC INPUT COMPATIBILITY 

The DAC811 digital inputs are TTL, LSTTL, and 
54/14HC CMOS-compatible over the operating range of 
Voo. The input switching'threshold remains at the TTL 
threshold over the supply range. 
The logic input current over temperature is low enough to 
permit driving the DAC811 directly from the outputs of 
4000B and 54/74C CMOS devices. 

INSTALLATION 
POWER SUPPLY CONNECTIONS 
Decoupling: For optimum performance and noise rejec
tion, power supply decoupling capacitors should be 

, added as shown in the Connection Diagram, Figure 5. 

HH-+--.-O+V'cc 

FIGURE 5. Power Supply, Gain, and Offset 
Potentiometer Connections. 

These capacitors (iI'F tantalum recommended) should 
be located close to the DAC811. 

The DAC811 features separate digital and analog power 
supply returns to permit optimum connections for low 
noise and high speed performance. The Analog Common 
(pin 23) and Digital Common (pin 15) should be connec
ted together at one point. Separate returns minimize 
current flow in 10w'Ievei signal paths if properly connec
ted. Logic return currents are not added into the analog 
signal return path. A ±0.5V difference between ACOM 
and DCOM is permitted for specified operation. High 
frequency noise on DCOM with respect to ACOM may 
permit noise to be coupled through to the analog output, 
therefore, some caution is required in applying these 
common connections. 

The Analog Common is the high quality return for the 
D/ A converter and should be connected directly to the 
analog reference point of the system. The load driven by 
the output amplifier should be returned to the Analog 
Common. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 
Offset and Gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these poten
tiometers as shown in Figure 5. TCR of the potenti
ometers should be 100 ppm/oC or less. The J.OMn and 
3.9Mn resistors (20% carbon or better) should be located 
close to the DAC811 to prevent noise pickup. If it is not 
convenient to use these high value resistors, an equivalent 
"T" network, as shown in Figure 6, may be substituted in 
each case. The Gain Adjust (pin 22) is a high impedance 
point and a O.OOII'F to O.OII'F ceramic capacitor should 
be connected from this pin to Analog Common' to 
reduce noise pickup in all applications, including those 
not employing external gain adjustment. 

~=~ 
l.OMn ' IDn ~2kn 

~ = ~180kO "'F'180,kO 
3.9MO 

IOkO 

FIGURE 6. Equivalent Resistances. 

OUTPUT RANGE CONNECTIONS 
Internal scaling resistors provided in the DAC811 may be 
connected to produce bipolar output voltage ranges of 
±IOV and ±5V or unipolar output voltage range of 0 to 
+IOV. The 20V range (±IOV bipolar range) is internally 
connected. ,Refer to Figure 7. Connections for the output 
ranges are listed in Table IV. 

5.38kO 
FROM ==,..-..,.N\o"--------1'W' BIPOLAR 
VOLTAGE REFERENCE R..., ~ OFFSET 

FROM O/A 
CONVERT",ER"-""",---J 

4.28kn 

RESISTOR TOLERANCES ±25% 

SUMMINI 
JUNCTION 

IOV RANIE 

FIGURE 7, Output Amplifier Voltage Range Scaling 
Circuit. 
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Table IV. Output Range Connections. 

Output Digital Connect Connect 
Range Input Codes Pin 25 To Pin 27 To 

Oto +10V USB 24 23 

±5V BOBorBTC 24 26 

±10V BOBorBTC NC 26 

APPLICATIONS 
MICROCOMPUTER BUS INTERFACING 
The DACSlI interface logic allows easy interface micro
computer bus' structures. The control signal WR is 
derived from external device select logic and the 1/0 
Write or Memory Write (depending upon the system 
design) signals from the microcomputer. 

The latch enable lines NA, No, Ne and LDAC determine 
which of the latches are enabled. It is permissible to 
enable two or more latches simultaneously as shown in 
some of the following examples. 

The double-buffered latch permits 'data to be loaded 
into the input latches of several DACSlI's and later 
strobed into the D/A latch of all DINs simultaneously 
updating all analog outputs. All the interface schemes 
shown below use abase address decoder. If blocks of 
memory are unused, the ·base address decoder can be 
simplified. or eliminated altogether. For instance if half 
the memory space is unused, address line Als of the 
microcomputer can be used as the chip select control. 

4-BIT INTERFACE 
An interface to a 4-bit microcomputer is shown in Figure 
S. Each DACSll occupies four address locations. 
A 74LS139 provides the two to four decoder and selects 
these with the base address. Memory Write (WR) of the 

DBD 

OBI 

... 
~ DB2 
::::I 
"-
IE 
co .., 
Ii! 
~ DB3 
IE 

Wii 
~N 
A. 

A, 
A. 

FIGURE S. Addressing and Control for 4-Bit 
Microcomputer Interface. 

DACBlI 
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microcomputer is connected directly to the WR pin of 
the DACSlI. A S205 decoder is an alternative device to 
use instead of the 74LS139. 

8-BIT INTERFACE 
The control logic of DACSlI permits interfacing to 
right- or left-justified data formats illustrated in Figure 
9. When a 12-bit D I A converter is loaded from an S-bit 

1,1,1,1,1011101.1",1081 10·1",10510410310.1011001 
I Rlg~l-Ju'II"ed 

FIGURE 9. 12-Bit Data Formats for S-Bit Systems. 

bus, two bytes of data are required. Figure 10 shows an 
addressing scheme for right-justified data. The base 
address is decoded from the high-order address bits. Ao 
and AI address the appropriate latches. Note that adja
cent addresses are used. For the right-justified case XIOl6 
loads the 8 LSB's and X01l6 loads the 4MSB's and 
simultaneously transfers input latch data to the D I A 
latch. Addresses XOOl6 and Xlll6 are not used. 
Left-justified data is handled in a similar manner. The 
DAC811 still occupies two adjacent locations in the 
microcomputer's memory map. 

12- AND 16-BIT MICROCOMPUTER INTERFACE 
For this application the input latch enable lines, NA, No, 
Ne are tied low, causing the latches to be transparent. 
The DI A latch, and therefore DAC Sl1, is selected by the 
address decoder and strobed by WR. 



BURR-BROWN® 

IElElI DAC812 

Ultra-High Speed 
DIGITAL-TO-ANA~OG CONVERTER 

FEATURES 
• 12-BIT RESOLUTION AND ACCURACY 

• 55nsec CURRENT OUTPUT SETTLING TIME 

• TTL-COMPATIBLE INPUTS 

• MONOTONIC OVER ENTIRE TEMPERATURE RANGE 

• LINEARITY ERROR LESS THAN ±1I2LSB OVER 
TEMPERATURE RANGE IC GRADE) 

• HERMETIC METAL PACKAGE 

'---------

+vcc 

-v;" 

BIPOLAR OFFSET 

loul 

VOD 

ANALOG COMMON 

ANALOG COMMON 

ANALOG COMMON 

ANALOG COMMON 

,DIGITAL COMMON 

DESCRIPTION 
The DACSl2 is an ultra-fast-settling l2-bit current
output D / A converter with TTL-compatible inputs 
packaged in a 24-pin dual-wide dual-in-line hermetic 
metal package. 

The current output settles to ±O.OI2% of full scale 
range in' 55nsec, typical (65nsec, max., C grade; 
SOnsec, max., B grade). 

The DACSl2 utilizes a monolithic l2-bit switch chip 
with stable, compatible thin-film resistors to achieve 
fast settling time and excellent stability over temper- , 
atureand time. An internal applications ,resistor for 
use with an external op amp is included to convert 
the output current into a voltage for OV to +IOV or 
-5V to +5V ranges. 

An output voltage compliance range of +4V to -4V 
allows the generation of an output voltage without 
using an external output amplifier. ' 

The DACSl2comes in two drift grades. The linear
ity error of the C grade is guaranteed to be within 
±1/2LSB over the temperature range of -25°C to 
+S5°C. Gain drift of the C grade is ±20ppm/oC 
(max) and bipolar offset drift is ±IOppm of FSR/oC 
(max). The B grade has a linearity error of ±ILSB 
over the temperature range and a maximum gain 
drift and bipolar offset drift of ±40ppm/ oC and 
±15ppm/oC, respectively. 

Inlernational Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 16021 746·1111 • Twx: 910:952·1111 • Cabla: BBRCORP '. Telex: 68·6491 

PDS-S09A 
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SPECIFICATIONS 
ELECTRICAL 
AI T. = +25· C, raled power supplies, and alter 5-minule warm-up unless olherwlse nOled. 

MODEL DACI12CM DACl12BII 

IIIN TVP MAX IIIN TVP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution; CSB, COB 12 BIIs 
Logic Inpuls: VIH +2.0 +5.25 V 

V'L 0.0 +0.8 · 1/ 
I,., V, = +2.7V +20 pA 
I'L, V, = +0.4V -800 pA 

TRANSFER CHARACTERISTICS 

ACCURACY 
Linearity Error ±0.006 :£0.012 ±C.COS ±0.018 'HooIFSR'" 
Dlfferenlial Linearity Error ±C.012 ±O.ot8 'Ho 01 FSR 
Gain ErrorC2) ±0.03 ±C.l · 'Ho 
Ollsel Error''': Unipolar ±0.02 ±0.04 'Ho 01 FSR 

Bipolar ±C.03 ±C.l · 'HooIFSR 
Monolonicity Temp. Range (min) -25 +85 ·C 

CONVERSION SPEED 
Settling Time 10 ±112LSB Into 150n 

For FSR Change 55 85 · 80 nsec 
For lLSB Change 25 · nsec 

DRIFT 
Gain ±10 ±20 ±20 ±40 ppmrC 

. Offset: Unipolar ±0.25 ±C.5 ±0.5 ±1 ppm 01 FSRrC 
Bipolar ±10 ±15 ppm 01 FSRrC 

Linearity Error ±0.012 over Temp. Range (max) ±C.025 over Temp •. Range (max) 'HooIFSR 
Differantial Linearity Error ±C.025 over Temp Range (max) ±0.04 over Temp. Range (max) 'Ho 01 FSR 

OUTPUT 

ANALOG OUTPUT 
Output Current: Unipolar 010-10 mA 

Bipolar -5 to +5 · mA 
Output Voltage Ranges 

with External Op Amp: Unipolar Oto+l0 · . V 
Bipolar -510+5 · V 

Output Impedance: Unipolar 170 · n 
Bipolar ISO n 

Oulput. Compliance --4 +4 · · V 

POWER SUPPLI.ES 

Power Supply Sensitivity: +V.,;, ±C.OO4 'HoFS~Iii:c 
-Vee ±O.OOI .. · 'HoFS~Vee 

VDD ±0.OOO2 · 'HoFSRI'HoVoo 
Power Supply Voltages: +Vee +14 +15 +18 · · V 

-Vee -18 -15 -14 · .' V 
VDO +4.5 +5 +5.5 · · V 

Power Supply Current: +Vee +30 +40 · mA 
-Vee --40 -50 · mA 

VDD +25 +40 · · mA 
Power Dls.ipallon 1.2 1.6 .. · W 

PI1YSICAL CHARACTERlmCS 

TEIIPERATURE RANGE 
Specification "725 +85 · · ·C 
Storage -55 +ISO · ·C 

PACKAGE 24-pln Hermetic Metal 
0.6" Pin Row Speclng . Specification the same .s for DAC812CM • 

NOTES: (1) FSR Is full scale range. (2) Adjustable to zero with external potanllometar. 

6-139 



MECHANICAL 

r-'A==:1 
NOTE 

~ __ J Leads In true position within 
.010" (.25mm) A at MMC at 
seating plane. 

~IIIIIIIII~ ~ 
G--/ I.- 0 ~ L -J 

U·r-H INCHES 

0000000.0000 DIM MIN MAX 

C- 1 .12 A 1.365 1.385 

• 
2' " 

C 

000000000000 0 

G 

Pin numbers shown for rafer- M 

ence only. Numbers may not K 

be marked on package. L 

" 

DISCUSSION OF 
SPECIFICATIONS 
ACCURACY 

.790 .810 

.170 .250 

.016 ',021 

.100 BASIC 

.125 .150 

15"0 .300 

.soa BASIC 

.080 ,110 

MILLIMETERS 
MIN MAX 

34.61 35.18 

20.07 20.57 

".32 6.35 

0.41 0.53 

2.54 BASIC 

3.18 3.81 

3.81 ·1 7.62 

15.24 BASIC 

2.03 27. 

Linearity of aD/ A converter is one of the true me"asures 
of its performance. The linearity error of the DACSl2 is 
specified over its entire temperature range. The analog 
output will not vary by more than ±1/2LSB (±ILSB for 

· the BM model) from an ideal straight line drawn between 
the end points (inputs all "I"s and all "O"s) over the 
specified temperature range of -25°C to +SsoC. 

· Differential linearity error of aD/ A converter is the 
deviation from an ideal lLSB voltage change from one 
adjacent output state to t~e next. A differential linearity 
error specification of ±1/2LSB means that the output 

· voltage step sizes can range from 1/2LSB to 3/2LSB 
when the input changes from one adjacent input state to 
the next. . 

Monotonicity over a -25°C to +SsoC range is guaran
teed to insure that the analog output will increase or 
remain the same for incre~ing i!lput digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (ppm/°C). Gain drift is established by 1) 
testing the end point differences for the DACSI2 at tmlo' 
+2SoC, and tall,; 2) calculating the gain error with 
respect to the +2SoC value and; 3) dividing by the 
temperature change. This figure is expressed in ppm/OC 
and is given in the electrical specifications (includes 
internal reference). 

Offset Drift is a measure of the actual change in output 
around the minus full-scale point over the specified 
temperature range. The offset is measured at tmlo, +2SoC, 
and tma •• The maximum change in Offset is referenced to 

PIN ASSIGNMENTS 

Pin Function Pin Function 

1 Bit 1 (MSB. Data Input) 14 Digital Common 
2 Bit 2 (Va. Common) 
3 Bit3 15 Analog Common 
4 Bit4 (±Vee Common) 
S BitS 16 Analog Common 
6 .Blt6 17 Analog Common 
7 Bit 7 18 Analog Common 
8 BIt8 19 VDO (Logic Supply) 
9 Bit 9 20 lOUT (Current Output) 

10 Bltl0 21 A, (Application Re.lstor) 
11 Bit 11 22 I;lPO (Bipolar Offast) 
12 Bit 12 (LSB) 23 """,Vee (r~egatlve Analog 
13· No connection Supply) 

24 +Vee (Pealtlve Analog 
Supply) 

the Offset at +2SoC and is divided by the temperature 
range. This drift is expressed in parts per million offull 
scale range per °C (ppm of FSR/°C). 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current O\ltput node in order to maintain 
specified accuracy. The maximum compliance voltage of 
the DACSl2 is ±4.0V. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D / A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive or negative supplies about the nomi
nal power supply voltages. To insure precision ·opera
tion, each supply lead should be bypassed to ground as 
close to the unit as possible with a I~F CS-type tantalum 
capacitor. 

GROUNDING 

Care must be exercised when groundingtheDACSI2 
, (pins 14, IS, 16, 17, and IS). In order to preserve the stated 

linearity and accuracy specifications it is necessary to use 
the ground pins as the analog ground reference point. 
Any voltage drop that develops between any of these five 
pins and the actual·ground reference point will degrade 
the performance of the DACSI2. To achieve fast settling 
performance it is recommended that pins 14 through IS 
be returned directly to a ground plane (see Figure 1). The 
analog ground should be located as close to the DACSl2 
as possible. Otherwise, the accuracy will be degraded by 
the voltage drop in the ground lines. 

SETTLING TIME 

Settling time for the DAC812 is the total time required 
for the output to settle within an error band around its 

6-140 



DAC812 

24 14 15 16 17 18 21 19 

I. 1111 " K'" "'"'" GROUND PLANE 

-111~-
15VDC 

-~lll + 
'I C 5VD 

FIGURE 1. DAC812 Grounding Using Feedback Resis-
tor to Generate Output Voltage. 

final value after a digital input change. This time includes 
the digital delay of the internal switches. 

Figure 2 shows a typical settling time curve of the 
DAC812 versus ,output error. This curve is for full-scale 
digital code changes. Figures 3 and 4 show typical mea
sured settling time characteristics of the DAC8l2. 

In order to achieve the minimum settling time, It IS 
necessary to observe the following good high frequency 
construction techniques. 

1. The power supplies should be bypassed by l",F CS
type tantalum capacitors. 

2. Use a ground plane to connect common ground 
points. 

3. Remove the.ground plane from underneath signal 
lines where it would add capacitance. 

4. Keep analog and digital signal lines physically separ
ated to avoid coupling of the digital signal into the 
analog paths. 

±0.2 

±0,1 
POSitive Transition 

I, 
\ ±2LSB 
~-

Negative Transllion 
T 

\ 
±0.05 

.- -- \- -~ - -- -- --I~:;~ 

-\ ~ ±1J2LSB -- - - -- - - ---'--
±0,01 

±0.005 
ro ~ ~ ~ ~ ~ ro ~ ~ ~ 

Settling Time (nsec) 

FIGURE 2. DAC812 Typical Settling Time vs. Accuracy 

+ 
19 

OUTPUT 

23 

I -

+II~ 
15VDC 

3 

~ 

~ 1 ---------------------::!. 

g 0 

j 
-1 

-2 

-3 

20 ~ ~ 80 

Settling Time (nsec) 

FIGURE 3. Typical DAC812 Negative-to-Positive Full
Scale Output Characteristic: 

3 

2 

~ 
ID 1 -
~ 
i'; 0 -I l-e 
" ~ -1 

-2 

-3 

20 ~ 60 80 

Settling Time (n.ec) 

FIGURE 4. Typical Positive-to-Negative Full-Scale 
Output Characteristic. 
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S. Bring the source of the digital driving signal as close 
to the inputs of the DAC812 as possible. If the digital 
inputs are not clean it will be necessary to reshape 
them using registers or line drivers. It is recommended 
that the logic power line be bypassed near the digital 
logic circuitry as a further measure to achieve clean 
signals. 

6. If possible, the DAC812 should be soldered directly 
into the printed circuit board since connector lead 
length will cause ringing in the output: 

OUTPUT CONFIGURATIONS 
AND APPLICATIONS 

.. INFORMATION 
The DAC812 contains a 1.24kO resistor for generating 
the bipolar offset current and a IkO resistor which is 
primarily used as the feedback resistor when used with 
an external op amp. This thin-film network is con
structed on sapphire to provide excellent. temperature 
tracking capability inherent in thin-film networks. These 
internal resistors along with other internal. resistors 
cause the DAC8l2 output, in any mode, to be a ratio-

~-----------, 
22· I 

metric product of the reference. The feedback resistor 
has very low power sensitivity so that linearity is main
tained independent of digital code changes. Because this 
resistor is constructed on a sapphire network, it is possi
ble to have both superior tracking and low capacitance. 
Figure 5 shows the DAC812 connected to an external op 
amp in unipolar and bipolar modes. When the op amp is 
a Burr-Brown mo.del OPA600 it is possible to achieve 
settling times to ±O.l% accuracy in 150nsec. Many of the 
output accuracy and linearity specifications are given 
when connected to an external opamp. 

For highest speed operation, the DAC812 should be used 
without an external op amp. Figure 6 shows· how to 
conllect the DAC812 for bipolar and unipolar operation. 
Figure 7 illustrates how to connect the DAC812 to con
struct a fast AID converter . 

6+
124t0 GAIN ADJUST 
6.2V 

i--CDNNECT FOR BIPOLAR OPERATION 

.f I 
I 

k I 

~lkO rr. i _0\ t>-( I 

k I 

t~i rzo Vou, 
DID ct IOmA 

IB 

~ i 
Binary Digital 

:;1.5MO 
Input Code ·Unlpolar Bipolar. 

DACB12 >lfs""" r OFFSET ADJUST OOOH' +9.9976V +4.9976V 
;.lit" 7FFH +5.0000V O.OOOOV 
~ -Vee ~'\~ +Vcc FFFH O.OOOOV . -:5.0000V 

l00kO 
ValueolR. 1690 14m· 

Pin 22 Connection Open Connect to Pin 20 

FIGURE 5. Bipolar and Unipolar Output Connections with External Op Amp. 

CONNECT FOR BIPOLAR OPERATION J +Vee - ------1/ 
~ I.Z4kO ~ ~ IOOkO 

Output Voltage 

V 
Binary Digital 

6.2V 
1.5MO OFFSET . Input Code Unipolar Bipolar 

A~JUST ' -Vee OOOH -1.4996V -o.4996V 

- h. 
VOUT 

7FFH -o.~5OOV O.OOOOV 

'iii FFFH ,O.OOOOV +O.5000V 

<pf-
Pin 22 Connection Open Connect to Pin 20 

h. 
I2J ~~5000 300n FOR BIPOLAR CONNECTION· 

010 GAIN 12400 FOR UNIPOLAR CONNECTION 
10mA 18 ADJUST 

17 

-lr ;oiI6 
DAC812 >lit" 

>hi" )....'.'-

FIGURE 6. Bipolar and Unipolar Output Connection with Resistor Load Only .. 
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IpF¥R TANTALUM + -=- ~ 
IpF TANTALUM 

+. 

BIT I Z3 
19 

I * 
2 

~ IpF TANTALUM 

I I 
I 

1 4 ... I 20 :::> 

I .... 12·BIT ... 
1 Itn => LADDER 0 

1 8 
I RESISTOR 21 

1 
NETWORK IB ... 

I AIID i I CURRENT 17 
0 1 SWITCHES 

I 18 ANALOG 
'1 INPUT 

I 10 15 

I 
II 14 

12 
BIT 12 -= 

2504 SAR 

BIT I ...... _-----,.-t 

{! ! 
BIT 12 

~----- CLOCK eDACBI2 Bill 2 lllrougb \I 118 alia canlllCled 
ID SAR Inpull BII 2 IhnIugb 8ft \I rapecllvlly. 

FIGURE 7. DAC812 Used in a Fast AID Converter. 
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BURR-BROWN® 

IElElI 
For a 18838 version of this 
product, see DAC870/8838 in 
the Military Products section .. 

DAC850 
DAC851 

·1 ntegrated Circuit 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• LOW COST HIGH RELIABILITY SINGLE-CHIP 

REPLACEMENT FOR OACB5 AND DAC87 . 

• 12-BIT RESOLUTION 

• HIGH ACCURACY: ±1I2LSB max nonlinearity 
-25° C. to +85° C IDAC8501 
-55°C to +125°C IDAC8511 

• GUARANTEED MONOTONICITY 

• HERMETIC PACKAGES 

• GUARANTEED SPECIFICATIONS WITH ±12V AND 
±15V SUPPLIES 

8.3V REF OUT 

8AIUOJU8T 

+Vcc 
COMMON 

= 8UMMINSJUNCTION E -; lOVRANSE 

IOVRANBE 

BIPOLAR OFFSET 

REF INPUT 

VOUT 

'Vec 

Voo. LOBIC SUPPLY 

DESCRIPTION 
The DAC850 and DAC851 are 12-bit single-chip 
(current output model) digital-to-analog converters 
for use in wide temperature high reliability applica
tions. 

The DAC850 and DAC851 are packaged in two 
hermetically-sealed packages. The DAC850 is speci
fied with a linearity error of ±1/2LSB over -25°C 
to +85°C and the DAC851 has a linearity error of 
±3/4LSB over -55°C -to +125°C. Both converters 
have guaranteed monotonicity over their specifica
tion temperature range. The current output configur
ation of these D/ A converters is a single"chip integra
ted circuit containing a subsurface zener reference 
diode, high-speed current switches, and laser-trimmed 
thin-film resistors. 

The DAC850 and DAC851 provide output voltage 
ranges of±2.5V, ±5V, ±IOV, 0 to +5 and 0 to +IOV 
(V models) or output current ranges of± 1.175mA or 
o to -2.35mA (I models). 

Ii ;! I • h 2 8 ii~ !;! 

I :st;; 
~ eze 
$! .:3 

~ 
E 

-Vtt 

Voli• 

laBIC 
SUPPLY 
He 

BIT 12 
ILSII 

Patents pending may apply upon the allowance and issuance of patents thereon. The product may also be covered in other countries by one or 
morc international patents. 

IntematlOlial Alrpon Industrial Park· P.O. Box 11400· Tuclan. Arlza~8 85734 • TIl. 16021 746-1111 • Twx: 910-952·1111 • Cabla: BBRCORP - Telex: 56-6491 

PDS-4S3C 

6-144 



SPECIFICATIONS 
ELECTRICAL 
At 25'C and ±V'" = 12V or 15V unle •• otherwise noled. 

DAC850-CBI DAC851-CBI 

MODEL MIN TVP MAX MIN TVP MAX UNITS' 

INPUT 

DIGITAL INPUT 
Resolution 12 12 Bits 
Logic Levels (LSTTL Compalible)'" 

Logic "1" (al +2OIIA) +2 +5.5 +2 +5.5 VDC 
Logie "0" (at 0.36mA) 0 +0.8 0 +0.8 VDC 

TRANSFER CHARACTERtSTICS 

ACCURACY 
Linearity Error ±1/4 ±112 ±1/4 ±1I2 LSB 
Differential Linearity Error ±1I2 +1, -3/4 ±1/2 +1,-3/4 LSB 
Gain Error'21 ±0.1 ±0.2 ±0.1 ±0.2 % 
Offset Error(21 ·±0.05 ±0.15 ±0.05 ±D.15 %ofFSR131 

Power Supply Sensitivity 
+15V and +5V Supplies ±0.0001 ±D.OOl ±O.OOOl ±o.oOl % of FSRI%V", 
-15V Supply ±0.003 ±D.OO6 ±0.003 ±0.008 % of FSR/%Vcc 

DRIFT''' (over spec. lemp range) 
Bipolar Drift 

(± fuli scale drift for the bipolar connec.tlon) ±5 ±17 ±15 ±30 ppm of FSR/" C 
Total Errorl51: Unip~lar ±0.1 ±0.20 ±0.15 ±0.30 %ofFSR 

Bipolar ±0.06 ±0.12 ±0.15 ±0.30 %ofFSR 
Gain ±10 ±20 ±10 ±25 ppm/"C 
Offsel: Uniporar ±1 ±3 ±1 ±3 ppm of FSR/' C 

Bipolar ±5 ±10 ±5 ±15 ppm of FSR/" C 
Differential Linearity (over spec. lemp range) ±1I2 ±1 ±1I2 ±1 LSB 
Linearity Error (over spec. temp. range) ±1I2 ±1I2 LSB· 
Monoloniclly Temp. Range, min -25 +85 -55 +125 'C 

CONVERSION SPEED 
V Model (settling lime 10 ±0.01% of FSR) 

For FSR Change: 20V Range, 2kO Load 3 5 3 5 psec 
iov Range, 2kO Load 2.5 4 2.5 4 psec 

For lLSB Change, Major Carry, 2kO Load 1.5 1.5 lisec 
Slew Rale, 2kO Load 10 15 10 15 Vlpsec 

I Model (settling time 10 ±0.01% of FSR) 
For FSR Change: 10010 1000 Load 300 300 nsec 

lkO Load 1 
., 

psec 

OUTPUT 

ANALOG OUTPUT I I I I it Model 
Range. (±V'" = 15V) ±2.5, ±5, ±10, 0 10 +5, 0 10 +10 ±2.5, ±5, ±10, 0 10 +5, 010 +10 V 
Output Current'$) ±5 I I ±5 I I mA 
Oulpullmpedance (DC) 0.05 0.05 0 
Short Circuli 10 Common, Duration Indeflnlle Indeflnile 

I Model 
Ranges ±O.88, ±1.175, ±1.47, ±0.88, ±1.175, ±1.47, 

010:-1.76 010-2.35 010-2.94 . 010-1.76 010-2.35 0.10-2.94 mA 
Oulpullmpedence: Bipolar 2.5 3.1 3.7 2.5 3.1 3.7 kO 

Unipolar 5.8 7.2 8.8 . 5.8 7.2 8.6 kO 
Compliance -2.5 +2.5 -2.5 +2.5 V 

POWER SUPPLIES AND REFERENCE 

Reference Vollage Output +6.23 +6.3 +6.37 +6.23 +6.3 +6.37 V 
Current (for e.lemalloads), Source 1.5 2.5 1.5 2.5 rnA 
Temperalure Coefficient of Drift ±10 ±20 ±10 01:25 ppm/'C 

Power Supply Requirements: ±V'" ±11.4 ±15 ±16.5 ±11.4 ±15 ±16.5 VDC 
VDD 171 +4.5 +5 +16.5 +4.5 +5 +16.5 VDC 

Power Supply Drain: ±VOJ; ( no load) +8, -20 +12, -25 +8,-20 +12, -25. mA 
Voo (logic .upply) +7 +10 +7 +10 mA 

PHYSICAL CHARACTERISTICS 

TEMPERATURE RANGE 
Speclflcalion -25 +85 -55 +125 'C 
Storage -65 +150 -85 +150 'C 

PACKAGE 24-pln hermelic DIP .Ide-brazed ceramic, 28-terminal hermetic leadlas. chip carrier 
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NOTES: (1) Adding external CMOS hex buffers CO 4094A14050A will provide CMOS input compatibility. Refer to .Logic Input Compatibility secijon. 
(2) Adjustable to zero with external trim potentiometer. (3) FSR means "Full Scale Range" and is 20V for ±10V range. 10V for ±5V range. etc. (4) T~ 
maintain drift spec, Internal feedback resistors must be used for current output models. (5) Includes the effects of gain, offset and linearity drift. Gain and 
offset.8rrOrs, are adjusted!o zero at +25'C .. (6) For operation of -v models with supply voltages of less than ±13VDC. load current must be limited to 
±lmA max. at Vou, = ±10V. (7) Power disSipation is an addltionall00mW. max. when V~D is operated at +15V. 

MECHANICAL 

DIP Package 

•• 

0 
13 

NOTE: 
Leads in true position 
within 0.010" (O.25mm) 
R at MMC at seating plane. . • 1 I • Pin numbers shown:lor 

'. reference only. Numbers 

L A F-J~I may not be marked on pac~age. 

3! -LJ . ..[l.' ..[l. - c 

~. J!l!D~ "ll~a~~2: 
• ___ H . G I.- LL~Y 

'NCHES MILLIMETERS NOTE: 
DIM MIN MAX MIN MAX Metal Cap connected 

A 1.185 1.215 30.10 30.86 to -Vee Internally. 
e .'06 .170 2.67 4.32 D .015 .021 0.38 0.53 

CASE: Ceramic F .03' .060 0.89 1.52 

G .100 BASIC 2.54 BASIC 
MATING CONNECTOR: 

H' .030 . 070 0.76 17 • 024sMC 

J .OOB .012 0.20 0.30 
WEIGHT: 8.4 grams 

K .120 .240 3.05 6,10 (0.30Z.) L .600 BASIC 15.24 BASIC 

M -- 10' ID' 
N .025 .060 0.64 1.52 

CONNECTION DIAGRAM.S ' 

Voltage Model 

IOTES: 

lOkI! " 
III 

l00kll 

+Vcc 

1. DAC850/851 uaall0Mn rullIGr. Thue madlla can Ilpllcalha DAC85 which ulaa 
In 18MnruillGr and IhI DAea7 wIIlGIt uaall33Mn nilalllr. 

2. Pin 18 al DAC850/851 la uaad lilly 10 clllnaGll1ttI bipolar allill rulllGr. 
An lilernal nllrlnce wlllgi mlY not ba Ulld willi DAC850/851. 
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L Package 

r ~ 1-1-15 

Pin numbers are for refeirence 
only. Num~ers·may not be 
marked on package. 

CASE: Ceramic 
CAP: Kovar. gold plated 
MATING CONNECTOR: '2802MC 

(adapts LCC package to 24-
pin DIP DAC850/851 pinou!.) 

WEIGHT: 0.76 grams (0.026 oz.) 
CONTACTS: Material and com

position conform to Method 
2003 (solderability) of MIL
STD-883 (except Paragraph 
3.2. steam aging). 

INCHES MILLIMElfAS 

0'" .. ,. ... , ",. MAX, 

A .... .... ".23 " .• a 
;000 '.;4&1 .11.23 ".Ia 

c· .0'. .100 . 1.13 . ... 
F .0 •• .0 •• 0.111 D." 
G .oao 8.11C 1.27 SASIC 
H .DOIR TYP. o a.IOA TVP. 

Current Model' 

3. H connaclld III +VCC' which II parmlllible. powlr dlllipalion IncrulII75mW IVp .. 
IOIlmW mal. 

4. For 1111111 UlUlng Uma cenneGl plna19. 18. and 15ll1galllar. 
5. Valuaa shown aralor ±15V luppUal. For luppUaa below ±13.5V usa 2.7MO In placa 

or3.9MO and 7.5MO In place of IOMO. 



PIN ASSIGNMENTS (DIP PACKAGE) 

I Model. Pin V Modell 

(MSB) Bit 1 1 Bit 1 (MSB) 
Bit 2 2 Bit 2 
Bil3 3 Bit 3 
Bit 4 Bit 4 
Bit 5 Bit 5 
Bit 6 6 Bit 6 
Bit 7 7 Bit 7 
Bit 8 8 Bit 8 
Bit 9 9 Bit 9 

Bit 10 10 Bit 10 
Bit 11 11 Bit 11 

(LSB) Bit 12 12 Bit 12 (LSB) 
Logic Supply. Vee 13 Logic Supply. Vee 

-Vee 14 -Vee 
lOUT 15 VOUT 

Reference Input 16 Reference Input 
Bipolsr Offset 17 Bipolar Offsel 

Scaling Network 18 .10V Range 
Scaling Network 19 20V Range 
Scaling Network 20 Summing Junction 

Common 21 Common 
+Vcc 22 +Vee 

Gain Adjust 23 Gain Adjust 
6.3V Reference Out 24 6,3V Reference Out 

CONTACT ASSIGNMENTS 

CD. 
w III .... • CD • '" ;~ • !!it; .. oC C ... - .. .. !! --. 2 .. ,. 2!l! ... 

8 "'''' 51 ii~ ::! ..... .. 

DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 
The DAC850 and DAC851 accept complementary binary 
digital input codes. They may be connected by the user 

, for anyone of three complementary codes; CSB, CTC, or 
COB (see Table I). 

ACCURACY 

Linearity of a Dj A converter is the true measure of its 
performance. The linearity error is specified over its 
entire temperature range. This means that the analog 

TABLE I. Digital Input Codes. 

DIGITAL INPUT ANALOG OUTPUT 

CSB COB CTC· 
Campi. Campi. Com pi, 

MSB LSB Straight Oll •• t 'Two's 

~ 1 Binary Binary Compl. 

OOOOOOOOOOOO +Full Scal. +Full Scale -LSB 
011111111111 +112 Full Scale Zero -Full Scale 
100000000000 Mldscals -1 LSB -ILSB +FUII Scale 
111111111111 Z.ro -Full Scale Zero 

·Invert the MSB 01 the COB code with an extemallnverter to obtain 
CTCcode. 

output will not vary by more than ±lj2LSB, maximum, 
from an ideal straight line drawn bet,ween the end points 
(inputs all "I"s and all "O"s) over the specified tem
perature range. 

Differential linearity error of a Dj A converter is the 
deviation from an ideal I LSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±I j2LSB means that the output 
voltage step sizes can range from Ij2LSB to 3j2LSB 
when the input changes from one adjacent input state to 
the next. 

Monotonicity over the specification temperature range is 
guaranteed to insure that the analog output will increase 
or remain the same for increasing input digital codes. 

DRIFT 
Gain drift is a measure of the change in the full scale range 
output over temperature expressed in parts per million 
per °c (ppmi°C). Gain drift is established by: I) testing 
the end point differences at -25°C, +25"C, and +85°C for 
the DAC850 and at -55°C, +25°C, and +125°C for the 
DAC85 I ; 2) calculating the gain error with respect to the 
+25°C value and; 3) dividing by the temperature change. 
This is expressed in ppmj"c. 

Offset drift is a measure of the actual change in output 
with all "I"s on the input over the specification tempera
ture range. The offset is measured at _25°C, +25°C, and 
+85°C for the DAC850 and at -55°C, +25"C, and + 125"C 
for the DAC851. The maximum change in offset is 
referenced to the offset at +25"C and.is divided by the 
temperature change. This drift is expressed in parts per 
m!llion of full scale range per °c (ppm of FSRj"C). 

SETTLING TIME 
Settling time is the total time (including slew time) 
required for the output to settle within an error band 
around its firial value after a change in input (see Figure I). 

Voltage Output Models: Three settling times are specified 
to ±0.01% of full scale range (FSR): two for maximum 
full scale range changes of 20V and IOV, and one for a 
I LSB change. The I LSB change is measured at the major 
carry (0111...11 to 1000 ... 00), the point at which the 
lIorst-case settling time occurs. 

Current Output Models: Two settling times are specified 
to ±O.OI,% of FSR. Each is given for current models 
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RL = 10n 

0.001 to.1oo? 

0.1 10 
. Sellling Time I~sec) 

100 

FIGURE I. Full Scale Range Settling Time vs Final 
Value Error Band. 

connected with two different resistive loads: 100 to 1000 
and 10000. I nternal resistors are provided for connecting 
a nominal load resistance of approximately 10000 for 
output voltage ranges of ±I V and 0 to -2V. 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
all current output models is +2.5V to -2.5V. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a meas'~re' of the effect of a 
power supply change on the 0 { A converter output. It is 
defined as a percent of FS R per percent of change in 
either the positive, negative, or logic supplies about the 
nominal power supply voltages (see Figure 2). 

" !S 0.0 1 

.E .. 
g> .. 
J:: 
U 
'0 
'C 

i 0.00 

8. 
e 
il:i 
'~ 
'0 
~ 0.000 

~ 

1 

1 
.10 100 

Vee ==J:.+Vce 

/ Voo 

, 
1/ 

/ ./ 
1k 10k 100k 1M 10M 

.Frequency 1Hz). 

FIGURE 2. Power Supply Rejection vs Power Supply 
. Ripple. . 

REFERENCE SUPPLY 
All models are supplied with an internal6.3V reference 

voltage supply. This voltage (pin 24) has a tolerance of 
± I % and must be connected to the Reference Input (pin 
16) for specified operation. This reference may be used 
externally also. The external current drain'is limited to 
sourcing 2.5mA up to +85°C and I rriA up to + 125°C not 

. including current required by the bipolar offset circuit. 
An external buffer amplifier is recommended if this 
reference will be used to drive other system components 
because variations in a load driven f~om the reference will 
result in bipolar offset variations of the Of A converter. 
Gain and bipolar Offset adjustfllents should be made 
under constant load conditions. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagrams. These capacitors (lJ,tF 
tantalum or electrolytic recommended) should be located 
close to the case. Electrolytic capacitors. if used. should 
be paralleled with O.OIJ,tF ceramic cap!lcitors for. best 
high frequency performance. The metal cap on the top of 
the package is connected internally to -Vee. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain maybe trimmed by installing external 
offset and gain potentiometers. Connect these potentio~ 
meters as shown in the Connection Diagrams and adjust 
as described below. TCR of the potentiometers should be 
100ppmf~C or less. The 3 .. 9MO and 10MO resistors (20% 

. carbon or better) should be located close to the case to 
prevent noise pickup. For operation with supplies of less 
than .±13.5V, use 2.7MO and 7.5MO resistors' in place of 
the 3.9Mnand IOMO resistors, respectively. If it is not 
convenient to use these high value resistors, an equival
ent "T" network, as shown in Figure 3, may be substi
tuted in each case. Figures 4 and 5 illustrate the relation
ship of . offset and main adjustme'nts to unipolar and 
bipolar 0 f A converter output. 

Offset Adjustment: For unipolar (CSB) configurations, 
apply the' digital input code that should produce zero 
potential output and adjust the offset potentiometer for 
zero output. 

For bipolar (COB, CTC) configurations, apply the 
digital input code that should produce the maximum 
negative output voltage and adjust the Offset poten-

o---wv--o 
7.5Mn Dr 10Mn 

270kn 270kn 

~ 
111lkn -=- l80kn 

~ 
FIGURE 3. Equivalent Resistances. 
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FIGURE 4. Relationship of Offset and Gain 
Adjustments for a Unipolar D/ A Converter. 

+FULL .L . 

~ SCALE /;. RANGE OF 
T , " / T- GAIN ADJ. 

ILSBJ ~" 
FULLSCALE ,1.J'- GAIUOJ. 
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OFFSET AoJ'l ' I OFF LOGIC 0 

OFFSET A~J. T 4' L ·FULL SCALE 
TRANSLATES" It OFFSET 
THE LINE T olGITALINPUT 

FIG U RE 5. Relationship of Offset and Gain 
Adjustments for a Bipolar D/ A Converter. 

tiometer for minus full scale voltage. Example: If the Full 
Scale Range is connected for 20V, the maximum negative 
output voltage is -IOV. See Table II for corresponding 
codes and the Connection Diagrams for offset adjustment 
connections. 

Gain Adjustment: For either. unipolar or bipolar con
figurations, apply the digital input that should give the 
maximum positive voltage output. Adjust the gain 
potentiometer for this positive full scale voltage. See 
Table II for positive full scale voltages and the Connec
tion Diagrams for gain adjustment connections. 

TABLE II. Digital Input/ Analog Output. 

ANALOG OUTPUT 

DIG ITAL INPUT VOLTAGE' CURRENT 

~SB LS~ o to +10V +10V Oto-2mA 

000000000000 +9.9976V +9.9951V -1.9995mA 
0111111111" +5.0000V O.OOOOV -1.0000mA 
100000000000 +4.9976V -0.0049V -o.9995mA 
111111 t11111 O.OOOOV -10.0OO0V O.OOOOmA 

OneLSB 2.44mV 4.88mV 0.488pA 

"T 0 obtain values for other binary ranges: 
o to 1"5V range divide 0 to +10V range values by 2. 
±5V range: divide ±10V range values by 2. 
±2.SV range: divide ±10V range values by 4. 

VOLTAGE OUTPUT MODELS 

Output Range Connections 

+1mA 

-D.9995mA 
O.OOOOmA 

+0.0005mA 
+1.0oomA 
0.488pA 

Internal scaling resistors provided in the DAC850 may be 
connected to produce bipolar output voltage ranges of 
± IOV, ±5V or ±2.5Y or unipolar output voltage ranges of 
o to +5Y or 0 to + lOY. See Figure 6. 

REF. INPUT <!PI-I ___ ~.!~.n. ____ ® BIPOLAR 
.. '11 OFFSET 

SUMMINB 
FROM WEIGHTED JUNCTION 

@COMMON 

RESISTOR 
NETWORK 

OUTPUT 

R8111tor IDlmDC81 ±25% 

FIGURE 6. Output Amplifier Voltage Range Scaling 
Circuit. 

Gain and offset drift are minimized because of the 
thermal tracking of the scaling resistors with other device 
components. Connections for various output voltage 
ranges are shown in Table III. Settling time for a full scale 
range change is specified as 3!-,sec for the 20 volt range 
and 2.5j.1sec for the 10 volt range. 

TABLE III. Output Voltage Range Connections
Voltage Model. 

Output Digital Connect Connecl Connect Connect 
Range Input Code. Pin15to Pin 1710 Pin.1910 Pin 16to 

±10 COBo,CTC .19 20 15 24 
±5 COBo,CTC 18 20 NC 24 

±2.5V COBorCTC 18 20 20 24 
o to+1OV CSB 18 21 NC 24 
Oto+5V CSB 18 21 20 24 

CURRENT OUTPUT MODELS 

The resistive scaling network and equivalent .output 
circuit of the current model differ from the voltage model 
and are shown in Figures 7 and 8. It is important to note 
that there is a relationship between the tolerances of the 
current source and the scaling resistors. The magnitude 
of the tolerance tracks very closely but with opposite sign. 
The tolerance of the internal resistance of the converter 
(7.2k11 unipolar, 3.07k11 bipolar) tracks the tolerance of 
the scaling resistors in sign and approximately proportion-

~~kl~_~ 
REF.INPUT~~ 

~8 2.5~~n 1 '~~'kn 18 

4.20kn _ 

15 RuJIIOrID18I1InC81 ~ 20 

FIGURE 7. Internal Scaling Resistors. 

ately in magnitude. That is, if the scaling resistors are 
high by 10%, the internal impedance is high by about 8%. 

Internal scaling resistors (Figure 7) are provided to scale 
an external op amp or to configure load resistors for a 
low drift direct voltage output. These connections are 
described in the following sections. 

If the internal resistors are'not used for voltage scaling, 
external RL (or RF) resistors should have a TCR of 
±25ppm/"C or les~ to minimize drift. This will typically 
add ±50ppm/oC plus the TCR ofRL (or RF ) to the total 
d·rift. 
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I 
oro 

2.35mA 
±25% 

FIGURE 8. Current Output Model Equivalent 
Output Current. 

Driving a Resistive Load Unipolar 
A load resistance, RL = RL• + RJ.s, connected as shown in 
Figure 9 will generate a voltage range, VOUT, determined 

by: " (RL x 7.2kO) 
VOUT = -2.35mA RL + 7.2kO 

FIGURE,9. Current Output Model Equivalent Circuit 
Connected for Unipolar Voltage Output 
with Resistive Load. 

To achieve specified drift, connect the internal scaling 
resistor (Ri.J) as shown to an external metal film 'trim 
resistor (RLS) to provide full scale output voltage range of 
o to -2V. Tolerances on internal equivalent resistors are 
wide. RLS will have to be selected for each unit. 

Driving a Resistive Load Bipolar 
The equivalent output circuit for a bipolar O\ltput voltag~ 
range is shown in Figure 10, RL = RLJ + RLS. VOUT is 

, determined by: 

_ + (RJ. x 3.l7kO) 
VouT-_L175mA ~L+3.17kO 

To achieve specified drift, connect the 1.71kO and 
2.5SkO internal scaling resistors in parallel (RLI ) and add 
an external metal film resistor (R • .s) in series to obtain a 
full scale, output range of ±IV. The tolerances on the 
equivalent internal resistors are wide. R • .s will have to be 
selected for each unit. 

Driving An External Op Amp 
The current output model, will drive the summi!lgjunction 
of an op amp used ~s a current-to-voltage converter to 
produce an output voltage (see Figure II). 
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FIGURE 10. Current Output' Model Connected for 
Bipolar Output Voltage with Resistive 
Load. 

4.2Bkn 

426kn, 

or 
880PAII05HG 

Your 

FIGURE II. External Op Amp - Using Internal 
Feedback Resistors. 

VOUT = louT X RF 

where'louT is the output current and RF is the feedback 
resistor. Using the internal feedback resistors of the 
current output model provides output voltage ranges the 
same as the voltage model. To obtain the desired output 
voltage range when cqnnecting an external op amp, refer 
to Table IV. 

TABLE IV. Voltage Range of Current Output D/ A 
Converter. 

Output Digital Connect Connect Connect Connect 
Range Input Codes 0 to Pin 17 to Pin 19to Pin 16to 

±10V COBorCTC . 19 15 @ 24 
±5V COB or CTC 18 15 NC 24 

±2,5V COBorCTC 18 15 15 24 
o to +10V CSB 18 21 NC 24 
Oto +5V CSB 18 21 - 15 24 



BURR-OBROWN® 

IElElI DAC1200KP-V 

FOR COMMERCIAL APPLICATIONS 

Integrated Circuit 
12-Bit Resolution 

DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• COMPLETE DtA CONVERTER: 

INTERNAL REFERENCE 
±10V OUTPUT OPERATIONAL AMPLIFIER 

• MONOTONICITY GUARANTEED DoC TO + 70°C 
• SETTLING TIME 7pSBC. MAX 
• ±12V to ±15V POWER SUPPLY OPERATION 
• 24·PIN MOLDED PLASTIC DIP 

603VREFOUT 

GAIN AOJUST 

+VCC 

COMMON 

= SUMMING JUNCTION ::0 ... 
!! 
oJ 20VRANGE 

i IOVRANGE 

BIPOLAR OFFSET 

REF INPUT 

VOUT 

-Vcc 

LOGIC SUPPLY 

DESCRIPTION 
The low price of DACI200KP-V makes this 12-bit 
resolution DjA converter the best value available 
for commercial applicationso 
The DACI200 offers TTL input compatibility, guar
anteed monotonicity over ODC to +70°C and settling 
time of 7jlsec maximumo It comes complete with 
internal reference and output operational amplifier. 

This precision component is made possible using 
Burr-Brown's proprietary monolithic integrated cir
cuit process which has been optimized for converter 
circuits. A stable subsurface reference zener, laser
trimmed thin-film ladder resistors, and high speed 
current switches combine to give ~uperior perfor
mance over the rated temperature range. 

DACI200 is priced and specified for applications 
where high resolution and monotonocity are the key 
application parameters and where tightly specified 
performance over temperature is not required. 
Because of the low price, it is feasible to use a 12-bit 
D j A converter for new applications in communica
tions systems, control systems, medical systems, 
electronic games and personal computer peripher-
als. 0 

InternJllonal Alrpon Indualrlal Park· P.O.oSox 11400· T~clon. Arizona 85734· Til. [6021 748-1111 . Twx: 9jo.9S2:1II1 • Cable: SBRCORP· Telex: 66-6491 

PDS-620 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +25·C and ±Vcc = 12V or 15V. V •• = +5V unless otherwise 
noted. 

MODEL DAC1200KP·V UNITS 

INPUTS 

DIGITAL INPUTS 
Input Coden, CSB.COB 
Resolution 12 Bits 
Digital Logic J"PUIScz,: 

V'H. min to max +2.4 to +V .. V 
Vil. min to max Oto +0.8 V 
IIH. VI = +2.7V, max +20 ,.,A 
IlL. VI:::; +O.4V, max -400 ,.,A 

TRANSFER CHARACTERISTICS 

ACCURACY 
%'ol'FSR'" Linearity Error. maxl31 ±O.ot8 

Differential Linearity Error, max ±0.024 %01 FSR 
Gain Error, max·511C11 ±0.3 % 
Unipolar Offset Error'51171 ±20 mV 
Bipolar Offset Error, maxl51'11 ±40 mV 
Monotonicity Over O°C to +70°C'" 12 Bits 
Sensitivity of Gain to Power 

Supply Variations: 
+Vcc and -Vee ±0.OO3 % 01 FSRI%Vee 
V •• ±0.0002 % ol.FSRI%V .. 

TEMPERATURE COEFFICIENTS 
Gain ±10 ppml"C 
Bipolar Ollset ±8 ppm 01 FSR/·C 

SETTLING TIME to ±O.012% 
of FSR"m 

20V Step and 2kn Load. max 7 pssc 

OUTPUT 

ANALOG OUTPUT 
Voltage Range, min ±2.5. ±5. ±10. .V 

+5.+10 
Current. minml(121 ±5 mA 
Impedance 0.05 n 

REFERENCE OUTPUT 
Voltage'131 +6.3 V •• 
Source Current Available 

for External Loads, max '+1.5 mA 
Temperature Coefficient ±10. ppm/·C 

POWER SUPPLY REQUIREMENTS 

RATED VOLTAGE 
+VccI""Vee 1141 +15/-15 V 
Voo 

I1S) 
+5 V 

CURRENT (no load). max"" 
+Vecl-Vcc +12/-25 mA 

V.o +10 mA 

TEMPERATURE RANGE 

For parameters specified 
over temp, min to max Oto +70 ·C 

Storage. min to max -60 to +100 ·C 

NOTES: (1) CSB = Complementary Straight Binary (unipolar). COB = 
Complementary Ollset Binary (bipolar). (2) Digital inputs are TTL· 
compatible for VDD over the range of +4.5V to +Vcc. Digital input specs are 
guaranteed over O°C to +70°C. These specs are tested at 25°C only. 
(3) ±0.018% 01 FSR is 3/4LSB at 12 bits. (4) FSR means Full Scale 
Range and is 20V lor a ±10V range. (5) Adjustable to zero with external 
potentiometer. (6) Adjusting the Gain Adjust potentiometer rotates the 
transfer function about OV for unipolar 9peratlon and about minus full 
scale (-FS) for bipolar operation. (7) Error at input code FFFH for 
unipolar operation (output at OV). (8) Error at input code FFFH lor 
bipolar operation (output at minus lull scale. -FS). (9) Guaranteed. 
Tested at 25·C only. (10) Guaranteed. Not tested. (11) For operation 
with supply voltages 01 less than ±13V. load current must be limited to 
lmA. (12) Output may be indelinitely shorted to Common without damage. 
(13) Tolerance is ±5%. (14) Range 01 operation is ±11.4V to ±16.5V. 
(15) Vo. may be operated up to +Vcc. Digital input logic threshold remains 
at +1.4Voverttle VDD range. (16) Typical power supply currents are about 
70% 01 the maximum. 

ABSOLUTE MAXIMUM RATINGS 

+Vee to Common. • . • . . . . . • • • . . • . .• . • . . . •• • . . . . . • • . • •• 0 to +18V 
-Vee to Common •....•...•••••....•.•..•••..•..••••• 0 to -18V 
VDD to Common .•..••••.•.•• , ••••••••.•.••••••..•.. '.' 0 to + 7V 
Digital Inputs (pins 1-12) to Common •.•••.•••••• -0.4V to +18V 
External Voltage Applied to Range Resistors " • • • • . • • . • . . .. ±12V 
REF OUT .......................... Indelinite short to Common 
External Voltage Applied to Analog Output .•••..•.•. -5V to +5V 
Power Dissipation ...••.....•••....•..••..••••••...•.. 1000mW 
Operating Temperatura •...•.••.••••.•.....•..••••.• 0 to +70·C 
Storage Temperature .•.....•...•••••••••••.•.• -60·q to +100·C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. Exposure to absolute 
maximum conditions for extended periods may affect device reliability. 

PIN ASS,GNMENTS 

Pin Description Pin Description 

1 Bit 1 (MSB) 13 Logic Supply. Vo• 
2 Bit 2 14 -Vr;$; 

3 Bit 3 15 VOUT 
4 Bit 4 16 Relerence Input 
5 Bit 5 17 Bipolar Ollset 
6 Bit 6 18 10V Range 
7 Bit 7 19 20V Range 
8 Bit 8 20 Summing Junction 
9 Bit 9 21 Common 

10 Bit 10 22 +Vee. 
11 Bit 11 23 Gain Adjust. 
12 Bit 12 (LSB) . 24 6.3V Relerance Out 

CONNECTION DIAGRAM 

Output 
R.~g. 

±10 
±5 

±2.5V 
Oto+l0V 
Oto+5V 

~ +Vcc 

10Mn l GAINADJ 
~....,..."",v-~ 10kn TO 

l00kn 

-Vr;$; 

OFFSET ADJ 
t-T""""'1r---IclU.J-t-"''VV--S 10tn TO 

l00kn 

+Vee 

Output Voltage Range Connections 

Digital Connect Connect Connect Connect 
Input Codas Pin 15 to Pin 17 to Pin 19 to Pin 16 to 

COB 19 20 15 24 
COB 18 20 NC 24 
COB 18 20 20 24 
CSB 18 21 NC 24 
CSB 18 21 20 24 

NOTES: (1) Pin 161s used only to connect the bipolar ollset resistor. An 
external reference voltage may not be used. (2) If connected to +Vcc. 
which is permissible, power dissipation increases 75mW typ, 100mW max. 
(3) Values shown are for ±15V supplies. For supplies below ±13.5V use 
2.7Mn in place 01 3.9Mn and 7.5Mn in place 01 10Mn: 
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MECHANICAL 

. 
I ......... ... .................. " 

'1 NOTE: 
Leads in true posi-

DO 0 j 
tion within 0.010" 
(0.2Smm) R at 
MMC at seating 

,-,:,:",vvv vv vv plane. 
Pm1 

~ ~ !,J \ 
G:" Seating 0 ,tI:~--L--" 

Plane 

IN01ES MILLIME T~RS 

"'M MON MAX M" MAA 
A 1.233 1.283 31.32 32.59 CASE: Plastic 
B .538 .575 , 3.67 '4,81 MATING CONNECTOR: 
c .189 .224 .... 28 6.88 0245MC 
0 .015 .023 C!.~ ~ . WEIGHT: 3.7 grams 
F .043 .082 1.08 1.57 
G .100 BASIC 2.54 BASIC (0.130z.1 

H .030 .080 0.78 2.29 
J .008 .015 0.20 0.38 
K ,100 .132 2.64 3.35 
L .800 BASIC 15.24 BASIC 
M O· IS' 0' 15' 
N .018 .022 0.46 0.56 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

Decoupling: For optimum performance and noise rejec
tion, power supply decoupling capacitors should be 
added as shown in the Connection Diagrams. These 
capacitors (I~F to lO~F tantalum) should be located 
close to the DAC1200. 

±12V OPERATION 

The DAC1200 is fully specified for operation on ±12V 
power supplies. However, to use the ±lOV and 0 to + lOY 
ranges of the voltage output models, the power supplies 
must be ±13V or greater. All other voltage output ranges 
and all current output ranges provide satisfactory opera
tion with ±11.4V supplies. The supplies should be bal
anced to obtain optimum performance. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 
Offset and Gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these potenti
ometers as shown in the connection diagrams and adjust 
as described below. TCR of the potentiometers should 
be 100ppmjOC or less. The 3.9MO and lOMO resistors 
(20% carbon or better) should be located close to the 
DAC1200 to prevent noise pick-Up. For operation with 

supplies of less than ±13.SV, use 2.7MO and 7.SMO 
resistors in place of the 3.9MO imd lOMO resistors, 
respectively. If it is not convenient to use these high 
value resistors, an equivalent "T" network, as shown in 
Figure 1, may be substituted in each case. The Gain 
Adjust (pin 23) is a high impedance point and a O.OO1~F 
to O.01~F ceramic capacitor should be connected from 
this pin to Common (pin 21) to reduce noise pick-Up. 
Figures 2 and 3 illustrate the relationship of Offset and 
Gain adjustments to unipolar and bipolar DjA conver
ter output. 

~ 

7.5MO OR 10MO 

o----w..-o 
2.7MO OR 3.9MO 

2711cn 271l1cn 

~ 
180ko -::- llIOkn 

~ 
FIGURE I. Equivalent Resistances. 

+FULL SCALE L$r- ,.1.. 
" ~ llSB ~':':""T 

~ ~w ~;':/ 
:; l;l!i! ALL BITS ,~,' 
co ... oC LOGIC I 0,,1' iii RANGE OF S = ,?..- GAIN ADJ. . 

RANGE OF 
GAIN ADJ. 

oC OFFSET ADJ. '4.111 ,Jtf ROTATES 
OFFSET ADJ. k THE LINE 
TRANSLATES r 

ALL BITS 
LOGIC 0 

THE LINE D1GITALINPUT 

FIGURE 2. Relationship of Offset and Gain Adjust
ments for a Unipolar D{A Converter. 

ILSB +FULL.L 
LI /SCALE/;' RANGE OF 
Tt . .,· ~:?T GAIN ADJ. 

FULL·SCALE ,1}\- GAIN ADJ. 
ALL BITS RANGE ~ -/ ROTATES 
LOGIC I '" ~;~ THE LINE 

BIPOLAR V 1.4' 'MSB ON "-
RANGE OF OFFSET l- ALL OTHERS '" ALL BITS 
OFFSET ADJ'l ~L OFf LOGIC 0 

OFFSET ADJ. /.. ,;fULL SCALE 
TRANSLATES I< OFFSET 
THE LINE T DIGITALIN PUT 

FIGURE 3. Relationship of Offset and Gain Adjust-
ments for a Bipolar DjA Converter. 

Offset Adjustment: For unipolar (CSB) configurations, 
apply the digital input code that should produce zero 
potential output and adjust the Offset potentiometer for 
zero output. 

For bipolar (COB, CTC) configurations, apply the digi
tal input code that should produce the maximum nega
tive output voltage and adjust the Offset potentiometer 
for minus full-scale voltage. Example: If the Full Scale 
Range is connected for 20V, the maximum negative out
put voltage is -lOY. See Table I for corresponding 
codes. Offset should be adjusted before gain. 

Gain Adjustment: For either unipolar or bipolar config
urations, apply the digital input that should give the 
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maximum pOSItive voltage output. Adjust the Gain 
potentiometer for this positive full-scale voltage. See 
Table I for positive full-scale voltages. 

TABLE I. Digital Input/ Analog Output. 

Dlllilalinpul Analog Output 

MSB' lSB 010 +.10V .. , " 

000000000000 +9,9976V 
'011111111111 +5.OOOOV 
100000000000 +4.9976V 
111111111111 O.OOODV 

OnelSB 2.44mV 

To obtain value. for olher ranges: 
010 +5V range: dlvide'O 10 +10V range values by 2. 
±5V range: divide ±10V ragne values by 2. 
±2.5V range: divide ±10V range value. by 4. 

±10V 

+.9.9951V 
O.DOOOV 

-o.0049V 
-10.0000V 

4.BBmV 
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BURR-BROWN® 

IEElElI DAC1201KP 

FOR COMMERCIAL APPLICATIONS 

Monolithic Microprocessor-Compatible 
12-Bit Resolution 

DIGITAL-TO-ANALOG CONVERTER 

FEATURES DESCRIPTION 
• COMPLETE D/A CONVERTER: 

INTERNAL REFERENCE 
±IOV OUTPUT OPERATIONAL AMPLIFIER 

• MICROPROCESSOR INTERFACE LOGIC FOR A 4·, B·, 

The low price of DAC1201KP makes this l2-bit reso
lution D/A converter the best value available for 
commercial applications requiring a microprocessor 
interface. 

12· OR 16-BIT BUS 
• MONOTONICITY GUARANTEED O°C TO +70°C 
• SETTLING TIME 7~ec, MAX 
• ±12V to ±15V POWER SUPPLY OPERATION 
• 2B·PIN MOLDED PLASTIC DIP 

4·MSB·, 4-LSB', 

The DAC120l features microprocessor interface 
logic, TTL input compatibility, guaranteed mono
tonicity over O°C to +70°C and settling time of 
7 J.lsec maximum. 
The interface logic is partitioned in 4-bit nibbles 
permitting 4-, 8-, 12- and l6-bit bus interface connec
tions for right- or left-justified input words. Dual 
rank latches permit flexible timing operations for 
microprocessor control of the DAC1201. 

This precision component is made possible using 
Burr-Brown's proprietary monolithic integrated cir
cuit process which has been optimized for converter 
circuits. A stable subsurface reference zener, laser
trimmed thin-film ladder resistors, and high speed 
current switches combine to give superior perfor
mance over the rated temperature range. 

DAC1201, is priced and specified for applications 
where high resolution and monotonocity are the key 
application parameters and where tightly specified 
performance over temperature is not required. 
Because of the low price, it is feasible to use this 
l2-bit D / A converter (or new applications in com
munications systems, electronic controllers, medical 
instrumentation, electronic games and personal com-
puter peripherals. . . 

Internltional Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734 . Tal. 1602) 746·1111 . Twx: 910-952·1\11 • Cable: BBRCORp· Taiax: 66·6491 

PDS-621 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +2S'C and ±Vee = 12V or 1SV, VDD = +SV unless otherwise 
noted. . 

MODEL 
DAC1201KP UNITS 

INPUTS 

DIGITAL INPUTS 
Input eadem USB,BOB 
Resolution 12 Bits 
Digital Logic Inputs~l: 

VIH. min to max +2.4to+Vee V 
VIL. min to max Oto+0.8 V 
I'H, V, = +2.7V, max +20 pA 
IlL, VI ::;: +O.4V, m"'ax ±30 pA 

TRANSFER CHARACTERISTICS 

ACCURACY 
Linearity Error, maxm ±O.Ol8 'Ibof FSR'" 
Differential Linearity Error, max ±O.024 'lbofFSR 
Gain Error, maxl$jC'I ±0.3 'Ib 
Unipolar Offset ErrorlSJI'n ±20 mV 
Bipolar Offset Error, max lSlC1I ±40 mV 
Monotonlcity Over DoC to +70°C'" 12 Bits 
Sansltivlty of Gain to Power 

Supply Variations: 
+Vee and -Vee ±O.002 'Ib of FSR/'IbVcc 
Voo ±O.OO6 'Ibof FSRI'IbVDD 

TEMPERATURE COEFFICIENTS 
Gain ±10 ppml'C 
Bipolar ZeranOI ±S ppm of FSRI'C 

SETTLING TIME (to ±O.012'1b 
of FSR)"" 

20V step and 2kO·load, max 7 psec 

OUTPUT 

ANALOG OUTPUT 
Voltage Range,' ~lnt121 ±S,±10,+10 V 
Current, minn~1 ±5 mA 
Impedance 0.2 0 

REFERENCE OUTPUT 
Voltagel141 -HI.3 V 
Source Current Available 

for External Loads, max +1.5 mA 
Temperature Coefficient ±10 ppml'C 

POWER SUPPLY REQUIREMENTS 

RATED VOLTAGE 
+Vcc/_v~n'II'1S1 +15/-15 V 
Voo 

U71 
+5 V 

CURRENT (no load), max'111 
+Vccl-Vcc; , +25/-35 mA 
Voo +15 mA 

TEMPERATURE RANGE 

For parameters specified 
over temp. min to max Oto+70 'C 

Storage, min to max -60 to +100 'C 

NOTES: (1) USB = Unipola~ Straight Bina~, BOB = Bipolar Offset 
Bina~. (2) Digital Inputs are TTL-<:ompatible for VDD over the .range of 
+4.SV to S .. 5V. Digital input specs are guaranteed over O'C to +70'C. The 
specs are tested at 25'C only. (3) ±O.018'1b of FSR Is 3I4LSB for 12 
bits. (4) FSR means Full-Scale Range and is 20V for a ±.10V range. 
(5) Adjustable to zero with external potentiometer. (6) Adjusting the 
Gain Adju·st potentiometer rotates the transfer function about OV for 
unipolar operation and about minus full scale (-FS). for bipolar. oper
ation. (7) Error at Input code OOOH for unipolar operation (output at 
OV). (8) Error at Input code OOOH for bipolar operation (output at minus 
full scale, -FS). (9) Guaranteed. Tested at 25'C only. (10) Drift at OV 
output for bipolar operation (input code l00H). (II) Guaranteed. Not 
tested. (12) Minimum supply voltage required for ±10V output swing 
±13.5V. Output swing for ±11.4V supplies is at least -8V to +8V. 
(13) Output may be indefinitely shorted to Common without damage. 
(14) Tolerance is ±5'1b. (15) The maximum. voltage s.paration between 
ACOM and DCOM without affec1ing accuracy Is ±0.5V. (16) Range 

of operation Is ±11.4V to ±16.5V. (17) Range of operation 10 +4.SV to 
+5.5V. (18) Typical power supply currents ara approximately 7a.. of 
the maximum. . 

ABSOLUTE MAXIMUM RATINGS 

+Vcc; to ACOM '...................................... 0 to +18V 
-Vee to ACOM ..•••.•••.•••. ;....................... 0 to -18V 
VDO to DCOM •••••••••••••••.••••••••••••••••••••.•••• 0 to +7V 
VDO to ACOM •••••••••••••..••.••••••••••••••••••••••••••• ±7V 
ACOM to DCOM ••••••••...••.•.••••••••••.•••••••••••••• ±7V 
Digital Inputs (pins 2-14, 16-19) to DCOM •••••.••• -0.4V to +18V 
External Voltage Applied to 10V Range Resistor •• • • • • • . • • • • ±12V 
REF OUT ...•••••..•..••••••••••••••• Indefinite short to ACOM 
External Voltage Applied to Analog Output •••••••••• -SV to +5V 
Power Dissipation •••.••••••••.•.••••••••••..••••••••• l000mW 
Operating Temperature .••••••••.•••.••••••••••.•• O'C to +70;C 
Storage Temperature ., .•••••••••••••• ;....... -60'C to +100'C 

NOTE: Stresses above those listed und.r "Absolute Maximum. Ratings" 
may cause permanent damage to the device. Exposure to absoluTe maxi
mum conditions for extended periods may affect device reliability. 

MECHANICAL 

NOTES:. 
1. Leads in true position within .010" 

(.25mm) Rat MMC at seating plane. 

CASE: PlastiC 
MATING CONNECTOR: 2803MC 
WEIGHT: 4.3gm (0.15oz) 
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TIMING DIAGRAMS 

.... "" PO< ~r: un ... ':' ~ " 

N.:ii;,/fc" ~ 

DB,,-DBo 

Write Cycle #1 

Digital Interface Timing Over Temperature Range: . 
twP, WR pulse width, min. . . • . . . • . . • • . • • • . . • . . • •• . • • • • • . • • •• 50nsee 
t,.w1, Nx and IDA'C valid to end of WR, min ••••• '. . •. . . • • . • .• 50nsec 

PIN NOMENCLATURE 

PIN NAME FUNCTION 

v •• Logic Supply. +5V 

2 WR WRITE, command signal to load latches. Logic 
low loads latches. 

3 LDAC LOAD D/A CONVERTER. enables WR to load Ihe 
DIA lalch. Logic low enables. 

4 No NYBBLE A. enable. WR 10 load input latch A (the 
most significant nybble. Logic ID,W enables. 

5 No; NYBBLE 8, enables WR to load input latch B. 
Logic low enables. 

6 No .NYBBLE C. enables WR 10 load inpullatch C (the 
least Significant nybble). logic low enables. 

7 On DATA. Bit 12. MSB. posilive Irue. 

8, 0" DATA.Billl 

D. DATA,Bill0 

10 0, DATA. Bit 9 

11 0, DATA. Bit8 

12 D, DATA. Bit7 

13 D, DATA, Bil6 

... '" 111.·........ 1, .. DJ ........ • .. 

FIGURE 1. DACl20l Block Diagram. 
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tow. data valid to end of WA, min ........................... SOn see 
tOM. data valid hold tim~. min ........................ q • • • •• Onsec 

PIN NAME FUNCTION 

14 D. DATA. Bil5 

15 DCOM DIGITAL COMMON. V •• supply .relurn 

16 Do DATA. Bitl. LSB 

17 0, DATA. Bit2 

18 0, DATA. Bit 3 

19 0, DATA. Bit4 

20 +Vee Analog Supply Inpul. +15V or +12V 

21 -Vee Analog· Supply Inpul. -15V or -12V 

22 GAINADJ To externally adjust gain 

23 ACOM ANALOG COMMON. iVee supply relurn 

24 Vout D/A converter voltage output 

25 10V RANGE Connecllo pin 24 for 10V Range 

26 SJ SUMMING JUNCTION 01 outpul amplifier 

27 BPO BIPOLAR OFFSET. Connecllo pin 26 for Bipolar 
Operation 

28 REF OUT 6.3V reference output 

OPERATION 
INTERFACE LOGIC 

Input latches A, B, and C hold data temporarily while a 
complete l2-bit word is assembled before loading into 
the D/A register. This double-buffered organization 
prevents the generation of spurious analog output values. 
Each register is independently addressable. 

These input latches are controlled by NA, No, Nc and 
WR. NA, No, and Nc are internally NORed with WR so 
that the input latches transmit data when both NA (or 
Nil, Nc) and WR are at logic "0". When either NA (or Jilii, 
Nc) or WR go to logic "I", the input data is latched into 
the input registers and held until both NA (or No, Nc) 
and WR go to logic "0". . 

The D / A latch is cdntrolled by LDAC and WR. LDAC 
and WR are internally NORcid so that the latches 



transmit data to the D / A switches when both LDAC 
and WR are at logic "0". When either LDAC or WR are 
at logic "I", the data is latched in the D / A latch and held 

. until LDAC and WR go to logic "0". ' 

All latches are level-triggered. Data present when the 
control signals are logic. "0" will enter the latch. When 
anyone of the control signals returns to logic "I", the 

. data is latched. A truth .table for all latches is given in 
Table I. 

TABLE I. DAC1201· Interface Logic Truth Table. 

WR H. H. He LDAC Operation 

1 X X X X . No Operation 
0 0 1 1 1 Enables Input Latch 4MSBs 
0 1 0 1 1 Enables Input Latch 4 Middle Bits 
0 1 1 0 1 Enables Input Latch 4LSBs 
0 1 1 1 0 Loads pIA Lalch From Input Latches 
0 0 0 0 0 All Lstches .Transparent 

"X" = Don·t Care. 

GAIN AND OFFSET ADJUSTMENTS 

Figures 2 and 3 illustrate the relationship of Offset and 
Gain adjustments to unipolar and bipolar D/A conver
ter output. 

,,1.. 
+FULL SCAlE • '" 

~ ?':"':~T E ~ ~.,/ 
II! ~i ALL BITS ~~'" . 

ii lIAISE OF !;I LOlte O,?"' BAIl ADJ. 

RAISE OF 
SAil ADJ. 

• OffSET AILI. 1 I' IIIITATEI 
OFFSET ADJ. 1 l ~ THE UIE 
TIlAIlLATES 

ALL Bill 
. LOIIC 1 

TMELlIE r, IIIIITAL IIPUT 

FIGURE 2. Reiationship of Offset and Gain Adjust- . 
ments for a Unipolar D/A Converter. 

I 
I 

+FULL ...L 
SCALE /; lIAISE OF 

ILIa] • ~:./ T SAIIADJ. 

.FULL8CALE .11'-...... 
ALL BITS IlAUE ~ -/ IITAm 
LDBIC 0 " ~o TIE U. 

IIPllLAIV ,I ... 01 ".' 
lIAISE OF OFFSET J." ALL OTMEIS "- ALL BITS 
OFFSET ADJ.1 ' I OFF LOIIC 1 

OFFSET ADJ. • -FULL SCALE 
lIIA_LATEI / OFFSET 
THE UNE T DIIITALlIPUT 

FIGURE 3. Relationship of Offset and Gain Adjust-
. ments for a Bipolar D/A Converter. 

OFFSET ADJUSTMENT 

For unipolar (USB) configurations, apply the digital 
input code that should produce zero voltage output and 
adjust the Offset potentiometer for zero output. For 
bipolar (BOB, BTC) configurations, apply the digital 
input code that shoulll produce the maximum negative 
output voltage and adjust the Offset potentiometer for 
minus full scale vo!tage. Example: If the Fu!1 Scale 

6-158 

Range is connected for 20V, the maximum negative out
put voltage is -IOV. See Table II for corresponding 
codes. . 

TABLE II. Digital Input/ Analog Output, ±Vcc = ±15V. 

Dtgltallnput Analog Output 

12-Bit Resolution Oto+l0V ±5V ±10V 
MSB LSB 
j j 

111111111111 +9.9976V +4.9976V +9.9951V 
100000000000 +5.0000V O.OOOOV O.OOOOV 
011111111111 +4.9976V -0.0024V :"0.0049V 
000000000000 O.OOOOV -S.OOOOV -10.0000V 

lLSB 2.44mV 2.44mV 4.88mV 

GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input thatshoulcJ give the maximum positive volt
age output. Adjust the Gain potentiometer for this posi
tive full scale voltage. See Table II for positive full scale 
voltages. 

±12V OPERATION 

The DAcI20l is fully specified for operation on ±12V 
power ~upplies. However, in order for the output to 
swing to ±IOV, the power supplies must be ±13.5V or 
greater. When operating.with ±12V supplies, the output 
swing should be restricted to ±8V in order to meet speci
fications. 

INSTALLATION 
POWER SUPPLY CONNECTIONS 

Decoupling: For optimum performance and noise rejec
tion, power supply decoupling capacitors should be 
added as shown in the Coimection Diagram, Figure 4. 

FIGURE 4. Power Supply, Gain, and Offset 
Potentiometer Connections. 



These capacitors (IJLF to 10JLF tantalum recom
mended) should be located close to the DACl201. 

The DACI201 features separate digital and analog power 
supply returns to permit optimum connections for low 
noise and high'speed performance. The Analog Com
mon (pin 23) and Digital Common (pin 15) should be 
connected together at one point. Separate returns min
imize current flow in low level signal paths if properly 
connected. Logic return currents are not added into the 
analog signal return path. A ±0.5V difference between 
ACOM and DCOM is permitted for specified operation. 
High frequency noise on DCOM with respect to ACOM 
may permit noise to be coupled through to the analog 
output; therefore, some caution is required in applying, ' 
these common conections. ' 

The Analog Common is the high qualitYTeturn for'the 
Dj A converter and should be conne,cted directly to the 
analog reference point of the system. The load driven by 
the output amplifier should be'returned to the' Analog 
Common. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and Gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these potenti
ometers as shown in Figure 4. TCR of the potentiome
ters sh()uld be 100ppmjOC or less. The 1.0MO and 
3.9MO resistors (20% carb,on or better) should be located 
close to the DACI201 to prevent noise pick-up. If it is 
not convenient to use these high value resistors, and equi
valent "Tn network, as shown in Figure 5, may be substi
tuted in each case. The Gain Adjust (pin 22) is a high 
impedance point and a O.OOIJLF to O.OIJLF ceramic capaci
tor should be connected from this pin to Analog Com
mon to reduce noise pick-up in all applications, includ
ing those not employing external gain a"justment. 

OUTPUT RANGE CONNECTIONS 

Internal scaling resistors provided in the DACl20l may 
be connected to ,produce bipolar output voltage ranges 
of ±IOV and ±5V or unipolar output voltage range of 0 
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to +JOV. The 20V range (±IOV bipolar range) is inter
nally connected. Refer to Figure 6. Connections for the 
output ranges are listed in Table III. 

~=~ 
-.t2kO 

_ ~180kO = 180kO 
C>--v\¥-O = 

3.9MO 
IOkO 

FIGpRE 5. Equivalent Resistances. 

FROM 
5.38110 

@ BIPOLAR ""'" VOLTAGE REFERENCE RaPO OFFSET 

SUMMING 
JUNCTION 

4.Z6kO IOV RANGE 

FROM OIA 
CONVERTER 

RESISTOR TOLERANCES ±25% 

FIGURE 6. Output Amplifier Voltage Range Scaling 
Circuit. 

TABLE III. Output Range Connections. 

Output Digital Connect Connect' 
Range Input Codes Pin 25 To Pin 21 To 

Oto +tOV USB 24 23 

±5V BOBorBTC ' 24 26 

±10V BOB or BTC NC 26 



BURR-BROWN@) 

IElElI DAC1600 

FOR COMMERCIAL APPLICATIONS 

Monolithic 
16-Bit Resolution 

DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• COMPLETE DIA CONVERTER: 

INTERNAL REFERENCE 
±10V OUTPUT OPERATIONAL AMPLIFIER 

• 14-BIT ACCURACY IK GRADEl: . 
±D.003% FSR LINEARITY ERROR 
14·BIT MONOTONICITYGUARANTEED O·C to 

+10·C 
• SETTLING TIME lOpS, MAX 
.• ±15V POWER SUPPLY OPERATION 
• 24-PIN MOLDED PLASTIC DIP 

. DESCRIPTION . 
.The low prices of DACI600JP and DAc'J600KP 
make these very-high resolution D / A converters the 
best value available. 

DIGITAL 
INPUTS 

I6-BIT 
LADDER 

RESISTOR 
NETWORK 

AND 
CURRENT 
SWITCHES 

The DACI600 family offers TTL input compatibil
ity, guaranteed monotonicity (l3-bit, J grade; 14-bit, 
K grade) over O·C to +70·Cand settling time of 
IOl'sec maximum. 

This precisi9n component is made possible using 
·Burr-Brown's proprietary monolithic integrated cir
cuit process which has been optimized for converter 
circuits. A stable subsurface reference zener, laser
trimmed thin-film ladder resistors,. and high speed 
current switches combine. to give superior perfor
mance over the rated temperature range . 

The DACI600 is priced and specified for applica
tions where high resolution and monotonocity are 
the key application parameters and where tightly
specified performance over temperature is not 
required. Because o( the low price, it is feasible to 
use a l6-bit D/Aconverter for new applications in 
communications systems, electronic controllers, elec- . 
tronic games, and personal computer perip~erals. 

1-1~""" ....... - REFERENCE OUTPUT 

SUMMING JUNCTION 
COMMON 

OUTPUT 

_ GAIN ADJUST 
4--+Vl.\. 
""---Vce 

- Voo 

Inlernilianal Alrparllndullrlll Park· P.O. Box 11400· Tucson. Arizona 85734· TII.(B02) 746-1111 • Twx: 910-952·1111 • Clbla: BBRCORp· Tel.x: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +2?oC. ±Vcc::; 15V. VOD::; +5V unless otherwise noted. 

MODEL DAC16ooJP·Y DAC16ooKp·y UNITS 

INPUTS 

DIGITAL INPUTS 
Input eadem COB 
Resolution, max 16 Bi\s 
Digital Logic Inputs/Z/, 

VUl. min to max +2.410 +Voo V 
VIL. min to max -1.0 to +0.6 V 
I ... , VI;:: +2.7V, max +40 pA 
IlL. VI ;:: +O.4V. max -0.5. mA 

TRANSFER CHARACTERISTICS 

ACCURACY 
Linearity Error. maxl31 ±O.OO6 ±O.OO3 %01 FSR'· 
Differential Linearity Error, 

max ±0.012 ±O.OO6 % 01 FSR 
Gain Error, maxlSllll1 ±0.3 % 
Bipolar Zero Error, maxl~1I 40 mW 
Monotonicity OverOGe to 

+70"C I7l t3 14 Bits 
Sensitivity of Gain to Power 

Supply Variations: 
±Vcc ±O.OO2 %oIFSR/%Vcc 
V", ±0.OOO2 % 01 FSRI%V", 

TEMPERATURE 
COEFFICIENTS 
Gain ±10 ppml"C 
Bipolar Zero ±5 ppm of FSR/'C 

SEmlNG TIME Ito ±0.003% 
01 FSR)''', tOV step and 2kCl 
load, max to poec 

OUTPUT 

ANALOG OUTPUT 
Voltage Range, min ±10 V 
Current, minllll ±5 mA 
Impedance .0.15 Cl 

REFERENCE OUTPUT 
VoltagenO) +6.3 V 
Source Current Available 

for External Loads, max +1.5 mA 
Temperature Coefficient ±to ppml'C 

POWER SUPPLY REOUIREMENTS 

RATED VOLTAGE 
iVccl111 15 V 
V •• '121 +5 V 
CURRENT, maxl13J 
±Vcc 35 mA 
V •• a mA 

TEMPERATURE RANGE 

For parameters spe.cified 
over temp, min/max Oto +70 'C 

Storage. minImax -60 to +100 'C 

NOTES: 11) COB = Complementary Offset Binary. 12) Oigitallnputs 
are TTL·compatible for Voo' over the range of +4.5V to +Vcc. Digital input 
specs are guaranteed over ODC to + 70°C. These specs are tested at 25°C 
only. 13) ±0.003% of FSR is 1/2LSB at 14 bits. 14) FSR means Full 
Scale Range and Is 20V for a ±10V range. 15) Adjustable to zero with 
external potentiometer: (6) Adjusting the gain potentiometer rotates the 
transfer function around Bipolar Zero, OV (Input Code 7.FFFH). 17) Guar· 
anteed. Tesled al 25"C only. 18) Guaranteed. Not tested. 19) Output 
may be indefinitely shorted to Common without damage. (10') Tolerance 
is ±5%. 111) Range of operation is ±13.5V to ±16.5V .. 112) VDD may be 
operated up to +Vcc. Digital input logic threshold remains at +1.4V over 
the VD. range.. 113) Typical power supply currents are about 50% 01 the 
maximum .. 

ABSOLUTE MAXIMUM RATINGS 

+Vcc to Common ......................... , ........... OV, +18V 
-Vee to Common ....................... , ............. OV,"-18V 

VD. to Common "'''''''''''''''''''' ......... , ...... OV, +18V 
Digital Data Inputs to Common ....................... -1V, +18Y 
Reference'Oul to Common .•.....••• IndeflnltB Short to Common 
External Voltage Applied to DIA Output "."."., .. , -5V to +5V 
VOUT ............................... Indefinite Short to Common 
Power Dissipation .................... .... .. . ... .. . .... 1000mW 
Storage Temperature , .. ,.".,",." .. ,.,", •. -60'C to+l00'C 

NOTE: Stresses above those listed under "Absolute Maximum Rat
ings" may cause permanent damage to the device. Exposure to 
absolute maximum conditions for extended periods may affect 
deYic~ reliability. 

MECHANICAL 

00 1 

~~,.".,.,.,.,.,...,.,..,.J.i 
NOTE: 
Leads in true pOlltlon within .010" 
1.25mm) R at MMC at seating plane. 

CONNECTION DIAGRAM 

SAl. ADJUST 

NOTES: 
1. Can be tied to +Vcc 

instead at having sep
a,ate VDD supply. 

2. Decoupling capacitora 
are 1pF to lOpF. 

3. Potentlometera are 
10kCl to 100kCl. 
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PIN ASSIGNMENTS 

Pin DacllpUon Pin Dacllplion 

1 Bill (MSB) 13 BII13 
2 BI12 14 BII14 
3 BI13 15 'Bit15 
4 Bi14 16 BII16 (LSB) 
5 Bi15, 17 V"", 
6 BI16 18 VD. 
7 BIt7 19 -V"" 
8 Bil8 20 Common 
9 BI19 21 Summing Junction (Zero Adjusl) 

10 Blll0 22 Gain Adjusl 
11 Blill 23 +V"" 
12 BII12 24 +6,3V Reference Oulpul 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. II'F to IOI'F tantalum 
capacitors should be located close to the D/ A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external 
zero and gain potentiometers. Connect these potenti
ometers as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
be IOOppm/"C or less. The 3.9M!l and 270k!l resistors 

" (±20% carbon or better) should be located close to the 
D / A converter to prevent noise pickUp. If it is not con
venient to use these high-value resistors, an equivalent 
"T" network, as shown iii. Figure I, maybe substituted in 
plaCe ofthe 3.9M!l part. AO.OOII'F to O.OII'F ceramic 
capacitor should be connected from Gain Adjust to 
Common to prevent ,noise pickUp. See Figure 2 for rela
tionship of zero and gain adjustment. 

~~ == ~.·"n-'--11r--:--';~~ 
'Ullclll 

FIGURE I. Equivalent Resistances. 

" Zero Adjustment 
Apply the digital input code that produces zero output 
voltage or current. See Table I for corresponding codes 
and the Connection Diagram for zero adjustment circuit 
connections. Zero calibration should be made before 
gain calibration. 

Gain Adjustment 
Apply the digital input that gives the maximum pOSitive 
output voltage. Adjust the gain potentiometer for this 
positive full scale voltage. See Table I for positive full 
scale voltages and the Connection Diagram for gain 
adjustment circuit connections. -

FIGURE 2. Relationship of Zero and Gain Adjustment. 

, TABLE I. Calibration Table. 

Dlgllallnput Deocrlptlori l&obil 

OneLSB OneLSB 3OS/lV 
0000. + Full Scate +9.99960V 
7FFF. Bipolar Zero OV 
FFFF. -Full Scale -10.00000V 

INSTALLATION 
CONSIDERATIONS 

Analog Output 

15-bll 15-blt 

610pV 1224pV 
9.99939V +9.99878V 

OV OV 
-10.00000v -10.00000V 

This D/ A conv.erter family is laser-trimmed to l4-bit lin
earity. The design of the" device makes the l6-bit resolu
tion available. If l6-bit resolution is not required, bit IS 
and bit 16 should be connected to VDD through a single 
Ik!l resistor. " 

Due to the extremely-high resolution ~d linearity of the 
D/ A converter, system design problems such as ground
ing and contact resistance become very important. For a 
16-bit converter with a 20V full-scale range, ILSB is 
30SI'V. With a load current of SmA, series wiring and 
connector resistances of only 60m!l will cause the output 
to be in error by ILSB. To understand what this means in 
terms of a sytem layout, the resistance Q.f #23 "wire is 
about O.021!l/ft. Neglecting contact resistance, less than 
18 inches of wire will produce a 1/2LSB error in the 
analog output Voltage! ' 

In Figure '3 lead and contact resistances are represented 
by RI through R3. As long as the load resistance RL is 

. constant,R1 simply introduces a gain error and can be 
removed during initial calibration. R2 is part of RL, if the 
output voltage is sensed at Common, and therefore, 
introduces no error. RL should be located as close as 
"possible to the D / A converter for optimum performance. 
The effect of R3 is negligible. ' 
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In many applications it is impractical to sense the output 
voltage at the output pin. Sensing the output voltage at 
the system ground point is permissible with the OACI600 
family because the Of A converter is designed to have a 
constant return current of approximately 2mA flowing 
from Common. The variation in this current is under 
20jJ.A (with changing input codes), therefore R3 can be as 
large as 30 without adversely affecting the linearity of the 
Of A converter. The voltage drop across R3 (R3 X 2mA) 
appears as zero error and can be removed with the zero 
calibration adjustment. This alternate sensing point (the 
system ground point) is shown in Figure 3. 

The Of A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EMI. The key concept in elimination 
of RF radiation or pickup is loop area; therefore, signal 
leads and their return conductors should be kept close 
together. This reduces the external magnetic field along 
with any radiation. Also, if a single lead and its return 
conductor are wired close together, they present a small 
flux-capture cross section for any external field. This 
reduces radiation pickup in the circuit. 
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TO Voo 
+ IpF 

FIGURE 3. Output Circuit. 
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BURR-BROWN® 

113131 

DESIGNED FOR AUDIO 

PCM53JG-V 
PCM53JG-1 

16-Bit Monolithic 
. DIGITAL-TO-ANALOG. CONVERTER 

FEATURES 
• LOW COST 
• NO EXTERNAL COMPONENTS REQUIRED 
• 16·BIT RESOLUTION 
• 16·BIT MONOTONICITY. typ 
• 0.001% OF FSR TYP DIFFERENTIAL LINEARITY 

ERROR 
• 0.002% THO IFS Input. 16 Bits). typ 
• 0.02% THO 1-20dB. 16 Bits). typ 
• 3psec SETTLING TIME. typ 
• 96dB DYNAMIC RANGE 
• ±IDV AND ±lmA AUDIO OUTPUT 

AVAILABLE 
.EIAJ STC·007 COMPATIBLE 
• INDUSTRY·STANDARD PINOUT 
• COMPACT. 24·PIN DIP PACKAGE 

REFERENCE 
VOLTAGE 

~ 
I R, 

16·BIT LADDER 1 ~ 
PARALlEl RESISTOR NETWORK -

~
DIGITAL AND 0: ......... --"'--~ 
INPUT 

CURRENT SWITCHES i J"" + AUDIO OUTPUT 
(VOLTAGEI -=- OUTPUT 

'-------" OPERATIONAL 
AMPLIFIER 

DESCRIPTION 
The PCMS3 is a state-of-the-art, funy'monolithic, 
digital-to-analog converter that is designed and 
specified for digital audio applications. This device 
employs a segmented architecture and ultra-stable, 
nichrome (NiCr), thin-film, well-matched resistors 
to provide monotonicity, low distortion, and low 
differential linearity error (especially around bipolar 
zero) over long periods of time and. over the full 
operating temperature range. 
The PCMS3-V is completely self-contained with 
stable, low noise, internal, zener voltage reference; 
high speed current switches; resistor ladder network; 
and fast-settling, low noise, output operational 
amplifier all on a single monolithic chip. A special, 
open-loop reference circuit helps provide the fast 
settling time required for criticai audio applications. 
The converter can be operated using two power 
supplies (± ISV) instead ofthree separate supplies. 
Few external components are necessary for opera
tion, and all critical specifications are 100% tested. 
This helps to assure the user of high system reliabilty . 
and outstanding overall system performance. 

The PCMS3JG-I is. similar to the PCMS3JG-V 
except it provides a current output that settles· to 
within ±O.006% of FSR of its final value in typically 
350nsec in response to a full-scale change in the digi
tal input code. 

International AIrport IndustrIal Park· P.O. 801 11400· Tucson. Arizona 85734· Tat. (602) 746-111.1 • Twx: 910-952·1111 • Cable: BBRCDRP· Talax: 66·8491 

PDS-S74 
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SPECIFICATIONS 
ELECTRICAL 
TA ;; +25°C rated power supplies unless otherwise noted. 

MODEL PCM53JG 

MIN TYP . MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution 16 Bits 
Dynamic Range 96 dB 
Logic Levels (TTL/CMOS Compatible): Logic "I" al +40pA +2.4 +Vee VDC 

Logic "0" at -0.5mA 0 +0.8 VDC 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Error ±0.1 ±1.0 % 
Bipolar Zero Errorl1J ±10 ±50 mV 
Differential Linearity Error at B:ipolar Zero 0.001 0.005 % of FSR I21 

Noise (rms)(20Hz to 20kHz) at Bipolar Zero: PCM53-V131 30 60 pV 

TOTAL HARMONIC DISTORTION'" (16-Bit Resolution) 
Vo = ±FS at f = 420Hz 0.002 0.004 % 
Vo = -20dB at f = 420Hz 0.02 0.04 % 
Vo = -60dB at f = 420Hz 1.9 4.0 % 

MONOTONICITY 16 Bits 

DRIFT (O'C to +70'C) 
Total Bipolar Drift (includes gain. offset, and linearity drift) ±25 ±150 ppm of FSR/'C 

±0.1 ±0.68 % of FSR 
±0.01 ±0.06 dB 

Bipolar Zero Drift ±4 ±20 ppm of FSR/'C 

SETTLING TIME (to ±0.006% of FSR) 
Voltage Model Output (PCM53-V): 10V Step 3 psec 

lLSB Step I J,lscc 
Current Model (PCM53-1) Output (1mA Step): 100 to 1000 Load' 350 nsec 

1kO Load 'S! 350 nsec 
Deglitcher Delay (THO Test)'" 2.5 4.0 psec 
Slew Rate 10 Vlpsec 

WARM-UP TIME I Min 

OUTPUT 

ANALOG OUTPUT 
Voltage Models 

Ranges: PCM53-V "9.8 '10 +10.2 V 
Output Current ±5 mA 
Output Impedance 0.1 n 
Short-Circuit Duration Indefinite to Common 

Current Model 

I -I Range. PCM53-1 (±30%) ±1 mA 
Output Impedance (±30%) 2.4 kO 

POWER SUPPLY 

SENSITIVITY 
+Vcc ±O.OO1 % of FSR/%Vee 
-Vee ±0.001 % of FSR/%Vcc 

Vee ±0.001 % of FSR/%Vee 

POWER SUPPLY REQUIREMENTS 
Voltage: ±Vee ±14.25 ±15 ±15.75 VDC 

Vee +4.75 +5 +15.75 VDC 
(Voo may be connected to +Vee supply voltage. Result is slightly 
increased total power disSipation of approximately 40mW). 
Supply Drain (no load): +Vcc +18 +30 mAo 

-Vee -18 ' -30 mA 
Voo +4 '+10 mA 

TEMPERATURE RANGE 

Specification 0 +70 'C 
Operating -25 +85 'C 

NOTES: {1> Adjustable to zero with external potentiometer. (2) FSR means Full-Scale Range and is 20V for ±10V' (PCM53-V) and 10V for ±5V range 
(PCM52-V). (3) Characterization units show at least two sigma units to meet this specification. Not 100% final tested. (4) The measurement of total 
harmonic distortion is highly dependent on the characteristics of the measurement circuit. Please contact factory for detailS. (5) Measured with an active 
clamp to provide a low impedance for approximately 200nsec. 
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DIGITAL INPUT AND ANALOG OUTPUT RELATIONSHIP 

OUTPUT· 

Voltage Model Current Model 

DIGITAL INPUT CODE 16-Blt Resolution 

Complementary Bipolar Offset Binary (COB) 
±10V (PCMS3): One LSB +30SpV -- Ali Bits On 00 ... 00 +9.99969V 

All Bits Off 11...11 -10.00000V 

MECHANICAL 

JG PACKAGE (TOP VIEW) 

2' 0 13 

olD 12 Pin numbers shown 

~ l ~ Numbers may not be I I for raferance only. 

• A F • marked on package. 

3* 

NOTE: 
Leads In true posltlory within .0,0" 
(.25mm) R at MMC at seating plane. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 1.185 1.263 30.10 32.08 
B .5'4 .600 13.08 '15.24 
C ,105 ,200 2.67 5,OB 
0 .015 .02, 0.38 0.63 
F .035 ,070 0,88 1.7B 
G .,00 BASIC 2.54 BASIC 
H .030 ,085 0.76 2.16 
J .006 ,012 0.20 0.30 
K ,120 ,240 3,05 6.10 
L .600 BASIC 15.24 BASIC 
M IS' 15" 
N ,025 .080 0.64 1.52 

Actual package appearance may vary Slightly from unit to unit. Pin 
spacing. will not change, 

ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltages, ..... , ....... " '.' ... ±18VDC 
Input Logic Voltage .. -1V to +Supply Voltage 
Storage Temperature.... ..... -55°C to +100°C 
Lead Temperature 

During Soldering ............ 10sec at +300°C 

14-BII Resolution 16-Blt Resolution 

+1.22mV 0.031pA 
+9.99878V -O.99997mA 

-10.00000V -1.00000mA 

CONNECTION' DIAGRAM 

PIN ASSIGNMENTS 

Pin No. PCM52/53-V , Bit, (MS~) 
2 Bit2 
3 Bit3 
4 Bit 4 
5 BitS 
6 Bit 6 
7 Bit7 
8 Bit8' 
9 Bit9 

10 Bit'O 
1, Bit" 
,2 Bit ,2 
,3 Bit ,3 
14 Bit ,4 
,5 Bit ,5 
16 Blt'6 (LSB) 
,7 ±10V Audio Out (PCM53-V) 
18 Voo 
,9 -Vee. 
20 Common 
2, Summing. Junction 

22 Test Point 
23 +Vcc 
24 Reference Out (+6.3V) 
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14-Blt Resolution 

0.122J,1A 
-0.99988mA 
+'.OOOOOmA 

PCM53JG·1 DOES 
NOT CONTAIN A,. 

-Vee. 

Voo 

PCM53-1 

,Bit, (MSB) 
Bit, 
Bit3 
Bit 4 
BitS 
Bit 6 
Bit7 
Bit8-
Bit9 
Bit ,0 
Bit" 
Bit'2 
Bit ,3 
Bit ,4 
Bit ,5 
Bit'6 (LSB) 
R, ('Oka ±30%) 
Voo 
-Vee 
Common 
lOUT. ±'m,.. ±30% 

(Audio Output) 
Test Point 
+Vcc 
Reference Out (+6.3V) 



TYPICAL PERFORMANCE 
CURVES 

10.0 

4.0 
2.0 

1.0 

0.4 
0.2 

0.1 

0,04 
0.02 

0.0 I 

0.D04 
0.002 

0.00 I 

0 
... "\ 

~ 14-8111 

1\.\ "". 
~ 

io:'8111 ~ 

.eO -50 -40 -30 ·20 ·10 
Od8 equals Full·Scala Hange (FSH) VOUT (dB) 

Total Harmonic Distortion (THO) vs VOUT. 

0.1 

if. 0.05 

i 0.02 
a 

I 0.01 

~ 0.005 

i ... 

-(·2OdB) 

0.002 
I\~rll Scalia) 

0.001 
10 100 Ik 10k 20k 

Fl1lquancy 1Hz) 

Total Harmonic Distortion (THO) vs Frequency. 

1.0 

0.3 

t 0.1 I---'----td=-::t---\r-----I 
,.. .. 
U 0.03 I---H---t--tl-----I 

lIC:E 
1i 0.01 t--r-\t---ll-+r----t 
~ 

0.D03 I---~k__--\-I-~-~ 

0.00·' ~-_ ....... _----:'!"-~...a. .... 
0.01 0.1 1.0 

SeWing Tlma 1#lec) 

Full-Scale Range Settling Time vs Accuracy. 

APPLICATION DIAGRAMS 

H, 
AUDIO 
OUT H, 

~-U]L 
~SENSE OUTPUT 

~~~~-r ______ +_V~~----' 
COM ±15VDC 

SUPPLY I#F -Vee 
19 ~~--r-----~ 

Output Circuit for PCMS3JG-V. 

H, ~ 5kO (PCM52·V) 
10kO (PCM53·V) 

~'5MO. +Vee 10kO 81POLAH 
21 . TO ZERO 

100kO ADJUST 

-Vee 

Optional External Bipolar Zero Adjust. 

PCM53-1 
R. ~ 10kO IPCM53) 

TO PIN ~ 
+V 

+ I/IF COM ±15VDC 
+ 

TO PIN 19 '/IF -v SUPPLY 

+V +5VDC 
TO PIN 18 + '/IF COM SUPPLY 

Preferred External Op Amp Configuration Using 
PCM53-I. 
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BURR-BROWN® 

11:31:31 PCM53JP, KP 

DESIGNED FOR AUDIO 

16-Bit Monolithic 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• LOW COST 
• N9 EXTERNAL COMPONENTS REQUIRED 
• 16-BIT RESOLUTION 
• 16-BIT MONOTONICITY, typ 
• 0.001% OF FSR TYP DIFFERENTIAL LINEARITY 

ERROR 
• 0.0025% max THO (FS Input, KP Grade, 16 Bits) 
• 0.02% max THO (-20dB Input, KP Grade, 16 Bits) 
• 3psec SETTLING TIME, typ 
• 96dB DYNAMIC RANGE 
• ±10V AUDIO OUTPUT 
• EIAJ STC-007 COMPATIBLE 
• INDUSTRY-STANDARD PINOUT 
• COMPACT, PLASTIC DIP PACKAGE 

REFERENCE 
VOLTAGE 

I . RI 

~ 16-BIT LADDER lLf'..... . I ~~_~~~~E~ RESISTOR NETWORK 1- " YDiGITAL AND ">-...... --
INPUT ~ CURRENT SWITCHES I r + AUDIO OUTPUT 

I-:::!::- OUTPUT (VOLTAGEI 
1-____ --' - OPERATIONAL 

AMPLIFIER 

DESCRIPTION 
I 

The PCM53 family of converters ate state-of-the
art, fully monolithic, digital-to-analog coilVerters 
that are designed and. specified for digital audio 
applications. These devices employ a segmented 
architecture and ultra-stable, nichrome (NiCr), thin
film, well-matched resistors to provide monotoni
city, low distortion, and low differential linearity 
error (especially around bipolar zero) over long 
periods of time and over the full operating tempera
ture range. 

The PCM53 converters are completely self-con
tained with stable, low noise, internal, zener voltage 
reference; high speed cl1rrent switches; resistor ladder 
network.; and fast-settling, low noise, output opera
tional amplifier all on a single monolithic chip. A 
special, open-loop reference Circuit helps provide the 
fast settling time required for critical audio applica

. tions. The converters can be operated usfng two 
power supplies (±15V) instead of three separate. 
supplies. Few external compo,nents are necessary for 
operation, and all critical specifications are 100% 
tested. This helps to assure the user of high system 
reliability and outstanding overall system perfor-
mance. 

The current output models settle to within ±0.006% 
of FSR final value in typically 350nsec in response 
to a full-scale change in the digital input code. 

These converters are packaged in a high-quality 
molded plastic package and have passed operating 
life tests under simultaneous high-pressure, high
temperature and high humidity conditions. 

The letters V and I (e.g. PCM53JP-V and 
PCM53KP-I) refer to the voltage-output and current
output models respectively. 

Internalional Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (6021 746·1111 • Twx: 910·952·1111· Cable: BBRCORp· Telex: 66·6491 

PDS·575 
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SPECIFICATIONS 
ELECTRICAL 
TAo:;; +25°C rated power supplies unless otherwise noted. 

MOOEL PCM53JP-I, -V PCM53KP-I, -V 

MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 
Aesolution 16 Bits 
Dynamic Range 96 dB 
Logic Levels (TTL/CMOS Compatible: Logic "1" at +40"A +2.4 +Vcc VDC 

Logic "0" al -O.SmA 0 +0.8 VDC 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Error ±0.1 ±2.5 ±1.0 % 
Bipolar Zero Errorf1J ±10 ±200 ±50 mV 
Differential Linearity Error at Bipolar Zero 0.001 0.005 0.003 % of FSR f2J 

, Noise (rms)(20Hz to 20kHz) at Bipolar Zero (Vou• models) 30 60 "V 

TOTAL HARMONIC DISTORTION'" (16-Bit Resolution) 
Vo = ±FS at f = 420Hz 0.002 0.004 0.0025 % 
Vo = -20dB at f = 420Hz 0.02 0.04 0.02 % 
Vo = -60dB at f = 420Hz 1.9 4.0 2.0 % 

MONOTONICITY 16 Bits 

DRIFT (O°C to +70°C) 
Total Bipolar Drift (includes gain. offset, and linearity drift) ±25 ±150 ppm of FSR/'C 

±0.1 ±0.68 % of FSR 
±0.01 ±0.06 dB 

Bipolar Zero Drift ±4 ±20 ppm of FSR/oC 

SETTLING TIME (to ±0.006% of FSR) 
Voltage Models Output: 10V Step 3 psec 

lLSB Step 1 psec 
Current Models Output (ImA Step): 100 to 1000 Load 350 nsec 

1kO Loadf41 350 nsec 
Deglitcher Delay (THO Test)f51 2.5 4.0 JJsec 
Slew Rate 10 V/lIsec 

WARM-UP TIME 1 Min 

OUTPUT 

ANALOG OUTPUT 

±9.75 I I ±10.25 Voltage Models: Output Voltage Range ±10 ±9.90 ±10.1 V 
Output Current ±5 rnA 
Output Impedance 0.1 0 
Short-Circuit Duration Indefinite to COlman 

Current Models: Output Current Range(±30%) I ±1 rnA 
Output Impedance (±30%) 2.4 kO 

POWER SUPPLY 

SENSITIVITY 

+Vcc ±0.001 % of FSR/%Vcc 
-Vee ±0.001 % of FSA/%Vcc 

Voo ±0.001 % of FSR/%Vcc 

POWER SUPPLY REQUIREMENTS 
Voltage: ±Vcc '" ±14.25 ±15 ±15.75 VDC 

Voo '" +4.75 +5 +15.75 VDC 
(Voo may be connected to +Vcc supply voltage. Result is slightly 
increased lotal power dissipation of approximately 40mW). 

Supply Drain (no load): +Vce::: +18 +30 rnA 
-Vee -18 -30 ,',- rnA 

Voo '" +4 +10 rnA 

TEMPERATURE RANGE 

Specification 0 +70 °C 
Operating -25 +85 °C 

NOTES: (1) Adjustable to zero with external potentiort:1eter. (2) FSR means Full-Scale Range and is 20V for ±10V voltage output models and 2mA for 
±1mA current output models. (3) The measurement of total harmonic distortion is highly dependent on the characteristics of the measurement cir~uit. A 
block diagram of a measurement circuit is shown in Figure 2. Burr-Brown may calculate THO from the measured linearity errors using equation 2 in the 
section on ·"Total Harmonic Distortion," bul specifies that the maximllm THO measured with the circuit shown in Figure 2 will be less than the limits 

indicated. (4) Measured with,an active clamp to provide a low impedance for approximately 200nsec. (5) Deglitcher or Sample/Hold delay used in THO 
measurement test circuit. See Figures 2 and 3. (6) See Connection Diagram and Pin ASSignments. 
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ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltages ..................... ±18VDC 
Input Logic Voltage ... -1V to +Supply Voltage 
Storage Temperature ........• -55°C to +100°C 
Lead Temperature 

During Soldering............ 10sec at +300°C 

MECHANICAL 

IAAAAAA'AAAAAAI 
24 13 1 (TOP VIEW) 

D 0 0 . 
J 1 12 

,,<_vvvvvvvvvvv 
-PIN 1 

PIN ASSIGNMENTS 

Pin No. PCM53KP-V, PCM53JP-V PCM53KP-I, PCM53JP-1 

1 Bit 1 (MSB) Bit 1 (MSB) 
2 Bit2 Bitl 
3 Bit3 Bit3 
4 Bit4 Bit4 
5 BitS BitS 
6 Bit6 Bit6 
7 Bit7 Bit7 
8 Bit8 Bit8 
9 Bit9 Bit9 

10 Bill0 Bitl0 
11 Bit11 Bit 11 
12 Bit 12 Bit12 
13 Bit 13 Bit13 
14 Bit 14 Bit 14 
15 Bit 15 Bit 15 
16 Bit 16 (LSB) Bit 16 (LSB) 
17 ±10V Audio Out R, (10kn ±30%) 
18 Voo Voo 
19 -Vee -Vee 
20 Common Common 
21 , Summing Junction lOUT. ±1mA ±30% 

~ ~~~i.J 3 L 'N _I 1 ~ - f--..-
J Q t... L' .. "n, .... 0 ..,.. • L 

(Audio Output) 
22. Test Point Test POint 
23 +Vcc +Vcc 

, 24 Reference Out (+6.3V) Reference Out (+6.3V) 
PI.n. 

INCHES MILLIMETERS 
DIM MOO MAX MI' MAX 

- • 1.'" t •• a. 11.11 U.'I 
NOTE: • .... .17'1 11.17 14." 

C .1'. ."4 4 •• ' 1.70 Leads In true position 
.011 .011 0 •• ' within 0.10" (O.25mm Rat 

F .0' .011 t.OI 1.17 
MMC at seating plane. D .100 BAIIC ·2.1 •• ASIC 

H .010 .010 0.71 I." 
J .00 • DtI 0.10 D ••• 
K .t. a.l. 1.11 

.100 ••• 1 •• 14 8A81 
0' 1 ' 0' 

,., 
N .01' .02. 0 .• 1 0." 

CONNECTION DIAGRAM 

+Vcc 

-Vee 

+VOD 

'CURRENT OUTPUT MODELS 00 NOT CONTAIN A,. 

ORDERING INFORMATION 
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Output 
. Modat No. Configuration 

PCM53JP-1 ±lmA 
PCM53KP-1 ±lmA 
PCM53JP-V ±10V 
PCM53KP-V ±10V 

THEORY OF OPERATION 
AND AUDIO SPECIFICATIONS 
The transfer function of an ideal binary D / A converter is 
a set of discrete output levels that lie on a straight line as 
shown in Figure I. The number of possible discrete output 
levels, or resolution, is equal to 2" where n is the number 
of digital inputs or "bits". The PCM53 has 216 or 65,536 
possible output levels. Another method of expressing reso
lution that is useful in audio applications is Dynamic 
Range. 

0000 •• 0000 

0000 ... 0001 

0111 ~. 1101 
t-
oo 0111 ... 1110 ... 
!!i 

0111 ... 1111 --' c 
Ii 1000 .• 0000 
is 

1000 _ 0001 

1111 •. 1110 

1111 •. 1111 

i· . ALL BITS ON"""l 
GAIN 
DRIFT""" • 

~ - -\ 

OFFSI-E-T ------<~'-B-IP-OLA-R Z~E:;- ~ 
DRIFT , . 

L. Ii 
·FSRI2 ANALOG OUTPUT (+FSRI2I·1 LSB • 

'SEE TABLE 1 FOR DIGITAL COOE OEFINITIONS. 

FIGURE I. Input vs Output for an Ideal Bipolar 
D/ A Converter. 



DYNAMIC RANGE 

The Dynamic Range is a measure of the ratio of the smal
lest signals the converter can produce to the full-scale 
range and is usually expressed in decibels (dB). The theo
retical dynamic range of a converter is approximately 6 X 
n, or about 96dB for a 16-bit converter. The actual, or 
useful, dynamic range is limited by noise and linearity 
errors and is therefore somewhat less than the theoretical 
limit. However, this does point out that a resolution of at 
least 16' bits is required to obtain a 90dB minimum 
dynamic' range, regardless of the accuracy of the conver
ter. Another specification that is useful for audio applica
tions is Total Harmonic Distortion (THD). 

TOTAL HARMONIC DISTORTION 

THD is useful in audio applications and is a measure of 
the magnitude and distribution of the Linearity Error, 
Differential Linearity Error, and Noise, as well as Quanti
zation Error. To be useful, THD should be specified for 
both high level and low level input signals. This error is 
unadjustable and is the most meaningful indicator of D / A 
converter accuracy for audio applications. 

The THD is defined as the ratio of the square root of the 
sum of the squares of the values of the harmonics to the 
value of the fundamental input frequency and is expressed 
in percent or dB. A block diagram of the test circuit used 
to measure the THD of the PCM53 is shown in Figure 2. 
A timing diagram of the control logic is shown in Figure 
3. 
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C: DEGLITCHER -t :- 500nssc 
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FIGURE 3. Control Logic Ti~ing for PCM53 
Distortion Test Circuit. 

If we assume that the error due to the test circuit is neglig
ible, then therms value of the PCM53 error referred to the 
input can be shown to be 

(I) 

where n is the number of samples in one cycle of any given 
sine wave, El.(i) is the linearity error of the PCM53 at each 
sampling point, and EQ(i) is the quantization error at each 
sampling point. The THD can then be expressed as 

E / ~. ~ [EI.(i) + EQ(i»)' 
THD=~= ,-1 x 100% 

E,m, E,m, (2) 

where E"", is the rms signal-voltage level. 

This expression indicates that, in general, there is a corre
lation between the THD and the square root of the sum of • 
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FIGURE 2. Block Diagram of Distortion Test Circuit. 
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the squares of the linearity errors at each digital word of 
interest. However, this expression does not mean that the 
worst-case linearity error of the D / A is directly correlated 
to the THD. 

For the PCM53 the test period was chosen to be 22.71J.sec 
(44.1kHz) which is compatible with the EIAJ STC-007 
specification for PCM audio. The test frequency is 420Hz 
and the amplitude of the input signal is OdB, -20dB, and 
-6QdB down from full scale. 

Figure 4 shows the typical THD as a'function of output 
voltage. 

Figure 5 shows typical THD as a function offre9uency. 
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DIGITAL INPUT CODES 

The PCM53 accepts complementary digital input codes in' 
binary format. It may be connected by the user for either 
complementary offset binary (COB) or complementary 
two's complement (CTC) codes. See Table I. 

TABLE I. Digital Input Codes. 

DIGITAL INPUT CODES 

COB CTC' 

MSB LSB Complementary Complementary 

I I Offset Binary Two's Complement 

All bits ON 0000 ... 000 +Full Scale -lLSB 
Mid Scale 0111..,1111 Zero -Full Scale 
All bits OFF 1111 ... 1111 ·Full Scale Zero 

1000 ... 000, -lLSB +Full Scale 

• A TTL inverter must be connected between the MSB input signal 
and bit 1 I pin 11 to obtain CTC Input code. 

DETAILED THEORY OF 
OPERATION 
In the basic design, the three functions represented by 
the complete D / A converter-the voltage reference, the 
output amplifier, and the converter-are distributed 
among six major circuit blocks (Figure 6), Three 
blocks-the open loop reference. the current-offset cir
cuit, and the reference output amplifier-perform the 
reference functions. The D/ A conversion is performed 
by two circuits called the upper converter and the lower 
converter, which are combined into the voltage output 
by the on-chip output op amp. 

The prime requirements for a D/A converter circuit 
designed for PCM audio applications are that it have 
low differential linearity error and monotonieity and 
that it stay that way over a useful temperature range. To 
obtain this performance at 14 to 16. bits, the converter 
combines segmentation with multiple R-2R networks. 

The upper converter, which generates the three most sig
nificant bits, is made up of seven equal current sources 
(Q, REI through Q7 RE7), each providing 0.25riJ.A. 
Together the sources form the upper converter current, 
IDAcu. 

The three binary-coded MSBs (bits I, 2, and 3) are 
decoded by a three-to-seven-line circuit, which sequen
tially selects the equal current sources as the binary code 
formed by the bits changes through the eight values (000 
to III). Thus, as the code ranges through its values, IDAcu 
changes from 0 to 1.75mA. This scheme ensures mono
tonicity, reduces initial matching and tracking require
ments, and cuts the tracking errors that occur with 
temperature and time. 

Averaging Tran~istor and Resistor Shifts 

To further improve the tolerance of the upper converter 
to time and temperature change, the seven equal currents 
are turned on in the following order: Q4, Q2, Q7, Qs, Q" 
Q6, Q3. This sequence, which produces the zero-to-full
scale output, averages the shifts that occur in transistor 
parameters and in the value of theemitier resistors. 

The 13 least significant bits are produced by the lower 
converter, which uses,nine more equal-current sources 
for the nine middle bits and emitter area rationing for 
the 4LSBs. However, rather than being su'mmed directly 
by the current of the upper converter (which would have 
required 2'6 - I equal,current sources) the current sour-
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ces are further divided binarily by a pair .of R-2R net
warks, called the madifie.d R-2R ladder and the seCan
dary ladder. By diverting the LSB currents through the 
m.odified ladder, the lawer canverter praduces IIlACL. 
This current c.onsists .of i' - I discrete, 30nA steps for 
each 0.25mA segment of the upper canverter. IIlACU and 
IIlACL are added at the summing junction, SJ, ta farm the 
lilAC, which has a range that varies between 0 and 
1.99997mA. 

The madified R-2R ladder is superiar ta a conventional 
R-2R ladder because its output can be increased .or 
decreased by laser-trimming .of its .output resistors (Rx 
and Ry). Such trimming daes nat change the binary cur
rent divisian in the ladder. The gain of the lower canver
ter can then be trimmed relative ta the gain of the upper 
canverter with.out.interacting Dr in any way affecting the, 
linearity .of the lawer canverter. 

The initial values of the ·16 current saurces are deter
mined by the valtage at the .output .of the reference (the 
emitter of Q23), but the saurces are set ta the same value' 
when the emitter resistars (R,-R'6) are laser-trimmed. 
The saurces,are turned an and offby a differential switch 
pair (such as Q8A-Q80) driven by the law-power Schottky 
TTL-compatible input circuit (typical of D" R" Q" Z8). 

Constant Power 

To maintain 16-bit perfarmance, the on-chip pawer 
dissipation-and therefare the chip temperature-must 
be kept constant during code changes. Therefore the cur
rent fram bath the ON side (QI8) and the OFF side (Q'A) 
.of each differential switch pair in the upper canverter 
should come from +Vcc, rather than .one from +Vcc and 
.one fram ground. The on-side currents (when the bits are 
an) came from +Vcc and flow through A2 and the feed
b,ack resistar, RFO, ta the summing junctian ta form 
IpAcu. Transistor Q22 is used to provide the .off-side cur
rent with a similar path ta +Vcc. In the lower canverter, 
the secandary R-iR ladder, which is cannected between 
the 0 FF side .of the differential switches and Q22, provides 
the sameJunctian by keeping the + V cc current and the 
analag ground current constant with cade changes. 

The secandary ladder alsa significantly reduces linearity 
errars that would .otherwise be caused by external ground 
wiring. Indeed, the secandary ladder makes possible the 
use .of a single ground pin, which'is the .only way to make 
all the cannectians in a 24-pin package. 

Mast canverters use a cI!>sed-loop ap amp far precision 
DC biasing .of their current saurces. However, switching 
transients can cause' excessive settling time in the ap 
amp. Ta ensure minimum settling time, the PCM53 uses 
an open-Iaap reference circuit, which incidentally does 
not require space-c.onsuming capacitars for frequency 
c<;lmpensatian .or suppressi.on .of switching transients. 

The reference voltage is generated by a Kelvin-sensed 
buried zener di.ode. Kelvin sensing is used because the 
elements of the buried zener, RA and Ro, have a large 
and nonlinear temperature coefficient. The Kelvin-sensed 
cannecti.on rem.oves fram the reference path the large 

valtage drop, Rolz, caused by the ImA zener current Iz. 
Instead it substitutes the valtage drop produced across 
RA by the base current of Q8. 

Since this base current is .only I/LA, the drop is negligible, 
and the true zener breakdawn, Vz is sensed. In additian 
great care was taken ta ensure that all temperature
sensitive parts .of the open-laop reference were laid aut 
alang lines .of thermal equilibrium, ta prevent thermal 
settling tails. 

High-Speed Output Amplifier 

In voltage-autput models, the .output amplifier, A" 
which sums all .of the .output currents and canverts them 
inta the .output valtage, V IlAC, must be just as accurate as 
the reference and current Saurces and just as fast as the 
,switching circuits. 

The amplifier is very fast, and it is well behaved when 
driving a capacitive laad. It slews at IOV! /Lsec and typi
cally settles ta 0.003% .of final value in less than 4/Lsec for 
a 20V step. Far a step .of ILSB at the majar carry, it 
settles in 1.5/Lsec. The thermal tails caused by tempera

'ture gradients and resistar self-heating are less than 
0.001% .of full scale: 

Thetmal tails .occur when thermal gradients' acrass the 
chip change as signal levels change. Far example,when 
driving a laad the .output stage .of the amplifier and its 
feedback resistor generate mare heat at the full-scale 
output valtage than at zero. Therefare the temperature
sensitive differential input stage, which is c1ase by on the 
chip, uses cross-c.oupled transistars' and resistors ta 
equalize thermal gradients . 

To achieve a ±IOV-output swing when .operating fram 
±15V, the .output stage .of the amplifier uses two transis
tar pairs cannected in series. This scheme is necessary 
because the breakdown voltage .of the npn transist.ors is 
limited ta 20V by the semicanductar pr.ocess. 

In additi.on, the .output stage is biased in a class AS 
canditi.on,sa that current is always 'fI.owing. Cantinuaus 
current flow is essential taensure that the, open-Ioap 
gain, Ao, and closedcl.oop output impedance, Ro, remain 
canstanj f.or both pasitive and negative full-scale output 
swings at 103dB and O.03n, respectively. With lesser per
f.ormance, errors w.ould .occur. If; f.or example, Ab 
changed from 94dB ta 100dB far an output swing .of 
-lOY t.o +IOV respectively, the .output errar would 
change by 100/LV, and the change wauld lJe nan linear. 
Likewise a n.onlinear error approaching 200/LV w.ould 
occur if Ro changed fram 0.04n t.o o.osn. 

DISCUSSION OF 
SPECIFICATIONS 
The PCM53 is specified t.o provide critical perfarmance 
criteria for a wide variety .of applicati.ons. The m.ost criti
cal specificatians f.or a D I A canverter in audi.o applica
tians are Total Harm.onic Dist.ortian, Differential Linear
ity Error; Bipolar Zera Error, parameter shifts with time 
and temperature and settling time effects an accuracy. 
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The PCM53 is factory-trimmed and tested for all critical 
key specifications. 

The accuracy of a D / A converter is described by the 
transfer function shown in Figure I. The errors in the 
D/ A converter are combinations of analog errors due to' 
the linear circuitry, matching and tracking properties of 
the ladder and scaling networks, power supply rejection, 
and reference errors. In summary, these errors consist of 
initial errors including Gain, Offset, Linearity, Differen
tial Linearity, and Power Supply Sensitivity. Initial Offset 
or Bipolar Zero errors may be adjusted to zero. Gain 
drift over temperature rotates the line (Figure I) about 
the bipolar zero point and Offset-drift shifts the line left 
or right over the operating temperature range. Most of 
the Offset and Gain drift with temperature or time is due 
to the drift of the internal reference zener diode. The 
converter is designed so that these drifts are in opposite 
directions. This way the Bipolar Zero voltage is virtually 
unaffected by variations in the reference voltage. 

BIPOLAR ZERO ERROR 

Initial Bipolar Zero Error (Bit I ,"ON" and all other bits 
"OFF') is the deviation from zero volts out and is 
factory-trimmed to typically ±lOmV at +25°C. This 
error may be trimmed to zero by connecting the external 
trim potentiometer shown in Figure 8. 

DIFFERENTIAL LINEARITY 'ERROR 

Differential Linearity Error (DLE) is the deviation from 
an ideal I LSB change from one adjacent output state to 
the next. DLE is important in audio applications because 
excessive DLE at Bipolar Zero (at the "major carry") can 
result in audible crossover distortion for low level output 
signals. Initial DLE on the PCM53 is factory-trimmed to 
typically ±0.001% of FSR. 

STABILITY WITH TIME AND TEMPERATURE 

The parameters of a D / A converter designed for audio 
applications should be stable over a relatively wide 
temperature range and over long periods of time to 
avoid undesirable periodic readjustment. The most 
important parameters are Bipolar Zero Error, Differen
tial Linearity Error, and Total Harmonic Distortion. 
Most of the Offset and Gain drift with temperature or 
time is due to the drift of the internal reference zener 
diode. The PCM53 is designed so that these drifts are in 
opposite directions so that the Bipolar Zero voltage is 
virtually unaffected by variations in the refere'nce volt
age. Both DLE and THD ar~ pependent upon the 
matching and tracking of resistor ratios an,d upon VUE 
and hFE of the current-source transistors. The PCM53 
was designed so that any absolute shift in these compo
nents has virtually no effect on DLE or THD. The resis
tors are niade of identical links of ultra-stable nichrome 
thin-film. The current density in these resistors is very 
low to further enhance their stability. ' 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 

The PCM53 power supply sensitivity is specified for 
±0.01% of FSR/%Vcc for all supplies. Normally, regu
lated power supplies with 1% or less ripple are recom
mended for use with the DAC. See also Power Supply 
Connections paragraph in the Installation and Operat
ing Instructions section. 

SETTLING TIME 

Settling time is the total time (including slew time) 
required for the output to settle within an error band 
around its final value after a change in input (see Figure 
7). 
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,FIGURE 7. Full Scale Range SetthngTlme vs Accuracy. 

settling times are specified to ±0.006% of FSR; one for 
a large output voltage change of IOV and one for a ILSB 
change. The ILSB change is measured at the major carry 
(0111...11 to 10000 ... 00), the point at which the worst-case 
settling time occurs. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown in 
the Connection Diagram. These capacitors (l/LF tantalum 
or electrolytic recommended) should be located close to the 
PCM53. 

EXTERNAL BIPOLAR ZERO ADJUST (OPTIONAL) 

In some applications the-Bipolar Zero Error (offset) may 
require adjustment. This error may be adjust~d to zero by 
installing an external potentiometer as shown in Figure 8. 
The potentiometer should have adequate resolution,_ at 
le~t 10 turns for full-scale adjustment. 

I+vee 

°Rs IOkll 
21 ----AN--~ TO 

- lOOkll 
°Rs; 560kn FOR J GRADES 

Rs ; 1.5Mn FOR K GRADES .Vee 

BIPOLAR 
ZERO 

ADJUST 

FIGURE 8. Optional External Bipolar Zero Adjust. 
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The TCR of the potentiometer should be 100ppm/oC or 
less. The series resistor, Rs (20% carbon or better) should 
be located close to the PCM53 to prevent noise pickup. 
Refer to Figure 9 for the relationship of Bipolar Zero 
adjust on the D / A converter transfer function. 
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ALL BITS 
t LOGIC 0 
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J_ .' : 
.01 • 

- .' 
• BIPOLAR ZERO ADJUST 

TRANSLATES THE LINE 

ZERO 
(MSB ON AND 

ALL OTHER BITS OFFI 

.. ·FULL SCALE 

FIGURE 9. Effect of Bipolar Zero Adjustment on a 
Bipolar D / A Converter Transfer Function. 

ADJUSTMENT PROCEDURE 

Apply the digital input code that should produce zero volts 
output (bit I or MSB "ON~ and all other bits "OFF'). 
Adjust the bipolar zero potentiometer until zero volts is 
obtained. 

Table II shows the ideal plus and minus full scale voltages 
and LSB values for both 14- and 16-bits resolution. 

TABLE II. Digital Input and Analog Output 
Relationship. 

OUTPUT 
Vollage Model Currenl Model 

DIGITAL 18-BII 14.-BII 16-BII 14-BII 
INPUT CODE Relolullon Resolution Resolullon Relolullon 

Complementary 
Bipolar Offset 
Binary (COB) 
±10V (PCM53) 

One LSB +305pV +1.22mV 0.031pA 0.122pA 
All Bits On 

00 ... 00 +9.99969V +9.99678V -0.99997mA -0.99988mA 
All Bits Off 

11...11 -10.00000V -lo.ociooov -1.00000mA +1.00000mA 

INSTALLATION CONSIDERATIONS 

If 14-bit resolution is desired, bit 15 (pin 15) and bit 16 (pin 
16) should be connected to VIlIl through a IkO resistor to 
insure that these bits remain off. 

Figure 10 shows the connection diagram for a PCM53-V. 
Figures II and 12 show connection diagrams for PCM53-1 
models. 

Lead and· contact resistances are represented by R, through 
R3. As long as the load resistance (RL) is constant, R, 
simply introduces a gain error. R2 is part of R, if the output 
voltage is sensed at Common (pin 20) and therefore intro-

:AUDIO 
,OUT HI 17] 

'-'-- .".!2 RLl 
RS ~SENSE OUTPUT 

+Vcc..------., 
~~~~~----------+_i 

+ I~F COM 

19 ~_I~_F+_----------.V~CC, 
±15VDC 
SUPPLY 

FIGURE 10. Output Circuit for PCM53-V. 

+v..-----, 
TO PIN 23i -=t::-:1:-'C"F:-----r-:C"'OM-1 ±15VDC 

I"F -V SUPPLY 
TO PIN 191---6--~-IIL--...J 

+V +5VDC 
TO PIN 18 --:+:r.::!::-:-I,,-=F;---+:C=OM:-:1 SUPPLY 

FIGURE II. Preferred External Op Amp Configuration 
Using PCM53-!. 

duces no error. If RL is variable, then R, sho'uld be less 
than RLmi./ 2'6 to reduce voltage drops due to wiring to less 
than ILSB. RL should be located as close as possibie to the 
PCM53 for optimum performance. 

The PCM53 and the wiring to its connectors should be 
located to provide optimum isolation from sources of RFI 
and EM!. The key word in elimination of RF radiation or 
pickup is loop area; therefore, signal Jeads and their return 
conductors should be kept cloSe together. This reduces the 
external magnetic field along with any radiation, Also, if a 
signal lead and its return conductor are wired close 
together they present a small flux-<:apture cross section for 
any external field. This reduces radiation pickUp in the 
circuit. 
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FIGURE 12. Driving a Resistive Load With PCM53-I. 

Figures II and 12 show connection diagrams for PCM53-1 
models. 

APPLICATIONS 
Figures 13 and 14 show a circuit diagram and timing 
diagram of a single PCM53-V used to obtain both left 
and right channel audio output in a typical digital audio 
system_ The Sony CX-7934 and associated LSI logic 
contain all of the required circuitry for error detection, 

+15V ·15V +5V 
1.0"F 1.0.f 

correction, and formatting of the digital data obtained 
from the Compact Disc prior to sending this information 
to the D / A converter. The CX-7934 is used in a parallel 
output mode where the left and right channel parallel 
data are time-shared_ Since the digital inputs of the 
PCM53 are TTL-compatible, they can be connected 
directly to the parallel outputs of the CX-7934. Only a 
single inverter is required (Bit I) to convert the two's 
complement output code of the CX-7934 to offset binary. 
The audio output of the PCM53-V is alternately time
shared between the left and right channels_ The design is 
greatly simplified because the PCM53-V is a complete 
D / A converter. 

A sample/ hold amplifier, or "deglitcher", is required at 
the output of the D / A converter for both the left and 
right channel, as shown in Figure 15. The S/H amplifier 
for the left channel is composed of A" SW" and asso
ciated circuitry. A, is used as an integrator to hold the 
analog voltage in C,. Since the source and drain of the 
FET switch operates at a virtual ground when "c" and 
"B" are closed in the sample mode, there is no increase in 
distortion caused by the modulation effect of Ron by the 
audio signal. 

Figure 16 shows the deglitcher control signals for both 
the left and right channels which are produced by the 
timing control logic_ A delay of 2.5,usec (tw) is provided 
to eliminate the glitch and allow the output of the 
PCM53-V to settle within a small error band around its 
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'FIGURE [3. A Single PCM52/53 Used to Obtain Both Left and Right Channel Output in a Typical Digital Audio 
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Required at the. Digital-to-Analog Output 
for Both Left and Right Chann~ls. 

---- -·--~lkllt -- ---

RIIHT - il'-t, n 
D~~~::~,-:,--~nl!...: --------' ""_..,-'--_1 

COiTROl 
LEFT 

CIIAHEl 
DEGLITCHE. : 

CDITROI. 

.; ~I. 

, : [lL-____ -'~ 
~ ;- DELAY BETWEE" LEFT AID RIGHT CRA.IEL 

THE IlESlITCNER ClJITRIIL SlCIAU ARE SEIERATtD IY TIlE TlMIIS 
CDITRDlLDBI~ YHE FAIT SEmiia TIME OF TNE PCMIiZ/53 MAKES IT 
1'll1111LE TO Mill MIlE tilE DELAY IETWEEILEFT AID RISHT ClIAllEll 
TO AIOUT 4.1 •• , WNICH REDUCE. PHASE EIllDH AT TIlE HIIINER AUD,IO 
FREGUlIeIIl 

FJGURE,16. Timing Diagram for the Deglitcher 
Control Signals. 

final value before connecting it to the channel output. 

Due to the fast settling time of the PCMS3-V, it is possi
ble to minimize the delay between the left chanriel and 
right channel outputs when using a single D / A converter 
for both channeis. This is important because the left and 
right channel data is recorded in phase and use of a' 
slower D / A converter would result in significant phase 
error at the higher audio frequencies. 

A low-pass filter is required at the S/ H output to remove 
all unwanted freque\lcy components caused by the sam-

pIing frequency as well as the discrete nature of the D/ A 
converter output. The filter must have a flat amplitude 
response over the entire audio band (0 to 20kHz) and a 
very-high attenuation above 20kHz. Most previous digi
tal audio circuits used a high-order (9-13 pole) analog 
filter. However, the phase response of an analog filter 
with these amplitude characteristics is nonlinear and can 
disturb the pulse-shaped characteristics of the transients 
contained in music. 

SECOND-GENERATION SYSTEMS 

One method of avoiding this problem and obtaining a 
linear phase response is to use anoversampling digital 
filter technique as shown in Figure 17. The Yamaha YI\1~ 
3511 and YM-2201 LSI chips provide all of the functions 
described for the Sony chip set and, in addition, contain 
an onboard digital oversampling filter which effectively 
mUltiplies the sampling frequency by a factor of two and 
sends the parallel data at,a rate of 88.2kHz to the DjA 
converter. Since the offset binary parallel data is directly 
available from the YM-2201, no external inverter is 
required. Furthermore, since the deglitcher control sig
nal is also available from the YM-2201, no external tiin~ 
ing control logic is required for most applications. The 
tirriing diagram for this circuit is shown in Figure 18. 

This circuit requires a very fast D/ A converter since the 
sampling frequency is mUltiplied by a factor of two or 
more. This technique results in intermodulation products 
being created, by mixing the sampling frequency and 
components of the audio frequency, that are far outside 
the audio band of 0 to 20kHz. These unwanted frequen
cies are easily removed. by a low-order linear-phase 
analog filter following the deglitcher circuit, since a 
sharp amplitude response is not required. A single 
PCM53-V can be used for both the left and right channel 
as long as the oversampling rate of the digital filter is 
two. An oversampling rate of four can be used if a separ
ate PCM53 is used for each channel. This would reduce 
the complexities of the analog filter required even further 
(at the expense of an additional D/ A c;onverter). 

Another factor to consider when choosing aD/ A con
verter for digital audio applications is that the linearity 
of the total harmonic distortion versus output signal 
should be good since a change in the background noise 
level can be audible. The design of the PCM53 ensures 
that the linearity of the total harmonic distortion versus 
output signal level is very good over the full range of 
amplitUde and frequencies. Also, no special grounding 
or shielding techniques are required to obtain good 
signal-to-noise ratio with the PCM53. Some converters 
require a high frequency clock which can couple to the 
analog output of the D / A converter through the output 
wiring and ground circuitry. 

The PCM53 D / A converters provide a complete solu
tion to one of the most critical portions of a digital audio 
system. Since the sound of the system can be affected by 
the D / A converter more than any other single compo
nent, the selection of which converter to use should be 
made with care. 
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FIGURE 17. Oversampling Digital-Filter Technique Using Yamaha LSI. 
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FIGURE 18. Timing Diagram for Digital Oversampling 
Technique when using Yamaha LSI. 
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BURR-BROWN® 

IElElI 

DESIGNED FOR AUDIO 

PCM54 
PCM55 

16-'Bit Monolithic 
DIGITAL-TO-ANALOG CONVERTERS 

FEATURES DESCRIPTION 
• LOW COST 
• NO EXTERNAL COMPONENTS REQUIRED 
• 16-BIT RESOLUTION 
• 15-BITMONOTONICITY, TYP 
• 0,001% of FSR TYP DIFFERENTIAL LINEARITY 

ERROR 
• 0.0025% MAX THO (FS Input, KP Grade, 16 Bltsl 
• 0.02% MAX THO (-20dB Input, KP Grade, 16 Bltsl 

The PCM54 and PCM55 family of converters are 
state-of-the-art, fully monotonic, digital-to-analog 
converters that are designed and specified for digital 
audio applications. These, devices employ ultra
stable nichrome (NiCr) thin-film resistors to provide 
monotonicity, low distortion, and low differential" 
linl!arity error (especially around bipolar zero) over 
long periods of time and over the full operating 
temperature. 
These converters are completely self-contained with 
a stable, low noise, internal, zener voltage reference; 
high speed current switches; a resistor'ladder net
work; and a fast settling, low noise, output opera
tional amplifier all on a single monolithic chip. The 
converters are operated using two power supplies 
that can range from ±5V (PCM55) to ±12V 
(PCM54). Power dissipation with ±5V supplies is 
typically less "than 200m W. Also included is a provi
sion for external adjustment of the MSB error (dif
ferential linearity error at bipolar zero, PCM54 
only) to further improve THD specifications if 
desired. Few external components are necessary for 
operation, and all critical specifications are 100% 
tested. This helps assure the user of high system reli
ability and outstanding overall system perfor~ance. 

• 3ps SETTliNG TIME, TYP (Voltage Outl 
• 96dB DYNAMIC RANGE 
• ±3V or ±1mA AUDIO OUTPUT 
• EIAJ STC-007-COMPATIBLE 
• OPERATES ON ±5V (PCM551 to ±12V (PCM541 

SUPPLIES' 
• PINOUT ALLOWS lOUT OPTION 
• PLASTIC DIP PACKAGE (PCM541 
• PLASTIC MINI-FLATPAK (PCM551 

A current output (lOUT) wiring option is prOVided. 
-This output typically settles to within ±0.006% of 
FSR final value in 350ns (in response to a fun-scale, 
change in the digital input code). 

These converters are packaged in high-quality 
molded plastic packages and have passed operating 
life tests under simultaneous high"pressure, high
temperature, and high-humidity conditions. 

The PCM54 is packaged in 28-pin plastic DIP pack
age. The PCM55 is available in a 24-pin plastic 
mini-flatpak. 

Inllrnatlonal Airporllndustrial Park - P.O. Box 11400 - Tucson. Arizona 85734 - T&1. (6021 746-1111 - Twx: 910-952-1111 - Clble: BBRCORP - Telex: 66-6491 

PDS-619 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C, ±Vcc:= 12V. unless otherwise noted. 

MODEL 

DIGITAL INPUT 

Resolution 
Dynamic Range 
Logic Levels (TTL/CMOS Compatible): 

V," 
VOL 
"H. VIN:;::; +2.7V 
'IL. VIN :::: + O.4V 

TRA;~SFER CHARACTERISTICS 

ACCURACY 
Gain Error 
Bipolar Zero Error 
Differential Linearity Error at Bipolar Zeronl 

Noise (rms) (20Hz to 20kHz) at Bipolar Zero 

TOTAL HARMONIC DISTORTION'" 
(16-bit resolution) 
Vo; ±FS at I; 991Hz 
Vo; -20dB at I; 991Hz 
Vo; -60dB at I = 991Hz 

MONOTONICITY 

SETTLING TIME (to ±0.006% of FSR) 
Voltage Output: 6V Step 

1LSB Step 
Current Output (1mA Step): 100 to 1000 Load 

1kO Load'41 
Deglitcher Delay (THD Test)'" 
Slew Rate 

WARM-UP TIME 

ANALOG OUTPUT 

Voltage Output: Bipolar Range 
Output Current 
Output Impedance 
Short~Circuit Duration 

Current Ou~put:1&l 
Bipolar Range (±30%) 
Bipolar Output Impedance (±30%) 

POWER SUPPLY REQUIREMENTS 

Voltage: +Vee 
-Vee 

Supply Drain: +Vee 
-Vee 

TEMPERATURE RANGE 

Operating 
Storage 

MIN 

+2.4 
0 

+4.75 
-4.75 

o 
-55 

PCM54HP 

TYP 

16 
96 

±2 
±30 

±0.001 
12 

MAX 

+5.25 
+0.8 
+40 
-0.5 

0.002 0.008 
0.02 0.04 
2.0 4.0 

15 

3 
1 

350 
350 
2.5 
10 

+12 
-12 
+13 
-16 

4.0 

+15.75 
-15.75 

+20 
-25 

+70 
+100 

PCM54JP 

MIN TYP MAX MIN 

0.004 

PCM54KP 

TYP 

0.1 
1.0 

MAX 

0.0025 
0.02 
2.0 

UNITS 

Bits 
dB 

V 
V 

pA 
mA 

% 
mV 

% FSR I21 

pV 

% 
% 
% 

Bits 

ps 
ps 
ns 
ns 
ps 

VIps 

Min 

V 
mA 
n 

mA 
kO 

V 
V 

mA 
mA 

·C 
·C 

·Specification same as PCM54HP. 
NOTES: (1) Exte~nally adjustable. II external adjustment is not used, connect a 0.01pF capacitor to Common to reduce noise pickup. (2) FSR means Full-Scale 
Range and is 6V for ±3V output. (3) The measurement of total harmonic distortion is highly dependent on the characteristics of the meas~rement circuit. 
Burr-Brown may calculate THO from the measured linearity errors using equation 2 in the section on "Total Harmonic Distortion" but specifies that the maximum THO 
measured with the circuit shown in Figure 2 ~iII be less than the limits indicated. (4) Measured with an active clamp to provide a low impedance for approximately 
200ns. (5) Deglitcher or sample/hold delay' used in THD measurement test circuit. See Figures 2 and 3. (6) Output amplilier disconnected. 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C, ±Vcc = 5V. unless otherwise noted. 

MODEL PCM55HP PCM55JP 

MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL INPUT 

Resolution ·,6 Bits 
Dynamic Range 96 dB 
Logic Levels (TTL/CMOS Compatible): V,H +2.4 +5.25 V 

V" 0 +0.8 V 
IrHI VIN = +2.7V +40 /lA 
IlL. VIN = + O.4V -0.5. mA 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Error ±2.0 · % 
Bipolar Zero Error ±30 mV 
Differential Linearity Error at Bipolar Zero·11 ±0.001 % FSR f21 

Noise (rms) (20Hz to 20kHz) at Bipolar Zero 12 /lV 

TOTAL HARMONIC DISTORTION '3>(16-bit resolution) 
Vo = ±FS at I = 991Hz 0.002 .0.008 0.004 % 
Vo = -2OdB at I = 991Hz 0.02 0.04 % 
Vo = -60dB at I = 991Hz 1.9 4.0 % 

MONOTONICITY 15 Bits 

DRIFT 
Total Bipolar Drift ±25 ppm 01 FSR/'C· 
Drift Over Operating Temperature Range ±0.1 .% 
Bipolar Zero Drift ±4 pp~ 01 FSRI'C 

SETTLING TIME (to ±0.006% 01 FSR) 
Voltage Output: 6V Step 3 pS 

lLSB Step 1 pS 

Current Output (ImA Step): 100 to 1000 Load 350 ns 
1kO Load'''' 350 ns 

Deglitcher Delay (THO Test) '~' 2.5 4.0 pS 
Slew Rate 10 VIpS 

WARM-UP TIME 1 Min 

ANALOG OUTPUT 

Voltage Output: Bipolar Range I ·±3.0 I · V 
Qutput Current ±2.0 mA 
Output Impedance 0.1 · ·0 
Short~Circuit Duration 

Inderte ~~ coron · 
Current Output"': Bipolar Range (±30'lb) · mA 

Bipolar Output Impedance (±30%) 1.2 · kO 

POWER S.UPPLY REQUIREMENTS 

Voltage: +Vcc +4.75 +5 +7.5 . · V 
-Vee -4.75 -5 -7.5 V 

Supply Drain: +Vcc +13 +20 rnA 
-Vee -16 -25 rnA 

TEMPERATURE RANGE 

Operating 0 +70 'c 
Storage -55 +100 'c 

• Specilicatlon same as PCM55HP . 
. NOTES: (1) FSR means Full-Scale Range and is 6V lor ±3V output. (2) ~xternally adjustable. If external adjustment is no! used, connect a O.OI/lF 
capaCitor to Common to reduce noise pickup. (3) The measurement o~ total harmonic distortion is highly dependent on the characteristics of the 
measurement circuit. Burr-Brown may calculate THD from the measured linearity errors using equati~n 2 in the section on "Total Harmonic Distortion" but 
specifies that the maximum THO measured with the circuit shown in Figure 2 will be less than the limits Indicated. (4) Measured with an active clamp to 

. provide a low imped~nce for approximately 2oons. (5) Oeglitcher or sample/hold delay used in THO measurement test circuit. See Figures 2 and 
3. (6) Output amplifier disconnected. lOUT application: Close the feedback around the amplifier by connecting output of amplifier to the minus Input. 
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PIN ASSIGNMENTS 

Pin PCM54-DIP 

1 Trim 
2 Bitl (MSB) 
3 Bit2 
4 NC 
5 Bit3 
6 Bit4 
7 BitS 
8 Bit 6 
9 Bit7 

10 Bit8 
11 Bit9 
12 Bill0 
13 Billl 
14 Bil12 

MECHANICAL OUTLINES 

PCM54 

Pin PCM54-DIP 

15 Bit 13 
16 Bit 14 
17 Bit 15 
18 Bit 16 (lSB) 
19 VOUT 

20 R,. 
21 SJ 
22 Common 
23 lOUT 

24 NC 
25 Ispo 

26 +Vcc 
27 MSB Adjust 
28 -Vee 

INCHES 
DIM MIN MAX 

A 1 ..... 1 

B --- .n&. 
.2 •• 

MILLIMETERS 

MIN 

---------

MAX 

38.80 
14.10 

CONNECTION DIAGRAMS 

PCM54 r·.---------------::1 
IOplional1 i lOOkn Hole I i 

470kn i 
---' 

Audio 0 
VOUT 

HollS: 
(I I MSB error IBPZ dlHorentlalllnelrlly errorl cln be adjusled 10 zero using this 

1I11Irnii clrcull 
121 Conn.ellor bipolar operlUon I+Vcc 2: B.5V lor unipolar operaUonl. 
131 Connlel lor Vou, oparaUon. When VOUT Imp II nol being und IIouT mode~ 

lermlnll. with In ex18rnll 3kn Iledback reliitor belwean pin 1 g and pin 21 
and I I kn rellator belween pin 21 and pin 22 to reduce possible nolae aIIecta. 
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Pin PCM55-Flalpak Pin 

1 Bit 1 (MSB) 13 
2 Bil2 14 
3 Bit 3 15 
4 Bit4 16 
5 BitS 17 
6 Bit6 18 
7 Bit7 19 
8 Bit 8 20 
9 Bit9 21 

10 Bit 10 22 
11 Bit 11 23 
12 Bit 12 24 

PCM55 

DIM 

A 

01 
B 

PCM55 

HoIBI: 

PCM55-Flalpak 

Bil13 
Bit 14 
Bit 15 
Bit 16 
Voltage Output 
Feedback Resistor 
Summing Junction 
Common 
Current Output 
Bipolar Offset 
+Vee 
-Vee 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

.814 .830 15.80 18.0 
.348 .382 

.0 8 
8.80 -fl2ij 

.1 

+Voo 

+ 
IpF 

.. iNDIO 2 Common 

Audio 

Vou, 0 

(I I Connecllor blpollr oparaUon I+Vcc 2: B.5V lor unipolar operalion). 
12) Conneel lor VOUT operation. When You, Imp II nol being used 1Iou, mode). 

lermlnlle with In exlBrnl1 3kn leedback rellstor between pin 17 Ind pin I 9 
and I I kn rBllllor belween pin 1 9 and pin 20 10 reduce possible nolll e~ecll. 



ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltages. . .. . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . .. ±tBVDC 
Input Logic Voltage •......•............•............ -tv to +S.SV 
Power Dissipation. . . .. . . . . . . • • . . .. PCMS4 800mW, PCMSS 400mW 
Storage Temperature ......•.•.•...•.... " •...... -SS·C to +tOO·C ' 
Lead Temperature During Soldering . ..... " ....... .. 108 at +300°C 

ORDERING INFORMATION 

Model THDat FS Package 

PCM54HP 0.008 28-pin DIP 
JP 0.004 28-pin DIP 
KP 0.002S 26-pln DIP 

PCMSSHP O.ooa 24.lead mini Ilat pak 
JP 0.004 24-lead mini Ilatpak. 

DISCUSSION OF 
SPECIFICATIONS 
The PCM54 and PCM55 are specified to provide critical 
peiformance criteria for a wide variety, of applications. 
The most critical specificati?ns for a D/A converter in 
audio applications are Total Harmonic Distortion, Dif
ferential Linearity Error, Bipolar Zero Error, parameter 
shifts with time and temperature, and settling time 
effects on accuracy. ' 

The PCM54 and PCM55 are factory-trimmed and tested 
for all critical key specifications. . 

ture or time is due to the drift of the internal reference 
zener diode. The converter is designed so that these drifts 
are in opposite directions. This way the Bipolar Zero 
voltage is virtually unaffected by variations'in the refer
ence voltage. 

0000 ... DIm ! ALL BITS ON, 

GAIN 
0000 ... 0001 ORIFT ...... • 

.m .. ". ~ . \ 
.... • ~ 0111 ... 1110 
~ 

0111 ... 1111 I .... 
, BIPOLAR ZERO 

c 
~ 1000 ... 0000 . OFFSET • is 

1000._ 0001 DRIF\ • 
1111 ... 1110 L 1111 _.1111 I I I 

·FSR/2 ANALOG OUTPUT (+FSRI2)·ILSB 

·SEE TABLE I FOR DIGITAL CDDE DEFINITIDNS. 

FIGURE 1. Input vs Output for an IdealBipo(ar 
D I A Converter. 

DIGITAL INPUT CODES 

The PCM54 and PCM55 accept complementary digital 
,input codes in any of three binary formats (CSB, unipo
lar; or COB, bipolar; or CTC, Complementary Two's 
Complement, bipolar). See Table II. , The accuracy of a D/A converter is described by the 

transfer function shown in Figure 1. Digital input to 
analog output relationship is shown in Table I. The 

'errors in the D/A converter are combinations of analog 
'TABLE II. Digital Input Codes. 

Analog Output 

Digital Complementary Complementary Complementary 
Input Straight Binary Offset Binary Two's Complement 
Code. (CSB) (COB) (CTC)' 

OOOOH + Full Scale + Full Scale -ILSB 
7FFFH +1/2Full Scale Bipolar Zero - Full Scale 
8OO0H +112 Full Scale -ILSB + Full Scale 

-ILSB 
FFFFH Zero - Full Scale Bipolar Zero 

errors due to the linear circuitry, matching and tracking 
properties of the ladder and scaling networks, power 
supply rejection, and reference errors. In summary, these 
errors cOlisist of initial errors including Gain, Offset, 
Linearity, Differential Linearity, and Power Supply 
Sensitivity. Gain drift over temperature rotates the line 
(Figure I) about the bipolar zero point and Offset drift 
shifts the line left or right over the operating temperature 
range. Most of the Offset and Gain drift with tempera-

Invert the MSB 01 the COB code with an external invert~r to obtain CTC 
code. 

TABLE I. Digital Input to Analog Output Relationship. 

VOLTAGE OUTPUT MODE 

Analog Output 

Unipolar- Bipolar 

Digital Input Cod. 16-blt IS-bit 14-blt 16-bit ' 15-bit 14-bit 

One LSB (PV) 91.6 183 366 91.6 183 366 
OOOOH (V) +5.99991 +S.99982 +5.99963 +2.99991 +2.99982 +2.99983 
FFFFH (V) 0 0 0 -3.0000 -3.0000 -3.0000 

CURRENT OUTPUT MODE 

Analog Output 

Unipolar Bipolar 

Digital Input Code IS-bit" • 15-bit 14-blt 16-bit IS-bit 14-bit 

One LSB (PA) 0.031 0.061 0.122 0.031 0.061 0.122 
OOOOH (rnA) -1.99997' -1.99994 -1.99988 -0.99997 -0.99994 -0,99986 
FFFFH (rnA) 0 0 0 +1.00000 +1.00000 +1.00000 . NOTE: +Vcc must be at least +B.SVDC to allow output to swong to +a.avec . 
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BIPOLAR ZERO ERROR 

Initial Bipolar Zero Error (Bit I "ON" and all other bits 
"OFF") is the deviation from OV, out and is factory
trimmed to typically ±lOmV at +25°C. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error (OLE) is the deviation from 
an ideal ILSB change from one adjacent output state to 
the next. OLE is important in audio applications because 
excessive OLE at Bipolar Zero (at the "major carry") can, 
result in audible crossover distortion for low level output 
signals. Initial OLE on the PCM54 and PCM55 is fac
tory trimmed to typically ±O.OOI% of FSR. This error is 
adjustable to zero using the circuit shown in the connec
tion diagram (PCM54 only). 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 

The PCM54 and PCM55 power supply sensitivity is 
shown by Figure 2. Normally, regulated power supplies 
with 1% or less ripple are recommended for' use with the 
DAC. See also Power Supply Connections paragraph in 
the Installation and Operating Instructions section. 

10.0 

3.0 

" •• -60dO' 
1.0 

0.30 

~ 
§l 0.10 ... 

0.03 ... 2OdO 

0.01 

0.003 \ 
"" ... OdO 

0.001 

10 15 

±Vcc SUPPLIES IVI 

FIGURE 2. Effects of ±Vcc on Total Harmonic Dis
tortion (PCM54JP; Vccs with approxi
mately 2% ripple). 

SETTLING TIME 
Settling time is, the total time (including slew time) 
required for the output to settle within an error band 
around its final value after a change in input (see Figure 
3). 

Settling times are specified to ±O.006% of FSR; one for 
it large output voltage change of 3V and one for a ILSB 
change. The ILSB change is measured at the major carry 

(0111 ... II to 10000.00), the point at which the worst
case settling time occurs. 

1.0 

\ I 
Vollage 

0,3 

\ 
~ OuIPUI-

~ Mode 
D Currenl 
0= 0.1 

~ 
Oulpul 

'" Mode gi 
~ .. 0.03 

/\ 1\ ~~ 
~ 0.01 

RL=foon \ ;::, 
0.003 , \. 0.001 

0.01 0.1 ID 10.0 
Settling Tlmel.usl 

FIGURE 3. Full Scale Range Settling Time vs Accuracy. 

STABILITY WITH TIME AND TEMPERAURE 

The parameters of a D/A converter designed for audio 
applications should be stable over a relatively wide 
temperature range and over long periods of time to 
avoid undesirable periodic readjustment. The most 
important parameters are Bipolar Zero Error, Differen
tial Linearity Error, and Total Harmonic Distortion. 
Most of the Offset and Gain drift with temperature or 
time is due to the drift of the internal reference zener 

, diode. The PCM54 and PC'M55 are designed so that 
these drifts are in opposite directions so that the Bipolar 
Zero voltage is virtually unaffected by variations in the 
reference voltage. Both OLE and THO are dependent 
upon the matching and tracking of resistor ratios and 
upon V8E and hFE of the current-source transistors. The 
PCM54 and PCM55 were designed so that any absolute 
shift in these components has virtually no effect on OLE 
or THO. The resistors are made of identical links of, 
ultra-stable nichrome thin-film. The current density in 
these resistors is very low to further enhance their stabil
ity. 

DYNAMIC RANGE 

The Dynamic Range is a measure of the ratio of the 
smallest signals the converter can produce to the full
scale range and is usually expressed in decibels·(dB). The 
theoretical dynamic range of a converter is approxi
mately 6 X n, or about 96dB for a 16-bit converter. The 
actual, or useful, dynamic range is limited by noise and 
linearity errors and is therefore somewhat less than the 
theoretical limit. However, this does point out that a 
resolution of at least 16 bits is required to obtain a 90dB 
minimum dynamic range, regardless of the accuracy of 
the converter. Another specification that is useful for 
audio applications is Total Harmonic Distortion (THO). 

TOTAL HARMONIC DISTORTION 

THO is useful in audio applications and is a measure of 
the magnitude and distribution of the Linearity Error, 
Differential Linearity Error, and Noise, as well as Quan-
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tization Error. To be useful, THO should be specified for 
both high level and low level input signals. This error is 
unadjustable and is the most meaningful indicator of 
D/A converter accuracy for audio applications. 

The THO is defined as the ratio of the square root of the 
sum of the squares of the values ofthe harmonics to the 
value of the fundamental input -frequency and is expressed 
in percent or dB. The rms value of the PCM54/55 error 
referred to the input can be shown to be 

(1) 

where n is the number of samples in one cycle of any 
given sine wave, EL(i) is the linearity error of the PCM54 
or PCM55 at each sampling point, and EQ(i) is the quan
tization error at each sampling point. The THO can then 
be expressed as' 

I :. ~ [EL(i) + ~Q(i)t 
THD=~';' '-I ' , x 100% 

, E.... Erm. 
(2) 

where Enn. is the rms signal-voltage level. 

This expression indicates that, in general, there is a 
correlation between the THO and the square ropt of the 
sum of the squares of the linearity errors at each digital 
word'of interest., However; this expression does not 
mean that the worst-case linearity error of the D/A is 
directly correlated to the THO. 

For the PCM54/55 the test period was chosen to be 
22.7p.s (44.lkHz) which is compatible with the EIAJ 
STC-007 specification for PCM audio. The test fre
quency is 420Hz and the amplitude of the.input signal 
is OdB, -20dB, and -6OdB down from full scale. 

Figure 4 shows the typical THO as a function of output 
voltage. 
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FIGURE 4. Total Harmonic Distortion (THO) vs VOUT. 

Figure 5 shows typical THO as a function of frequency. 
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FIGURE 5. Total Harmonic Distortion (THO) vs 
Frequency. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

!Ok 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors (Ip.F tan-

, talum or electrolytic recommended) should be located 
close to the converter. 

MSB ERROR ADJUSTMENT PROCEDURE 
, (OPTIONAL) 

The MSB error of the PCM54 and PCM55 can be 
adjusted to make the differential linearity error (OLE) at 
BPZ essentially zero. This is important when the signal 
output levels are very low because zero crossing noise 
(OLE at BPZ) becomes very significant when compared 
to the small code changes occurring in the LSB portion 
of the converter. 

Differential linearity error at bipolar zero is guaranteed 
to meet data sheet specifications without any external 
adjustment. However, a provision has been made for an 
optional adjustment of the MSB linearity point which 
makes it possible to eliminate OLE error at BPZ (PCM54 
only). Two procedures are given to allow either static or 
dynamic adjustment. The dynamic procedure is pre
ferred because of the difficulty associated with the static 
method (accurately measuring 16-bit LSD steps). 

To statically adjust OLE at BPZ, refer to the circuit 
shown in Figure 6 or the PCM54 connection diagram. 
After allowing ample warm-up time (20-30 minutes) to 
assure stable operation of the PCM54, select input code 
8000 hexadecimal (all bits on except the MSB). Measure 
the audio output voltage using a 6-1/2 digit voltmeter 
and record it. r:hange the digital input code to 7FFF 
hexadecimal L.llbits off except the MSB). Adjust the 
100kO potentiometer to make the audio output read 
92p. V more than the voltage reading of. the previous code 
(a ILSB step = 92p.V). 
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A much simpler method is to dynamically adjust the 
DLE at BPZ. Again, refer to Figure 6 or the PCM54 
connection diagram for circuitry and component values. 
Assuming the device has been installed in a digital audio' 
application circuit, send the appropriate digital input to 
produce a -6OdB level sinus'oidal output. While measur
ing the THD of the audio circuit output, adjust the 
IOOkO potentiometer until a minimum level of distortion 
is observed. ' 

Vee 

FIGURE 6. MSB Differential Linearity at Bipolar Zero 
Adjustment Circuit (optional). 

INSTALLATION 
CONSIDERATIONS 
If the optional external MSB error circuitry is used 
(PCM54), a potentiometer with adequate resolution and 
a TCR of IOOppm/ °C or less is required. Also, extra care 
must be taken to insure that no leakage path (either AC 
or DC) exists to pin 27 (PCM54). If the circuit is not 
used, pin I (PCM54) should be terminated to common 
with a O.01I'F capacitor. 
The PCM converter and the wiring to its connectors 
should be'located to provide the optimum isolation from, 
sources of RFI and EM!. The important consideration 
in the elimination of RF radiation or pickUp is loop area; 
therefore, signal leads and their return conductors should 
be kept close together. This reduces the external mag
netic field along with any radiation. Also, if a signal lead 
and its return conductor are wired close together they 
represent a small flux-capture cross section for any 
external field. This reduces radiation pickUp in the cir
cuit. 

APPLICATIONS 
A sample/ hold amplifier, or ':deglitcher", is required at 
the output of the D/A converter for both the left and 
right channel, as shown in Figure 7. The S/H amplifier 
for the left channel is composed of A2, SW" and asso
ciated circuitry. A2 is used as an integrator to hold the 
analog voltage in C,. Since the source and drain of the 
FET switch operates at a virtual ground when "c" and 
"B" are closed in the sample mode, there is no increase in 
distortion caused by the modulation effect of RON by the 
audio signal. 

Figure 8 shows the deglitcher control signals for both the 
left and right channels which are produced by the timing 
control logic. A delay of 2.51's (too) is provided to elimi
nate the glitch and allow the output of the PCM53-V to 
settle within a small error band around its final value 
before connecting it to the channel output. 

Due to the fast settling time of the PCM53-V, it is possi-
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ble to minimize the delay between the left channel and 
right channel outputs when using a single D/A converter 
for both channels. This is important because the left and 
right channel data is recorded in phase and use of a 
slower D/A converter would result in signficant phase 
error at the higher audio frequencies. 

A low-pass filter is required at the S/ H output to remove 
all unwanted frequency components caused by the sam
pling frequency as well as the discrete nature of the D/A 
converter output. The filter must have a flat amplitude 
response over the entire audio band (0 to 20kHz) and a 
very-high attenuation above 20kHz. Most previous digi
tal audio circuits used a high-order (9-13 pole) analog 
filter. However, the phase response of an analog filter 
with these amplitude characteristics is nonlinear and can 
disturb the pulse-shaped characteristics of the transients 
contained in music. 

RIGHT CHANNEL 
DEGUTCHER CONTROL A4 

A "LOW" SIGNAL ON THE DEGLITCHER + RIGHT CHANNEL 
CONTROL CLOSES SWITCH "A" WHILE A OUTPUT TO LPF AND 
"HIGH" SIGNAL CLOSES SWITCH "8". OTHER CIRCUITS 

FIGURE 7. A Sample/Hold Amplifier (Deglitcher is 
Required at the Digital-to-Analog Output 
for Both Left and Right Channels. 

----... IIcHz----, 
, . 

RIGHT - r~ 
..... EL ___ -Jn, .• ______ -'nL... __ ---'_ 

DEaUT.HER-
.OOTIDL ~ _ t" 

UFT : n n 
oJ~=~,-~---,-" L.... --------', L-

CDITIDL :- DEUY 8ETW£EI LEfT .MI RISJlT CMAM£L 

TIlE MBUT.MEI .PTRDl IIS0LJ AlE BEIEIATED 8Y THE nll"l1 
CDITROL LDBI •. THE FUT SEmlllll nilE OF THE PCII5ZJ&3 UIEIIT 
P08111U TO 1II111111l TIlE DEUY IETWUIUFT AID RIIIITCMARtMLa 
TO ABOUT U ... , WHICH RlOUC£1 ,HASE EIIIIII AT TIlE HIIIIEI AUDIlI 
,"EOIllICIEl 

FIGURE 8. Timing Diagram for the Deglitcher 
Control Signals. 





SAMPLE/HOLD AMPLIFIERS 

For any application requiring use of a sample/hold amplifier, consider 
the variety of products listed in the Selection Guide in this section. The 
products range from SHC298, a low cost solution for your medium
speed 12-bit system, to SHC803 and SHC804, high speed sample/ 
holds optimized for your high bandwidth requirements. 

If your needs include high performance and small size over either 
industrial or military temperature ranges, turn to SHC80 and SHC85. 
These popular products are fully self-contained, including holding 
capacitor. 

Use of a carefully selected sample/hold can increase the sampling 
bandwidth of an analog-to-digital converter by up to four orders of 
magnitude, while insuring that an accurate value of the signal is cap
tured at a specific point in time. In many applications not viewed as 
requiring high bandwidth data acquisition, optimum performance and 
cost may still be achieved by uSe of combinations of very high speed 
multiplexers, sample/holds, and AID converters. 

Sample/hold amplifiers-another part of the complete data acquisition 
solution. 
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SELECTION GUIDE 

SAMPLE/HOLD AMPLIFIERS 
These sample/hold amplifiers were designed as companion products 
for our complete line of 12- and 16-bit resolution A/ D converters. 

They are also useful in other analog signal processing applications, 
such ad D / A output deglitching. 

SAMPLE/HOLD AMPLWIERS 

Gain Offset Charge Droop Gain Drift Acquisition 
Error Error Offset Rate, max (ppm of Time, 

Description Modelf1l (%) (mV) (mV) (mV/msec) 20V/'C) maxC21 Package Page 

Fast, High SHC76KM ±0.02 ±3 ±6typ I 5 { 3psecto f4-Pin DIP, 7-3 
Accuracy SHC76BM ±0.02 ±3 ±6typ 1,- 5 0.01% Hermetic, 7-3 

of20V Metal 

Monolithic SHC29BAM ±0.01 '±7 max ±25 max 10131 4 10l'sec TO-99 7-15 

low Cost, SHC5320KH NA ±O.SI41151 1mVtyp 0.5 NAI41 1.5psec 14-pin DIP. 7-30 
Monolithic SHC5320SH NA ±O.SI4W51 ImVtyp 0.5 NAI41 1.5l'sec Hermetic. 7-30 

Ceramic 

Industry SHCB5, (0) ±0.01 ±2max ±2max 0.5 3 4.51'8Oc 14-pin DIP, 7-11 
Standard SHCB5ET, (0) ±0.01 ±2max ±2max 0.5 3 4.5psec Hermetic, 7-11 

Metal 

High Speed SHCB03BM ±O:I ±5max ±IO max ±5 ±IOmax 350nsec 7-24 
With Input SHCB03CM ±O.I ±3max ±5max ±5 ±5max 350nsec { 24-pin DIP, 7-24 
Buffer SHCB04BM ±O.I ±5max ±IOmax ±5 ±IO max 350nsec Metal 7-24 

SH'CB04CM ±O.I ±3max ±5max ±5 ±5max 350nsec 7-24 

Ultra-High SHC600BH ±O.I ±5mV ±IOmax ±O.IB ±20 max 1%,25nsec f4-Pin DIP, 7-21 
Speed, 0.1%,35nsec Ceramic 
±1.25VIN 0.02%, 
Range 50nsec 

NOTES: (I) "(0)" indicates product also available with screening for increased reliability. See High Reliability Screening, section 12. (2) 10V step to 
±0.01% of final value. (3) With 1000pF external holding capaCitor. (4) Input amplifier is uncommitted. (5) Input amplifier offset voltage. 

7-2 



BURR-BROWN® 

IElElI SHC76 

SAMPLE/HOLD AMPLIFIER 

FEATURES 
• FAST (6J.1s max) ACQUISITION TIME (14·bit) 

• APERTURE JITTER 400ps 

DESCRIPTION 
The SHC76 is a fast. high-accuracy hybrid sample/-

. hold circuit suitable for use in high-resolution data 
acquisition systems. 

.• TYPICAL POWER DISSIPATION LESS THAN 250mW 
The SHC76 is complete with internal hold capacitor 
and incorporates an internal compensation network 
which minimizes sample-to-hold charge offset. The 
SHC76 is configured as a unity-gain inverter. • COMPATIBLE WITH HIGH RESOLUTION AID 

CONVERTERS ADC76. PCM75. AND ADC71 

3kO 

Summing 
Junction 

3kO 

High-resolution converters such as the ADC76 and 
ADC7l are compatible with SHC76 in forming 
complete, l4-bit accurate analog-to-digital conversion 
systems. 

The SHC76 comes in a l4-pin single-wide hermetic 
metal DIP. Power supply requirements are specified 
from ±14:S V to ±IS.SV with guaranteed operation 
from ±ll.4V to ±ISV. Input voltage range is ±IOV. 
The SHC76 is available in two temperature ranges: 
KM, for O°C to +70°C; and BM, for -25°C to 
+SsoC operation. 

Analog O--~---A/l,.,..----<~--J;lt..,..,.----------....., 
Input 

5tH 
Digital 
Input 

Logic 
Control 

.,. 

"'lI ....... ---o Analog 
Output 

Offset Adjust 

International Airport Industrial Park· P.O. Box 11400 • Tucson. Arizona 85734 • Tel. (602)'746-1111 • Twx: 911).952·1111 • Cable: BBRCORP • Telex: 66-6491 

PDS·641 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +25'C and nominal power 'supply voltage of ±15V unless 
otherwise noted. 

MODEL SHC76KM/BM 

PARAMETER MIN TYP MAX UNITS 

ANALOG INPUT 
Voltage Range ±10 V 
Dvervaltage, no damage ±15 V 
Impedance 3000 0 

DIGITAL INPUT 
(TTL-Compatible) 
Trac~ Mode, Logic "1" 2.0 5.5 V 
Hold Mode, Logic "0" 0 0.8 V 
'.H, V.H ::; 2.4V 400 pA 
In., V'L:;;:: O.4V 1000 pA 

ANALOG OUTPUT 
Voltage ±10 V 
Current 5 mA 
Short~Circuit Current 20 mA 
Impedance 1 0 

DC ACCURACY/STABILITY 
Gain: -1,00 V/V 
Gain Error ±0,01 ±0,02 % 
Gain Nonlinearity 
(±10V Output Track) ±0,001 % 
Gain Temperature Coefficient 1 5 ppm/'C 
Offset Va/tagel1 ! ±3 mV' 
Output Offset at TM1N• TMAX 

(Track) ±6 mV 

TRACK MODE DYNAMICS 
Frequency Response 

Small Signal (-3dB) 1,5 MHz 
Full Power Bandwidth' 0,5 MHz 

Slew Aate 30 VIpS 
Noise in Track Mode 

(DC 10 1,0MHz) 200 IJVrms 

TRACK-TO-HOLD 
SWITCHING 
Aperture Time 30 ns 
Aperture Uncertainty (Jitter) 0.4 ns 
Offset Step (Pedestal) ±2 ±4 mV 

Pedestal at Temp 
KMgrade ±4 mV 
BMgrade ±6 mV 

Switching Transient 
Amplitude 200 mV 
Settling to 1 mV 0,5 2 pS 

Settling to 0,3mV ' 1,0 3 /is 
HOLD MODE DYNAMICS 
Droop Rate 0,1 1,0 pVlps 
Droop Rate at TMAX 100 pVlps 
Feedthrough Rejection 

(10V pop, 20kHz) 74 86 dB 

HOLD-TO-TAACK DYNAMICS 
Acquisition Time 

To ±0,01% of 20V 1,5 3,0 pS 
To ±0,003% of 20V 4,0 6,0 pS 

POWER REQUIREMENTS 
Nominal Voltages for Rated 

Performance ±14,5 ±15,0 ±15,5 V 
Operating Ranget21 ±11,4 ±18,0 V 
Power Supply Rejection 100 pV/v 
Supply Current: +Vs 15 20 mA 

-Vs -4 '-10 rnA 
Power Dissipation 300 500 m'tl 

TEMPERATURE RANGE 
Operating: KM grade 0 +70 'C 

8M grade -25 +85 'C 
Storage -55 +125 'C 

NOTES: (1) Adjustable to zero with external CirCUIt. (2) Operating to derated 
performance with VIN < Vs - 5V. 

ABSOLUTE MAXIMUM RATINGSf11 

Voltage Between +Vcc and -Vee Terminals ........................ 40V 
Input Voltage .... , ... , .. ,.".,".,., .. " ... ,,' Actual Supply Voltage 
Differential Input Voltage "."" .. ".""""":." .. " .. "",.,, ±24V 
Digital Input Voltage """""""""",',,"""'"'' -0,5Vto+5,5V 
Output Current, continuous l2J •••••••••••••••••••••••••••• ; ••• ±20mA 
Internal Power Dissipation ...... ~ ............................. 450mW 
Storage Temperature Aa~ge ,,' """ "", "" -65'C < T. < +150'C 
Output Short-Circuit Ourationf3J ., •••••••••• Momentary to Common 
Lead Temperature (soldering, 10 seconds).,.", .. " ... , .. "., 300'C 

CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C, handling procedures should be followed, 

NOTES: (1) Absolute maximum ratings are limiting values, applied indi
vidually, beyond which the serviceability 01 the circuit may be impaired. 
Functional operation under any of these conditions is not necessarily 
implied. (2) Internal power dissipation may limit output current to less 
than '+20mA, (3) WARNING: ThIs device cannot withstand even a 
momentarY short circuit to eIther supply; 

PIN ASSIGNMENTS 

Pin DescriptIon Pin Description 

1 Digital Input 8 Analog Output 
2 No Connection 9 Offset Adjust 
3 No Connection 10 No Connection 
4 Digital Ground 11 +15VSupply 
5 No 'Connection 12 Summing Junction 
6 Analog Ground ,13 Analog fnput , 
7 Offset Adjust '14 -15liSupply 

MECHANICAL 

rAl 
NOTE: Leads in true position 

LQ,,," 
within 0,10" (0,25mm) A 
at MMC at seating plane, 

b INCHES MIllIMETERS 
OIM MIN MAX MIN MAX 

~LI~L, . 8.0 880 2184 2235 

8 '90 510 1245 1'29!i 

C 170 250 '32 .,. 
0 01. 021 0.41 053 

G 100 BASIC 2 f,4 BAS~C 

H '" ISS ,., 39' 

LJrH 
K 150 300 381 162· , 300 BASIC 16'2 BASIC 

R 08. "0 , .3 '0' ...... ~J III" .1 
R N "'I 11 ••• ....... 

"' Pin numt?ers shown for reference only. 
Numbers are not marked on package. 

'~ 

-J, L 
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MECHANICAL 

Sample/Hold Digital Input 

NC 

NC 

Digital Common 

NC 

Analog Common 

Offset Adjust 

DISCUSSION OF 
SPECIFICATIONS 
THROUGHPUT NONLINEARITY 

Defined as total Hold mode, nonadjustable, input to 
output error caused by charge offset, gain nonlinearity, 
droop, feed through, and thermal transients. It is the 
inaccuracy due to these errors which cannot be corrected 
by Offset and Gain adjustments. 

GAIN ERROR 
The difference between the input and output voltage 
magnitude (in the Sample mode) due to the amplifier 
gain errors. 

DROOP RATE 
The voltage decay at the output when in the Hold mode 
due to storage capacitor and FET switch leakage current 
and the input bias current of the output amplifier. 

FEEDTHROUGH 
The amount of output voltage change caused by an input 
voltage change when the sample/hold is in the Hold mode. 

APERTURE DELAY TIME 
The time required to switch from Sample to Hold. The 
time is measured from the 50% point of the Hold mode 
control transisition to the time at which the output stops 
tracking the input. 

APERTURE UNCERTAINTY TIME 
The nonrepeatibility of aperture delay time. 

-15V Supply 

Analog Input 

Summing Junction 

+15V Supply 

NC 

Offset Adjust ____ ---, 

10kO _-15V 

Analog Output 

ACQUISITION TIME 

The time required for the sample/ hold output to settle 
within a given error band of its final value when the 
sample/hold is switched from Hold to Sample. 

CHARGE OFFSET (PEDESTAL) 

The output voltage change' that results from charge 
coupled into the Hold capacitor through the gate capaci
tance of the switching field effect transistor. This charge 
appears as an offset at the output. 

SAMPLE-TO-HOLD SWITCHING TRANSIENT 

The switching transient which appears on the output 
when the sample/ hold is switched from Sample to Hold. 
Both the magnitude and the settling time of the transient 
are specified. 

I 
I 

I ."'", 
: "'", 
I , "'", 
I~ Acquisition .. 
I Time 
I 
I 
: Sample 

Hold 

Droop 

FIGURE I. Definition of Acquisition Time, Droop and 
Sample-to-Hold Transient. 
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SAMPLED DATA ACQUISITION SYSTEM 
CALCULATIONS 

The rated accuracy of an AI D converter in combination 
with the aperture uncertainty of a samplel hold determine 
the maximum theoretical input slew rate (frequency) of a 
given sampled data system. 

Sine Wave fMAX = (2-N FSR) + (27T A t) 

A = max Input Signal Amplitude (peak-to-peak) 
FSR = Full-Scale Range of AID Converter 
I = Aperture Un~ertainty of SI H (jitier) 
N = Number of Bits Accuracy 

Given below are the maximum input frequencies of two 
AI D converters in conjunction with the SHC76: 

SHC7613-bit Sine Wave fMAX = 

(0.000122 X 20V) + (2 X 7T X 20V X O.4ns) 

= 48.6kHz 

SHC7614-bit Sine Wave fMAX= 

(0.000061 X 20V) + (2 X 7T X 20V X O.4ns) 

= 24.3kHz 

The maximum throughput rate is determined by adding 
all critical conversion process times together. Throughput 
rate cannot exceed the maximum input frequency deter
mined by the accuracy and jitter specs without degrading 
system performance;' Two samples per period of a sine 
wave are required to satisfy the Nyquist sampling theorem. 
A low-pass filter is required to cut off frequencies higher 
than the maximum throughput frequency to prevent 
aliasing errors from occurring. 

Throughput fMAX (2 samples) = 

1+ [2 (S/H acquisition time + 
S/H settling time'+ AI D conversion time)] 

Table I isa listing of various AI D throughput rates using 
the SHC76 S/H amplifier (assuming two sample~ per 
period). ' 

TABLE I. AID Converter Throughput Rates. 

Accuracy Conversion Resolullon Throughput 
Converter (Blta) Speed (pa) (Blta) IMAX (kHz) 

ADC76KG 14 17 16 19.2 
14 16 15 20,0 
14 15 14 20,8 

ADC76JG 13 17 16 23,8 
13 16 15 25.0 
13 15 14 26.3 

ADC71KG 14 57 16 7.58 
14 54 15 7.94 
14 50 14 8.47 

ADC71JG 13 57 16 8.20 
13 54 15 8.62 
13 50 14 9.26 

APPLICAT'IONS 
Figures 2 and 3 show the SHC76 in combination with an 
ADC76 and ADC7I to provide 14-bit accurate AI D 
conversion systems. 

-,----.,---------t-+15V 
'--j-...,....---t--t------...,....--j- -15V 

Analog ~:-:~..., 
Input 

-10Vto 
+10V 

Convert 
Status 

13 

FIGURE 2. A 20kHz AID Conversion System (I4-bit 
accurate). 

-r----.,--------"'"'T-+15V 
--j-j---t-:-:::r------j--j- -15V 

Analog ,-.... -.-..... ., 
Input 

-10V to 8 r":":':':-:--::-=:-:--t 
+10V 

Convert 
Slatus 

13 6t------;:'li 

SHC76KM 

+5V 

FIGURE 3. An 8.47kHz AID Conversion System 
(14-bit accurate). 
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BURR-BROWN® 

IElElI SHC85 
SHC85ET 

Fast Ie 
SAMPLE/HOLD AMPLIFIERS 

FEATURES 
• 14-PIN DIP PACKAGE 

• 5psec ACQUISITION TIME 

• COMPLETE WITH HOLDING CAPACITOR 

• ±O.O1% ACCURACY 

• -55°C TO +125°C TEMPERATURE RANGE (SHC85ET) 

DESCRIPTION 

1- - - - - 1+15VOC 
, I 

~ I 
I OHsel I , I 
1 Adjust I 1 N/C N/C NIG N/C 
~ 

The SHC85 is designed to acquire and hold tip to 
±IOVDC analog signals to ail accuracy of ±o.O I % of 
full scale range in 5Jlsec for a 20-volt step or 
4.5Jlsec for a IOVDC step. Featuring internally 
compensated circuits normally found only in more 
expensive and larger sample/holds, the SHC85 

. offers ultra-liner performance and fast acquisition 
speeds for the most demanding data acquisition and 
control applications. 

__ 0 __ 0 ___ 0_0_0_, 
1 
1 
1 
I 
1 

1 
I 
I 
I 

_oJ 

Analog ·15VOC Mode Anii'Og HIC Exl C Output 
In Control Common 

Two models are available: the SHC85 is specified for 
O°C to 70°C operation, and the SHC85ET is specified 
for -55°C to+125°C operation. 

The SHC85/SHC85ET are well suited for use in: 

Data Acquisition Systems 
Data Distribution Systems 
Analog Delay Circuits 
Pulse Amplitude Modulation Circuits 
Waveform Amplitude Measurement 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 16021746·1111 . Twx: 910·952·1111· Cable: BBRCORp· Telex: 66·6491 

PDS-32 I A 
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SPECIFICATIONS 

Typical at 25°C with rated supply and a 1000pF internal capacitor unless otherwise noted. 

ELECTRICAL MECHANICAL 

MODELS I SHC85 I SCH85ET I UNITS r- A =1 NOTE: 

INPUT ; g."., 
Leads in true 

ANALOG INPUT, 
position within 
.010" (.25mm) 

Vollage Range ±10 ±10 V R @MMCat 
Maximum Safe Input Signal ±15 ±15 V seating plane. 
Resistance 108 108 n 

8r1f 
Bias Current 50 50 nA 

J1 DIGITAL INPUT ,TTL Compalible, 

Mode Control Vollage Current 
"Sample" - Logic "1" +2.0V < e < +8V 50nA 
"Hold" - Logic "0" OV < e < +0.8V ' -50~A 

TRANSFER CHARACTERISTICS LJrH
' ~CCURACY ,25°C, 

Pin numbers shown 
Dynamic Nonlinearity, max ±0.01 ±0.01 % ol20V 0000000 for reference only. 
At min. "Hold" Time 1000 1000 

1234 jo' 

J.I..sec R I. I) I, " 10 ~ 8 Numbers may not be 
Gain +1.0 +1.0 VN 0000000 

marked on package. 
Gain Error ±0.01 ±0.Q1 %0120V, 
Throughput Offset. max I adjust to zero I 2 2 mV INCHES MILLIMETERS 

Droop Rate. max 0,5 0.5 mV/msec DIM MIN MAX MIN MAX 

Droop Rate. typical 0.125 0.125 mV/msec A .B60 .8BO 21.84 22.35 

Throughput Nonlinearity ±0,005 ±0.005 % of 20V B .490 .510 12.45 12.95 

Noise, rms 110Hz to 100kHz 100 100 ~V C .170 .250 4.32 6.35 

Supply Rejection 10 to 50kHz· 100 100 ~VN 0 .016 .021 0.41 0.53 

G .100 BASIC 2.54 BASIC 
ACCURACY DRI~ H .115 .155 2.92 3.94 

Gain Drift ±2 ±2 ppm of 20VloC K .150 .300 3.81 7.62 

Offset Drift ±25 ±25 ~VloC L .300 BASIC 7,62 BASIC 

Droop Rate R .080 .120 2.03 3.05 

At 70°C, max 10 10 mV/msec Case: Kovar 
At +125°C. max - 200 mV/msec Pin material and plating composition conform to 

DYNAMIC CHARACTERISTICS 
method 2003 solderability of MIL-STD-883 except 

Bandwidth I Full Power,lt) 200 
paragraph 3.2 . Mating Connector: 0145MC 

200 kHz 
Output Slew Rate 20 20 V/l-lsec 

CONNECTION DIAGRAM Aperture Time 30 30 nsec 
Acquisition Time I to ±O.Ol% 1-2- kn-t;: +15V ITOPVIEW) 10V Step. max 4.5 4.5 I-Isec 

20V Step. max 5.0 5.0 I-Isec t 5 Hl I 
r""J\l">ro I 

Feedthrough in Hold Mode ±0.005 ±0.005 % of step change 'Offset f I 

Charge Offset. max, at OV Input ±2 ±2 mV :Adiust: I N/C N/C, N/C N/C 

Sample-to-Hold Transient 

__ I 

Peak Amplilude 50 50 mV 1~ _1~Q~2_Q_1~_.2~O_9D _8.0_, 
Settling to 1 mV 0.5 0.5 I-Isec I I 

OUTPUT I I ~.-~ 
I 

ANALOG OUTPUT 
I I 

I - I 
Voltage Range ±10 ±10 V 

I J + A1 
A2 I 

Current Range ±ll0 ±10 
FET I mA I Switch 

Impedance 0.1 0.1 11 Switch C I 

TEMPERATURE I 10kO Driver f- I 

~6-20-3 -4 _~~O£F69-; 
I 

Specification a to +70 -55 to +125 °C 
--' 

Storage -55 to +125 -55 to +125 °C 

POWER SUPPLY 
Analog -15V Mode Analog N/C' Ext Output 

In Control Common C 
Rated Voltage ±15 ±15 VDC 

I , 
I I 

Range ±14.5 to ±15.5 ±14.5 to ±15.5 VDC I I 

Current ±13 ±13 mA ' I 
1- - - ,. r __ -J 

NOTE: 
OPtional E~ternal C 

1. Small signal bandwidth 'is 3MHz. NOTE: Pins 5, 8, 9, 10 and 11 are not 
internally. connected. 
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DEFINITION OF SPECIFICATIONS 
DYNAMIC NONLINEARITY 
This is the total nomldjustable input to output error. This 
specification includes throughput nonlinearity and errors 
due to droop. thermal transients and feed through. in 
short. all errors that cannot be adjusted to zero for a lOY 
input change after a S!-,sec acquisition time and a I msec 
hold time. Offset errors must be adjusted to zero by the 
offset control and gain errors must be adjusted to zero by 
a gain adjustment elsewhere in the system (gain adjust not 
included in SHC85). 

GAIN ACCURACY 
The difference due to amplifier gain errors between Input 
and Output voltage when in the "sample" mode. 
DROOP RATE 
The voltage decay at the output when in the"hold"mode 
due to storage capacitor. F1:T switch leakage currents. 
and output amplifier bias current. 
FEEDTHROUGH 
The amount of the input voltage change that appears at 
the output when the amplifier is in the "hold" mode (see 
Figure I). 
THROUGHPUT - NONLINEARITY 
The total charge offset and gain nonlinearity. That is. the 
inaccuracy due to these two errors that cannot be 
corrected by gain and offset adjustments. Throughput -
nonlinearity is specified over the 20Y input range. 
THROUGHPUT OFFSET 
The sum of sample offset and charge offset. 

CHARGE OFFSET 
The offset that results from charge transferred from the 
holding capacitor to the gate capacitance of the switching 
FET. This charge is .partially restored by a special 
compensation circuit when the unit goes into the "hold" 
mode. 

ACQUISITION TIME 
The time required for the output to settle to its final value 
within a given error band. when the Mode control is 
switched from "hold" to "sample" (see Figure 2). 

APERTURE TIME 
The time required to switch from "sample"to"hold". The 
time is measured from the SOl(; point of the mode control 
transition to the time at which the output stops tracking 
the input. 

Sample 
Mode. r--I._ .. 
Conlr".!..........J ~ 

: : Sample-la-Hold Switching 
I I Transient and Charge Offset 

Analog I -l f-./ 
Input --7 ,.~-=~;-:..:-:.:-:.:-: 

! \\ 

Acquisition Time 

Feedthrough 
\ (change in solid line) 

, .... , ~ .... ....... ,~ 

FIGURE I. Example of Specifictions. 

,~~II K1 II 
o 1 2 3 4 5 

Typical A~quisition-Time 10V Steps 
(,usee) 

FIGURE 2. Acquisition Time vs Full Scale Range Error. 

OPERATING INSTRUCTIONS 

OPTIONAL EXTERNAL CAPACITOR SELECTION 

The value of the external capacitor determines the droop. 
charge offset and acquisiiton time of the sample, hold. 
Both droop and charge offset will vary linearly with 
capacitance from the values given in the specification 
table. 

Figure 3 shows the behavior of acquisition time with 
added external capacitance. The behavior of droop with 
external ·C is determined by: 

Droop = dv; dt = (O.S x 10--)/ (IOOOpF + C,') 

Capacitors with high insulation resistance and low 
dielectric' absorption. such as teflon or polystyrene 
should be used as storage elements (polystyrene should 
not be used above +8S"C). Care should be taken in the 
printed circuit layout to minimize leaka'ge currents from 
the capacitor; this will minimize droop errors. 

OFFSET ADJUSTMENT 
Connect a 2kU to SkU multiturn potentiometer with a 

,TCR of ISOppm "c or less as shown in the Connection 
Diagram, The offset should be adjusted with the input 
grounded. During the adjustment. the sample hold 
should be switching continuously between the "sample~' 
and the "hold" mode. The error should then be adjusted 
to zero where the unit is in the "hold~' mode. In this way. 
charge offset as well as amplifier offset will be adjusted. 

u160 . 
! 8 
w 
:; 4 
,f: 
:5 2 

f: 
§ 
::J 

0 

0 

0 

0 

8 5 
« 

)'i' 
20V 'l Input Step / 

) V ........ ... 10V 

/'" 
Input -

l.......:: SteP -~ f-""' 
o 0,0010,0020.0040.0080.016°,0320,0640.128 

EXTERNAL CAPACITOR ("F) 

FIGURE 3. Acquisition Time vs External Capacitor. 
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APPLICATIONS 

DATA ACQUISITION SYSTEM 
The SHC85 makes an excellent device for reducing 
aperture time in a data acquisition system. When 
combined with Burr-Brown's 16-channel MPC-16S 
Analog Multiplexer and ADC85 10- or 12-bit A D 
Converter. you can have a compact 16-channel data 
acquisition system with 50kHz to 65kHz throughput 
sampling rates and 0.02 percent (RSS) system accuracy. 

~ 
z 
z 

5{ ~ « 3 
I- • « ., 
~ 1~: .. ,. 
~ 15 

" I. o 
oJ 
« z « 

ADC85 
AID Converter 

Clock 

Serial 
r.::::::::1' ...... -m ___ ,.1 Data 

Channel 
Address 

PROGRAMMER 

LOGIC 

0' 

COMPUTER I/O 

Parallel 
Digital Data 

ANALOG DATA ACQUISITION SYSTEM 

SIMULTANEOUS SAMPLE/HOLD 
Time correlation of sampled data signals may be 
implemented by 'usingone sample, hold for each analog 
signal prior to input to an analog mUltiplexer. The 
SCH85 low aperture time of 30nsec practically 
eliminated channel-to-channel time slew. The 
throughput sampling rate and" the number of data 
channels will determine the maximum Hold time and 
hence, the worst-case droop error of the sample; hold in 
the last channel to be sampled prior to the ne"xt "refresh" 
or sample" hold command. This droop error may be 
minimized by adding external capacitance to the SHC85 
as shown in Figure 3. 

The droop error is computed by: 

MAX DROOP ERROR (CHANNEL N)=(T x n) 
(Droop rate) 

Where T = I System Sampling Rate and n == number of 
multiplexer data channels. 

EXAMPLE: 

For a 10-bit. 32-channel system with throughput sample 
rate of 50kHz. assuming no external capacitance. the' 
droop error of chan"nel N is:' 

Droop Error (Ell) = [( I 50k!l) x 32] [(500 x 10' 'l] = 320J'V. 

For ±IOV input signal range and IO-bit resolution. the 
resolution of ±I 2LS,B is ±9.77mV. This droop error is 
less than 0.0 16LSB (negligible). and no external Cneed 
be added to reduc"e tlie droop of the SHC85. 
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BURR-BROWN® 

113131 SHC298AM 

Low Cost Monolithic 
SAMPLE/HOLD AMPLIFIER 

FEATURES 
• 12·BIT THROUGHPUT ACCURACY 

• LESS THAN IOJlsec ACQUISITION TIME 

• WIJlEBAND NOISE LESS THAN 2DJlV. rms 

• RELIABLE MONOLITHIC CONSTRUCTION 

• 1010n INPUT RESISTANCE 

• TTL/CMOS·COMPATIBLE LOGIC INPUT 

DESCRIPTION 
The SHC298AM is a high performance monolithic 
sample/hold circuit which features very-high DC 
accuracy with fast acquisition times and a low droop 
rate. With the addition of one external holding 
capacitor, l2-bit accuracy can be achieved with a 
6Jlsec acquisition time .. Droop rates less than 
SmV/min can be achieved with a IJlF holding 
capacitor. 

The fully differential logic inputs have low input 
current. and are compatible with TTL. PMOS. and 
CMOS logic families. The input offset adjustment 
can be made using a single· external potentiometer 
and resistor. and the adjustment does not degrade 
input offset drift. . 

Mode Control IS/HI Input The SHC298AM will operate with power supplies 
ranging from ±5VDC to ± l8VDC. It is available in a 
hermetically sealed 8-lead low profile package. and is 
specified for a temperature range from -25"C to 
+85"C. The SHC298AM is the best price! 
performance bargain in its class. It is well suited for 
use in data acquisition systems. data distribution 
systems. analog delay circuits. and pulse amplitude 
modulation circuits. 

HoldIng Cap 

·Vee 

International Airport Industrial Park· P.O. Box 11400· Tucson. Ar!zona B5734· Tel. 16021 746·1111 . Twx: 910.952·1111 . Cable: BBRCORp· Telex: 66·649t 

PDS-373B 
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SPECIFICATIONS 
ELECTRICAL 
Specifications at TJ = +25'C, ±15V supplies, 1000pF holding capacitor, -11.5V "V'N" 
+11.5, Rl = 10kn, Logic Reference Voltage = OV, and Logic Voltage = 2.5V unless 
otherwise noted. 

SHC298AM 

MODEL MIN TYP MAX UNITS 

INPUT 

ANALOG INPUT 
Resistance 1010 n 
Bias Current (1) 10 50 nA 

DIGITAL INPUT Pin 7 Pin 8 Circuit State 

Mode Control Truth Table OV +2.4V Sample (Track) 
OV +O.8V Hold 

+2.4V +2.8V Hold 
+0.8V . +2.8V Sample ITrack I 

Mode Control and Mode Control 
Reference Inp.ut Current 10 ~A 

Differential Logic Threshold 0.8 1.4 2.4 V 

TRANSFER CHARACTERISTtCS 

ACCURACY (+25' C) 
Throughput Nonlinearity 

for Hold Time < 1 msec. ±O.010 ±O.o15 %of20V 
Gain +1.0 VIV 
Gain Error ±O.OO4 ±O.010 % 
Input Voltage Offset I adjust tozero)ll) ±2 ±7 mV 
Droop Rate II) ±30 ±200 IJ,V/msec 
Charge Offset (2) ±15 ±25 mV 
Noise (rms) 10Hz to 100kHz 10 20 ~V 
Power Supply Rejection ±25 ±100 p.VN 

ACCURACY DRIFT 
Gain Drift 3 4 ppm/'C 
Input Offset Drift 15 70 p.V/'C 
Charge Offset Drift C = 1000pF 50 150 p.V/'C 
Charge Offset Drift C = 10,000pF 20 50 pV/oC 
Droop Rate at TJ = +85'C 1 10 mV/msec 

DYNAMIC CHARACTERISTICS 
Full Power Bandwidth, C = 1000pF 75 125 kHz 
Full Power Bandwidth, C = 10,000pF 10 16 kHz 
Output Slew Rate, C = 1000pF 7 10 V/~sec 

Output Slew Rate, C = 10,000pF 1.4 2 V/~sec 

Aperture Time 
Negative Input Step 125 200 nsec 
Positive I nput Step 30 45 nsec 

Acquisition Time (C = 1000pF) 
to ±O.01 %, 10V step 6 10 psec 
to ±O,01 %, 20V step 8 12 ,",sec 
to ±O.1%, 10V step 5 9 J.I~ec 
to ±0.1%, 20V step 7 11 p:se~ 

Sample/Hold Transient 
Peak Amplitude 160 mV 
Settling to 1mV 1.0 1.5 "sec 

Feedthrough 
(Response to 10V Input Step) ±O.007 ±0.015 %of20V 

OUTPUT 

ANALOG OUTPUT 
Voltage Range ±11.5 V 
Current ~ange ±2 mA 
Impedance (In hold mode) 0.5 4 n 

POWER SUPPLY 
Rated Voltage ±15 VDC 
Range ±5.0 ±18 VDC 
Current (1) ±4.5 ±8.5 mA 

NOTES: 

1. These parameters guaranteed over a supply volta~e range of ±5V to = ±1SV. 

2.-Charge offset is sensitive to stray capacitive coupling·between Input logic signals 
and the hold capacitor. 1 pF. for instance, will creates" additional O.SmV step with 
a 5V logic swing and a 0.01~F hold capacitor. Magnitude of the charge offset is 
inversely proportional to hold capacitor value. 
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MECHANICAL 

Plane 

DIM 

A 

0 

F 

G 

M 

NOTE: 
Laads in true position within .010" 
(.25mm) R @I MMC at seating plane. 

Pin numbers shown for reference only. 
Numbe,s may not be mark~d on package. 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

.335 .370 8.51 9.40 

.305 .335 7.75 8.51 

.165 .185 4.19 4.70 

.016 .021 0.41 0.53 

.010 .040 0.2S 1.02 

.010 .040 0.25 1.02 

.200 BASIC 5.08 BASIC 

.02B .034 0.71 0.86 

.029 .045 0.74 1.14 

.500 12.7 

,110 .160 2.79 4.06 

450 BASIC 450 BASIC 

.095 .105 2.41 2.67 

Pin Material and Plating Composition: Conforms to 
MIL-STD-883 method 2003 ,solderability I. 
Hermeticity: Conforms to MIL-STD-883, method 1014, 
condition C, step 1, Fluorocarbon (gross leak1 anc;l method 
1014, condition A, Helium, 5 x 10...scc/sec ,fine leakl. 
Connector: None, 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 

SupplyVollage ............................................. ±lBV NOTES: 
Power Dissipation (Package Limitation) (Note 1) ............ 500mW 
Operating Temperature Range ..................... -25°C to +85°C 
Storage Temperature Range ..................... ,-65 D C to +150°C 

1. The maximum junction temperature is +100° C, when operating at 
elevated ambient temperature, the power dissipation must be 
derated based on a thermal resistance (OJA) of 150°CIW. 

Input Voltage ............................. Equal to Supply Voltage 
Logic-la-logic Reference Differential Voltage (Note2) ..... +7V, -30V 
Output Short Circuit Duration ........................... Indefinite 
Hold Capacitor Short Circuit Duration ....................... 10sec 
Lead Temperature (soldering, 10 seconds} .................. . 3Daoe 

2. Although the differential voltage may not exceed the limits given, the 
common-mode voltage on the logic pins may be equal to the supply 
voltages without causing damage to the circuil. For proper logic 
operation, however, one of the logic pins must always be at least 2V 
below the positive supply and 3V above the negative supply. 

TYP~CAl PERFORMANCE CURVES 

~ 

25 

22 

~ 20 

3,,17 

"' 15 E 
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APERTURE TIME 

0 
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Negative 1/ 6VIN'" IOV 
0- ~~~~~ 
5 

0 ./ ./ "' 10 

~ 5/ V 
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0 Input_ I-
5 ~ Stepi 

"' ~5 

0 
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Junction Temperature (0C) 

OUTPUT DROOP RATE 

IOOpF IOOOpF O.OI.uF O.lpF 

Hold Capacitor 

DYNAMIC SAMPLING ERROR 

Input Slew Rate (V /n:sec) 

CHARGE OFFSET 

100pF 1000pF 0.01 pF 0.1 pF 

Hold Capacitor 

ACQUISITION TIME 

VIN '" a to ±10V 
u 

~ ~~~~i1;;;;~~~;;1I1 ,3 
: 10 " N,W 

E= ~~~~~iI~ijiiiii~ :~ 100~ 0.11' 
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I 

8 

6 
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I 
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~ 
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SAMPLE/HOLD 
TRANSIENT SETTLING TIME 

'Z) 1.41-+---1-+---1-+--1-+---1 
! 1.21-+-1-+-1-..,-1",,-.,.- -l-

E O.H ~ 
E= -0.61-+-1-+-1-+--+-+-1 
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O~~~_~~~~~~~ 
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POWER SUPPLY REJECTION FEEDTHROUGH REJECTION 
(HOLD MODE) 

INPUT BIAS CURRENT 

16°r:!"TTT1"'TT1mmr-T"""ITIII""~11TI!II 
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,DISCUSSION OF SPECIFICATIONS 

THROUGHPUT NONLINEARITY 

Throughput nonlinearity is definedas total Hold mode. 
nonadjustable. input to output error caused by charge 
offset. gain nonlinearity. I msec of droop, feedthrough; 
and thermal transients. It is the 'inaccuracy due to these 
errors which cannot be corrected by offset and gain 
adjustments. Throughput ,nonlinearity is tested witli a 
1000pF. holding capacitor. lOY, input changes. 10ILsec 
acquisitio~ time. and I msec Hold time (see Figure I). 

GAIN ACCURACY 
Gain Accuracy is the difference between Input and 
Output voltage (when in the Sample mode) due to 
amplifier g~in errors. ' 

DROOP RATE 

Droop Rateis the voltage decay at the output when in the 
Hold mode due to storage capacitor. FETswitch leakage 
currents. and output amplifier bias current. 

FEEDTHROUGH 
Feedthrotigh is the ~mount of the input voltage change 
that appears at the output when the amplifier is in the 
Hold mode. ' , 

APERTURE TIME 
Aperture Time is the time required to switch from 
Sample to Hold. The time is measured from the 50% 
point ofthe mode control transition to the time at which 
the output stops tracking the input. 

ACQUISITION TIME 

Acquisition Time is the time req uired for the sample! hold 
output to settle within a given error band of its final value 
when the mode control is switched from Hold to Sample. 

CHARGE OFFSET 
Charge Offset is the offset that results from the charge 
coupled through the gate capacitance of the switching 
FET. This charge is coupled into. the storage capacitor 
when the FET is switched to the "hold" mode. 

CONTROL 
SIGNAl. 

SAMPLE 
.....l.--_____ ......... ____ ....IL-_.TlME 

INPUT 
VOLTAGE. 

OUTPUT 
VOLTAGE 

~~~--~------------~ 
1 
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'ERROR 

FIGURE I. Sample! Hold Errors. 



OPERATING INSTRUCTIONS 

EXTERNAL CAPACITOR SELECTION 
Capacitors with high insulation resistance and low 
dielectric absorption. such as teflon. polystyrene or 
polypropylene units. should be used as storage elements 
(polystyrene should not be used above +85"C). Care 
should be taken in the printed circuit layout to minimize 
AC and DC leakage currents from the capacitor to 
reduce chage offset and droop errors. 

The value of the external capacitor determines the droop. 
charge offset and acquisition time of the Sample/ Hold. 
Both droop and charge offset will vary linearly with 
capacitance from the values given in the specification 
table for a 0.00 I,.,F capacitor. With a capacitor of 0.0 I,.,F 
the droop will reduce to approximately 2.5,., Y / msec and 
the charge offset to approximately l.5mY. The behavior 
of acquisition time with changes in external capacitance 
is shown in Typical Performance Curves. 

OFFSET ADJUSTMENT 
The offset should be adjusted with the input grounded. 
During the adjustment. the sample/hold should be 
switching continuously between the Sample and the Hold 
mode. The error should then be adjusted to zero when the 
unit is in the Hold mode. In this way. charge offset as well 
as amplifier offset will be adjusted. When a O.OOI,.,F 
capacitor is used. it will not be possible to adjust the full 
offset error at the sample! hold. It should be adjusted 
elsewhere in the system. 

APPLICATIONS 

DATA ACQUISITION 
The SHC298AM may be used to hold data for 
conversion with an analog-to-digital converter or used to 
provide Pulse Amplitude Modulation (PAM) data 
output (see Figures 2 and 3). 

Analog 
Inputs ,---, 

Analog 
Multiplexer 

·15VDC 

FIGURE 2. Data Acquisition. 

to AID 
Converter 

PAM Output 

Ol~ 

+15VDC 

PAM Output 

,Analog Input / _ -, 

\----1 ~i 
~j ~ 

ModeControlHold~ 

FIGURE 3. PAM Output. 

DATA DISTRIBUTION 
The SHC298AM may be used to hold the output of a 
digital-to-analog converter whose digital inputs are 
multiplexed (see Figure 4). 

TEST SYSTEMS 
The SHC298AM is also well suited for use in test systems 
to acquire and hold data transients for human operators 
or for other parts of the test system such as comparators. 
digital voltmeters. etc. 

Storage 
Capacitor 

Analog 
Output 

P----+-

Digital 
Inputs 

Digital 
Inputs 

~""'-+-_0-l.I"~ 

FIGURE 4. Data Distribution, 
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With a O.I,.,F storage capacitor. the output may be held 
10sec with less than 0.1 % error. With a I,.,F storage 
capacitor, the output may be held more than 15 minutes 
with less than I % error. 

CAPACITIVE LOADING 
SHC298 is sensitive to capacitive loading on the output 
and may oscillate. When driving long lines, a buffer 
should be used. 

HIGH SPEED DATA ACQUISITION 
The minimum sample time for one channel in a data 
acquisition system is usually considered to be the acqui
sition time of the sample/ hold plus the conversion time.of 
the analog-to-digital converter. If two or more sample/ 
holds are used with a high speed multiplexer, the acquisi
tion time of the sample/ hold can be virtually eliminated. 
While the first channel is in hold and switched on to the 
ADC, the multiplexer may be addressed to the next 
channel. The second sample/ hold will have acquired this 
data by the time the conversion is complete. Then, the 
sample/ holds reverse roles and another channel is ad
dressed (see Figure 5). For low level systems, an instru
mentation amplifier and double-ended multiplexer may 

be connected to the sample/ hold inputs. The settling time 
of the multiplexer, instrumentation amplifier, and sample/ 
hold can be eliminated from the channel conversion time 
as before. 

Digital 
Output 

CHI 

CH2 
BI 

(I) Analog-to 
B2 

-Digital 
Converter 

CHN 1(0) 

:\ BI2 

High 
Speed 
Switch 

FIGURE 5. "Ping-Pong" Sample! Holds. 
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BURR-BROWN® 

1E3E11 SHC600BH 

ADVANCE INFORMATION 
Subject to Change 

Ultra-High Speed 
SAMPLE/HOLD AMPLIFIER 

FEATURES 
o CLOSED·LOOP OUTPUT AMPLIFIER 
• ±O.O1% FSR LINEARITY max 
• ACQUISITION TIME 12.5V STEP): 

1 % FSR 17ns typ 
0.1% FSR 27ns typ 
0.02% FSR 40ns typ 

e 300VI tiS SLEW RATE 
• 24·PIN DIP 

Hold Analog 
Common 

Output 

DESCRIPTION 
The SHC600 is a high speed sample/hold amplifier 
designed for use in ultra-fast, 12-bit data acquisition 
and signal processing systems. It acquires input step 
changes of 2.SV to 1% accuracy in 17ns and 0.02% 
accuracy in 40ns, typically. The closed-loop output 
amplifier provides a maximum linearity error of 
±0.01% with a low output impedance of 0.40. The 
gain has been optimized to drive 1000 loads with a 
gain error of less than ±O.l%. 

In the sample mode the SHC600 operates as a unity
gain buffer with a minimum small signal bandwidth 
of70MHz. Input voltage range is ±2V. . 

The hold command is ECL-compatible. Power supply 
requirements are ±ISV, +SV, and -S.2V and the 
specification temperature range is :-2SoC to +8SoC. 

International Airport Industrial Park - P.O. Box 11400· Tucson. Ari,zona 85734 - Tel. 16021 746·1111 . Twx: 910·952·1111· Cable: BBRCORp· Telex: 66·6491 

PDS-644 
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SPECIFICATIONS 
ELECTRICAL 
At +25'C and ratad power supplies and loon In parallel wlth 3pF loed unlass otherwise specllied. 

SHC800BH 

PARAMETER MIN TVP' MAX UNITS 

SAMPLElHOLD INPUTS 

ANALOG 
Voltage Range'" ±1.25 ±2 V 
R,. 1.5 MO 
Inpm Bias Currant 20 35 pA 
DIGITAL (ECl Compatible) 
V'H (HOLD) -1.1 -0.8 V 
VIL (SAMPLE) -1.8 -1.5 V 
IIH,V1N=-1.1V 265 pA 
IlL. VIN = -1.8V 0.5 pA 

SAMPLElHOLD OUTPUT 

Voltage Range I ±1.25 I ±2 V 
Output Currant ±40 mA 
Short Circuit Protaction jomentary (1 sec.) 
Outputlmpadance (at DC) 0.41 0 
Nolle In Track Mode (wiaeband 200MHz Into SOO load) 400 p,Vrms 

SAMPLE/HOLD TRANSFER CHARACTERIBnCS 

DC ACCURACYISTABILlTV 
Gain +1 VN 
Gain Error ±O.1 'II> 

Temperatura Coefficient ±5 ±20 ppm/'C 
linearity Error (±1.25V Input) ±0.002 ±0.Q1 %ofFSRI21 

ZeroOIfsilt ±2 ±5 mV 
Temperatura Coefficient ±SO ±150 pi//'C 

Power Supply. Sensitivity 01 Offset: Veo, (+5V) ±1 ±3 mVN 
Vo .. (-5.2V) ±4 ±13 mVN 
+Vee (+15V) ±5 ±10 mVN 
-Vee (-15V) ±9 ±15 mVN 

HOLD-TO-TRACK (SAMPLE) DYNAMICS 
Acquisition Time (with 2.5V step)"': To within ±1'11> 01 FSR (25mV) 17 25 ns 

To within ±O.l'11> 01 FSR (2.5mV) 27 35 ns 
To within ±O.02% 01 FSR (0.5mV) 40 50 ns 

Switch Delay Time 2 ns 

TRACK (SAMPLE)-TD-HOLD DYNAMICS 
Apertura Delay Time'" 4 8 ns 
Aperture Uncertainty Oilier) 5 9 ps(rms) 
Offset Step (padestal) ±2 ±10 mV 

Temperature CoeffiCient ±30 ±60. pVl'C 
Sensitivity to Vo ... (-5.2V) ±2.5 ±10 mVN 

Switch Delay Time 2 ns 
SwltchlngTranslent: Amplitude 7 20 mVPEAK 

Settling to within ±1 mV 10 15 ns 

TRACK (SAMPLE) MODE DYNAMICS 
Frequency Response: Full Power Bandwidth 40 MHz 

Small Signal Bandwidth 70 MHz 
Output Slew Rate 300 200 VIps 
Harmonic Distortion (2.5V pop Input aI4MHz): RL=2000 -68 dB 

RL = 500 -60 dB 

HOLD MODE DYNAMICS 
Droop Rate: at+25'C ±60 ±180 pVlps 

at +85'0 ±1.5 ±4 mVlps 
Feadthrough Rejecllon: 2.5V pop Inpul atlMHz 62 dB 

atl0MHz 58 dB 

POWER SUPPLY REQUIREMENTS 

Quiescent Currant: Veo, (+5.0V, ±0.25V) 40 55 rnA 
Vo ... (-5.2V, ±0.25V) -93 -120 mA 
+Vee (+15V, ±0.5V) 30 45 mA 
-Vee (-15V, ±0.5V) -15 -25 mA 

Power Dissipation 1.3 2.0 W 

TEMPERATURE RANGE 

Specificallon (case temperature) -25 +85 'C 
Storage -55 +125 'C 

NOTES: (1) Maximum Input WIthout damage, ±5V. (2) FSR means Full-Scale Range. For SHC600 FSR= 2.5V. (3) Measurements are made with RL = 
1000 and CL = 3pF. 
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PIN ASSIGNMENTS 

Voo, (+5V, ±5%) 13 Analog Input 
Voo, (-5.2V, ±5%) 14 NIC· 
NIC· 15 NIC· 

4 Voo, (-5.2V, ±5%) 16 NIC· 

S Hold Command 17 NIC· 
6 Digital Common 18 Analog Common 

Power Common 19 Analog Common 
8 +Vee (+15V) 20 NIC· 

9 NIC· 21 NIC· 
10 Voo, (-S.2V) 22 +Vee (+15V) 
11 Power Common 23 NIC· 
12 -Vee (-15V) 24 Analog Output 

• NIC = No Internal Connection 
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MECHANICAL 

"'-1' --A----.'I 

L~ID 

INCHES 

NOTE: 
Leads in true position 
within .010" (.25mm) R 
at MMC at seating plane. 

MIN MAX MIN MAX 

A 1.110 1.310 32.111 3'.27 
II .780 .800 11.' t 20.S2 
C .1153 .207 a.1II 1.211 

.011 .020 .41 .It 

.0"1 ,all. 1.'4 1.40 
a .100 DADle 2.G4 8AOIC 

.OD7 ,011 2.21 2.1t 
.001 .012 .211 .S 

K .200 .210 •. 011 II." 
L .100 BABIC 18 .... IIAIIC 
N ,01 .011 .ID .•• 



BURR.,BROWN@ 

113E11 SHC803BM, CM 
SHC804BM, CM 

Ultra-High Speed 
SAMPLE/HOLD AMPLIFIER 

FEATURES' 
• 350nsec max ACQUISITION TIME 

• ±O.O1% THROUGHPUT NONLINEARITY 

• 150nsec max SAMPLE-TO-HOLO SETTLING TIME 

• INPUT BUFFER (SHC803) 

• 24-PIN HERMETICALLY-SEALED METAL PACKAGE 

HOLO HOLO ANALOG 
COMMON 

DESCRIPTION 
The SHC803 and SHCS04 are high speed sample/ 
hold amplifiers designed for use in fast l2-bit data 
acquisition systems and signal processing systems. 
The SHCS03 contains a fast-settling unity-gain am
plifier for buffering high impedance sources or for 
use with CMOS multiplexers. 

The SHCS04 acquires a lOY signal change in less 
.than 350nsec to ±1/2LSB at 12 bits. Throughput 
nonlinearity error is guaranteed to be within 
±l/ 2LSB for l2-bit systems. Stability over tempera
ture is excellent, with only ±5ppm/oC of gain drift 
and ±4ppm of FSR/oC of charge offset drift over 
the -25 to +S5°C temperature range. 

The ±25psec maximum aperture uncertainty of 
SHCS03 and SHCS04 permits sampling (to ±O.OI% 
,of Full Scale Range) of signals with rates of change 
of up to IOOV / ILsec. These sample/ holds have been 
optimized for use with Burr-Brown's high speed 12-
bit analog-to-digital converter, model ADCS03. To
gether these components are capable of accurately 
digitizing fast changing signals at sample rates as 
high as 500k samples per second. 

The digital inputs (HOLD and HOLD) are TIL
compatible. Power supply requirements are ±15V 
and +SV and the specification temperature range is 
-25°C to +S5°C. The SHCS03 and SHCS04 are 
packaged in a 24-pin dual-in-line hermetic metal 
package. SHC804 is pin-compatible with other 

sample/holds on the market with similar perfor
mance characteristics. 

International Airport tn~ustrlal Park .'P.O. Box 11400 - Tucson. Arizona 85734· Tel. (6021 741i-llll • Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 
ELECTRICAL 
At +25'C, rated power supplies and a lkn output load unless otherwise specified. 

MODEL 

PARAMETER 

SAMPLE)HOLD INPUTS [without Input buffor) 

ANALOG 
Voltage Range 
R,. 

DIGITAL [HOLD, HOLD) 
V,H 

V" 
IIHI VIN= +2.7V 
IlL. VIN = +O.4V 

MIN 

±10.25 

+2.0 

SHCa03lSHCa04BM 

TYP 

±11 
1.00 

SAMPLE/HOLD TRANSFER CHARACTERISTICS [without Input buffer) 

ACCURACY 
Sample Mode 

Gain 
Gain Error 

Temperature Coefficient 
Linearity Error 
Zero Offset 

Temperature Coefficient 
Hoid Mode 

Charge Offset 
Temperature Coefficient 

Droop Rate: at +25' C 
+85'C 

Throughput Nonlinearity 
Power Supply Sensitivity''': ±Vcc 

VDD 

DYNAMIC CHARACTERISTICS 
Acquisition Time (with 10V step) 

to within: ±0.1% (±10mV) 
±0.01% (±lmV) 

Sample-to-Hold Settling Time 
to within ±0.01% (±lmV) 

Sample-te-Hold Transient Amplitude 
Apertur~ Delay Time'31 
Aperture Uncertainty 
Sample Mode: Output Slew Rate 

Full Power Bandwidth 
Small Signal Bandwidth 

Hold Mode Feedthrough Rejection 
(10V square wave input) 

SAMPLE/HOLD OUTPUT 

Voltage Range 
Output Current 
Short Circuit Protection 
Output impedance (at DC) 

±0.03 

INPUT BUFFER CHARACTERISTICS [SHCa03 only) 

INPUT 
Offset Voltage 

vs Temperature 
Bias Current 
Impedance 
V1N Range 

DYNAMIC CHARACTERISTtCS 
Full Power Bandwidth 
Slew Ratel'" 

Settling Time'" to ±2mV for 10V Step 

OUTPUT 
VOUT Range 
Output Current 

±10.25 

±10.25 
±10.25 

-1 

±3 
±0.001 

±1 
±1 

±2 
±3 

±0.5 

220 
250 

100 
60 
15 

±10 
160 
1 

16 

. ±0.005 

±1I2 
±1.5 

10'115 
±11 

320 
10 
2.5 

MAX 

+0.8 
+60 
-1.2 

±0.1 
±10 

±0.OO5 
±5 

±2.5 

±10 
±10 
±5 

±0.5 
±0.01 

±0.OO2 
±0.OO3 

350 

150 
150 
25 

±25 

0.1 

±5 . 

±2.5 
±25 

7-25 

MIN 

SHca031804CM 

TYP 

±1 

±0.5 
±0.5 

±1 
±2 

MAX 

±5 

±3 
±1.5 

±5 
±4 

±0.1 

UNITS 

v 
kn' 

v 
V 

/lA 
mA 

V/V 
% 

ppm/'C 
%ofFSR,\I 

mV 
ppm of FSR/'C 

mV 
ppm of FSR/' C 

/lVipSec 
mVipSec 
%of FSR 

% of FSRI%Vcc 
% of FSR/%VDD 

nsec 
nS,ec 

nsec 
mVp •• k 

nsec 
psec 

VlpSec 

MHz 
MHz 

% 

V 
mA 

mV 
ppm of FSR/' C 

nA 

nllpF 
V 

kHz 
VI/lsec 
pSec 

V 
mA 



ELECTRICAL [CO NT) 

MODEL SHC803fSHC804BM i SHC803I804CM 

PARAMETER MIN TYP 
, 

MAX MIN TYP MAX UNITS 

POWER SUPPLY REQUIREMENTS 

Rated Voltage: ±Vcc ±13.5 ±15 . ±16.5 
. V 

Voo +4.75 +5.00 +5.25 V 
Quiescent Current (no load) 

SHC804: +Vee 30 35 mAo 
-Vee 15 20 mA 

Voo 5 10 mA 
SHC803: +V"" 33 40 . mA 

-Vee 18 25 mA 
VDD 5 10 mA 

Power Dissipation: SHC804 700 875 mW 
SHC803 790 1100 mW 

TEMPERATURE RANGE 

Specification -25 +85 'C 
Storage -55 +125 'C 

'Speclfication same as SHC8031SHC804BM. 

NOTES: . (1) FSR means Full Scale Range and is 20V for SHC803 and SHC804. (2) Sensitivity of Offset plus Charge Offset. (3) With respect to HOLD, For 
HOLD add 5nsec typical. (4) With buffer connected to the sample/hold amplifier. ' 

MECHANICAL 

I---A~ CASE: Nickel·plated steel 

I D 
MATING CONNECTOR: 245MC 
WEIGHT: 8,4 grams (0.30z) 
HERMETICITY: Conforms to method 1014 

L Condition C Step 1 
(fluorocarbon) of 
MIL-STD-883 (gross leak) D "--D.no •••• on I 

~1f!!llIIlit R 
o-el 0 I-L-J 

.L::1 I H Pin numbers shown for reference only. L 0 00000000. o~, ~ Numbers may not be marked on package. , ,. 
R 

2' '3 
000000000000 

CONNECTION DIAGRAMS 

NOTE: Leads in true position within .010" 
(.2Smm) R at MMC at seating plane. 

715V 

COM ANALOG 
POWER 

-15V SUPPLY 

Vou.O-----( 
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DIM 

B 

c 
0 
0 

H 

K L 
R 

INCHES 
MIN MAX 

1.385 1.386 

.790 .010 

.170 .250 

.016 .02' 
.. 100 SASIC 

,125 .150 

.150 .300 

.600 BASIC 

,DBO ,1'0 

MILLIMETERS' 
MIN MAX 

34.67 35.18 

20.07 20.57 

4.32 . 6.35 

0.41 0.53 

2.54 BASIC 

3.18 3.81 

3.81 7.62 
lS.24'BASIC 

'.03 2.79 

COM ANALOG 
POWER 

-15VSUPPLY 



ABSOLUTE MAXIMUM RATINGS 

Input Overvoltage ...................... ±15V 
+Vee to Vee COMMON ............ 0 to +l8V 
-Vee to Vee COMMON ............ 0 to -18V 
Voltage on Digital Inputs 

(pins II and 12) ....•.......... -0.5V to +7V 
Power Dissipation .................. 1500mW 
Voo to DCOM ........................ -0.5V 
Analog Output .... Indefinite.Short to Vee COM 

NOTE: Stresses above those listed under" Abso
lute Maximum Ratings" may cause permanent 
damage to the device. Exposure to absolute maxi
mum conditions for extended periods may affect 
device reliability. . 

PIN ASSIGNMENTS 

Pin Name Description 

1 Sample/Hold Output Analog voltage output 

2 NC Not connected 
3 NC Not connected 
4 NC Not connected 
5 NC Not connected 
6 NC Not connected 
7 NC Not connected 
8 NC' Not connected 
9 Vee Logic supply 

10 DCOM Logic supply common 
11 HOLD Logic "1" = HOLD 
12 HOLD Logic "0" = HOLD 
13 S/H In SHC804 input; for SHC803 connect 

pin 13 to pin 14 
14 Buffer Out. SHC803 only Not connected lor SHC804 

15 COM Signal common 
16 NC Not connected 
17 Buffer In. SHC803 only Not connected for SHC804 

18 NC Not connected 
19 NC Not connected 
20 NC Not connected 
21 COM Signal Common 
22 -Vee -15V supply 
23 Vee COM Analog power common, connected 

to case 
24 +Vcc +15V supply 

DISCUSSION OF 
SPECIFICATIONS 
ThroughRut Nonlinearity is defined as total Hold mode, 
nonadj;stable, input to output error caused by charge 
offset, gain nonlinearity, droop, feed through, and ther
mal transients. It is the inaccuracy due to these errors 
which cannot be corrected by Offset and Gain adjust
ments. 

Gain Error is the difference between the input and out
put voltage magnitude (in the Sample mode) due to the 
amplifier gain errors. 

DrboR Rate is the voltage decay at the output when in 
the Hold mode due to storage capacitor and FET switch 
leakage current and the input bias current of the output 
amplifier. 

Feedthroug!! is the amount of output voltage change 
caused by an input voltage change when the sample/ 
hold is in ·the Hold mode. 

~perture Delay Time is the time required to switch from 
Sample to Hold. The time is measured from the 50% 
point of the Hold mode control transition to the time at 
which the output stops tracking the input. 

Aperture Uncertainty Time is the nonrepeatibility of 
aperture delay time. ---

Acquisition Time is the time required for the sample/ 
hold output to settle to within a given error band ·of its 
final value when the sample/hold is switched from Hold 
to Sample. 

Charge Offset (Pedestal) is the output voltage change 
that results from charge coupled into the Hold capacitor 
through the gate capacitance of the switching field effect 
transistor. This charge appears as an offset at the output. 

Sample-to-Hold Switching Transient is the switching 
transient which appears on the output when the sample/ 
hold is switched from Sample to Hold. Both the magni
tude and the settling time of the transient are specified. 

I 
I 
I .~~ 
i ~. 
I ~~ 
I_ACQUISITION· 
I TIME 
I 
I 
: SAMPLE 

HOLD 

FIGURE I. Definition of Acquisition Time, Droop 
and Sample-to-Hold Transient. 

OPERATION 
A simplified circuit diagram of SHC803/804 is shown on 
page I. The SHC803 includes a noninverting unity-gain 
op amp to serve as a source-impedance buffer when the 
sample/hold is used with CMOS analog multiplexers. 
The SHC804 and SHC803 are identical except for this 
buffer. 

In the Sample (track) mode the circuit acts as a unity
gain inverting amplifier. In the Hold mode, the capaci
tor, CH, holds the value of the output at the time the unit 
was switched to the Hold mode. Additional circuits 
compensate for switching transients and provide switch 
leakage current cancellation. The amplifier provides 
high current 'drive and low output impedance to external 
loads. 

GAIN, OFFSET, CHARGE OFFSET 

SHC803 and SHC804 have been internally-trimmed to 
eliminate the need for external trim potentiometers for 
Gain, Offset (in Sample mode) and Charge Offset (Ped
estal). System Gain and Offset errors can be adjusted 
elsewhere in the system, at an input amplifier preceding 
the sample/hold, or at an analog-to-digital converter fol
lowing the sample/hold. 
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INSTALLATION 
GROUNDING AND BYPASSING 

SHC803 and SHC804 have four COMMON pins (pins 
10, IS, 21, and 23) and all must be tied together and 
connected to the system analog common (VccCOM) as 
close to the package as possible. It is preferable to have a 
large ground plane surrounding the sample/hold and 
have all four common pins soldered directly to it. Note 
that the metal case is internally connected to pin 23; 
therefore, care must be taken to avoid a grouQd loop if 
the case is allowed to contact the ground plane. 
Most digital return currents pass through pin 10. Noise 
from the switch-drive circuit may couple directly into the 
main op amp summing junction, a very noise-sensitive 
node. Care must be taken to insure that no voltage dif
ferences occur between pin 10 and the other common 
pins. This is the reason pin 10 must be connected directly 
to the ground plane. 

For the same reason, the logic supply should be kept as 
free of noise as possible. ±V cc supply lines (pins 24 and 
22) are internally bypassed to common with O.OI/LF 
capacitors. It is recommended that the user install addi
tional external O.l/LF to I/LF tantalum bypass capacitors 
at each supply pin. 

SAMPLE/HOLD CONTROL 

A TTL logic "0" at pin II (or a logic "I" at pin 12) 
switches the SHC803/804 into the Sample (track) mode. 
In this mode, the device acts as a unity-gain inverting 
amplifier, the output following the inverse of the input. 
A logic "I" at pin II (or a logic "0" at pinl2) will switch 
the SHC803/804 into the Hold mode. The output vol
tages will be held constant at the value present when the 
Hold command is given. 

If pin II is used, pin 12 must be connected to the DCOM 
(pin 10). If pin 12 is used, pin II must be tied to VDD• 

Using the HOLD and fiOIJ) inputs as a logic function 
may adversely affect the charge offset (pedestal). A clean 
digital signal (no overshoot) at the HOLD or HOLD 
inputs will also redu~e charge offset errors. Pins II and 
12 present less than one standard TTL load (two LSTIL 
loads) to the digital drive circuit. 

OUTPUT LOADING 

Care must be taken when loading the output of the 
SHC803/804 to avoid possible oscillations, current lim
iting and performance variations over temperature. 

The maximum capacitive load to avoid oscillations is 
about 300pF. Recommended resistive load is soon or 
more, although values as low as 250n may be used. 
Acquisition and sample-to-hold settling times are rela
tively unaffected' by resistive loads down to 250n in 
parallel with capacitive loads up to 100pF. Higher capaci
tances will affect acquisition and s.ettling times. 

ANALOG SIGNAL SOURCE CONSIDERATIONS 

The output impedance of the signal source driving .the 
SHC804 will affect the accuracy of the sample and hold 
operation both statically (at DC) and dynamically. The 

ouput impedance of the signal source should be low and 
remain low over a wide bandwidth. A small capacitor at 
the driving source may help to improve the charge offset 
errors that are affected by dynamic source impedance. 

SHC803 BUFFER AMPLIFIER 

The buffer amplifier incorporated in the SHC803 pro
vides appropriate drive characteristics to the sample/ 
hold amplifier. Again a 20pF to 50pF capacitor added to 
the output of the buffer amplifier may improve charge 
offset performance. 

The buffer amplifier is optimized for fast settling with 
IOV p-p signals. However, for step input signals greater 
than IOV, a protection network (Figure 2) is required to 
prevent the buffer from overload, resulting in excessive 
settling time. 

The data sheet for the Burr-Brown model ADC803 
analog-to-digital converter contains a sample printed 
circuit board layout incorporating many of the above 
considerations. 

2kO 

FIGURE 2. SHC803 Buffer Amplifier Protection For 
Input Steps Greater Than IOV. 

APPLICATIONS 
SIGNAL DIGITIZATION 

Sample/hold amplifiers are commonly used to hold 
input voltages to an A( D converter constant during 
conversion. Digitizing errors result if the analog signal 
being digitized varies excessively during conversion. 

For example, the Burr-Brown ADC803 is a 12-bit succes
sive-approximation converter with a 1.5/Lsec conversion 
time. To insure the accuracy of the output data, the 
analog input signal to the A/ D converter must not 
change more than 1/2LSB during the conversion. 

The maximum rate of change for sine wave inputs is 
dv/dt (max) = 2rrAf(V/sec). If one allows a 1/2LSB 
change (2.44mV) for a ±IOV input swing to the A/D 
converter, the allowable input rate-of-change limit would 
be 2.44mV / 1.5/Lsec = 1.63mV / /Lsec. Thus the sampled 
sinusoidal signal frequency limit is 

f = (1.63 X IO l )/2rrA = 259( A(Hz) 

where A is the amplitude of the sine wave. For a ±IOV 
sine wave this corresponds to a frequency of 26Hz. 

A sample/hold in front of the A/D converter "freezes" 
the converter's input signal whenever it is necessary tp 
make a conversion. The rate-of-change limitation calcu
lated above no lonller exists. If a sample/hold has 
acquired an input signal and is tracking it, the sample( 
hold can be commanded to hold at any instant. There is 
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a short delay between the time the hold command is 
asserted and the time the circuit actually holds. This 
delay is called aperture delay. The hold command signal 
can usually be advanced in time to cause the amplifier to 
hold when one wants it to hold. 

The uncertainty in aperture delay, called aperture jitter, 
is a key consideration. For the SHC803/804 there is a 
2Spsec maximum period during which the input signal 
should not change, for example, more than 1/2LSB for 
12-bit systems. For a ±IOV input range (l/2LSB = 
2.44mV), the input signal rate of change limitation is 
2.44mV /2Spsec= 97.6V / /lsec. The equivalent input sine 
wave frequency is ' 

f = 97.6 >s 106/21TA = IS.S/ A(MHz), 

60,000 times higher than using the A/ D alone. 

However, there are other considerations. The resampling 
rate of an ADC803 is l.5/lsec (A/D conversion time) + 
0.3/lsec (sample/hold acquisition time) = 1.8/lsec. If one 
samples Ii sine wave at the Nyquist rate this permits 
sampling a frequency of 278kHz. The above analysis 
assumed that the droop rate of the sample/ hold is negligi
ble-less than 1/2LSB during the conversion time-and 
that the large signal bandwidth response of the sample/ 
hold causes negligible waveform distortion. 

USING THE SHCB04 WITH THE ADCB03 
ADC803 is a I.S/lsec, 12-bit successiye approximation 
A/ D converter. Its input circuitry has been designed to 
minimize high frequency current transients that appear 
at the input of successive approximation A/ D conver-. 
ters. The SHC803 and SHC804 have been designed with 
a fast-settling, low output-impedance amplifier to further 
minimize the effects of high frequency transient currents 
present in an output load. 

A typical SHC804/ ADC803 connection for high-speed 
digitization is illustrated in Figure 3. A short delay must 
occur before the A/ D start comma\ld is asserted since 
the ADC803 makes its first conversion decision 100nsec 
after the start command is asserted. Because the SHC804 
sample-to-hold settling time is ISOnsec (maximum) the 
additional delay required is about. SOnsec. This can be 
achieved using a one-shot or by using the delay provided 
by the six inverters· of a hex inverter integrated circuit. 
This combination can 'be triggered at rates of over SOOk 
samples per second. 

Using the input buffer of the SHC803 provides a high 
input impedance sample/hold for CMOS analog multi
plexers such as the high speed Burr-Brown MPC800. 
The high input impedance ofthe SHC803 buffer minimi
zes DC errors caused by the ON resistance of the multi
plexer switches and/ or relatively high impedance signal 
sources (Figure 4). The multiplexer can be switched to a 
new channel as soon as the SHC803 is switched to the 
Hold mode. The multiplexer/buffer combination settles 
to the new input value during the sample/hold acquisi
tion time and AID conversion time. This "overlap" 
technique results in little or no loss in throughput rate. 

V" 
o----{13 

START CONVERSION 

SHCB04 

ANALOG'INPIIT 
AOCB03 

AID CONVERTER 

FIGURE 3. SHC804 and ADC803 Provide Sampling 
Rates Over SOOk Samples Per Second. 

CH 1 
19 
I 
I 
I 
I 
I 
I 
I 
I 

16 CHANNELS 1 
SINGLHNDEB 1 
ANALOG 1 
INPUTS I 

I 
I 
I 
I 
I 
I 

CH 16 14 

SELECT 

BURR·BROWN 
MPCBOO 

1415 16 17 
CHANNEL 
ADDRESS 

TO' AID 

_---.. CONVERTER 

FIGURE 4. Using SHC803 With The MPC800 Analog 
Multiplexer. 
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BURR-BROWN® 

11E:I1E:I1 SHC5320 

High Speed 
Bipolar Monolithic 

SAMPLE/HOLD AMPLIFIER 

FEATURES 
• 1.5psec max ACQUISITION TIME TO 0.01% 
• 250nsec max HOLD MODE SETTLING TIME 
• 0.5pV/psec max DROOP RATE AT +25°C 
• TWO TEMPERATURE RANGES: 

0° C to +75° C IKH) 
-55°C to +125°C ISH) 

• FULL DIFFERENTIAL INPUTS 
• INTERNAL HOLDING CAPACITOR 
• 14-PIN CERAMIC DIP PACKAGE 

DESCRIPTION 
The SHC5320is a bipolar monolithic sample/hold 
circuit designed for use in precision high-speed data 
acquisition applications. ' 

The circuit employs an input tranconductance ampli
fier capable of providing large amounts of charging 
current to the holding capacitor, thus enabling fast 
acquisition times. It also incorporates a low leakage 
amilog switch and an output integrating amplifier' 

-INPUT 

+INPUT 

OFFSET 
ADJUST 

MODE [> CONTROL Of----t > ____ ...J 

with input bias current optimized to assure low 
droop rates. Since the analog switch always drives 
into. a load at virtual ground, charge injection into 
the holding capacitor is constant over the entire 
input vottage range. As a result, the charge offset 
(pedestal voltage) resulting from this charge injec
tion can be adjusted to zero by use of the offset 
adjustment capability. The device includes an inter
nal holding capacitor to simplify ease of application; 
however, provision is also made to add additional 
external capacitance to improve the output voltage 
droop rate. 

The SHC5320 is manufactured using a dielectric iso
lation process which minimizes stray capacitance 
(enabling higher-speed operation), and eliminates 
latch-up associated with substrate SCRs. The 
SHC5320KH features fully specified operation over 
the temperature range of O°C to +75°C, while the 
SHC5320SH operates over the temperature range of 
-55°C to +125°C. The device requires ±15V sup
plies for operation, and is packaged in a reliable 
l4"pin ceramic dual-in-line package. 

EXTERNAL 
HOLD 
CAPACITOR 

IOOpF 

>-----<t---~ OUTPUT 

REFERENCE BANDWIDTH 
COMMON CONTROL 

'Inlernallonal Alrporllnduslrlal Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (6021746·1111 • Twx: 91D-952·1 II 1 • Cable: BBRCORp· Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C. rated power supplies, gain = +1, and with internal holding capacitor. unless otherwise noted. 

MOOEL SHCS320KH SHC5320SH 

MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

ANALOG 
Voltage Range ±10 V 
Common-Mode Range ±10 V 
Input Resistance 1 5 MI1 
Input Capacitance 3 pF 
Bias Current ±100 ±300 ±70 ±200 nA 
Bias Current Over Temperature Range ±300 ±200 'nA 
Offset Current ±30 ±300 ±100 nA 
Offset Current Oller Temperature Range ±300 ±100 nA 

DIGITAL (over temperature range) 
VIH (Logic "1") 2,0 V 
V" (Logic "0") 0.8 V 
hH (VI = +5V) 0.1 pA 
I" (V, =OV) 4 .' pA 
Logic "0" = SAMPLE 
Logic "1" = HOLD 

OUTPUT CHARACTERISTICS 

Voltage Range ±10 V 
Current ±10 rnA 
Output Impedance (Hold Mode) 1 11 
Capacitance Load for Stability 300 pF 
Noise, DC to lOMHz: Sample Mode 125 200 JJVrms 

Hold Mode 125 200 JlVrms 

DC ACCURACY/STABILITY 

Gain, Open Loop, DC 3 X10' 2X10' 10' VIV 
In"put Offset Voltage -to.5 ±0.2 rnV 
Input Offset Voltage Over Temperature Range ±1.5 ±2 rnV 
Input Offset Voltage Drift ±5 ±20 t15 pVl"C 
CMRR I1J 72 90 80 dB 
Power Supply Rejectionc21: +Vec 80 dB 

-Vee 65 dB 

HOLD-TO-SAMPLE MODE DYNAMIC CHARACTERISTICS 

Acquisition Time, A = -1. 10V Stepc:!,: 
to ±O.Ol% 1 1.5 ~sec 

to±0.1% 0.8 1.2 pSec 

SAMPLE MDDE 

Gain-bandwidth Product (Gain = +lf4': 
CH = 100pF 2 MHz 
CH = 1000pF 180 kHz 

Full Power Bandwidth C51 600 kHz 
Slew Rate lG ' 45 VIllsec 
Rise Timel41 100 osee 
Overshoot!41 15 % 

SAMPLE-TO-HDLD MODE DYNAMIC CHARACTERISTICS 

Aperture Timef7l 25 nsec 
Effective Aperture Time -50 -25 0 nsec 
Aperture Uncertainty (Aperture Jitter) 0.3 nsec 
Charge Offset (Pedestal)ISJ (adjustable to zero) 1 rnV 
Charge Transferls, 0.1 0.5 pC 
Sample-la-Hold Transient Settling Time 

to ±0.01% of FSR 165 250 nsee 

HOLD MODE 

Droopls, 0.08 0.5 ~V/~sec 

Droop at Maximum Temperature 1.2 100 17 IlV/~see 
Drift CurrentlSI 8 50. pA 
Drift Current at Maximum Temperature 0.12 10 1.7 nA 
Feedthrough. lOV p-p, 100kHz sinewave 2 rnV 

POWER SUPPLIES 

+Vee -t14.5 +15 +16 V 
-Vee -14.5 -15 -16 V 
+Iee (+Vec = 15V)C91 11 13 rnA 
-Icc (-Vee = 15V)c9t -11 -13 rnA 
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ELECTRICAL (CO NT) 

MODEL I SHC5320KH I SHC5320SH I 
I MIN I TYP I MAX I MIN I TYP I MAX I UNITS 

TEMPERATURE RANGE 

Specification I 0 I I +75 I -55 I I +125 I ·c 
Storage -65 +150 ·C 

PACKAGE I Hermetic Ceram ic I Hermetic Ceramic 

* Specification same as grade to the left. 

NOTES: (1) VCM = ±5VDC. (2) eased on a ±0.5V swing for each supply with all other supplies held constant. (3) Vo = 10V step. RL = 2kCl. CL = 
50pF. (4) Vo = 200mV P-P. RL = 2kO. CL = 50pF. (5) VON = 20V P-P. RL = 2kCl. CL = 50pF. unattenuated output. (6) Vo = 20V step. RL = 2kCl. CL '" 
50pF. (7) Simulated only. not tested. (8) VIN = av. V1H = +3.5V. tR < 20nsec (Vll to VIH). (9) Specified for zero differential input voltage between pins 1 
and 2. Supply current will increase with differ~ntial input (as may occur in the Hold mode) to approximately ±28mA average at 20V differential. 

ABSOLUTE MAXIMUM RATINGS"I CONNECTION DIAGRAM 

Voltage Between +Vcc and -Vee Terminals .........•.•.... ,_, 40V 
Input Voltage" ......•................... , Actual Supply Voltage 
Differential Input Voltage.. .. .. . .. .. .. .. .. .. .. .. .. .. .. .... ±24V 
Digital Input Voltage ................................ +BV. -15V 
Output Current. continuous l21 ••••••••••••••• ~ • • • • • • • • • •• ±20mA 
Internal Power Dissipation............................. 450mW 
Storage Temperature Range .............. -65°C < TA < +150°C 
Output Short-circuit Duration l31 • • • • • • • •• Momen'tary to Common 
Lead Temperature (soldering. 10 seconds) ............... 300°C 

CAUTION:·These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 

NOTES: (1) Absolute maximum ratings are limiting values. applied indi
vidually, beyond which the serviceability of the circuit may be impaired. 
Functional operation under any of these conditions is not necessarily 
implied. (2) Internal power dissipation may limit output current to less 
than +20mA (3) WARNING: This deylce cannot withstand eyen a 
momentary short circuit to either supply. 

PIN ASSIGNMENTS 

Pin 1 -Input 14 Mode Control 
2 +Input 13 Supply Common 

Offset Adjust 12 NC 
4 Offset Adjust 11 External Hold Capacitor 
5 -Vee 10 NC 

Reference Common 9 +Vec 
Output B Bandwidth Control 

MECHANICAL 

NOTE: Leads in true pOSition 
within .010" (.25mm) R 
at MMC at seating 
plane. 
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TOP VIEW 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A - .790 - 20.0 
B _220 .310 5.59 7;87 
C - .185 - 4.70 
o .014 .023 0.36 0.58 
F .030 .070 0.76 1.78 
G .100 BASIC 2.54 BASIC 
H - .098 - 2.4 
J .008 .012 0.20 0.3 
K .14 .260 3.56 6.6 
L .290 .320 7.37 8_1 
M o· 15° O· 15° 
N .015 .060 0.38 1.52 
R .125 .200 3.1 5_0 



TYPICAL PERFORMANCE CURVES 
±Vcc"": 1SV. 

0.1 

TYPICAL SAMPLE/HOLD PERFORMANCE 
AS FUNCTION OF HOLDING CAPACITOR 
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DISCUSSION OF 
SPECIFICATIONS 
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Frequency (Hz) 

WHAT IS A SAMPLE/HOLD AMPLIFIER? 

lOOk 

A sample/hold amplifier (also sometimes called a track
and-hold amplifier) is a circuit that captures and holds 
an analog voltage at a specific point in time under con
trol of an external circuit, such as a microprocessor. This 
type of circuit has many applications; however, its prim~ 
ary use is in data acquisition systems which require that 
the voltage be captured and held during the analog-to
digital conversion process. Use of a sample/ hold effec
tively increases the bandwidth of a data acquisition sys
tem by a significant amount. For further 'discussion of 
this capability, refer to "Signal Digitization" in the 
Applications section of this data sheet. 

The ideal sample/hold a'mplifier in its simplest form con
tains four primary components as illustrated in Figure 1, 
although in actual practice they may not be internally 
connected exactly as shown. Amplifier AI, the input 

1M 
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buffer, provides a high impedance load to the source 
circuit and supplies charging current to the holding 
capacitor CH. Switch S I opens and closes under external 
control to gate the buffered input signal to the holding 
circuit or to remove it so that the most recently sampled 
signal will be held. Amplifier A2 serves to present a high 
impedance load to the holding capacitor and to provide 
a low impedance voltage source for external loads. A 

MOOE 
CONTROL 
0-------' 

FIGURE I. Ideal Sample/ Hold Amplifier. 



minimum of three terminals are provided for the user: 
input, output, and mode control (or sample/hold con
trol). When S, is closed, the output signal follows the 
input signal, subject to errors imposed by amplifier 
bandwidth and other errors as discussed below. When S, 
is opened, the voltage stored on the holding capacitor 
will be held indefinitely (in the ideal case), and will 
appear at the output of the circuit until S, is again closed 
,under command of the mode control signal. 

The following discussion of specifications covers the crit
ical types of errors which may be experienced in applica
tions of a sample/ hold amplifier. These errors are 
depicted graphically in Figure 2, and in the Typical Per
formance Curves. 

INPUT 
r-----'I FEED. r----i 

SETTLING / : THROUGH: , 

TIME-j V-- OUTPUT : ~ ~ -
SAMPLE·TO·HOLOl 11 J'" _ i-;-~ , 
TRANSIENT AND L- -- ~: , 

CHARGE OFFSET f 1 : 
I , 

: "APERTURE : 
~ ~I~ 

, 1 "UNCERTAINTY, , , i 
__ -::I L _____ l L+ 
t __ -APERTURE TIME ACQUISITION __ ! 

OFFSET 1 HOLO TIME 

---1 I I 
SAMPLE MODE CONTROL ~SA:-::M::::PL:-::E--

FIG U R E 2, lllustration of Sample/ Hold Specifications. 

Acquisition Time is the time required for the sample/ 
hold output to settle within a given error band of its final 
value after the sample mode is initiated. Included in this 
time arc effects of switch delay time, slew rate of the 
buffer amplifier, and settling time for a specified change 
in held voltage value. Slew rate limitations of the buffer 
amplifier will cause actual acquisition time to be highly 
dependent on the amplitude of the voltage to be acquired, 
relative to the value already held by the capacitor. There
fore, proper specification of sample/ hold amplifier per
formance includes definition of both output' value step 
size and required error band accuracy. 

A"erture Time (or aperture delay time) is the time 
~quired for switch S, to open and remove the charging 
signal from the capacitor after the mode control signal 
lias changed from "sample" to "hold". This time is mea
sured from the 50% point of the H old mode transition to 
the time at which the output stops tracking the input. 
This parameter is very important in applications for 
which the input signal is changing very rapidly when the 
Hold mode is initiated. 

Effective Aperture Time is the difference in propagation 
delay times of the analog signal and the mode control 
signal from their respective input pins to switch S,. This 
time may be negative, zero, or positive. A negative value 
indicates that the mode control propagation delay is 
shorter than the analog propagation delay, with the 
result that the analog value present on the capacitor at 
the time the switch opens occurred earlier than the appli-

cation of the mode control signal by the amount of the 
effective aperture delay time. . 

Aperture U ncertainty (or aperture jitter) is the variation 
observed in the aperture time over a large number of 
observations. This parameter is important when the 
analog input is a rapidly changing signal, as aperture 
uncertainty contributes to lack of knowledge (at the out
put) about the true value of the input at the precise time 
the Hold mode is initiated. The maximum input fre
quency for a given acceptable error contribution due to 
aperture uncertainty is 

fm" = Maximum Fractional Error /27ftu 

where Maximum Fractional ,Error (MFE) is the ratio of 
the maximum allowable error voltage to peak voltage, 
and tu is the aperture uncertainty time. For a bipolar 
±IOV signal and a maximum uncertainty error of 1/2LSB 
in a l2-bit system, the M FE is equal to 1/2LSB -7 V PEAK 

= 2.44mV -7 lOY = 0.000244V/V, since 1/2LSB = 
2.44m V for a 20V full-scale range, 
For the same system operating with a unipolar OV to lOY 
signal, MFE would be O,OOOI22V/V. 

Charge Offset (pedestal) is the output voltage change 
that results from charge transfer into the hold capacitor 
through stray capacitance when the Hold mode com
mand is given. This charge appears as an offset voltage 
at the output, and in some sample/hold amplifiers may 
be a function of the input voltage. 

Charge offset is specified for the SHC5320 using only the 
internal holding capacitor. When an external capacitor 
is added, charge offset is calculated as Charge Transfer 
(pC) divided by total hold capacitance. Charge Transfer 
is also specified for the SHC5320, and total hold capaci
tance -is the sum ,of the internal hold capacitor value 
(IOOpF) and the external hold capacitor. Since charge 
transfer is not a function of analog input voltage for the 
SHC5320, this error may be removed by means of the 
offset adjustment capability of the amplifier. 

Droop Rate is the change in output voltage over time 
during the Hold mode as a result of hold capacitor leak
age, switch leakage, and bias current of the output 
amplifier. Droop rate varies with temperature and the 
quality of the external holding capacitor, if used. Careful 
circuit, layout is also required to minimize droop, 

Drift Current is the net leakage current affecting the 
hold capacitor during the Hold mode. With knowledge 
of the drift current, droop can be calculated as: 

Droop (V /sec) = ID(pA) / CH(pF) 

Hold Mode Fecdthrough is the fraction of the input 
signal which appears at the output while in the Hold 
mode. It is primarily a function of switch capacitance, 
but may also be increas~d by poor layout practices. 

Hold Mode Settling Time is the time required for the 
sample-to-hold transient to settle within a specified error 
band. 
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OPERATING INSTRUCTIONS 
OFFSET ADJUSTMENT 

The offset should be adjusted with the input grounded. 
During the adjustment, the sample/hold should be 
switching continuously between the Sample and the 
Hold modes. The offset should then be adjusted to zero 
output for the periods when the amplifier is in the Hold 
mode. In this way, the effects of both amplifier offset 
and charge offset will be accounted for. 

. SAMPLE/HOLD CONTROL 

A TTL logic "0" applied to pin 14 switches the SHC5320 
into the Sample (track) mode. In this mode, the device 
acts as an amplifier which exhibits normal operational 
amplifier behavior, with the relationship of output to 
input signal depending upon the circUit configuration 
selected (see the Installation section below). Application 
of a logic "I" to pin 14 switches the SHC5320 into the 
Hold mode, with the output voltage held constant at the 
value present when the hold command is given. Pin 14 
presents less than one LSTTL load to the driving circuit 
throughout the full operating temperature range. 

ADDITION OF AN EXTERNAL CAPACITOR 

The SHC5320 contains an internal IOOpF MOS holding 
capacitor, sufficient for most high-speed applications. If 
improved droop performance is desired (with increased 
acquisition time), additional capacitance may be added 
between pins 7 and II. If an external holding capacitor 
CH is used, then a noise-bandwidth capacitor with a value 
of O.IC" should be connected from pin 8 to ground. The 
exact value and type of this bandwidth capacitor are not 
critical. 

Capacitors with high insulation resistance and low dielec
tric absorption, such as Teflon® or polystyrene units, 
should be used as storage elements (polystyrene should 
not be used above +85°C). Care should be taken in the 
printed circuit layout to minimize leakage currents from 
the capacitor to minimize droop errors. 

The value of the external capacitor determines the droop, 
charge offset, and acquisition time of the sample/ hold. 
Both droop and charge offset will vary linearly with total 
hold capacitance from the values given in the specifica
tion table for the internallOOpF capacitor. The behavior 
of acquisition time versus total hold capacitance is 
shown·in the Typical Performance Curves. 

OUTPUT PROTECTION 
In order to optimize high-frequency performance of this 
device, output protection is not included. This high
frequency performance is mandatory for a good sample/ 
hold, which must absorb high-frequency changes in load 
current when driving a successive-approximation A/ D 
converter. Due to the lack of output protection, the out
put circuit will not tolerate an indefinite short to com
mon, but a momentary short is permissible. The output 
should never be shorted to supply. 

Teflon@ DuPont Corporation 
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INSTALLATION 
LAYOUT PRECAUTIONS 
Since the holding capacitor is connected to virtual 
ground at one end (pin II) and to a low-impedance volt
age source at the other (pin 7), the SHC5320 does not 
require the use of guard rings and other careful layout 
techniques which are required by many sample/hold cir
cuits. However, normal good layout practice should be 
observed, minimizing the possibility of leakage paths 
across the holding capacitor. As in all digital-analog cir
cuits, analog signal lines on the circuit board should 
cross digital signal paths at right angles whenever pos
sible. 

GROUNDING AND BYPASSING 
Pin 6 (REFERENCE COMMON) should be connected 
to the system analog signal common as close to the unit 
as possible. Likewise, pin 13 (SUPPLY COMMON) 
should be connected to the system supply common. If 
the system design prevents running these two common 
lines separately, they should be connected together close 
to the unit, preferably to a large ground plane surround
ing the sample/hold. Bypass capacitors (O.OI/JF to O.I/JF 
ceramic in parallel with I/JF to IO/JF tantalum) should be 
connected from each power supply terminal of the device 
to pin I3 (SUPPLY COMMON). 

OFFSET ADJUSTMENT 
Offset adjustment capability may be achieved by con
necting a IOkO, IO-turn potentiometer as illustrated in 
Figure 3. 

3 

1~10kn 4 SHC5320 

5 

FIGURE 3. Connection of Offset Adjustment 
Potentiometer. 

NONINVERTING MODE 
The most common application of the SHC5320 will util
ize the connection illustrated in Figure 4. In this mode of 
operation, the sample/ hold will operate as a unity-gain 
noninverting amplifier when in the Sample mode, and 
the output signal will track the input. The high band
width of the SHC5320 and the large open-loop gain 
assure that gain error will be minimized. 

When sampling lower-amplitude signals, the SHC5320 
may also be connected as a noninverting amplifier with 
gain, as illustrated in Figure 5. In this circuit the gain of 
the amplifier is equal to I + R2 / R, when sampling. 
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I ----_ .... 

FIGURE 4. Noninverting Unity-Gain Connections. 
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r-------1~-------
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.. 
1 ~ ~ I 
2 

~ 
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INPin 
I y I -

14 6 81 
MODE SIGNAL *O.ICH CONTROL COMMON 

I 
I ---_ .... 

FIGURE 5. Noninverting Configuration with Gain = I + R,j R I . 

INVERTING MODE 

Unlike most sample/holds, the SHC5320 may also be 
connected to act as an inverting amplifier, as shown in 
Figure 6. For this configuration, the gain is equal to 
-R,/RI. 

For further discussions of operational amplifiers and 
how to use them, consult the Burr-Brown/ McGraw-Hill 
Electronics Series of reference books, available through 
your local Burr-Brown sales office. 

INPUT OVERLOAD PROTECTION 

It is possible that the input transconductance amplifier 
of the S H C5320 will saturate when the unit is in the 
Hold mode, due to a nonzero differential signal appear
ing between pins I and 2. This differential signal may be 
the result of a rapidly changing input signal or applica
tion of a new channel from an input multiplexer. When 
the input buffer is saturated in this fashion, acquisition 
time may be degraded because of the time required for 

7-36 



INPUT 

SIGNAL 
COMMON 

R, 

R. 

14 
MODE 

CONTROL 

11 

OPTIONAL EXTERNAL CH 

--------u-- - -----

81 

*O.ICH 

I 
I 0-------.... ----------------.1-- - - - ... 

FIGURE 6. Inverting Configuration with Gain = -(R2/RI). 

the buffer to recover from saturation. In addition, the 
input buffer, which is designed to provide large amounts 
of charging current to the output integrator, may draw 
large amounts of supply current which may exceed 
40mA peak in some applications. For these reasons, it is 
desirable to limit the differential voltage which may 
appear at the summingjunction of the input buffer. Fig
ures 7 and 8 illustrate possible methods of providin~ this 

R, 

INPUT 
OUTPUT 

FIGURE 7. Input Overload Protection-Inverting 
Configuration. 

INPUT R, 
o--N--

FIGURE 8. Input Overload Protection-Noninverting 
Configuration. 

voltage limitation for the inverting and noninverting 
configurations. The diodes may be Schottky diodes, 
which will provide the fastest clamping action and lowest 

clamping voltage, but fast signal diodes such as IN914 
will also work in most applications. In each configuration 
the value of R, should be large enough to avoid excessive 
loading of the input signal source. Similarly, R, should 
have a value of 2kO or greater to insure sufficient load 
current capability from the sample/ hold, If the value of R, 
becomes too large, however, the added capacitance of the 
diod'es may change the sample/ hold phase response 
enough to cause oscillation. 

APPLICATIONS 
SIGNAL DIGITIZATION 

Sample/hold amplifiers are normally used to hold input 
voltages to an A/ D converter constant during conver
sion. Digitizing errors result if the analog signal being 
digitized varies excessively during conversion. 

For example, the Burr-Brown ADC80H-AH-12 is a 12-
bit successive-approximation converter with a 25JLsec 
conversion time. To insure the accuracy of the output 
data, the analog input signal to the AID converter must 
not change more than 1/2LSB during conversion. 

The maximum rate of change of a sine wave of fre
quency, f, is dv/ dt (max) = 211' Af(V /sec). If one allows a 
1/2LSB change (2.44mV) for a ±IOV input swing to the 
A/ D converter, the allowable input rate-of-change limit 
would be 2.44mV /25JLsec = 0.0976mV / JLsec. Thus the 
sampled sinusoidal signal frequency limit is 

f = (0.0976 X 103) /211' A = 15.5/ A (Hz), 

where A is the peak amplitude of the sine wave. For a 
±IOV sine wave, this corresponds to a frequency of 
1.6Hz, hardly acceptable for the majority of sampled 
data systems. 
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However, a sample/hold in front of the A/ D converter 
"freezes" the con"erter's inpl.\t signal whenever it is 
necessary to make a conversion. The rate-of-change lim
itation calculated above no longer exists. If a sample/ 
hold has acquired an input signal and is tracking it, the 
sample/hold can be commanded to hold it at any instant 
in time. There is a short delay (aperture delay) between 
the time the hold command is asserted and the time the 
circuit actually holds. The hold' command signal can 
usually be advanced in time (or delayed, in the case of 
negative effective aperture delay) to cause the amplifier 
to hold the signal actually desired. 

Aperture uncertainty (also called aperture jitter) is also a 
key consideration. For the SHC5320 there is a 300psec 
peried during which the signal sheuld net change mere 
than the ameunt allewed fer aperture uncertainty in the 
system errer budget, perhaps 1/2LSB fer a I2-bit system. 
Fer a ±IOV input range (l/2LSB = 2.44mV), the input 
signal rate .of change limitatien is 2.44mV /0.3nsec = 
8.13mV /nsec. The equival~nt input sine wave frequency 
is 

f= 8.13 X 106 /21TA = 1.29/A (MHz), 

a' facter .of almest 84,000 higher t\lan using the A/ D 
alene. 

Hewever, there are ether consideratiens.The resampling 
rate .of an ADC80H/SHC5320 cembinatien is 26.5/Lsec 
(25/Lsec A/ D cenversion time plus 1.5/Lsec S/ H acquisi
tien time). Sampling a sine wave at the Nyquist nite, this 
permits a maximum input signal frequency of 37.7kHz. 
The abeve analysis assumes that the' droep rate .of the 
sample/held is negligible-less than 1/2LSB during the 
cenversion time-'and that the large signal bandwidth 
respense .of the sample/held causes negligible 'waveferm 
distertien. Beth .of these assumptiens are valid fer the 
SHC5320 in this application. 

DATA ACQUISITION 

The SHC5320 may be used te held data fer analog-te
digital cenversien .or may be used te previde pulse
amplitude medulatien (PAM) data output (see Figures 9 
and 10). 

ANALOG 
INPUTS 

ANALOG 
MULTIPLEXER 

IBURR·BROWN MPC SERIES) 

FIGURE 9. Typical Data Acquisition Configuration. 

MODE HOLD 
CONTROL~ U u L 

SAMPLE 

FIGURE 10. PAM Output. 

DATA DISTRIBUTION 
The SHC5320 may, be used te held the .output .of a 
digital-te-analeg cenverter and distribute several differ
ent analeg veltages te different leads (see Figure II). 

HIGH-SPEED DATA ACQUISITION 

The minimum sample time fer .one channel in a data 
acquisition system is usually censidered te be the acqui~ 
sitien time .of the sample/ hold plus the cenversien time 
of the A/D cenverter. Iftwe .or mere sample/helds are 
used with a multiplexer (such as the Burr-Brewn M PC8S 
.or MPCI6S) as shewn in Figure 12, the acquisitien time 
.of the sample/held can be virtually eliminated. While 
the .first channel is in held and switched inte the A/ D 
cenverter, the multiplexer may be, addressed te the next 
channel. The second sample/held will have acquired this 
signal by the time the cenversion is cemplete. Then, the 
samplt:/helds reverse roles and anether channel is 
addressed. In low level systems an instrumentatien ampli
fier (~uch as the Burr-Brown INAIOI) and a differential 
multiplexer (such as the Burr-Brown MPC4D or 
MPC8D) may be required in front of the sample/held. 

'The settling and acquisitien times .of the multiplexer, 
instrumentatien amplifier, and sample/ held can be elim
inated frem the total conversion time as before by oper
ating in this overlapped mode with the sample/holds. 
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DATA ACQUISITION 
SUBSYSTEMS 

If your system requires data acquisition and conversion, you may want 
to consider one of our system data modules (SDM) or microprocessor 
compatible modules (MP). Each contains a multiplexer, A/D converter, 
and timing and control logic, with instrumentation amplifiers and 
sample/hold circuits also available in some modules for use in captur
ing low-level and high-frequency signals. The microprocessor com
patible modules (MPs) are SDMs which contain address decoding and 

. specialized control logic, making them compatible with most available 
microprocessors. These subsystems, fully tested at the factory, have a . 
proven record of reliability. 

Modules of this type are very popular in applications requiring rapid 
design turn-around, and also where the user lacks the necessary skill 
and experience in performing fully optimized analog circuit layouts 
and component performance matching. Typical applications include 
industrial measurement and control (such as process monitoring), test 
equipment, and any other application requiring total guaranteed per
formance with a minimum of utilized space. 

As with all Burr-Brown conversion products, these units are designed 
to provide a total solution. 
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SELECTION GUIDE 

. DATA ACQUISITION COMPONENTS 

These components provide a complete data acquisition function in 
one small package. You can devote your design efforts to other 
tasks because the totally self-contained component includes input 

multiplexer, sample-and-hold amplifier arid l2-bit AID converter. 
Timing and control logic, clock, and reference are all included. 

DATA ACQUISITION COMPONENTS 

Resolu~ion Throughput Accuracy Throughput 
Description Model . Channels (Bits) (%01 FSR) Rate, min (kHz) Package Page 

Hybrid. SDM854AG 16 sin.gle-ended~ 12 ±O.O48 33 Qlpl11 8-7 
±10V Input SDM854BG 8 differential 12 ±O.O24 25 QIP 8-7 

Hybrid SDM856JG i6 single-ended, 12 ±O.O48 33 QIP 8-12 
SDM856KG 8 differential 12 ±O.O24 25 QIP 8-12 

Hybrid. SDM857JG 16 single-ended, 12 ±O.O48.· 22 QIP 8-12 
Low Level SDM857KG 8 differential 12 ±O.O24 18 QIP 8-12 

NOTES: (1) Quad in-line package. 

MICROPROCESSOR INTERFACED ANALOG INPUT SYSTEMS 

Resolution ACC·UI"8CY, max Throughput Tempco, 
Description Model Channels (Bits) 

" 
(% 01 FSR) max (ppm/'C) Package Page 

High MP32BG 16 single-ended 12 ±O.O5 ±60 QIP 8-3 
Accuracy MP32CG 8 differential ·12 ±O.O25 ±60 QIP 8-3 
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BURR-BROWN® 

113131 MP32 

FOR A COMPLETE 
DATA SHEET, 

SEE PDS-424B 

Microprocessor-I nterfaced 
12-BIT DATA ACQUISITION SYSTEM 

FEATURES 

• INTERFACES WITH SEVERAL MICROPROCESSOR 
TYPES WITHOUT ADDITIONAL COMPONENTS 

• COMPATIBLE WITH SEVERAL MINICOMPUTERS 

• EASY TO PROGRAM 
One instruction acquires data as a memory-mapped 
device 
Two instructions acquire data as an accumulator 
I/O device 

liP 
ADDRESS 

BUS 

pP CONTROL BUS 

liP DATA BUS 

DESCRIPTION 

The MP32 is a complete analog input system and 
interfaces to many microprocessors without addi
tional external components. Contained in an 80-pin 
quad-in-line package, it includes a 12-bit CMOS 
A I D converter, instrumentation amplifier, 
input multiplexer that accepts up to 16 single-ended 
signals or 8 differential signals, an addess decoder, 
and control logic. Logic to generate interrupt, halt, 
and direct memory access request signals is also 
included. The system can digitize low level or high 
level analog signals. Gain of the internal instrumen
tation amplifier can be programmed with a single 
external resistor allowing input ranges as low as 
±IOmV. 

MULTIPLEXER 
SINGLE·ENDED/ 
DIFFERENTIAL 

A/D 
CONVERTER 

GAIN 
/---0 ADJUST 

Inlernallonal Airporllnduslrlal Park· P.O. Box 11400· Tucson. Arizona B5734 . Tel. (6021 746·1111 . Twx: 911).952·1111 . Cable: BBRCORp· Telex: 66·6491 
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DESCRIPTION (CONT) 
ANALOG MULTIPLEXERS 
Two 8-channelCMOS analog multiplexers are used on 
the input which permits selection of.16 single-ended or 8 
differentiaHnputs. A l6-channe~pseudo-differential mode 
of operation can also be achieved by connecting the 
amplifier's inverting input to a common, remote signal 
ground. Chanmils are addressed by the address decoder 
which is connected directly to the microprocessor address 
bus. The number of input channels can be expanded 
without limit using external multfplexets. 
INSTRUMENTATION AMPLIFIER . 

The instrumentation amplifier is a low drift, differential 
amplifier featuring high speed at gains abQve unity and 
gain programming with an external resistor. Gain may be 
selected from unity to 500. 
ANALOG-TO-DIGITAL CONVERTER 

The Ii-bit AID converter is a CMOS, successive 
approximation device with 40jlsec conversion time and 
three-state outputs. Laser-trimmed, compatible thin-film 
networks are used to assure linearity.and stability over 
wide temperature ranges. . 
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1
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a DOH 
• D159 

Select 

I----

rl Del8, ~ 

r--
Control it LogiC 

0>0 

1 
12--111 

ADDRESS DECODER 

The 12-bit address decoder has been included in the 
MP32 so the device can be uniquely specified within 4k· 
bands ofthe address field.lffurther decoding is required, 
the chip select (CS) pin can provide a 13th bit or the 
output of an external decoder can be connected to the 
internal address decoder output "wired,AND" node. 

DELAY TIMER 
A time delay between channel selection and start of 
conversion is built into the MP32 and is described in 
detail in the Analog Input Configuration section. 

CONTROL LOGIC . 

The control logic generates signals to halt or interrupt the 
CPU while conversion takes place and to signal the CPU 
when conversiQn, is complete and data can be read. 
Enable signals are also generated to gate the data onto the 
data bus. 

REFERENCE 
The internal voltage reference of the MP32 has been 
optimized for stable outputs with respect to temperature. 
Output current up to2mA can be drawn externally from 
the reference outputs. . 
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FIGURE I. System Block Diagram. 
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SPECIFICATIONS 
ELECTRICAL \ 

Typical at +25"C.and rated supplies unless othelWise noted. 

MP32BG AND MP32CG 

MODEL I MIN I TYP I MAX I UNITS 

TRANSFER CHARACTERISTICS 

Resolutlonl11 12 .! 12 J 12 Bits 
Number of Channels Ii Single-ended/8 Differential 
Throughput Ratel11 at G = 1 50 701 80 jlsec/Channel 

ANALOG INPUT/OUTPUT 

ADC Voltage Input Rangesl21 
Blpolarl31 ±10 V 
Unlpolanll Oto+l0 V 

Amplifier Gain Range 110 500 VIV 
Gain Equation 1 + (25kO/REXTI 
Input Voltage Without Damage ±35 V 
Input Voltage for Multiplexer Operation ±10 V 
Input Impedance 
Ott Channel 1018 0 
On Channel 1.5 I.B kO 
Bias Current 
+25°C 300 nA 
OOC to '+700C 400 nA 

Amplifier Output Noise G = 100, Rs = 15000 1.2 mV,rms 
7.0 mV.p-p 

Amplifier Input Offset ±0.5 ±7.0 mV 
Amplifier Input Offset Drift (R,oure. = 1.5kO maxi ±17 + (90/G)J ±126 + (190/GlI "VloC 
Amplifier Gain Drift. (REXT ';;10ppm/oCI 
G=1 ±10 ppm/OC 
G=10 ±110 ppm/OC 
G=100 ±120 ppm/DC 
G=500 ±120 ppm/OC 

Amplifier Settling Time 10 ±0.01% of FSR 
G=1(11 15 ,",sec 
G=10 20 Io'sec 
G=100 25 Jlsec 
G=500 100 posac 
CMRR for DIHerentiallnpuls DC 10 60Hz 80 84 dB 

Instrumentation Ainpilfier 
Power Supply Sensitivity 11 + (2/G)J 10" % FSR/%.:lIV 

ACCURACY 

System RSS Accuracy('1 at 25kHz Throughput 
G=I.BG ±O.05 

CG ±O.025 
Llneanty. BG ±O.025 %FSR 

CG ±O.0125 %FSR 
Ditterentlal Linearity. BG ±O.025 %FSR 

CG ±O.0125 ~FSR 
Gain Error Adjustable to Zero 
Offset Error Adjustable to Zero 

System RSS Accuracy at 1 kHz Throughput 
G=500 ±O.39 %FSR 

ADC Accuracy Drill 
Linearity ±3 ppml"C 
Gain ±10 ppm/O 

Reference Drill 
Ref Out (Pin 63) ±15 ppm/OC 
Bipolar Offset (Pin 65) ±25 ppm/DC 

System Accuracy Drift (Excluding IA) 
Unipolar ±25 ppml"C 
Bipolar ±eo ppm/OC 

No Missing Codes (-25°C to +65°CII Blls 1 thru 121CG Guaranteed 
(Bits 1 thru l11BG Guaranteed 
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ELECTRICAL (CO NT) 

MODEL MP32BG AND MP32CG 
MIN yp MAX UNITS' 

Power Supply Sensitivity (Excluding IAI 
±15VDC ±o.o08 % FSR/%.W 
+5VDC +0.0002 % FSR/%~V 

DIGITAL INPUT/OUTPUt 
Biopolar Code Bipolar Offset Binary 
Unipolar Code Unipolar Straight Binary 
Logic Loading Pi~ (2.11 3LSTTL 
Logic Loading Pin 1601 2LSTTL 
All Other Dlgiial Inputs 1 LSTTL 
Output Drive 1TTL Load 
Analog Input Channels Selected By: A1-A4 
Output Data 00-07 

POWER REQUIREMENTS 

. Rated Power Supply Voltagesl'I .! ±15.+5! VDC, 
Power Supply Ranges for Rated Accuracy +4.75 to +5.25 and ±11.4 to ±15. 75 VDC 
Power Supply Operating Range 1±15VDC only I ±10 ±18 VDC 
Supply Drain 
+15VDC 10 20 mA. 
-15VDC 15 20 mA 

+5VDC 80 160 mA 
Power Dissipation (at rated supplies I 700 1300 mW 

TEMPERATURE RANGE 

Specification -25 +85 cC 
Operating -40 +100 ·C· 
Storage -55 +125 ·C 

NOTES. 
1. These parameters are 100% tested. 2. Input voltage must be kept2V below supply voltage. 3. External amplifier required. 4. Gain and offset adjust to zero. 

MECHANICAL 

r 

INCHES MIL.L1METERS 
DIM MIN MAX MIN MAX 

,-tL~JJ A 

• 
C 

0 

F 

G 

H 

K 

L 

N 

p 

R 

T 

u 

2.120 2180 53.85 55.37 

1.670 1720 42.42 43.69 

.170 .'230 4.32 5.84 

0'. .02'1 0.46 0.53 

.035 .050 0.89 '" .100 BASIC 2.54 BASIC 

.100 BASIC 2.54 BASIC 

.150 .250 , ., 635 

1.500 BASIC 38.1 BASIC 

.002 .010 0.05 0.25 

.050 BASIC 127 BASIC 

.100 BASIC 2.54 BASIC 

.200 BASIC 5.08 BASIC 

1.100 BASIC 27.94 BASIC 

MATERIAL: Ceramic 
WEIGHT: 32 grams 11.2 OZ. 1 

NOTE: 
LEADS IN TRUE POSITION 
WITHIN O.015 w O.;38mm A (a~ 
MMC AT SEATING PLANE 

Pm numbers shown for 
reference only. Numbers may 
not be marked on package. 

MATING CONNECTOR: 2350MC Iset of four 20 pin strips I 
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PIN ASSIGNMENTS 

Pin No. 
IA GAIN SELECT , '4' ~I 

IA IN HI/MUX OUT HI 2 42 INT 
IA GAIN SELECT 3 43 ORO 

ADC GAIN ADJUST 4 44 MEMR 
IN7 5 45 DBIN 
IN6 6 46 MEMW 
IN5 ·7 47. DELAY ADJUST, 
IN4 8 48 READY 
IN3 9 49 DELAY OUTPUT 
IN2 10 50 +5VDC 
IN1 " 51 DIG COM 
INO 12 52 STARTCDNV 

MUX ENABLE' ,3 53 07 'MSe 
MUX ENABLE2 14 54 06 

SIN/DIF 15 55 05 
AD 16 56 04 
A1 -.F 57 03 
A2 18 58 02 
A3 19 59 01 
A4 20 8D DO ,LSB 

LOGIC INPUT 21 61 ·'5VDC 
A5 22 62 +15VDC 
AS 23 63 REF TEST POINT 
I>Il 24 64 ANA'COM 
AS 25 65 BIPOLAR OFFSET 
A7 26 66 NC 
A'i 27 67 ADC IN 
A8 28 68 IAOUT 
As 29 69 IN8/RETO 
A9 3D 70 IN9/REn 
As 3' 71 1N1D/RE,T2 

A10 32 72 IN111RET3 
Am 33 73 IN121RET4 
A11 34 74 IN13/RET5 , 
An 35 75 IN14/RET6 

CHIP SELECT. CS· 36 76 IN'S/RET7 
NC 37 77 MUX OUT LO 
NC 38 78 OFFSET NULL 

RESET 39 79 IAINLO 
ADDR DECODE 40 80 EN1 



BURR-BROWN® 

IElElI SDM854 

FOR A COMPLETE 
DATA SHEET, 

. SEE PDS-423D 

HYBRID DATA ACQUISITION SYSTEM 

FEATURES DESCRIPTION 

- 12-BIT. ±O.OI2% LINEARITY ERROR 

-INPUTS UP TO ±IO VOLTS 

- WIDE TEMPERATURE RANGE 

- SElECTABLE 16 SINGLE. 8 DIFFERENTIAL INPUTS 

The SDM854 is a complete data acquisition system 
contained in a miniature 2.2" x 1.7" x 0.22" (55.9mm 
x 43.2mm x 5.6mm) ceramic package. This system 
offers all the functions available in large modular 
data acquisition systems. Inputs up to ±IOV can be 
accepted and low-level inputs can be accommodated 
by connecting an external instrumentation amplifier 
to the output of the multiplexer and to the input of 
the sample/ hold amplifier. Digital resolution is 12 
bits with accuracy of±0.024% at a throughput rate of 
27kHz. 

- THREE-STATE OUTPUT BUFFERS 

Outputs 

8lrDbe 

8tH 

W 
Clock 

Rate Adl. 
Clock 

Out 

,..------'---0 ~:~al 

Statui 
1--------<> and 

Conlrol 

. Digital 
Oullluia 

} 
Output 

L~==::8 Enable 
Unes 

Internallonal Airport Industrial Park· P.O. Box 11400 • Tucson. Arizona 85734· Tel. (6021 746·1 II 1 • Twx: 910-.952·1 III • Cable: BBRCORP • Telex: 66·6401 

8-7 



SYSTEM DESCRIPTION 
The SDM854 contains all components necessary to 
multiplex and convert analog signals up to ±lOV into 
equivalent digital outputs. Throughput sampling rates 
are from 27kHz (12-bit resolution) to 70kHz (8-bit 
resolution) in the overlap mode of operation. The 
SDM854 can be configured to accept either 8-channel 
d·ifferential or 16:..channel single-ended signals and can be 

. expanded almost without limit with external mul
tiplexers. Three-state outputs are provided for easy 
interface to microprocessor and other bus-structure 
systems. The system components are illustrated in Figure 
I and described in the following paragraphs. 

ANALOG MULTIPLEXER 

The analog multiplexer consists of two CMOS integrated 
circuits. Pin interconnects are used to select 16-channel 
single-ended or 8-channel differential operation. I n singl~nded 
operation the mUltiplexer can be used in a pseudo
differential mode by connecting an external amplifier's 
inverting input to common remote signal ground. Chan
nel selection is made by an internally latched 3- or 4-bit 
binary word. for differential or single-ended operation 
respectively. 

SAMPLE/HOLD 

A complete stand-alone circuit,the sample/ hold ampli
fier features buffered output, lO,.,sec acquisition time, 
and lOOnsec aperture time. 

Input, output, lind mode control lines are brought out to 
separate pins. This allows maximum system flexibility 
for performing functions, such as automatic gain rang" 
ing, with no loss of aperture time. 

ANALOG·TO·DIGITAL CONVERTER 
The ADC is a 12,bit, 2S,.,sec converter with 0.01% 
linearity error. Its features include positive and negative 
reference voltage outputs, external gain and offset adjust
ments, straight binary or two's complement output, serial 
data and clock outputs, status output, a short cycle 
feature, and a clock rate control for higher throughput 
rates at lower resolution or accuracy. 

THREE·STATE OUTPUT BUFFERS 
Digital outputs of the ADC are internally buffered by 
LSTTL three-state buffers. Three separate enable lines 
are brought out fpr easy interfacing to 4-, 8- or 16-bit data 
buses. MSB and BUSY are also buffered by separate 
three-state devices, each with its own enable. line. 

ADDRESS LATCH 
Outputs of the 4-bit LSTIL register latch are connected 
to the address inputs ofthe multiplexer. This latch serves 
as an address storage register for the selected analog 
input. It may be loaded through 4 address inputs. Other 
inputs are. LOAD and CLEAR. The 3 least significant 
bits are used for 8-channel differential mode addressing. 

DELAY TIMER' 

A delay timer allows settling time for the multiplexer and 
sample/ hold circuits before conversion begins. The delay 
is adjustable over a wide range by use of an external 
resistor or capacitor. This allows for longer settling time 
if an external instrumentation amplifier is used and is 
operating at high gains, or shorter setding time for lower 
resolution operation. 

CHANNEL EXPANSION 

The number of analog input channels ofthe SDM854 can 
be easily increased by using Burr-Brown's MPC8D (8-
channel differential) and MPCl6S (l6-channel single
ended) multiplexers. These are latch-free devices which 
contain internal binary decoding at TTL or MOS levels 
and may be integrated into a system with minimal exter
nallogic. 

SYSTEM PERFORMANCE 
The SDM854 is configured for random channel selec
tion. WitJ:t the addition of an external counter they can be 
configured to continuously sequence through all analog 
channels or sequence through all analog channels on 
comm~nd from an external trigger. 
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CHBIRETO 
CHIIRET! 
CHIOIRET2 
CHll/Rm 
CHI2IRET4 
CHI3IRET5 
CHIC/RETB 
CHIS/RUIl 

MUXIIIIJX 
Il/IIl/I 
II LO 

8/H • 
118 

IUXEIAllLE II 3~~~~~~~ijn 13 OUT 
AlOUT 
AI OUT 
AD OUT 

ADIM 
AIIM 
AlIM· 
131M 

SIN SIN 
IDI11Il Il/I 

EiiiLfI 

l~~===f""""""""""1=f:=~a 011 DID 
DB 
DB 

:=i:::::c-:O-.... EMABLE 2 
07 
III 
05 

r---c_._r-... D4 

D3 
D2 
01 

~~~~--~~--... oo 
mam 

lll~~~~~~~1111 
III1EDm 
-B.4V 
SERIAL OUT 
SHORT CYCLE 
B-BlT RESOLUTION 
III-BIT RESOWTlON 

LDADICLEAR MUX SINI DELAY STROBE 
ENABLE 2 OIF ADJUST 

DELAY i'iiiii 
OUT 

CLOCK CLOCK 
RATE OUT 

ADJUST 

FIGURE I. SDM854 Block Diagram. 

With the appropriate4-bit (single-ended) or 3-bit (differ
ential) channel address on the latch inputs. and DELAY 
OUT (pin 45) tied to the LOAD input(pin 23). a negative 
going edge is applied to the STROBE input(pin 48). This 
starts lhe delay timer. latches the multiplexer address. 
and allows the input signal to pass through the mUltiplexer. 
and samplel hold before starting the AI D conversion. 
'The DELA Y OUT signal (pin 45) is also connected to the 
TRIG input (pin 46) and the AI D conversion is initiated 
on the negative-going edge. The S! H CONTROL input 
(pin 66) is connected to BUSY (pin 24) so that the 
sample! hold is in the HOLD mode during the AI D 
conversion. 

By using overlap programming the settling time effects. of 
the analog multiplexer and external instrumentation 
all\plifier (if used) can be reduced. extending throughput 
sampling rates up to 27kHz for IZ-bit and 70kHz forS-bit 
resolution (ADC short-cycled). This mode of operation is 
most useful when converting low-level inputs to accom
modate the increased settling time of the external instrumen
tation amplifier. Overlap programming is accomplished 
by connecting iITiSY to STROBE and SI H CONTROL; 
DELA Y OUT to LOAD and 'i'RiG. In this mode of 
operation the address of the next channel to be converted 
is latched and the output of the external instrumentation 
amplifier allowed to settle to a new value during the 
present conversion. 

DIGITAL INPUT SPECIFICATIONS 

Address Inputs 
(AO·AJ) 
Address Coding 
LOAD 

ClEAR 

ffiOijE 

SHORT CYCLE 

ENAiiITi. I ENAiii:E'i. 
ENABi:E1. 
on ENABLE 
BUSY ENABLE 
S/H CONTROL 

MUX ENABLE2 

One standard LSTTL load. positive true 

4-bit binary 
One standard LSTTL load, positive true. address loaded on 
positive edge. 
One standard LSTTL load. negative.true, low level clears 
address latch. 
One standard TTL load. high-to-Iow transition triggers 
the delay timer. 
One standard TIL load. a negative going edge initiates the 
AID conversion. 
One standard LSTTL load. logic I for 12-bit resolution. 
Connect to "8-bit" or "lO-bit" for 8- or IO-bit resolution. 

One standard LSTTt load. a low level enables the 
3-state output. 

TTL compatible. IOpA maximum input current. 
Logic 0 :::; Hold mode. logic I = Sample (track) mode. 
TTL compatible. 2~A input current. logic 0 enables 
multiplexer 2 (channels 8-15). 

DIGITAL OUTPUT SPECIFICATIONS 
Parallel Data 
Outputs 
Serial Output 

5ii 
iiiiSY 
BUSY 
CLOCK OUT 

Address Outputs 
(AO-AJ) 
DELAY OUT 

SIN/DIF 

8-9 

5 standard TT~ loads. positive true 3-state. 

2 standard TTL loads. positive true. NRZ. time serial data 
output beginning with 011 (see Timing Diagram). 
5 standard TTL loads. positive true. 3-state. 
5 standard ITL loads. low during AI D conversion. 
S standard TTL loads. high during AJ D conversion. 3-state 
S standard TTL loads. for synchronizing serial out data 
(see Timing Diagram). 
S LSTIL or 2 standard TTL loads. positive true . 

S standard ITL loads. high during delay period. triggered 
by~input. 

S LSTIL or 2 standard TIL loads, high .while addressio8 
chanoels 0-1,Iow while addressiD8 channels 8-IS. 



SPECIFICATIONS 
ELECTRICAL 
Typical at TA = +25°C and rated power supplies unless otherwise noted. 

PARAMETER MIN TYP MAX UNITS PARAMETER .MIN TYP MAX UNITS 

TRANSFER CHARACTERISTICS cc_ POWER REQUIREMENTS 

Resolution 12 
1
1
6SIN/8D1

1
F 

Bits Rated Voltage for Specified Accuracy ±14.5 ±15 ±15.5 It 
Number of Analog Channels +4.75 +5 +5.25 V 
Throughput Rate I Normal mode Quiescent Current 
SDM854AG 33 35 kHz +15VDC +10 +20 mA 
SDM854BG 25 27 kHz -15VDC -35 -50 mA 

Throughput Rate \ Overlap mode +5VDC +170 +220 mA 
SDM854AG 38 40 kHz Power Dissipation 1300 1750 mW 
SDM854BG 27 29 kHz ENVIRONMENTAL 

ANALOG INPUTS Specification Temperature Range -25 +85 °C 
ADC Input Voltage Ranges o to +10, ±5, ±10 V Operating Temperature Range -40 +85 °C 
Mux Input Voltage Range Storage Temperature Range -55 +125 °C 
Absolute max without damage ±35 V 
For linear op~ration ±15 V NOTES: 

Mux Input Impedance. OFF Channel 1011 II 1. FSR means Full Scale Range (FSR is 20V for ±10V r~.ngel .. 

Mux Input Impedance, ON Channel 1.5 1.8 kll 2. Adjustable to zero. 

Input ceakage, OFF Channel' 0.02 nA 3. ConverSion time· and clock frequency can be. externally adjusted from 

Output Leakage, All 13J..tsec·dcloCk = 1.0MHz I to 110J..tsec I fclock = 118kHzl. I Conv. times are 

Channels Disabled 0.2 nA 
for 12~bit resolution. t 

Output Leakage with 4 .. Can be externally adjusted from 3J..tsec to 300J..tsec. 

Input Overvoltage of 
+35V 1 nA 

-35V 1 pA 

TEMPERATURE STABILITY 

System Accuracy 
PIN DESIGNATIONS Unipolar ±15 ±25- ppm/oC 

Bipolar ±10 ±20 ppm/oC 

Linearity Drift ±2 ppm/DC NC 1 80 NC 
of FSR MUX OUT HI 2 79 NC 

REFERENCE VOLTAGES NC 3 78 MUX OUTLO· 
CH7 4 77 CH15/RET7 

Positive Output +2.490 +2.500 +2.510 V CH6 5 76 CH14/RET6 
Positive Output Drift ±5 ±10 ppm/oC CH5 6 75 CH13/RET5 
Negative Output -6.0 -6.4 -6.8 V CH4 7 74 CH12/RET4 

Negative Output Drift ±15 ±10. ppm/DC CH3 8 73 CH111RET3 
CH2 9 72 CH10/RET2 

ACCURACY CHl 10 7.1 CH9/RET1 

Throughput Accuracy CHO 11 70 CH8/RETO 
MUX ENABLE 2 12 69 NC o to +10V, ±5V, ±10V, AG ±0.048 % of FSR(1) 

MUX ENABLE I/A3 OUT 13 68 S/HIN' 
o to +10V, ±5V, ±10V, BG ±0.024 %of FSR SIN/DIF 14 67 S/H OFFSET ADJUST 

linearity A20UT 15 66 S/H CdNTROL 
AG ±0.024 %of FSR A10UT 16 65 +15VDC" 
BG ±0.012 %of FSR AOOUT 17 64 -15VDC 

Differential Linearity CLEAR 18 63 ANA COM 
AG ±0.024 ±0.048 %ofFSR AOIN 19 62 S/HOUT 

BG ±0.012 ±0.024 %of FSR AllN 20 61 -6.4V REF OUT 

Quantizing Error ±0.012 %ofFSR A21N 21 60 10V RANGE 

System Gain.Error(2) ±0.1 ±0.3 % A31N 22 59 BIPOLAR OFFSET 
LOAD 23 58 20V RANGE 

System Offset Error(2) ±0.1 ±0:3 %ofFSR BUSY 24 57 t2.5V REF IN 
Power Supply Sensitivity +15V ±0.0007 %/%..IV DIG COM 25 56 EiiiABLE2 
Power Supply Sensitivity ":15V ±0.0007 %/%..IV SHORT CYCLE 2.6 55 +2.5V REF OUT 
Power Supply Sensitivity +5V ±0.OO1 %/%..IV 10-BIT RESOLUTION 27 54 ENABLE. 1 

DYNAMIC ACCURACY 
8-BIT RESOLUTION 28 53 ENABLE 3 

DO LSB 29 52 SERIAL OUT 
Sample/Hold Characteristics Dl 30 51 CLOCK OUT 

Aperture Time 100 nsec D2 31 50 CLOCK RATE ADJUST· 

Acquisition Time 10 J..tsec D3 32 49 +5VDC 

Feedthrough 110V step, ±1.4 mV D4 33 48' STROBE 
D5 34 47 DELAY ADJUST 

OUTPUTS D6 35 46 TRiG 

Digital Output Coding Binary, Offset Binary, 
D7 36 45 DELAY OUT 
D8 37 44 Off 

Two's Complement 09 38 43 BUSY 
Serial Output Coding ~onrern ~ zerl 'N3~Z' Dl0 39 . 42 BUSY ENABLE 
ADC Conversion Time(3) J..tsec D11 MSB 40 41 on ENABLE 
Clock Frequency(3) 520 kHz 
Delayl41 15 I-Isec 
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MECHANICAL 

. -=1L' 
nrtt-~-:··:-:-:-···-·· .-••• -... ----.;, 

79 41 

, 

~' .................. :~ 
'b-OOOOOllooooooooooo03,,9 

-l~H A~ 
C 

Pin numbers. 
shown for 
reference 
only. 

DIM 

A , 
C 

0 , 
G 

H 

K , 
N , 
A 

T 

U 

INCHES 

MIN MAX 

2120 :1,1aO 

1.610 1.720 

"0 .230 
.018 .021 

'" .050 

.IDOBASIC 

100 BASIC 

.150 .250 

1.500 BASIC 

.002 .010 

.050 BASIC 

.100 BASIC 

2DOBASIC 

1.1QOSASIC 

MILLIMETERS 

MIN MAX 

53.85 5537 

42.42 4369 

4.32 58< 

'" 0.53 

CO, '" 2.54 BASIC 

:2 54 IJASIC 

3.81 635 

381 BASIC 

005 0" 

1.27 BASIC 

2.54 BASIC 

5.08 BASIC 

27.94 BASIC 

NOTE: 
Leads in true position 
within 0.015" IO.38mmIR 
at MMC at seating plane. 

MATERIAL: Ceramic 
WEIGHT: 32 grams, 1.2 oz 
MATING 
CONNECTOR: 
2350MC I set of four 
20-pin strips I or 
0422MC I assembled unit 

TYPICAL PERFORMANCE CURVES 

. POWER SUPPLY REJECTION 
VS POWER SUPPLY AID CONVERSION TIME VS CLOCK RATE 

SYSTEM ACCURACY DRIFT 
RIPPLE FREQUENCY CONTROL VOLTAGE. 12-BIT RESOLUTION _____ _ Unipolar ____ Bipolar 

0.2 

1 15 +0.15 

b u 0.1 > , i ~ u 
> ~15vDC ~10 11 +0.1 ~. .., 

0.04 " ~"'/ 
~ II J ~ l 

(/) 

0.02 
'0 ~ +0.05 

~ ~~ ~ 12 
-15vDC 

~ 5 Ii:; 
0.01 .L ~ \ 5 0 "_ .. -

" / ~ ~o l"'- tt ~~ ~. (/) 

~0.004 ,., 
V V Jj5VDC J!! "'I'--- " -0.05 r- .~" ... -., e 3t~/, ~ 0.002 " ~ 

L L Vl '" -5 " .,1 ~ 
U - " -0.1 , _.- '., 

~ 0.001 0 « 
I U , 

0.0004 -10 -0.15 
0 10 100 lk 10k lOOk 1M 0 10 20 30 40 50 60 -40 -25 0 25 50 70 85 

Frequency (Hz 1 Conversion Time IJ..I.SeCI, 12-8it Resolution Temperature rOCI 

AID CONVERTER DIFFERENTIAL 
CASE TEMPERATURE VS TIME WITH AID CONVERTER LINEARITY ERROR LINEARITY ERROR VS 

NO HEAT SINK OR AIR FLOW VS CONVERSION TIME 
~ 

CONVERSION TIME 

1/2LSb 
8-Bit 

(/) 

1I2LSIB 
8-Bit 40 0.2 

u. 
0.2 

V 
~ '0 (/) 0.195 8-Bit -- 0.195 a..BTi' u. if. U '0 J~ 30 
." 0.15 g 0.15 

& w ~ 

12 Z, m 20 10-Bit 10-Bit Ii:; 0.1 .~ 0.1 
0. Z, 

~ 
12-6it " 1\ 12-Bit E .;: 

1/2LSB 1 ~ 0 05 -1/2LSB " ., 
.... 10 ~ 0.05 

,g 0.0485 PO-Bit :\.\ :J 0.0485 ro-Sli \12L~ r--~"'\ ~ ~ 00122 d1/2hM: 0.0122 112-9;1 Q). ~It 

5 10 15 20 10 15 20 = 0 5 10 15 20 0 0 5 is 
Time (min) Conversion Time (",sec I Conversion Time I Jlsec I 
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BURR-BROWN@) 

11311311 SDM856 
SDM857 
FOR A COMPLETE 

DATA SHEET, 
SEE PDS-402B 

HYBRID DATA ACQUISITION SYSTEM 

FEATURES DESCRIPTION 
- 12:BIT. :to.012% LINEARITY ERROR 

-INSTRUMENT AMP OPTION 

- LOW LEVEL INPUTS ISOMB57) 

- SELECTABLE 16 SINGLE. B DIFFERENTIAL INPUTS 

The SDM856 and SDM857 are complete data 
acquisition systems contained.in a miniature 2.2" x 
I. r x 0.22" ceramic package. These systems offer all 
the functions available in large modul\lr data 
acquisition systems and are availa~le with an 
optional internal instrumentation amplifier 
(SDM857). Inputs as low as ±lOmV can be accepted 
by the SDM857; thermocouples, strain gages, and 
other low level signal sensors don't require external 
signal conditioning. Both models are fully 
expandable from the basic 16 channel single-ended 
or 8 channel differential input capability. Digital 
resolution is 12 bits with accuracy of ±O.024% at a 
throughput rate of 29kHz (SDM856KG). 

- THREE-STATE OUTPUT BUFFERS 
- THROUGHPUT RATES ISDMB57 Overlap Moda) 

B-BII Accuracy: 70kHz 
100BII Accuracy: 32kHz 
12-BII Accuracy: 29kHz 

S/H 
. Outpuls Inpul ConlnllOutpul Inpul Serlll 

rn~iUti"--OiiiP~ ~ r------- :~:s 

! fA !. S/H C:~~I 
I - I 
I I 

L ~~!:i~~ _1 '= Digital 

Slnlbe Clock 
Rite Adl. 

Clock --
Oul Ralanlnci 

Oulputs 

Outpull 

} 
Output L-===::8 Enable 
LInes 

Inlernallonal Alrporllnduslrlal Park· P.O. BDX 11400· Tucson. Arizona 85734 • Tel. (6021 7411-1111 • Twx: ItO-952·1111 • Cable: BBRCORP . Telax: 66-6491 
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SYSTEM DESCRIPTION 
SDM857 contains all components necessary to multiplex 
and convert analog signals as low as ±IOmV and as high 
as ±5V into equivalent digital outputs. Throughput 
sampling rates are from 29kHz (I2-bit resolution) to 
70kHz (8-bit resolution) in the overlap mode of 
operation. A complete low drift instrumentation 
amplifier allows selection of gains from 2 to 500 \\lith one 
external resistor. SDM856 is identical to SDM857, but 
does not include the instrumentation amplifier. This 
provides the option of adding an external instrumenta
tion amplifier for specific requirements such as high 
speed, digital programming, etc. Both models can be 
configured to accept either 8-channel differential or 16-
channel single-ended signals and can be expanded almost 
without limit with external multiplexers. Three-state 
outputs are provided for easy interface to microprocessor 
and other bus-structured systems. Figure I illustrates all 
system components which are described in the following 
paragraphs. 

ANALOG MULTIPLEXER 
The analog multiplexer consists of two CMOS integrated 
circuits. Pin interconnects are used to select 16-channel 
single-ended or 8-channel differential operation. In 
single-ended operation the multiplexer can be used in a 
pseudo-differential mode by connecting the amplifier 
inverting input to common remote signal ground. 
Channel selection is made by an internally latched 3- or 4-
bit binary word, for differential or single-ended 
operation respectively. 

INSTRUMENTATION AMPLIFIER (SDM857 only) 

Offering low drift and high accuracy, the internal 
instrumentation amplifier may be programmed by a 
single external resistor for gains from 2 to 500. With gain 
programming pins open, the gain is 2. 

SAMPLE/ HOLD 
A complete stand-alone circuit, the sample/hold 
amplifier features buffered output, IO/lsec acquisition 
time, and '100nsec aperture time. 

Input, output, and mode control lines are brought out to 
separate pins. This allows maximum system flexibility 
for performing functions, such as automatic' gain 
ranging, with no loss of aperture time. 

ANALOG-TO-DIGITAL CONVERTER 

The ADC is a 12-bit, 25/lsec converter with 0.01% 
linearity error. Its features include positive and negative 
reference voltage outputs, external gain and offset 
adjustments, straight binary or two's complement 
output, serial data and clock outputs, status output, a 
short cycle feljture, and a clock rate control for higher 
throughput rates at lower resolution or accuracy. 

THREE-STATE OUTPUT BUFFERS 
Digital outputs of the ADC are internally buffered by 
LSTTL three-state buffers. Three separate enable lines 
are brought out for easy interfacing t04-, 8- or 16-bit data 
buses. MSB and BUSY are also buffered by separate 
three-state devices, each with its own enable line. 

ADDRESS LATCH 

Outputs of the 4-bit LSTTL register latch are connected to 
the address inputs of the multiplexer. This latch serves as 
an address storage register for the selected analog input. 
It may be loaded through 4 address inputs. Other inputs 
are LOAD and CLEAR. The 3 least significant bits are 
used for 8-channel differential mode addressing. 

DELAY TIMER 
A delay timer allows settling time for the mUltiplexer, 
amplifier, and sample/hold circuits before conversion 
begins. The delay is adjustable over a wide range by use of 
an external resistor or capacitor. Thi~ allows for longer 
settling time of the instrumentation amplifier when 
operating at high gains, or shorter settling time for lower 
resolution operation. 

CHANNEL EXPANSION 
The number of analog input channels of the SDM856 
and SDM857 can be easily increased by using Burr
Brown's MPC8D (8-channel differential) and MPCI6S 
(I6-channel single-ended) multiplexers. These are latch
free devices which contain internal binary decoding at 
TTL or MOS levels and may be integrated into a system 
with minimal external logic. 
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...-- Sy~.m Inpol 
+--SyltemDutpUI 

NUX MUX SDN857 Only SIH 
oor OUT r 11;- ~rM'" 7' SAt IfFSET SIM SIH ~ 
HI LD I ~ : ~ OUT : IN AIlUT mrmn OUT ENABlE 

+Z.5V 
_ ANA DIG 20Y 10V REfiiEF 

CHB/RETD 
CHB/RETI 
CHID/RET! 
CHIt/RET3 
CH121RET4 
CHI3/RETS 
CHI4/RET6 
CHI5/RET1 

:791$D1 80 69 I 68 67 
I. I 
I I "'"-__ --' 
I I '- ______ J 
InslrumllntlllonAmpliller 

+5 

NUX ENABLE 1/ ~§E~~~~~~ftl A3 OUT· 
A2 OUT 
AI OUT 
AD OUT 

AOIN 
AIIN 
A2IN· 
A31N 

-: -:I~fflfCrr1-'f 
vue voe voc :: 

12·BII 
AID Convener 

ENABLE I 
Oil 
010 
09 
DB 
ffiBIT2 
07 
DB 
05 
04 

03 
02 
01 

--",_-,-~OO 

ENABLEl 

lll~~~~~~~inn 
mmm 
-6.4V 
SERIAL OUT 
SHORT CYCLE 

" ~~~rT R:::~~Jj~~N 

LOAD CLEAR MUX SIN/ DELAY STROBE 
ENABLE 2 DlF ADJUST 

DELAY TRIG 
OUT 

CLOCK 
RATE 

ADJUST 

FIGURE 1. SDM856/857 Block Diagram. 

SYSTEM PERFORMANCE 

SDM856 and SDM857 are configured for random 
channel selection. With the addition of an external 
counter they can be configured to continuously sequence 
through all analog channels or sequence through all 
analog channels on command froin an external trigger.' 

With the appropriate 4-bit (single-ended) or 3-bit 
(differential) channel address on the latch inputs, and 
DELAY OUT (pin 45) tied to the LOAD input (pin 23), a 
negative going edge is applied to the STROBE input (pin 
48). This starts the delay tim~r, latches the multiplexer 
address, and allows the input signal to pass through the 
mUltiplexer, instrumentation amplifier and samplel hold 
and settle to its final value before starting the AI D 
conversion. The DELAY OUT signal (pin 45) is also 
connected to the TRIG input (pin 46) and the AI D 
conversion is initiated on the negative-going edge. The 
S/H CONTROL input (pin 66) is connected to BUSY 
(pin 24) so that the sample/hold is in the HOLD mode 
during the AID conversion. 

By using overlap programming the settling time effects of 
the analog multiplexer and instrumentation amplifier 
can be reduced, extending throughput sampling rates up 
to 29kHz for 12-bit and 70kHz for 8-bit resolution (ADC 
short-cycled). This mode of operation is most useful 
when converting low level inputs to accommodate the 
increased settling time of the instrumentation amplifier. 
Overlap programming is accomplished by connecting 
BUSY to STROBE and S I H CONTROL; DELA Y OUT 
to LOAD and TRIG. In this mode of operation the 
address of the next channel to be converted is latched and 
the output of the instrumentation amplifier allowed to 
settle to a new value during the present conversion. 
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DIGITAL INPUT SPECIFICATIONS 

Address (nputs 
(AO'- AJI 

Address Coding 

LOAD 

TRIG 

SHORT CYCLE 

ENABLE I. 
ENABLE 2. 
ENABLE 3 
DiT ENABLE 
BUS V ENAiiIT 
5/H CONTROL 

One standard LSTTL load. positive true 

4-bit binary 

One standard LSTTL load. positive true. address loaded on 
positive edge. 

One standard lSTTL load. negative true. low level clears 
address latch. 

One standard LSTTL load. high-lo-Iow transition triggers 
the delay timer. 

One standard LSTTL load. a negative going t!dge initiates the 
A D conversion. 

One standard lSTTlload. logic 1 (or 12-bit resolution. 
Connect to "g..bit" or "I()"bit" for 8- or IG-bit resolut'ion. 

} 
One standard LsrrL load. a low level enables,the 
3-state output. .' 

ITL compatible. IOIlA maximum input current. 
logic 0 = Hold mode. Logic I = Sample (track) mode. 

MUX ENABLE 2 TTL compatible. 2~A input current. Logic 0 enables 
multiplexer 2 fcilannels 8-15). 

DIGITAL OUTPUT SPECIFICATIONS 

Parallel Data 
Output!. 

Serial Output 

DiT 
BUSY 

BUSY 

CLOCK OUT 

Addn."Ss Output~ 
(AO - AJI 

DELAY OUT 

SIN/DlF 

5 standard TTL loads. positive true~ 3-state. 

2 standard TTL loads. positive true. ~RZ. time serial data· 
output beginning with DII (see Timing Diagram). 

5 standard TrI. loads. positive true. 3-statc. 

5 standard TTl. loads. low during A D conversion. 

5 !ltandard Tn. loads. high during A D conver!lion. 3-state 

5 s.tandard TTL loads. for synchronizing serial out data 
(see Timing Diagram). 

2 standard 1TL loads, high during delay period, triggered 
by Strobe input. 
5 standard TIL loads, high during delay period, triggered 
by Strobe input. 

2 standard TIL loads, high while addressing channels 0-7, 
low while addressing channels 8-15. 



SPECIFICATIONS 
ELECTRICAL 
Typical at T A = +250 C and rated power supplies unless otherwise noted. 

MODEL 

TRANSFER CHARACTERISTICS 

Resolution 
Number of Analog Channels 
Throughput Rate (Normal Mode) 

SOMB5SJG 
SOMB5SKG 
SOMB57JG 
SOM857KG 

Throughput Aate (Overlap mode) 
SOM85SJG 
SOM85SKG 
SOM857JG 
SOMB57KG 

ANALOG INPUTS 

Aoe Input Voltage Ranges 
Mux Inpul Voltage Range 

Absolute max without damage 
For linear operation 

Mux Input Impedance, OFF Channel 
Mux Input Impedance, ON Channel 
Amplifier Characteristics 

(SOM857 only) 
Input Impedance 
Gain Range 
Gain Equation 
Input Bias CUrrent at +25c C 
O·C to +70·C 
Ollset Current at +25· C 
O·C to+70·C 
Input Offset Voltage 
Input Offset Voltage Drift (G > 100) 
Output Noise (10Hz - 10kHz) 
G ; 100, Rs - 5000 

Common~mode Rejection (DC) 
G;2 
G; 1000 

Sample/Hold DC Characteristics 
Input Impedance 
Bias Current 
Output Offset Voltage 

REFERENCE VOLTAGES 

Output Voltage: POSitive 
Negative 

Temperature Coefficient 
(each output) 

Current Available for External Loads 
Positive42 ! 

Negative 

ACCURACY 

Throughput Accuracy 
o to +5V, ±5V ranges JG 
o to +5V, ±5V ranges KG 
o to +20rnV, ±10mV JG 

(SOMB57 only) 
o to +20mV, ±10mV KG 

(SOMB57 only) 
Linearity (G; 1): JG 

KG 
Differential Linearity (G = 1): JG 

KG 
Quantizing Error 
System Gain Error'''' 
System Offset Error4.! 

Power Supply Sensitivity: +15V 
-15V 
+5V 

SOMB5S/SOMB57 

MIN TYP 

33 35 
25 27 
22 24 
18 

38 
27 
38 
27 

20 

40 
29 
40 
29 

MAX 

o tOI +10, ±5r~~ 

5 x 10'1110 

I'BOOIl71 

5X 10'113 
2 I I 500 

G =:: 2 + (20kO/REXTI1I ) 

±50 
±1.1 

±0.6 
±O.l 
±4 

400 

90· 
97 

10"113 
50 
7 

±20 

±6 

+2.490 +2.500 +2.510 
-S.O 

o 
-200 

-6.4 -6.B 

±5 ±10 

±0.048 
±0.024 

±0.11 

±O.OB 
±0.024 
±0.Q12 

±0.024 ±0.048 
±0.012 ±0.024 

±0.012 
±0.1 ±0.3 
±0.1 ±0.3 

±0.0007 
±0.0007 
±0.001 

UNITS 

Bits 

kHz 
kHz 
kHz 
kHz 

kHz 
kHz 
kHz 
kHz 

V 

V 
V 

DllpF 
DllpF 

nA 
nA/·C 

nA 
nArC 

mV 
pV/·C 

pV, rms 

dB 
dB 

DllpF 
nA 
mV 

V 
V 

ppm/·C 

pA 
pA 

% of FSR43 ! 

%01 FSR 

% 01 FSR 

%of FSR 
%of FSR 
%of FSR 
% of FSR 
%01 FSR 
% 01 FSR 

% 
%01 FSR 
%1%l>V 
%1%l>V 
%1%l>V 

TEMPERATURE STABILITY MIN TYP MAX UNITS 

System Accuracy Orift'5J: Unipolar ±25 ppm/oC 
Bipolar ±20 ppm/oC 

Linearity Drift ±2 ppm of 
FSR/"C 

DYNAMIC ACCURACY 

Sample/Hold Characteristics 
Aperture Time 100 nsec 
Acquisition Time 10 psee 
Feedthrough (lOV step) ±1.4 mV 

Amplifier Characteristics 
(SM0857 only) 
Amplifier CMRR at SOHz, G ; 2 90 dB 

G; 500 95 dB 
Amplifier Overload Recovery Time 200 psec 

OUTPUTS 

Digital Output Coding Binary, Offset Binary, 
Two's Complement 

Serial Output Coding Non~return to zero (NRZ) 
ADC Conversion Time!6J 25 30 psec 
Clock Frequency!61 520 kHz 
Delaym. SOMB56 15 psec 

SOMB57 30 psec 

POWER REQUIREMENTS 

Rated Voltage for Specified Accuracy ±14.5 ±15 ±15.5 V 
+4.75 +5 +5.25 V 

Quiescent Current 
SOM856, +15VOC +10 +20 mA 
SOM856, -15VOC -35 -50 mA 
SOM856, +5VOC +120 +140 mA 
SOM857, +15VOC +15 +25 mA 
SOM857, -15VOC -40 -55 mA 
SOM857, +5VOC +120 +140 mA 

Power Dissipation: SOMB5S 1300 1750 mW 
SOMB57 1400 1900 mW 

ENVIRONMENTAL 

Specificati~n Temperature Range 0 +70 ·C 
Storage Temperature Range -55 +100 ·C 

NOTES: 
1. RExT is the external gain-setting reSistor. (Connect between pins 1 and 80.) 
2. External loading of the +2.5V reference output is not recommended. 
3. FSR means Full Scale Range, e.g., FSR is 10V for ±5V range. 
4. Adjustable to zero. 
5. Includes gain, offset, and linearity drifts. 
6. Conversion time ano clock frequency can be externally adjusted from 13psec 

(fclock = 1.0MHz) to 110,usec (fclod. = 118kHz). Conversion times are for 12-bit 
resolution: 

7. Can be externally adjusted from 3,usee to 300,usec. 
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PIN DESIGNATIONS 

IA GAIN ADJUST 'I 
MUX OUT HI 2 

IA IN HI '3 
CH' 4 
CH6 5 
CH5 
CH4 
CH3 
CH2 • 
CHI 10 
CHO II 

MUX ENABLE 2 12 
MUX ENABLE I,A3 OUT 13 

SIS DU- 14 
A20UT 15 
AIOUT 16 
AODUT 17 
CLEAR 18 

AO IN 19 
AI IN 20 
A21N 21 
AJ IN 21 

LOAD 23 
B'i:i"SY 24 

DIG COM 25 
SHORT CYCI.E 26 

IO-BIT RESOLUTION 27 
8·81T RESOLUTION 28 

DO (LSR) 29 
01 JO 
02 31 
03 32 
1>4 33 
1>5 34 
06 35 
07 36 

"0 IA GAI~ ADJlJS" 

'7. IA IN L.O ,. MlIX OUT l.() 

77 CHI5 RE"I 7 

'6 ("H14 RETb 
75 CHI3 RETS 

'4 ('H12 RET4 

'.1 CHII RET.l 
72 CHIU RE"l2 
71 CH9 RET! 
70 CH8 RETO 

'6. IAOlJT .. S H IS 

6' S HOffSErADJIJSI 
66 S U CO!'iTROI. 
65 +15VDC 
64 -ISVDC 
63 ANA COM 
62 SHOUT 
61 -6AV RE .... Oll"! 
60 IOV RANGE 
S9 BPO 
58 l()V RAN(jf. 
57 +2.5V REF 11'\ 
56 ENABLE 2: 
S5 +2.SV REF om 
S4~ 
5J~ 
52 SERIAL au I 
SI CLOCK Oln 
50 CLOCK RATE AI)JUS I 
49 +5VDC 
48 STImiiE 
47 DEI.AY Ai>JllST 
46 TRIG 
45 DELAYOlJ"l 

08 37 44 i5Ti 
D9 38 43 BUSY 

010 39 42 8lJSY ESABl.E 

011 (MSD) ~ WI ENAiiIT 

-For SDM857 only. Make no connection in SDM8S6. 

MECHANICAL 

-=t' 

r-r~""""':"""':', 
Pin numbers 
shown for 
reference 
only. 

, 

I r A , •••• • •••••••• '~ 
~~: ........ ~ 
[ 

L +-[_, __ I 11111111111111111111011111111111111101 

GJL JLD 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

1.670 43.69 

.100 BASIC 
.250 3·.81 

.200 BASIC 

IIOOBA$IC 

38.1 BASIC 

0.05 

1.27 BASIC 

2.54 BASIC 

NOTE: 
leads in true position 
within .015" (.38mm)R 
at M Me at sealing 
plane. 

MATERIAL: Ceramic 
WEIGHT: 32 grams 

(1.207.) 
PINS: Pin material and 
plating composition 
conform to Method 
2003 (solderability) of 
Mil-Std-883 (ex.cept 
paragraph 3.2) 
MATING 
CONNECTOR: 
23S0MC (Se. of four 
20-pin strips) or 
0422MC (assembled unit). 

TYPICAL PERFORMANCE CURVES 

40 

30 

E 
~ 

20 I 
~ 

10 

CASE TEMPERATURE VS TIME WiTH NO HEAT 
SINK OR AIR FLOW (SI>M8S618S7) 

V 

10 
Time (min) 

IS 

S 

5 

-I 0 
20 

8-16 

AID CONVERSION TIME VS CLOCK RATE CONTROL 
VOLTAGE 12 BIT RESOLUTION (SDM8S618S7) 

11 
~ 

" 
"'" "' ~ ~ 

10 20 30 40 SO 60 
Conversion.Time (Jlsec). 12-Bit Resolution 



INSTRUME~I ATIO~ AMPLIFIER MULTIPLEXER 

100~C=M=R=R==V=S~~r·R_E_Q_U_f._:~_'(r·Y~(S_'[~)M __ H5T7~) ____ --r------, 

50~-----+------t------r~~--t-------1 

10 100 Ik 10k 
Frctjucncy (HI) 

A/D CONVERTER I.1NEARITY ERROR 
VS CONVERSION riME (SIlMX'6 xm . , 

K·Ril 
1/2lS8 0,2 

0.19 5 ---- I""" -- ---- --
2 
~ 0.15 
'0 
~ 
o 

LoU o. 
~ 

'c 

I 

~ 
::i 0,05 

O,04X 5 

0,012 2 

8·Bit 

1/2lSB 
"""'j(}.Bit 
1/2lSB 
12-Bit 

\ 
I\Bi! 12-Bit 

1\ 

'"" 0 lS 
10 15 

Convc;.rsion Time CI-'scc) 

ACCURACY DRIFrVS TEMPERATURE 
(SDM856/H57) 

20 

--

±O,3 r------:---------------,---, 
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MULTIPLEXERS 

Burr-Brown multiplexers allow for a very low cost-per-channel figure 
in multiple-channel data conversion or data distribution systems. Two 
types are offered-a low-cost, high quality family of devices that range 
from 4 to 16 channels and can accommodate either single-ended or 
differential signals and a very-fast-switching family, again single
ended or differential, for high throughput rate applications. All are 
TTL-and CMOS-compatible, have input protection in excess of the 
maximum power supply voltages, and can be'operated singly or in 
multitiered matrices. ' 
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SELECTION GUIDE 

MULTIPLEXERS 

These mu1tip1ex~rs are companion products for Burr-Brown's line 
of 12-and 16-bit AI D converters. One family offers protected inputs 

(MPC8S, 4D, 16S, 8D) while the other family offers high speed 
(MPC800 family). 

MULTIPLEXERS 

Input On Crosstalk Settling 
Range Resistance, (%ofOFF Time 

Description Model Channels (V) max Channel Signal) (to 0.01%) Package Page 

Protected MPCBS B single ±15 I.BkQ O.OOS 5psec DIP 9-3 
Inputs MPC4D 4 differential ±15 I.BkQ 0.005 5pSec DIP 9-3 . MPC16S 16 single ±15 I.BkQ 0.005 7pSeo DIP 9-10 

MPCBD B differential ±15 I.BkQ 0.005 7pSec DIP 9-10 

High MPCBOOKG 16 single or ±15 750Q 0.004 BOOnsec DIP 9-17 
Speed MPCBOOSG B differential ±15 750Q 0.004 800nsec DIP 9-17 

MPCB01KG 8 single or ±15 750Q 0.004 BOOnsec DIP 9-24 
MPCBOISG 4 differential ±15 750Q 0.004 BOOnsee DIP 9-24 
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BURR-BROWN® 

IElElI MPC4D 
MPC8S 

CMOS ANALOG MULTIPLEXERS 

FEATURES 
• LOW POWER CONSUMPTION 

CMOS analog switches 
15mW at 100kHz 

• PROTECTS SIGNAL SOURCES 
Break-before-make switching 

• HIGH THROUGHPUT RATE 

• RELIABLE MONOLITHIC CONSTRUCTION 

DESCRIPTION 
The MPC8S is a single-ended monolithic B.-channel 
analog multiplexer and the M PC4D is a monolithic 
4-channel differential input/ output mUltiplexer. The 
digital and analog inputs are protected from 
overvoltage inputs that exceed either power supply. 
These CMOS devices feature self-contained binary 
channel address decoding and are compatible with 
TTL, or CMOS input levels. Channel interaction is 
eliminated during overvoltage conditions and also 
in the event of a power l~ss. They are packaged in a 
16-pin DIP and dissipate typically 7.SmW. 

Inlernational Airport Industrial Park· P.O. Box 11400· Tucson, Arizona 85734 . Tei. (602J 746·1111 • Twx: 910.952·1111 . Cable: BBRCORp· Telex: 66·6491 

PDS·356A 
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DESCRIPTION 
The MPC8S is a single-ended monolithic 8-channel 
analog multiplexer and the MPC4D is a monolithic 
differential input( output channel analog multiplexer 
constructed with failure-protected CMOS devices. 
Transfer accuracies of better than 0.0 I % can be achieved 
at sampling rates up to 200kHz from signal sources of up 
to ±1O volts amplitude. 
These TTL/CMOS compatible devices feature self
contained binary cJiannel address decoding. An EN
ABLE line is also made available which allows the user 
to individually enable an 8-channel group (MPC8S) or 
a 4-channel group (MPC4D) facilitating channel expan
sion in either single-mode or multitiered matrix con
figurations. 

+-'l'''---A::-:n''''al~o-:-g -0 A 

,.-...:O...:u.:.:tP...:U-,-t -0 \l 

Switch 

Channel {A 
Select AO 
Address I Q'-=::..L _____ -I 

I 
OGND 
O+V 
b-v 

Enable Oi---------.J I ____ . _________ ...J 

FUNCTIONAL BLOCK DIAGRAM - MPC4D 

"On" 
Switch 

AI AO EN Pair 

X X L None 

L L H I 

L H H 2 

H L H J 

H H H 4 

TRUTH TABLE -MPC4D 

AO - I 16 I- AI . 
EN - 2 IS I- GND 

-Vsup - J 14 I- +Vsup 

INIA - 4 13 ~ INIB 

IN2A - 5 12 i- IN2B 

IN3A - 6 II I- IN3B 

IN4A - 7 10 I- IN4\l 

OUTA - 8 9 i- OUTB 

MPC4D PIN DIAGRAM 
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Digital and analog inputs are failure protected from 
either overvoltages that exceed the power. supplies or 
from the loss of power. 

High quality processing is employed to produce CMOS 
FET analog channel switches which have low leakage 
current, high OFF resistance, low feedthrough 
capaci!ance and fast settling time. 

These devices are housed in compact l6-pin dual-in-line 
packages, and are specified for operation over a DoC to 
+75°C temperature range. They are pin and package 
compatible with the 508(509 series. 

r - - - +v- - - - - - - - ., 
1,--- , I 

CH I in II lk I I 

H 
~-+----lO Analog 

Output 

:z I 
II 
I~":"=-V 

·~hannel{~O I(LSB) bGND 

.. ~~~~!ss A~O-------I Decoder b+v 
I(MSB) I 
61~ ____ ~1-....I p-v Enable ____________ .J 

FUNCTIONAL BLOCK DIAGRAM - MPC8S 

On 

A2 Al AO EN Switch 

X X X L None 
L L L H I 

,L L H H 2 
L H L ·H 3 
L ·H H H 4 
H L L H 5 

H L H H 6 
H H L H 7 
H H H H 8 

TRUTH TABLE - MPC8S 

AO 16 Al 

EN 15 A2 

-Vsup 14 GND 

INI 4 13 +Vsup 

IN2 12 INS 

IN3 11 IN6 

IN4 10 IN7 

OUT 9 IN8 

MPC8S PIN DIAGRAM 



SPECIFICATIONS 
Typical for following conditions' V + = +ISV V - = -JSV R ~ 1000 n T" = 2SoC unless otherwise noted I<lun:. 

ELECTRICAL MPC4D AND MPCBS 

MODELS MPCBS I MPC4D Units 
16 Pin Ceramic Lead Frame TOP VIEW 

jlNPUT ' n n n n n n r 
14 13 12 11 10 

ANALOG INPUT 16 S Voltage Range ±IS V 
I Maximum Overvoitage +V supply +20 V 

-v supply -20 V 1 S 
Current at Maximum Overvoltage 

per channelHl ±18 rnA 2 3 4 5 6 7 
Number of Input Channels J LI LI LI LI LI LI L Singlc-ended 8 

Differential 4 S.08mm 
ON Characteristics (0.200") Index Notch, Pin 1 

ON Resistance (RoN) ~ ".,,-- I Typical 1.5 kn 
Maximum 1.8 kn 

T~r 
RUN Drift 'IS. Temperature 

(O'C to +7S'C) 0.25· %/"C 
RUN Mismatch 

Channel-to-channel SO I SO n 
Differential N/A SO n 

2.5A:' 1--0.46d~~ ~ fof~)' Input leakage (It) 0.1 nA 
Input leakage Drift See Figure 9 
OFF Characteristics 

OFF Resistance 1011 n 10.100") 10.0IS")1.02mm· 
10.04") 

min. 
Output Leakage NON-CUMULATIVE 

(All channels disabled) 0.2 nA 
Input Leakage!'1 0.02 nA 
Leakage Drift See Figure 9 
Output Leakage with Input ~7'~2mm~ Overvoltage 10.300") 

of +3SV I nA j.6.350mmi . 
of -3SV I ~A (0.250") 

DIGITAL INPUTS 
!s.52mm +I~~;~'~ +.002 

Logic "0" (VdlU~. ~V supply ~ VI. < 0.8 at I nA V 
Logic .. , .. (VIt)III(~] +4V ~ VH ~ + V supply ~t I nA V 
Channel Select 3 bil binary I 2 bit binary 

10.375")max -.002 

code· one of code - one of I- 7.62mm ...j 
eight four (0.300") min 

Enable Logic "0" (low) disables all channels. 
Logic "'" (high) enables channel select to 
turn on selected channel. 

POWER REQUIREMENTS 
NOTES: Rated Power Supply Voltages ±IS V 

Supply Range 
+Supply +10 to ±20 V 
-Supply -10 to -20 V 

Supply Drain I. Total power dissipation due to input At I MHz Switching Speed +4. -2 rnA 
AT 100 kllz Switching Speed ±O.5 rnA overvoltage current flowing in the input 

Typical Power Consumption protection circuitry must be limited to 
DC to 10 kllz 7.S mW 

DYNAMIC CHARACTERISTICS 
0.75 watt for both (a) normal operation 
with power supplies turned on or (b) 

Gain Error (20 MO load) maximum 0.01 % during a fault condition when the Crosstalkl" 0.005 % of OFF 

Settling Timl'· 
channel signal supplies are shorted to ground. 

To ±2rnV ±(0.01%)· 5 ~s 2. Maximum overvoltage is ±Vsupply ±4 
To ±20rnV ±(O.IO%) 2 ~, volts at ± 15 rnA. 

Common-mode Rejection (minimum) N/A I 120 dB 
Switching Time 3. 20 volt peak-to-peak 100C Hz sinewave; 

Turn ON 0.5 ~s 

Turn OFF 0.3 ~s RSOURCE = 1000n, same sillnal on all 
Recovery Time from Input Overvoltage unused channels. 
Pulse of 3SV for 100 JJ.~c 

To 0.01% ISO ~s 4. For 20 volts between switched channels, 
To 0.10% IS ~s 

RSOURCE 1000n. See Figure 5 for = 
OUTPUT settling time vs. source impedance (Rs). 

Voltage Range ±IS V 
Capacitance to Ground 25 I 

12«~' pF 5. From each side of MPC4D to ground. 
Capacitance Mismatch N/A ±IO % 6. Leakage measurement made with all 
TEMPERATURE 
Specification 010 +75 "C 

OFF channel inputs fed in parallel to 
Storage -65 to +150 "C +20 volts. 
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DISCUSSION OF PERFORMANCE 
Static Transfer Accuracy 
The static or DC transfer accuracy of transmitting the 
mUltiplexer input voltage to the output depends on the 
channel ON resistance (RON), the load impedance, the 
source impedance, the load bias current and the 
multiplexer leakage current. 

SINGLE·ENDED MULTIPLEXER STATIC ACCURACY 
The major contributors to static transfer accuracy for 
single-ended multiplexers are: 

Source resistance loading error 
Multiplexer ON resistance error 
DC offset error caused by both load bias current and 
multiplexer leakage current. 

Resistive Loading Errors 

The source and load impedances will determine theinput 
resistive loading erro·rs. To minimize these errors: 
• Keep loading impedance as high as possible. This mini

mizes the resistive loadmg effects of the source resis
tance and multiplexer.ON resistance. As a guideline, 
load impedances of 108 ohms or greater will keep 
resistive loading errors to 0.002% or less for 1000 ohm 
source impedances. A 106 ohm load impedance will 
increase source loading error to 0.2% or more. 

• Use sources with impedances as low as possible. A 1000 
ohm source resistance Will present less than 0.001% 
loading error and 10,000 ohm source resistance will 
increase source loading error to 0.01% with a 108 ohm 
load impedance. 

Input resistive loading errors are determined by the 
followi!1g relationship: (see Figure I) 

Source and Multiplexer Resistive Loading Error 

RS + RON 
E(R +R )= x 100% 

S ON RS + RON + RL. 
where RS = source resistance 

RL = load resistance 
RON = multip~exer ON resistance 

INPUT OFFSET VOLTAGE 
Bias current generates an input OFFSET voltage as 
result of the IR drop across the multiplexer ON resistance 
and source resistance. A load bias current of 10 
nanoamperes will generate an offset voltage of20/lV if a 
1000 ohm source is used, and 200/lV if a 10,000 ohm 
source is used. In general, for the MPC8S, the OFFSET 
voltage at the output is determined by: 

VOFFSET = (Ib + I L) (RON + RS) 

where Ib = Bias current of device multipl~xer is driving 
IL ::: Multiplexer .,eakage current 
RON = Multiplexer ON resistance 
RSOURCE = Source resistance 

DIFFERENTIAL MULTIPLEXER STATIC ACCURACY 
Static accuracy errors in a differential multiplexer are 
difficult to control, especially when it is used for 
multiplexing low-level signals with full scale ranges of 10 
to 100 millivolts. 

The matching properties of the multiplexer, source and 
output load playa very important part in determining the 
transfer accuracy of the multiplexer. The source 
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impedance unbalance, common-mode impedance, load 
. bias current mismatch, load differential impedance 
mismatch, and common-mode impedance of the load all 
contribute errors to the multiplexer. The multiplexer ON 
resistance mismatch, leakage current mismatch and ON 

. resistance also contribute to differential errors. 
The effects of these errors can be minimized by following 
the general guidelines described in this section, especially 
for low level multiplexing applications. Refer to Figure 2. 

LOAD (OUTPUT OEVICE) CHARACTERISTICS 
• Use devices with very low bias current. Generaly, FET 

input amplifiers should be used for low level signals less 
than 50mV RSR. Low bias current bipolar input 
amplifiers are acceptable for signal ranges higher than 
50mV FSR. Bias current matching will determine the 
input offset. 

• The system DC common-mode rejection (CMR) can 
never be better than the combined CMR of the 
multiplexer and driven load. System CMR will be less 
than the device which has the lower CM R figure. 

• Load impedances, differential and common-mode, 
should be 1010 ohms or higher. 

SOURCE CHARACTERISTIC~ 
• The source impedance unbalance will produce offset, 

common-mode and channel-to-channel gain-scatter 
errors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Keep source impedances as low as possible to minimize 
resistive loading errors. 

• Miniqlize ground loops. If signal lines are shielded, 
ground all shields to a common point at the system 
analog common. 

If the M PC4D is used for multiplexing high-level signals 
of ±I volt to ±IO volts full scale ranges, the foregoing 
precautions should still be taken, but the parameters are 
not as critical as for low-level signal applications. 

,.-1 bias 

Ron\ r- -, Vm 

IL I 
I 

measured 
I voltage 

Roft ~I~d 
I 

...J 

FIGURE I: MPC8S Static Accuracy Equivalent Circuit. 

I L. ____ _ 

Z load I 

Cern 

I 
I 

_-1 

FIGURE 2: MPC4D Static Accuracy Equivalent Circuit. 



SETTLING TIME 

The gate-to-source and gate-to-drain capacitance of the 
CMOS FET switches, the RC time constants of the 
source and the load determine the settling time of the 
multiplexer. V 
Governed by the charge transfer relation i = C ~t ' the 

charge currents transferred to both load and source by the 
analog switches are determined by the amplitude and rise' 
time of the signal driving the CMOS FET switches and 
the gate-to-drain and gate-to-source junction' 
capacitances as shown in Figure 3 and 4. Using this 
relationship, one can see that the amplitude of the 
switching transients seen at the source and load decrease 
proportionally as the capacitance of the load and source 
increase. The tradeoff for reduced switching transient 
amplitude is increased settling time, If effect, the 
amplitude of the transients seen at the source and load 
are: 

i 
dVload =;;- dt 

dV 
where i = edt of the CMOS FET switches 

C = load or source capacitance 

'The source must then redistribute this charge, and the 
effect of source resistance on settling time is shown in 
Figure 5. This graph shows the settling time for a 20 volt 
step change on the input. The settling time for smaller 
step changes on the input will be less than that shown in 
Figure 5. 

SWITCHING TIME 
This is the time required for the CMOS FET to turn ON 
after a' new digital code has been applied to the Channel 
Address inputs. It is measured from the 50 percent point 
of the address input signal to the 90 percent point of the 
analog signal seen at the output for a 10 volt signal change 
between channels. 

CROSSTALK 
Crosstalk is the amount of signal feedthrough from the 
three (MPC4D) or seven (MPC8S) OFF channels 
appearing at the multiplexer output. Crosstalk is caused 
by the voltage divider effect of the OFF channel OFF 
resistance and junction capacitances in series with the 
RON and RSOl'RCE impedances of the ON channel. 
Crosstalk is measured with a 20 volt pk-pk 1000 Hertz 
sine wave applied to all OFF channels. The crosstalk for 
these multiplexers is shown in Figure 6. 

COMMON·MODE REJECTION (MPC4D ONLY) 

The matching properties' of the load, multiplexer and 
source affect the common· mode rejection (CM R) 
capability of a differentially multiplexed system. CM R is 
the ability of the multiplexer and input amplifier to reject 
signals that are common to both inputs, and to pass on 
only the signal difference to the output. For the M PC4D, 
protection is provided for common-mode signals of ±20 
volts above the power supply voltages with no damage to 
the analog switches. 
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MPCBS CHANNEL 

FIGURE 3: Settling Time Effects - MPC8S 

)::f '!'Y..< node A 

node B 

~1:~ 
Io-..J...-IT'-_.a 

~-I-* 

FIGURE 4: Settling & Common-Mode Effects - MPC4D. 

The CMR of the MPC4D and Burr-Brown's model 3660 
Instrumentation Amplifier is 120 dB at DCto I Hz witha 
6 dB/octave rolloff to 70 dB at 1000 Hz. This 
measurement of CMR is shown in Figure 8 and is made 
with a Burr·Brown model 3660 Instrumentatiori 
Amplifier connected for a gain of 1000 and with source 
unbalance of I kn and no unbalance. 

Factors which will degrade multiplexer and 'system DC 
CMR are: 

• Amplifier bias current and differential impedance 
mismatch 

• Load impedance mismatch 

• Multiplexer impedance and leakage current mismatch 

• Load and source common-mode impedance 

AC CM R rolloff is determined by the amount of 
common-mode capacitances (absolute and mismatch) 
from ,each signal line to ground. Larger capacitances will 
limit CMR at higher frequencies; thus, if good CMR is 
desired at higher frequencies, the common-mode 
capacitances and unbalance of signal lines and 
multiplexer to amplifier wiring must be minimized. Use 
twisted-shielded pair signal lines wherever possible. 



;; 
& 
iii .. 
0 0.1 
~ 
<:. 
() 

U. 
u. 0.01 0 
'0 
~ 

'" ~ 
~ 

° 

TYPICAL PERFORMANCE CURVES 

E 
;= 

'" 0 

E . en 

1000 

100 

u 10 . 
g 

0.1 
0.01 0.1 10 100 

Source Resistance (As) 
(kn) 

FIGURE 5. Settling time vs source 
resistance for 20 volt step change. 

140 

120 

iii 
:!! 
II: 100 :;; 
() 

80 

60 
1 10k 

U O.OOOIL...o1L-_~~;'-'-..I-__ ...L. __ .J 
1 10k 

140,r---'---~--~--~ 

Signal Frequency (Hz) 

FIGURE 6. Crosstalk vs 
signal frequency. 

Temperature (oC) 

FIGURE 9. Leakage current 
vs temperature. 

iii 
"0 

I ; 100 
:;; 
() 

1.5 

~ 
'0 1.4 
> 

1 

Frequency (Hz) 

FIGURE 8. Combined CMR vs 
frequency for Model 3670 IA 
.(G = 1000) and MPC40. 

"~ 
'~ DoC'; T A '; 75°C , 
" 

:!:5 ±10 ±.15 
Supply Voltage (Volts) 

u 

! 
E 
;= 

~ 
:;, 

Frequency (Hz) 

FIGURE 7. CMR vs frequency for 
Model 3660 IA and MPC40 (G = 1000). 

0.9 

0.8 

0.7 

0.6 

0.5 

l , 
0.4 

~, 

0.3 

0.2 
3 5 10 

V H (High) Logic ~evel (Volts) 

FIGURE 10. Access time vs 
logic level (high). 

15 

FIG URE 11. Normalized "ON" resistance vs supply voltage. 

9-8 



OPERATION & INSTALLATION INSTRUCTIONS 
The ENABLE input, pin 2. is included for expansion of 
the number of channels on a single node as' illustrated in 
Figure 12. With ENABLE line at a logic I, the channel is 
selected by the 2 bit (MPC4D) or 3 bit(MPC8S) Channel 
Select Address (shown in the Truth Tables on page 9-4) If 
ENABLE is at logic 0, all channels are turned OFF, even 
if the Channel Address lines are active. If the ENABLE 
line is not to be used, simply tie it to +V supply. 

If the + 15 volt and( or -15 volt supply voltage is absent or 
shorted to ground, the MPC4D and MPC8S 
multiplexers will not be damaged; however, some signal 
feedthrough to the output will occur. Total package 
power dissipation must not be exceeded (see Footnote I. 
page 9-5). 

For best settling speed, the input wiring and 
interconnections between multiplexer output and driven 
devices should be kept as short as possible. When driving 
the digital inputs from TTL. open collector output with 
pull-up resistors are recommended. See Figure 10 (access 
time). 

To preserve common-mode rejection of the M PC4D, use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and/or multiplexer output lines. This will 
help common-mode capacitance balance and' reducr 
stray signal pickUp. If shields are used. all shields should 
be connected as closely as possible to system analog 
common or to the common-mode guard driver. 

CHANNEL EXPANSION 
SINGLE·ENDED MULTIPLEXER (MPC8S) 
Up to 32 channd~ (·Inl\lilipk~,·rs) can hc connected to a 
single nodc. or up 10 (1'1 chauncls using l) M PCgS 
multiplexers on a two·tkrcd structure as shown in Figure 
12 and 13. 

DIFFERENTIAL MULTIPLEXER (MPC4D) 
Single or multi-tiered configurations can be used to 
expand multiplexer channel capacity up to 32 channels 
using a 32 x I or 16 channels using a 4 x 4 configuration. 

SINGLE NODE EXPANSION 
The 32 x I configuration is simply eight MPC4D units 
tieg to a single node. Programming is accomplished with 
a 5 bit counter, using the 2 LSB's of the counter to control 
Channel Address inputs AoandA, and the3 MSB's of the 
counter to drive a I of 8 decoder. The I of 8 decoder then 
is used to drive the ENABLE inputs (pin 2) of the 
MPC4D multiplexers. 

TWO TIER EXPANSION 
U sing a 4 x 4 2-tier structure for expansion to 16 channels. 
the programming is simplified A 4-bit counter output 
does not require a I of 8 decoder. The 2 LSB's of the 
counter drive the An and A, inputs of the four first tier 
mUltiplexers and the 2 MSB's of the counter are applied
to the An and A, inputs of the second tier multiplexer. 
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Single vs. Multi-Tiered Channel Expansion 

In addition to reducing programming complexity, two
tier configuration offers the added advantages over single 
node expansion of reduced OFF channel current leakage 
(reduced OFFSET), better CMR, and a more reliable 
configuration if a channel should fail in the ON condition 
(short). Should a channel fail ON in the single node 
corifiguration, data cannot be taken from any channel, 
where as only one channel group is failed (4 or 8) in the 
multi-tiered configuration. 

!{f ~ :~~ 81-°_u_' _____ --, 
go I MPC8S 
::: I Graul' 1 Multiplexer 

~ I eh 1 8 Group 1 Output 

0:: 0-' N 8 2 !'E"'n":.":" '::..e-'----, 
A2A1 A O 

~;,qll1l1q 111111' III ,() 01 . "II II" 

I ~'.n ~.lPCIl~; 'I'"'" III 11.11.111111 

FIGURE 12.32 Channel. Single·Tier Expansion. 

Direct 

10m! 
ll1u', 

Out Direct 

Settling'Time to 
±O.Ol % is 20 J,tS with 
Rs ,. loon 

81-+----"-0 

FIGURE 13. Channel Expansion Up to 64 Channels Using 
8X8 Two-Tiered Expansion. 



BURR-BROWN@ 

I ElitElit I MPC8D 
MPC16S 

CMOS ANALOG MULTIPLEXERS 

FEATURES 
• lOW POWER CONSUMPTION 

CMOS analog switches 
15mW al 100kHz 

• Will NOT SHORT SIGNAL SOURCES 
Break-before-make switching 

• FAST SWITCHING SPEEDS PROVIDE HIGH 
THROUGHPUT RATES 7.5mW standby power 

• COMPACT DESIGN 7,usec settling to 0.01 % 
Self·conlalned with Internal channel address decoder 
8-channel dual (MPCBD) for dlfferenllal Inputs or 
16-channel (MPCI6S) for single-ended Inputs 

3~sec settling to 0.1 % 

• WIDE SUPPLY RANGE 
±10VDC to ±2OVDC 

2B-pln D.6DD Inch-wide space-saving package 

r--.,:v------------, 
11---"-' i I 

Cfl1.,...!I~ ...... '~ I T,: .... ~: I 
'II 'j'-- I !IL..--:v ,.r hANALOG 

16 ,I INPUT Il r OUTPUT 
ANALOG 'I PROTECTION I 
INPUTS il +V,/ 1 I I, 

'Ir--- , , 
:" I £'i~: SWITCH I 
, I...... '.r-lJ 'DRIVERS L.!,.... 

CH 16 II ..... : '-;:-' 1 Ij"'VREF 

I' J 16 I IL--:v- i'r I 
{

A (LSB) pGND 
CHANNEL A~ 
SELECT A Ci-------t DECODER ~ +V 
ADDRESS 2 (MSB) 

A3Q.l.="----~-t to-v 
ENABLEd .. ~._-_-...:._-_-_-_-_-_-_-_-_~_j_-_-_-_~_ J 

InllmlllOlllI Airport Indllltrial Pallt· P.O.80x 11400· Tucson. Arizona 85734· Tal. 1602) 7411-1111 . Twx: 9111-852·1111 • Cabla: BBRCORP· Telax: 66·6491 

PDS·3ISF 
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DESCRIPTION 
The MPCI6S is a single-ended monolithic 16-channel 
analog multiplexer and the M PC8D is a monolithic dual 
8-channel analog multiplexer constructed with failure 
protected CMOS devices. Transfer accuracies of better 
than 0.01% can be achieved at sampling rates up to 
200kHz from signal sources of up to ±IOV amplitude. 

These TTL/CMOS compatible devices feature self
contained binary channel address decoding. An ENABLE 
line is also made available which allows the user to 
individually enable an 8-channel group (MPC8S) or a 
4-channel group (MPC4D) facilitating channel expan
sion in either single-mode or multi tiered matrix con
figurations. 

Digital and analog inputs are failure protected from 

ANALOG 
~-~~---------iJOUTPUT 

I V REF 

I 
I 

CHANNEL A1~--------------~ {
AoJib§C!!L ______ ...:.:~~F~-,l...l ~ GND 

SELECT A c~---------------i DECODER bl +V 
ADDRESS 2 

A3~~~----~----_I b-v 

ENABLE J-_-_--_-_--_-_--_-_--_-_~_~_:r_-_-_-_ .... _ J 
FUNCTIONAL BLOCK DlAGRAM-MPCI6S 

l'? 
" .. 
~ 

" o 
..J 
<: 
z 
<: 
..J 
<: 
i= z 
w 
II: 
w 
u. 
u. 
1i 

~j1~~~~====~~~~,I...~-, PGND 

P+v 
q-'="-------L.,..-_.J p-v 

ENABLE L ________________ I 

FUNCTIONAL BLOCK DIAGRAM-MPC8D 

either overvoltages that exceed the power supplies or 
from the loss of power. 

High quality processing is employed to produce CMOS 
FET analog channel switches which have low leakage 
current, high OFF resistance, low feedthrough 
capacitance and fast settling time. 

These devices are housed in compact 28-pin dual-in-line 
packages, and are specified for operation over a 0"(, to 
+75"C temperature range. They are pin and package 
compatible with the 506/507 series. 

+VSUPPLY I 
NC 2 
NC 3 

INI64 
INISS 
INI46 
INI37 
INI28 
INII 9 
INIO 10 
IN 911 
GNDI2 

V REFI3 
ADDRESS A3 14 

MPCI6S PIN DIAGRAM 

A3 A2 Al AO 
X X X X 
L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

TRUTH TABLE-MPCI6S 

+VSUPPLY I 
OUT B2 

NC 3 
I~:SB 4 
IN7D 5 
IN6B6 
IN5B 7 
IN4B 8 
IN3B 9 
IN2B 10 
INIB II 
GND 12 

VREFI3 
NCI4 

MPC8D PIN DIAGRAM 

A2 Al Ao 

X X X 

L L L 

L L H 
L H L 

L H H 

H L L 

H L H 

H H L 

H H H 

TRUTH TABLE-MPC8D 

280UT 
27 -VSUPPLY 
26 IN 8 . 
25 IN 7 
24 IN 6 
23 IN 5 
22 IN 4 
21 IN 3 
20 IN 2 
191N 1 
18 ENABLE 
17 ADDRESS Ao 
16 ADDRESS Al 
15 ADDRESS A2 

"ON" 
EN CHANNEL 
L 
H 
H 
H 
Ii 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

EN 

L 

H 

H 

H 

H 

H 

H 

H 

H 

. NONE 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 

28 OUT A 
27 -VSUPPLY 
261N BA 
25 IN 7A 
24 IN 6A 
23 IN SA 
22 IN 4A 
21 IN 3A 
20 IN 2A 
19IN lA 
18 ENABLE 

\~~g~~~~~~ 
IS ADDRESS A2 

ON 
SWITCH 

PAIR 

NONE 

I 

2 

3 

4 

5 

6 

7 

B 
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SPECIFICATIONS 
ELECTRICAL 
Typical for following condition,~: 

V+ ,. +15V V- = -15V Rso rce'; 1000n TA - 25°C unless otherwlse'noted u -
MODELS MPC16S MPCBD UNITS 
INPUT 

±L 
MECHANICAL 

ANALOG INPUT 
Voltage Range V 
Moximum Overvolta'ge +V supply +20 V NOTE: 

-V supply -20 V 
Leads In true position within .010" 

Current at Maximum Qvervoltage 
(.25mm)R ClP MMC at leating plene, 

por ChanneH1) ±18 mA c.: = Number of Input Channels I Single-Ended 16 
Difforential 8 

Reference Voltage Range(2) +6 to +10 V 28 18 I ON Characteristics I ON Resistance! RON I 
B 

Typical 1.3 kn 

14~ Moximum 1.B kll . 
RON Drift vs. Temperature 

lOne to +75°CI 0.25 %IOC ":\''' " ~;:'n:~'~'h~W;: ,~, :,,,.noe onlv. RON Mismatch I Channel-la-channel 50 50 1I 
Numbers may not be marked on packaga. 

Denotes Pin 1 • 
Dilfcrontial N/A 50 1I 

Input Leakage IlL' 1.0 nA 
Input leakage Drift See Typical Performance Curves 
OFF Charactori5tics 

1J11 ir' . c OFF Resistanco n 
Output Leakago I 
I all channels disabled! 0.2 nA 

II lO -ff Input LeakagelJI 0.02 nA 

J ~ ~ ~ ~~~~ ~ s~:~~~~ Leakage Drift See Typical Performance Curves 
Output Leakage with Input , 
Overvoltago f---G 

01 +35V 1 nA 
01-35V 1 ~A 

DIGITAL INPUTS I 1="1 Logic "0" lVU(1114 j -V supply';; VL < 0.8 at 1 nA V 
Logic "1" IVHI(11I41 +4 .; VH <; +V supply at 1 nA V 
Channel Select 4-bit binary I 3-bit binary 

code - one of code - one of 
sixteen eight 

J. 'vt Enable Logic .. a .. Ilow I disables all channels. 
Logic ~'1" I high I enables channel 

select to turn on selected channel. 

POWER REQUIREMENTS I 
> INCHES MILLIMETERS 

Rated Power Supply Voltages ±1S V DIM MIN MAX MIN MAX 

Supply Range I A 1.360 1.470 34.54 37.34 

+Supply +10 to +20 V 8 .500 .550 12.70 13.97 

-Supply -10 to -20 V c .. .200 .. 5.08 

Supply Drain I 0 .015 .021 0.38 0.53 

At 1MHz Switching Speed +4. -2 mA F .030 .070 0.76 1.78 

At 100kHz Swilching Speed :to.S mA G .100 BASIC 2.54 BASIC 
Typical Power Consumption I H .030 .095 0.76 2.41 
Dc to 10kHz 7.5 mW J .007 .013 0.18 0.33 

DYNAMIC CHARACTERISTICS I K .100 2.54 

Gain Error 120MH loadl maximum 0.01 % L .600 BASIC 15.24 BASIC 

Crosstalk(S) 0.005 % 01 OFF M ,.0 15° 

I han,nel Signal N .020 .090 0.51 2.29 

Settling Timel61 
To 2mV 10.01%1 7 Ilsec 
To 20mV 10.10%1 3 IJ.sec NOTES: 

Common-mode Rejection, min N/A I 120 dB 1. Tota' power dissipation due to input overvoltage current 

Switching Time flowing in the input protection circuitry must be limited to 

Turn ON 0.5 Jlsec 
one watt for both (a I normal operation with power supplies 
turned on or Ibl during a fault condition when thesuppl!8S 

Turn OFF 0.3 IJ.sec are shorted to ground. 
Recovery Time from Input Overvoltage I 2. Reference voltage controls noise immunity level. Normally 
Pul.e 0135V lor 100~sec nol used Ipin 13 lett open,. 
To 0.01% 150 IJ.sec 3. Leakage measurement made with all OFF channel inputs 
To 0.10% 15 usec fed In parallel to +20V. 

OUTPUT I 
.. Maximum overvoltage is ±Vsupply ±4V at ±1SmA. Logic 

levels specified are forVREF pin 131 open. FO~"REF :::tl0V, 
Voltage Range ±15 V VH MIN"" +6V. 
Capacitance to Ground 50 I 30171 pF 5. 20V. pk-pk 1000Hz sinewave; R,ource:: 1000n. sameaignal 

Cnpacitance Mismatch N/A ±10 % on all unused channels. 
6. For 20V between switched channels, R,ource "" 1ooon. See 

TEMPERATURE I Tvpical Performance Curves for settling time va. source 
Specification o to +75 'C impedance IRs,. 

Storage -65 to .j 150 'C 7. From each side of MPC8D to ground. 
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DISCUSSION OF 
PERFORMANCE 
STATIC TRANSFER ACCURACY 

The static or DC transfer accuracy of transmitting the 
multiplexer input voltage to the output depends on the 
channel ON resistance (R,,~). the load impedance. the 
source impedance. the load bias current and the 
multiplexer leakage current. 

Single-Ended Multiplexer Static Accuracy 
The major contributors to static transfer accuracy for 
single-ended multiplexers arc: 

Source resistance loading error 
Multiplexer ON resistance error 
DC offset error caused by both load bias current and 

mulitplexer leakage current. 

Resistive l.oading Errors 
The source and load impedances will determine the input 
resistive loading errors. To minimize these errors: 

• Keep loading impedance as high as possible. This 
minimizes the resistive loading effects of the source 
resistance and multiplexer ON resistance. As a 
guideline. load impedances of 10'!! or greater will 
~eep resistive loading errors to 0.002'i; or less for 
1000!! source impedances. A 10hn load impedance 
will increase source loading error to 0.2';; or more. 

o Use sources with impedances as low as possible. A 
I ODD!! source resistance will present less than 0.00 I ':; 
loading error and 10k!! source resistance will increase 
source loading error to 0.0 I ';i with a lo'n load 
impedance. 

Input resistive loading errors are determined by' the 
following relationship (sec Figure I): 

Source and Multiplexer Resistive Loading Error 
Rs -+ RON 

E:(~s + RON)- KS + RON + IlL x IOO'/'r where Hs"': Rsourct! 
RL = load resistance. 

Input Offset Voltage 

RON:": multiplexer ON 
resis[ancc .. 

Bias current generates an input Offset voltage as a result 
of the IR drop across the multiplexer ON resistance and 
source resistance. A load bias current of IOnA will 
generate an offset voltage of 20" V if a IOOOn source is 
used. and 200"Y if a 10k!} source is used. In general. for 
the MPCI6S. the Offset voltage at the output is 
determined by: ' 

YOfFSET = (I. + Id(R,)s + R"n",,) where 

I" = Bias current of device multiplexer is driving 
I, = Multiplexer leakage, current 
R,,\ = Multiplexer ON resistance 
R~(lur.:e = Source resistance . 

Differential Multiplexer Static Accuracy 
Static accuracy errors in a differential multiplexer are 
difficult to control. especially when it is used for 
mUltiplexing low-level signals with full scale ranges of 
IOmY to 100mY. , 

The matching properties of the mUltiplexer. source and 
output load playa very important part in determining the 
transfer accuracy of the multiplqer., The source 
impedance unbalance~ common-mode impedance. load 

bias current mismatch. load differential impedance 
mismatch. and common-mode impedance of the load all 
contribute errors to the mUltiplexer. The mUltiplexer ON 
resistance mismatch. leakage current mismatch and ON 
resistance also contribute to differential errors. 

Referring to Figure 2. the effects of these erro'rs can be 
minimized by following the general guidelines described 
in this section. especially for low Icvel multiplexing 
applications. 

Load (Output Device) Characteristics 

ollse devices with very low bias current. Generally, FET 
input amplifiers should be used for low level signals 
less than 50mY FSR. Low bias current bipolar input 
amplifiers are acceptable for signal ranges higher than 
50mY FSR. Bias current matching will determine the 
input offset. 

oThe system DC common-mode rejection (CM R) can 
never be better than the combined CMR of the 
multiplexer and driven load. System CM R will be less 
than the device which has the lower CMR figure. 

o Load impedances. differential and common-mode. 
. should be lO"'n or higher. 

Source CharacteristIcs 

• The source impedance unbalance will produce offset. 
common-mode and channel-to-channel gain-scatter 
errors, lise sources which do,not have large impedance 
unbal;.lnces if at all possible. 

• Keep source impedances as low as possible to 
minimize resistive loading errors. 

o Minimiz; ground loops. If signal lines are shielded. 
ground all shields to a common point at the system 
analog common., 

If the MPC8D is used for multiplexing high-level signals 
of I Y to lOY full scale ranges, the foregoing precautions 
should still be taken, butthe parameters are not as critical 
as for low-Ie:vel signal applications. 

ROFF 

I bias - ...---
I 
I 

I 

__ , Vm , 
,measured 
I voltage 

FIGURE I. MPCI6S State Accuracy Equivalent Circuit. 

RS1A RON1A I!!!A _________ , 

. ROFF 8B 

I 
Rd/2 I 

Z Load I 
t-+-__ -. I 

Cern I 
I 
I 
I' 

"-----------

FIGURE 2. MPC8D Static Accuracy Equivalent Circuit. 
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SETTLING TIME 
The gate-to-source and gate-to-drain capacitance of the 
CMOS FET switches. the RC time constants of the 
source and the .load determine the settling time of the 
multiplexer. 

Governed by the charge transfer relation i =C(dV /d!) •. 
the charge currents transferred to both load and source 
by the analog switches are determined by the amplitude 
and rise time of the signal driving the CMOS FET 
switches and the gate-to-drain and gate-to-source 
junction capacitances as shown in Figures 3 and 4.U sing' 
this' relationship. one can see that the amplitude of the 
switching transients seen at the source and load decrease 
proportionally as the r.apacitance of the load and source 
increase. The tradeoff for reduced switching transient 
amplitude· is increased settling time. In effect. the 
amplitude of the transients seen at the source and load 
are: 

dV,,,,,,, = (i/C)dt 
where i = C(dV I dt) of the CMOS FET switches 
C = load or source capacitance 

The source must then redistribute this charge. and the 
effect of source resistance on settling time is shown in the 
Typical Performance Curves. This graph .shows the 
settling time for a 20V step change on the input. The 
settling time for smaller step changes on the input willlle 
less than that shown in the graph. . 

SWITCHING TIME 
This is the time required for the CMOS FET to turn ON 
after a new digital code has been applied to the Channel 
Address inputs. It is measured from the 50 percent point 
of the address input signal to the 90 percent point of the 
analog signal seen at the output for a 10V signal change 
between channels. 

CROSSTALK 

Crosstalk is the amount of signal feedthrough from the 7 
(MPC8D) or IS (MPCI6S) OFF channels appearing at 
the multiplexer output. Crosstalk is caused by the voltage 
divider effect of the OFF channel. OFF resistance. and 
junction capacitances in series with the RON and R"""" 
impedances of the ON channel. Crosstalk is measured 
with a 20V. pk-pk 1000Hz sine wave applied to all OFF 
channels. The crosstalk for these multiplexers is shown in 
the Typical Performance Curves. 

COMMON-MODE REJECTION (MPC8D ONLY) 
The matching properties of the load. multiplexer and 
source affect the common-mode rejection (CM R) 
capability of a differentially multiplexed system. CM R is 
the ability of the multiplexer and input amplifier to reject 
signals that are common to both inputs. and to pass on 
only the signal difference to the output. Forthe M PC8D. 
protection is provided for common-mode signals of 
±20V above the power supply voltages with no damage to 
the analog switches. 

MPCI6S CHANNEL 

FIGURE 3. Settling Time Effects-MPCI6S. 

X<"!">X 
node A 

LOAD .... +..,..., 
node B RdS 

FIGURE 4. Settling & Common~Mode Effects- MPC-SO. 

The CMR ofthe MPCSD and Burr-Brown's model 3660 
instrumentation amplifier is 1l0dB at DC to 1Hz with 
a 6dB, octave rolloff to 70d~ at 1000Hz .. This 
measurement of CMR is shown in the Typical 
Performance Curves and is made with a Burr-Brown 
model 3660 instrumentation amplifier connected for a 
gain of 1000 and with source unbalance of 10kH. I kHand 
no unbalance. 
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Factors which will degrade multiplexer and system DC 
CMR are: 

• Amplifier bias current and differential impedance 
mismatch 

• Load impedance mismatch 

• Multiplexer impedance and leakage current mismatch 

• Load and source common-mode impedance. 

AC CMR rolloff is determined by the amount of 
common-mode capacitances (absolute and mismatch) 
from each signal line to ground. Larger capacitances will 
limit CMR at higher frequencies: thus. if good CMR is 
desired at higher frequencies. the common-mode 
capacitances and unbalance of signal lines and 
multiplexer to amplifier wiring must be minimized. Use 
twisted-shielded pair signal lines wherever possible. 
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INSTALLATION & OPERATING INSTRUCTIONS 
The ENABLE input, pin 18, is included for expansion of 
the number of channels on a single-node as illustrated in 
Figure 5. With the ENABLE line at a logic I, the 
channel is selected by the, 3-bit (MPC8D) or 4-bit 
(MPCI6S) Channel Select Address (shown in the Truth 
Tables). If ENABLE is at logic 0, all channels are turned' 
OFF, even' if the Channel Address Lines are active. If the, 
ENABLE line is not to be used; simply tie it to+V supply. 

If the + 15V and/ or -15V supply voltage is absent or 
shorted to ground, the MPC8D and, MPCI6S 
multiplexers will not be damaged; however, some signal 
feedthrough to the output will occur. Total package 
power dissipation must not be exceeded (see Note I of 
Electrical Specificati,illls). ' , ' 

For best settling speed, the input wiring and interconnec:' 
tions between multiplexer' output and driven devices 
should be kept as short as possible. When driving the 
digital inputs from TTL, open collector output with pull
up resistors' are recommended (see Typical Performance 
Curves, access time). 

To preserve common-mode rejection of the M PC8D. use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and/or multiplexer output lines. This will 
help' common-mode capacitance balance and reduce 

'stray signal pick~p. if shields are used, all shields should 
be con'nected a's close as possible to system analog 
common or to the common-mode guard driver. 

CHANNEL EXPANSION 

SINGLE-ENDED MULTIPLEXER (MPC16S) 
Up to 64 channels (4 multiplexers) can be connected to a 
single-node, or up to 256 channels using 17 MPCI6S 
multiplexers on a'two-tiered structure as shown in 
Figures 5. and 6. 

, DIFFERENTIAL MULTIPLEXER (MPC8D) 

Single' or multi"tiered 'configurations can be used to 
expand multiplexer channel capacity up to 64 channels 
using ~64 x I o~ 8 x8 configuration. 

SINGLE-NODE' EXPANSION 

The 64 x' I configuration is simply eight MPC8D units 
tied toa single-node. Progra,mming is accomplished with 
a 6-bit counter, using the 3 LS B of the counter to control 
Channel Address inputs An, Al and A, and the 3MSB of 
the counter to drive an 8 of I decoder. The 8 of r decoder 
then, is used to drive the ENABLE inputs (pin 18) of the 
MPC8D mUltiplexers. 

TWO-TIER EXPANSION 

Using an 8 x 8 two-tier structure for expansion to 64 
channels, the programming is simplified. The 6-bit, 
counter output does not require an 8 of I decoder. The 
3LSB of the counter drive the An, AI, and A, inputs 'of the 
eight first tier mUltiplexers and the 3 M S B of the counter 

,are applied to the An, AI. and A, inputs of the second tier 
mUltiplexer. 

Single vs Multitiered Channel Expansion 

In addition to reducing programming complexity. two
tier configuration offers the added advantages over 
single-node expansion of reduced 0 FF channel current 
leakage (reduced Offset). better, CMR, and a more 
reliable configuration if a channel should fail in the ON 
condition (short).Should a channel fail ON in the single
node configuration, data cannot be taken from any 
channel. whereas only one channel group is failed (8 or 
16) in the multitiered configuration, 

I{I ;; I 
~ I 

'" 

IN1 
IN2 
IN3 28ro",u:;.;t __ ....:.. ___ , 

MPC16S 
Group 1 

Ch1 '1S18t-:G",i.;;o';;!UP~1 __ ..., 
IN16 Enable 
A3~A1Ao , ' 

6·B'It' 
r~'Bin.ry 

21 ICounte" 

~I 
t----IH+-I23 I 

12" 
t.?_ 

~~"":~~A~1-:Ao~ 
Group 4 

18 Enable 

MPC16S 
Group 4 

Multiplexer' 
output. 

Direct 

To I I ' ' 
Group!" ,...- --, 

2 I I,,....... I 
1'1 "".- ... I 

L.o ~ +. ,>---0 
I ' ........ Buffered 
I BB 3550 or 3507J 

To I 
Gr8uPI 

I 

I , 
Ch49·64 281-=0::;U:.,:t_----__ -' 

:e.:!:~~~;~ ~~~!~nf~:r~TI:: ~~~~~ 
. -Four MPC8D units in parallel: 12~sec 

FIGURE 5. 32 to 64 Channel. Single-Tier .Expansion. 

IN1 
I 

Multi plexer 
Ou~puts 

I 28 Out Direct 

'
I MPC1,6S L-- _ , 

.! t ,!_.!~ I I,,...... I 
To other MPC1S Ch l ~ ~~: ~)oI() 

Enable Inputs r IN1S' 18~V ",' 
" , ()o IN1 AoA1 ~A3 Buffered 

H{r ~ :~~ 28 FP;.::lU"It l-H+' BB 35~0 or 3507J 

g';::' MPC16S 
~ ~ En 
« 0 ' ..... IN1S 18 fO 
~ - -- AoA1~A3 +V 

. ll, 11 
Settling time to '1....,-'==~~-!:::r<!::::::!~:-o:!:~do....,J 
0.01% is 201150C with 4LSB 4MSB 

Rs S 100n ~~~r;s~a8~~~ 

FIGURE 6. Channel ExpanSIOn up to 256 Channels 
Using 16 x 16 Two-Tiered Expansion . 
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BURR-BROWN® 

11::31::31 MPC800 

High Speed 
CMOS ANALOG MULTIPLEXER 

FEATURES 
• HIGH SPEED 

loonsec access time 
800nsec settling -to 0.01 % 
250nsec settling to 0.1 % 

• USER-PROGRAMMABLE 
16-channel single-ended or 
8-channel dlHerential 

• SELECTABLE TTL or CMOS COMPATIBILITY 

• WILl NOT SHORT SIGNAL SOURCES 
Break-betore-make switching 

• SELF-CONTAINED WITH INTERNAL 
CHANNEL ADDRESS DECODER 

• 28-PIN HERMETIC DUAL-IN-LiNE PACKAGE 

A DECODER 

~ 0 ij 

v· 

EN>+----~ 

Ao >-1----+-+-1 
AI >-!----..-hH-l 
A2 >-t----<H+t-H 
Aa 

,----+<INIA 

'---!-..-I-DUTA 

i----+-'-< IN SA 

....--+<IN1B 

..... -.....,.....,,... DUlB 

;:--++<INBB 
I 

I : 
I. ' I I L ___ ,-" __ -'- ____ L _____ , 

INPUT BUFFER AND DECODERS MULTIPLEXER 
SWITCHES 

DESCRIPTION 
The MPC800 is a high speed multiplexer that is 
user-programmable for l6-channel single-ended 
operation or 8-channel differential operation and for 
TTL or CMOS compatibility. 

The M PC800 features a self-contained binary address 
decoder. It also has an enable line which allows the 
user to inhibit the entire mUltiplexer thereby facili
tating channel expansion by adding additional' 
mUltiplexers. 

High quality processing is employed to produce 
CMOS FETanalog channel switches which haVe low 
leakage current, low ON resistance, high OFF 
resistance, low feed through capacitance, and fast 
settling time. 

Two models are available, the MPC800KG for 
operation froin O°C to +75°C and the MPC800SG 

I, for operation from _55°C to + 125°C. 

Inlernallonal Alrporllnduslrlal Park· P.O. Box 11400· Tuclon. Arizona 85734· Tel. (6021 746-1111 . Twx: 910-952.1111. Cable: BBRCDRP ·lelex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C and +Vec = 15V unless otherwise n9!ed -

MODEL MPC800KG, MPC800sG 

PARAMETER MIN TVP MAX 

INPUT 
ANALOG INPUT 

Voltage Range -15 +15 
Maximum Overvottage -Vec-2 +Vec,+2 
Number of Input Channels 

Differential 8 
Single-Ended 16 

Reference Voltage Range(1) 6 10 
ON Characterlstlcs(2) 

ON Resistance (RON) at +25°C 620 750 
Over Temperature Range 700 1000 

RON Drift vs Temperature See Typicel Performance Curves 
RON Mismatch 

I 
<10 

I ON Channel Leakage 0,04 
Over Temperature Range 0.6 100 

ON Channel Leakage Drift See Typical Performance Curves 
OFF Characteristics 

I I 
OFF Isolation 90 
OFF Channel Input Leakage 0.01 

Over Temperature Range 0.38 50 
OFF Channel Input Leakage Drift See Typical Performance Curves 
OFF Channel Output Leakage I 0.035 I 

Over Temperature Range 0.48 100 
OFF Channel Output Leakage Drift See'Typlcel Performance Curves 
Output Leakage I All 

channels disabled)(3) 0.02 
Output Leakage with Overvoltage 

+16V Input <0.35 
-16V Input <0.65 

DIGITAL INPUTS 

Over Temperature Range 
TTU4J 

Logic "0" IVAL I . 0.8 
Logic "I" (VAH) 2.4 
IAH 0.05 1 
IAL 4 25 
TTL fnput Overvoltage -6 6 

CMOS 
Logic "0" (VALl ' 0.3VREF 
Logic "I" (VAHI 0.7 VREF 
CMOS Input Overvoltage -2 +Vee+2 
Address A3 Overvottage -Vee-2 +Vee +2 
Digital Input Capacitance 5 

Channel Selec«51 
Single-Ended 4-blt binary code one of 16 
Differential 3-blt binarY code one of 8 
Enable Logic "0" Inhibits all channels 

POWER REQUIREMENTS 
Over Temperature Range 

Rated Supply Voltage ±15 
Maximum Voltage Between Supply Pins 33 
Total Power Dissipation 525 
Allowable Total Power Dlsslpationl6J 1200 
Supply Drain 1+25°CI 

At lMHz Switching Spaed +35.-39 
At 100kHz SWitching Speed +25. -29 

DYNAMIC CHARACTERISTICS 

Gain Error 1 <0.00031 . 
Cross Tal~(7) See Typical Performance Curves 
TOPEN (Break before make delay) 20 
Access Time at +25°C 100 150 

Over Temperature Range 120 200 
Settling Timef8J 

toO.l%(20mVI 250 
to 0.01% (2mVI 800 

Common-Mode Rejection (Differential I 
DC >125 
60Hz >75 

Channel Input Capacitance. Cs loffl 2.5 
Channel Output Capacitance. Co 10111 '18 
Input to Output 'Capacitance, CDS loffl 0.02 

UNITS 

V 
V 

V 

n 
n 

n 
nA 
nA 

dB 
nA 
nA 

nA 
nA 

nA 

mA 
mA 

V 
V 

,.A 
I'A 
V 

V 
V 
V 
V 
pF 

V 
V 

mW 
mW 

mA 
mA 

% 

nsec 
nsec 
nsec 

nsec 
nsec 

dB 
dB 
pF 
pF 
pF 

MECHANICAL 

Pin numbers"shown for ,.f.r.ne. onlv. 
Numbers mev ~ot be marked on Pllckllp. 

~-=~~f J . -ll.-o 'ESe."noP'.!. 
H G ' 

~I NOTE: 

--, I Lead' in true pOlitlon within .010'· 
t.2SmmlR III M~C lit lelltlng pillne. 

J. yM 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1.360 1.475 34." 37A7 

B .600 .550 12.70 13.97 
C -- 220 - - 5.59 
a .016 .021 0.38 0.63 

F .030 .070 0.78 ,1.78 

G ,100 BASIC 2.5' BASIC 

H .030 .... 0.78 2." . 
J, -.007 .013 0,18 0.33 

K .100 -- 2.154 --
L .BOO BASIC 15.24 BASIC .. - '5° - - ,.0 
N .020 ."0 0.51 2.29 

PIN CONFIGURATION 

TOP VIEW 

+Vce 
OUTB 

NC 
lN1618B 
INI517B 

'IN14/6B 
IN13/5B 
INI214B 
INIII3B 
IN1012B 

IN9/1B 
GND 
VREF 

A3 

1 
2' 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

.. 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 

/ 

OUTA 
-Vee 
INS/8A 
IN717A 
IN616A 
IN5/5A 
IN4/4A 
IN313A 
IN212A 
IN111A 
ENABLE 
Ao 
AI 
A2 



MODEL MPCSOOKG, MPCaOOSG 

PARAMETER MIN TYP MAX 

TEMPERATURE 

MPC800KG 
Specification 0 +75 
Storage -65 +150 

MPC800SG 
Specification -55 +125 
Storage -65 +150 

UNITS 

°C 
°C 

°C 
°C 

NOTES: 
1. Reference Yoltage controls noise immunity. normally left open for 

TTL compatibility and connected to Vee for CMOS compatibility. 
2. Y,N = ±10V, lOUT = l00pA. 
3. Single-ended mode. 
4. Logic levels specified for VREF (pin 13) open. 
5. For single-ended operation, connect output A (pin 28)10 output B 

(pin 2) and use Aa (pin 14) as an address line. For differ~ntial/operation 
connect A3 to ~VCC. 

6. Derate 8mW;oC above TA = +75°C. 
7. 10V, p-p, sine wave on all unused channels. See Typical Performance 

Curves. 
8. For 20V step input to ON channel. into 1 kn load. 

TYPICAL PERFORMANCE CURVES 

CROSS TALK VS SIGNAL FREQUENCY 
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DISCUSSION OF 
PERFORMANCE 

STATIC TRANSFER ACCURACY. 

The static or DC transfer accuracy of transmitting the 
multiplexer input voltage to the output depends on the 
channel ON resistance (RON). the load impedance. the 
source impedance. the load bias·current. and the 
multiplexer leakage current. 

Single-Ended Multiplexer Static Accuracy 
The major contributors to static transfer accuracy for 
single-ended multiplexers are: 

Source resistance loading error 
Multiplexer ON resista~ce error 
DC offset error caused by both load bias current and 

multiplexer leakage current. 

RESIS1WE LOADING ERRORS 

The source ;lnd load impedances will determine the ON 
resistance loading errors. To minimize these errors: 

• Keel' loading iml'edance as high as I'ossible. This 
minimizes the resistive loading effects of the source 
resistance and multiplexer ON resistance. As a guide
line. load impedances of 1080 or greater will keep 
resistive loading errors to 0.002% or less for 10000 
source impedances. A i060 load impedance will 
increase source loading error to 0.2% or more. 

• Use sources with. iml'edances as low as I'ossible. A 
. 10000 source resistance will present less than 0.002% 
loading error and 10kO source resistance will increase 
source loading error 0.02% with a 1080 load 
impedance. 

Input resistive loading errors are determined by the 
following relationship (see Figure I): 

Source and Multiplexer Resistive Loading Error 

f - Rs + RON x 100111 
(Rs+ RON) - Rs+ RON + RL 0 

where Rs =. R,n"",. 
RJ. = Load Resistance 
RON = Multiplexer ON resistance 

RSI R~" I BIAS 

IL) 
-.., Vm 

I 

RSI6 
I MEASURED 
I VOLTABE 

-= 
ROFF 

VCCI6 '::' 

FIGURE I. MPCSOO Static Accuracy Equivalent Circuit 
(Single-ended Operation). 

Input Offset Voltage 
Bias and leakage currents generate an input Offset 
voltage as a result of the IR drop across the multiplexer 

ON resistance and source resistance. A I.oad biascurrent 
of IOnA. a leakage current of I nA. and an ON resistance 
of7000 willgenerate an offset voltage of 19p Y if a 10000 
source is used. and IISpY if a 10kO source is used .. In 
general. for the M PCSOO the Offset voltage at the output 
is determined by: 

YOFFSET = (18 + IL)(RON + R'OU<c'1 where 
In ;= Bias current of deVice multiplexer is driving 
II.· = Multiplexer leakage current 
RON = Multiplexer ON resistance 
Rm"",. = Source resistance 

Differential Multiplexer Static Accuracy 
Static accuracy errors in a differential multiplexer are 
difficult to control. especially when it is used for multi
plexing low level signals with full scale ranges of IOmY to 
100mY. 

The matching properties of the multiplexer. source and 
output load playa very important part in determining the 
transfer accuracy of the multiplexer. The source imped
ance unbalance. common-mode impedance. loa·d bias 
current mismatch. load differential impedance mismatch. 
and·common-mode impedance of the load all contribute 
errors to tlie multiplexer. The multiplexer ON resistance 
mismatch. leakage current mismatch and ON resistance 

. also contribute to differential errors. . 

Referring to Figure 2. the effects of these errors can be 
minimized by following the general guidelines described 
in this section. especially for low level mUltiplexing 
applications . 

rR..,S"'IA...o""R"'ON"'IA .... _1""'B"'IA"-S A-o-_-_-.... -.,- - - - - -, 
I CO/2 Z LOAD I 

RDFFBB 

I I 
I I 
I COI2 I 

I BlAB BI CCM I 
- . I 

I 
I I L _________ .....I 

FI G U RE 2. M PCSOO Static Accuracy Equivalent Circuit 
(Differential Operation). 

Load (Output Device) Characteristics 

•. Use devices with very low bias current. Generally. FET 
input amplifiers should be used for low 'Ievel signals 
less than 50mV FSR. Low bias current bipolar input 
amplifiers are acceptable for signal ranges higher than 
50mY FSR. Bias current matching will determine the 
input offset. 

• The system DC common-mode rejection (CMR) can 
never be better than the combined CMR of the 
multiplexer and driven load. System CM R will be less 
than the device which has the lower CMR figure. 

• Load impedances. differential and common-mode. 
should be 10100 or highl!t. 
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Source Characteristics 

• The source imp'edance unbalance will produce offset, 
common-mode and channel-to-channel gain scatter 
errors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Keel' source imp,edances as low as possible to minimize 
resistive loading errors. ---

• Minimize ground 1001'S. If signal lines are shielded, 
ground all shields to acommon point at the system 
analog common. 

If the M PC800 is used for mUltiplexing high level signals 
of I V to IOV full scale ranges, the foregoing precautions 
should still be taken, but the parameters are not as critical 
as for low level signal applications 

SETTLING TIME 
Settling time is the time required for the multiplexer to 
reach and maintain an output within a specified error 
band of its final value in response to a step input. The 
settling time of the MPC800 is primarily due to the 
channel capacitance and a combination of resistances 
which include the source and load resistances. 

If the parallel combination of the source and load 
resistance times the total channel capacitance is kept 
small, then the settling time is primarily affected by 
internal RC's. For the MPC800 the internal capacitance 

FIGURE 3. Settling Time Effects (Single-ended). 

FIGURE 4. Settling and Common-Mode Effects 
(Differential). 
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is approximately 20pF differential or 40pF single-ended. 
With external capacitance neglected, the time constant of 
source resistance. in parallel with load resistance and the 
internal capacitance should be kept less than 40nsec. This 
means the source resistance should be kept to less than 
2kO (assume high load resistance) to maintain fast 
settling'times. 

ACCESS TIME 

This is the time required for the CMOS FET to turn ON 
after a new digital code has been applied to the Channel 
Address inputs. It is measured from the 50 percent point 
of the address input signal to the 90 percent point of the 
analog signal seen at the output for a IOV signal change 
between. channels. 

CROSSTALK 
Crosstalk is the amount of signal feed through from the 7 
differential or 15 single-ended OFF channels appearing 
at the multiplexer output. Crosstalk is caused by the 
volt~ge divider effect of the OFF channel, OFF resistance, 
and junction capacitances in series with the RON and 
R,ou,ce impedances of the ON channel. CroSJ)talk is 
measured with a 20V, pk-pk, 1000Hz sine wave applied to 
all OFF channels. The crosstalk for these mUltiplexers is 
shown in the Typical Performance Curves. 

COMMON-MODE REJECTION (DIFFERENTIAL 
MODE ONLY) 

The matching properties of the load, multiplexer and 
source affect the common-mode rejection (CM R) 
capability of a differentially multiple~ed system. CM R is 
the ability of the multiplexer and input amplifier to reject, 
signals that are common to both inputs, and to pass on 
only the signal difference to the output. Protection is 
provided for common-mode signals of ±2V above the 
power supply voltages with no damage to the analog 
switches. 

The CM R of the M PC800 and Burr-Brown's model 3630 
Instrumentation Amplifier is 120dB at DC to 10Hz with a 
6dBI octave rolloffto 80dBat 1000Hz. This measurement 
of CM R is shown in the Typical Performance Curves and 
is made with a Burr-Brown model 3630 instrumentation 
amplifier connected for a gain of 1000 and with source 
unbalance of 10kO, IkO and no unbalance. 

Factors which will degrade multiplexer and system DC 
CMR are: 

• Amplifier bias current and differential impedance 
mismatch. 



• Load impedance mismatch. 

• Multiplexer impedance and leakage current mismatch. 

• Load and source common-mode impedance. 

AC CMR rolloff is determined by the amount of 
common-mode capacitances (absolute and mismatch) 
from each signal line to gro,und. Larger capacitances will 
limit CMR at higher frequencies; thus, if good CMR is 
desired at higher frequencies, the common-mode capac
itances and unbalance of signal lines and mUltiplexer to 
amplifier wiring must be minimized. Use twisted-shielded 
pair signal lines wherever possible. ' 

INSTALLATION & OPERATING 
INSTRUCTIONS 
The ENABLE input, pin 18, is included for expansion of 
the number of channels on a single-node as illustrated in 
Figure S. With the ENABLE lineata logic I, the channel 
is selected by the Channel Select Address (shown in the 
Truth Tables). If ENABLE is at logic 0, all channels are 
turned OFF, even if the Channel Address Lines are 
active,. If the ENABLE line is not tobe used~ simply tie it 
to logic I. 

For tl}e best settling time, the input wiring and, inter
connections between multiplexer output and driven 
devices should be kept as short as possible. When driving 
the digital inputs from TTL, open collector output with 
pullup resistors are recommended. 

To preserve common-mode rejection of the M PC800 use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and! or multiplexer outputlines. This will 
help common-mode capacitance balance and reduce 
stray signal pickup. If shields are used, all shields should 
be connected as· close as possible to, system analog 
common or to the common-mode guard driver. 

LOGIC LEVELS 

The logic level is user-programmable as either TTL
compatible by leaving the VREF (pin 13) open or CMOS
compatible by connecting the VREF to VDI) (CMOS 
supply voltage). 

16-CHANNEL SINGLE-ENDED OPERATION 

To use the MPC800 as a 16-channel single-ended 
multiplexer, output A (pin 28) is connected to output B 
(pin 2) 10' form a single output, then all four address lines 
(Ao, AI, A2 and A3) are used to address the, correct 
channel. 

The MPC800 can also be used as adual8-channel single
ended multiplexer by not connecting o~tput A and B; but 
then only one channel in one of the multiplexers can be 
addressed at a time. 

8-CHANNEL DIFFERENTIAL OPERATION 
, To use the MPC800 as an 8-channel differential multi

plexer, connect address line A3 to -Vee then use the 

remaining three address lines (Ao, Al and A2) to address 
the correct channel. The differential inputs are the pairs 
of Al and BI, A2 and Bi, etc. 

TRUTH TABLES 
M PC800 used as 16-channel single-erid~ multiplexer or 
8-channel dual multiplexer. 

USE Aa AS DIGITAL 
ADDRESS INPUT "ON",CHANNEL TO 

EIoIABLE Aa At A1 Ao OUTA OUTB 

L X X X X NONE NONE 

H L L L L 1A NONE 

H L L L H 2A NONE 

H L L H L 3A NONE 

H L L H H 4A NONE 

H L H L L SA NONE 

H L H L H 6A, NONE 

H L H H L 7A NONE 

H L H H H 8A NONE 

H H L L L NONE 1B 

H H L L H NONE 2B 

H H L H L NONE ,3B 

H H L H ' H 'NONE 4B 

H H H L L NONE 5B 

H H H L H NONE '6B 

H H H H L NONE 7B 

H H H H H NONE 8B 

For 16-channel single-ended function, tie "out At' to "out B. for 
dual 8-channel lunctio.n use the A3 address pin, to select between 
MUX A and MUX B, where MUX A is selected with A3 low, 

MPC800 used as 8-channel differential mUltiplexer. 

A3 CONNECT TO -VCC "ON" CHANNEL TO 

ENABLE '-'2 A1 Ao OUT A OUTB 

L X X X NONE NONE 

H L L L 1A 1B 

H L L H 2A , 2B 

H L H L 3A :iB 

H L H H 4A '4B 

H H L L SA 5B 

H H L H 6A 6B 

H H H L ,7A 7B 

H H H H 8A 8B 

CHANNEL EXPANSION 

Single~tler ExpanSion 
Up to four M PC800's can be connected to a single node 
to form a 64-channel single-ended multiplexer or up to 
eight M PC800's can be connected to two nodes to form a 
64-channel differential multiplexer. Programming is 
accomplished with a six-bit address anda I of 4 decoder 
for 64-channel singlecendc;d expansion (see Figure'S) or 
an eight-bit address and a I of 8 decoder for 64-channel 
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differential expansion. The decoder drives the enable 
inputs of the M PC800, turning on only one multiplexer 
at a time. 

Two-tier Expansion 
Up to seventeen M PC800's can be connected in a two-tier 
structure to form a 256-channel single-ended multiplexer 
(see Figure 6) or up to nine M PC800's can be connected 
in a two-tier structure to form a 64-channel differential 
mUltiplexer. Programming is accomplished with a 8-bit 
address. 

I fl.BIT CHANNEL II 
ADDRESS GENERATDR 

III 
~ 

INI AD AI A2 Aa ~'" IN2 DECODER 

IN3 
I MPC800 
I ENABLE MULTIPLEXER 
I 

OUTA OUTPUT 

o! INI6 OUTB ..J 

III 
~ 

INI AoAlhAa 
IN2 
IN3 

I 
MPC800 

I ENABLE 
I OUTA 

a!. INI6 OUTB ..J 

. .. 
TO-M-U-U-IP-L"(X-E-RS-3-A-ND 4 
64-1:HANNEL SINGLE·TIER 
EXPANSION (Slngle·Endedl 

FIGURE 5. 32- to 64-Channel. Single-tier Expansion. 

Single vs Multltlered Channel Expansion 

In addition to reducing programming complexity, two
tier configuration offers the added advantages over 
single-node expansion of reduced OFF chanriel cllrrent 
leakage (reduced Offset), better CM R, and a more 
reliable configuration if a channel should fail in the ON 
condition (short). Should a channel fail ON in the single
node configuration, data cannot be taken from any 
channel, whereas only one-ehannel group is failed (8 or 
16) in the multitiered configuration. 

I-+++-H---IINI AO AI A2 Aa 
IN2 
INa 

: MPC800 

I 
I 
I IN16 

TO MULTIPLEXERS a THROUGH 16 
25f1.CHANNEL TWO·TIER 

EXPANSION lSlngle-Endedl 

FIGURE 6. Channel Expansion up to 256 Channels 
. using 16 x 16 Two-tiered Expansion. 
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. BURR-BROWN® 

IElElI MPC801 

High Speed 
CMOS ANALOG MULTIPLEXER 

FEATURES 
• HIGH SPEED 

BDnsec access time 
BOOnsec settling ta 0.01 % 
250nsec settling ta 0.1% 

• USER-PROGRAMMABLE 
B-channel slngle-ended ar 
4-charinel differentIal 

• SELECTABLE TTL ar CMOS COMPATIBILITY 

• WILL NOT SHORT SIGNAL SOURCES 
Break-befare-make switchIng 

• SELF-CONTAINED WITH INTERNAL 
CHANNEL ADDRESS DECODER 

.1B-PIN HERMETIC DUAL-IN-LINE PACKAGE. 

v· 
I 

IN IA 

Ell .OUTA 
Au 
Al 

IN 4A 

A2 

,--,-+-< IN I B 

.... ---,...--,- OUT B 

i--++-< IN 4B 
I 

I I 

I : L ___________ L _____ , 

INPUT BUFFER AND DECODERS MULTIPLEXER 
SWITCHES 

DESCRIPTION 

The MPC801 is a high speed multiplexer that is 
user-programmable for 8-channel single-ended oper
ation or 4-channel differential operation and for 
TTL or CMOS compatibility. 

. The M PC80 I features a self-contained binary address 
decoder. It also has an enable line which allows the 
user to inhibit the entire multiplexer thereby' fa
cilitating channel expansion by adding additional 
multiplexers. 

High quality processing 'is employed to produce 
CMOS FET analog channel switches which have low 
leakage current, low ON resistance, high OFF 
resistance, low feed through capacitance, and fast 
settling time. 

Two models are available, the MPC801 KG for 
operation from O"C to +75"C and the MPC80lSG 
for operation from -55"C to + I 25"C. . . 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734 • Tel. 16021 746·1111 • Twx: 9111-952·1111 • Cable: BBRCORp· Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°G and ±Vcc = 15VDC unless otherwise noted 

MODEL 

PARAMETER 

INPUT 
ANALOG INPUT 

Voltage Range 
Maximum Overvoltage 
Number of Input Channels 

Differential 
Single-Ended 

Reference Voltage Range(1) 
ON Characteristics(2) 

ON Resistance (RON) at +25°C 
Over Temperature Range 

RON Drift vs Temperature 
RON Mismatch 
ON Channel Leakage 

Over Temperature Range 
ON Channel Leakage Drift 
OFF Characteristics 

OFF Isolation 
OFF Channel Input Leakage 

Over Temperature Range 
OFF Channel Input Leakage Drift 
OFF Channel Output Leakage 

Over Temperature Range 
OFF Channel Output Leakage Drilt 
Output Leakage (All 

channels disabled)(3) 
Output Leakage with Overvoltage 

+16V Input 
-16V Input 

DIGITAL INPUTS 

Over Temperature Range 
TTLl41 

Logie "0" (VAll 
Logic "1" (VAH) 
IAH 
IAL 
TTL Input Overvoltage 

CMOS 
Logic "0" (VAll 
Logic "1" (VAHI 
CMOS Input Overvollage 
Address A2 Overvoltage 
Digital Input Capacitance 

Channel Select(5) 
Single-Ended 
Differential 
Enable 

POWER REQUIREMENTS 
Over Temperature Range 

Rated Supply Voltage 
Maximum Voltage Between Supply Pins 
Total Power Dissipation 
Allowable Total Power Dissipation(6) 
Supply Orai n (+25°G I 

At lMHz Switching Speed 
At 100kHz Switching Speed 

DYNAMIC CHARACTERISTICS 

Gain Error 
Cross Talk(7) 
TOPEN (Break before make delay) 
Access Time at 25°C 

Over Temperature Range 
Settling Time(B) 

toO.l% (20rnV) 
to 0.01% (2rnVI 

Common-Mode Rejection (Differential I 
DC 
60Hz 

OFF Channel Input Capacitance. Cs (offl 
OFF Channel Output Capacitance. Co (off) 
OFF I nput to Output Capacitance. GDS I off I 

MPCB01KG, MPC801SGI 

MIN 

-15 
-Vee -2 

4 
8 

TYP MAX 

+15 

+Vee +2 

6 10 

500 750 
700 1000 

See TYPiea11 p"::I~~rnalnee Curves 

g; 50 

'~''''''( ~f~~r ::-
See Typical Performance Curves 

0.30 50 I 0.1 I 
See Typical Performance Curves 

2.4 

-6 

0.7 VREF 
-2 

-Vee -2 

0.02 

<0.35 
<0.65 

0.05 
4 

O.B 

1 
20 
6 

0.3VREF 

+Vee +2 
+Vee +2 

3-bit binary code one of 8 
2-bit binary code on of 4 

Logic "0" inhibits all channels 

±15 

360 

+14, -12.5 
+12.5,12.5 

33 

725 

1.< 00003J 
See Typical Performance Curves 
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800 
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UNITS 

v 
V 

V 

n 
n 

n 
nA 
nA 

dB 
nA 
nA 

nA 
nA 

nA 

rnA 
rnA 

V 
V 

"A 
"A 
V 

V 
V 
V 
V 

pF 

V 
V 

rnW 
rnW 

mA 
rnA 

% 

nsec 
nsec 
nsec 

nsec 
nsec 

dB 
dB 
pF 
pF 
pF 

MECHANICAL 

ITOPVIEW) 

0900'015 r-----r,22.B±0381\-----11 O.18t1MAX 

1-------------,--"'1" 

,~~~-=}t 
dLuJuL~OOT~pU uJ ~o-OO! 

o 18:!:O.003 11521 0100TYP 
10451:1:0076. 12.541 

PIN CONFIGURATION 

+vcc[ 1 

OUTB[ 2 

INBI4B[ 3 

IN7/3B[ 4 

IN6/2B[ 5 

IN5I1B[ 6 

GND[ 7 

VREF [ B 

A2 [ 9 

TOPVIEW 

18 JOUT A 

17 ] -Vee 

16 ] IN4/4A 

15 ] IN3/3A 

14 b IN2/2A 

13 P IN1/1A 

12 P ENABLE 

11 P Ao 

100 A, 



ELECTRICAL (CO NT) 

MODEL MPC801KG, MPC801SG 

PARAMETER MIN I TVP MAX 

TEMPERATURE 

MPC801KG 
Specification 0 +75 
Storage -65 +15.0 

MPC801SG 
Specification -55 +125 
Storage -65 +150 

UNITS 

·C 
·C 

·C 
·C 

NOTES: 
1. Reference voltage controls noise immunity. normally lefl open for 
nl compatibility and connected to Voo for CMOS compatibility. 

2. V'N = ±10V.IOUT = 100~A. 
3. Single--ended mode. 
4. Logic levels specified fo,r VAEF (pin 8) open. 
5. For single-ended operation. connect output A (pin 18) to output B 

pin 2, and use A2 (pin 9) as an address line. For differential operation 
connect A2 10 -Vee. 

6. Derate 8mWI"C above TA = +75·C. 
7. 10V. p-p. sine wave on'all unused channels. See~Typical Performance 

Curves. 
8. For 20V step input to ON channel, into 1 kn load. 

TYPICAL PERFORMANCE CURVES 

CROSS TALK VS SIGNAL FREQUENCY 
1000 

LEAKAGE CURRENTS 
VS TEMPERATURE .. 

" '" Oi 0.1 
1D 
" " as 
.r= 0.01 U 
u. u. 
Q 
'0 0.001 
~ 
"" .. 

0.0001 t-

~ / 
·U 0.00001 

100 

/ 
V 

100 
« 
" 
C 10 
~ 
~ 
U 
Q) 

"C N" CHANNEl; -
.J. 

"OFF: OUTPUT --/ 
C> 

~ .. 
" ..J 

f~ 
.,.-

P 

lk 10k 100k 1M 10M 

0.1 
~ 

0,01 
25 35 45 55 65 75 

Signal Frequency, Hz Temperature °C Frequency· Hz 

SETTLING TIME VS SOURCE RESIS: 
TANCE 120V STEP CHANGE} RL = lkn RON DRIFT VS TEMPERATURE 

1000 500~--~--~----r---~---' 

800 400 

~ 
"600 

" E ;:: 
.~ 400 

~ en 
200 

TOO.OI 'io -~ 

~ 

~ V "(0 . -
:: 
:: 300 

;§ 
z 

200 0 
a: 

100 

o 0.01 0.1 
0 
25 35 45 55 65 75 10 100 

Source Resistance kn Temperature ,oC· 
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DISCUSSION OF 
PERFORMANCE 
STATIC TRANSFER ACCURACY 

The static or DC transfer accuracy of transmitting the 
multiplexer input voltage to the output depends on the 
channel ON resistance (RON), the load impedance, the 
source impedance, the load bias current, and the 
multiplexer leakage current. 

Single-Ended Multiplexer Static Accuracy 

The major contributors to static transfer accuracy for 
single-ended multiplexers are: 

Source resistance loading error 
Multi plexer ON resistance error 
DC offset error caused by both load bias current and 

multiplexer leakage current. 

RESISTIVE LOADING ERRORS 

The source and load impedances will determine the ON 
resistance loading errors. To minimize these errors: 

• Keep loading impedance as high as possible. This 
minimizes the resistive loading effects of the source 
resistance and multiplexer ON resistance. As a guide
line, load impedances of 1080 or greater will keep 
resistive loading errors to 0.002% or less for 10000 
source impedances. A 1060 load impedance will 
increase source loading error to 0.2% or more. 

• Use sources with impedances as low as possible. A 
10000 source resistance will present less than 0.002% 
loading error and 10kO source resistance will increase 
source loading error 0.02% with a 1080 load 
impedance. 

Input resistive loading errors are determined by' the 
following relationship (see Figure I): 

Source and Multiplexer Resistive Loading Error 

E (Rs + RON) = Rs + RON x 100% where 
Rs + RON + Rl. 

Rs = Rsoul\:c 

RI. = Load resistance, 
RON = Multiplexer ON resistance. 

Input Offset Voltage 
Bias and leakage currents generate an input Offset 
voltage as a result of the IR drop across the multiplexer 
ON resistance and source resistance. A load bias current 
of IOnA. a leakage current of I nA. and an ON resistance 
of 7000 will generate an offset voltage of 19/-1 V if a 
10000 source is used. and IIS/-IV if a ,IOkO is used. In 
general, for the M PCSO I the Offset voltage at the output 
is determined by: ' 

VOFFSET = (18 + IL)(RoN + R,ou",,) where 

18 = Bias Current of device multiplexer is driving 
II. = Multiplexer leakage current 
RON = Multiplexer ON resistance 
Rmun:, = Source resistance. 
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Differential Multiplexer Static Accuracy 
Static accuracy errors in a differential multiplexer are 
difficult to control, especially when it is used for multi
plexing low level signals with full scale ranges of 10m V to 
100mV. 

The matching properties of the multiplexer. source and 
output load playa very important part in determining the 
transfer accuracy of the multiplexer. The source im
pedance unbalance. common-mode impedance. load bias 
current mismatch, load differential impedance mismatch, 
and common-mode impedance of the load all contribute 
errors to the multiplexer. The multiplexer ON resistance 
mismatch. leakage current mismatch and ON resistance 
also contribute to differential errors. 

Referring to Figure 2. the effects of these errors can be 
minimized by following the general guidelines described 
in this section. especially for low level mUltiplexing 
applications. 

Load (Output Device) Characteristics 

• Use devices with very low bias current. Generally, FET 
input amplifiers should be used for low level signals 
less than 50mV FSR. Low bias current bipolar input 
amplifiers are acceptable for signal ranges higher than 
50mV FSR. Bias current matching will determine the 
input offset. 

• Thesystem DC common-mode rejection (CMR) can 
never be better than the combmed CMR of the 
multiplexer and driven load. System CM R will be less 
than the device which lias the lower CMR figure. 

• Load iml'edances, differential and common-mode, 
should be 10100 or higher. 

RSI RON I BIAS 

'Ll 
r-- -.., Vm 
I I 
I I 
I I MEASURED 

RSB I I VOLTAGE 

-= I I 
ROFF ~!:!!~ I 

_...J 

FIG U RE 1. M PCSO I Static Accuracy Equivalent Circuit 
(Single-ended Operation). 

I BIASA RSIA RUNIA 
rrw--O-""" .... --=~5-, C'::;/:"':;~-- - - zL;;Aill 

ILA) I RDI2 I 
I I 

I BIA I CD/2 I 
--.!.BI CCM : 

I _ I 
I - I L _________ ....I 

ROFF4B 

FI G U RE 2. M PCSO I Static Accuracy Equivalent Circuit 
(Differential Operation). 



Source Characteristics 
• The source impedance'unbalance will produce offset, 
common~mode and channel-to-channel gain scatter 
errors. Use sources which do not have large impedance 
unbalan~es if at all possible. 

• Keep source impedances as low as possible to minimize 
resistive loading errors. 

• Minimize ground loops. If signal lines are shielded, 
ground all shields to a common point at the system 
analog common. 

I{the MPC801 is used for mUltiplexing high level signals 
of I V to 'IOV full scale ranges, the foregoing precautions 
should still be taken, but the parameters are not as critical 
as for low level sigmil applications 
SETTLING TIME 
Settling time is the time required for the multiplexer to 
reach and maintain 'an output within a specified error 
band of its final value in response to a step ,input. The 
settling time of the MPC801 is primarily due to the 
channel capacitance and a combination of resistances 
which include the source and load resistances. 

If the parallel,combi'nation of the source and, load 
resistance, times the total channel capacitance is kept 

'small, then the settling time is primarily affected by 
internal RC's. For the M PC80, I the internal capacitance 
is approximately IOpF differential or 20pF single-ended. 

I 
- I 

FIGURE 3. Settling Time Effects (Single.,ended). 

I 'I 
I I 

FIGURE 4. Settling and Common-Mode Effects 
( Differential). 

With external capacitance neglected, the time constant of 
source resistance in parallel with load resistance and the 
internal capacitance should be kept less than 40nsec. This 
means the source resistance should be kept to less than 
4kfl (assume high load resistance)' to maintain fast 
settling times. 

ACCESS TIME 

This is the time required for the CMOS FET to turn ON 
after a new digital code has been applied to the Channel 
Address inputs. It is measured from the 50 percent point' 
oftheaddres~ input signal to the 90 percent point ofthe 
analog signal seen at the output for a IOV signal change 
between channels. 

CROSSTALK 
Crosstalk is the amount of signal feedthrough from the 3 
differential or 7 single-ended OFF channels appearing at 
the multiplexer output. Crosstalk is caused by the voltage 
divider effect of the OFF channel, OFF resistance, 
and junction capacitances in series with the RON and 
R,ou". impedances of the ',ON channel. Crosstalk is 
measured with a 20V, pk-pk, 1000Hz sine wave applied to 
all OFF channels. The crosstalk for these multiplexers is 
shown in the Typical Performance Curves. 

COMMON-MODE REJECTION (DIFFERENTIAL 
MODE ONLY) 
The matching properties of the load, multiplexer and 
source affect 'the common-mode rejection (CMR) 
capability ofa differentiaily multiplexed system. CM R is 
the ability of the multiplexer and input amplifier to reject 
signals that are common to both inputs, and to pass on 
only the signal difference to the output. Protection, is 
provided for common-mode signals of ±2V above the 
power supply v1>ltages with no damage to the analog 
switches. 

The CM R of the M PC80 I and Burr-Brown's mode13630 
Instrumentation Amplifier is 120dBat OCto 10Hzwitha 
6dB( octave rolloffto 80dB at 1000Hz. This measurement 
of CM R is shown in the Typical Performance Curves and 
is made with a Burr-Brown model 3630 instrumentation 
amplifier connected for a gain of 1000 and with source 
unbalance of IOkfl, IkO and no unbalance. 

'Factors which will degrade multiplexer and system DC 
CMR are: 

• Amplifier bias current and differential impedance 
mi~inatch. ' 

• Load impedance mismatch. 

• Multiplexer impedance and leakage current mismatch. 
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• Load and source common-mode impedance. 

AC CM R rolloff is determined by the amount of 
common-mode capacitances (absolute and mismatch) 
from each signal line to ground. Larger capacitances will 
limit CM R at higher frequencies; thus, if good CM R is 
desired at higher frequencies. the common-mode capac
itances and unbalance of signal lines and multiplexer to 
amplifier wiring must be minimized. Use twisted-shielded 
pair signal lines wherever possible. 

INSTALLATION & OPERATING 
INSTRUCTIONS 

The ENABLE input, pin 12, is included for expansion of 
the number of channels on a single-node as illustrated in 
Figure 5. With the ENABLE line at a logic I. thechannel 
is selected by the Channel Select Address (shown in the 
Truth Tables). If EN t,\BLE is at logic 0, all channels are 
turned OFF, even if the Channel Address Lines are 
active. If the ENABLE line is not to be used, simply tie it 
to logic 1. 

For 'the best settling time. the input wiring and inter
connections between mUltiplexer output and driven 
devices should be kept as short as possible. When driving 
the digital inputs from TTL, open collector output with 
pullup resistors are recommended. 

To preserve common-mode rejection of the M PC80 I use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and/ or multiplexer output lines. This will 
help common-mode capacitance balance and reduce 
stray signal pickup. If shields are used, all shields should 
be connected as close as possible' to system analog 
common or to the common-mode guard driver. 

LOGIC LEVELS 

The logic level is user-programmable as either TTL
compatible by leaving the V REF (pin 8) open or CMOS
compatible by connecting the VREF to Voo (CMOS 
supply voltage). 

8-CHANNEL SINGLE-ENDED OPERATION 

To use the M PC80 I as an 8-channel single-ended multi
plexer. qutput A (pin 18) is connected to output B (pin 2) 
to form a single output. then all three address lines (An. 
AI. and A,) are used to address the correct channel. . 

The MPC801 can also be used as a dual channel single
endeo multiplexer by not connecting output A and B, but 
then only one channel in one of the multiplexers can be 
addressed at a time. 

4-CHANNEL DIFFERENTIAL OPERATION 

To use the MPC801 as an 4-channel differential multi
plexer, connect address line A, to -Vee then use the 
remaining two address lines (Aoand AI) to address the 
correct channel. The differential inputs are the pairs of AI 
and BI, A, and B" etc. 

TRUTH TABLES 

M PC80 I used as 8-channel single-ended multiplexer or 
4-channel dual multiplexer. 

USE A2 AS DIGITAL 
ADDRESS INPUT· "ON" CHANNEL TO 

ENABLE A2 A1 . Ao OUlA OUTB 

L X X X NONE NONE 

H L L L 1A NONE 

H L L H 2A NONE 

H L H L 3A NONE 

H L H H 4A NONE 

H H L L NONE 18 

H H L H NONE 28 

H H H L NONE 38 

H H H H NONE 48 

For a-channel single--ended function, tie "out A" to "out B", for 
dual 4-channel function use the A2 address pin to select between 
MUX A a~d MUX 8. where MUX A is selected with A2 low. 

M PC80 I used as 4-channel differential mUltiplexer. 

A2 CONNECT TO -VCC "ON" CHANNEL TO I 
ENABLE A1 AO OUTA OUTB 

L X X NONE NONE 

H L L 1A 18 

H L H 2A 28 

H H L 3A 38 

H H H 4A 48 

CHANNEL EXPANSION 

Single-tier Expansion 

Up to eight M PC80 I 's can be connected to a single node 
to form a 64-channel single-ended multiplexer or up to 
eight M PC80 I 's can be connected to two nodes to form a 
32-channel differential muJtiplexer. Programming is 
accomplished with a 6-bit address and a I of 8 decoder 
(Figure 5). The decoder drives the enable inputs of the 
M PC80 I, turning on only one multiplexer at a time. 

Two-tier Expansion 

Up to nine MPC801's can be connected in a two-tier 
structure to form a 64-channel single-ended multiplexer 
(Figure 6) or up to five MPC801 's can be connected in a 
two-tier structure to form a 16-channel differential 
multiplexer. Programming is accomplished with a 6-bit 
address'. 

SINGLE VS MUL TITIERED CHANNEL EXPANSION 

In addition to reducing programming complexity, two
tier configuration offers the added advantages over 
single-node expansion of reduced OFF channel current 
leakage (reduced Offset), better CMR, and a more 
relia,ble configuration if a channel should fail in the ON 
condition (short). Should a channel fail ON in the single-
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node configuration, data cannot be taken from any 
channel, whereas only one channel group is failed (4 orB) 
. in the multitiered configuration. 

I 
II 

:= INI Au Al Az 
IN2 

0- IN3 MPC6DI 

ENABLE 
OUlA 

G- INB OUTB 

II 
:= INI AD Al A2 

IN2 
0- IN3MPCBOI 

ENABLE 
OUlA 

.G- INB DUra 

6·BIT CHANNELl 
ADDRESS GENERATOR 

f.-J 

f--I 

111 
101B 

DECODER 

I 

~ 

TO MULTIPLEXERS 3·8 

MULTIPLEXER 

DUTPU 

FIGURE 5. 64-Channel, Single-Tier. Single-Ended 
Expansion. 

T 
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~ 
TO MULTIPLEXERS. 3 • B 

INB 

MULTIPLEXER 
OUTPUT 

FIGURE 6. 64-channel, Two-Tier, Single-Ended 
Expansion. 



VOLTAGE TO FREQUENCY 
CONVERTERS 

VFC's provide a simple, low cost way of converting analog signals into 
digital form. They provide an important alternative to other analog to 
digital conversion techniques. Their integrating input properties make 
them an appropriate choice when operating in noisy environments. 
The combination of high accuracy and linearity, low temperature drift, 
and monotonicity often provide performance characteristics unattain
able with other techniques. 

Since an analog quantity represented as a frequency is inherently 
serial data, it is easily handled in large multi-channel systems. Fre
quency information can be transmitted over long lines with excellent 
noise immunity using low cost digital line transmitters and receivers. 
Isolation can be accomplished with optical or transformer couplers 
without loss in accuracy. Outputs from multiple VFC's can be gated to 
common counter circuitry with simple digital logic. 

Burr-Brown monolithic VFC's include the VFC32, VFC62, and VFC320 
which provide industry standard performance and reliability in such 
applications as precision test and measurement equipment, data 
acquisition systems, and communications eqUipment. 
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SELECTION GUIDE 

VOLTAGE-TO-FREQUENCY CONVERTERS 

VFCs provide a simple low cost way of converting analog signals 
into digital form. They produce a pulse train with a repetition rate 
proportional to the amplitude of the analog input. The combination 
of accuracy; linearity, and low temperature drift make these units 

some of the best available. Simple low cost isolation is obtained 
when a VFC is used together with a DCI DC converter and a single 
optical coupler. 

VlF CONVERTERS 

Frequency Y,N Linearity, Tempco, 
Range Range' max max Temp 

Description Model111 (kHz) (V) (%ofFSR) (ppm ofFSR/'C) Rangel21 Package Page 

Low Cost, VFC32KP { User-, { User-,. ±0.01 at 10kHz 75 typ Com DIP 10-3 
Monolithic VFC32BM, (0) selected, selected ±0.05 at 100kHz ±100 Ind TO-100 10-3 

VFC:i2SM, (0). 500kHz, max ±0.2 at 500kHz ±150 MIL TO-100 10-3 

Military VFC321MIL Series I See Military Products, section 12. 

LowCosl VFC42BP 01010 010+10 ±0.01 ±1oo Ind DIP 10-11 
Complele VFC42SM Ot010 Oto+10 ±0.O1 ±1oo MIL DIP 10-11 

VFC52BP Ot01oo Oto+,O ±O.OS ±150 Ind DIP 10-11 
VFC52SM 010100 010+10 ±O.OS ±150 MIL DIP 10-11 

Precision VFC62BG ±O.OOS at 10kHz ±50 Ind DIP 10-17 
Monolithic VFC62BM { "- {~'- : . ±0.005 al 10kHz ±50 Ind TO-100 10-17 

VFC62SM selected, selected ±O.OOS at 10kHz ±50 MIL T0100 10-17 
VFC62CG 1MHz max ±0.002 at 10kHz ±20 Ind DIP 10-17 
VFC62CM ±0.002 at 10kHz ±20 Ind TO-100 10-17 

VFC320BG ±O.OOS at 10kHz ±50 Ind DIP 1Cl-40 
VFC320BM { ~" {~" ±O.OOS al 10kHz ±50 Ind TO-1oo 1Cl-40 
VFC320SM selected, selected ±O.005 at 10kHz ±5O MIL TO-100 1Cl-40 
VFC320CG 1MHzmax ±0.002 al 10kHz ±20 Ind DIP 10-40 
VFC320CM ±O.OO2 at 10kHz ±20 Ind TO-100 1Cl-40 

Synchronized VFC100AG { Clock 010+10 0.025 at 100kHz ±100 Ind DIP .10-2S 
Monolithic VFC100BG Programmed. Oto+10 0.lat1MHz ±50 Ind DIP 10-25 

VFC100SG . 2MHz max 010+10 0.025 at 100kHz ±100 MIL DIP 10:25 
.. .. 

NOTES: (1) "(0)" indIcates product also avaIlable WIth screening for Increased reliabIlity. See HIgh Reliablilly ScreenIng, sectIon 12. (2) Com = 0 10 
+70'C; Ind = -2S'C to +B5'C; MIL = -55?C to +125~C. 
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BURR-BROWN@) 

IElElI VFC32 

For a /8838 version of this 
product, see VFC32/8838 in 
the Military Products section. 

Voltage-to-Frequency 
and Frequency-to-Voltage 

CONVERTER 

FEATURES APPLICATIONS 
• RELIABLE MONOLITHIC CONSTRUCTION • INEXPENSIVE A/D AND D/A CONVERTER 

• HIGH LINEARITY • DIGITAL PANEL METERS 
±O.O1% max at 10kHz FS 
±O.05% max at 100kHz FS 

• TWO-WIRE DIGITAL TRANSMISSION WITH NOISE IMMUNITY 

• V/F OR F/V CONVERSION 
• FM MOD/DE MOD OF TRANSDUCER SIGNALS 

• 6-DECADE DYNAMIC RANGE 
• PRECISION LONG TERM INTEGRATOR 

• VOLTAGE OR CURRENT INPUT 
• HIGH RESOLUTION OPTICAL LINK 

• OUTPUT DTL/TTL/CMOS COMPATIBLE • AC LINE FREQUENCY MONITOR 
• MOTOR SPEED MONITOR AND CONTROL 

DESCRIPTION 
The VFC32 monolithic voltage-to-frequency and 
frequency-to-voltage converter provides a simple 
low cost method of converting analog signals into 
digital pUlses. The digital output is an open collector 
and the digital pulse train repetition rate is pro
portional to the amplitude of the analog input 
voltage. Output pulses are compatible with DTL, 
TTL, and CMOS logic families. 

The converter requires two external resistors and two 
external capacitors to operate. Full scale frequency 
and input voltage are determined by one resistor (in 

series with -IN) and two capacitors (one-shot timing 
and input amplifier integration). High linearity is 
achieved with relatively few external components, 
e.g., ±O.OI% at 10kHz. The other resistor is a non
critical open collector pull-up (foUT to + V ce). 

The VFC32 is available in three models and two 
package configurations. The TO-100 versions are 
hermetically sealed, and specified for the _25°C to 
+85°C and -55°C to + 125°C ranges, and the epoxy 
dual-in-Iine unit is specified from O°C to +70°C. 

'OUT 

Inlarnallonal Alrporl Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. Ji1021741f.fIf1 . Twx: 910·952·1111· Cable: BBRCORp· Telex: 66·6491 

PDS-372D 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25·C and +15VDC power supply unless otherWise noted. -

I . VFC32KP I VFC328M I . VFC32&M I 
CHARACTERISTICS CONDITIONS MIN TVP MAX MIN TVP MAX I MIN I TVP I MAX I UNITS 

INPUT (VIF CONVERTER) FOUT = Y,N 17.5 A,C" Figure 6 

Voltage RangePI 
Positive Input >0 +0.25mA '. V 

xAI 
Negative Input >0 -10 · · · V 

Current Range(11 >0 +0.25 · · · mA 
Bias Current 

Inverting Input 20 100 · · nA 
Nonlnverting Input 100 250 · nA 

Offset Voltagel21 1 4 · · mV 
Differential Impedance 3001110 6501110 · · kOIi pF 
Common-mode 
Impedance 300 113 500 113 · - MOil pF 

INPUT (FN CONVERTER) VOUT = 7.5 A,C, F,N, Figure 9 
Impedance 50 1110 150 11)0 · kOIi pF 
Logic "1" +1.0 · V 
Logic"O" -0.05 · V 
Pulse-width Range 0.1 150klFMAl · "sec 

ACCURACY 

Linearity ErrorC3J 0.01 Hz Soper. 
Ireq S 10kHz ±O.OO5 ±O.01(J(4) · · %oIFSR(5) 
O.lHzSoper -
Ireq S 100kHz ±0.025 ±d.05 · · · %ofFSR 
O.5Hz$oper 
Ireq S 500kHz ±0.05 %oIFSR 

Offset Error Input 
Offset Voltage(2) 1 4 · · mV 

Offset Drifl(6) ±3., ppm 01 FSRi"C 

Gain Errort2) S · · · %oIFSR 
Gain Drifll6) I = 10kHz ±75 ±50 ±100 ±70 ±150 ppmfOC 

Full Scale Drift 1=10kHz ±75 ±SO ±100 ±70 ±150 ppm 01 FSRI"C 
(offset drift & 
gain drlfl)(6)(7) 

Power Supply I = DC, ±Vcc = 12VDC 
Sensitivity to 18VDC ±O.O15 · % 01 FSRI% 

OUTPUT (VIF CONVERTER) (open collector outpul) 

Voltage, Logic "0" ISINK-8mA 0 0.2 0.4 · · . · V 
Leakage Current, 

Logic"l" Vo=15V 0.Q1 1.0 p.A 
Voltage, Logic "1" External pull-up resistor 

required (see Figure 4) VPU · · V 
Pulse Width For Best Linearity 0.251FMAX · · sec 
Fall Time lOUT = SmA, CLOAD = SOOpF 400 · · nsec 

OUTPUT (FN CONVERTER) VOUT 

Voltage 10 $ 7mA Oto+l0 · V 
Current "Vo S 7VDC +10 · mA 
Impedance Closed loop 1 · 0 
Capacitive Load Without oscillation 100 ; · pF 

DYNAMIC RESPONSE 

Full Scale Frequency 50(1(6) . · kHz 
Dynamic Range 6 - · decedes 
SeUllngTlme (VIF) to specllied linearity 

lor a lull SCale input step 19) · l' Overload Recovery < 50% overload (9) · 
POWER SUPPLY 

Rated Voltage ±15 V 
Voltage Aange ±11 ±20 · V 
Quiescent Current ±5.S ±B.O · mA 

TEMPERATURE RANGE 

Specification 0 +70 -25 +65 -55 +125 ·C, 
Operating -25 +65 . -55 +125 -55 +125 ·C 
Storage -25 +85 -65 +150 -65 +150 ·C 

. .. 
Specilication the same as VFC32KP 
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NOTES: 
1. A 25% duty cycle 10.2SmA input current) Is recommended where possible 10 achieve best linearity. 
2. Adjustable to zero. See Offset and Gain Adjustment section. 
3. Linearity error is specified at any operating frequency from the straight line Intersectlng90% of full 

scale frequency and 0.1% ollullscale frequency. See Discussion of Specifications section. 
Above 200kHz, it is recommended an grades be operated below +8SoC. 

4. ±O.Q1S% of FSR for negative inputs shown in Figure 7. Positive inputs are shown In Figure 6. 
S, FSR = Full Scale Range Icorresponds to full scale frequency and full scale input vollage). 
6. Exclusive of external components' drift. 
7. Positive drift Is defined to be increasing frequency with increasing temperature. 
8. For operation above 200kHz up to 500kHz, see Discussion of Specifications and Installation and Operation sections. 
9. One pulse of new frequency plus llAsec. 

ABSOLUTE MAXIMUM RATINGS 

Supply Vollages 
Output Sink Current (Fou,) 
Output Current (Vou,) 
Input Vollage, -Input 
Inpot VOllage, +Input 
Comparator Input 
Storage Temperature Range 

VFC32BM, SM 
VFC32KP 

MECHANICAL 

±22 
SOmA 
+20mA 
±Supply 
±Supply 
±Supply 

-6S·C to +IS0·C 
-2S"C to +8SOC 

VFC32BM, VFC32SM 
TO-100 PACKAGE 

NOTE: 
Leads in true position within B--I 

VFC32KP 
EPOXY DUAL-IN-LiNE 

NOTE: 
Leads in true position within' FA

-

CA=-:J 
O.IO"(O.25mm) R at MMC at 

1-~A 
0.10-10.25mml Rat MMC at 

~ 
seating plane. seating plane. 

Denotes Pin: 

Pin numbers shown for 7 -;J , 
reference only. 
Numbers may not be 
marked on package. 

~ 
INCHES MILLIMETERS 

Seating ~ -----. 
DIM MIN MAX MIN MAX INCHES MILLIMETERS C 
A .33. .370 8.51 9.40 

Plane ~'--D DIM MIN MAX MIN MAX - ~ 
B .306 .335 7.75 B.51 N A .660 .785 16.76 19.9<4 J D::J C ,165 .185 4.19 4.70 

L. B .220 .280 5.59 7.11 , , 
0 .018 .021 0.41 0.53 '0 'I') c - .200 - 5,DB 

E .010 .040 0.25 1.02 , +... .' 0 .015 .023 0.38 0.58 H G Plane 

F .010 .040 0.25 1-02 ~fo'\-..!oo,. G F .030 .070 0.76 1.78 

G .230 BASIC 5.84 BASIC ('H~ -:;-J 
G .100 BASIC 2.548ASIC rcL~ H .028 .... 0.71 0.86 H .030 .095 0.76 2.41 

J • 029 .... 0.7 • 1.14 J .OOB .015 0.20 0.38 

~ K .500 ' -- 12.70 -- K .100 - 2.54 -
L .120 .160 3.05 .... L .300 BASIC 7.62 BASIC 

M 38° BASIC 36° 8ASIC M - 15° - 15° 

N .110 .120 2.79 3.05 N .020 .050 0.51 1.27 

PIN CONFIGURATIONS 

VFC32BM, VFC32SM VFC32KP 
TO-I 00 PACKAGE EPOXY DUAL-iN-LINE PACKAGE 

(TOPVtEW) 

NC = NO tNTERNAL CONNECTION. 
EXTERNAL CONNECTION PERMITTED. 
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NC VOUT 

NC +Vee 

-Vee COMMON 

ONE-SHOT COMPARATOR 
CAPACITOR INPUT 

NC NC 

fOUT NC 

ITOPVIEW) 



DISCUSSION OF 
SPECIFICATIONS 
LINEARITY 
Linearity is the maximum deviation of the actual transfer 
function from a straight line drawn between the end 
points'(90% of full scale input orfrequency and 0.1% of 
full scale called zero). Lineadty is the true measure of 
voltage-to-frequency converter's performance, and is a 
function of the full scale frequency. Refer to Figure 1 to 
determine typical linearity error for your application. 
For a given full scale frequency, the linearity error 
decreases with decreasing operating frequency as shown 
in Figure 2. Also, best linearity is achieved at lower gains 
(.1FouT/.1 VIN) with operation as close to the chosen full 
scale frequency as possible. 

The high linearity of the VFC32 makes the device an 
excellent choice for use as the front end of A/ D 
converters with 8- to 12-bit resolution, and for highly 
accurate transfer of analog data over long lines in noisy 
environments (2-wire serial data'transmission). 

DolO 

D.D4 
IE 
reO.DZ 
"15 

e:. D.Ol 
! 
10.1114 
:! - TyplcalT A = +25"C 

0J1D2 

111111 0.001 
lk 2k 4k 10k ,2Dk 4Dt lD01t 2DDIt 4l11li 1.0M 

,Full SClII Fllq .. IIIIY IHzl 

FIGURE 1. Linearity Error vs Full Scale Frequency. 
(25% Duty Cycle) , , 

+1.0 
IFULL SCALE = 10kHz 

Typical I 
+0.5 

TA = +25°C 

~ 

! 0 l/ 
~ -r- '~ / I "'"'-

-0.5 

:1.8 
0 lk 2k 3k 4k 5k 6k 7k Bk Uk 10k 

,0parlUng Frlquaney IHzl 

FIGURE 2. Linearity Error vs Operating Frequency. 
(25% Duty Cycle) 

FREQUENCY STABILITY va TEMPERATURE 

, The full scale frequency drift of. the VFC32 versus 
temperature is expressed as parts p'er million of full scale 

range per °C.' As shown in Figure 3, the drift increases 
above 100kHz, and this should be taken into accou'nt for 
specific applications: To determine the total accuracy 
drift over temperature, the drift coefficients of external 
components (especially R,and CI) must be added to'the 
drift ,,£the V FC32. Above 200kHz, it is recommended all 
grades be operated 1:ielow +85°C; Higher duty cycle (up to 
50%) and higher outpilttnlnsiStor collector current (up to 
J5mA) will be required. Linearity will, however, be 
degraded . 

10lI0 

4DD 

i u 2IIJ 
~ ~ 

... ~ P .!!!l1io I=::TYP iSM. KPI ~~ JI!-.0 

.!iii 
=§i.e, «J ... f-- I-TYP IBMI 

2D ·111 " 

10 II 
lk 2k 4k lDk 1011c 2DDk 40Dk 1.0M 

Full SClI. Fllquancy IHzI 

FIGURE 3. Full Scale Drift vs Full Scale Frequency. 
(25% Duty Cycle) 

RESPONSE 

, Response of the VFC32 to changes in input signal level is 
specified for a full scale step, and is I microsecond plus I 
pulse ofthe new frequency. For a 10 volt input signal step 
with the YFC32 operating at ,100kHz full scale, the 
settling time to within ±0.01%, of full scale is II 
microse~onds. ' 

THEORY OF OPERATION 
The VFC32 monolithic voltage-to-frequency converter 
provides a digital pulse train output whose repetition rate 
is directly proportional to the arialog input voltage in 
Figure 4. ' , 

Essentially, the input amplifier acts as an integrator that 
produces a 2-part ramp. The first part is a function of the 

. inp4t voltage, and the second part dependent on the 
current sink. When a positive input voltage is applied at 
VIN, a constant, current will flow through the input 
resistor, causing the voltage at fIN to ramp down toward 
zero, according to dV/dt.= VIN/ RICI. During this time, 
the constant current sink is disabled by the switch. Note, 
this period is only dependent on VIN and integrating 
components. When the ramp reaches a voltage close to 
zero, the comparator will cause the one-shot to fire. The 
one-shot period is determined by an internal 7.5V 
reference and CI. The fouT·signal will then change logic 
states, going from a "0" to a "I ", and the switch will close, 
enabling the constant current sink. The ramp voltage will 

. then change direction ,and begin to ramp up. Since 
VIN/ RI is always set upto be less than I rnA, the current in 
the integrating capacitor will flow toward the summing 
junction, and the ramp voltage rate of change will be; 
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INPUT RESISTOR 
Rl 

VIN O--N' ...... --I--+-'-I 

CONSTANT CURRENT SINK 
ImA 

.;: SWITCH 

FIGURE 4. Functional Block Diagram of the VFC32. 

VIN -lmA 
RI' 

Before the ramp voltage can saturate the input amplifier, 
the one-shot will reset, disabling the current sink, 
changing tlie output state back to logic "0", and restarting 
the cycle. Since the integrating capacitor C2 affects both 
the rising and falling segments of the ramp voltage, its 
tolerance and temperature coefficient do not affect the 
output frequency. It should, however, have a leakage 
current that is small compared to V IN / R.. since this 
parameter will add directly to the gain error of the VFC. 
CI, which controls the one-shot period, should be very 
precise since its tolerance and temperature coefficient 
add directly to the errors in the transfer function. 

To operate the VFC32 as a highly linear frequency-to
voltage converter, open the connection between VOUT and 
fIN, and connect V IN to VOUT. The input frequency should 
be coupled' through a capacitor to fIN, and a positive 
output voltage proportional to fIN will be generated at the 
VOUT connection. For details see Installation and Opera
ting Instructions. 

The total VFC period is determined by the following 
equations, which is shown graphically in Figure 5. 

f =-1-o t 

t = tl + 12 and i = c dv/dt 

, C2" C2 

t=dVOUTt\ VIN/(Rt} +dVouT12 VIN/(RI)-lmA 

and: 

.I.C1 
ONE·SHOT 

-:;:- CAPACITOR 

+VpUU·UP 
15V TO 15V TYPICALLy) 

PULL·UP 
RESISTOR R2 

The equations reduce to: 

fo 
7.5(Rt} CI 

, FIGURE 5. Integrator and VFC Output Timing. 

DUTY CYCLE 

The duty cycle (D) ofthe VFC is the ratio of the one-shot 
period (12) or pulse width, PW; to the total VFC pedod (tl 
+ 12). Itis measured at the full scale input voltage, which 

, gives the full scale output frequency, FFS. ' 

12 
D=~=PWxFFs 

PW= -'2..... 
, FFS 

Duty cycle is related to the maximum input current and 
the ImA (nominal) current sink. By reducing the equa
tions for 12 and fo: 

0= Vll; max/(RI) = _1::;IN;;.;;.;m::a::x_ 
ImA ImA 

A 25% duty cycle or less is recommended to achieve the 
best linearity. This corresp<;mds to a maximum input 



current ofO.25mA. However, for frequencies above 
200ICH"z a higher duty cycle (up to 50%) will provide more 
stable high' temperature operation at a sacrifice in 
linearity. 

In general, designs with the VFC32 include: (I) Choosing 
FMAX, (2) Choosing the duty cycle (D = 0.25 typically), (3) 
Determining the one-shot PW, and (4) Calculating CI, 
C2, RI, R2, and R3• 

INSTALLATION AND 
OPERATINQ INSTRUCTIONS 
The VFC32 can be connected to operate as a V / F 
converter that will accept either positive or negative input 
voltages, or an input current. Refer toFigures 6 anq 7. 

C2 INTEGRATOR CAP. 

v+ 
"BYPASS lOUT 
WITHO.oII'F PIN NUMBERS IN SQUARES REFER TO DIP 

FIGURE 6. Connection Diagram for V / F Conversion, 
Positive Input Voltages. 

PIN NUMBERS IN SQUARES REFER TO DIP 

FIGURE 7. Connection Diagram for V / F Conversion, 
Nc;gative Input Voltages. 

Differential inputs are also possible, (in Figure 7 lift 
ground on R3 and drive R3 and pin 14 differentially). 
Note, no CMR will be present. 

The full scale frequency and full scale input voltage 
(current) are established by the selection of values for R I, 

,C2, and CI. Most applications will require a gain 
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adjustment pot (R3), bui the offset adjust network (R4, 
R5) can be omitted if input offset voltages of 1m V to 4m V 
can be tolerated. R2 is an output pull up resistor and its 
value depends on the pull up voltage and output drive 
req uirements. 

EXTERNAL COMPONENT SELECTION ~FUTERIA 
One-shot Capacitor, CI. This capacitor determines the 
duration of the output pulse, and is a function of the full 
scale frequency, according to this equation: 

CI(pF) = 33i 106/fMAX - 30 
Above 425kHz use 47pF 

Select the closest standard valueto the capacitance given 
by the equation. The initial tolerance of this capacitor is 
not critical since R3 will be adjusted to remove initial gain 
errors. The temperature drift is critical, since it will add 
directly to the errors in the transfer function. An NPO 
ceramic type is recommended. Every effort should be 
made to minimize ,the parasitic capacitance at this 
connection to the VFC32 and CI should be mounted as 
close as possible. Figure 8 shows pulse width and FS 
frequency for various values of CI. 

1000 100,. 

i" 
i 100 10 o!i!. 
..3 Ii 

i I 
I .. 

10 i 
! 

I D.1 
0.0001 0.001 0.01 0.1 

C.plClllnc8 CI (~ 

FIGURE 8. Output Pulse Width (D = 0.25) and Full 
Scale Frequency vs Exterrial One-shot 
Capacitance. 

Input Resistor RI and R3. RI and R3 determine the 
magnitude of ,the current which charges the integrator 
capacitor. It is a function of the full scale input voltage, 
according to this equation for 25% duty cycle. 

RI (kO) [90% - % tolerance Cil x VIN max/0.25mA 
RI is scaled down by [I-(initial CI tolerance + 0.1)] to 
allow the addition of a series gain adjusting pot, R3. 

R3 (kO) = VIN max/0.25mA - RI 
R I should have a very low temperature coefficient since 
this drift adds directly to the errors in the transfer 
function. If the input signal is a current rather than a 
voltage, R I and R3 should be replaced with a short 
circuit, and the full scale input current should be 0.25mA 
(25% duty cycle). Removal of gain error then requires 
adjustment ofCI. 



Integrating Capacitor C2. C2,is a function of the full scale 
frequency, according.to this equation: 

C2(I'F) = HY jfMAX below 100kHz 
O.OOII'F min above 100kHz 

Select the closest standard value to the capacitance given 
by the equation. The initial tolerance and temperature 
stability are not critical since these errors do no affect the 
transfer function. Since the leakage current of the 
capacitor introduces a gain error, select a capacitor with 
leakage that is small compared to the full scale input 
current e.g., 0.25mA. A mylar type is recommended. 

Output Pull Up Resistor R2. The open collector output 
can sink up to 8mA and still be TTL-compatible. Select 
R2 according to this equation: ' 

R2 min (0) = VpuLLUp/(8mA - iLOAO) 

A 10% carbon composition resistor is suitable for use as 
R2. 

Operation above 200kHz up to 500kHz requires higher 
duty cycles up to 50% (hN = 0.5mA) and a pull-up resistor 
that permits l5mA to flow in the output transistor. At 
this speed, capacitive loading should be minimized to 

, 100pF or less to allow the output voltage time to rise to 
logic one. Due to the large collector current, the logic 
zero may rise above+O.4V. This may require an interface 
circuit such as diode clamp or voltage comparator .for 
coupling to TTL inputs. Note, that linearity will degrade. 
Also, it is recommended to stay below +85°C at high 
freq uencies. 

FREQUENCY-TO-VOLTAGE CONVERSION 

To operate the VFC32 as a frequency-to-voltage con
verter, connect the unit as shown in Figure 9. To interface 
with TTL-logic, the input should be coupled through a 

, capacitor, and the input to pin 10 biased near+2.5V. The 
converter will detect the falling edges of the input pulse 
train as the voltage at pin 10 crosses -O.6V. Choose C3 for 
appropriate value of t (see Figure 9). For input signals 
with amplitudes less than 5V, pin 10 should be biased 
closer to zero, to insure that the input signal at pin 10 
crosses the -O.6V threshold. Errors are nulled following 
the procedure given on this page, using 0.00 I X full scale 
frequency to null offset, and full scale frequency to null 
the gain error. Use equations from V jF calculations to 
find Rio R3, R4, Rs, CI and C2. 

POWER SUPPLY CONSIDERATIONS 
The powersupply rejection ratio of the VFC32 is 0.0 15% 
of FSR/% max. To maintain ±0.015% conversion. 
power supplies which are stable to within ±I% are 
recommended: These supplies should be bypassed as 
close as possible to the converter withO.OII'F capacitors. 

Current in the fouT pin (logic sink current) flows in the 
common connection (pin II of DIP package). It is 
advisable to separate this common lead ground from the 
analog ground associated with the integrator input to 
avoid errors produced by logic current flowing through 
any ground return impedance. 
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Trimming Components R3. R4. R5. 
R5 nulls the offset voltage of the input amplifier. It 
should have a series resistance between IOkO and 100kO 
and a temperature coefficient less than 100ppm/"C. R4 
can be a 20% carbon composition resistor with a value of 
IOMO. 

R3 nulls the gain errors of the converter and compensates 
for initial tolerances of RI and CI. Its total resistance 
should beat least20%ofRI, ifRI is selected 10% low (see 
R I equation). Its temperature coefficient should be no 
greater than five times that of R I. to maintain a low drift 
of the R3 - R I series' combination. 

OFFSET AND GAIN ADJUSTMENT PROCEDURES 

To null errors to zero. follow this procedure: 
I. Apply an input voltage that should produce an output 

frequency of 0.001 X full scale. 
2. Adjust R5 for proper output. 
3. Apply the full scale input voltage. 
4. Adjust R3 for proper output. 
5. Repeat steps I through 4. 

If nulling is unnecessary for the application. delete R. and 
R,. and replace R3 with a short drcuit. ' 

PIN NUMBERS IN SQUARES REFER TD DIP ..A.-, ~/ 

r-___ -'lNv--:;:-'I"Rl"-------~ .D.Or i+15V 

R5 R4 

·15V 

-111-

·BYPASS WITH D.ol~F 

FIGURE 9. Connection Diagram for F/V Conversion. 

DESIGN EXAMPLE 
Given a full scale input of+IOV. select the values of R .. 
R2, R3, CI, and C2 for a 25% duty cycle at 100kHz 
maximum operation into one TTL load. See Figure 6. 

Selecting CI 
CI = 33 X 106 I fMAX - 30 

= 33 X 106 1100kHz - 30 
= 300pF 

Choose a 300pF NPOc~ramic capacitor with ±I% 
tolerance. 

Selecting RI and R3 (for 0=0.25; for 0=0.5 useO.5mA) 
RI - [90% - % tolerance of CI] x VIN max I 0.25mA 

= [0.9 - 0.1] x IOV 10.25mA 
= 32kO 



Choose a 32.4kO metal film resistor with ± I % 
tole·r!!nce. 
R3 = IOV /0.25mA - R, 

=SkO 
Choose a 10kO cermet potentiometer' 

Selecting C2 

C2 -:- 102/ FMAX 

= 1021 100kHz 
=O.OOIItF 

TYPICAL APPLICATIONS 
Excellent linearity, wide dynamic range, and coinpatible 
TTL, DTL, and CMOS digita'i output make the VFC32 
ideal for a variety of,VFC applications. High accuracy 

I SENSOR ~ . VFC32 

Choose a 0.00 litE mylar capacitor with ±5% tolerance. 

Selecting R2 
R2 - VpuLLUP/(SmA- iLOAo) 

= 5V / (SmA - 1.6mA), one TTL-load = 1.6mA 
= 7SI0. 
Choose a 7500 1/4-watt carb'on composition 
resistor with ±5% tolerance. 

allows the VFC32 to be used where absolute or. exact 
readings must be made. It is also suitable for systems . 
req uiring high resolution up to 12-bits. 

Figures 10 - 14 show typical applications of the ,VFC32. 

COUNTER 

COMPUTER 

PARAlLEL 
DATA 

FIGURE 10. Inexpensive AI D with Serial Transmission of Digital Data. 

DIFFERENTIAL --'+I 
INPUT 

FIGURE I I. Inexpensive Digital Panel Meter. 

PRECISION 
DC LEVELS 

DOWN TO IIhV 
FULL. SCALE 

D.oJ % LINEARITY 

'OUT 8CO 
COUNTER 

FIGURE 12. Remote Transducer Readollt via Fiber Optic Link'(analog and digital output). 

20kCl 2DliCl 10V 

REFIOI 
11 

10 

13 
VFC32 

+15V 

2kCl 

OTO 
10kHz 

OUTPUT 

3300PFT 
-15V '<l 

FIGURE 13. Bipolar input is accomplished by offsetting 
the input to the VFC with a reference 
voltage, Accurately matched resistors in 
the REFIOI provide a stable half-scale 
output frequency at zero volts input. 

SUiN 81T0-...;...-....... '" 
OUT 

C2 

VFC32 
+ 

INTEGRATOR 
. CURRENT 

o.OI"F. 

'OUT 

32TOpF C, 

FIGURE 14. Absolute value circuit with the VFC32. Op 
amp, Di and Q, (its base-emitter junction 
functioning asa diode) provide full-wave 
rectification of bipolar input voltages., VFC 
output frequency is proportion'al to led. 
The sign bit output provides indication of 
the input polarity. 
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BURR-BROWNIID 

113131 VFC42 
VFC52 

VOLTAGE-TO-FREQUENCY AND 
FREQUENCY-TO-VOLTAGE CONVERTER 

FEATURES 
• V/F ORF/V CONVERSION 

• TWO FREQUENCY RANGES 
10~Hz(VFC42) 
100kHz (VFC52) 

• LOW NONLINEARITY 
±D.01% max (VFC42) 
±O.05% max (VFC521 

• MINIMAL EXTERNAL COMPONENTS REQUIRED 
Add only one external resistor for V/F operation, 

• 6 DECADE DYNAMIC RANGE 

• OUTPUT DTL/TTL/CMOS COMPATIBLE 

DESCRIPTION 
VFC42 and VFC52 are hybrid microcircuits which 
can be connected as voltage-to-frequency or 
frequency-to-voltage converters. They provide a 
simple, low cost method of converting analog signals 
into an equivalent digital form. The digital output is 
an open collector which can be made compatible 
with DTL, TTL, or CMOS logic. The output is a 
train" of constant-amplitude, constant-width pulses 
whose repetition rate is proportional to the amplitude 
of the analog input voltage. In the frequency-to
voltage mode the "pulses become the input and the 
proportional DC voltage, the output. 
Both models are offered in epoxy (-25° C to +85°C) 
and hermetic metal (-25°C to +85°C and -55°C to 
+12S°C) 14-pili DIP packages. ' 

InllmalOlllI Airport Industrial Put· P.O. Box 11400 • TlICI8n. Arizona 85734 • Tal. 16021 748·1111 . Twx: 910-952·1111 • Cable: BBRCORP • Telex: 66-64111 

PDS·390C 
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THEORY OF OPERATION 
VFC42 and VFCS2 hybrid voltage-ta-frequency conver
ters proVide a'digital pulse train output whose repetition 
rate is directly proportional to the analog input voltage. 
To understand the, circuit's operation see F.gure 1. _ 

The input amplifier is connected in an integrator config
uration. When a positive input voltage is applied at VIN, 
a constant· current flows through the input resistor 
causing voltage at fiN to ramp down toward zero, 
according to dV /dt = VIN/RIC2. During this time the 
constant current sink is disabled by the switch. When the 
ramp reaches zero'volts, the comparator causes the one
shot to. fire. The f.u, signal then changes states, going 
from logic 0 to logic I and the switch closes, enabling the 
constant current sink. Ramp voltage then changes direc
tion and begins to ramp up. Since V IN/Ri is always set to 
be less than ImA, current in the integrating capacitor 
flows toward the summing junction and ramp voltage 

FIGURE 1. Functional Block Diagram. , 

range of change will be 

. " IVIa)_ ImA 
~= \R=1 -=-~_ 
dt C2' 

Before the riunp voltage can saturate the input amplifier, 
the one-shot resets, disabling the current sink, changing 
the output state back to logic 0 and restarting the cycle. 

To operate VFC42 and YFC52 as highly linear frequency
ta-voltage converters, open the connection between VOUT 
and Fnl and connect VIN to VOUT. The input frequency 
should be coupled through a capacitor to fiN. A positive 
output voltage proportional .to fiN will be generated at 
the VOUT connection. An elttemal capacitor connected 
between pins 13 and 14 (paralleling C2) should be added 
tD reduce output ripple. Refer to Operating Instructions 
for detailed information on F /V operation. 

VFC42 VFC52 

C, 3300pF 33OpF' 
p p 

DISCUSSION OF SPECIFICATIONS 
LINEARITY 
Linearity, the maximum deviation of the actual transfer 
function from a straight line drawn between the end 
points (full scale input and zero input), is the true 
measure of a FVC's performance and is a function of full 
. scale frequency. The high linearity of VFC42 and VFCS2 
makes these devices an excellent choice for use in A/D 
converters with 10 (0.05%) and 12 bit (0.012%) accuracy 
and for highly accurate analog data transfer over long 
lines in noisy environments. 

FREQUENCY STABILITY VS TEMPERATURE 
Frequency stability vs temperature is eltpressed is parts 
per million of full scale range per °C. Since ,frequency 

,drift is a function of the specified temperature range, the 
"SM" models will meet the lower drift specifications of 
the "BM" models over the narrower -25°C to +85°C 
temperature'range. Error sources do not drift linearly 
over temperature, consequently the units drift much less 
at higher temperatures. ' 

RESPONSE TIME 
Response time of VFC42 and VFC52 to input signal 
level changes is specified for a full scale step and is I"sec 
plus I period of the new frequency., Typical settling time 

, to within rated linearity for a positive input voltage step 
of +IOV is 101"sec for VFC42 and U"sec for VFC52. 
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SPECIFICATIONS 
ELECTRICAL 
Specifications at T. = +25·C, and ±15VDC power .upplles unle.s otherwise noted, 

MODEL YFC42 ¥FC52 

MIN TYP MAX MIN TYP MAX UNITS 

Full Scale ~requency 10 100 kHz 

INPUT 

Analog Input (v/F) 
Voltage Range 0 10 0 +10 V 
Current Range 0 +0.25 0 +0.25 rnA 
Input Bia. Current (pin 14) Inverting Input 6 6 6 6 nA 
Input Ollset Voltage (trlmmable to zero) 100 200 100 200 /IV 
Input Impedance (pin 1) 32 40 48 32 40 48 kCl 

Frequency Input (FN) (pin 10) 
Logic L4vels: Logic "0" --Vee -0.6 -V"" -0.6 V 

Logic "1" +1.0 +V"" +1.0 +Vee V 
Pulse Width Range (t., Fig. 6) 0.1 15 0.1 1.5 /lSec 
Impedance 11110 1.21110 11110 1.21110 MClIl pF 

TRANSFER CHARACTERISTICS 

Transfer Functions fOUT = V'N (1.00 X 10') fOUT = V'N (1.00 X 10') Hz 
VOUT = "N (10 X 10") VOUT = f'N (10 X 10"') VDC 

Accuracy 
Full Scale Gain (adjustable 10 zero) 0.1 0.2 0.1 0.2 '110 
Linearity Error: 0.01 Hz SF S 10kHz 0.005 0.01 '110 of FSR'" 

0.1Hz S F S 100kHz 0.025 0.05 '110 01 FSR 
Ollset Error (pin 1) 0.001 0.002 0.001 0.002 '110 of FSR 
Power Supply Sensltivlly'" 0.015 0.015 'IioofFSRI'IIo 

Temperalure Stability 
Analog Inpul 

Full Scale Drift (gain and oflsel) 
Grade: BP (hoVcold)'" ±15/±50 ±30/±I00 ±201±50 ±30/±150 ppm/·C 

BM ±15/±50 ±30/±I00 ±20/±50 ±30/±I50 ppm/·C 
SM ±30/±60 ±501±100 ±301±60 ±501±150 ppm/··C 

Oflsel Drift 
. Grade: BP ±1 ·±3 ±1 ±3 ppm 01 FSR/· C 

BM ±1 ±3 ±1 ±3 ppm of FSRrC 
SM ±1 ±3 ±1 ±3 ppm of FSR/·C 

Frequency Input 
Full Scale Drill (gain and ollsel) 

Grade: BP (hoVcold)'" ±15/±50 ±30/±I00 ±20/±50 ±301±150 ppri1l·C 
BM ±15/±50 ±30/±I00 ±20/±50 ±30/±I50 ppmrC 
SM ±30/±60 

; 
±501±100 ±301±60 ±501±150 ppmfOC 

Dynamic Response 
SeHlIng Time 10 wilhln linearity 

specilication lor full seale inpul slep 1 period of new lrequency+ lpsec 1 period of new Irequency + l/1Sec 
Overload Recov~ry Time 1 period of new frequency + lpsec 1 period of new frequency + lpsec 

OUTPUT 

Voltage Output 
Vollage Range (10 S 5mA) 010+10 010+10 V 
Output Current (Vo S 7V) +10 +10 mA 
Oulputlmpedance (closed loop) 1 1 Cl 
Capacitive Load 100 100 pF 

Frequency Oulput (open colleclor) 
Pulse Characteristics: Logic "1" +Vpuu.-u!?' +Vpuu.-up V 

Logic "0" (allo S -8mA) 0 +0.4 0 +0.4 V 
Pulse Width 20 25 2.0 2.5 /lSec 

Oulput Sink CUrrenl (Logic "0", S 0.4V} 8 8 mA 
Outpul Leakage Current (Logic '1") 1 1 pA 
Fall Time (lOUT = -SmA, c..o.o = 500pF) 400 400 nsec 

POWER SUPPLY REQUIREMENTS 

Rated Supplies ±15 ±15 V 
Supply Range ±9 ±2O ±9 ±2O V 
Supply Drain (independent of operating frequency) ±a.5 ±7.5 ±6.5 ±7.5 mA 

TEMPERATURE RANGE 

Specification: BP, BM -25 +85 -25 +65 ·C 
SM -55 +125, -55 +125 ·C 

Operating: BM,SM -55 +125 -55 +125 ·C 
BP -55 +100 -55 +100 ·C 

Slorage: BM,SM -55 +125 -55 +125 ·C 
BP -25 +85 :"25 +65 ·C 

NOTES: (1) '110 of FSR - '110 of Full Scale Range. (2) Rated at lull seale Input and ±15V supplies. \3) HOI- +2O·C 10 hIghest rated temperalure; cold = 
lowesl raled temperalure to +2O·C. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltages 
Output Sink Currant (F-.) 
Output Currant (V ...... ) 
Input Voltage, Pin 14 
Input Voltage, Pin 1 
Storage Temperatura Range 
Grade: BM, SM 

BP 

MECHANICAL 

±22V 
50mA 
+20mA 
±Supply 
±Supply 

-55°C to +125OC 
-25°C to +85°C 

rAJ rig VFC42BM, VFC42SM 
• VFC52BM, VFC52SM 
1-- Hermetic Metal Package 

. '0 P', 14-Pln DIP 

8r'I'Jt 
DIM 

A 

B 

C 

0 
G' 

Pin number,shown for r.t.renc. only. H 

Numbers .r. not marked on PKk."", • 

Tolerance (Inches): .xxx ±O.OO5; .xx ±O.02 
Connector. 14-pln DIP (145MC) 

INCHES 

MIN MAX 

.86. .8s • 

A9. .510 

.170 .250 

.016 .021 

.100 BASIC 

,115 .155 

:,50 .300 

.300 BASIC 

.OS. .120 

MILLIMETERS 
MIN MAx 

21.84 22.35 

12.45 12.95 

4.32 6.35 

0.41 0.53 

2.54 BA5.le 

2.92 3.94 

3.81 7.62 

7.62 BASIC 

2.03 3.05 

Case Material: Basa - gold plated kovar, Cap - nlCkel-piated kovar or siasl 
Pin material and plating compositions: Conforms to MIC-5TD-883, Method 

2003 (solderability) except paragraph 3.2 (aging). 
Hermetlclty: Conforms to MIL-5TD-aa3, Method 1014, Condition C, Step 1, 

Fluorocarbon (II""'" leak). ' 

VFC42BP, VFC52BP 
Epoxy Package 

14-Pln DIP 

Pin material and plating composition: 
Conform to Method 2003 (solderability) 
of MIL-5TD-aa3 (except paragraph 3.2). 

INCHES 
DIM MIN MAX 

A .790 .810 

.490 .510 

C .190 .260 

0 .018 • 021 

G .10aSASle 

H .OS. .116 
Pln.numtt.r. thown for ,.f.,.nce onlv. • ,130 .300 
Numblir. are not marked on pack •• 

L .300 BASIC 

R .OS. .115 

, Tolerance (Inches): .xxx ±O.OO5 
.xx·±0.02 

Connector. 14-pln DIP (145MC) 
Casa Malerlal: Epoxy , 

MILLIMETERS 
MIN MAX 

20.07 2Q.57 

12.45 12.95 

4.83 6.60 ..... 0.53 

2.54 BASIC 

2.OJ 2.92 

3.30 7.62 

7.62 BASIC 

2.03 ~ 2.92 
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OPERATING INSTRUCTIONS 
VFC42 and VFC52 can be connected for either V/F or 
F/V operation. Only one external component, the output 
pull-up resistor, is required for V/F. operation. F/V 
operation requires the pull-up resistor and input biasing 
components. Gain error is the most significant error in 
either configuration and may be nulled out with the 
optional trim circuit (Rx and Ry). The offset error is 
laser trimmed at the factory and no external adjustment 
is required. 

Power Supply Consideration: Power supplies stable to 
within ±l% are recommended to maintain conversion 
accuracy. Each supply should be bypassed with O.OlI'F 
capacitors located as close to the VFC as possible. 

VOLTAGE-TO-FREQUENCY OPERATION 

Calculating the Value of Pull-Up Resistor, .liP: The open 
collector output can be used to drive DTL, TTL, CMOS 
or discrete circuits. The maximum collector current 
allowed for TTL circuits in logic 0 is SmA. Rp may be 
calculated by this equation: 

Rp min = V pull-up/(8mA - iLOAD). 

A 10% carbon composition resistor is suitable for this 
purpose. The collector current may be as great as 30mA 
if a logic 0 voltage of l.OV is tolerable. 

Gain Adjustment Procedure: Connect Rx and Ry as 
shown in Connection Diagram. Apply positive full scale 
voltage to the input and adjust Rx until 10kHz ±IHz 
(VFC42) or 100kHz ±IOHz (VFC52) is obt,ained at foUT• 

Rx and Ry should have temperature coe(ficients of 
<500ppm. These external components will add less than 
5ppm/DC to temperature drift. 

FREQUENCY-TO-VOLTAGE OPERATION 

!!.lp.ut Characteristics: VFC42 and VFCS2 can be connec
ted as frequency-ta-voltage converters as shown in, 
Connection Diagram. fIN should be a positive pulse train 
with minimum pulse width of 1.0l'sec and rise and fall 
times of:5 300nsec. The input train (fIN) is differential 
and applied to the input of the comparator (pin 10) (see 
Figure 2). Threshold voltage. of the comparator lies 
between -0.6 and +l.OV. When comparator input is less 
than -0.6V it triggers the one-shot. 

~g RA, RB, and CA Input components RA, RB and 
CA are selected so that the trigger voltage (V T) is more 
negative than -0.6V and transition time (12) is between 

TABLE I. F/V Input Component Selection 

V'NPVr(V) VFC42 VFC52 
Input VBIAS 

R. Type Low High (V) R. C. R •. R. C. 
(kO) (kO) (pF) (kO) (0) (pF) 

TTL S+I1.4 ~2.8 +1.1 12 1.0 1000 8.2 680 880 

5V 
CMOS S+0.5 ~+4.5 +1.2 18 1.6 2200 9.1 820 880 

10V 
CMOS S+1.0 ~9.0 +1.1 12 . 1.0 2200 6.2 510 680 

15V 
CMOS S+1.5 ~+13.5 +1.1 12 1.0 2200 6.2 510 680 

0.3l'sec and 151'sec for VFC42 and between 0.3l'sec and 
l.5l'sec for VFC52. Table I give values for input compo
nents for several common signal sources. Values for RA, 
RB and CA may be selected by the user when input signal 
characteristics differ from those listed. Conditions de
scribed above for trigger voltage and transition time 
must be observed. 

Equations to calculate trigger voltage and transition 
time are: 

VT = VB + V;n (e-'il r - I) 

1- VB 
t2 = - rln [Vin (e-'i/r -I)] 

VB = Bias voltage on pin 10 

V;n = Input pulse amplitude 

tl = Input pulse width 

r = Time constant of RA, RB CA as connected 

If input pulse amplitude is greater than +Vcc - IV, a 
vQltage larger than + V cc will be applied to pin 10 .. Since 
this may damage the unit, a diode connected across RA 
with the cathode tied to +Vcc is required. 

Output Characteristics: Selecting CB: Output ripple 
VOltage amplitude is inversely proportional to the input 
frequency and to the value of the integrating capacitance, 
C2 + CB. Conversely, time required for the output to 
settle is directly proportional to the value of C2 + CB and 
is least with small values of C2 + CB. There is, therefore, 
a trade-off between output ripple amplitude and output 
settling time. 

Because ripple amplitude is greatest at lowest input 
frequency it is at this point where the trade-off will 
usually be made. Ripple voltage and integrating capaci
tance value are related in this manner: 

-(25 X 1O-6)t", 
CD = farads 

In[l- ~~~'] 

where t is equal to 251'sec in the VFC42 and 2.5l'sec in 
the VFC52 and C is the integrating capacitance. 
Calculating output response time versus integrating 
capacitance is an iterative process and is plotted in 
Figure 3. These curves are for zero to full scale input 
frequency transitions. If faster response time with lower 
ripple voltage is desired, a low-pass filter can be 
connected in series with the output. 

Gain Adjustment Procedure: Connect Rx and Ry as 
shown in Connection Diagram. Apply full scale fre
quency to the input and adjust Rx until the full scale 
voltage is +IOV ±lmV (discounting ripple). Rx and Ry 
should have temperature coefficients of < 500ppm. 
These external components will add less than 5ppm/DC 
to temperature drift. 
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VT 

FIGURE 2. F/V Input Waveforms. 

APPLICATION 
VFC42 and VFCS2 can be used to convert analog data 
into a digital pulse train for transmission over long lines 
through high EMI environments. lliustrated in Figure 4 
is aV/F, F/V combination that can be used to transmit 

-IIV +IIV 

OII+IOv 

FIGURE 4. V/F, F/V Data Transmission Circuit. 

1 

~ 
;;- Ie I FI ID 

" S 

" I ·.O'~ 
ID ;;; 

.M ~ " t ".0' na !ilue .MS 
".- U E 

:\j -:; .n ~~ 1IIIIIn 
ii I r:ln~ 
~ 

1:0 111111 N 
VFC42 ' ·O 10 100 1000 ,0: VFC52 0.1 1.0 10 100 

Settling Time (moec) 

FIGURE 3. F I V Mode Output Settlmg Time vs. Ripple 
Voltage Amplitude for Full Scale Frequency 
Change. 

IIIIIpF 

analog .data of 0 to +IOV over a loon shielded, twisted
pair. The voltage ripple amplitude at the output will be 
IOmV for a IOVoutput and the settling time for a full 
scale 0 to +IOV change is 60 milliseconds. . 

+lIV -IIV 

h--...... - ,OII+IOV 
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BURR-BROWN® 

IElElI VFC62 

Voltage-to-Frequency 
and Frequency-to-Voltage 

CONVERTER 

FEATURES 

• HIGH LINEARITY, 12 to 14 bits 
±O.005%max at 10kHz FS 
±O.03% max at 100kHz FS 
±O.1% typ at 1 MHz FS 

• 6-DECADE DYNAMIC RANGE 

• 20ppm/oC max GAIN DRIFT 

• OUTPUT DTLITTL/CMOS COMPATIBLE 

• ACTIVE PULL-UP OUTPUT 

DESCRIPTION 
The VFC62 monolithic voltage-to-frequency and 
frequency-to voltage converter provides a simple low 
cost method of converting analog signals into digital 
pulses. The digital pulse train repetition rate is 
proportional to the amplitude of the analog input 
voltage: In the noise-immune digital form the analog 
signal may be transmitted long distances without 
degradation. I t may be converted to a binary number 
with a counter or microprocessor or may be returned 

·IN 

+IN 

APPLICATIONS 
• INEXPENSIVE AID AND D/A CONVERTER 

• DIGITAL PANEL METERS 

• 2-WIRE DIGITAL TRANSMISSION WITH NOISE 
IMMUNITY 

• FM MOD/DEMOD OF TRANSDUCER SIGNALS 

o PRECISION LONG TERM INTEGRATOR 

• HIGH RESOLUTION OPTICAL LINK FOR ISOLATION 

• AC LINE FREOUENCY MONITOR 

• MOTOR SPEED MONITOR AND CONTROL 

to analog form using a frequency-to-voltage con
verter. 
The digital output is an active pull-up type which 
provides better load driving capability than the usual 
open collector outputs. Output pulses are DTL. TTL 
and CMOS compatible. High accuracy (±O.005% 
max nonlinearity at 10kHz) is achieved with relatively 
few external components. Only one resistor and two 
capacitors are required. 

" 

, 
, p-

o, 
" 
" '0 :: 

,...... .. _ r 
---,"'-<---' 

'OUT 

International Airport Industrial Park - P.O. Box 11400· Tucson. Arizona B5734 - Tal. (602) 746-1111 - Twx: 910·952-1111 - Cable: BBRCORP - Talex: 66-6491 

PDS-484B 
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SPECIFICATIONS' 
ELECTRICAL 
At TA';'. +25°C and ±15VDC power supply unless otherwise noted. 

VFC62BG/BM/SM VFC82CG/CM 

CHARACTERISTICS CONDITIONS MIN TYP MAX MIN TYPI MAX 1 UNITS 

V/F CONVERTER fOUT = VIN/7.5 R,C,. Figure 4 

INPUT TO OP AMP 
Voltage Range('1 Fig. 4 with"" = 0 >0 Note 2 V 

Fig. 4 with e, = 0 <0 -10 V 
Current Range(1l liN =V'N/R'N +0.25 +750 ~A 

Bias Current 
Inverting Input 4 S nA 

Noninverting Input 10 30 nA 

Offset Voltagel31 ±O.15 mV 

Offset Voltage Drift ±5 pV/oC 

Differential Impedance 300ilS 6S0 115 kn II pF 
Common-mode 

Impedance . 300113 SOO 113 kn II pF 

ACCURACY 
Linearity Erron'1I4115) Fig. 4 with"" + = 0(6) 

0.01 Hz'; foUT ,; 10kHz ±0.004 ±O.005 ±O.OOIS ±O.002 %of FSR 
0.1 Hz ,; fOUT ,; 100kHz ±O.OOS ±O.03 . %ofFSR 

'IHz'; lOUT'; lMHz ±0.1 % of FSR 

Offset Error Input Offset Voltage(3) ±15 . ppm of FSR 
Offset Driftl7) ±O.S ppm of FSR/oC 

Gain Error(3) 
, 

±5 ±10 'KIofFSR 

Gain Driftl71 f = 10kHz SO 20 ppm of FSRrC 
Full Scale Drift 1= 10kHz 50 20 ppm of FSR/oC 

f offset drift & 
gain driftl7J(6119) 

±Vee = 14VDc:;.to ISVDC Power Supply Sensitivity ±0.Q15 %01 FSR/% 

DYNAMIC RESPClNSE 
Full Scale Frequency CLOAD ';50pF 1 MHz 

Dynamic Range 6 decades 

Settling Time IViFI to specified linearity 
for a lull scale input step Note 10 

Overload Recovery < 50% overload Note 10 

ACTIVE PULL-UP OUTPUT 
Voltage. Logic "0" .' ISINK = SmA. max 0.4 V 
Voltage. Logic "I" V.U - 2.6 Vpu , V 
Duty Cycle at FS For Best Linearity 25 % 
Fall Time lOUT = SmA, CLOAD = 500pF 100 nsec 

FN CONVERTER VOUT - 7.5 R,C, F,N, Figure 9 

INPUT TO COMPARATOR 
Impedance 501110 1501110 kn II pF 
Logic "1" +1.0 +Vee V 
Logic "0" -Vee -0.05 V 
Pulse-width Range 0:25 .#lsee 

OUTPUT FROM OP AMP 
Voltage 10=7mA Oto+l0 V 
Current Vo'C7VDC +10 mA 

Impedance Closed-loop 0.1 n 
Capacitive Load Without oscillation 100 pF 

POWER SUPPLY 

Rated Voltage ±15 . V 

Voltage Range, Vee ±13 ±20 V 
Pull-up Voltage +3.5 +Vee V 
Quiescent Current not including load current " *6 ±6.7 mA 

TEMPERATURE RANGE 

Specification 
-2Stl+ss B and C Grades °c 

S Grade -55 tl +125 °c 
. Operating 

B and C Grades -2S to +85 °c 
S Grade -SStotl25 °C 

Storage -65 +IS0 -{l5 +150 °c 

'Specification the same as for VFC62BG/BM/SM. 
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NOTES: 
1. A 25% duty cycle at full scale 10.25mA input current) is recommended where possible to aChieve best linearity. 
2. Determined by RIN and full scale current range constraints. 
3. Adjustable to zero. See Offset and Gain Adjustment section. 
4. Linearity error at any operating frequency is defined as the deviation from a straight line drawn between the full scale frequency and 

0.1% of full scale frequency. See Discussion of Specifications section. 
5. When offset and gain errors are nulled, at an operating temperature, the linearity error determines the final accuracy. 
6. For e, = 0 typical linearity errors are 0.01% at 10kHz. 0.2% at 100kHz. 
7. Exclusive of external components drift. 
8. FSR = Full Scale Range I corresponds to full scale frequency and full scale input voltage). 
9. Positive drift is defined to be increasing frequency with increasing temperature. 

10. One pulse of new frequency plus SOnsec typical. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltages 
Output Sink Current at fOUT' 
Output Current at VOUT 
Input Voltage. -Input 
Input Voltage. +Input 
Storage Temperature Range 

±20V 
SOmA 
+20mA 
±Vcc 
±Vcc 

Lead Temperature (soldering. 10 secondsl 
-65·C 10 +15O"C 
+3()()OC 

MECHANICAL 

VFC62BM, CM/SM 
TO-100 PACKAGE 

NOTE: ~: ~ 
Leads In true pOSition wlthm I - ~ 
0.10' (0.25mm) RatMMCat ~ =11 
seating plane. ~---. 
Pin numbers shown for reference only. E F ..J 
Numbers may not be marked on package. K 

Seatmg _. __ j 
'--'--;;IN:;;C:;'H;;:E~S-"T-;-:';-:-;;7,:;:;;;:~ Plane ......a.- 0 MILLIMETERS 

DIM MIN MAX MIN MAX 
N 

L 
8.51 9.40 

;.' t' ' .. it 7.75 8.51 

4.19 4.70 

0.41 0.53 

~~o>~ 0.25 1.02 

0.25 1.02 

5.B4 BASIC 

c 

.335 .370 

.305 .335 

.165 .185 

.016 .021 

.010 .040 

.010 .040 

. 230 BASIC 

D 

G 

H .028 .034 0.71 0.86 

.029 .04" 0.74 1.14 

.500 -- 12.70 --

.120 .160 3.05 4.06 

M 36° BASIC 36° BASIC 

N .11Q .120 2.79 3.05 

PIN CONFIGURATIONS 

MPACKAGE 
ITO-l 00) 

-Vee ICASE) 

ONE-SHOT 
CAPACITOR 

8 COMMON 

VPU fOUT 
NC = NO INTERNAL CONNECTION. 
EXTERNAL CONNECTION PERMITIED. 
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VFC62BG/CG 
CERAMIC DUAL-IN-LiNE 

NOTE: 

~I~~~IJ 
Leads in true pOSition Within 
0.tO"10.25mml R at MMC at 
seating plane. 

Pin numbers shown for L.J l.-.I 
reference only. Numbers may F 

""~mm~~~~ mfm~ 
L~~ I-l~~GJ-.. " .. 

INCHES 
DIM MIN MAX 
A .670 .710 

C .06" .170 

0 .015 .021 

F • .04S .060 

G .100 BASIC 

H .025 .070 

J .008 .012 

K .120 .240 

L .300 BASIC 

M -- 10· 

N .009 .060 

G PACKAGE 
I DUAL-IN -LINE) 

-IN 

NC 

NC 

-Vee 

ONE-SHOT 
CAPACITOR 

Vpu 

fOUT 

MILLIMETERS 

MIN MAX 
17.02 18.03 

1.65 4.32 

0.38 0.53 

1.14 1.52 

2.64 BASIC 

0.64 1.78 

0.20 0.30 

3.05 6.10 

7.62 BASIC 

- 10· 

0.23 1.52 

ITOPVIEW) 

11 COMMON 

COMPARATOR 
INPUT 

9 NC 



DISCUSSION OF 
SPECIFICATIONS 
LINEARITY 

Linearity is the maximum deviation of the actual transfer 
function from a straight line drawn between the end 
points (100% full scale input or frequency and 0.1 % offull 
scale called zero). Linearity is the most demanding 
measure of voltage-to-frequency converter performance, 
and is a functiOll of the full scale frequency. Refer to 
Figure I to determine typical linearity error for your 
application. Once the full scale frequency is chosen, the 
linearity is a function of operating frequency as it varies 
between zero and full scale. Examples for 10kHz full 
scale are shown in Figure 2. Best linearity is achieved at 
lower gains (.HOUTI j. Y,N) with operation as close to the 
chosen full scale frequency as possible. 

The high linearity of the VFC62 makes the device an 
excellent choice for use as the front end of AID 
converters with 12· to l4-bit resolution, and for highly 
accurate transfer of analog data over long lines in noisy 
environments (2·wire digital transmission). 

0.10 

D.04 

D.02 

0.01 

0.004 

D.OO2 

nl 

J 

~ 

"A=+l5°~ 

.0FYYi· 

lk 2k 4k 10k !Ok 40k lOOk 200k 400k 1M 

Full Sclll FnqlllllCY IHzI 

FIGURE I. Linearity Error vs Full Scale Frequency. 
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FIGURE 2. Lmearlty Error vs Operatmg Frequency. 

FREQUENCY STABILITY VS TEMPERATURE 

The full scale frequency drift of the VFC62 versus 
temperature is expressed as parts per million offull scale 
range per 'CO As shown in Figure 3, the drift increases 
above 10kHz. To determine the total accuracy drift over 
temperature, the drift coefficients of external components 

(especially R, and C,) must be added to the drift of the 
VFC62 , . 

1000 

, 
a AND S GRADES 

e'GR1DEI I III "" -10 I 

It Zk 4k 10k lOOk 200t 400k 1 M 

Full Scali Fnqulncy 1Hz) 

FIGURE 3. Full Scale Drift vs Full Scale Frequency. 

RESPONSE 

Response of the VFC62 to changes in input signal level is 
specified for a full scale step, and is 50nsec plus I pulse of 
the new frequency. For a IOV input signal step with the 
VFC62 operating at 100kHz full scale, the settling time to 
within ±0.01% offull scale is lOll sec. 

THEORY OF OPERATION 

The VFC62 monolithic voltage-to-frequency, converter 
provides a digital pulse train output whose repetition rate 
is directly proportional to the analog input voltage. The 
circuit shown in Figure: 4 is composed of an input 
amplifier, two comparators and a flip·flop (forming a 
one-shot), two switched current sinks, and an active pull
up output transistor stage. Essentially the input amplifier 
acts as an integrator that produces a two-part ramp. The 
first part is a function ofthe input voltage, and the second 
part is dependent on the input voltage and current sink. 
When a positive input voltage is applied at V IN, a current 
will flow through the input resistor, causing the voltage at 
VOVT to ramp down toward zero, according to dV I dt = 
V IN I R,C I. During this time the constant current sink is 
disabled by the switch. Note, this period is only dependent 
on Y,N and the integrating components. 

When the ramp reaches a voltage close to zero, 
comparator A sets the flip-flop. This closes the current 
sink switches as well as changing fOUT from logic 0 to logic 
I. The ramp now begins to ramp up, andlmA charges 
through C, until VCI = -7.5V. Note this ramp period is 
dependent on the I rnA clirrent sink, connected to the 
negative input of the op amp, as well as the input voltage. 
At this -7 .5V threshold comparator B resets the flip-flop, 
and the ramp voltage begins to ramp down again before 
the input amplifier has a chance to saturate. In effect the 
comparators and flip-flop form a one-shot whose period 
is determined by the internal reference and a I rnA current, 
sink plus the external capacitor, C,. After the one-shot 
resets, fouT changes back to logic 0 and the cycle begins 
again. 

, The transfer function for the VFC62 is derived as follows 
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Cz 

VIN: 

'OUT~ 

VIN 

FOR POSITIVE INPUT VOLTAGES '-----.----t,,-----+.----------::t-~ 
USE 81' SHORT ez. 

'OUT = 7.5RICI 

COMMON 
FOR NEGATIVE INPUT VOLTAGES 

USE Bz. SHORT 81' 
FOR DIFFERENTIAL INPUT VOLTAGES 

USE 81 and 8Z' 

,Vee CI I OIIE-SHOT 
..... CAPACITOR 

OW' 

PIN NUMBERS SHOWN FOR "M" PACKAGE (TO·IOO) 

FIGURE 4. Functional Block Diagram ohile VFC62 . 

. for the circuit shown in Figure 4. Detailed waveforms are 
shown in Figure 5. 

I 
foUT = tl + 1, (I) 

I n the time tl + 1" the integrator capacitor C2 charges and 
discharges but the net voltage change is zero. 

Thus ~Q = 0 = hN tl + (hN - IA) t2 (2) 

OV 

·7.5V 

I I 

(3) 

(4), (5) 

(6) 

-fL 
FIGURE 5. Integrator and VFC Output Timing. 

In the time t2, In charges the one-shot capacitor CI until 
its voltage reaches -7.5V and trips comparator B. 

C1 7.5 
Thus t2 = -- (7) 

. . In . VIN In 
U~Ing (7) In (6) YIelds fO~T=7.5 RICI XI;' (8) 
Since IA = In the result IS 

VIN 
fOUT = 7.5 RICI (9) 
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Since the integrating capacitor, C2, affects both the rising 
and falling segments of the ramp voltage, its tolerance 
and temperature coefficient do not affect the output 
frequency. It should, however, have a leakage current 
that is small compared to hN, since this parameter will 
add directly to the gain error of the VFC. CI, which 
controls the one-shot period, should be very precise since 
its tolerance and temperature coefficient add directly to 
the errors in the transfer function. 

The operation of the VFC62 as a highly linear frequency
to-voltage converter, follows the same theory of opera
tion as the voltage-to-frequency converter. el and e2 are 
shorted and FIN is disconnected from VOl]")". FIN is then 
driven with a signal which is sufficient to trigger 
comparator A. The one-shot period will then be 
determined by C I as before, but the cycle repetition 
frequency will be dictated by the digital input at FIN. 

DUTY CYCLE 

The duty cycle (D) of the VFC is the ratio ofthe one-shot 
period (t2) or pulse width, PW, to the total VFC period (tl 
+ t2). For the VFC62, t2 is fixed and tl + 1, varies as the 
input voltage. Thus the duty cycle is a function of the 
input voltage. Of particular interest is the duty cycle at 
full scale freq uency, DFS, which occurs at full scale input. 
DFS is a user-determined parameter which affects linearity. 

t2 
DFS = tl + t2 =; PW X fFs 

Best linearity is achieved when DFS is 25%. By reducing 
equations (7) and (9) it can be shown that 

D - VIN max / RI 
FS- ImA 

liN max 
Tnli\ 

Thus DFS = 0.25 corresponds to hN max = 0.25mA. 



INSTALLATION AND 
OPERATING INSTRUCTIONS 
VOL TAGE-TO-FREQUENCY CONVERSION 

The VFC62 can be connected to operate as a' V IF 
converter that will accept either positive or negative input 
voltages, or an input current. Refer to Figures 6 and 7. 

GAIN A~J. 
Cz INTEGRATOR CAP. 

"BYPASS WITH 0.01 ~F PIN NUMBERS IN SQUARES REFER TO DIP PACKAGE 

FIGURE 6. Connection Diagram for V I F Conversion, 
Positive Input Voltages. 

GAIN A~J. 
Cz INTEGRATOR CAP. 

• BYPASS WITH O.OI·.F 
PIN NUMBERS IN SQUARES REFER TO DIP PACKAGE 

FIGURE 7. Connection Diagram for V I F Conversion, 
Negative Input Voltages. 

EXTERNAL COMPONENT SELECTION 
In general the design sequence consists of: (1) choosing 
fMAX, (2) choosing the duty cycle at full scale (DFS = 0.25 
typically), (3) determining the input resistor. R, (Figure 
4), (4) calculating the one-shot capacitor, C" and. (5) 
selecting the integrator capacitor C2. 

!!.Iput Resistors R, and R3_ 
The input resistance(R, and R3 in Figures 6 and 7) is 
calculated to set the desired input current at full scale 
input voltage. This is normally 0.25mA to provide a 25% 
duty cycle at full scale input and output. Values other 
than DFs = 0.25 may be used but linearity will be affected. 
The nominal value of R,is 

R' - V'N max (10) 
,-- 0.25mA . 

If gain trimming is to be done, the nominal value is 
reduced by the tolerance ofC, and the desired trim range. 
R, should have a very-low temperature coefficient since 
its drift adds directly to the errors in the transfer function. 

One-Shot Capacitor, C, 

This capacitor determines the duration of the one-shot 
pulse. From equation (9) the nominal value is 

V'N 
C, nom = 7.5 R, fOUT (II) 

For the usual 25% duty at fMAX = V,N!R, = 0.25mA there 
is approximately 15pF of residual capacitance so that the 

d~ign value is. 33 x 10. . 
C, (pF) =r;;;- - 15 (12) 

where fFs is the full scale output frequency in Hz. The 
temperature drift ofC, is critical since it will add directly 
to the errors of the transfer function. An NPO ceramic 
type is recommended. Every effort should be made to 
minimize stray capacitance associated with C,. It should 
be mounted as close to the VFC62 as possible. Figure 8 
'shows pulse width and full scale frequency for various 
values of C, at DFs = 25%. 

10.0001~---r---T"'""--"'---"'Ig11 

l000~----~~--~----~------i 

g 
I I 
~ 11101---+----+-"""",.---::I~--_Il04 ... E' 
iii 'I 

~ 
101-----+-----~~----~~~~ 

FIGURE 8. Output Pulse Width (DFs = 0.25) and Full 
Scale Frequency. vs External One-shot 
Capacitance. 

IntegratinlliP-acitor, C2 

Since C2 does not occur in the. V IF transfer function 
equation (9). its tolerance and temperature stability are 
not important; however, leakage current in C2causes a 
gain error. A ceramic t>,pe is sufficient for most 
applications. The.value of C2 determines.the amplitude of 
VOUT• Input amplifier sa~uration, noise levels for the 
comparators and slew rate limiting of the integrator 
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determine a range of acceptable values, 

{ 
IrOO ; if fFs ~ 100kHz 

FS 

C, (,uF) = 0.001; if 100kHz < fFS ~ 500kHz 

0.0005; if fps > 500kHz 
Trimming Comp'onents R,. R., R, 

(13) 

R, nulls the offset voltage of the input amplifier. It should 
have a series resistance between IOkU and 100kU and a 
temperature coefficient less than 100ppmj"c. R4 can be a 
10% carbon filin resistor with a value of IOMU. 

R, nulls the gain errors of the converter and compensates 
for intitial tolerances of RI and CI. Its total resistance 
should be at least 20% ofRI. ifRI is selected 10% low. Its 
temperature coefficient should be no greater than five 
times that of RI, to maintai'n a low drift of the R3 - RI 
series combination. 

OFFSET AND GAIN ADJUSTMENT PROCEDURES 

To null errors to zero, follow this procedure: 
I. Apply an input voltage that should produce an output 

frequency of 0.00 I x full scale. 
2. Adjust R, for proper output. 
3. Apply the full scale input voltage. 
4. Adjust R3 for proper output. 
5. Repeat steps I through 4. 

If nulling is unnecessary for the application. delete R4 and 
R" and replace R3 with a short circuit. 

POWER SUPPLY CONSIDERATIONS 

The power supply rejection ratio of the VFC62 isO.015% 
ofFSR/% maximum. To maintain±0.015% conversion, 
power supplies which are stable to within ±I% are 
recommended. These supplies should be bypassed as 
close as possible to the converter with 0.0 I,uF capacitors. 
Internal circuitry causes some current to flow in the 
common connection (pin II on DIP package). Current 
flowing into the fouT pin (logic sink current) will also 
contribute to this current. It is advisable to separate this 
common lead ground from the analog ground associated 
with the integrator input to avoid errors produced by 
these currents flowing through any ground return impe
dance. 

DESIGN EXAMPLE 

Given a full scale input of + IOV, select the values of RI, 
R" R3, CI, and C, for a 25% duty cycle at 100kHz 
maximum operation into one TTL load. See Figure6. 
Selecting Q (DFS = 0.25) 

CI =[(33 x 106)/fMAx]-15 [(66 x 106)/fMAx]-15 
ifDFS = 0.5 

= [(33 X 106)/ 100kHz] -15 

=315pF 
Choose a 300pF'NPO ceramic capacitor with 1% to 10% 
tolerance. 

Selecting RI and R3 (DFs = 0.25) 

RI :I" R3 = VIN max/0.25mA 

= IOV /0.25mA 
=40kU 

VIN max/0.5mA 
ifDFs = 0.5 

Choose 32.4kU metal film resistor with I % tolerance and 
R3 = IOkU cermet potentiometer. 

~lecting.9. 

C, = 10' / Fm" 

= \0' /100kHz 
= O.OOI,uF 

Choose a O.OOI,uF capacitor with ±5% tolerance. 

FREQUENCY-TO-VOLTAGE CONVERSION 

To operate the VFC62 as a frequency-to-voltage con
verter, connect the unit as shown in Figure 9. To interface 
with TTL-logic, the input should be coupled through a 
capacitor, and the input to pin 10 biased near+2.5V. The 
converter will detect the falling edges of the input pulse 
train as the voltage at pin 10 crosses zero. Choose C, to 
make t = O.IT (see Figure 9). For input signals with 
amplitudes less than 5V, pin 10 should be biased closer to 
zero to insure that the input signal at pin 10 crosses the 
zero threshold. Errors are nulled following the procedure 
given on this page, using 0.00 I x full scale frequency to 
null offset, and full scale frequency to null the gain error. 
Use equations from V / F calculations to find RI. R" R4. 
R,. CI and C,. 

PIN NUMBERS IN SQUARES REFER TO DIP PACKAGE 

RI 

FIGURE 9. Connection Diagram for F/V Conversion. 

TYPICAL APPLICATIONS 
Excellent linearity, wide dynamic range, and compatible 
TTL, DTL, and CMOS digital output make the VFC62 
ideal for a variety of VFC applications. High accuracy 
allows the VFC62 to be used where absolute or exact 
readings must be made. It is also suitable for systems 

, requiring high resolution up to 14 bits. 

Figures 10 - 14 show typical applications of the VFC62. 
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SENSOR ~ 'VFC82 ~ COUNTER 
PARALLEL 

DATA HlBH NOISE 
IMMUNITY COMPUTER 

FIGURE 10. Inexpensive AID with Two-Wire Digital Transmission Over Twisted Pair. 

DIFFERENTIAL -.:;--..... 
INPUT 

FIGURE II. Ine~pensive Digital Panel Meter. 

PRECISION 
DC LEVELS 

DOWIITO IInV 
FULL SCALE 

0.005% LINEARITY 

lOUT 

FIGURE 12. Remote Transducer Readout via Fiber Optic Link (analog and digital output) . 

FIGURE 13. Bipolar input is accomplished by offsetting 
the input to the VFC with a reference 
voltage. Accurately matched resistors in 
the REFIOI provide a stable half-scale 
output frequency at zero volts input. 
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. SIGN 8ITo----1,... 
OUT 

FIGURE 14. Absolute value circuit with the VFC62. Op 
amp, DI and QI (its base-emitter junction 
functioning as a diode) provide full-wave 
rectification of bipolar input voltages. VFC 
output frequency is proportional to led. 
The sign bit output provides indication of 
the input polarity. 



BURR-BROWN® 

IElElI VFC100 

Synchronized 
VOLTAGE-TO-FREQUENCY CONVERTER 

FEATURES 
• FULL-SCALE FREQUENCY SET BY SYSTEM CLOCK, 

NO CRITICAL EXTERNAL COMPONENTS REQUIRED 
• PRECISION loV FULL-SCALE INPUT, 0.5% MAX GAIN 

ERROR 
• ACCURATE 5V REFERENCE VOLTAGE 
• EXCELLENT LINEARITY, 0.02% MAX AT 100kHz FS 

0.1% MAX AT lMHz FS 
• VERY-LOW GAIN DRIFT, 50ppm/oC 

APPLICATIONS 
• AID CONVERSION 
• PROCESS CONTROL 
• DATA ACQUISITION 
• VOLTAGE ISOLATION 

-COMPARATOR 
VOUT INPUT 

DESCRIPTION 
The VFCIOO voltage-to-frequency converter is an 
important advance in VFCs. The well-proven charge 
balance technique is used, however, the critical reset 
integration period is derived from an external clock 
frequency. The external clock accurately sets an 
output full-scale frequency, eliminating error and 
drift from the external timing components required 
for other VFCs. A precision input resistor is pro
vided which accurately sets a lOY full-scale input 
voltage. In many applications the required accuracy 
can be achieved without external adjustment. 

The open collector active-low output provides fast 
fall time on the important leading edge of output 
pulses, and interfaces easily with TTL and CMOS 
circuitry. An output one-shot circuit is particularly 
useful to provide optimum output pulse widths for 
optical couplers and transformers to achieve voltage 
isolation. An accurate 5V reference is also provided 
which is useful for applications such as offsetting for 
bipolar input voltages, exciting bridges and sensors, 
and autocalibration schemes. 

+Vcc 
10 CLOCKIINPUT 

R'N 
V,N ""':-b/20",kCl,.....-f 

NON·.....,:t--+-I 
INVERTING 6 

INPUT 

13 15 

ANALOG +COMPARATOR VR .. 

COMMON INPUT 
Cos -Vee 

DIGITAL 
COMMON 

Inlernalional Alrporllnduslrlal Park· P.O. Box 11400· Tucson. Arizona 85734· T81. (602) 746·1111 • Twx: 910-952·1111· Cable: BBRCORp· Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C and ±15VDC supplies unless otherwise noted. 

VFC10GAG/SG VFC10GBG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 1 UNITS 

TRANSFER FUNCTION 

Von.ge..lo-Fnoquoncr Mode lOUT = fCLOCK X (VtN/20V) 
Gain Error'" FSR == 100kHz ±0.5 ±1 ±0.2 ±C.5 %01 FSR 
LineariJy Error FSR == 100kHz. ±0.Q1 ±b.025 ±0.02 %01 FSR 

over temp. 
FSR = 500kHz, Cos = 60pF . ±0.015 i ±0.05 %of FSR 
FSR = 1MHz. Cos = 60pF ±0.025 ±0.1 %of FSR 

Gain Drlft'21 FSR = 100kHz ±70 ±1oo ±30 ±50 ppm of 
FSR,.C 

Referred to Internal VAEF 10 ±25 10 '1015 ppm of 
FSR,.C 

Offset Referred to Input ±1 ±3 ±1 ±2 mV 
Offset Drift ±12 . ±1oo ±6.5 ±25 /lV/oC 

Power Supply Rejection Full supply range 0.Q1 %N 
Response Time to Step Input Change One pe'riod of new output frequency plus one clock period. 

Currenl-to-Fnoquencr Mode fOUT = hOCK x (1IN/1mA) 

I 
Gain Error ±0.5 ±1 ±O.2 ±0.5 %01 FSR 
Gain Driftl2t ±120 ±2oo ±80 ' ±140 ppm of 

FSR/oC 

Frequency-to-Voltage Model31 VOUT = 20V X (flt¥fCl..OCK) 
Gain Accuracy·H FSR = 100kHz ±0.5 ±1 ±0·2 ±0.5 % 
Linearity FSR == 100kHz ±0.01 ±0.025 ±0.02 % 

Input R .... tor (R IN ) .. 
Resistance 19.8 20 20.2 .. kO 
Temperature Coefficient (Td21 ±50 ±100 ppm/oC 

INTEGRATOR OP AMP 

Yo. '" ±15O ±1000 pV 
VosDrift ±5 pVloC 
I, ±50 ±1oo ±25 ±50 nA 
10. 100 200 50 100 nA 
ADO. ZLOfD = SK'OJ~OOOOpF 100 120 dB 
CMRR 80 105 dBV 
eM Range -7.5 -HI.1 V 
VouTRange ZLOAD = SkCl/10000pF . -0.2 +12 V 
Bandwidth 14 MHz 

COMPARATOR INPUTS 

Input Current (operating) -11V < VCOMPAAATOA < +Vcc - 2V I 5 pA 

CLOCK INPUT (referenced to digital com~on) 

Frequency (maximum operating) 4.0 MHz 
Threshold Voltage 1.4 V 

Over temperature 0.8 2.0 V 
Voltage Range (operating) -Vcc+2V +Vcc- 2V V 
Input Current -Vee < VCLOCK < +Vcc 0.5 5 pA 
Rise Time 2 jlSec 

OPEN COLLECTOR OUTPUT (referenced to digital common) 

Voe lOUT = 10mA 0.4 V 
IDe 15 mA 
10M (off leakage) VOM = 30V .01 10 pA 
Delay Time. positive clock edge to 

output pulse 300 nsec 
Fall Time 100 nsec 
Output Capacitance 5 pF 

OUTPUT ONE-SHOT 

Pulse Width Out 
Nominal PWOIJT = (Snsec/pF) x CO$>,- 90nsec 

I Cos = 300pF 1 1.4 2 jlSec 

REFERENCE VOLTAGE 

Accuracy No load 4.90 5.0 5.10 4.95 5.05 V 
Oriftt21 ±60 ±150 ±40 ±100 ppm/oC 
Current Output . (Sourcing capa~ility) 10 mA 
Power Supply Rejection 0.Q15 0.Q15 'IbN 
Output Impedance 0.5 2 0 

POWER SUPPLY. 

Rated Voltage ±15 V 
Operating Voltage Range 

(S86 Figure 9) +Vec +7.5 +28.5 V 
-Vee -7.5 -28.5 V 

Total Supply +Vcc - (-Vee) 15 36 V 
Digital Common -Vee + 2 +Vcc -.4 V 
Quiescent Current: +Icc Over temperature 10.6 15 mA 

-I", 9.6 15 mA 
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ELECTRICAL (CO NT) 
At T. ~ +25·C and ±15VDC supplies unless otherwise noted. 

VFC100AG/SG VFC100BG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 
Specification AG/BG -25 +85 . ·C 

SG -55 +125 ·C 
Storage AG/BG/SG -65 +150 ·C 
8 Junction-ambient 150 ·C/w 
8 Junction-case 100 . ·C/w 

·Specification same as AG grade. 
NOTES: (1) Ollset and gain error can be trimmed to zero. See text. (2) Specified br the box method: (Max. - Mln.)';- (Avg. X bTl. (3) Refer to detailed timing 
diagram in Figure 16 for frequency input signal timing require"!'lents. 

MECHANICAL 

INCHES 
DIM MIN MAX 

A .760 .885 

B .220 .280 

C .200 

D .015 .023 

F .030 .070 

G .100 BASIC 

H .030 .095 

J .OOB ,015 

K ,lOa 

L .300 BASIC 

M -" 's° 
N .020 .050 

NOTE: Leads in true posi
tion within .010" (.25mm) R 
at" MMC at seating plane. 

MILLIMETERS 

MIN MAX 

19.30 22.48 

5.59 7.11 

5.08 

0.38 0.58 

0.76 1.78 

2.54 BASIC 

0.76 2.41 

0.20 0.38 

2.54 

7.62 BASIC 

's° 
0.51 1.27 

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage (+Vee to -Vee) .................... ; 36V 
+Vcc to Analog Common ............................... 28V 
-Vee to Analog Common .............. '................. 28V 
Integrator Out Short-Clrcuit-to-Ground •••.•...••••• Indefinite' 
Integrator Dillerentialinput ............................. ±10V 
Integrator Common-Mode Input ••••••...•.•• -Vee +5V to +2V 

V'N (pin 7) """'''''''''''''''''''''''''''''''''''''''' ±Vee 
Clock Input ............................................ ±Vee 
VREF Qut Short-Clrcuit-to-Ground •••...•.••.••••.•.. Indefinite 
Pin 9 (Cos) ......................................... 0 to +Vee 
fOUT (referred to digital common) .••••••••.•.•••• -C.5V to 36V 
Digital Common ,,,,,,,,,,,,,,,,,,,,,,,, ±Vee 
Storage Temperature Range •••••.•.•...•••.. -65·C to +ISO·C 
Lead Temperature (soldering 10sec) ••... '.' .••.••••••.•.• 300·C. 

ORDERING INFORMATION 

VFC100 (X) G 

Basic Model Number ____ T----l J 
Performance Code ----------'

A, B = -25°C to +85°C 
S = -55°C to +125°C' 

Ceramic Package 
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PIN CONFIGURATION 

+vcc 16 V~, 

NC 15 + COMPARATOR IN 

NC 14 -COMPARATOR IN 

INTEGRATOR OUT 13 ANALOG COMMON 

Cint 12 DIGITAL COMMON 

NON INVERTING IN 11 fOul 

v," 10 CLOCK INPUT 

-Vee C~ 

TYPICAL PERFORMANCE 
CURVES 
At +25°C, ±Vc:c = 15VDC, and in circuit of Figure1 unless otherwise specified. 

<" 
§. 
E 
~ 
" () 
>. 
C. 
c. 
" '" 

15 

10 

o 
-75 

QUIESCENT CURRENT vs TEMPERATURE 

+Icc 

Icc 

-50 -25 o +25 +50 +75 +100 +125 
Ambient Temperature (·C) 

REFERENCE VOLTAGE vs REFERENCE LOAD CURRENT 

1111111 

~ 4.990 

~++~~~++++~~~++~~~~++~ 

J 4.980 I-++H++-I-++lI-++H++I-++lI-++H~II-I-++-l 

4.970 ~+++l4-H+l4-H-+l4-I++++~H-I-I+1-l 

o 10 15 20 25. 30 
Output Current (rnA\ 



THEORY OF OPERATION 
The VFCIOO monolithic voltage-to-frequency converter 
provides a digital pulse train output with an average 
frequency proportional to the analog input voltage. The 
output is an active low pulse of constant duration, with a 
repetition rate determined by the input voltage. Falling 
edges of the output pulses are synchronized with rising 
edges of the clock input. ' 

Operation is simila~ to a conventional charge balance 
VFC. An input operational amplifier (Figure I) is con
figured as an integrator so that a positive input voltage 
causes an input current to flow in RIN. This forces the 
integrator output to ramp negatively_ When the output 

of the integrator crosses the reference voltage (SV), the 
comparator trips, activating the clocked logic circuit. 
Once activated, the clocked logic awaits a falling edge of 
the clock input, followed by a rising edge (see Figure 2). 
On the rising edge, switch SI is closbd for one complete 
clock cycle, causing the reset current, II to switch to the 
integrator input. Since II is larger than the input current, 

CINT 

liN, the output of the integrator ramps positively during 
the one clock cycle reset period. The clocked logic 
circuitry also generates a VFC output pulse during the 
reset.period. 

Unlike conventional VFCcircuits, the VFC::lOOaccu
rately derives its reset period from an external clock fre
quency. This eliminates the critical timing capacitor 
required by other VFC circuits. One period (from rising 
edge to rising edge) of the clock input determines the 
integrator reset period. . 

When the negative~going integration of the input si~al 
crosses the comparator threshOld, integration of, the 
input signal will continue until the reset period can start 
(awaiting the necessary transitions ofthe clock). Output 
pulses are thus made to align ",ith rising edges of the 
external clock. This causes the instantaneous output fre
quency to be a subharmonic of the clock frequency. The 
average frequency, however, will be an accurate analog 
of the input voltage. ' 

A full scale input of IOV'(or an input current ofO.SmA) 
causes a nominal output frequency equal to one half the 

D.lpI' 
Fe' CLOCK ---J 
TTL/CMOS -:1:-' I . 

r-..... :.:..e_'OUT 

DIGITAL 

... .;,;;;;.:..-+.:-+.:-'---...,~----Io'l!"'--+. ... ~' aROUND 
15 I---. 

+Vcc D.I:F ~ 
'I" -Vee 

FIGURE 1. Circuit Diagram for Voltage-to-Frequency Mode: 

,~ 

FIG:URE 2. Timing Diagram for VOltage-to-Frequency Mode. 
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clock frequency. The transfer function is 

fOUT = (VIN/20Y) fCLOCK 

Figure 3 shows the transfer function graphically. Note 
that inputs above IOV (or O.SmA) do not cause an 
tncrease in the output frequency. This is an easily detec
table indication of an overrange input. In the overrange 
condition, the integrator amplifier will ramp to its nega
tive output swing limit. Whim the input signal returns to 
within the ,linear range, the integrator amplifier will re
cover and begin ramping upward during the reset period. 

lOUT 

o ------VON------ IOV 
o ION O.5mA 

FIGURE 3. Transfer Function for Voltage-to
Frequency Molie. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
The integrator capacitor CINT (see Figure I) affects the 
magnitude of the integrator voltage waveform. Its abso
lute accuracy is not critical since it does not affect the 
transfer function. This allows a wide range of capaci
tance to produce excellent results. Figure 4 facilitates 
choosing an appropriate standard value to assure that 
the integrator waveform voltage is within acceptable lim
its. Good dielec,trlc absorption properties are requiredto 
achieve best linearity. Mylar@, polycarbonate, mica, 
polystyrene, Teflon@ and glass types are appropriate 
choices. The choice in a given application will depend on 
the particular value and size considerations. Ceramic 
capacitors vary considerably from type to type and some 
produce significant nonlinearities. Polarized capacitors 
should not be used. 

Deviation from the nominal recommended +IV to 
-O.7SV integrator voltage (as controlled by the integra
tor capacitor value) is permissible IlIldwill have a negli
gible effect fJn VFC operation. Certain situations may 
make deviations from the suggested integrator swing 
highly desirable. Smaller integrator voltages, for Instance, 
allow moreJ'headroom" for averllging noisy input sig
nals. The VFC is a fully integrating input converter, able 
to reject large levels of interfering noise. This ability is 
limited only by the output voltage swing range of the 
integrator amplifier. By setting a small integrator voltage 
I swing using Ii large CINT value, larger levels of noise can 

be integrated without output saturation and loss of ac~u
racy. For instance, with a 50kHz full-scale output and 
CINT = O:I/lF, ,the circuit in Figure I can accurately 
average an input through the full 0 to IOV input range 
with IV p-p superimposed 60Hz noise. 

*This Is the maximum swing of the integrator output voltage 
referred to the comparator noninverting input voltage. 

FIGURE 4. Integrator Capacitor Selection Graph. 

The integrator output voltage should not be allowed to 
exceed +12V or -O.2V, otherwise saturation of the 
operational amplifier could cause inaccuracies., Opera
tion with positive power supplies less than +ISV will 

, limit the output swing of the integrator operational 
ainplifier. Smaller integrator voltage waveforms may be 
required to avoid output saturation of the integrator 
amplifier. See'''Power Supply Considerations" for infor
mation on low voltage operation. 

The maximum, integrator voltage swing requirement is 
nearly symmetrical about the comparator threshold volt
age (see Figure 12). One-third greater swing is required 
above the threshold than below it. Maximum demand 

. on positive integrator swing occurs at low scale, while 
the negative swing is greatest just below full scale. 

CLOCK INPUT 
The clock input is TTL- and CMOS-compatible. Its 
input threshold is approximately IAV (two diode voltage 
drops) referenced to digital ground (pin 12). The clock 
"high" input may be standard TLL or may be as high as 
+Vcc - 2V. A CMOS clock should be powered from a' 
voltage source at least 2V below the VFClOO's +Vcc to 
prevent overdriving the clock input. Alternatively, a 
resistive voltage divider may be used to limit the clock 

, voltage swing to + V cc - 2V maximum. The clock input 
has a high input impedance, so no special drivers are 
required. Rise time in the transi,tion region from O.5V to 
2V must be less than 2/lsec for proper operation. 

OUTPUT 
The frequency output is an open c'ollector current-sink 
transistor. Output pulses are active low such that the 
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output transistor is on only during the reset integration 
period (see Shortened Output Pulses). This minimizes 
power dissipation over the full frequency range and pro
vides the fastest logic edge at the beginning of the output 
pulse where it is most desirable. 

Interface to a logic circuit would normally be made using 
a pull-up resistor to the logic power supply. Selection of 
the pull-up resistor should be made such that no more 
than. l5mA flows in the output transistor. The actual 
choice of the pull-up resistor may depend' on the fulle 
scale frequency and th,e stray c'apacitance on the output 
line. The rising edge oran output pulse is determined by 
the RC time constant of the pull-up resistor and the stray 
capacitance. Excessive capacitance will produce a rounding 
of the output pulse rising edge, which may create problems 
driving some logic circuits. If long lines mlist be ddven, a 
buffer or digital line transmitter circuit shouid be used. 

The'synchronized nature of the VFClOO ~akes viewing . 
its output on ail· oscilloscope somewhat tricky. Since all 
output pulses align with the clock, it is best to trigger and 
view the clock on one of the input channels and the 
output can then be viewed on. another oscilloscope 
channel. Depending on the VFC input voltage, .the out~ 
put waveform may appear 'as if the oscilloscope is not 
properly triggered. The olitputmight best be visualized 
by imagining a constant' output frequency which is 
locked to' a submultiple of the clock frequency with 
occasional extra pulses or missing pulses to create the 
necessary average frequency. It is these extra or missing 
pulses that make the output waveform appear as if the 
oscilloscope is not properIy triggered. This is normal. 

C'NT 
CLOCK 

4 14 10 

v," _--.;, ...... W'-+-I 

CLOCK 
I 
I 

'OUT 

10--"'1 
I 

I --:, 

Experimentation with the input voltage and oscilloscope 
triggering will generally aIlow a stable view of the output' 
and provides an understanding of its nature. 

SHORTENED OUTPUT PULSES 

In normal operation, the negative output pulse duration 
is equal to one period of the clock input. Shorter output 
pulses may be useful.in driving OPtical couplers or trans
formers f()r, voltage isolation or noi&e rejection, This can 
be accomplished by connecting capaci~or Cos as shown in 
Figure 5. Pin.9 may be connected to +Vcc, deactivating the 
output one-shot circuit. The value of Cos is chosen accord
ing to the curve in Figure 6. Output pulses cannot be made 
to exceed one clock period in duration. Thus, a Cos value 
which would create an output pulse whicJ:i is longer than 
one period of the clock will have the same effect as dis
abling the on~-shot, causing the output pulse to last one 
clock period. The minimum practical pulse width of the 
one-shot circuit is approximately IOOnsec. Using Cos to 
generate shorter output pulses does I\ot affect the output 
frequency or the gain equation. 

. REFERENCE VOLTAGE 

Excellent gain drift is achieved by use of a precision 
internal 5V reference. This reference is brought to an 
external pin and can be used for a variety of purposes. It 
is used to offset the noninverting comparator input in 
voltage-tocfrequency mode (althougha. precise·voltage is 
not requried for this function). It is very useful in many 
other applications such as offsetting the input to handle 
bipolar input signals. It can source upto lOrnA and sink 
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OUTPUT PULSE WIDTH WITHOUT C~s 

FIGURI\ 5, Circuit and Timing Diagrl\m for Shortened Output Pulses. 
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FIGURE 6. Output One-Shot Capacitor Selection 
Graph. 

100JLA. Heavy loading of the reference will change the 
gain of the VFC as well as affecting the external refer
ence voltage. For instance, a lOrnA load interacting with 
a O.SO typical output impedance will change the VFC 
gain equation and reference voltage by 0.1%. 

Figure 7 shows the reference used to offset the VFC 
transfer function to convert a -SV to +SV input to zero 
to SOOkHz output. The circuit in Figure 8 uses the refer
ence to excite a 3000 bridge transducer. R, provides the 
majority of the current to the bridge while the V REF out
put supplies the balance and accurately controls the 
bridge voltage. The VFC gain is inversely proportional 
to the reference voltage, VREF. Since the bridge gain is 
directly proportional to its excitation voltage, the two 
eq'ual and opposite effects cancel the effect of reference 
voltage drift on gain. 

The reference output amplifier is specifically designed 
for excellent transient response to provide precision in a 
noisy environment. Although not required for normal 
operation, a O.OSJLF bypasss capacitor from the reference 

r-__ -t __ O_.O_l~_F~~~--~~--------~-.--+:~r-:-c~~-----'-+.,:::~~ 
11 fouT TTL (OR 5V CMOSI v,. 

-5 TO +5V -t---+MH-f 

13 15 

FIGURE 7. Circuit Diagram for Bipolar Input Voltages. 

16.7mA -INA10l 
INSTRUMENTATION 

, AMPLIFIER 

D.SmA 10 B.2mA' t 

B.5mA TO 15.9mA R, 

13 15 

FIGURE 8. Circuit Diagram for Bridge Excitation Using VREF. 
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output to analog ground (pin 13) may improve the rejec
tion of digital noise from external circuitry. 

OTHER INPUT VOLTAGE RANGES 

The internal input resistor, RIN = 20kO, sets a full-scale 
input of 10V. Other input ranges can be created by using 
an external gain set resistor connected t,o pin 5. Since the 
excellent temperature drifts of the YFClOO are achieved 
QY careful matching of internal temperature coefficients, 
use of an external gain set resistor will generally degrade 
this drift. Usil)g an external resistor to set the gain, the 
resulting gain drift would be equal to the ,sum of the 
external resistor drift and the specified current gain drift 
of the VFCIOO. Different voltage input ranges are best 
implemented by using the internal input resistor, RIN, in 
series or parallel with a high quality external resistor, 
thus maintaining as much of the precision temperature 
tracking as possible. . 

For best drift performance, the adjustment range of a 
fine gain trim sliould be made as narrow as practical. RI 
and R2 in Figure 9 allow gain adjustment over a ±I% 
range (adequate to trim the 100kHz FS gain error to 
zero) and will not significantly affect the drift perfor
mance of the VFClOO. R3.R4.and Rs allow trimming of 
the Integrator amplifier input offset voltage. The adjust
ment range is determined by the ratio of R4 to Rs. Accu
rate end-point calibration would be performed by first 
adjusting the offset trim so that zero volts input just 
causes all output pulses to cease. The gain trim is then 
adjusted for the proper full-scale output frequency with 
an accurate full-scale output frequency with an accurate 
full scale input voltage. " ' 

A different input voltage range could also be made by 
using only a portion of the normal input range of the 
VFC. For instance, a 2V full-scale input could be created 

CINT 

R, 2Mn 
4 14 

R, R'N 
V,. 

500n 

±I% 
GAIN 
TRIM 

20kn R, -.~ 
R. ":" 

3SO~n 

±3.75mV R. 
OFFSET 5DDn TRIM 

,10 

by using the internal input resistor and a clock frequency 
ofJOtimes the desired full-scale output frequency. 

LINEARITY PERFORMANCE 

The linearity of the VFCIOO is specified as the worst-case 
deviation from a straight line defined by low scale and 
high scale endpoint measurements. This worst-case devi
ation is expressed as a percentage of thelOV full-scale 
input. All units are tested and guaranteed for the speci
fied level of performance. 
Linearity performance and gain error change with full
scale operating fequencyas shown in Figure 10. Figure 11 

" shows the typical shape of the nonlinearity at 100kHz 
full scale. Integrator voltage swing (determined by CINT) 
has a minor effect on linearity. Small integrator voltage 
swing typically leads to best linearity perfonnance. 
Best linearity performance at high full-scale frequencies 
(above 500kHz) is obtained by using short output pulses 
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'0.01 

TYPICAL NONLINEARITY AND GAIN ERROR 
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Nonlinearity V V 
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",.-V /" 
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1 

FIGURE 10. Nonlinearity and Gain Error vii Full Scale 
, Frequency. 
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FIGURE 9. Circuit Diagram for Fine Offset and Gain Trim. 
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with a one-shot capacitor of 60pF. As with any high
frequency circuit, careful attention to good power supply 
bypassing techniques (see "Power Supplies and Ground
ing'') is also required. 

TEMPERATURE DRIFT 

Conventional VFC circuits are affected significantly by 
external component temperature drift. Drift of the exter
nal input resistor and timing capacitor required with 
these devices may easily exceed the specified drift of the 
VFC itsClf. 
When used with its iIiternal input resistor, the gain drift 
of the complete VFCIOiJ circuit is totally determined by 
the performance of the VFCloo. Gain drift is specified at 
a full scale output frequency of 100kHz. Conventional 
VFC circuits usually specify drift at 10kHz and degrade 
significantly at higher operating frequency. 'The VFC-

w .. 
8 T8 1111/ 

100's gain drift remains excellent at higher operating 
frequency; typically remaining within specification at fFs 
=:=IMHz. 

Drift of the external clock frequency directly affects the 
output frequency, but by using a common clock for the 
VFC and counting circuitry this drift can be cancelled 
(see Counting the Output). 

POWER SUPPLIES AND GROUNDING 

Separate analog and digital grounds are provided on the 
VFCIOO and it is important to separate these grounds to 
attain greatest accuracy. Logic sink current flowing in 
the fouT pin is returned to the digital ground. If this 
"noisy" current were allowed to flow in analog ground, 
errors could' be created. Although analog and digital 
grounds may eventually be connected together at a 
common point in the circuitry, separate circuit connec
tions to this ,common point can reduce the error voltages 
created by, varying currents flowing through the ground 
return impedance. The +SV VREF pin is referenced to 
analog ground. ' 

The power supplies should be well bypassed using capaci
tors with low impedance at high frequency. A value of 
O.lJ.lf. is adequate for most circuit, layouts. ' 

The VFCIOO is specified for a nominal supply voltage of 
±ISV. Supply voltages ranging from ±7.SV to ±18V 
may be used.'Either supply can 'be up to 28V as long as 
the total of both 'does not exceed 36V: Steps must be 
taken, however, to assure that the integrator output does 
not exceed its linear range. Although the integrator out
put is capable of l2V output swing with ISV power sup
plies, with 7.SV supplies, output swing will be limited to 
approximately 4.5V. In this caSe, the comparator input 

INTEGRATOR VOLTAGE WAVEFORM (PIN 41 

,.T?'JSJ', 
UIiW 

LOW SCALf 1'1 .. .., IIIIooYl 
ILOW OIC1LLOICOI'f IWEEP 

, HIIUI scaLE (VI"'''' a.3VI
FAST I18CILLOSCOI'f SWEEP 

,\ • A A A . A A A 

FIGURE 12. Circuit Diagnim and Integrator Voltage Waveform for Low Power Supply Voltage Operation. 
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FIGURE B. Relationships of Allowable V()lt!\ges. 

cannot be offset by dire~tly connecti~g to the 5V refer
ence output pin. The comparator input must be connec
ted to a lower voltage point (approximately 2V). This 
allows the integrator output to operate around a lower 
voltage point, assuring linear operation. This threshold 
voltage does not affect the accuracy or drift of the VFC 
as long as it is not noisy. It should not be made too 
small, however, or the negative output limitation of the 
integrator (-O.2V) may cause saturation. Additionally, a 
large integrator capacitor may be used to limit the 
required integrator waveform swing to approximately 
100m V (see Integrator Capacitor). . 

Figure 12 shows a circuit for operating from the min~ 
imum power supplies, avoiding saturation of the integra
tor amplifier and loss of accuracy. CINT is chosen for a 
+IOOmV to -75mV iritegrator voltage swing (referred to 
the noninverting comparator input). The offset voltage 
applied to the comparator's noninverting input is derived 
from a resistive voltage divider from VREF. 

The relationships of the allowable operating voltage 
ranges on important pins is shown' in Figure 13. Note 
that the integrator amplifier output cannot swing more 
than O.2V below ground. Although this is not "normal" 
for an operational amplifier, a special internal design of 
this type optimizes high frequency performance. It is this 
charactersitic which necessitates the offsetting of the 
noninverting comparator input in voltage-to-frequency 
mode to avoid negative output swing. 

COUNTING THE OUTPUT 

In evaluation and use of the VFCIOO, you may want to 
measure the output frequency with a frequency counter: 
Since synchronization of the VFCIOO causes it to await a 

10 

(5V) 
+Vee 

OR Cos 

-.Vee 

>4V 

15V TO 36V 

>2V 

"-Vee +410 +Vee - 2 

-Vee 

clock edge for any given output pulse, the output fre
q\lency is essentially quantized. The quantized steps are 
equal to one clock period of the counting gate period. 

,The quantizing error can be made arbitrarily small by 
counting with long gate times. For instance, a one 
second cou\ltergate period and a 100kHz fullcscaleJre
quency has a one part in 100,000 resolution. Many of the 
more sophisticated laboratory frequency 'counters, how
ever, use period measurement schemes to count the input 
frequency quickly. These instruments work equally well, 
but the gate period must be set appropriately to achieve 
the, ,desired count resolution. Short gate periods will 
produce many digits of "accuracy" in the display, but the 
results may be very inaccurate. 

Figure 14 is a typical system application showing a basic 
counting technique. A 0 to lOY input is converted to a 0 
to 100kHz frequency output. The VFC's clock is divided 
by M = 4000 to produce a gate period for the counter 
circuit. The resulting'VFC count, N, is insensitive to' 
variations in the actual clock frequency. The input volt
age represented by the resulting count is 

VIN = (N/M) 20V 

Resolution is related to the number of counts at full 
scale, or one-half the number of clock pulses in the gate 
perio~, 

The integrating nature of the VFC is important in 
achieving accurate conversions. The integrating period is 
equal to the counting period. This can be used to great 
advantage to reject unwanted signals of a knownfre
quency. Figure 15 shows that response nulls occur at the 

, inverse, of, the integration period and its mUltiples. If 
60Hz is to be rejected, for instance, the counting period 
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FIGURE 14. Diagram of a Voltage-to-Frequency Converter and Counter System. 
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FIGURE 15. Frequency Response of an Integrating 
Analog-to-Digital Converter. . 

should be made equal to, or a multiple of 1/60 of a 
second. ' . 

FREQUENCY-TO-VOLTAGE MODE 

. The VFCIOO can also function as a frequency-to-voltage 
, converter by applying an input frequency to the compar·' ' 

ator input as shown in Figure 16. The input resistor, RiN, 
is connected as a·feedbackresistor. The voltage at the 
integrator amp output is p-roportional to the ratio of the 
input frequency to the clock frequency. The transfer 
function is 

VOUT = (fiN / fCLOCK) 20V 

This transfer function is complementary to the voltage
to-frequency mode transfer function, making voltage-to
frequency-to-voltage conversions sunple and accurate. 

Direct coupling of the input frequency to the compara- ' 
tor is easily accomplished by driving both comparators 
with complementary frequency input signals. Alterna-

tively, one of the comparator inpu~s can be biased at half 
,the logic voltage (using VREF and a voltage divider) and 
the other input driven directly. 

The proper timing of the input frequency waveform is 
shown in Figure 16. The input pulse should go low for 
one clock cycle, centered around a falling edge of the 
clock. The minimum acceptable input pulse width must 
fall no later than 200nsec before a negative' clock edge 
and rise no sooner than' 200nsec after the falling clock 
edge. An 'input pulse which remains low for more than 

. one falling edge of the clock will produce incorrect out
put voltages. Positive (active high) input pulses can be 
accepted by reversing the connections to pins 14 and 15. 
Figure 17 shows a digital conditioning circuit which will 
accept any input duty cycle and provide the proper pulse 
width to the comparator. Each rising edge at this cir
cuit's input generates the required negative pulse at the 
inverting comparator input. The noninverting compara
tor is driven by a complementary signal. 

The integrator amplifier output is designed to drive up to 
10,000pF and 5k!f loa:cis in frequency-to-voltage mode, 
This allows driving long lines in a large system. 

Ripple voltage in the voltage output is unavoidable and 
is inversely proportional to the value of the integrator 
capacitor.·Figure 18 shows the output'ripple and settling 
time as a function of the CINT value. 

The ripple frequency is equal to the input frequency. Its 
magnitude can be reduced by using a large integrator 
capacitor value, but at the sacrifice of slow settling time 
at the voltage output in response to an input frequency' 
change. The settling time co'nstant is equal to RIN X CINT. 
A better compromise between output ripple and settling 
time can be achieved by using a moderately low integra-
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tor capacitor value and adding a low-pass filter on the 
analog output. The cutoff frequency of the filter should 
pe made below the lowest expected input frequency to 
the frequency-to-voltage converter. 
The system in Figure 20 makes use of both voltage-to
frequency and frequency-to-voltage mode to send a sig
nal across an optically-isolated barrier. This technique is 
useful not only for providing safety in the presence of 
high voltages, but for creating high noise rejection in 
electrically noisy environments. The use of a common 
clock frequency causes the two devices to have comple
mentary transfer functions, which minimizes errors. 

Optical coupling is facilitated by use of the output one
shot feature. The output pulse is shortened (see Short
ened Output Pulses) to allow for the relatively slow turn
off time of the LED. The timing diagram in Figure 19 
shows how the accumulated delay of both optical 
couplers could produce too long an input pulse for the 
frequency-to-voltage converter, VFC2 of Figure 20. 

An output filter is used to reduce the ripple in the output 
of VFC2. In order to most effectively filter the output, 
both input and output VFCs are offset. By connecting RI 
to V RBF, an accurate offset is created in the voltage-to
frequency function. Zero volts input now creates a 
10kHz output. This offset is subtracted in the frequency
to-voltage conversion on the output side, by VRBF and 
R,. 

MORE PULSE POSITION RESOLUTION 
Since output pulses must always align with clock edges, 
the instantaneous output frequency is quantized and 

eKe 

FIGURE 19. Timing Diagram and Oscilloscope Photo 
of Isolated Voltage-to-Frequency/ 
Frequency-to-Voltage System. 

appears to have phase jitter. This effect can be greatly 
reduced by using a high speed clock so that available 
clock edges come more frequently. This would also 
create a high full-scale frequency, but the technique 
shown in Figure 21 offers an alternative. A high speed 
clock is used to produce high resolution of the output 
pulse position, but a low full-scale frequency can be pro
grammed. 

When an output pulse is generated, the next rising edge 
of the high frequency clock is delayed for a program
mable number of clock counts. Since the integrator reset 
period (which sets the full-scale range) is determined by 
the time from rising edge to rising edge at the VFC's 
clock input once the comparator is tripped, the effective 
clock frequency is fCLOCK/16. The circuit shown can be 
pro!;;rammed for any N from 2 to 16. Since an output 
pulse must propagate through the VFC before the next 
rising edge of the clock arrives, maximum clock fre
quency is limited by the delay time shown in the timing 
diagram. 

With output pulses now able to align with greater resoh,l
tion, the output has lower phase jitter. Using this tech
nique, the output is suitable for ratiometric (period 
measurement) type counting. This counting technique 
achieves the maximum possible resolution for short gate 
periods (see Burr-Brown Application Note AN-BO). . 
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BURR-BROWN® 

IElElI VFC320 

VOltage-to-Frequency 
and Frequency-to-Voltage 

CONVERTER 

FEATURES 

• HIGH LINEARITY. 12 to 14 bits 
±o.o05% max at 10kHz FS 
±O.O3% mIx at 100kHz FS 
:!D.1 % typ at 1 MHz FS 

• V/F OR F/V CONVERSION 

• 6-DECADE DYNAMI~ RANGE 

• 20pplil/aC max ,GAIN DRIFT 

• OUTPUT DTlITTL/CMDS COMPATIBLE 

DESCRIPTION, 
The VFC320 monolithic vol~age-to-frequency and 
frequency-to-voltage converter provides a simple low 

,cost method of converting analog signals into digital, 
pulses. The digital output is an open collector and the 
digital pulse train repetition rate is proportional to 

, the amplitude 'of the analog input voltage. Output 
, pulses are compatible with DTL. TTL. and CMOS 
logic families. 

High linearity (0.005%. max at 10kHz FS) is achieved 
with 'relatively few external components. Two 
external resistors and two external capacitors are 

, , 

APPLICATIONS 
• INEXPENSIVE AID AND D/A CONVERTER 

• DIGITAL PANEL IVIETERS 

• TWO-WIRE DIGITAL TRANSMISSION WITH NOISE 
IMMUNITY 

• FM MOD/DEMOD OF TRANSDUCER SIGNALS 

• PRECISION LONG TERM INTEGRATOR 

• HIGH RESOLUTIPN OPTICAL LINK FOR ISOLATION 

, • AC LINE FREQUENCY MONITOR 

, • MOTOR SPEED MONITOR AND CONTROL 

required to operate. Full scale frequency and input 
voltage are determined by a resistor in series with -IN 

" !In'd two c~pacitors (one-shot ,timing and input 
amplifier integration). The other resistor is a non
critical open collector pull-up (fouT to +Vccl. The 
VFC320 is available in ,three performance/temper
ature grades and'two package configurations. The 
TO-IOO versions are hefmetically sealed. and spec
ified for the -25"C to +85°C and _55°C to + 125°C 
ranges. and the dual-in-line units are specified from 
-25°C to +85°C. 

'OUT 

Intemallonal Airport Industrial Park· P.O, Box 11400· Tucson. Arizona 85734· Tel. (602) 746-1111 . Twx: 910·952·1111 . Cable: BBRCORP· Telex: 66·6491 

PDS-483D 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C and ±15VDC power supply unless otherwise noted. 

VFC320BG/BM/SM VFC32DCGlCM 

CHARACTERISTICS CONDITIONS MIN TYP MAX I MIN I TYP I MAX UNITS 

VlF CONVERTER Four = VINI7.5 R,C,. Figure 4 
INPUT TO OP AMP 

Voltage Rangel'l Fig.4 with 02 =0 >0 Note 2 V 
Fig. 4 with e, = 0 <0 -10 V 

Current Rangel'l hN=VIN/R'N +0.25 +750 ~A 

Bias Current 
Inverting Input 4 8 nA 

Noninverting Input 10 .30 nA 

Offset Voltagel31 ±0.15 mV 

Offset Voltage Drift ±5 ~v/oC 

Differential Impedance 300115 650 115 kn II pF 

Common·mode 
Impedance 300113 500 II 3 kn II pF 

ACCURACY 
Linearity Errort'II41151 Fig. 4 with 02 = 0161 

0.01 Hz :5 four :5 10kHz ±C.004 ±C.005 ±0.0015 ±0.002 %of FSR 

0.' Hz :5 fOUT :5 l00kHi ±0.008 ±0.030 %of FSR 

lHz:5 four:5 lMHz ±0.1 %ofFSR 

Offset Error Input 
Offset Voltagel31 ±15 ppm of FSR 

Offset Driftl71 ±0.5 ppm of FSRI'C 
Gain Error(3) ±5 ±'O %ofFSR 
Gain Driftl71 f = 'OkHz 50 20 ppm of FSR/' C 

Full Scale Drift· f= 10kHz 50 20 ppm of FSRfOC 

(offset drift & 
gain drlfl1l71161(91 

Power Supply Sensitivity ±Vee = '4VDC to lBVDC ±0.0'5 %of FSR/% 

DYNAMIC RESPONSE 
Full Scale Frequency CLOAD:5SOpF 1 MHz 

Dynamic Range 6 decades 

Setiling Time Iv/FI to specified linearity 
for a full scale Input step Note 10 

Overload Recovery < 50% overload Note 10 

OPEN COLLECTOR OUTPUT 
Voltage. Logic "0" ISINK = SmA, max 0.4 .' V 

Leakage Current, 

Logic "'" Vo = 15V 0.Q1 '.0 ~A 

Voltage. Logic "'" External pull· up resistor 
required Isee Figure 4) Vpu V 

Duty Cycle at FS For Best Linearity 25 % 

Fall Time lour = 5mA. CLOAD = SOOpF 100 ns 

FN CONVERTER Your 7.5 R,C, F,N. Figure 9. 

INPUT TO COMPARATOR 
Impedance 5011'0 ISO 1110 kOIl pF 

Logic"'" +'.0 +Vee V 

Logic "0" -Vee -0.05 V 
Pulse-width Range 0.25 ps 

OUTPUT FROM OP AMP 
Voltage lo=7mA Oto+.l0 V 

Current Vo=7VDC .+'0 mA 

Impedance Closed-loop 0.' n 
Capacitive Load Without oscillation 100 pF 

POWER SUPPLY 
, 

Rated Voltage ±'5 V 

Voltage Range ±13 ±20 V 
Quiescent Current ±6.5 ±7.5 mA 

TEMPERATURE RANGE 

Specification 
Band C Grades -25 +85 'C 
S Grade -55 +'25 'C 

Operating 
Band C Grades -25 +85 'C 
S Grade -55 +125 'c 

Storage -65 +1'50 'C 

·Specification the same as f~r VFC320BG/BM/SM. 
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NOTES: 
1. A 25% duty cycle at full scale (0.25mA input current) is recommended where possible to achieve best linearity. 
2. Determined by RIN and full scale current range constraints. 
3. Adjustable to zero. See Offset and Gain Adjustment section. '. 
4. Llnearltyerror at any operating frequency Is defined as the deviation from a straight line drawn between'the full scale frequency and 0.1% 

of full scale frequency: SeeDiscussion of Specifications section. 
5. When offset and gain errors are nulled, at an operating temperature, the linearity error determines. the final accuracy. 
6. Fore, = 0 typical linearity errors are: 0.01% at 10kHz, 0.2% at 100kHz, 0.1% at 1 MHz. 
7. Exclusive of external components' drift. 
8. FSR = Full Scale Range (cOrrespond's to full scale and full scale input voltage. 
9. Positive drift is defined to be increasing frequency with increasing temperature. 

10. One pulse of new frequency plus 50nsec typical. 

ABSOLUTE MAXIMUM RATINGS 

Suppfy Voltages 
Output Sink Current at fOUT 
Output Current at VOUT 
Input Voltage, -Input 
Input Voltage, +Input 
Storage Temperature Range' 
Lead Temperature (soldering, 10 seconds) 

MECHANICAL 

±20V 
50mA 
+20mA' 
±Vcc 

~~~ to +l50°C '. 

+3000C 

VFC320BM/CM/SM 
TO-100 PACKAGE 

NOTE:, f5 
Leads In true position within I --1 
.~~~~~~.:~:'RatMMCat ~[ j f 

Pin numbers shown for reference only. E F 

Numbers may not be marked on package. K 

, Seating __ ._1 
,--,--===--r--:-====., .Plane --t).- 0 

. INCHES MILLIMETERS N 
DIM MIN MAX MIN MAX 

.335 .370 8.51 9.40 3 ~ 
7.75 8.51 20 + r-, .305 .335 , ... 

C .165 .185 4.19 4.70 MOO 

1-'~'-+':~":"-:_I-"':~=:~"-+,:,,,::,,~:.-+-,~c:.:~~:';~--1 Y: H~· '~~-l . 
F .010 .040 0.25 1.02 

G .230 BASIC 5.84 BASIC 

H .02B .034 0.71 0.86 

J .029 .045 11.74 1.14' 

K .600 12.70 

L .120' .160 3.05 4:06 

M 36~ BASIC 36° BASIC 

N .110 .120 2.79 3.05 

PIN CONFIGURATIONS 

MPACKAGE 
(TO-l00) 

-Vee (CASE) 3· 

ITOPVIEW) 

NC fOUT 

8 COMMON 

COMPARATOR 
INPU"T; 

NC = NO INTERNAL CONNECTION. 
EXTERNAL CONNECTION PERMITIED. 
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VFC320BG/CG 
CERAMIC DUAL-IN-LiNE 

NOTE: 

Leads in true position within f!'4 I == .== == I fl 
~~~~;~g'~~~:;" I Rat MMC at ~ = = = b. 
Pin numbers shown for L II .1 
reference only. Numbers may F.....,f l--

".mmm·i":-·~· .Jmffif:q~ 
. l~::l V .' Ltf-~ G W:seati~g p)!ne 

INCHES 
DIM MIN MAX 
A .670 .710 

C .06' .170 

0 .015 .021 

F .04' .060 

G. .100 BASIC 

H .025 .070 

J .008 .012 

K .120 .240 

L .300 BASIC 

M 10° 

N .009 .060 

G~ACKAGE 
(DUAL-IN-LINE) 

-I~ 

NC 

NC 

~Vee 

ONE-SHOT 
CAPACITOR 

NC 

fOUT 

MILLIMETERS 
MIN MAX 

17.02 18.03 

""1.65 4.32 

0.38 0.53 

1.14 1.52 

2.54 BASIC 

0.64 178 

0.20 0.30 

3.05 610 

7.62 BASIC 

10° 

0.23 1S2 

" 

+IN 

VOUT' 

+Vee' 

COMMON 

.COMPARATOR 
INPUT 

NC 

NC 



DISCUSSION OF 
SPECIFICATIONS 
LINEARITY 
Linearity is the maximum deviation of the actual transfer 
function from a straight line drawn. between the end 
points (100% full scale input or frequency and 0.1 % of full 
scale called zero). Linearity is the most demanding 
measure of voltage-to-frequency converter performance, 
and is a function of the full scale frequency. Refer to 
Figure I to determine typical linearity error for your 
application. Once the full scale frequency is chosen, the 
linearity is a function of operating frequency as it varies 
between zero and full scale. Examples for 10kHz full 
scale are shown in Figure 2. Best linearity is achieved at 
lower gains (.1.fouT / .<l V IN) with operation as close to the 
chosen full scale frequency as possible. 

The high linearity of the VFC320 makes the device an 
excellent choice for use as the front end of A/D 
converters with 12- to 14-bit resolution, and for highly 
accurate transfer of analog data over long lines in noisy 
environments (2-wire digital transmission). 

0.10 

~ 0.04 

J 
'lS 
;E. 0.02 

0.01 ~ 
~ 

~ 
::::; 0.004 

TA =t~·IC 

I °FS iOf~ 
.!i! !- 0.002 

0.00 
Ik 2k 4k 10k 20k 40k IOUk 200k 400k 1M 

FUll Scale Frequenc~ 1Hz) 

FIGURE I. Linearity Error vs Full Scale Frequency. 

+0.003 Typical. T A = +25·C_ 

........... 
'FULL SCALE = 10kk.r 

I .... V BI~~~L_ " --- --~~ ~ ___ .-'- --CGRADE -" +0.00 

I .0.00 

.0.002 

.o.D03 

. -o· -. 
i" --- --- '1 .. 0' -- - --........ --- _o-

r--..... / 
........ r- ./ 

Ik 2k 3k 4k 5k 6k 7k 8t 9k 10k 

Operailng Frequency 1Hz) 

FIGURE 2. Linearity Error vs Operating Frequency. 

FREQUENCY STABILITY VS TEMPERATURE 

The full scale frequency drift .of the VFC320 versus 
temperature is expressed as parts per million of full scale 
range per 0c. As shown in Figure 3, the drift increases 
above 10kHz. To determine the total accuracy drift over 

temperature, the drift coefficients of external components 
(especially RI and CI) must be added to the drift of the 
VFC320. 

1000m __ 

= 400 
0:: 
co 
~ G' 200 1--+-++-IHtttt--++I-tIH-HrI---+---l:.liC-Htai 

~~ 100~11111~1"'11 a"-
"''lS 

~ ~ 40,.....8 AND S GRADES 
:i.e 
~ 20 r- C GRADEf-IHIIlfl-11+f-11_--::::Oio""f""+++l+H--+-+-I-H+IH 

10~~~~~--~~.u~ __ ~~~. 
Ik 2k 4k 10k lOOk 200k 401* 1M 

FUll Scale Frequlncy 1Hz) . 

FIGURE 3. Full Scale Drift vs Full Scale Frequency. 

RESPONSE 
Response of the VFC320 to changes in input signal level 
is specified for a full scale step, and is SOnsec plus I pulse 
of the new frequency. For a 10V input signal step with the 
VFC320 operating at 100kHz full scale, the settling time 
to within ±0.01% of full scale is lOllS. 

THEORY OF OPERATION 
The VFC320 monolithic voltage-to-frequency converter 
provides a digital pulse train output whose repetition rate 
is directly proportional to the analog input voltage. The 
circuit shown in Figure 4 is composed of an input 
amplifier, two comparators and a flip-flop (forming a 
one-shot), two switched current sinks, and an open 
collector output transistor stage. Essentially the input 
amplifier acts as an integrator that produces a two-part 
ramp. The first part is a function of the input voltage, and 
the second part is dependent on the input voltage and 
current sink. When a positive input voltage is applied at 
VIN, a current will flow through the input resistor, 
causing the voltage at VOUT to ramp down toward zero, 
according to dV/dt = VIN/RICI. During this time the 
constant current sink is disabled by the switch. Note, this 
period is only dependent on VIN and. the integrating 
components. 

When the ramp reaches a voltage close to zero, 
comparator A sets the flip-flop. This closes the current 
sink switches as well as changing foul' from logic 0 to logic 
I. The ramp now begins to ramp up, and I rnA charges 
through CI until Vel = -7.SV. Note this ramp period is 
dependent on the I rnA current sink, connected to the 
negative input ofthe op amp, as well as the input voltage: 
At this -7.SV threshold point at Cl, comparator B resets 
the flip-flop. arid the ramp voltage begins to ramp down 
again before the input amplifier has a chance to saturate. 
In effect the comparators and flip-flop form a one-shot 
whose period is determined by the internal reference and. 
a ImA current sink plus the external capacitor. CI. After 
the one-shot resets, fouT changes back to logic 0 and the 
cycle begins again. 

The transfer function for the VFC320 is derived for the 
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INPUT RESISTOB 

RI 

FOR POSITIVE INPUTVOLTAGES 

ONE-8HOT 

~--. --~- "-_ .. ------------ ~ 

+VpULL·UP (Vpul 
(SV TO 15V TYPICALLy) 

• 
PULL·UP R 

RESISTliR 2 
e' 

IUSE II' SHORT If. '-------t-:-----+----------t----' 
FOR NEGATIVE INPUT VOLTAGES 4 COMMON 

USE '20 SHORT II' ·VCC CI I. ONE.SHOT 
FOR DIFFERENTIAL INPUT VOLTAGES ..... CAPACITOR 

USE II and If. 

FIGURE 4. Functional Block Diagram ofthe VFC320. 

the circuit shown in Figure 4. Detailed waveforms are 
shown in Figure 5. 

, I 
fOUT t 1+ h ,(I) 

In the time t:· + t I the integrator capacitor C2 charges 
and discharges but the net voltage change is' zero. 

ThuSdQ = 0 = hN t I + (liN - IA) 12 

So that hN (tl + t2) = IA t2 
But since t 1+ h = _1- and IIN'= 

fOUT 

fOUT= ..YuL. 
IARlb 

FIGURE 5. Integrator and VFC Output Timing. 

,(2) 

(3) 

(4), (5) 

, (6) 

In the time 12, 18 cha~ges the one-shot capacitor CI until 
its voltage reaches -7.5V and trips comparator B. 

C1 7.5 Thus b = ~-I- , (7) 

Using (7) in (6) yield four= 7,~~'C x f; (8) 
Since IA = Is the result is 

r _, VIN 
10UT- 7.5 RICI (9) 
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PIN NUMBERS SHOWN FOR "M" PACKAGE (TO·IOO) 

Since the integrating capacitor, C2, affects both the rising 
and falling segments of the ramp voltage. its tolerance 
and temperature coefficient do not affect the output 
frequency. It should, however, have a leakage current 
that is small compared to liN, since this parameter'will 
add directly to the gain error of the VFC. C" which 
controls the one-shot period, should be very precise since 
its tolerance and temperature coefficient add directly to 
the errors in the transfer function. 

The operation ofthe V FC320 all a highly linear frequency
to-voltage converter, foliows the same theory of opera
timl as the vOltage-to-frequency converter. el and e2 are 
shorted and FIN is disconnected from Your. FIN is then 
driven with a signal which is sufficient to trigger 
comparator A. The one-shot period will then be 
determined by C I as before, but the cycle repetition 
frequency will be dictated by the digital input at FIN~ 

DUTY CYCLE 
The duty cycle (D) of the VFC is the ratio of the one-shot 
period (b) or pulse width, PW, to the total VFC period (tl 
+ b). For the VFC320, b is fixed and tl + b varies as the 
input voltage. Thus the duty cycle, D, is a function of the 
input voltage. Of particular interest is th~ duty cycle at 
full scale frequency, DFS, which occurs at full scale input. 
DFS is a user determined parameter which affects linearity. 

t2 
DFs = tl + ,t2 = PW X fFs 

Best linearity is achieved when DFs is 25%. By reducing 
equations (7) and (9) it can be shown that 

D - VIN max I RI _ hN max 
FS - I rnA - ""TiiiA 

Thus DFS = 0.25 correspondstc hN max = 0.25mA. 



INSTALLATION AND 
OPERATING INSTRUCTIONS 
VOL TAGE-TO-FREQUENCY CONVERSION 

The VFC320 can be connected to operate as a V / F 
converter that will accept either positive or negative input 
voltages, or an input current. Refer to Figures 6 and 7. 

+15V 

R5 

·15V 
OFFSET A~J. 

+VPU 

RZ 

Cz INTEGRATOR CAP. 

'OUT 
"BYPASS WITH 0.0II'F PIN NUMBERS IN SQUARES REFER TO DIP PACKAGE 

FIGURE 6. Connection Diagram for V / F Conversion, 
Positive Input Voltages. 

GAIN A~J. 
Cz INTEGRATOR CAP. 

lOUT" 
"BYPASS WITQ O.DlI'F PIN NUMBERS IN SQUARES REFER TO DIP PACKAGE 

FIGURE" 7. Connection Diagram for V/F Conversion, 
Negative Input Voltages. 

EXTERNAL COMPONENT SELECTION 

In general the design sequence consists of:{l) choosing 
fMAX, (2) choosing the duty cycle at full scale (DFS = 0.25 
typically), (3) determining the input resistor, R, (Figure 
4), (4) calculating the one-shot capacitor, C" (5) selecting 
the integrator capacitor C2, and (6) selecting the output 
pull-up resistor, R2. 

In(lut Resistors R," imd R3 - ".' . 
The input resistance (R, and R, in Figures 6 and 7) is 

calculated to set the desired input current at full scale 
input voltage. This is normally 0.25mA to provide a 25% 
duty cycle at full scale input and output. Values other 
than DFS = 0.25 may be used but linearity will be affected. 
The nominal value is R, is 

V'N max 
R, = o:25nii\ (10) 

If gain trimming is to be done, the nominal value is 
reduced by the tolerance of C, and the desired trim range. 
R, should have a very-low temperature coefficient since 
its drift adds directly to the errors in the transfer function. 

One-Shot Capacitor, C, 

This capacitor determines the duration of the one-shot 
pulse. From equation (9) the nominal value is 

VIN 
C, nom = 7.5 R, fOUT (II) 

For the usual 25% duty at fMAX = VIN / R, =0.25mA there 
is approximately l5pF of residual capacitance so that the 
design value is 6 

C ,(pF)=; 33 x 10 _ IS 
fFs 

(12) 

where fFs is the full scale output frequency in Hz. The 
temperature drift of C, is critical since it will add directly 
to the errors of the transfer function. An NPO ceramic 
type is recommended. Every effort should be made to 
minimize stray capacitance associated with C,. It should 
be mounted as close to the VFC320 as possible. Figure 8 
shows pulse width and full scale frequency for various 
values of C, at DFS = 25%. 

~----~--------~--------~--------~I~ 

IOOOr-----T-~---;------;-----_, 

10 t------'r-----7F-----t--~-; 

I~----~~----~~----~------I~ 
101 103 1114 105 

Ciplelllnci C, (pFJ 

FIGURE 8. Output Pulse Width (DFS = 0.25) and Full 
Scale Frequency vs External One-shot 
Capacitance. 

~gratin~(lacitor, C2 

Since C2 does not occur in the V / F transfer function 
equation (9), its tolerance and temperature stability are 
"not important; however, leakage current in C2 causes a 
gain error. A ceramic type is sufficient for most 
applications. The value ofC2 determines the amplitude of 
Your. Input amplifier saturation, noise levels for the 
comparators and slew rate limiting of the integrator 
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determine a range of acceptable values, 

{ 
100 I fFs; if fFs:;:;; 100kHz 

Cd}.lF)= O.OOI;lf 100kHz < fFS:;:;; SOOkHz 

(13) 

~ng R, and R3 (DFS = 0.25) 

R, + R3 = VIN max/0.2SmA VIN max/O.SmA 
if DFs;" O.S' 

O.OOOS; if fFs> SOOkHz ' , 

Output Pull Up Resistor R,. , 

The open collector output can sink up to 8mA and still be 
lTL-compatible. Select R2 acc.ording to this equation: 

R2 min (0.) = VPlII;l.Up/(8mA - i..OAD) 

A 10% carbon film resistor is suitable for use as Ri. 

Trimming Components R3, R., Rs 

Rs nulls the offset voltage of the input amplifier. It should 
have a series resistance between IOko. and 100ko. and a 
temperature coefficient less than,100ppm/"C. R. can be a 
10% carbon film resistor with a value of IOMo.. 

R3 nulls the gain errors of the converter and compensates 
for intitial tolerances of R, and C,. Its iotal resistance 
should beat least 20% ofR" if R, is selected 10% low. Its 
temperature coefficient should 'be no greater than five 
times that of RIO to maintain a low drift of the R3 - R, 
series combination. 

OFFSET AND GAIN ADJUSTMENT PROCEDURES 
To null error~ to zer~, follow this procedure: 
I. Apply an input vOltage that should produce an output 
, frequency of 0.00 I x full scale. 
2. Adjust Rs for properoiltput. 
3. Apply the full s"ale input voltage. 
4. Adjust R3 for proper output. 
S. Repeat steps I through 4. 

If nulling is unnecessaryfor the application, delete R. and 
Rs, and replace R3 with a short circuit. 

POWER SUPPLY CONSIDERATIONS 

The power supply rejection ratio of the VFC320 is 
O.OIS% of FSR/% max . .To maintain ±O.OIS% con
version, power supplies' which are stable to within ± I % 
'are recommeded. These supplies should be bypassed as 
close as possible to the converter with 0.0 I}.IF capacitors. 

Internal circuitry causes some current to flow in the 
common connection (pin II on DIP package). Current 
flowing into the fouT pin (logic sink current) will also, 
contribute to this current. It is advisable to separate this 
common lead ground fro~ the analog ground associated 
with the integrator input to' avoid errors produced by 
'these currents flowing through any ground return impe
dance. 

DESIGN EXAMPLE 

Given a full scale input of + 10V, select the values of R" 
R20 R], C" and C2 for a 2S% duty cycle at 100kHz 
maximum operation into one TTL load. See Figure, 6. 
Selecting C, (DFS = 0.2S), 

C, =[(33:-1O~)/fMAx] -IS ,[(66 x 10·)/fMAx] -IS 
if DFS = 0.5 

= [(33 x 106)f100kHz] -IS 

= 31SpF 
Choose a 300pF NPO ceramic capaCitor with 1% to 10% 
tolerance. 

= IOV/0.2SmA 
=40ko. 

Choose 32.4ko. metal film resistor with I % tolerance and 
R3 = IOko. cermet potentiometer, 

~gC~ 
C2 = 102 I Fm" 

, = 10' /IOOkHz 
= 0.00 I}.I F 

Choose a O.OOI}.lF capacitor with ±S% tolerance. 

Selecting R2 
~u~p/(8inA - iLOAD) 

= SV / (SmA - 1.6mA), one TTL-load = 1.6mA 
=7810. 

Choosea 7S00. 1/4-watt carbon compensation resistor 
with ±5% tolerance. ' 

FREQUENCY-TO-VOLTAGE CONVERSION 

To operate the VFC320 as a frequency-to-voltage 
converter, connect the unit as shown in Figure 9., To 
interface with, TTL"logic, the input should be coupled 
through a capacitor, and the input to pin .10 biased near 
+2.SV. The converter will detect the falling edges of the 
,input pulse t'rain as the voltage at pin 10 Crosses zero. 
Choose C3 to make t = 0.1t (see Figure 9). For input 
signals with amplitudes less than SV, pin 10 should be, 
biased closer to zero, to insure that ~he input signal at pin 
10 crosses the zero threshold. Errors are nulled following 
the procedure given on this page, using 0.00 I x full scale, 
frequency to null offset, and full scale frequency to null 
the gain error. Use equations from V / F calculations to 
find R"R3, R., Rs, C, and C2. ' 

·BYPASS WITH 0.01 pF F,,=IOO11Hz 

FIGURE 9. Connect~on Diagram for F/V Conversion. 
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TYPICAL APPLICATIONS 
Excellent linearity, wide dynamic range, and compatible 
TTL, DTL, and CM OS digital output make the VFC320 
ideal for a variety of VFC applications. High accuracy 
allows the VFC320 to be used where absolute or exact 

readings must be made. It is also suitable for systems 
requiring high resolution up to 14 bits. 

Figures 10 - 14 show typical applications of the VFC320. 

I SENSOR ~~_VF_C3_2_0 ..... ~ 
:HISH NOISE 
IMMUNITY 

COUNTER 
PARALLEL 

DATA 
COMPUTER 

FIGURE 10. Inexpensive AI D with Two-Wire Digital Transmission Over Twisted Pair. 

11 V,N L 'OUT 'DlFFERENTIAL 
~ J VFC32D INPUT I 

FIGURE II. Inexpensive Digital Panel Meter. 

PRECISION 
DC LEVELS 

DOWN TO llhV 
FULL SCALE 

0.005% LINEARITY 

J BCO 

I COUNTER 

l CLOCK J I DRIVER/DISPLAY 

FIGURE 12. Remote Transducer Readout via Fiber Optic Link (analog and digital output). 

GAIN ADJUST 

+10V TO -IOV 

INP,U'rT_~~~ 

2Dkrl 2DkrllDV 

REF1D1 11 

14 

,...-01....--'10 

VFC320 
13 

7 

+15V 

2krl 

5 0 TO .... -::1""-... 10kHz 
OUTPUT 

-15V 

33OOPF~ 

FIGURE 13. Bipolar input is accomplished by offsetting 
the input to the VFC with a reference 
voltage. Accurately matched resistors in 
the REFlOI provide a stable half-scale 
output frequency at zero volts input. 
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R2 R3 

SIGN BIT·Q-----1(1 
OUT 

+VCC 

FIGURE 14. Absolute value circuit with the VFC320. 
Op amp, D, and Q, (its base-emitter junc
tion functioning as a diode) provide full
wave rectification of bipolar input volt
ages. VFC output frequency is propor
tional to led. The sign bit output provides 
indication of the input polarity. 





HIGH PERFORMANCE CHIPS 
HIGH PERFORMANCE DICE BACKED 
BY BURR-BROWN'S TRADITION OF 
QUALITY 
Many of Burr-Brown's high-performance monolithic prod
ucts are available' in die form. 
All Burr-Brown dice products are the same as those used in 
our high quality, high performance monolithic and hybrid 
devices and are proven in demanding applications through
out the world. The dice are manufactured and tested at our 
Tucson Microtechnology facility using the most advanced' 
equipment and methods available, assuring total control of· 
quality and reliability for every product. 
The state-of-the-art performance achieved by these preci
sion monolithic products reflects Burr-Brown's unmatched 
technical capabilities in: 

Low-noise processing / High-stability nichrome 
thin-film resistors / Active laser trimming / Dielec-
tric isolation / Patented circuit design . 

At Burr-Brown, concern for quality is a fundamental part of 
wafer processing. Dice are 100% visually inspected accord
ing to MIL-STD-883, Method 2010 Condition B. All wafers 
are 100% probe tested to specified electrical test limits. 
The data sheets and process descriptions provide detailed 
information on these quality dice. 

INTEGRATED CIRCUIT DICE 
QUALITY 

Visual Inspecllon: All dice and wafers are 100% 
visually inspected to MIL-STD-883, Method 2010, 
Condition B. Dice receive an additional in-process 
Quality Control inspection to 0.65% AQL. 

Probe Tests: All wafers are 100% electrically probe 
tested to the electrical probe test limits specified in 
the die data sheet. Due to possible parametric shifts 
during die separation and assembly, these specifica
tions are not guaranteed after assembly. 

Unprobed Parameters: Parameters not specified on 
the device data sheet are not probed or guaranteed. 
The dice performance will typically be equivalent to 
its corresponding part numbered packaged device. 

PACKAGING 

Package: Dice are packaged face-up in individually 
compartmented anti-static plastic carriers (waffle 
packs) and are oriented for automated assembly. 
Carriers are heat sealed in plastic bags with a dry 
atmosphere. 

Marking: Each die carrier is marked with: 

.1. Burr-Brown part number 
2. Lot number 
3. Wafer number 
4. QA seal and date 
5. Quantity 
6. QC identification number 

If required, customer part number and order number 
can be marked on each package. 

Storage: High humidity and corrosive atmospheres 
can cause oxidation or corrosion of the aluminum 
metalization on v.(ire bond pads. Dice should be 
stored in a clean dry environment and should be 
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protected from static damage. Storage in a dust-free 
cabinet with a dry nitrogen atmosphere is 
recommended. 

DIE HANDLING PRECAUTIONS 

StatiC Damage: All integrated circuits can suffer. 
damage from electrostatic discharge. Even preciSion 
bipolar devices can suffer subtle parametric damage 
(increased offset voltage, drift, noise, etc.) if precau
tions are not adequate. Anti-static work stations are 
recommended when handling or assembling preci
sion semiconductor devices. 

Atmosphere: Die carriers should be opened only in a 
dust-free environment with a dry non-corrosive 
atmosphere. 

Handling: Although each die is protected by a thick 
(8000.8. minimum) glassivation layer, care should be 
taken to keep from scratching the surface of the die. 
Carriers must not be opened for inspection by 
unqualified personnel. Anti-static protection is 
recommended when handling or assembling dice. 

HYBRID CIRCUIT ASSEMBLY 
"ECOMMENDATioNS 

Ole Attach: Die attach with silver conductive epoxy 
or polyimide is recommended to minimize assembly 
shifts and preserve the accuracy and precision inher
ent in. the die. 

Burr-Brown dice are gold-backed and can be 
eutectically die-attached using a 98/2 gold/silicon 
preform and a die/substrate temperature of 400·C to 
430·C. Exposure time to die attach temperatures 
should be minimized as permanent parametric shifts 
can occur. 

Assembly in hermetiC packages under adequate . 
moisture control is recommended in order to pre
serve parametric performance and stability. 

Wire Bond: Wire bonding may be done with 1.25 mil 
99.99% pure gold wire using thermo-sonic techniques 
or by ultrasonic bonders using 1.25 mil 99/1 alumi
num/silicon wire. Wire bond pad size is 4 X 4 mils 
minimum and aluminum metalization thickness is 
8000.8. minimum. . 

ORDERING INFORMATION 

Pari Number: OPA27 C 0 
Basic device part number ______ :=r--' - T 
Grade/Temperature Range ---------'-

(see data sheet for proper suffix) 

Designation: Dice--------------' 

Minimum Order: Dice are subject to minimum order 
quantities. Consult your local sales office for details 
on minimum order size and for pricing. 

Returns: Returns must be authorized by Burr-Brown. 
If dice fail visual inspection according to MIL-STD-
883, Method 2010, Condition Band 0.65% AQL the 
.entire lot must be returned in their original carriers 
along with detailed documentation showing reason 
for rejection. 



WAFER PROCESSING ' 

Process Wafer· 

I 
Gold Back Wafer 

i' I 
100% Wafer Visual Inspection , I ' 

Sample Parametric Test 

I 
100% Probe Test/Laser Trim to 

Data Sheet Electrical Limits 

I 
Saw Wafer 

I 
.Deionized Water Rinse 

I 
Die Separation 

'I' 
Die Sort 

I 
100% Visual Inspection 

MIL-STD-883, Method 2010; ConditionS, 

I 
Load I n Carrier , I 

In-ProcessOC Visual Inspection 
MIL-STD;.883, Method 2010, Condition B 

(0.65 AOL) , 

I 
In-Process.oC Documentation Inspection , I 

Seal In Carrier 

I 
Ship 
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BURR-BROWN® 

I E3IE3I I DAC811 DIE 

Microprocessor-Compatible 
12-BIT DIGITAL-TO-ANALOG CONVERTER DIE 

DESCRIPTION 
The OAC811 is a complete single-chip integrated 
circuit microcomputer-compatible 12-bit digital-to
analog converter. The chip includes a precision volt
age rtiference, microcomputer interface logic, double
buffered latch, and a 12-bit OJ A converter with a 
voltage output amplifier. Fast current switches and 
a laser-trimmed thin-film resistor network provide a 
highly accurate and fast OJ A converter. 

Microcomputer interfacing is facilitated by a double
buffered latch. The input latch is divided into three 
4-bit nybbles to permit interfacing to 4-, 8-, 12- or 

DIE TOPOGRAPHY 

19 18 17 16 151413 12 

25 2627 28 

Die Size: 134 >< 128 mils 
Bonding Pad Size: 4 X 4 mils 
Backside Contact: Gold (Must 

be connected to -Vee) 

2 3 4 

16-bit buses and to handle right- or left-justified 
data. The 12-bit data in the input latches is trans
ferred to the OJ A latch to hold the output value. 

Input gating logic is designed so that loading the last 
nybble or byte of data can be accomplished simul
taneously with the transfer of data (previously stored 
in adjacent latches) from adjacent input latches to 
the OJ A latch. This feature avoids spurious analog 
output values while using an interface technique that 
saves computer instructions. 

11 

10 
9 

8 

7 

6 
5 

Pad 

3 

4 

6 

. 7 

8 

10 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 

23o.23b 

24 
25 
26 

27 

28 

Name 

Voo 
WR 

LDAC 

N. 

No 

No 

0" 
0" 
D. 
D. 
0, 
D. 
D. 
D. 
DCOM 

Do 
0, 
0, 
03 
+Vcc 
-Vee 
GAINADJ 
ACOM 

VOUT 
lOV RANGE 
SJ 

BPO 

REF OUT 

Function 

Logic Supply. +5V. 
WRITE, command signal to load 

latches. logic low loads latches. 
LOAD D/A CONVERTER. enables 
, WR to load the D/A latch. Logic 

low enables. 
NYBBLE A. enables WR to load input 

latch A (the most significant 
nybble). Logic low enables. 

NYBBLE B. enables WR to load 
input latch B. logic low enables. 

NYBBLE C, enables WR to load input 
latch C (the least Significant 
nybble). Logic low enables. 

DATA, Bit 12, MSB, positive true. 
DATA. Bit 11. 
DATA. Bit 10. 
DATA. Bit9. 
DATA. Bit8. 
DATA. Bit 7. 
DATA. Bit6. 
DATA. Bit 5. 
DIGITAL COMMON. Voo supply 

return. 
DATA. Bit 1, LSB. 
DATA. Bit 2. 
DATA. Bit3. 
DATA. Bit4. 
Analog Supply Input. +15V or +12V. 
Analog Supply Input. -15V or -12V. 
To externally adjust gain. 
ANALOG COMMON, ±Vcc supply 

return (connect together). 
D/A converter voltage output. 
Connect to pin 24 for 10V Range. 
SUMMING JUNCTION of output 

amplifier. 
BIPOLAR OFFSET. Connect to pin 

26 for Bipolar Operation. 
6.3V reference output. 

Inlernalional Airporl Induslrlal Park - P.O. Box 11400· Tucson. Arizona B5734 • Tei. 1602) 746·1111 . Twx: 910·952·1111 • Cable: BBRCORP • Telex: 66·6491 

PDS-61O 
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SPECIFICATIONS 
ELECTRICAL PROBE LlMITS(1) 
T A = +25I;1C. ±VCC;;' 15V unless otherwise noted, 

MOOEL DAC811JD 

PARAMETER MIN TYP MAX I UNITS 

INPUT 

DIGITAL INPUT 
Resolution 12 Bits 
Codesl21 USB. BOB 
V'H +2.0 +15 VDC 
VOL 0.0 +O.B VDC 
liH. V, = +2.7V +10 /JA 
I,L. VI = +O.4V ±20 /JA 

TRANSFER CHARACTERISTICS 

ACCURACY 
Linearity Error ±1I4 ±1/2 LSB 
Differential Linearity ±1I2 ±1 LSB 

Error 
Gain Errorl31 ±0.1 ±0.2 % 
Offset Error'3!!." ±10 ±30 mV 

OUTPUT 

ANALOG OUTPUT 
Voltage Range.(±Vcc 

=15V)"': 
Unipolar Oto+10 V 
Bipolar ±5. ±10 V 

Output Current ±5 mA 
Short Circuit to 

Common Duration Indefinite 

REFERENCE 
VOLTAGE 
Voltage +6.2 +6.3 +6.4 V 
Source Current 

Available for 
External Loads +2.0 mA 

Short Circuit to 
Common Duration Indefinite 

POWER SUPPLY REQUIREMENTS 

Voltage: +Vee +11.4 +15 +16.5 VDC 
-Vee -11.4 -15 -16.5 VDC 

Voo +4.5 +5 +5.5 VDC 
Current (no load): 

+Vcc +16 +25 mA 
-Vee -23 -35 mA 

Voo +B +15 mA 
Potential at DCOM 

with Respect to 
ACOM '1J ±0.5 V 

Power Dissipatio~ 625 BOO mW 

TEMPERATURE RANGE , 

Specification: 0 +70 ·C 

NOTES: '(1) All dice are 100% probe tested and are guaranteed to meet 
the above probe limits. Due to possible wafer saw and assembly shifts, 
probe parameters are not guaranteed for assembled units. (2) USB ;;. 
l,Inipolar Straight Binary; BOB = Bipolar Offset Binary. (3) Adjustable 
to zero with external trim potentiometer. (4) Error at input code 00016 for 
both unipolar and bipolar ranges. (5) FSR means Full Scale Range and 
is 20V for the ±10V range. (6)' Minimum supply voltage required for 
±10Voutput swing is ±13.5V. Output swing for ±11.4V supplies is at least 
-BV to +BV. (7) The maximum voltage at which ACOM and DCOM may 
be separated without ~ffecting accuracy specifications. 

ABSOLUTE MAXIMUM RATINGS 

+Vcc ......•.......•..•.•.........•.•..•••••....•...•• 0 to +18V 
-Vee to ACOM ......................................... : 0 to -18V 
Voo to DCOM ...................... , .................... 0 to +7V 
Voo to ACOM ..................... : ........................ ±7V 
ACOM to DCOM ........................................... ±7V 
Digital Inputs to DCOM ........................... -0.4V to +IBV 
External Voltage Applied tol0V Range Resistor .•....••.•••. ±12V 
REF OUT .............................. Indefinite short to ACOM 
External Voltage Applied to DAC Output .••••.•.•..... -5V to +5V 
Storage Temperature ...............•....••..... -65·C to +150·C 
Junction Temperature ....... ........................... . +175°C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the ~evice. Exposure to absolute maxi
mum conditions for extended periods may affect device reliability. 

PACKAGING 

DAC811 dice are visually inspected to MIL-STD-883, 
method 2010, Test Condition B and are shipped in sealed 
carriers. 

ORDERING INFORMATION 

DAC811 J D 

Basic model number-------~-....J T 
Gradel temperature range ___ ~ _____ ...J_ 

J = O°C to 70°C 

Packagecode---------------~ 

D=die 

TIMING DIAGRAMS .... '''''''''I h' .... ~ ~ " 

H: N;.1rc ._ 

0811-080 

Write Cycle #1 

WR 

___ L ____ _ 
_ w .... r_i_te_(_._yC_I_e_#_2 ___ ~/ :1::----
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TIMING SPECIFICATIONS 

DIgItal Interlace TImIng 
T WP. ~ pulse wldlh (min) ....... ~ •••••.••••••••••••.••• SOns 
TAW1. Nx and LDAC valid 10 end of WR (min) •.•.•.•••••••••• 50n9 
T DW. dala valid 10 end 01 WR (min) •.•••••.•••••••.••••••••.. 80ns 
T .... data valid hold lime (min) •.•••••••••••••••••••••.•••.••• Ons 

OPERATION 
DAC81l is a complete single IC chipl2-bit D / A conver
ter. The chip contains a 12-bit D/ A converter, voltage 
reference, output amplifier, and microcomputer-compat
ible input logic as shown in Figure I. 

FIGURE I. DAC811 Block Diagram. 

INTERFACE LOGIC 

Input latches A, B, and C hold data temporarily while a 
complete 12-bit word. is assembled before loading into 
the D/ A register. This double-buffered organization 
prevents the generation of spurious analog output values. 
Each register is independently addressable: 

These input latches are controlled by NA, No, Nc and 
WR. NA, No, and Neare internally NORed with WR so 
that the input latches transmit data when both NA (or 
No, Ne) and WR are at logic "0". When either NA (or No, 
Ne) or WR go to logic "I", the input data is latched into 
the input registers and held until both NA (or No, Ne) 
and WR go to logic "0". . 

The D/ A latch is controlled by LDAC and WR. LDAC 
and WR are internally NORed so thatthe latches trans
mit data to the D/ A switches when both LDAC and WR 
are at logic ''0''. When either LDACor WR are at logic 
"I", the data is latched in the D/ A latch and held until 
LDAC and WR go to logic "0". 

An latches are· level-triggered. Data present when the 
control signals are logic "0" will enter the latch. When 
anyone of the control signals returns to logic "I", the 
data is latched. A truth table for all latches is given in 
Table I. 

GAIN AND OFFSET ADJUSTMENTS 
Figures 2 and 3 illustrate the relationship of Offset and 
Gain adjustments to unipolar and bipolar D/ A converter 
output. 

TABLE I. DAC811 Interface Logic Truth Table· 

WR NA N. NcLDAC OPERATION , X X X ·x No Operation 

0 0 , , , Enables Input Latch 4MSB's 

0 , 0 , , Enables Input Latch 4 Middle Bits 

0 , , 0 , Enables Input La,ch 4 LSB'. 

0 1 ,1 1 0 Loads CIA Latch From Input Latches 

0 0 0 0 0 All Latches Transparent 

" " X Dont Care. 

-4 ,.L 
!5 ILSB~.rr ,':::~T 
~ ~w ~:':/ 
~ ~!I! ALLBITS ,~.' 
9 ::l:i LOGICO "",I' 
;i . RANGE OF i2 ,'?"- GAIN ADJ, 

RANGE OF 
GAIN ADJ. 

oC . OFFSET ADJ, 111 ¥,# ROTmS 
OFFSET ADJ. !v.' THE LINE 

ALL BITS 
LOGIC I 

TRANSLATES 0-
THE LINE I DIGITAL INPUT 

FIGURE 2. Relationship of Offset and Gain Adjustments 
for a Unipolar D/ A Converter 

V l+FULL 1.. L SCALE/.; " RANGE OF ' 
lLSBIt.,;,? TRAIN AOJ. 

FULL·SCALE ,::-l\- GAIN ADJ. 
,ALL BITS RANGE ,~;/ . ROTATES 
LOGIC 0 '-.., ................ ~irr'f-+-, ...... _ THE LINE 

BIPOLAR ~ Lr "MSB ON" . 
RANGE OF OFFSET "",,'4- mOTHERS "'-.·ALLBITS 
OFFSET ADJ'l ' I OFF LOGIC 1 

DFFSH ADJ. /.. L .I;FULL SCALE 
TRANSLATES ~ OFFSET 
THE LINE 'DIGITALINPUT 

FIGURE 3. Relationship of Offset and Gain Adjustments 
for a Bipolar D/A Converter; 

OFFSET ADJUSTMENT 
For unipolar (USB) configurations, apply the digital 
input code that should produce zero voltage output and 
adjust the Offset potentiometer for zero output. For 
bipolar (BOB, BTC) configurations, apply the digital 
input code that should produce the maximum negative 
output voltage and adjust the Offset potentiometer for 
minus full scale voltage. Example: If the Full Scale 
Range is connected for 20V, the maximum negative 
output voltage is -IOV. See Table II for corresponding 
codes. 

GAIN ADJUSTMENT 
For either unipolar or bjpolar configurations, apply the 
digital input that should give the maximum positive 
voltage output. Adjust the Gain potentiometer for this 
positive full scale voltage. See Table II for positive full 
scale voltages. .. 
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TABLE II. DigitaHnput/Analog Output, :tVee ~ ±ISV. 

"- ANALOG OUTPUT VOLTAGE 

DIGITAL INPUT, 010.+10V ±5V ±10V 

12-BII Resolullon 
MSB (SB 
I I 
111111111111 '+9.9976V ' +4.9978V '+9.9951V : 
100000000000 .+5.OOClQV O.OOOOV O.OOOOV 
01111-1111111 "+4.9976V -o.0024V -0.0049V 
000000000000 O.OOOOV -S.OOOOV -10.0000V 

lLSB 2.44mV 2.44mV. 4.88mV 

±12VOPERATION 
The DAC811 is fully specified for operati9n on ±12V 
power supplies. However, in, order for the output to 
swing'to ±IOV, the power supplies milst be ±\3.SV or 
greater. When operating with ±12V supplies, the output 
swing should be restricted to ±8V in order to ,meet 
specifications. ' 

LOGIC INPUT COMPATIBILITY 
The DAC81ldigitai inputs are TTL,' LSTTL, and 
S4J74HC CMOS-compatible over the operating range 

, of, V DO. The input switching threshold remains at the 
TTL threshold over the supply range. 

The logic inpilt current bver temperature is low enough 
to permit driving the DAC811 directly from the outputs 
of 4000B S4J74C CMOS devices. 

INSTALLATION 
POWER SUPPLY CONNECTIONS 

Decoupling: For optimum performance ,and noise rejec
'tion, power supply decoupling capacitors should be 
added as,shown in the Connection Diagram, Figure 4. 
These capacitors(l"F to IO"Ftantalum recommended) 
should be located close to the DAC811. 

Voo 

CONNECT fOR ,IPOLAR OPERATION, 
-v";' 

·.,/I~M~' 10kCl TO 

OFFSET IOOko 

I!I ADJUST 
"+Vee ' 

~ 
GAIN 

ADJUST 
3.9MO 10kO TO' 

I!I lOOkO 
Ili 

,-Vee, . . 
III 
I!I 

I!I .+Vcc 

I!I I!iIml I!IlIDliIliI 

IpF 
.+ .+ 

FIGURE 4. Power Supply, Gain, and Offset 
Potentiometer Connections. 

The DAC811 features sepa:r~tedigital and analog power 
supply returns to permit optimum connections for low 
noise and high speed performance. The Analog Com
mon (pad 23) and Digital Common (pad IS) should be 

, connected together at one point: Separate returns min
iII!-ize' curtent flow in low level signal paths' if properly 
connected. Logic return. currents are not added into the 
analog signal return path. A ±O.SV difference' between, 
ACOM and DCOM is permitted for specified operation. 
High frequency noise on DCOM with respect' to ACOM 
may permit noise to' be coupled throilgh to the analog 
output, therefore, some caution isrequiredin applying 
these common connections. The Analog Common' is the 
high quality return for the D/ A converter and should be 
connnected directly to the analog reference point of the 
'system. The load driven by the output amplifier should 
:. be returned to the Analog Common. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 
Offset and Gain may ,be trimmed by installing external 
Offset and Gain potentiometers. Connect these pptenti
omelers as shown in Figure 4. TCR of thepotentiome

: tersshould be 100ppm/oCor less. The 1.0MO and 
3.9MO resistors (20% tolerance or better) should be 

,'located,close to the DAC8ll to prevent noise pickup. If it 
is not convenient to use these high value resistors, an 
eqilivalent "T" network, as shown in' Figure 5; may be 

: substituted in each case. The GiiinAdjustis 'ahigh impe
dance point and a O.OOI"F to O.OI"F ceramic capacitor 
should be connected from this pin to Analog Common 
to reduce noise pickup in all applications, including 
those not employing external gain adjustment. 

',' . 

"~ 
UMn 

~ 
3.9Mn 

FIGURE S. Equivalent Resistances. 

OUTPUT RANGE CONNECTIONS 

Internal scaling resistors provided in the DAC811 may be 
connected to produce bipolar output voltage rimges of 
±IOV and ±SV or unipolar output voltage range of,O to 
+IOV~ The 20V range (±IOV bipolar range) is internally 
corinected. Refer to Figure 6.' Connections for the output 
ranges are listed in Table III. 
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FROM 
5.38kCl 

@ '\IV' BIPOLAR 
WLTASE REFERENCE R."" OFFSET 

'@ SUMMING 
JUNCTION 

4.281lCl 25 IOV RANRE 

FROM U/A 
CONVERTER 

RESISTOR TOLERANCES ±25% 

FIGURE 6. Output Amplifier Voltage Range Scaling 
Circuit. 

,',I,' 

TABLE III. Output Range Connections. 

Output Digital Connect Connect 
Range Input Codes Pin 25 To Pin 27 To 

Oto +10V USB 24 23 

±5V BOBo,BTC 24 26 

±10V BOBo,BTC NC 26 
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BURR-BRoWN@) 

IEaEaI DAC7700DIE 

Current Output 
16-BIT DIGITAL-TO-ANALOG CONVERTER DIE 

DESCRIPTION 
The DAC7700KD is complete l6-bit digital-to
analog converter that includes a precision buried
zener voltage reference on one small monolithic 
chip. A combination of current-switch design tech
niques accomplishes not only .14-bit monotonicity 
over the entire specified temperature range but also 

. a maximum end-point linearity error of ±O.OO3% of 
full~scale range. 
Digital inputs are complementary binary coded and 
are TIL-, LSTIL-, S4/74C- and S4/74HC-com
patible over the entire temperature range.' Outputs 
of 0 to -2mA and ±lmA are available. 

DIE TOPOGRAPHY 

PH 

1 
2 
3 
4 
5 
8 
7 
8 
9 

10 
11 
12 
·13 
14 
15 

Func\Ion 

27 
28 

30 
1 
2 

Bit 1 (MSB) Input 
Blt21nput 
Blt31nput 
Bit 4 Input 
Bit 5 Input 
Bit 8 Input 
Bit 7 Input 
Bit 8 Input 
Blt91nput 
Bit 10 Input 
elt 11 Input 
Bit 12 Input 
-15VSupply 
Bit 13 Input 
Bit 14 Input 

26 25 24 23 22 2t 20 191817 

16 

15 
14 
13 
12 
11 

3 45678910 

PH FunctIon 
Die size: 153 X 120 mils 16 Bit 15 Input 

17 Bit 16 Input Bonding pad size: 4 X 4 mils 
18 R .. -1OkO 

Backside Contact: Gold (Must 19 No Connection 
20 R .. ·-l0kO be connected to -Vcc) 
21 +5VSupply 
22 Digital Ground 
23 Analog Ground 
24 Cur",nt Output 
25 Bipolar OIIset 
28 Gain Adjust 
27 +15VSupply 
28 Refe",nce Output 
29 -15VSupply 
30 lener taet point. Do nol use. 

In ......... Alr\llrl1IIduIIrI1i Part· P.O. 11111400· T_ Artana 85734· Til. (802\ 748-1111· TWI: 110.962·1111 ,CIIIII: .IRCORp· TIIII: 811-84111 

PDS-611 
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SPECIFICATIONS 
ELECTRICAL PROBE LIMITS III 
At T. = +25'C and ±Vcc = 15V, VDD = +5V unless otherwise noted. 

MOOEL OAC7700KD 

PARAMETER MIN TVP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution 16 Bits 
Dlgltallnpuls 

V'H +2.4 +Vcc V 

VIL -1.0 +O.S v 

I'H; V, = +2.7V +40 "A 
IlL, V, = +0.4V -0.35 -0.5 mA 

TRANSFER CHARACTERISTICS 

ACCURACY'" 
Linearity Error'31 ±0.001S ±0.003 %ot FSR '41 

Differential 
Linearity Error'» ±0.OO3 ±0.006 %of FSR 

Gain Error'" ±0.07 ±0.15 % 
Zero Error'51 Ie, +1 .+2 "A 
Monotoniclly 14 15 Bits 

OUTPUT 
Unipolar (CSB Code)'" Oto-2 mA 

Output Impedance'" 4 kCl 
Bipolar (COB Code)'" ±I mA 

Output Impedance,al 2.45 kCl 
Compliance Votiage ±2.5, V 

REFERENCE VOLTAGE 
Voltage +6.0 -. +6.3 +6.6 V 
Source Current Available 

for External Loads +2.5 mA 

POWER SUPPLY REQUIREMENTS 

Voltage: 
+Vee 11.4 15 16.5 V 
-Vee '11.4 15 16.5 V 

V •• +4.5 +5 +16.5 V 
Current (no load) 

+Vcc +10 +25 mA 
-Vee -13 -25 mA 

V •• +S mA 
Power Dissipation 

(V •• = +5.0V)'~ 365 790 mW 

TEMPERATURE RANGE 

Specification: 0 70 'C 

PERFORMANCE CHARACTERISTICS 
Parameters included ars for design information and BrB not guaranteed or 
subject to test. . 

PARAMETER MIN TYP MAX UNITS 

DRIFT(over 
specification 
temperature 
range) 

Total Error 
Over 
Temperature 
Range (all 

%OfFSR" models)'''' ±.OB ±O.15 
Total'Full Scale Drift: 

Unipolar models ±10 ±30 ppm of FSR/'C 
Bipolar models ±10 ±25 ppm of FSR/'C 

Gain Drift (all m?dels) 
Zero Drift: 

±10 ±25 ppm/'C 

Unipolar models ±2.5. ±5 ppm of FSR/'C 
Bipolar models ±5 ±12 ppm of FSR/'C 

Differential Linearity 
Over Temp,I31 +0.009, %ofFSR 

-0.006 
Linearity Error 

Over Temo. C3} ±0.008 %of FSR 

PERFORMANCE CHARACTERISTICS (CONT) 

PARAMETER MIN TVP MAX UNITS 

Reference Temp· 
srature CoeffiCient 25 ppm/'C 

SETTLING TIME (to 

, ±0.003% of FSR)'" 
Full Scale Step (2mA), 

10 to l00Clload 350 1000 osec 
lkClload 1 3 i'Sec 

NOTES: (1) All dice are 100% probe tested and guaranteed to meet the 
above probe limits. Due to possible wafer saw and assembly shifts, probe 
parameters are not guaranteed for assembled units. (2) DAC7700KD is 
specified and tested with an external output operational amplifier con
nected using the Internal feedback resistor in all parameters except set
tling time. (3) ±0.0015% of full-scale range is equivalent to lLSB In 16-bit 
resolution. ±O.OO3% of full-scale range is equivalent to 1LSB in 15·bit reso
lution. ±O.006% of 'full-scale range Is equivalent to lLSB in 14-bit resolu
tion. (4) FSR means full-scale range and is 20V lor the ±10V range, 10V 
for the 0 to +10V range. FSR is 2mA for the ±1mA range and the 0 to +2mA 
range. (5) Adjustable to zero with external trim potentiometer. Adjusting 
the gain potentiometer rotates the transfer function around the zero point. 
(6) Error at input code FFFFH for CSB operation, 7FFFH for COB oper
ation. (7) Maximum represents the 30' limit. Not 100% tested for this 
parameter. (8) Tolerance on output impedance and output current is 
±30%. (9) Power dissipation is an additional40mW when Vee is operated 
at +15V. (10) With gain and zero errors adjusted to zero at +25'C. 

ABSOLUTE MAXIMUM RATINGS 

+Vcc to Common .•....•..••.........••..••.......••• :. OV, +1av 
-Vee to Common ....................................... OV, -1SV 
VDD to Common ....................................... OV, +1SV 
Digital Data Inputs to Common ....................... -lV, +1SV 
Rl;lference Out to .Common ...•.••••• Indefinite Short to Common 
External Voltage Applied to RF . .. .. . . .. .. .. .. .. .. .... .. ... ±1SV 
Power Dissipation. . • . • . . . . . . . • • • . • • . . .. .. • • . • . • . • . . • .• 1000mW 
Storage Temperature .......................... -60'C to +150'C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings"· 
may cause permanent damage to the device. Exposure to absolute maxi
mum conditions for extended periods may affect device reliability. 

PACKAGING 
DAC7700 dice are visually inspected to MIL-STD-883, 
Method 2010, Test Condition B, and are shipped in 
sealed carriers. 

ORDERING INFORMATION 

DAC7700 K D 
Basic Model Number _______ ---'1 J 
Grade/Temperature Range --------'---'

K = O°C to +70°C 

Package Code ---------------' 
D= Die 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram, IIlF tantalum capacitors 
should be located close to the D/ A converter_ 
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EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed byinstallirtg external 
zero and gain potentiometers. Connect these potenti~ 
ometers as sho~n in the Connection Diagram imd adjust 
as described below. TCR of the potentiometers should 
be IOOppmJoC or less. The 3.9Mn and 270kn.resistors 
(±20% carbon or better) should be located'dose to the 
DJ Acoriverter to prevent noise pickup. If it is not con
venient to use these high-value resistors, an equivalent 
"T" '!etwork, as shown in Figure I, may be substituted in 
place of the 3.9Mn part, A O.OQII'Fto O.OIIlF ceramic 
capacitor may be.needed from Gain Adjust to Common 
to reduce noise' pickup. Refer to Figures 2 and 3 for the 
relationship of zero and' gain adjustmen~s to unipolar 
and bipolar DJ A converters. 

Zero !,djustment. 

For unipolar (CSB) configurations, apply the digital 
input code that produces zero voltage or zero current 
output and adjust the zero potentiometer for zero out
put. 
For bipolar-(COB) configurations, apply the digital 
input code that produces, zero output voltage or current. 
See Table I. for corresponding codes and the Connection 
Diagram, Figure 4, for zero adjustment circuit connec
tions. Zero calibration should be made before gain cali~ 
bration. 

YtJ<. 
3.9Mn 180kn 

FIGURE I. Equivalent Resistances. 

+FULL 
, SCALE 

1LSB 

.~,~ 
/ 

~/' 

,-' /.-' ~T 
-' " . 

~ ~.,./." / RANGE OF 
:: /' /' GAIN ADJ. .. ~ /{:-:, , 

. .j/.Ai" 
g INPUT = . 'V /"" GAINAOJ. 

RANGE OF ... FFFFH ~ P ROTATES 

ZERO AOJ'lj' Ik"~ THE LINE INPUT = 0000.. 

ZERO ADJ. K;".~H"""~I-"JJ-.'+·I-· ·-+1_1-· ... 1 +1 -(I 
TRANSLATES~ OIGITAL INPUT 
THE LINE I 

, FIGURE 2. Relationship of Zero and Gain Adjust
ments,for.Unipolar DJA Converters. 

-FULL SCALE 
DIGITAL IIPUT 

RANGE AND 
OFFSET 
ADJUST 

FIGURE 3. Relationship of Zero and Gain Adjust
ments for BiJl?lar DJA Converters. 

TABLE I. Digital Input and Analog Output Relationships. 

CURRENT OUTPUT MODES 

" 
Anllog Output 

Unipolar, 0 to -2mA Blpollr, ±lmA 

Dlgllallnput,eode .. le-blt l5-blt l4-blt 16-bII . l5-blt l4-bII :Unlla' .. 

One LSB 0.031 0.061 0.122 0.031 0,061 0.122 ,,.,A. 
0000.. '-'1.99997 -1,99994 -1,99988 -0.99997 -0.99994 -0.99968 mA 
FFFFH 0 0 0 +1.00000 +1.00000 +1.00000 rnA 
7FFFH -1.00000 -1.00000 -:1.00000 0 0 0 rnA 

VOLTAGE OUTPUT MODES (WITH EXTERNAL OP-AMP) 

Analog Output 

U!'lpola" 0 to +10V Bipolar, ±lOV BIpolar, ±5V 
' .. 

Dlgltllinput COde l6-blt l5-blt l4-blt' l6-blt 15-blt l4-b1t l6-blt l5-blt l4-blt Unlls 

OneLSB 153 305 610 : 305 610 1224 153 305 610 ,.,V' 
OOOOH :1'9,99985 +9.9996~ +9,99939 +9,99969 +9,99939 +9.99878 +4.99985 +4.99969 +4.99939' 'V 
FFFFH 0 0 0 ~10,OOOO -10,0000 -Hi.OOOO -5.0000 -5.0000 -5,0000 •. ',' V 

'7FFFH +5,00000 +5.00000. . +5,00000 0 0 0 0 0 0 V 
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DAcnOOKD REFERENCE OUTPUT 

MSB 

1lTII--+r+-VOO'" 
EXTERNAL QP-AMP 

DIGITAL 
INPUTS 

LSB 

FIGURE 4. Connection Diagram. 

Gain Adjustment 

Apply the digital input that gives the maximum po~itive 
output voltage: Adjust the gain potentiometer for this 
positive full scale voltage. See Table I for positive full 
scale voltages and Figure 4 for gain adjustment circuit 
connections. 

INSTALLATION 
CONSIDERATIONS 
This D/ A converter family is laser-trimmed to 14-bit lin
earity. The design of the device makes the 16-bit resolu
tion available. If 16-bit resolution is not required, bit IS 
and bit 16 should be connected to VDll through a single 
IkO resistor. 

Due to the extremely-high resolution and linearity of the 
D/A converter, system design problems such as ground
ing and contact resistance become very important. For a 
16-bit converter connected for a +IOV full-scale range, 
ILSB is IS3I.1V. With a load current of SmA, series wir
ing and connector resistance of only 30mO will cause the 
output to be in error by ILSB. To understand what this 
means in terms of. a system layout, the resistance of #23 
wire is about 0.0210/ft. Neglecting contact resistance, 
less than IS inches of wire will produce a ILSB error in 
the 'analog output voltage! 

In Figures Sand 6, lead and contact resistances are 
represented by R, through Rs. As long as the load resist
ance RL is constant, R, simply introduces a gain .error 
and can be removed during initial calibration, R3 is part 
of RL, if the output voltage is sensed at Common, and 
therefore introduces no error. If RL is variable. then R, 

VOUT 

Output Range Pad 24, Pad 25 Pad 19, Pad 20 

-lDV to rl0V Connected 151 Open 
OV to t10V Open Connected 141 

-5V to t5V Connected lSI Connected 141 

NOTES: (1) Can be tied to +Vcclnstead of having separate voo supply: this will 
increase power dissipation approximately fOOmW. (Z) Decoupllng capacllors are 
O.fpF to IpF. (3) Potentiometers are fOkOto 100kO. (4) Make this connection for 
10V full·scale range. Leave open for ZOV full·scale range. (5) Make this connection 
lor bipolar operation. Leave open lor unipolar operation. 

should be less than RLm;n/z'b to reduce voltage drops due 
to wiring to less than ILSB. For example, if RLm;n is SkO, 
then R, should be less than O.OSO. RL should be located 

TO Voo -""""7r.-::---t--:::+::':-!V 
+ IpF COM 

+5VDC 
SUPPLY 

.r---~---'----r-----' 

t Re should be equal to the output impedance at the current output to com· 
pensate for the bias current drift of A,. Use standard fO%. fl4W carbon 
composition or equivalent resistors. 

FIGURE 5. Preferred External Op Amp Configuration. 
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DAC7700KD 
SENSE 

R, OUTPUT 

R, ~ 
H, 

R. + R, '= R, + H, 
±15VOC H. = ROAC 

TO+V~--~~~-=~~~------l 
SUPPLY 

TO -Vee ---1--"----+-''''"""'''-1 

TO Vee +V +5VDC 
---,.-r-1-pF----ir--.."CO""M:1 SUPPLY 

FIGURE 6. Differential Sensing Output Op Amp 
Configuration. 

as close as possible to the D/A converter for optimum 
performance. The effect of R. is negligible. 

In many applications it is impractical to sense the ouiput 
voltage at the common pad. Sensing the output voltage 
at the system ground point is permissible with the 
DAC7700 because the 0/ A converter is desi~ned to have 
a constant return current of approximately 2mA flowing 
from Common. The variation ,in this current is .under 
20pA (with changing input codes), therefore R. can be as 

large as 30 without adversely affecting the linearity of 
the D/A converter. The voltage drop across R. (R. X 
2mA) appears as a zero error and can be removed with 
the zero calibration adjustment. This alternate sensing 
point (the system ground point) is shown in Figures 5 
and 6. 
Figures 5 and 6 show, two methods of connecting the 
current output model DAC7700 with external precision 
output op amps. By sensing the output voltage at the 
load resistor (i.e., by connecting RF to the output of A, 
at Rd, the effect of R, and R2 is greatly reduced: R, will 
cause a gain error but is independent ofthe value of RL 
and can be eliminated by initial calibration adjustments. 
The effect of R2 is negligible because it is inside the 
feedback loop of the output op amp and is therefore 
greatly reduced by the loop gain. 

If the output cannot be sensed at Common or the system 
ground point as mentioned above, the differential output 
circuit shown in Figure 6 is recommended. In this circuit 
the output voltage is sensed at the load common and not 
at the 0/ A converter common as in the previous circuits. 
The value of R6 and R, must be adjusted for maximum 
common-mode rejection at RL. Note that if RJ is negligi
ble, the circuit of Figure 6 can be reduced to the one 
shown in Figure 5. Again the effect of R. is negligible. 

The D/A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EM!. The kC;y concept in elimination 
of RF radiation or pickup is loop area; therefore, signal 
leads and their return conductors,should be kept close 
together. This reduces the external magnetic field along 
with any radiation. Also, if a single lead and its return 
conductor are wired close together, they present a small 
flux-capture cross section for any external' field. ,This 
reduces radiation pickup in the circuit. 
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BURR-BROWN@) 

IElElI DAC7701 DIE 

Voltage Output 
16-BIT DIGITAL-TO-ANALOG CONVERTER DIE 

DESCRIPTI'ON 
The DAC770lKD is a complete 16-bit digital-to
analog converter that includes a precision buried
zener voltage reference and a low-noise, fast-settling 
output operational amplifier (voltage output mod
els), all on one small monolithic chip. A combina
tion of current-switch design techniques accomp
.lishes not only 14-bit monotonicity over the entire 

specified temperature range but also a maximum 
end-point linearity error of ±O.OO3% of full-scale 
range. 
Digital inputs are complementary binary coded and 
are TTL-, LSTTL-, 54/74C- and 54/74HC-com
patible over-the entire temperature range. Outputs 
of 0 to + lOY and ±IOV are available. 

DIE TOPOGRAPHY 

Pad 

1 
2 

19 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Function 

27' 
28 

29: 

BI11 (MSB) Inpul 
BII21npui 
BI131npui 
BI141npui 
Bil51npul 
BI161npui 
BI171npui 

. Bil81npul 
Bil91npul 
BI110lnpui 
Bil111npul 
BII12 Inpul 
-15VSupply 
BII13 Inpul 
BI114 Inpul . 

262524 23 2221 20 191817 

16 

15 
14 

3 4 5 6 7 8 9 10 

Pad Function 

16 BII15 Inpul Die size: 153 X 120 mils 17 BII18 Inpul 
18 R,.-10kO Bonding pad size: 4 X 4 mils 
19 Vollage Oulpul 

Backside Contact: Gold (Must 20 R.B -10kO 
21 +5VSupply be connected to -Vee) 
22 Dlgllal Ground 
23 Analog Ground 
24 CurrenlOulpul 
25 Bipolar Off8el 
26 Gain Adjusl 
27 +15VSupply 
28 Reference Oulpul 
29 -15VSupply 
30 Zener lesl point. 00 ;'01 use, 

In .. rnalanal Alrparl IndUl1ri11 Park - p.o, Box 11400 - TUCIM. ArlzDnI 85734· Til, 11102]748-1111 • Twx: 910-1152·1111 - cable: BBICOIP - Tlllx: 86-8491 

PDS-612 
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SPECIFICATIONS 
ELECTRICAL PROBE LIMITS 
At T. = +25°C and ±Vcc = 15V. Voo = +5V unles. ,otherwise noted, 

MODEL DAC7701KD 

PARAMETER MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution i 16 Bit. 
Dlgltlillnput. 

V,H +2,4 +Vcc V 
VOL -1.0 +D.8 'V 
I,H. V, = +2.7V +40 cpA 

IlL. VI = .+D.4V . -0.35 ,..0.5 '.~ rnA . 

TRANSFER CHARACTERISTICS 

ACCURACY 
Linear'ity Error!21 ±0.0015 '±0.003 %0IFSR131 

Differential Linearity 
Error21 ±0.003 ±O.OO6 %oIFSR 

Gain ErrorC41 ±0,07 ±0,15 % 
Zero ~rrort31 ,1,51 ±10 ±20 mV 
Monotonlclty , 14 15 Bits 

OUTPUT 
Unipolar (CSB Code) Oto+l0 V 
Bipolar (COB Code) '.1' ±10 V, 

Output Curre~t ±5 mA 
Output Impedance 0.15 0 
Short Circuit to 

Common Duration Indefinite 

REFERENCE VOLTAGE 
Voltage +6,0 +6,3 +6,8 V, 
Source Current 

Available lor 
External Loads +2,5 mA 

POWER SUPPLY REQUIREMENTS 

Voltage' 
+Vee 11,4 15 :16.5 'V, 
-Vee 11.4 15 16.5 V· 

Voo +4,5 +5 .. tI6.5 1/ 
Current (no load) 

+Vcc +16 +30 'mA 
-Vee -18 -30 ,rnA 

Voo +4 +8 mA 
Power Dissipation 

(VDD = +5,OV)'" 530 940 mW 

TEMPERATURE RANGE 

Specification 0 , 70 °C 

PERFORMANCE CHARACTERISTICS' 
Parameters included are for design information and are not guaranteed or 
subject to test. 

PARAMETER MIN TYP MAX UNITS 

DRIFT(over 
specification 
tempenature 
nange) 

Total Error 
Over 
Temperature 
Range (ail 
model.)'" ±.08 ±0,15 %ofFSR 

Total Full Scale Drift: 
Unipolar models ±10 ±30 ppm 01 FSR/oC 
Bipolar models ±10 ±25 ppm 01 FSRrC 

Gain Drill (all,models) ±10 ±25 ppm/OC 
Zero Drift: 

Unipolar models ±2.5 ±5 ppm 01 FSR/oC 
Bipolar models ±5, ±12 ppm 01 FSRI"C 

Differential Linearity 
Over Temp,lt. +0.009, %oIFSR 

-O.oOs 

:' 

, PERFORMANCE CHARACTERISTICS (CONT) 

PARAMETER MIN TYP MAX UNITS 

Linearity Error 
Over Temp.l2.I ±O.OOO ,,%oIFSR 

Relerence Temp-
erature Coefficient 25 ppm/oC 

SETTLING TIME (to 
±O,003% 01 FSR),m 

Full Scale Step 
2kOIoad 4 8 fJS8C 

lLSB Step at 
Worst-Case Code!?' 2.5 fJS8C 

Slew Rate 10 VlfJSec 

NOTES: (1) Ail dice are 100% probe tested and gU~ianteed 'to meet the 
above probe limits, Due to possible waler saw and assembly shifts. probe 
paremeWs are not guaranteed lor assembled units. ,,(2) ±O.0015% 01, lull
scsie nange Is equlvalenlto lLSB in 16-bit resolution. ±O.OO3% oi lull-scale 
range is equivalent to lLSB in 15-bit resolution. ±0.006% of full-scale nange 
is equivalent to lLSB in 14-bil resolution.' (3(FSR means lull~ale range 
and I. 20V lorthe ±10V range, 10Vlor the 0 to +10V range. FSR Is 2mA lor 
the ±lmA range and the 0 to +2mA renge. (4) Adjustable to zero with 
external trim potentiometer. Adjusting the gain potentiometer rotates the 
iranslerfunction around the zero pOint. (5) Error a\lnput code FFFFH lor 
CSB operation, 7FFFH lor COB operation. '(6) Maximum represani. the 
3ulimit. Not 100% tested lor this param,eter. , (7) Althe II1ajor carry, 7FFFH 
to 8O~ and 8000H to 7FFF., (8) Power dissipation is an additional 

'40mW when' Voo i. operated at +15V, (9) With gain and zero errora 
adjusted to zero at +25°C. 

ABSOLUTE MAXIMUM RATINGS 

'+Vee to Common ...................................... OV, +18V 
-Vee to Common ...••..•••..• , ........................ OV, -18V 

,·VDDtoCommon.::: ................................... OV,+18V 
Digital Data Inputs to Common ........... " .......... -lV. +18V 
Reference Out to Common •...•.•..• Indefinite Short to Common 
'External Voltage Applied to RF ............................ ±18V 
External Voltage Applied 10 D/A Output. .. • • • • . .. • ... -5V to +5V 
Vou, .............. ; :. • . • • . . • • • . • • • • •• Indefinite Short to Common 
Power Dissipation. . .. • • . .. • . • . • • . .. • • • . . • • .. . . . . • . .. .• l000mW 
Storage Tempareture .......... : ................... -60°C to +150°C 

,NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may 'cause'permanent damage to the device. Exposure to absolute maxi
mum conditions, lor extended periods may aifect device reliability. 

PACKAG,ING 

DAC7701KDdice,.are visually inspected to MIL-STD~ 
883, Method 2010, Test Condition B, and are shipped in 
sealed carriers. ' 

ORDERING INFORMATION 

DAC7701 K D 
Basic Model Number _______ .....,-..11 J 
Gradel Temperature Range ----------1-

K = O"C to +70"C 

Package Code-....,..------...---------' 
D= Die 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and, noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection I;>iagram. Ij.1F tantalum capacitors 
should be located close to the D/A converter. 
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EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external 
zero and gain potentiometers. Connect these potenti
ometers as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
be IOOppm/oC or less. The 3.9Mn and 270kn resistors 
(±20% carbon or better) should be located close to the 
DI A converter to prevent noise pickup. If it is not con
venient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure I, may be substituted in 

, place of the 3.9Mn part. A O.OOII'F to O.OII'F ceramic 
capacitor may be needed from Gain Adjust to Common 
to reduce noise pickup. Refer to Figures 2 and 3 for the 
relationship of zero and gain adjustments to unipolar 
and bipolar D/A converters. 

Zero Adjustment 

For unipolar (CSB) configurations, apply the digital 
input code that produces zero voltage or zero current 
output and adjust the zero potentiometer for zero out
put. 

For bipolar (COB) configurations, apply the digital 
input code that produces zero output voltage or current. 
See Table I for corresponding codes and the Connection 
Diagram, Figure 4, for zero adjustment circuit connec
tions. Zero calibration should be made before gain cali
bration. 

~=~' 3.9MO ,lBOkO, lBOkO, 

IOkO 

FIGURE l. Equivalent Resistances. 

TABLE I. Digital Input and Analog Output Relationships. 

+FULL t . L 
SCALE Jtf- ,."~ 

ILSD ,,"' ,,'" ~T " , " ~ ii ,"'/ / RANGE OF 
!; ~ ¥f ~ GAIN ADJ. 
g ~ /f~' 
~ ~ ,;/.Af'I 
c: :::I INPUT = .,. "it" GAIN ADJ. 

RANGE OF ~ FFFFH &:~ ROTATES 

ZERO ADJ'ljt ... ~JI THE LINE '" INPUT = DOO~ 
I 

ZERO ADJ. "~++-+-+--+U-+-IH_-+--( 
TRANSLATES~ DIGITAL INPUT 
THE LINE I 

FIGURE 2. Relationship of Zero and Gain Adjust
ments for Unipolar D/A Converters. 

-FULL SCALE 
DIGITAL INPUT 

RAISE AID 
OFFSET 
ADJUST 

FIGURE 3. Relationship of Zero and Gain Adjust
ments for Bipolar D/A Converters. 

VOLTAGE OUTPUT MODES 

Analog Output 

Digital 
Unipolar, 0 to HOV Bipolar, ±10V Blpolar,:!:5V 

Input Code 18-blt 15-blt 14·blt 18-blt 15-blt 14·blt l&.11,H , 15-blt l .... bH Unl .. 

One LSB 153 305 610 305 610 1224 153 305 610 pV 
ooooH +9,99985 +9.99969 +9.99939 +9.99969 +9.99939 +9.99878 +4.99965 +4.99969 +4.99939 V 
FFFFH 0 '0 0 -10.0000 -10.0000 -10.0000 -5.0000 -5.0000 -5.0000 V. 
7FFFH +5.00000 +5.00000 +5.00000 0 0 0 0 0 0 V 
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DAC77mKD REFERENCE OUTPUT 
r-~--+Vcc +Vcc 

UMCl . 

-Vee 

Output Range Pad~, Pad 25 Pad 19, Pad 20 • 

-10Vt" +10V Connected (51 

Illlt---=---t-,-,- V .. '" 
Open 

OVto +tOV Open .. Cbnnected ,'41 • 

DIGITAL 
INPUTS 

-5V to +5V Connected 151 Connected '41 

L--@lt-+-+---Vou, 

-v NOTES: (1) Can be lied to +Vee Instud oJ hiving separate Voo supply; this will 

~~~~~~~~~~~~~~=r1cc4 increase power dlsslpallori approximately lDDmW. (2) Dacoupllng clpacltors Ira 
t.,L O.1pF to t.OpF. (3) PoJenllom8lars ara lDkCl to l00kCl. (4) Maknhls connection 
~ for tOV full·scala range. leave open lor 2DV lull·scala rangl. (5) Make this connee-

LSB tlon lor bipolar operation. Lalve opan lor unipolar operation. ,,' 

FIGURE 4. Corinet;:tiori Diagram. 

Gain Adjustment 
, . 

Apply the digital input that give's the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full scale voltage. See Table I for positive full 
scale voltages and ,Figure 4 for gain adjustment circuit 

. connections. 

INSTALLATION 
CONSIDERATIONS 
This D/ A converter family is laser-trimmed to 14-bit lin
earity. The design of the device makes the 16-bit resolu
tion available. If 16-bit resolution is not required, bit IS 
and bit 16 should be connected to V[)l> through a single 
IkO resistor. . . 

Due to the extremely-high resolution and linearity of the 
D/A converter, system design problems such as ground
ing and contact resistance become very important. For a 
'16-bit converter connected for a + IOV full-scale range, 
ILSB is IS3"V. With a load current of SmA, serieswir-. 
ing and connector resistance of only 30mO will cause the 
output to be in error by lI::'SB. To understand what this 
means in terms of a system layout, the resistance of #23 
wire is about 0.0210/ ft. Neglecting contact resistance, 
less than 18 inches of wire will produce a I LSB error in 
the analog output Voltage! 

In Figure S, lead and contact resistances are represented 
by RI through R,., As long as the load resistance RL is 
constant, R, simply introduces a gain error and can be 
removed during initial calibration. R2 is part of RL, if the 
output voltage is sensed at Common, and therefore 
introduces no error. If RL is variable, then RI should be 
less than RLmi./2'6 to reduce voltage drops due to wiring 

to less than ILSB. For example, if RLmin is SkO, thenRI 
should be less than 0.080. RL should be located as close 
as'possible to the D/A converter for optimum perfor
·mance. The effect of R, is negligible. 

TO Voo 
+ tpF 

'R, = 2kCl 

SYSTEM GROUND POINT 
+V 

COM +5VDC 
SUPPLY 

FIGURE S. Output Circuit for Voltage Models. 
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In many applications it is impractical to sense the output 
voltage at the common pad. Sensing the output voltage 
at the system ground point is permissible with the 
OAC7701 because the O( A converter is designed to have 
a constant return current of approximately 2mA flowing 
from Common. The variation in this current is under 
20/lA (with changing input codes), therefore R3 can be as 
large as 30 without adversely affecting the linearity of 
the O(A converter. The voltage drop across R3 (R3 X 
2m A) appears as a zero error and can be removed with 
the zero calibration adjustment. This alternate sensing 

11-17 

point (the system ground point) is shown in Figure 5. 

The O( A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EM!. The key concept in elimination 
of RF radiation or pickup is loop area; therefore, signal 
leads and their return conductors should be kept close 
together. This reduces the external magnetic field along 
with any radiation. Also, if a single lead and its return 
cond uctor are wired close together, they present a small 
flux-capture cross section for any external field. This 
reduces radiation pickup in the circuit. 



BURR-BROWN® 

IElElI INA101 DIE 

Very-High Accuracy 
INSTRUMENTATION AMPLIFIER DIE 

DESCRIPTION 
The lNAlO1 is a high accuracy, monolithic instru
mentation amplifier. It consists of three precision 
operational amplifiers featuring a laser-trimmed 
thin-film resistor network. High input impedance, 

low noise, very-low drift, and high accuracy give 
outstanding performance in demanding instrumen
tation applications. 

Pad Function Pad Function --
1 Output 8 A, Output Die Size: 120 X 106 mils 

2A +Vec 9 A2 Output Bonding Pad Size: 5 X 5 mils 
2B +Vce 10 Gain SetA2 

Backside Contact: Gold 
3 -Input 11 Gain Sense A2 
4 Gain Sens9 AI 12 +Input *Do Not Connect 
5 Gain SeIA, 13A -Vee 
6 Vos Trim AI 138 -Vee 
7 Vas Trim A, 14 Common 

NOTES: (1) The back of the die shoutd not be used for the -Vee connection. (2) Bond from either pad 13A or pad 13B to -Vee. (3) Bond 
from pad 2A and pad 2B separately to +V,-". 

International Alrportlndustrlat Park· P.O. Box 11400 • Tucson. Arizona 85734 . Tel. 1602) 746·1111 • Twx: 910·952·1111 • Cable: BBRCORP • Telex: 66-6491 

PDS-602 
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SPECIFICATIONS 
ELECTRICAL PROBE LlMITSC1I 

At T DIE::::: +45°C and ±Vcc:= 15V unless otherwise specified.121 

INA101AD 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

GAIN EQUATION Gain = 1 + (40k/RG) 

GAIN ERROR Gain;:: 1 ±0.1 %oIFS 
Gain = 10 ±0.2 %oIFS 
Gain = 100 ±0.25 %oIFS 
Gain = 1000 ±0.5 %oIFS 

RATED OUTPUT 
Voltage ±10 V 
Current Vo= ± 10V ±5 mA 

OFFSET 
Input Stage G= 1000 ±100 IlV 

vs Temperature G = 1000 ±4 IlV/"C 
vs Supply (PSR) G=1 90 dB 

Output Stage ±600 IlV 
vs Temperature ±30 1lV/"C 

It<JPUT BIAS CURRENT ±30 nA 

COMMON-MODE REJECTiON V'N=±10VDC 
G=l DC 76 dB 
G = 1000 100 dB 

POWER SUPPLY 
Voltage Derated ±5 ±18 V 
Current 1o = OmADC ±8.5 rnA 

NOTES: (1) All dice are 100% probe tested and are guaranteed to meet the above probe limits. Due to possible waler saw and assembly shilts, probe 
parameters arB not giJaranteed for assembled units. (2) +45°C is used to simulate die temperature of an assembled part at ambient temperature of +25°C. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage .•..•.••.•.....•••........••. '. • . . . . . . • . • •. ±18V 
Input Voltage Range. . . . . . • . • . • • . • . . . • . . • . . • . . . . • . . . . . .. ±Vcc 
Dillerenliallnput Voltage .......•....•........•.••.••.... ±Vcc 
Storage Temperature Range ................. -65°C to +150°C 
Output Short-Circuit Duration .................... Continuous 
Junction Temperature ................................ +150°C 

PACKAGING 

INAIOI dice are visually inspected to'MIL-STD-883, 
Method 2010, Test Condition B and are shipped in .sealed 
carriers. 

ORDERING INFORMATION 
INAIOI A D 

Basic model number ____ =r--l T 
Gradel temperature range ------'

A = -25°C to +85°C . 

Packagecode---------------------J 
D= Die 
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BURR-BROWN® 

113131 INA102 DIE 

LoW Power High Accuracy 
INSTRUMENTATION AMPLIFIER DIE 

DESCRIPTION 
The INAI02 is a high accuracy, monolithic instru
mentation amplifier designed for signal conditioning 
applications where low quiescent power is desired. 
On-chip laser-trimmed thin-film resistors provide 

excellent gain! temperature stability and excellent 
CMRR. Gains of I, 10, 100, or 1000 may be 
conveniently selected by strapping appropriate pads 
together. .. 

Pad Function Pad Function --
1 Offset Adjust 10 Common Die Size: 142 X 104 mils 
2 X 10 11 Output Bonding Pad Size: 5 X 5 mils 
3 X 100 12 +Vcc Backside Contact: Gold 
4 X 1000 13 Filter 
5 X 1000 Gain Sense 14 -In *00 Not Connect 
6 Gain Sense 15 +In **Glass covers the lower 1/3 of 
7 Gain Set 16 Offset Adjust this pad. 
8 ,CMRTrim 17 A, Output 
9 -Vee 18 A2 Output 

NOTE: The back of the die should not be used for the -Vee conne.ction. 

Inlemllional Airport Industrial Park· P.O. Box 11400· Tucson. Arlmna 85734· Tel. 16021 741HI11 . Twx: 911).952·1111 . Cable: B8RCORP· Telex: 66·6491 

PDS-603 
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SPECIFICATIONS 
ELECTRICAL PROBE L1MITS") 
At TOlE;:::: +25°C ±VCC :::: 15V unless otherwise specified. 

INA102AD 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

GAIN EQUATION'" Externally Set 1 + (40k/RG) VIV 

PAD-STRAPPABLE GAINS Xl,10, VlV 
100,1000 

GAIN ERROR'" Gain = 1 ±0.1 %ofFS 
= 10 ±0.1 %ofFS 
= 100 ±0.25 %ofFS 
= 1000 ±0.75 %ofFS 

RATED OUTPUT 
Voltage ±10 V 
Current Vo = 10V ±1 mA 

OFFSET 
Input Stage G = 1000 ±300 I'V 
Output Stage ±400 I'V 

tNPUT BtAS CURRENT 50 nA 

COMMON MODE REJECTION V," = ±10VDC 
G=1 74 dB 
G = 1000 80 dB 

POWER SUPPLY 
Voltage Derated ±3.5 ±18 V 
Current 1o = OmADC ±750 I'A 

NOTES: (1) All dice are 100% probe~tested and are guaranteed to meet the above probe limits. Due to possible wafer saw and assembly shifts, probe 
parameters are not guaranteed for assembled units. (2) If an external gain set resistor (RG) is used for intermediate gains, i't can be a major source of gain 
error. Gain error specifications are for pin-strapped gains only. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ................. : ...................... ±18V 
Input Voltage Range. Differential & Common-mode •..•... ±Vcc 
Storage Temperature Range ..•.............. -65°C to +150°C 
Output Short-Circuit Duration •........•.......... Continuous 
Junction Temperature •...................•.....••.•.. +150°C 

PACKAGING 

INAI02 dice are visually inspected to MIL-STD-883, 
Method 2010, Test Condition B and are shipped in 
sealed carriers, 
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ORDERING INFORMATION 
INAI02 A D 

Basic model number----=r--l J 
Grade / temperature range -

A = -25°C to +85°C 

Packagecode------~~---~ 

D= Die 



BURR-BROWN® 

I E:IE:I I OPA27 DIE 

Ultra-Low Noise Precision 
OPERATIONAL AMPLIFIER DIE , , 

DESCRIPTION 
The OPA27 is an ultra-low noise, high precision 
operational amplifier. It is an improved replacement 
for the industry-standard OP-27. 

compared to common zener-zap trim techniques, 

A unique bias current cancellation circuit (patent 
pending) allows bias and offset current specifica
tions to be met over the full ·-55°Cto· +125°C 
temperature range. 

Laser-trimmed thin-film resistors provide excellent 
long-term stability and allow superior offset voltage 

Pad 

1 
2 
3 
4 

8 

Function 

Offset Trim 
Inverting Input 
Noninverting Input 
Negative Supply 

a'nd Substrate 

Pad 

5 
6 
7 
8 

DIE TOPOGRAPHY 

Fuhction 

None 
Output 

2 

Positive Supply 
Offset Trim 

3 

6 

4 

Die Size: 99 X 61 mils 

Bonding Pad Size: 5 X 5 mils 

Backside Contact: Gold 

Internatlon.1 Airport Industrial Pari< • P.O, Box 11400 • Tucson. Arizona 85734 • Tel. 1602} 746-1111 • Twx: 91(1.952·1111 . Cable: BBRCORP . Telex: 66·8491 

PDS·SS3 
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SPECIFICATIONS 
ELECTRICAL PROBE LIMITS'" 
At TOlE = +25°C and ±Vcc ;::: 15V unless otherwise specified. 

OPA27CD/OPA27GD 

PARAMETER CONDITIONS MIN TYP MAl( UNITS 

OFFSET VOLTAGE 
Input Ollset Voltage ±60 IlV 
Average Drift ±0.3 1lV/"C 
Supply Aejection ±Vcc = 4V to lBV 95 dB 

18 IlVN 

BIAS CURRENT 
Input Bias Current ±BO nA 
Input Ollset Current 75 nA 

VOLTAGE RANGE 
Common-Mode Input Aange , ±11 V 
Common-Mode Rejection V'N=±10VDC 100 dB 

OPEN-LOOP GAIN, DC 
Open-Loop Voltage Gain AL2: 2kO 118 dB 

RATED OUTPUT 
Voltage Output AL2: 2kO ±11.5 V 

AL 2: 6000 ±10.0 V 
Short-Circuit Current ±17 ±60 mA 

POWER SUPPLY 
Current. Quiescent 1o = OmADC ±5.7 rnA 

NOTE: (1) All dice are 100% probe tested and are guaranteed to meet the above probe limits. Due to possible wafer saw and assembly shifts, 
probe parameters are not guaranteed for assembled units. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage. . • • • . . . . • . • • • . • • . . . • . . • • . . • . . • . • • • . • . .• ±22VDC 
Input Voltage"'. . . • . •• . . • • • • • . • . . . • • . . • • . . . . . • . • • • . . • •. ±22VDC 
Dillerenliallnput Voltage'" ......•..••..••..•••.•...•.• ±0.7VDC 
Differential Input Current(2) •••••••••••••••••• ; '. • • • • • • • •• ±25mA 
Storage Temperature Aange ....••..•....•.••.. -SS"C to +150"C 
Output Short Circuit Duration ...•....•...•..•.. , . • •• Continuous 
JUnction Temperature. . . • • • • • . • • .• • • • • • ••• . • • . . • • . • • • •• +150°C 

(1) For supply voltages less than ±22V, the absolute maximum input volt
age is equal to the supply voltage. (2) The Inputs are protected by'back
to-back diodes. Current limiting resistors are not used in order to achieve 
low noise. If differential Input voltage exceeds ±O.7V, the input current 
should be limlled to 25mA. 

PACKAGING 

OPA27 dice are visually inspected to MIL-STD-883, 
Method 2010, Test Condition B and are shipped in sealed 
carriers. 
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ORDERING INFORMATION 

OPA27 X D 
Basic model number ____ -,-__ =r----I T 
Gradel temperature range ----------'

C = -55°C to + 125°C 
G = -25°C to +85°C 

,". 
Packagecode------------~----------~ 

D=.die 



BURR-BROWN® 

IElElI OPA37 DIE 

Ultra-Low Noise Precision 
OPERATIONAL AMPLIFIER DIE 

DESCRIPTION 
The OPA37 is an ultra-low noise, high precision 
operational amplifier. It is an improved replacement 
for the industry-standard OP-37. 

Laser-trimmed thin-film resistors provide excellent 
long term stability and allow superior offset voltage 
compared to commori zener-zap trim techniques. 

A unique bias current cancellation circuit (patent 
pending) allows bias and offset current specifica
tions to be met over the full -55°C to +125°C 
temperature range. 

The uncompensated OPA37 requires a gain 2:5 for 
loop stability. "'., 

8 DIE TOPOGRAPHY. 7 6 

2 4 

Pad Function Pad Function 

1 Offset Trim 5 None Die Size: 99 X 61 mils 
2 Inverting Input 6 Output Bonding Pad Size: !5 X 5 mils, 
3 Noninverting Input 7 Positive Supply 

Backside Contact: Gol,d 4 Negative Supply 8 Offset Trim 
and Substrate 

internallonal Airport Industrial Park· P.O. 80x 11400 Tucson. Arlzona 85734 - Tel. 1802) 746-1111 • Twx: 910:952-1111 - Cable: BBRCORp· Telex: 66-8491 

PDS-554 
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SPECIFICATIONS 
ELECTRICAL PROBE LIMITS'" 
At T DIE =: +25°C and ±Vcc = 15V unless otherwise specified. 

OPA37CD/OPA37GD 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

OFFSET VOLTAGE 
Input Offset Voltage ±60 "V 
Average Drift ±0.3 "V/"C 
Supply Aejection ±Vcc = 4V to 18V 9S dB 

18 "V/v 

BIAS CURRENT 
Input Bias Current ±80 nA 
Input Offset Current 7S nA 

VOLTAGE RANGE 
Common-Mode Input Range· ±11 V 
Common-Mode Rejection V'N = ±10VDC 100 dB 

OPEN-LOOP GAIN, DC 
Open-Loop Voltage Gain AL 2:2kO 118 dB 

RATED OUTPUT 
Voltage Output RL 2:2kO ±11.S V 

AL 2: 6000 ±10.0 V 
. Short-Circuit Current ±17 ±60 rnA 

POWER SUPPLY 
Current, Quiescent 1o = OmAOC ±S.7 rnA 

NOTE: (1) All dice are 100% probe tested and are guaranteed to meet the abov~ probe limits. Due to possible wafer saw and assembly shifts, probe 
parameters are not guaranteed for assembled units. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ........................................ ±22VDC 
Dilferentiallnput Voltage'" .•.........•........•....... ±0.7VDC 
Differential Input Currentl1l ••••••••••••••••••••••••••••• ±25mA 
Input Voltage Range'" .. .. .. .. ... .. . . .. .. .. . . .. .. . .. ... ±22VDC 
Storage Temperature Range. . • • . . • . . . . . • . . • • .. -6S"C to +150"C 
Output Short Circuit Duration .• ; • • . . • • . . . . . . . • . . •. .• Continuous 
Junction Temperatu,re ................................ " +150°C 

(1) The inputs are protected by back-to--back diodes. Current limiting 
resistors are not used in order to achieve low noise. I,f differential input 
voltage exceeds ±0.7V, the input current should be limited to 25mA. 
(2) For supply voltages less than ±22V. the absolute maximum input volt
age is equal to the supply. voltage. 

PACKAGING 

OPA37 dice are visually inspected to MIL-STD-883, 
. Method 2010, Test Condition B and are shipped in sealed 

carriers. 
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ORDERING INFORMATION 

OPA37 X D 
Basic model number _______ =r----.J ' T 
Grade/temperature range ________ -1_ 

C = -55°C to + 125°C 
G = -25°C to +85°C 

Packagecode-------------~ 

D=die 



BURR-BROWN@) 

IElElI OPA111 DIE 

Precision Dieleclrically-Isolaled FET 
Dife"@ 

OPERATIONAL AMPLIFIER DIE 

DESCRIPTION 
The OP Alll is a precision monolithic dielectrically
isolated FET (Dik,e) operational amplifier. 

Noise, bias .current, voltage offset, drift, open-loop 
gain, common-mode rejection, and power supply' 

. rejection are superior to BIFET4t amplifiers. 

LIISer-trimming of thin film resistors gives very-low 
offset and drift. Extremely-low noise is achieved with 
new circuit design techniques (p~tented). A new cas
cade design allows high precision input specifications 
and reduced susceptibility to flicker noise . 

Very-low bias current is obtained by dielectricjsola
tion with on~hip guarding. 

DIE TOPOGRAPHY 

8 7 6 

2 

Pad Function Pad Function --
1 Offset Trim 5 Offset Trim 
2 Inverting Input 6 Output 
3 . Noninverting Input 7 Positive Supply 
4 Negative Supply 8 Substrate* 

5 

3 4 

Die Size: 96 X 71 mils 

Bonding Pad Size: 5 X 5 mils 

Backside Contact: Gold 

*This dielectrically-isolated substrate is normally connected to common. 

Dile'· Burr·Brown Corp. BIF~Te National Semiconductor Corp. 

InlemalionaIAlrpOrllnduSlrlaIPark·P.O.Bo.xl1400.Tucson.Arlzona 85734 . T81.1602I746-1111 - Twx: 910-952-1111 • Cable: 88RCORP - Tel8x: 66·6491 

PDS-S33 
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SPECIFICATIONS 
ELECTRICAL PROBE LIMITS'" 
At TOlE = +25°C and ±Vcc ;:: 15V unless otherwise specified. Pad 8 connected to common. 

OPA111AD 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

OFFSET VOLTAGE 
Input Olfset Voltage VCM = OVDC ±500 pV 
Average Drift TOlE = +25°C to +85"C ±15 pVl'C 
Supply Rejection ±Vcc = 5V to 15V B6 dB 

50 pVIV 

BIAS CURRENT 
Input Bias Current VCM = OVDC 

TOlE;:: +~5DC ±750 pA 
TOlE = +25°C ±O.B pA 

VOLTAGE RANGE 
Common-Mode Input Range ±10 V 
Common·Mod~ Rejection V," = ±10VDC B6 dB 

OPEN·LOOP GAIN, DC 
Open-Loop Voltage Gain RL '2:: 2kO 105 dB 

RATED OUTPUT 
Voltage Output RL = 2kCl ±10 V 
Short·Circuit Current ±10 ±60 rnA 

POWER SUPPLY 
Current. Quiescent 1o = OrnADC ±4.5 rnA 

NOTE: (1) All dice are 100% probe tested and are guaranteed to meet the above probe limits. Due to possible wafer saw.and assembly shifts, 
probe parameters are not guarant~ed for assembled units. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage .................................... : .. ±18VDC 
Differential Input Voltage .......................... ' .... ±36VDC 

Input Voltage Range " .. " •. "" .. "."" .. " .. "." .. ±18VDC 
Storage Temperature Range ................... -65°C to +150°C 
Output Short Circuit Duration ....................... Continuous 
Junction Temperature ........... ',' ......•.............. +175°C 

PACKAGING 

OPAIII dice are visually inspected to MIL-STD·883, 
Method 2010, Test Condition B and are shipped in sealed 
carriers. 
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ORDERING INFORMATION 

OPAlII A D 
Basic model number _______ =r_....J T 
Grade/temperature range ________ --'_ 

A = -25°C to +85°C . 
Packagecode _____________ --" 

D=die 



BURR-BROWN® 

I Ea"Ea. 
OPA606 DIE 

High-Speed" Dielectrically-Isolated FET 
O//e'® 

OPERATIONAL AMPLIFIER DIE 

DESCRIPTION 
The.OPA606 is Ii dielectrically isolated PET (Din-,S) 
operational amplifier that is an improved replace
ment for the industry-standard LPlS6A BIPETs . 
operational amplifier. 

far superior to MOSPET-input operational ampli-
fiers. " 

The OPA606 features wider bandwidth, higher slew 
rate, and lower bias current. Noise performance is 

The OPA606 design features laser-trimmed thin-film 
resistors for low offset voltage and drift. It is inter
nallycompensated for unity-gain stability. 

OPA606 DIE TOPOGRAPHY 

Pad Function Pad Function 

1 Offset Trim 5 Offset Trim 
2 Inverting Input 6 Output 
3 Noninverting Input 7 Positive Supply 
4 Negative Supply and Substrate 

. BIFETe'National Semiconductor Corp., DiAe,e Burr .. Brown Corp. 

Die Size: 65 X 54 mils 

Bonding Pad Size: 5 X 5 mils 

Backside Contact: Gold 

IntBrnlllllll1 Airport Industrlll Plrk • P.O. Box IIG· Tucson. Arizona 85734 • TBI. (6021 7411-1111 • Twx: 91 Q.952·1111 • Clble: BBRCORP • Tlllx: 611-8491 

PDS-660 
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SPECIFICATIONS 
ELECTRICAL PROBE LlMITSf1I 
At TOlE = +25"C and ±Vcc = 15V unless otherwisa specified. 

OPA606KD/OPA606SD 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

OFFSET VOLTAGE 
Input Offset Voltage VCM= OVDC ±2 mV 
Average Drift TOlE = +25DC to +85DC ±15 /lV/DC 
Supply Rejection ±Vcc = 10V to 18V 80 dB 

100 /lV/V 

BIAS CURRENT 
Input Bias Current VCM = OVDC 

TOlE = +85DC ±5 nA 
TOlE = +25DC ±8 pA 

VOLTAGE RANGE 
Common-Mode Input Range ±10 V 
Common-Mode Rejection VIN=±10VDC 80 dB 

OPEN·LOOP GAIN, DC 
Open-Loop Voltage Gain RL<::2kO 94 .dB 

RATED OUTPUT 
Voltage Output RL<:: 2kO ±10 V 
Short-Circuit Current ±5 ±60 rnA 

POWER SUPPLY 
Current. Quiescent 10 = OmADC ±7.5 rnA 

NOTE: (1) All dice are 100% probe tested and guaranteed to meet the above probe limits. Due to possible waler saw and assembly 
. shilts, probe parameters are not guaranteed lor assembled units. 

ABSOLUTE MAXIMUM RATINGS 

. . 
Supply Voltage ...........• , . . . . . . . . . . . .. ±18VDC 
Differential Input Voltage. ; .............. ±36VDC 
Input Voltage Rangelll •••.•••••••••••••••• ±18VDC 
Storage Temperature Range ....... -65·C .to +150·C 
Operating Temperature Range ... -55DC to +125·C 
Output Short Circuit Duration ... " .... Continuous 
Junction Temperature ..................... +175·C 

(1) For supply voltage. Ie .. than ±18VDC. the absolute maximum Input 
voltage Is equal to the negative supply voltage. 

PACKAGING 
OPA606 dice are visually inspected to MIL-STD-883. 
Method 2010, Test Condition B and are shipped in sealed 
carriers. 

ORDERING INFORMATION 
.OPA606 X D 

Basic model number--------=r--1 T 
Grade/temperature range ----------'-

K = O·C to +70·C 
S = -55°C to +125°C 

Packagecode------~--------1 

D=die 
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BURR-BROWN@) 

IElElI O,PA2111 DI~ 

Precision Dielectrically-Isolated FET 
Dife'® 

DUAL OPERATIONAL AMPLIFIER DIE 

DESCRIPTION 
The OPA2111 is a precision dual m\>nolithicdielec
'trically-isolated FET (Dire'-) operationalampli- . 
fier. 

Laser trimming of thin-film 'resistors gives very-low 

Noise, bias current, voltage offset, drift, open-loop 
gain, common-mode rejection, and' power supply 
rejection are superior to BIFET@ ampiifiers. ' 

, offset and drift. Extremely-low 'noise is achieved with 
new circuit design techniques (patented). A .new Clll!

code .design allows high precision input specifications 
and reduced susceptibility to flicker .noise. 

Very-low bias current is obtained by dielectric isola- , 
tion with on-eliip guarding. 

Pad 

1 
2 
3 
4 

7 

B 

2 

Function 

Output A 
Inverting Input A 
Noninverting Input A 
Negative.Supply 

DIE TOPOGRAPHY 

Pad Function 

5 Noninverting Input B 
6 Inverting Input B 
7 Output B 
8 Positive Supply 

6 

5 

4 

Die Size: 138 X 84 mils 

Bonding Pad Size: 5 X 5 mils 

Backside Contact: Gold 

NOTE: This dielectrically-isolated substrate is normally connected to positive supply 

Dile,· Burr-Brown Corp. BIFET@I National Semiconductor Corp. 

International Alrporllndustrlal Park· P.O. Box 11400· TUClon. Arizona 85734 • Tel,I602I 746·1111· Twx: 910-952·1111 • Cable: B8RCORp· Telex: 66-64111 

PDS-S78 
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SPECIFICATIONS 
ELECTRICAL PROBE LIMITS'" 
At TOlE;;;:; +2511C and ±Vcc = 15V unless otherwise specified. 

OPA2111AD 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

OFFSET VOLTAGE 
Input Offset Voltage VeM =OVDC ±500 /lV 
Average Drift TOle;;;; +25°C to +85°C ±15 /lVl'C 
Supply Rejection ±Vcc = 10V to 18V 84 dB 

63 /lVlV 

BIAS CURRENT 
Input Bias Current VOM "OVDC 

TOlE:::: +85°C ±1 nA 
TOle = +25°C ±2 pA 

VOLTAGE RANGE 
Common-Mode Input Range ±10 V 
Common-Mode Aejection V'N = ±10VDC 88 dB 

OPEN-LOOP GAIN, DC 
Open-Loop Voltage Gain RL~2kO 105 dB 

RATED OUTPUT 
Voltage Output RL=2kQ ±10 V 
Short-Circuit Current ±10 ±60 mA 

POWER SUPPLY 
Current. Quiescent lo=OmADC ±9 mA 

NOTE: (1) All dice are 1~% probe tested and are guaranteed to meet the above probe limits. Due to poss(ble wafer saw and assembly shifts, probe 
parameters are not guaranteed for assembled units. . 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage. . .. . • • • • . • . . . . • • . . . . . • . . • •• • . . . . . . . •• ±18VDC 
Differential Input Voltage ••.... : . . . . . . . . . . . . . •• . . . • . .. ±36VDC 
Input Voltage Range ....•..••.....••.....•......•..•. ±18VDC 
Storage Temperature Range ....•............ -65'C to +150'C 
Output Short Circuit Duration. . • . . . • . • . . . . • . • . . . .. Continuous 
Junction Temperature ................................. +175°C 

PACKAGING ., 

OPA21l1 dice are visually inspected to MIL-STD-883, 
Method 2010, Test Condition B and are shipped in sealed 
carriers. 
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ORDERING INFORMATION 

OPA21l1 A D 
Basic model number _______ =r_.J T 
Gradel temperature range _ 

A = -25°C to +85°C ---------' 
Packagecode _____________ --" 

D=die 



aURR-BROWN@> 

IElElI VFC32 DIE· 

VOltage-to-Frequency and 
Frequency-to-Voltage 

CONVERTER DIE 

DESCRIPTION 
The VFC32 is a monolithic voltage-to-frequency 
converter circuit including precision input integrator 
op amp, comparator, one-shot, and switched current 

source. It is' capable of accurate voltage-to-frequency 
and frequency-to-voltage conversion at frequencies 
to 500kHz. 

DIE TOPOGRAPHY 

10 * 

Pad Function Pad Function --
Inverting Integrator 11 Common Die Size: 89 X 72 mils (2.26 X 1.83mm) 

Input 12 +Vcc Bonding Pad Size: 5 X 5 mils (0.127 X 
4 -Vec 13 VOUT 0.127mm) 
5 One-shot Capacitor 14 Noninverting Backside Contact Gold 7 fOUT Integrator Input 
10 Comparator Input * DO NOT CONNECT 

NOTE: The Junction-isolated substrate is connected to "'-Vee. Any electrical connection to the back side must be returned to the die·s -Vee 
connection. '\ 

International Airport Industrial Park· P.O. Box 11400· Tuclon. Arizona 85734· TIl. 16021 746-1111 • Twx: 910-952·1111 • Clble: BBRCORp· Tlllx: 66-6491 

PDS-604 
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SPECIFICATION'S 
ELECTRICAL PROBE LlMITS I1J 

At TOlE = +25°C and ±Vcc::;: 15V unless otherwise noted. 

VFC32BD 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

V/F TRANSFER FUNCTION 
Input Range 0 0.25 rnA 
Gain Error I = 10kHz 5 % 
Nonlinearity 1= 10 kHz 0.005 % 
Gain Drift 1= 10 kHz 50 ppm/·C 
Maximum Operating Frequency 500 kHZ 

INTEGRATOR AMPLIFIER 
Vas 1 4 mV 
Vas Drift 5 I'ViC 
I. Inverting Input 20 100 nA 

Nonlnverting Input 100 250 nA 
CM Range -10 0 V 

. Your Range 0 10 V 

OPEN COLLECTOR OUTPUT 

Va' lOUT ::::~mA 0,2 0.4 V 
10ft, (all leakage) 0.01 2 /lA 

POWER SUPPLY 
Operating Range ±11 ±20 V 
Quiescent Current 5.5 6,5 rnA 

NOTE: (1) All dice are 100% probe tested to the above specification limits. Due to possible wafer saw and assembly shifts, parameters are not guaranteed 
for assembled units. 

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage ...•... , ....••... , ..•.•... ,....... ±22V 
FOUl Currrent Sink. • . . • . . • . • . . . . • • . . • • • . . . . . . . . • . . • • . . •• SOmA 
Output Current, Vou, ....... , .. : ...... , ............... , 20mA 
Input Voltage, ±In ... , ...... , ... , ....... , ...... , ........ ±VCC 
Comparator Input ..................... , ........ , . , , ... " ±VCC 
Temperature Range, Storage ••.. , ...... , ...•.. -65·C to 150·C 

PACKAGING 

Die are visually inspected to MIL-STD-883, method 
2010, Test condition B. and are shipped in sealed carriers. 

ORDERING INFORMATION 
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VFC32 B D 

Basic model number----=r----' J 
Gradel temperature range------'-

B = -25°C to +85°C 

Packagecode-----------~ 

D=Die 



BURR-BROWN® 

113131 XTR110 DIE 

Precision 
VOLTAGE-TO-CURRENT 

CONVERTERITRANSMITTERDIE 
DESCRIPTION 
The XTRllO is a precision monolithic voltage-to

. current converter; It canconv~rt standard OV to 
+IOV or OV to +5V "inp~ts into 4mA to 20mA, or 
5mA to 25mA outputs. The 'required external MOS 
transistor keeps heat outside the die to optimize 

performance under all output conditions. The' XTRIIO . 
features a precision +lOV reference output. The'" 
XTRIIO can be used as a current-mode transmitter, 
or a programmable current source. 

2 

Pad Function - Pad Function -- --
1 Source Resistor 9 16mA Span Ole Size: 109 X 78 mils 
2 Common 10 4mA Span Bonding Pad Size: 5 X 5 mils 
3 VREF In 11 VREF AdjUst Backside Contact: Gold 
4 VIN 1 (10V) 12 VREF Sense 
5 VIN2 (5V) 13 Source Sense *00 Not Connect 
6 Offset Adjust 14 Gate Drive 
7 Offset Adjust 15 VREF Force 
8 Span Adjust 16 +Vcc 

NOTE: The back of the die should not be used for the common connection. 

International Airport Indualrlal Park· P.O. Box 11400· Tuclon. Arizona 85734 • TIl. 16021 746·1111 • Twx: 91(1.852·1111 • Cable: BBRCORP • Tlllx: 66·6491 

PDS-60S 
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VIN = OV to +10V 

l6.2SkO 

R~kO R. 

~--------------------,+ 

,}---'''------, + 

-=- 124V) V-

+ 

! 4mAto20mA 

V, 

~ lpF Tonlolum 

FIGURE 1. Recommended Connection for the XTRIIOAD with 50n Sense. 

Functionally, the XTRIIOAD is compatible with the 
XTRIIOAG, BG,and KP (packaged parts). The XTR
lIOAD, however, has an extra bond pad designated 50n 
sense. This is a Kelvin point for the feedback. It eliminates 

that occurs during assembly. Because it is outside the 
feedback loop, Rp now adds no error to the span. This 
maintains the high accuracy trimmed during manufac
turing of the die. 

. the parasitic wire bond and interconnect resistance, Rp 

SPECIFICATIONS 
ELECTRICAL PROBE LIMITSI1I 
At T DIE::; +25QC and +Vcc == 24V and RL == 2500 and connected as shown in Figure 1 
unless otherwise specified. 

XTR110AD 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

TRANSFER '10 = 10 [(V." IN/16) + 
FUNCTION (V,. ,14) + V, • .t2)]1RsPAN 

INPUT RANGE 
V1N 1 10 = Specified Range 0 +10 V 
V1NZ 0 +5 V 

OUTPUT CURRENT <2, 4 20 mA 

OFFSET CURRENT 
ERROR <2, 10=4mA ±O.I % of Span 

SPAN ERROR'~ 'v 10=20mA ±0.2 % of Span 

NONLINEARITY 4mA '" 10'" 20mA ±0.005 ±0.025 % of Span 

VOLTAGE 
REFERENCE 
Output Voltage +9.98 +10 +10.02 V 
Output Current~' +10 mA 

POWER SUPPLY 
Voltage +13.5 +40 V 
Current Excluding 10 +4.5 mA 

NOT!'~: (II All die are 100% probe tested at wafer level and are guaranteed to meet the 
above probe limits. Due to possible wafer sew and assembly shills, probe parameters are not 
guaranteed for assembled units. (2) Including internal reference. EXternal trenslstor Is 
required. (3) Span is the change In output current resulting from a full scale change in input 
voltage. (4) Reference current drive can be extended by using an external NPN transistor. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage .......................................... +40V 
Input Voltage Range .•••••.••..••..••••....•••.••••••••••• +Vcc 
Storage Temperature Range ...••.••.•••.•.••.... -65'C to 150'C 
Output Short-Circuit Duration Gate 

Drive and VRf.F Force ••••.•... Continuous to common and +Vcc 
Output Current Using Internal 50n resistor ••.••••••••.•••• 40mA 
Junction Temperature. • • • • • • • • . • • • • • • • • • . • • . . • . . • • • •••. +150'C 

PACKAGING 

XTRIIO die are visually inspected to MIL-STD-883, 
Method 2010, Test Condition B and are shipped in sealed 
carriers. 

ORDERING INFORMATION 

XTR110 A D 

Basic model nUmber-------=r~ T 
Grade/temperature range ---------'-

A = -25°C to +85°C 

Packagecode-------~-----~ 

D=Die 





MILITARY PRODUCTS DIVISION 

II 

Wafer Processing 

High quality products for demanding military and industrial applications are 
produced by our Military Products Division in a totally separate facility 
within Burr-Brown's complex. Burr-Brown's facilities have been certified to 
both MIL-STD-976 and MIL-STD-1772. 

Reliability is designed and manufactured-into our Military Products under 
the guidance of MIL-M-38S10. 
All product families are fully specified from -SsoC to +12SoC with up to 
three performance grades and two product assurance levels (/883B and 
standard). 

The "/883B" or "/B" models are compliantto the requirements of MIL-STD-
883, Methods S004 or S008 with Quality Conformance Inspection (QCI) 
compliant to theJequirements of Methods 500S or S008. The standard mod
els are products which have been subjected to many of the screening steps 
of the "/883B" product. For details see individual product data sheets. 
How stringently our Military Products group controls and documents the 
assembly and testing of its products is described in the product flow section 
that follows. 

All materials used by the Military Products group have unique component 
specifications to assure their conformity to MIL-STD-883, methods 2010 
and 2017. 

Environmental control in our clean room areas meets and often exceeds 
Federal Standard 209B requirements for particle count. ESD (electrostatic 
discharge) procedures are fully. observed through every stage of material 
handling, product assembly, testing, storage and shipment. Operator train
ing, certification and re-certification conform to MIL-M-38S10. 
MTTF data is based on actual product performance, not just calculated 
values. Qualification reports and test data are available. All data sheets 
follow military slash sheet format and, because of their completeness, can 
be transferred directly to your drawings with minimal modification. This 
standard QPL slash sheet format simplifies your requests to government 
agencies for non-standard parts approval. ' 
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A CONTROLLED MANUFACTURING FACILITY DEDlpATED 
EXCLUSIVELY TO MILITARY QUALITY PRODUCTION 
• PERSONNEL-All production and quality control 

personnel directly involved with fabrication, inspec
tion, testing and handling perform their functions 
according to appropriate MIL specs; 

• TRAINING-Operator training and certification' 
programs provide trained personnel qualified to 
assemble and test the products. Certification 
requires classroom training and written examina
tions for initial certification. Periodic written exams 
must be passed to maintain certification. 

• WORK-IN-PROCESS ENVIRONMENT-All work
in-process is stored in a nitrogen environment. 
Critical assembly processes, die visual, die attach, Assembly Under LamInar Hood 
wirebond and all inspections are peiformed under 
laminar flow hoods-equipped with ion grids-in 
a class 100 environment. 

• ENVIRONMENTAL CONTROL-Clean room pro
cedures, which conform to Federal Standard 209B, 
provide clean air meeting or exceeding the require
ment of MIL-STD-883. 

• MATERIAL CONTROL-Each product has a com
plete and current flow chart and flow sheet to 
assure accurate processing through assembly 
and test. Each manufacturing lot contains the lot 
numbers of its components listed by the quality 
control inspection identification (QCID number)~ 
all traceable back to the incoming vendor's lot 
number. 

• MANUFACTURING LOT CONTROL-Each lot 
has a unique flow sheet which documents lot 
number, parts list, operation, quantity, data of 
operation and operator's identification. 

• EQUIPMENT CALIBRATION-Performed under 
the guidance of MIL-STD-45662. 

• QUALIFICATION-All IMIL models are initially 
qualified per MIL-STD-883, method 5005 or 5008, 
groups A, B, C and D as described in the products' 
detailed specification. 

• STATIC CONTROL-To minimize static (ESD) 
damage, antistatic smocks, stainless steel table· 
tops, stainless steei work"in-process trays, ground 
straps, ion grids under laminar flow hoods and 
anti-static shipping materials are used. 

• RECORD RETENTiON-Ali flow sheets contain
ing process data and inspection records are 
retained for three years. 
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Incoming 
auallty Control 

Inspection 

Assembly-MIL-STD-883 
Condition B ' 

• ac Lot Formation Gate 
• Kit Inspection 
• Die Attach 
• IPac Ole Shear 
• Internal Lead' Wires 
• IPac Wire Pul~ G!lte 

Pre-Cap 
Functional 

Tesl 

F.lna! Visual 
• Pre-Cap Visual Insp . 
• IPac ac CSIIGSI 
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PRODUCT FLOW 

Assures that all materials meet requirements of the 
applicable component specification. Usage tests 
are performed and vendor lot traceability begins. 

All material is maintained in a bonded stockroom to 
assure traceability. 

Origination of manufacturing flow sheets, bill of 
material, materials and lot traceability records. 

• QC Lot Formation Gate-matches flow sheet, bill 
of materials and traceability. records with mater
ials issued from the stockroom. 

• Kit Inspection-piece parts and die are 100% 
visually inspected to methods 2010 and 2017. 

• Die Attach-eutectic (providing low ohmic con
tact) and non-conductive epoxy (cured at 25°C 
above storage temperature in nitrogen). 

• In Process Die Shear Gate-perfomed to method 
2019 on each manufacturing lot. Assures the 
integrity of the die attach method. 

• I nternal Lead Wires-Wires are of the same metal 
as the die metalization. Aluminum ultrasonic wire
bond machines are mounted on shock tables to 
insure quality bonds. Gold-to-gold wirebonds are 
performed with thermosonic wirebond machines. 

• In Process Wire Pull Gates-bonding operations 
are monitored at the beginning. of each shift, 
every four hours; with a new lot, new operator or . 
a machine adj'ustment. Both destruct and non
destruct tests are performed and the length and 
width of each wirebond is measured to verify 
conformance to method 2010 or 2017. 

Performed on all products .that require laser trim~ 
ming~ 

All products that require laser-trimming receive a 
72-hour burn-in, in nitrogen. at +125°C. 

Resistor networks are laser-trimmed to meet appli
cable specifications. 

'. . 

• Pre-Cap Visual Inspection-a 100% visual inspec
tion to method 2010 ~r 2017 . 

• I n Process QC Pre-Cap Visual Gate-performed 
to method 2010 or 2017. (Source Inspection per
formed if required.) 



Pre-Burn-In 
Electrical Test 
, (Optional) 

c 

Following a vacuum bake at +125°C (to meet method 
5004 or 5008 moisture content requirements), 
products are welded, gold/tin or glass sealed. 
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A 24-hour minimum bake at +150°C per MIL-STD-
883, method 1008, condition C. 

Ten cycles, from -:-65°C to +150°C per MIL-STD-
883, method 1010, condition C. 

Performed toMIL-STD-883, method 2001, in the V, 
axis only. 

Product performance is compared to the specified 
DC parameters at 25°C. 

Total burn-in time is 160 hours minimum at an 
ambient temperature of +125°C per MIL-STD-883, 
method 1015. 

Product performance is compared to the specified 
DC parameters at 25°C. All 25°C parameters speci
fied in the data sheets are read and recorded. 

The assembly lot PDA (percent defective allowable) 
cannot exceed the PDA specified: 

All drift parameters as specified in the data sheet 
are 100% tested at -55°C, -25°C, +25°C, +85°C 
and +125°C. 

Marking is in accordance with MIL-M-38510 and 
consists of: 

• Part number' 
• Seal date code 
• Manufacturer's identification (Burr~Brown logo) 
• Manufacturer's designating symbol (CEBS) 
• Country of origin . 



Final 
Visual 

elPQC Gate 

Quality 
Conformance 

Inspection 

Bonded 
Finished Goods 

Stock Room 

. Bond Measurement 

100% test to MIL-STD-883, method 1014, test condi
tion A. 

100% test to MIL-STD-883, method 1014, condition C. 

100% external visual inspection to MIL-STD-883, 
method 2009. 

• Final Visual Quality Control Gate-to MIL-STD-
883, method 2009. 

Groups A and B inspection of MIL-STD-883, method 
5005 or 5008 are performed on each inspection lot. 
Groups C and D inspections are performed as 
required by MIL-STD-883. A report of the most 
recent Groups C and D inspections is available 
from Burr-Brown at a nominal charge . 

..-----,.--------.~ .. --,---.-~ 
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This product flow illustrates major operations only. 
Space does not allow a complete description of the 
numerous details of all operations. Processes and 
flows may change to conform to latest revisions or 
to improve product performance and quality . 



SELECTION GUIDE 

ANALOG-TO-DIGITAL CONVERTERS 

Conversion Operaling I 
Resolulion linearity, Timer~ax Gain Drift, Inpul,Range Temperalure 

Model (Bils) max (±LSB) (poec) max (±ppmJ'C) (V) Rangel11 Package Page 

ADC8718B3B 12 112 10 15 MIL 

. {".;",,, 12-8 
ADC87 12 1/2 10 15 {ll'~~' MIL 12-8 
ADC87U1883B 12 1/2 10 15 010+5, MIL 12-8 
ADC87U 12 1/2 10 '15 010+10 MIL 12-8 
ADC87V18B3B 12 112 10 15 MIL 12-8 
ADC87V 12 1/2 10 15 MIL 12-8 

DIGITAL-TO-ANALOG CONVERTERS 

Linearity. Gain Drift, Setlling Oulpul Operaling 
Resolullon max max Time, Ranges Temperalu re 

Model (Blls) (±LSB), Monolonlclty (±ppml'C) max (V) Range't~ Package Page 

DACa7-CBI-V/B 12 1/2 -55'C/+125'C 20 7psec { ±2.5,±5, MIL 24-pin DIP 12-24 
DAC87-CBI-V 12 1/2 -:-55'C/+125'C 20 7psec ±10,+5, MIL 24-pln DIP 12-24 
DAC87U-CBI-VlB 12 1/2 -25'C1+85'C 20 7psec +10 MIL' 24-pin DIP 12-24 
DAC87U-CBI-V 12 1/2 -25'C/+85'C 20 7psec MIL 24-pln DIP 12-24 
DAC87-CBI-IIB 12 112 -55'C1+125'C • 20 400noec MIL 24-pln DIP 12-36 
DAC87-CBI-1 12 1/2 -55'C/+125'C 20 400nsec { 0102mA, MIL 24-pin DIP 12-36 
DAC87U-CBi-IlB 12 1/2 -25' CI+85' C 20 400noec ±lmA MIL 24-pln DIP 12-36 
DAC87U-CBI-1 12 1/2 -25' C/+85' C 20 400nsec MIL 24-pin DIP 12-36 

DAC870V/8B3B 12 1/2' -55'C1+125'C 25 7psec MIL { 24-pin 12-48 
DAC870V 12 112 -55'c/+I25'C 25 7psec MIL DIP' 12-48 
DAC870Ul883B 12 1/2 -25' C/+65' C 20 7psec { ~, MIL ceramic;: 12-48 
DAC870U 12 1/2 -25' CI+85' C 20 7psec ±5,±10, MIL 12-48 
DAC870VLl8B3B 12 112 '-55'CI+I25'C 25 7psec 010+5, MIL 26-lerm, 12-48 
DAC870VL' 12 1/2 -55'C/+125'C 25 7psec 010+10 MIL lead less 12-48 
DAC870ULl883B 12 1/2 :"25' CI+85' C' 20 7psec, MIL chip 12-48 
DAC870UL 12 1/2 ,..25' C/+85' C 20 7psec MIL carrier 12-48 

VOLTAGE-TO-FREQUENCY CONVERTERS 

Operating 
FoUT Range, Linearlly, Full Scale Drift, Temperature I 

Model VIN Range (V) max (kHz) max (%FSR) max (ppm FSR/' C) Ran.g~lll Package Page 

VFC32WM/8a3B ,±10, 200 ±D.OOS all0kHz ±100 at 10kHz MIL TO-l00 12-135 
VFC32WM ±10 200 ±0.006 all0kHz ±100 at 10kHz MIL TO-l00 12-135 
VFC32VM/683B ' ±10 200 ±0.01 at 10kHz -400, +150 at 200kHz MIL TO-l00 12-135 
VFC32VM ±10 200 ±0.01 at 10kHz -400, +150 al200kHz MIL TOcl00 12-135 
VFC32UM/883B '±10 200 ±0.D1 all0kHz ±150 all0kHz MIL TO-l00 12-135 
VFC32UM ±10 200 ±0.01 at 10kHz ±150 at 10kHz MIL TO-tOo 12-135 

MULTIPLIERS .' 
Accuracy Accuracy ,:Outpul Oulput, Operallng 
at 25'C, ,al125'C, Feedlhrough, Ollsel, min Temperature 

Model max (±%) max (±%) max (±mV) max (±mV) (V,mA) Range'" Package ,Page 

4213WMl883B 112 4 50 25 ±10,±5 MIL TO-l00 12-166 
4213WM 112 4 50 25 ±10,±5 MIL TO-l00 12-166 
4213VM/8B3B 1 4 100 30 ±10,±5 MIL TO-l00 12-168 
4213VM 1 4 100 50 ±10,±5 MIL TO-l00 12-166 
4213UM/8B3B 1 2121 100 50 ±10,±5 MIL To-l00 12-166 
4213UM 1 2121 100 50 ±10,±5 MIL TO-l00 12-166 

.. NOTES. (1) U grade specIfied lemperalure range Is -25'C 10 +85'C; all others"peelfled over MIL lemp range. (2) At +85'C . 
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OPERATIONAL AMPLIFIERS 

Offset Vortage 
Slew Opera-

Bias Bandwidth Rate, Is Output, ting 

AI 25°C. Drift, max Current. Unity Gain. min ±O.Ol% Com pen- min Temp. 
Description Model max (±mV) I±PVlOC) max (nA) min (MHz) (V/psec) (nsec) salion (V.mA) Aange~1I Package Page 

Wideband OPA600VM/B83B 2 20 -100pA 400 125 external ±10. ±200 MIL 12-94 
OPA600VM 2 20 -100pA { 5000. '" 400 125 external ±10, ±200 MIL {'6-Pln 12-94 
OPA600UM/BB3B 5 BO -100pA A= 1000 400 150 external ±10. ±200 MIL DIP 12-94 
OPA600UM 5 80 -100pA 400 150 external ±10. ±200 MIL 12-94 

General 3500R/BB3B 5 20 ±30 1 0.6 - internal ±10.±10 MIL TO-99 12-147 
Purpose 3500U/BB3B 5 20~2J ±30 1 0.6 - internal ±10, ±10 MIL TO-99 12-147 
Bipolar 

Precision 3510VM/BB38 0.12 2 ±25 0.25 0.5 - internal ±10.±10 MIL TO-99 12-158 
Bipolar 

Low Drift, OPA105WM/683B .250 2 -lpA 1 0.9 - Inlomal ±10.±10 MIL TO-99 12-74 
Low Bias OPA105WM .250 2 -lpA 1 0.9 - Internal ±10.±10 MIL TO-99 12-74 

OPA105VM/B83B .250 5 -lpA 1 0.9 - internal ±10.±10 MIL TO-99 12-74 
OPA105VM .250 5 -lpA 1 0.9 - inlernal ±10.±10 MIL TO-99 12-74 
OPA105UMJBB3B .250 15121 -lpA 1 0.9 - internal ±10.±10 MIL TO-99 12-74 
OPA105UM .250 15121 -lpA 1 0.9 - internal ±10.±10 MIL TO-99 12-74 

Ultra Low OPA106WM/BB3B .250 5 -l00fA 1 1.2 - internal ±10.±5 MIL TO-99 12--84 
Bias OPA106WM .250 5 -l00fA 1 1.2 - internal ±10,±5 MIL TO-99 12-84 
Current OPA 106VM/B83B .250 10 -l50fA 1 1.2 - intornal ±10.±5 MIL TO-99 12-B4 

OPA106VM .250 10 -150fA 1 1.2 - internal ±10.±5 MIL TO-99 12-84 
OPA106UM/BB3B .250 20~21 -300fA 1 1.2 - Intornal ±10.±5 MIL TO-99 12-84 
OPA106UM .250 20~2' -300fA 1 1.2 - internal ±10,±5 MIL TO-99 12-84 

Power OPAB780VM/B83B 10 30 -.05 5 15 - Inten'sl ±30.±60 MIL TO-3 12-110 
OPAB7BOVM 10 30 -.05 5 15 - Internal ±30. ±60 MIL TO-3 12-110 
OPAB7BOUM/B83B 10 50 -.05 5 15 - internal ±30. ±60 MIL TO-3 12-110 
OPA8780UM 10 50 -.05 5 15 - internal ±30. ±60 MIL TO-3 12-110 

OPAB7B5VM/883B 5 40 20 1 1.5 - internal ±30.10A MIL TO-3 12-120 
OPA8785VM 5 40 20 1 1.5 - internal ±30.10A MIL TO-3 12-120 
OPAB7B5UM/BB3B 5 40 20 1 1.5 - internal ±30, lOA MIL TO-3 12-120 
OPAB7B5UM 5 40 20 1 1.5 - internal ±30.1OA MIL TO-3 12-120 

NOTES: (1) U grade specIfied temperature range IS -25°C to +85°C; all others specified over MIL temp range. (2) -25°C to ~5°C. (3) Galp-bandwldth product. 

INSTRUMENTATION AMPLIFIERS 

Input Parameters 

Gain Gain CMR. Offset Dynamic 
Accuracy, Drift. Non- DC to 60Hz, Voltage Response, 
G=100. G=loo. Unearity G=10,mln, vs Temp, G=l00. Temp 

Gain AI 25°C, typ G=100 lkO Unbal. G=loo. ±3dBBW Range 
Description Model Range"' max (ppm/OC) max (dB) max (pvrC) (kHz) ,~ Package Page 

Very High INA25BWG/BB3B 1-1000 0.10 22 0.007 96 0.5 25 MIL DIP 12-61 
Accuracy INA25BWG 1-1000 0.10 22 0.007 9B 0.5 25 MIL DIP 12-61 

INA25BVG/B83B 1-1000 0.10 22 0.007 96 1.0 25 MIL DIP 12-61 
INA25BVG 1-1000 0.10 22 0.007 96 1.0 . 25 MIL DIP 12-61 
INA258UG/B83B 1-1000 0.10 22 0.007 96 3:0 25 MIL . DIP 12-61 
INA25BUG 1-1000 0.10 22 0.007 96 3.0 25 MIL DIP 12-61 
INA258WU883B 1-1000 0.10 22 0.007 96 0.5 25 MIL 12-61 
INA25BWL 1-1000 0.10 22 0.007 96 0.5 25 MIL f 12-61 
INA25BVUBB3B 1-1000 0.10 22 0.007 96 1.0 25 MIL terminal 12-Bl 
INA258VL 1-1000 0.10 22 0.007 96 3.0 25 MIL leadless 12-Bl 
INA258UUB83B 1-1000 0.10 22 0.007 96 3.0 25 MIL chip 12-61 
INA25BUL 1-1000 0.10 22 0.007 96 3.0 25 MIL carrl~r 12-61 

NOTES: (1) Sot With external resistor. (2) U grade specified temperat~re range Is -25°C 10 +85°C; aI/ others specified over MIL temperature range. 

12-7 



BURR-BROWN~ 

IElElI' ADC87/883B SERIES 
AOC87/8838 ADC87V18838 ADC87U18838 
ADC87 ADC87V ADC87U 

REVISION C 
JANUARY, 1986 

12-Bit -55°C to +125°C Military 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• HI·REL MANUFACTURE 

• ACCURATE 
±1/2LSB max Linearity Error 
±O.I% FSRmax Full·Scale Absolute Accuracy 
±15ppm. max Gain Drift 

• IOpsec MAX CONVERSION TIME 

DESCRIPTION 
The ADC87/883B Series is a high performance, 
analog-to-digital converter. It features ±I 12LSB 
linearity, ±O.l% full-scale accuracy; ±15ppm drift, 
8/Lsec conversion time, -55°C to +125°C operation 
and optional MIL-STD-883 screening. 

The ADC87 uses successive approximation. It 
resolves the most significant bit firsy, then the 
second bit, then the third, etc. Successive approxi
mation is the most popular high performance design 
as it is fast and accurate. 

The ADC87 is a hybrid microcircuit. It is complete 
with an internal reference, an input buffer amplifier 
and an internal clock. The converter may be short 
cycled to provide faster conversion to less resolu
tion. Five analog input ranges-±2.5V, ±5V, ±IOV, 
o to +IOV, and 0 to +20V are available, and the 
digital output data is available in parallel and serial 
format. All digital outputs and inputs are TIL
compatible. Standard power supply voltages (±15VDC 
and +5VDC) are required. 

Three electrical performance grades are available. 
The premium grade. and the '~V" operate from 
-55°C to +125°C and are designed for military, 
aerospace, and demanding industrial applications. 
The U grade is specified from -25°C to +85°C and 
from -55°C to +125°C. Applications include test 

• ·55°C TO +1 25°C OPERATION 

• COMPLETE 
Internal Reference 
Internal Buffer 
Internal Clock 

• MIL·STO·B83 SCREENING 

equipment, shipboard, and ground support equip
menr where operation is normally between -'-25°C 
and +85°C and full temperature range operation 
must be assured. ' 

The ADC871 883B Series is manufactured on a 
separate Hi-Rei manufacturing line with impeccable 
clean· room conditions which assures inherent qual
ity and provides for long product life. The ADC87 is 
hermetically-sealed in a metal, welded, dual-in-line 
package. 

Two product assurance levels are available: Stan
dard, and 1883B. The Standard product assurance 
level offers Hi-Rei manufacturing where many MIL
STD-883 screens are performed routinely. The /883B 
product assurance level, 1883B'suffix, offers Hi-Rei 
manufacturing, 100% screening per MIL-STD-883B 
method 5008 and 10% PDA. Quality assurance 
further processes 1 883B devices, by performing group· 
A and B inspections on each inspection lot and 
group C and D inspections periodically and when 
specified on the customer's purchase order. A report 
containing the most recent group A, B, C, and D 
tests is available for a nominal charge. 

Inlernalional Airporl Industrial Park· P.O. Box 11400· Tucson. Arizona B5734· Tel. 1602) 746·11 I I • Tw.: 910·952·111 I . Cable: BBRCORP • Tele.: 66·6491 

PDS-4S9C 
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ADC87/8838 SERIES 

I. SCOPE 

DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 

ANALOG-TO-DIGITAL CONVERTER 
HYBRID, SILICON 

1.1 Scop.!.: This specification covers the detailed requirements for a precision 12-bit, integrated circuit, analog-to-digital 
converter. 

1.2 Part number. The complete part number is as shown below. 

ADC87 

I 
Basic model 

number 
Grade 

(see 1.2.1) 

/8838 

I 
Hi-Rei product 

designator 
(see 1.2.2) 

1.2.1 Device type. The device is a single, 12-bit, analog-to-digital converter. There are two electrical performance 
grades. The prem~m grade has no grade designation in the part number and features specifications and tests from 
-55°C to +I25°C. The V grade has a V grade designation in the part number and features specifications and tests from 
-55°C to +I25°C. The U grade has a U grade designation in the part number and features specifications and tests from 
-25°C to +85°C, and specifications from -55°C to +125°C. 

Electrical specifications are shown in Table I. Electrical tests are shown in Tables II and III. 

1.2.2 Device class. The device class is similar to the hybrid class '(class B) product assurance level, as defined in 
·MIL-M-385IO. The Hi-ReI product designator portion of the part number distinguishes the product assurance levels as 

follows: Hi-Rei Product 
Designator Requirements 

/883B 

(none) 

Standard model, plus 100% MIL-STD-883, method 5008, Class 8 screening 
with 10% PDA, plus quality conformance inspection (QCI) consisting of 
Groilps A and B performed on each inspection lot, plus Groups C and D 
performed per the requirements of MIL-STD-883. ' 

Standard model including 100% electrical testing. 

1.2.3 Case outline. The case outline is as defined in Figure I. The case is metal and is conductive. 

1.2.4 Absolute maximum rating~ 

Supply voltage, Vce 
Supply voltage, V"" 
Analog inputs (pins 24 and 25) 
Buffer input 
Digital inputs 
Storage temperature range 
Lead temperature (soldering, 60sec) 
Junction temperature 

1.2.5 Recommended operating conditions. 

Supply voltage range 

Case temperature range 

1.2.6 Power and thermal characteristics. 

Package 

32-lead can 

Case outline 

Figure I 

Maximu!Jl allowable 
power dissipation 

1500mW at TA = 125"C, 
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±18VDC 
+7VDC 
±25VDC 
±18VDC 
+5.5VDC 

, -65"C to + 150"(, 
+300"(, 
TJ = 175"C 

Vee: ±14.5VDC to ±15.5VD(, 
VDIJ: +4.75VDC to +5.25VDC 
-55"C to +125"C 

Maximum 
o J-C 

7"C/W 

Maximum 
OC-A 

25°C/W 

Maximum 
o J-A 

32"C/W 



2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specification to the extent specified herein. 
SPECIFICATION 

MILITARY 
MIL-M-38510 - Microcircuits, General Specification for. 

STANDARD 
MILITARY 

MIL-STD-883 - Test Methods and Procedures for Microcircuits. 

3. REQUIREMENTS 

ADC87/883B SERIES 

3.1 General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate to 
assure successful compliance with this specification. 

3.1.1 Detail sl'ecifications. The individual item requirements are specified herein. In the event of conflicting 
requirements, the order of precedence will be the purchase order, this specification, and then the reference documents. 

3.1.2 Country of manufacture. These microcircuits are manufactured, assembled, and tested within the United States of 
Amer~ " 

3.2 Design, construction, and p.Eysical dimensions. 

3.2.1 Package, metais, and other materials. The package is in accordance with paragraph 3.5.1 of M IL-M-38510, except 
that,organic and polymeric materials may be used for substrate and'die attach. The exterior metal surfaces are corrosion 
resistant. The other materials are nonnutrieni to fungus as specified in MIL-M-38510. ' 

3.2.2 Design documentation. The design documentat'ionis inacqordance with MIL-M-38510. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accordance with 
MIL-STD-38510. 

3.2.4 Lead material and finish. The lead material is kovar type (type 'A). The lead finish is gold pllite with nickel 
underplating. The lead material and finish is in accordance withMIL-M-3851O and is solderable per MIL-STD-883, 
method 2003. ' , 

3.2.5 G1ass\vation. All dice utilized are glassivated. 

3.2.6 Die thickness. The die thickness is in accordance with MIL-M-3851O. 

3.2.7 Physical dimensions. The physical dimensions are inaccordance with paragraph 1.2.3 herein. 

3.2.8 Circuit diagram and terminal connection. The circuit diagram and terminal connections are shown in Figure 2. 

3.3 Electrical I'erformancecharacteristics. The electrical performance characteristics are as specified in Table I and 
apply over the full operating case temperature range of c55°C to + I 25°C unless otherwise specified .. 
3.3.1 ~put Rang~ The analog input range is as specified in Table V when externally connected as shown therein. 

3.3.2 Outl'ut Code. Coding is complementary binary. The digital output codes corresponding to analog input voltages 
are shown in Table VI. 

"' l 
U~===:dJ 
~ ~O.nolespinl 

LJ I 
~ III U 111111111111 
T G -.I I.- 0 -a.-. 
L..::IH------. 

000001110000000000 
1 . 16 

3~OOOOOOOOOO.OODV 

NOTE: 
Leads in'true position within 0.010" 
(O,25inm) Rat MMC at seating plane. 

Pin numbers shown for reference only, 
Numbers may not be marked on package, 

Weight: 25 grams max, 

INCHES 
DIM MIN MAX 

1.720 1.760 

1.120 1.160 

.170 .250 

0 .016 .021 

G .100 BASIC 

,100 :140 

,150 ,300 

.900 BASIC 

.100 .140 

FIGURE I. Case Outline (Triple-Wide DIP Configuration). 
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MILLIMETERS 
MIN MAX 

43.69 44.70 

28.45 29.46 

4.32 ,6.35 

0.41 0.53 

2.54 BASIC 

2.54 3.56 

3.Bl 7.62 

22.86 BASIC 

2,,. 3.56 



ADC87/883B SERIES 

SERIAL OUTPUT BIT 12/LSB, 

·VCC BIT II 

8UFFER IN BIT 10 

BUFFER OUT BIT 9 

<VCC BITS 

GAIN ADJUST "" BIT7 ~ 
"" 

ANALOG COMMON !:: BIT 6 z 
co 
CoO 

20V RANGE ~ BIT 5 co 
!:: 

IDV RANGE ~ BI14 

BIPOLAR OFFSET alT3 

COMPARATOR INPUT BIH 

START CONVERT BIT I /MSa, 

STATUS BIT I /MSB) 

CLOCK OUTPUT SHORT CYCLE 

REFERENCE OUTPUT 16.3VJ DIGITAL COMMON Y 
CLOCK RATE VOU 

Y Pin 151s conneclld 10 the CUI. 

FIGURE 2. Circuit Diagram and Terminal Connections (Bottom View). 

3.3.3 Transfer Function. An AI D converter represents an analoginput voltage in a digital output format. The converter 
resolves the analog input into 12 bits ofresolution, or 212, or 4096 voltage segments. For each voltage segment there is a 
unique digital output code. 

The ideal transfer curve, as shown in Figure 3, is a "stair-case" connecting the extremes of the analog input range. Minus 
full scale (-FS) corresponds to digital I III I1II 1111, the first transition occurs at -FS + I I 2LSB, each bit is I LSB wide, 
and +FS -I LSB corresponds to digital 0000 0000 0000. An ideal straight line connects each end point and the center of 
each bit. A best fit straight line is parallel to the ideal straight line and biased to minimize linearity errors. Note, the 
coding is complementary. 

0000 0000 0000 

0000 0000 0001 

'5 011\ 111\ 11\ 0 
~ 
~ 0111111111\1 t----------,i-7I''+------; 

~ 100000000000 

111111111101 

111\'11\11'110 

1\1111111\11 .Io:-I--~I...,...--..J....--~if_---' 
·FS OV .FS 

Analllllinput (BIpolar Openlllll) 

FIGURE 3. Ideal AI D Converter Transfer Function. 
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The 'basic' converter is unipolar in design; that is, OVDC analog input produces one digital extreme and plus full scale 
VDC produces the other digital extreme. There are two unipohir input ranges. For bipolar operation, a bias (bipolar 
offset) is introd uced into the input such that OV DC analog input prod uces midscale digital output. This allows plus and 
minus analog inputs (see Figure 3). There are three bipolar input ranges. 

The errors from the best fit transfer function are specified in Table I. Linearity and Differential Linearity are the most 
meaningful ADC87 accuracy indicators. as they are not externally adjustable. They are factory laser-trimmed. Zero error 

, and gain error are laser-trimmed and may be externally nulled if necessary for the application. The inherent quantization 
uncertainty due to resolving or quantizing the.analog input into bits is ±1/2LSB. 

3.3.4 Timing Considerations. The timing diagram is shown in Figure 4. A start convert. positive gO(h'g pulse. initiates a 
conversion. The most significant bit (MSB) is determined during the second clock pulse. and each successive bit is 
determined during the next II clock pulses. When conversion is complete, Status output drops to Logic O. Digital output 
data is avaihible in parallel or seriai format. Serial output data may be strobed out bit-by-bit. during the clock period 
after the bit is determined. If'desired, an external clock may be used. Further information is available in Applications 
Information. paragraph 7, 

START 
COIIVERT 

INTERNAL 
CLOCK 
STATUS 

BIT I IMSB) 

RIT2 

BIT 3 

BI14 

BIH 

BIT 6 

BIT7 

BIT 8 

BIU 

BifiD 

81T 11 

m i21LSBI 

SERIAL 
DATA 
OUTPUT 

-------------- THROUG~PUTTIME 

CONVERSION TIME 

LSB 
12 
"\I"' 

r 
r 

r 

'·O,·r 
~ 

~,~~:~t ~.- --Lr--Lf -l[-lf-1r-1J-1..r-1J-l[ -lr-lf-1J--~LJ--lf-1I 
, CLOCK I I 

:. lOO~sec 10 2DOn~8c -11_ 
I. Slarl Convart mUll ba IllalS! 50nlBC wldllnd mUit remain low during conval'llon. Conval'llon Illnlllalad by Iha Starl Convartlralllng adga. OncII convarllon hal bagun, allCand 

SISrlPUlla Yjlll nol resaUha convartar. " 
2. Paroliel da" will ba valid l40nlBC attar ltatul glll1lo. Ind remalnl valid unlllanDlhlr .convll'llon Illnlllalad, 
3. Sarlal data will ba valid 140niac attar In Inlarnll clock rising adga and 200RIBC Ihar an axlllrnil clock filling adga, 
4. Wh,n using an aXllrnal clock, convarllon'ls Initiated liylba failing adga oIlha IIrll clock pulnfol,'ow'ng Itltul going lo.w. Thl convartar will conllnuoully C1IIIvarl. 

FIGURE 4. Timing Diagram, 
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3.3.5 Zero error and gain error adjustment. Zero error and gain error may be externally nulled using the circuits shown 
in Figure 6. See Applications Information, paragraph 7.4. 

3.3.6 Required extermil connections. For specified accuracy ilOd speed, connect Clock Rate, pin 17, to OVDC, pin IS. 

For a 12-bit conversion cycle, connect Short Cycle, pin 14, to Logic I, pin 16. See Applications Information, paragraph 
7, for additional information. . 

3.4 Electrical test requirements. Electrical test requirements are as specified in Table II. The subgroups of Table III 
which constitute the minimum electrical test requirements for screening, qualification, and quality conformance, are 
specified in Table II. 
3.5 Marking. Marking is in accordance with MIL-M-38510. The following marking is placed on each microcircuit as a 
minimum. 

a. Index point 
b. Part number (see paragraph 1.2) 
c. Inspection lot identification code 1/ 
d. Manufacturer's identification ( iEim·) 
e. Manufacturer's designating symbol (CEBS) 
f. Country of origin ' 

3.6 Workmanship. These microcircuits are manufactured, processed, and tested in a careful and workmanlike manner. 
Workmanship is in ~ccordance with good engineering practices, workmanship instructions, inspection and test proce
dures, and training, prepared in fulfillment of Burr-Brown's product assurance program. 

3.6.1 Rework provisions. Rework provisions, including rebonding for the /883B Hi-Rei product designation, are in 
accordance with MIL-M-3851O. 

3.7 Traceability. Traceability, for /883B, is in accordance with MIL-M-38510. Each microcircuit is traceable to the 
production lot and to the component vendor's component lot: Reworked or repaired microcircuits maintain traceability. 

3.8 Product and process change. Burr-Brown will not implement any major change to the design, materials, construc
tion, configuration, or manufacturing process which may affect the performance, quality, reliability or interchange
ability of the microcircuit without full or partial requalification. 

3.9 Screening. Screening, for the /883B Hi-Rei product designation, is in accordance with MIL-STD-883, method 
5008, class B, except as modified in paragraph 4.3 herein. . 

, Screening for the standard model includes Burr-Brown QC4118 internai visual inspection and stabilization bake, fine 
leak, gross leak, burn-in (72 hours performed preseal), constant acceleration (condition A), temperature cycle, and 
external visual inspection per MIL-STD-883, method 5008, class B. 

For the /883B Hi-Rei product designation, all microcircuits will have passed the screening requirements prior to 
qualification or quality conformance inspection. 

3.10 Qualification. Qualification is not required. See paragraph 4.2 herein. 

3.11 Quality conformance inspection. Quality conformance inspection, for the /883B Hi-ReI product designation, is in 
accordance with MIL-M-385IO, except as modified in paragraph 4.4 herein: The microcircuit inspection lot will have 
passed quality conformance inspection prior to microcircuit delivery. . 

1/ A 4-digit dale code. indicaling year and week of seal, and a 4- or 5-digit lot identifier are marked on each microcircuit. 
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TABLE I. Electrical Performance Characteristics. 
(T', = -5S'C to +125'C. Supply Voltages ±ISVDC and +SVDC, unless otherwise specified.) 

LImItS 

ADC87/883B ADC87V1883B ADC87U/883B 
ADC87 ADC87V ADC87U 

CherllCleriollco CondlUona Min TyP Me. Min TyP Me. Min Tyj, Me. Unl .. 

RESOLUTION 12 Bits 

ANALOG INPUTS 

Input Voltage Ranges I I 
Unipolar o to +S, 0 to +10 · V 
Bipolar ±2.5. ±5, ±10 V 

Direct Input Impedance 
o to +SV, ±2.SV 2.5 kO 
o to +10V, ±SV 5 KO 
±10V 10 · · kO 

Buffer Amplifier 
Gain Accuracy ±0.01 · % 
Input Impedance T",;:: +25°C 1012 · 0 
Input Bias Current T,= +25'C 80 · nA 
Offset Voltage T, = +2S'C 1 5 · mV 
Settling Time 20V step to 3 pSoc 

±0.01% FSR 

DIGITAL INPUTS 

Start Convert Command.lJ 
Positive Pulse Width 50 nsec 
Logic Loading 1 TTL LoadY 

Short Cycle Logic Loading 1 · · TTL Load 
Logic Levels (all digital inputs) 

Logic "1'" 2 . V 
Logic "0" 0.8 · - · V 

DIGITAL OUTPUTS 

Parallel Data Coding ~ 
Unipolar Ranges l CSB J · 
Bipolar Ranges COB,CTC · 
Output Drive 2 I I · TTL Loads 

Serial Data Coding (NRZ) ~ CSB,COB 
Output Drive 2 TTL Loads 
Status Bit Coding Logic 1 During Conversi~n 

Output Drive 2 . ' · TTL Loads 
Internal Clock Output Drive 2 · TTL Loads 
Logic Levels (all outputs) 

Logic "1" 2.4 · V 
Logic "0" 0.4 · V 

TRANSFER CHARACTERISTICS··' 

Zero Error. Bipolar ~ (Bipolar- +25°C ±0.02, ±O.OS · ±a.07 % FS,R}J 
Major Transition Error) -25'C to,+85°C ±a.os ±a.15 %FSR 

-55'0 to +125'C ±a.os ±0.1 · ±0.3 %FSR 
Full Scale Absolute 

Accuracy Error ~ +25°C ±a.05 ±0.1 ±0.15 %FSR 
Bipolar§! -25°C to +85°C ±0.1 . ±0.25 %FSR 

Gain Error~ +25°C ±0.05 ±0'1 · 'III, 
Driftl! ±10 ±15 · ppm/'C 

Zero Error. Unipolar ~ +25°C ±0.10 ±0.15 · +0.2 %FSR 
-25'C to 85'C · ±0.15 ±a.3 %FSR 

-55'0 to +125°C ±0.15 ±0.2 · ±a.6 ' %FSR 
Full Scale Absolute 

Accuracy Error +25°C ±0.1 ±0.2 · ±0.25 %FSR 
Unipolar~ -25'C to +85'0 ±a.2 ±0.4 %FSR 

-55°C to +125°C ±0.2 ±0.3 ±a.9 %FSR 

Linearity Error +25'C ±1/4 ±1I2 · LSB.!!! 
-25'C to +85'C ±1I2 ±1 LSB 
-55°C to +125°C ±1I2 ±, ±4 LSB 

Drift ±2 · ppm of FSR/'C 
Inherent Quantization 

Uncertainty ±1/2 LSB 
Differential Linearity Error +25'C ±1I4 ±112 · LSB 

-25°C to +85°C ±, LSB 
-55'C to +125'C ±1 ±3 LSB 

Drift ±2 ppm of FSR/oC 

12-14 



ADC87/883B SERIES TABLE I. Electrical Performance Characteristics (cont). 
(T. ~ -55'C to +125·C. Supply Voltages ±15VDC and +5VDC. unless otherwise specified.) 

Limits 

ADC87/883B ADC87V1883B ADC87U1883B 
ADC87 . ADC87V ADC87U 

Characterlsllcs Condlllons Min Tvp Max Min Tvp Max Min Tvp Max Units 

No Missing Codes -55 +125 'C 
Monotonlcity -55 +125 -25 +85 'C 
Zero Adjustment Range 0.3 0.4 %FSR 
Gain Adjustment Range 0.5 0.55 %FSR 

DYNAMIC CHARACTERISTICS·· 

Conversion Time ~ 10 psec 
Internal Clock Frequency '21 1.5 1.6 MHz 

REFERENCE 

Internal Reference 
Voltage 6.0 +6.3 6.6 V 
Drift -55'C to +125'C ±5 ppm/'C 

-25'C to +85'C ±5 ppm/'C 
External Current 200 IIA 

POWER SUPPLY 

Power Supply Range 
±15V Supply ±14.5 ±15 ±15.5 . V 
+5VSupply +4.75 +5 +5.25 V 

Quiescent Current 
+15V 35 45 rnA 
-15V 35 45 rnA 
+5V 40 50 rnA 

Power Consumption Qui~scenl 1300 1500 mW 
Power Supply Rejection 

+15VDC ±0.OO2 % FSR/%Vcc 
-15VDC ±0.OO2 % FSR/%Vcc 
+5VDC ±0.001 % FSR/%Vcc 

THERMAL CHARACTERISTICS 

Operating Temperature Range Ambient -55 +125 "C 
Storage Temperature Range Ambient -65 +150 'C 
Thermall~pedance 

Case to Ambient. fb 20 'C/w 
Junction to Case, DJC 5 . 'C 

.. Specifications the same as ADC87/883B . 
•• Transfer and dynamic characteristics are specified without the optional buffer amplifiers. 

NOTES: 
11 Trailing edge (logic 1 to logic 0) initiates conversion. 
Y A TTL Load is defined as 40IIA max at V," ~ 2.4VDC (logic 1) and -1.6mA max al V," ~ 0.4VDC (logic 0). 
!JJ CSB ~ Complementary Straight Binary; COB ~ Complementary Offset Binary; CTC ~ Complementary Two's Complement. Serial and parallel output data is in 

Nonreturn to Zero (NRZ) format. See Output Coding and Timing Diagram. 
~ Externally adjustable to zero. This specification is without external adjustment. 
§} FSR = Full Scale Range. The ±10V analog input range is a 20V FSR. Thtf ±5V or 0 to 10V input range is a lOV FSR. 
§J Applies to +Full Scal~ and to -Full Scale. . 
"!J Gain drift is defined as the absolute value of the change from +25DC to the hot temperature, plus the absolute value of the change from +25°C to the cold 

temperature, and that quantity is divided by the temperature span. This is a 3-point drift. The hot temperature change is usually greater than the cold temperature 
change. 

§! ±ILSB ~ ±0.024% FSR. 
.!t Conversion time is defined as the width oltha status pulse. It is specnied using the internal clock, with Clock Rate, pin 17. connected to aVDC and Short Cycle. pin 

14;/connected to logic 1. 

TABLE II. Electrical Test Requirements. 
(The individual tests within the subgroups appear in Table III.) 

Models ADC87/883B ADC87 
ADC87V/883B ADC87V ADC87U1883B 

MIL·STD·883 Test Requirement. (Hybrid Cla.s) Subgroups (see Table III). 

Interim electrical parameterS (preburn-in) (method 5008) 1,4,7 1,4,7 1,4.7 

Final electrical test parameters (method 5008) 1·,2,3.4,5,6,7 1.2,3,4,5,6,7 1·, 2U, 3U, 4, 7 

Group A test requirements (method 5008~ 1,2,3,4,5.6,7 - 1. 2U. 3U, 4, 7 

Group C end pOint electrical parameters (method 5008) 1 - 1 

• PDA apploes to subgroup 1 (see 4.3.d). 
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Subgroup Parameters 

1 Zero error. bipolar Y 
Tit = +25°C Full scale error. -FS bipolarY 

Full scale error. +FS bipolar Y 
GainerrorY 
Linearity error 
Differential linearity error ~ 
No missing codes 
Internal reference voltage 
Zero error, unipolar 11 
Full scale error. unipolar"y 
Gain error, unipolar1! 

2 Zero error, bipolar 
Tit::::; +125°C Full scale error, -FS bipolar Y. 

Full scale error, +FS bipolar Y 
Gain drift 
Linearity error 
Differential linearity error 
No missing codes 

2U Zero error, bipolar Y 
T.= +85°C Full scale error. -FS bipolar Y 

Full scale error. +FS bipolar y. 
Gain drift 
Linearity error 
Differential linearity error 
No missing codes 

3 Zero error, bipolar'y 
T. = -55°C Full scale error. -FS bipolar Y 

Full scale error, +FS bipolar Y 
Gain drift 
Linearity error 
Differential linearity error 
No missing codes 

3U Zero error, bipolarl! 
TA ;:: -25°C Full scale error. -FS bipolar Y 

Full scale error, +FS bipolar Y 
Gain drift 
Linearity error 
Differential linearity error 
No missing codes 

4 
Til = +25°C Conversion time 

5 
TA = +125°C Conversion time 

I-
6 

TA = -55°C Conversion "time 

7 Quiescent Current 
Til = +25°C +Vcc 

-Vee 
VDD 

Power consumption 
Zero adjustment range 
Gain adjustment range 

\ 
MSB inverted output 
Serial output 

• Specifications the same as ADC87/883B. 

NOTES: 

TABLE III. Group A Inspection. 

ADC87/883B 
ADC87 

Condlllon • .1I Min Max 

±10Vrange~ ±10 
±10Vtange~ ±20 
±10V range~ ±20 
±10V range ±20 

±1I2 
±1I2 

Pass 
+6.0 +6.6 

o to +10V range~ 0 +15 
o to +10V range~ ±20 
o to .fl0V range ±10 

±10Vrange~ ±20 
±10Vrange~ ±40 
±10Vr.nge~ ±40 
See subgroup 3 

±1 
±1 

Pass 

±10Vrange~ 
±10Vrange ~ 
±10Vrange~ 
See subgroup 3U 

±10Vrange~ ±20 
±10V range.;!1 ±40 
±10Vrange~ ±40 

EI ±54 
±1 
±1 . 

Pass 

±10Vrangell 
±10V range~. 
±10V range~ 
§! 

10 

10 

10 

No load, all bits logic 1 
45 
45 
50 

Quiescent 1500 
±10V range ±60 
±10V ±100 

Pass 
Pass 

ADC87/883BSERIES 

Llml .. 

ADC87V1883B ADC87U/88~B 

ADC87V ADC87U 

Min Max Min Max Unl .. 

±14 mV 
±30 mV 

· ±30 mV 
mV 
LSB 
LSB 

Passlfail . . V . mV 
mV 
mV 

mV 
mV 
mV 

LSi! 
LSB 

Passlfail 

±30 mV 
±50 mV 
±50 mV 

±1 LSB 
.±1 LSB 

Pass Pass/fail 

· mV 
mV 
mY. 
mV 

'LSB 
LSB . Passllall 

±30 mV 
±50 ·mV 
±50 mV 
±33 mV 
±1 LSB 
±1 LSB 

Pass PasS/fail 

IISec 

.. "sec 

IISec 

, . rnA 
rnA 
rnA 

· mW 
mV 
mV 

Pass/fail . Pass/fail 

Jj ±Vcc = 15VDC, Voo == SVDC, no toad, without the optional buffer amplifier, unless otherwise specified. The !"ternal clock is used. Clock Rate, pin 17. is connected to 
OVDC. Short Cycle. pin 14. is connected to logic 1. 

Y Without external adjustment. , 
11 For the ±10V range: bipolar +FS is ideally at +9.995117VDC; bipolar zero is ideally at O.OOOVDC; bipolar -FS is ideally at -10.000VDC. For the 0 to +10V range: 

unipolar +FS is ideally at +9.997559VDC; unipolar zero is ideally at O.OOOVDC. Refer to Figure 3 and Table V. . 
~ Monotonicity is assured by diffenentiallinearily:5 ±1LSB. 
EI The absolute value of the gain change from +25°C to +125°C is added to the absolute value of the gain change from +25'C to -55'C. This provides a 3-point drift. 
§! The absolute value of the gain change from +25'C to +85°C is added to the absolute valUe of the gain change from +25°C to -25°C. This provides a 3-point drift. 
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TABLE IV. Analog Input Range Selection Connections. 

DIRECT INPUT BUFFERED INPUT 

Inpul Signal 
Input Range to Pin 

±2.5V 24 

.t5V 24 

±10V 25 

o to+5V 24 

o to +10V 24 

Inpul Input Signal Input 
Impedance Required External Pin Connections to Pin Impedance 

2.5k!l 30 to 26 29 open 23 to 22 22 t025 30 50M!! 29 to 24 

5kn 30 to 26 29 open 23 to 22 30 50M!! 29 to 24 

10k!! 30 to 26 29 open 23 to 22 30 50M!! 29 to 25 

2.5k!l 301026 29 open 23 to 26 22 t025 30 50M!I 29 to 24 

5k!l 30 to 26 29 open 23 to 26 30 50Mn 29 to 24 

TABLE V. Ideal Analog Input Voltage vs Digital Output Code. 

DIGITAL OUTPUT CODe 

MSB LSB MSB LSB MSB LSB 

Input Range 111111111111 011111111111 0000 0000 0000 1LSB 

±2.5V -2.500V OV +2.49B779V 1.2207mV 

±5V -5.000V OV +4.997559V 2.4414mV 

±10V -10.000V OV +9.995117V 4.BB2BmV 

o to +5V OV +2.500V +4.99B779V 1.2207mV 

o to +10V OV +5.000V +9.997559V 2.4414mV 

NOTE: 

Analog voltages are the center of the bit range. Transitions occur 1/2LSB before and 1/2LSB 
after the bit center . 

. 4. PRODUCT ASSURANCE PROVISIONS 

Required External 
Pin Connections 

23 to 22 

23 to 22 

23 to 22 

23 to 26 

23 to 26 

4.1 Sampling and inspection. Sampling and inspection procedures are in accordance with MIL-M-3851O and MIL-
STD-883, method 5008, class B, except as modified herein. . 

4.2 Qualification. Qualification is not required unless specified by contract or purchase order. When so required, 
qualification will be in accordance with the inspection routine of MIL-M-385IO, paragraph 4.4.2.1. The inspections to 
be performed are those specified herein for groups A, B, C, and D inspections (see paragraphs 4.4.1, 4.4.2, 4.4.3, and 
«4 . 
Burr-Brown has performed and successfully completed qualification inspection as described above. the qualification 
report is available from Burr-Brown. 

4.3 Screening. Screening for the j 883B Hi-ReI product designation is in accordance with M IL-STD-883, method 5008, 
class B, and is conducted on all devices. The following additional criteria apply: 

a. Constant acceleration test (MIL-STD-883, method 2001) is test condition A, VI axis only. 
b. Interim and final electrical test parameters are specified in Table II. The interim electrical parameters test prior to 

burn-in is optional at the discretion of the manufacturer. 
c. Burn-in test (MIL-STD-883, method 1015) conditions: 

(I) Test condition B . 
(2) Test circuit is Figure 5 herein 
(3) T A = 125°C minimum 
(4) Test duration is 160 hours minimum 
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d. Percent defective allowable (PDA). The PDA, for the /883B Hi-Rei product designation only, is 10 percent and 
includes both parametric and catastrophic failures. It is based on failures from group A. subgroup I test after 
cool-down as final electrical test in accordance with MIL-STD-883. method 5008. and with no intervening 
electrical measurements. If interim electrical parametertests are performed prior to burn-in. failures resulting from 
preburn-in.screening may be excluded from the PDA. If interim electrical parameter tests prior to burn-in are 
omitted. all screening failures shall be included in the PDA:The verified failures of group A. subgroup!" after 
burn-in in that lot are used io determine the percent defective for that lot. imd the lot is accepted or rejected based 
on the PDA. 

e. External visual inspection need not .include measurement of case ,and lead dimensions. 

+15VDC +5VDC 

FIGURE 5. Test Circuit. Burn-in and Operating Life Test. 

4.4 Quality conformance inspection. Groups A and B inspections of MIL-STD-883, method 5008, are performed on 
each Inspection lot. Groups C and D inspections of MIL-STD-883, method 5008, are performed as required by 
MIL-STD-883. A report of the most recent groups C and D inspections is available from Burr-Brown. 

4.4.1 Group A inspection. Group A inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5008, and as specified in Table II herein. 

4.4.2 Group B inspection. Group B inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5008, class B. 

,4.4.3 Group C inspection. Group Cinspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5008, class B, and as follows: 

a. Operating life test (MIL"STD-883, method '1005) conditions: 
(I) Test conditions B 
(2)' Test circuit is Figure 5 herein . 
(3) TA = 125°C minimum 
(4) Test duration is 1000 hours .minimum 

b. End point electrical parameters are specified in Table II herein. 

4.4.4 Group D inspection. Group D inspection consists of the test subgroups and L TPD values shown in M IL-STD-883, 
method 5008. 

4.5 Methods of examination and test. Methods of examination and test are sp,ecified in the appropriate tables. Electrical 
test circuits are as prescribed herein or in the referenced test methods 'of M' I L-STD-883. ' 

4.5.1 Voltage and current. All voltage values given are referenced to the external zero reference level of the supply 
voltage. Currents given are conventional current and positive when flowing into the referenced terminal. 

4.6 Inspection of p~paration for delivery, Inspection of preparation for delivery is in accordance with MIL-M-3851O. 
except that the rough handling test does not apply. 
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5. PREPARATION FOR DELIVERY 

5.1 Preservation-packagl!!.g and packing. Microcircuits are prepared for delivery in accordance with M I L-M-38510. 

6. NOTES 

6.1 Notes. The notes specified in MIL-M-38510 are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is desirable. 

6.3 Ordering data. The contract or order should specify the following: 
a. Complete part number (see paragraph '1.2). 
b. Requirements for certificate of compliance. if desired. 

6.4 Definitions. 
Full Scale Absolute Accuracy Error. Full scale absolute accuracy error is the difference between the ideal and the actual. 
unadjusted. analog input voltage at the full scale points. It applies to unipolar plus full scale. bipolar minus full scale. and 
bipolar plus full scale. Absolute accuracy includes zero. gain. linearity. and noise errors and. when specified over 
temperature. includes the drifts of these errors. It is measured at the first or last transition. as appropriate. The error is 
expressed in LSBs or % of FSR. 

!!il'olar Zero Error. Bipolar zero error is the difference between the ideal and the,actual analog input voltage for the 
digital output code 0 III III1 1111. It is measured atthe 1000 0000 0000 to 0 III 1111 1111 transition which ideally occurs 
at OVDC-I/2LSB. 

Bipolar zero error is also known as bipo.lar major transition error. 

Unillolar Zero Error. Unipolar zero error is the difference between the ideal and the actual analog input voltage for the 
digital output code II11 I11I 111I (unipolar). It is measured at the I111 1I1I 1I11 to 11I1 I111 1110 transition which 
ideally occurs at OVDC +1/2LSB. 

Gain Error. Gain error is the difference between the ideal and the actual analog input voltage span. It applies to both 
unipolar and bipolar input ranges. It is measured between the first transition and the last transition which is ideally FSR 
~~R ' 

Gain error in some literature describes what is defined herein to be unipolar full scale error and bipolar plus full scale 
error. 

Offset Error. This term is not used with 'the ADC87. Offset error in some literature describes what is defined herein to be 
unipolar Zero error and; or bipolar minus full scale error. 

I.inearity Error. Linearity error is the difference between the ideal and,the actual bit transition when zero error and gain 
error eq ual zero. 

Differential Linearity Erro_r. Differential linearity error is the difference between the ideal and the actual bit step width. 
Zero differential linearity error means each bit step width is I LSB. A maximum differential linearity error of± 1/2LSB 
means a bit step width may be between 1/2LSB and 3/2LSB. 

MonotonicitJ.:; Monotonicity is the condition where the digital output code remains the same or increases for an 
increasing analog input'signal. 

Quantization Uncertainty..: Quantization uncertainty is the inherent uncertainty of being able to determine the analog 
voltage which produces a digitai code. Because the analog input voltage is divided or quantized into a finite number of 
bits. each digital code represents an analog voltage span equal to I LSB. Quantization uncertainty is ±'1/2LSR Its 
magnitude may be reduced only by using a higher resolution converter. 

6.5 Microcircuit group assignment. These microcircuits are Technology Group I as defined in MIL-M-3851O. Appen-
~E ' 
6.6 Electrostatic sensitivity. These microcircuits may be damaged by electrostatic discharge. Electrostatic sensitive 
precautions should be obse~ed at all times. 
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7. APPLICATIONS INFORMATION 

7. I ~yout. To produce clean, noise-free, accurate conversions, high frequ~ncy layout techniq~es should be used. Wide, 
low inductance conductor patterns, short and direct external component leads, power supply decoupling, and a ground 
plane are recommended. Long runs should be avoided. Coupling and runs, which might cause input-to-output coupling, 
should be avoided. High impedance points should be given special consideration. The input tothe buffer, the comparator 
input (particularly sensitive) and the external adjustment pins are sensitive. Shielding by Analog Common or ±15VDC 
supply patterns my be helpful. 

7.2 Grounding, Aground plane under the ADC87 is recommended. 

Analog Common (pin 26) and Digital Common (pin 15) musLbe connected together and to the analog system ground. 
Preferably, connect both commons directly to the ground plane under the ADC87. If these commons must be run 
separately, use wide conductor patterns and connect a O.OIJtF ceramic capacitor between the commons at the unit. The 
case is connected to Digital Common, pin 15. 

7.3 Power SuPpJy DecouRling. For optimum performance and noise rejection, each power supply should be decoupled 
by connecting a IJtF tantalum capacitor and a O.OIJtF ceramic capacitor froni each power supply to the ground plane. 
Locate the capacitors close ,to the converter. 

7.4 ORtional External Zero and Gain Adjustments. The ADC87 zero error and gain error are factory laser-trimmed to 
position the staircase transfer function within Table I specifications. 'Optionally, two adjustments null zero error and 
gain error (see Figure 6). 
Zero adjustment moves the entire staircase left-to-right. For unipolar ranges, -FS; OVDC, is nulled. For bipolar ranges, 
midscale, OVDC, is nulled. (Alternately, bipolar -FS' may be nulled.) , 

Gain adjustment adjusts the span of the staircase. Adjustment effectively rotates the staircase about -FS. For unipolar 
and bipolar ranges, zero adjustment should be made first, then +FS error is nulled. 

Adjustments should be made after.a 10 minute 'warm-up. Fixed, selected resistors may be substituted for the 
potentiometers after the adjustments have been determined, if desired. If adjustments are not used, pin 22 (zero adjust) 
should only be connected as required for analog input range selection and pin 27 (gain adjust) should be either grounded 
(recommended) or open. 

+15VO& 

, YY 1 ¥ IOkIlIll 
~100k1l 

~In 22 1.8Mn ' , 

·15VDC 

+15VDC 

.w N 
_ ... IBONkn"-~'IIIBO/\jk,..n ...... <IOklllo i 22kn IOOkn Pin 22 

·15VOC 

Adlullment Rlngl = 0.4% FSR (±O.2% FSRI 

(II Zero AdlUllmlnl 

NOIel: 
JJ LOCllel1 close II pollible III Ihe COIIvlrter III minimize nolll pickup. 
y 5% carbon compDlltlon Dr blUer. 

+15VO& 

YY t Pin '/1, 10Mn' N 
~IOklllll 

O.O~ '1/ lOOkIl 

Pin 28.15\,0& 

AdlUllmlnt RlnDl = 0.55% FSR 1±O.21% FSRI 

Ibl Glln Adjulbnlnl 

NUll multltum pOllnllomlle1'l wlllllOOppmlOC TCR or 118110 mlnlmlm drift wfth templrature. 
~ An 1.lnlullor network mly blaublUtulld for Ihl IIrlll nlillor for lowlr Impedlncllnd 1000r nollilUicapUbliny. 

FIGURE 6. Optional External Zero and Gain Adjustment Circuits. 
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7.4.1 Zero Adjustment Procedure. For the selected unipolar range, apply the analog input voltage at which the IIII IIII 
IIII to IIII IIII 1110 transition ideally occurs, OVDC +1/2LSB. While continuously converting, adjust the zero 
potentiometer until the transition "flickers". 

For the selected bipolar ra'lge, apply the analog input voltage at which the 10000000 0000 to 0111 IIII IIII transition 
ideally occurs, OVDC -1/2LSB. While continuously converting, adjust the zero potentiometer until the transition 
"flickers". 

7.4.2 Gain Adjustment Procedure. Make zero adjustment first. For all input ranges, apply the analog input voltage at 
which the 0000 0000 0001 to 0000 0000 0000 transition ideally occurs, +FS -3/2LSB. While continuously converting, 
adjust the gain potentiometer until the transition "flickers". For bipolar ranges, repeat zero and gain adjustments as they 
are interactive. ' 

7.S Start Convert and Status. To start a conversion, a positive pulse with a minimum pulse width of SOn sec must be 
applied to the Start Convert terminal, pin 21. The trailing edge (falling edge) resets the converter, starts the internal clock 
and initiates a conversion. The start convert input must remain logic 0 during conversion, as the internal clock is stopped 
by logic I and the output will be erroneous. Another start convert pulse during a conversion does not reset and restart a 
conversion; it may momentarily stop the internal clock and produce an erroneous output. 

Status output, pin 20, is logic I during conversion. When a conversion is complete, Status drops to logic 0 and the 
internal clock is turned off. Refer to the timing diagram, Figure 4. 

7.6 Continuous Conversion. The ADC87 will continuously convert, commencing a new conversion immediately after 
the last conversion, when wired to accept an external clock. See paragraph 7.8 and Timing Considerations, paragraph 
3.3.4. Alternately, the internal clock, may be used with a m;w start convert common every 8.7p.sec or slower. 

7.7 Internal Clock and Clock Rate. The ADC87 is specified and tested using the internal clock. The internal clock is 
factory adjusted to 1.6M Hz with Clock Rate, pin 17, connected to OVDC (Digital Common). Underthese conditions, the 
ADC87 will meet all the conversion speed and accuracy specifications. 

The internal clock frequency may be increased or decreased by applying a positive or negative voltage to Clock Rate, pin 
17 (see Figure 7). The circuits shown in Figure 8 may be used. Increasing the clock frequency decreases the conversion 
time; however, linearity errors increase as shown in Figures 9 and 10. Decreasing the clock frequency is accomplished by 
using a negative voltage or using an external clock (see paragraph 7.8). 

15 

'" ........... r.:::::::: ~ 

o 
-5 o +5 

ConlrOl VohagilVOCl 

12·81T 

1(l.81T 

+10 +15 

FIGURE 7. Clock Rate Control Voltage. 
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FIGURE8. Clock Rate Adjustment, Optional. 
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FIGURE 9. Linearity vs Conversion Time . FIGURE 10. Differential Linearity vs Conversion Time.' 

. 7.8 External Clock. An external Clock 'may be used with the ADC87 for synchronization or special timing applications. 
The external clock frequency must be lower than.the i"ilternal clock frequency. However, the internal clock frequency 
may be increased; see paragraph 7.7. 

The external ciock is connected to the Start Convert terminal, pin 21. The normal, start convert positive pulse signal is 
not required. The external clock must be a negative-going pulse, I OOnsec to 200nsec wide, at a frequency lower than the 
internal clock. The falling edge (leading edge) ofthe external clock starts the internal clock. The internal clock completes 
one cycle, then ceases as the Start Convert terminal, pin 21. is logic ( at that time. The next external clock falling edge 
turns on the internal clock again. for one cycle. The Clock Output signal, pin 19, displays the internal clock synchronized 
to the lower, external clock frequency. A conversion is complete and Status output drops to logic 0 after 13 clock pulses. 

The converter will provide continuous conversions as long as the external clock signal is present. A conversion is 
complete when Status output drops to logic O. Status remains logic 0 for one external clock period. The next conversion 
starts on the next falling edge of the external clock following conversion completion. Conversions cease when Start 
Convert input is logic I. 

. A circuit to generate an external clock signal from a clock with an arbitrary duty cycle is shown in Figure II. A circuit to 
generate an external clock signal from a convert command is shown in Figure 12. 
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EXTERNAL 
CLOCK 

o ICI 
ITO PIN 21) 

~ 

+5VOC 

5.6kn 

+5VOC 

~ .-- 150nsocTYPICAL 

I 

i AOC87 
: 4 START 

I-i------<- CONVERT, 
Pin 21 

STATUS ------, 

END OF PREVIOUS CONVERS~LIii OF N.EXT CONVERSION. 

Note: 
The external clock Iraquancy must ba lowar than the Internal clock Irequancy. 
External clook can have any daslred duty cycle. 

FIGURE) I. Continuous Conversion Using External 
Clock with Arbitrary Duty. Cycle. 

EXTERNAL CLOCK 

C8tIVERT.COMMANO 

EXTERNAL 
CLOCK 

+5VOC 

5.6kn 

I 

i AOCB7 
: 4 START 

I-i-----<- CONVERT, 
Pin 21 

ADCB7 
L-____ ~ STATUS, 

Pin 20 

0IC1----, .----...----, 
po PIN 21) 

-I f--150nsec TYPICAL 

STATUS, __ .......I 

Note: 
Start Convert and the exlernal clock musl be lilgh simultaneously to Inill,t. a 
conversion. The conversion will slarl on the rising edga of th. exlernal clock. 
Any coovert commands thaI occur during a conversion will ba ignored. 

FIGURE 12. Conversion Initiated by Convert Command 
Using Continuous External Clock. 

7.9 Short Cycle. The ADC87 conversion cycle may be stopped prior to converting all 12 bits. This provides faster 
conversions to less resolution. For conversions to n bits, connect the n + I bit output to Short Cycle, pin 14. The 
remaining bits are truncated. " 

Table VI shows a complete cycle and a short cycle to 10 bits. For 10 bits the internal clock frequency has been increased 
to provide the minimum conversion time. See Clock Rate, paragraph 7.7. 

TABLE VI. Short Cycle Connections. 

Resolullon Iblls) 12 10 

Short Cycle connect pin 14 to pin 15 16 
Short Cycle connect pin 14 to pin 16 2 
Conve~sion Speed psec, max 10 5 
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IElElI DAC87/883B SERIES 
MODEL NUMBERS: 
DAC87-CBI-VlB DAC87U-CBI-VlB 
DAC87-CBI-V DAC87U-CBI-V 

REVISION E 
FEBRUARY, 1986 

12-Bit -55°C to +125°C Military 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 

• HI-REL MANUFACTURE 
• COMPLETELY SPECIFIED. -5fiOC to +l25°C 
• ACCURATE 

±1I2LSB mix Llnelrlty. over temperature 
±2Oppm/oC mix Glln Drill 
±D,2G/o TolIl Error. ovar tlmper8tura 
Monotonic. ovar temperatura 

DESCRIPTION 
The DAC87/883B Series is a high performance, 12-
bit TTL-compatible, -55°C to + 125°C digital-to
analog converter in a metal, welded, hermeticaily 
sealed package, and it is manufactured on a separate 
hi-rei production line. It is pin-compatible with 
DAC85 converters and has five user-selected output 
ranges. Each DAC is a complete device with an 
internal output amplifier and an uitra-stable refer
ence. 
The DAC87/883B Series is designed for high accur
acy, wide temperature applications. The total accur
acy without external trim adjustments is ±O.I% of 
FSR, decreasing to only ±0.3% of FSR over -5S"C to 
+l2S"C. With external offset' and gain trim adjust
ments at +2SoC, the total accuracy is less than :±:0.2% 
of FSR over -S5"C to +12S"C. Gain drift is less than 
20ppm/"C. Linearity error, contributed mostly by 
the internal current switches and resistive ladder, is 
reduced by laser trimming to less than ±I /2LSB over 
temperature. Differential linearity is less than ± I LSB 
over temperature thereby guaranteeing monotonicity 
from -5SoC to +12SoC. 

• MIL·8TD-BB3 SCREENING 
• DAC85 PIN-COMPATIBLE 
• COMPLETE-INTERNAL REFERENCE 

AND OUTPUT AMPLIFIER 

There are two electrical performance grades and 
three product assurance levels allowing a -wide 
application/ budget choice. The DAC87-CBI~V mod
el/ grade features excellent performance froni -SS"C 
to +12S·C and finds wide military, aerospace, and -
industrial applications. The DAC87U-CBI-V model! 
grade features excellent performance from -2S"C to 
+8S"C, and guarantees specifications from -SS"C to 
+12S"C. Applications include test equipment, ship
board, ground support, and shirt-sleeve environments 

. where operati9n is between -2S·C and +8S·C but full 
temperature operation must be assured. 
Two product assurance levels are available: standard; 
and /8 (100% screened, plus PDA ;= 10%, plus 
Groups A and B testing on each inspection lot, plus 
Groups C and D performed initially, periodically, 
and when specified. on the customer's purchase 
order). See paragraph 1.2.2 for more details. Each 
device is m,anufactured in a hi-rei environment with 
dean room conditions which assures "built-in" 
quality. 

J.l Current output models are also available. See DAC87-CBI-I Series Data Sheet. 

'International Airport Industrtal Park, P,O. Box 11400· Tucson. Arizona 85734· Tel. (6021746-1111 • ~wx: 91tJ.952·1111 • Cabte: BBRCORP • Telex: 66-8491 

PDS-4S2C 
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I. SCOPE 

DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 

DIGITAL-TO-ANALOG CONVERTER 
HYBRID, SILICON 

1.1 Scope. This specification covers the detail requirements for a 12-bit, TTL-compatible, integrated circuit, digital-to
analog converter. 

1.2 Part Number. The complete part number is as shown below. 

DAC87 CBI 

T.l T 
Basic model 

number 
Grade 

(see 1.2.1) 
Input coding 

(Complementary Binary) 

v 

.l 
Voltage 
output JJ 

IB 

T 
Hi-ReI product 

designator 
(see 1.2.2) 

1.2.1 Device type. The device is a single, 12-bit, digital-to-analog converter. The input coding is complementary binary. 
The-device may be externally pin-connected foreither Complementary Straight Binary (CSB) or Complementary Offset 
Binary (COB) coding (see Tables Vand VI). 

There are two electrical performance grades. The premium grade has no grade designation in the part number and 
features specifications and tests from -55"C to +125"C. The U grade has a U grade designation in the part number and 
features specifications and tests from -25"C to +85"C. and specifications from -55"C to +125"C. 

Electrical specifications are shown in Table I; electrical tests are shown in Tables II and III. 

1.2.2 Device class. The device class is similar to the hybrid class (class B) product assurance level, as defined in 
MIL-M-38510. The Hi-ReI product designator portion of the part number distingl/ishes the product assurance levels as 
follows: 

Hi-Rei Product 
Designator 

/B 

(none) 

Requirements 

Standard model, plus 100% MIL-STD-883 Class B screening, with 10% 
PDA, plus quality conformance inspection (QCI) consisting of Groups A 
and B on each inspection lot, plus Groups C and D performed initially 
and as required by MIL-STD-883. 

Standard model including 100% electrical testing. 

1.2.~ Case outline. The case outline is as defined in Figure I. The case is metal and is conductive. 

1.2.4 Absolute maximum ratings. 

Supply voltage, VlT 

Supply voltage, V"" 
Data input voltage 
Output short circuit duration 
Storage temperature range 
Lead temperature (soldering, 6Osec) 
Junction temperature 

jJ Current output models are also available. See DAC87·CBI.l Series Data Sheet . 

±18VDC 
OVDC to +18VDC 
-IVDC to +7VDC 
Unlimited 11 
_65°C to + 150·C 
+300"C 
TJ = 175"C 

.11 Short circuit may be to groun~ only. Rating applies to (IS"e case temperature or 6S"C ambient remperature. 

12-25 



1.2.S Recommended operating conditions. 

Supply voltage range 

Ambient temperature range 

1.2.6 Power and thermal characteristics. 

. Vcc:±14.SVDC to ±IS.SVDC 
VIlIl: +4.7SVDC to +S.2SVDC 
-SS"C to + I 2SoC 

Package 

24-lead can 

Case outline 

- Figure I 

Maximum allowable 
power dissipation 

Maximum 
fJJ-C 

Maximum 
fJJ-A 

13S0mW at T" - 12SoC 7"C/W 11 37"CfW 

2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specification to the extent specified herein. 
SPECIFICATION 

MILITARY 
MIL-M~3851O - Microcircuits. General Specification for. 

STANDARD 
MILITARY 

MIL-STD-883 - Test Methods and Procedures for Microcircuits. 

3 .. REQUIREMENTS 

DAC87/883B SERIES 

3. I General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate to 
assure successful compliance with this specificati?n. 

3.1.1. Detail specifications. The individual item requirements are specified .herein. In the event of conflicting 
requirements. the order of precedence will be the purchase order. this specification. and then the reference documents. 

3. 1.2 Country of manufacture. These microcircuits are manufactured. assembled. and tested within the United States of 
America. 

3.2 Design. construction. and physical dimensions. 

3.2.1 Package. metals. and other materials. The package is in accordance with paragraph 3.5.1 of M I L-M-38SIO except 
organic and polymeric materials may be used for substrate and die attach. The exterior metal surfaces are corrosion 
resistant. The other materials are nonnutrient to fungus as specified in MIL-M-38SIO. 

r-A~ 
DIM 

A 

8 

NOTE: C 

nL, [[ ] 
'- Leads in true position within O.OH)" 0 

"---- Denotes p'in 1 to.25mml R at MMC at seating plane. G 

'f=r ) 
K 111111111111 
f G --.I I.- --L-o d H 

R 

000000000000 
1 12 

24 13 
000000000000 

H 

K 

L 

R 

Pin numbers shown for refer:ence only. 
Numbers may not be ",arked on package. 

Weight: 15 grams max. 

INCHES 

MIN MAX 

1.365 1.385. 

.790 .810 

.170 .250 

.016 .021 

.1008ASIC 

.125 I .150 

.150 I .300 

.6008ASIC 

.OBO I .110 

FIGURE I. Case Outline (Doubl~-Wide DIP Configuration). 

MILLIMETERS 
MIN MAX 

34.67 35.18 

20.07 20.57 

4.32 6.35 

0.41 0.53 

2.548ASIC 

3.18 I 3.81 

3.81 I 7.62 

15.24 BASIC 

2.03 I 2.79 

J..I Rating applies to normal device operation. For the output short circuit condition. the maximum 6J~C of the output die of IOO°C/W must be applied to the output 
short circuit current. . 
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3.2.2 Design documentation. The design documentation is in accordance with M II.-M-385 10. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires arc in accordance with 
M I L-M-38510. 

3.2.4 Lead material and finish. The lead material is kovar type (type A). The lead finish is gold plate with nickel 
underplating. The lead material and finish is in accordance with MIL-M-38510 and is solderable per MIL-STD-883. 
method 2003. 
3.2.5 Die thickness. Thedie thickness is in accordance with MII.-M-38Sl0. 

3.2.6 Physical dimensions. The physical dimensions arc in accordance with paragraph 1.2.3 herein. 

3.2.7 Circuit diagram and terminal connections. The circuit diagram and terminal connections arc shown in Figure 2. 

3.2.8 Glassivation. All dice utilized are glassivated. 

3.3 Electrical performance characteristics. The electrical performance characteristics arc as specified in Tahle I and apply 
over the lull operating ambient temperature range of -SS"C to +12S"c' unless otherwise specified. 

3.3.1 Offset and gain error adjustment. The DAC is capable of being externally adjusted to zero offset error and to lern 
gain error using the-circuits in Figure 3. See applications information. paragraph 7.3. 

3.3.2 Input coding. The input coding is complementary binary. The digital input code to yield the corresponding output 
voltageTor the output ranges is specified in Table V. 

3.3.3 Output range. The output range is specified in Table VI when externally connected as shown therein. 

3.4 Electrical test requirements. Electrical test requirements are specified in Table 11. The subgroups of Table III and 
limits of Table IV which constitute the minimum electrical test requirements for screening. qualification. and lJuality 
conformance. are specified in Table 11. . 

IMSBI BIT1 

BIT2 

BIT3 

BI14 

BIT6 12·BIT 
LADDER 

BIT6 RESISTOR 
NETWORK 

BI17 AND 
CURRENT 

BITS 
SWITCHES 

BIT9 

BITIO 

,ITlI 

ILS8181T12 

Jj Pin 21 II canneclld ID Ibl c .. e. 

FIGURE 2. Terminal Connections. 
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SUMMING 
JUNCTION 

20V RANGE 
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OUTPUT 

·VCC 

VOO 
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FIGURE.3. Offset and Gain Error Adjustment Circuits. 



TABLE I. Electrical Performance Characteristics. 
DAC87/883B SERIES 

LIMITS 

DAC87cCBI-VlB DAC87U-CBI-V IB 
DAC87-CBI-V DAC87U-CBI-V 

CHARACTERISTICS CONDITIONS j/ MIN I TYP I MAX MIN .1 TYP MAX UNITS~ 

RESOLUTION 12 I I 12 I Bits 

DIGITAL INPUTS , 

Input voltage 
Logic 001" TA=+2SoC 2.0 5.5 · V 

-55°C'; TA'; +l25°C 2.4 5.5 · V 
Logic "0" TA =+2SoC 0 0.8 V 

-55°C:S;; TA ~+125°C 0 0.4 · V 

Input Current 
logic "1" V,N =2.4V +40 "A 
Logic 000 00 V,N =0.4V -1.6 0 · mA 

ACCURACY 

Tolal error, untrimmed :.JJ TA=+2SoC ±O.10 %ofFSR 
Unipolar -25°C ~ TA ~ +85°C ±O.2S %ofFSR 

-55°C'; TA'; +12SoC ±O.30 %ofFSR 
Bipolar TA =+2SoC ±O.10 %ofFSR 

-25°C ~ TA :s;;; +85°C ±O.25 %ofFSR 
-5SOC:E;TA~+125°C ±O.30 %ofFSR 

Total error, trimmed ]I .y 
Unipolar TA=+25°C ±O.OO6 ±O.0122 · · %ofFSR 

-25°C:S;;; T A :s;;; +85°C ·±O.lS %ofFSR 
-55°C'; TA'; +125°C ±O.20 %ofFSR 

Bipolar Ti\=+2SoC ±O.OO6 ±O.0122 · .%ofFSR 
-25°C'; T A .; +85°C ±O.lS %OfFSR 
-55°C'; TA'; +12SoC ±O.20 ·,%ofFSR 

Linearity error TA -+25°C ±O.2S ±O.SO LSB 
-25°C'; T A .; +85°C ±O.SO LSB' 
-55°C'; TA'; +125°C ±O.50 ±3 LSB 

Differential linearity error EI TA -+25°C ±Q.SO ±O.7S LSB 
-25°C.; TA'; +85°C ±1.0 LSB 
-55"C .; r A .; +12SoC +1.0 ±3 LSB 

Monotoniclty temperature range y -55 +125 -25 +85 °C 
Offset error .fi/ 

Unipolar y TA=+2SoC ±O.02 ±O.OS · %ofFSR 
-25°C'; TA .; +85°C ±O.068 %ofFSR 
-55°C'; TA'; +12SoC ±O.06 %ofFSR 

Bipolar !J TA=+25°C ±O.02 ±O.OS %ofFSR 
-25°C'; TA .; +85°C ±O.10 %ofFSR 
-55°C'; TA'; +12SoC ±O.10 %ofFSR 

Offset temperature sensitivity]j 
Unipolar -25°C to +85°C ±1 ±3 ppm of FSRfOC 

-55°C to +12SOC ±1 ±3 ppm of FSR/oC 
Bipolar -2SoC.lo +65°C ±10 ppm 01 FSR/oC 

-55°C to +12SoC . ±S ±10 ±30 ppm 01 FSR/OC 

Offset adjustment range ±O.lS ±O.2 · %ofFSR 

Gain error ~.fi/ 
Unipolar .11 TA=+2SoC ±O.OS ±<i.l0 %oIFSR 

-25°C'; TA'; +85°C ±O.20 %'oIFSR 
-55°C'; TA'; +125°C ±O.2S %oIFSR 

Bipolar !J TA=+25°C ±O.OS ±O.10 · %oIFSR 
-25°C'; TA'; +8SoC ±Ool0 %oIFSR 
-55°C'; TA'; +12SOC ±O.25 %oIFSR 

Gain temperature sensitivity ZI 
Unipolar -25°C to +65°C ±10 ±20 ppml"C 

-S59C to'+125"C ±10 ±2D ppmtoC 
Bipolar -25°C to +65°C ±10 ±20 ppml"C 

-55°C to +125°C +10 ±20 ±SO ppm/OC 

Gain adjustment range ±O.2 ±O.3 %oIFSR 

DYNAMIC CHARACTERISTICS, 

Slew rate 10 20 · VI"sec 
Settling time .1Vo -2OV to±l12LSB 5 7 "sec 

.1Vo = IOV to±II2LSB 3 6 "sec 
.1Vo = lLSB to ±II2LSB 1.5 3 "sec 

ANALOG OUTPUT 

Output voltage range .fi/ ±lD " V 
Output current :!j!I ±5 mA 
Output reSistance, DC O.OS 0.2 · n 
Output short circuit current TA=+2SoC ±5 ±40 . · mA 



DAC87/883B SERIES T ABLE I. Electrical Performance Characteristics (cont). 

CHARACTERISTICS 

INTERNAL REFERENCE 

Internal reference voltage IVR I 

Internal reference temperature sensitivity 

Output current from internal reference 

POWER SUPPLY 

Power supply range 
+Vee 

-Vee 
Vo~ 

Power supply sensitivity 
±Vee 
Vo~ 

Power supply current I quiescentl 
±Vee 

Vo~ 

TEMPERATURE RANGE 

Operating 
Storage 

·Specificatlon same as DAC87-CBI-V 

NOTES: 

CONDITIONS Y 

-25'Cto +85°C 
-55'C to +t25'C . 
for specified VA 

±Vee = 15V ±a.5V 
Voo = 5V ±0.25V 

TA = +25'C 
-55'C"; TA"; +125'C 

TA = +25'C 
-55'C"; TA"; +125'C 

)j ±Vee = 15V. Vo~ =5V, -55°C";TA"; +125°C, unless otherwisespecified. 
&' FSR = Full Scale Range IExample: The FSR is 20V for ±1 OV range, 10V 

LIMITS 

DACS7-CBI-VlB DACS7U-CBI-V/B 
DACS7-CBI-V DACS7U-CBI-V 

MIN TYP I MAX MIN 

±6.0 ±6.3 ±6.6 

±5 ±10 
200 

+14.0 +15 +16.0 
-14.0 -15 -16.0 
+4.75 +5 +15.5 

±a.002 ±a.004 
±a.OOl ±a.002 

±20 ±30 
±ao 

20 25 
25 

-55 +125 
-65 +150 

§J Externally adjustable to zero. 
Y The reference error is included. 

I TYP 

±5 

I MAX UNITS Y 

V 
±10 ppm OfVR/oC 

±30 ppm OfVR/'C 

"A 

V 
V 
V 

% of FSR/%Vee 
% of FSR/%Voo 

mA 
mA 
mA 
mA 

'C 
°C 

for±5V range, and lOV forO to +10V range. I LSB= Least Significant Bit. 
;Y Total error Includes all errors at any fixed power supply voltage within 

the recommended supply voltage range, including the internal 
reference. linearity error, offset error, and gain error. 

YThe offset error is specified separately and is not Included herein. 
W The output voltage range is determined by external conditions I see 

Table VII. 
!!¥ Limit is assured by testing output resistance where RLOAO = 2kO. 

Y Offset and gain externally trimmed to zero error at TA = +25°C. 
~ Monotoniclty Is assured by testing differential linearity to ±lLSB 

maximum. 

TABLE II. Electrical Test Requirements. 
(The individual tests within the subgroups appear in Table Itl) 

MODELS DACS7-CBI-WB DACB7-CBI-V 

MIL-STD-883 test requirements (hybrid class) Subgroups (see Table Itl) 

Interim electrical parameters (preburn-In)(method 5008) 1 1 

Final electrical test parameters (method 500S) 1·,2,3,4 ,1,2,3 

Group A test requirements (method 5008) 1,2,3,4 -
Group C end point electrical parameters (method 500S) Table IV -
Additional electrical subgroups performed prior to Group C inspections 2C, 3C, 5, 6 -

• PDA applies to subgroup 1 (see 4.3.d). 

DAC87U-CBI-v/B DACS7U-CBI-V 

1 1 

t,2U,3U 1,2U,3U 

1. 2U,3U 1,2U,3U 

Table IV -
- -

3.5 Marking. Marking is in accordance with MIL-M-385 10. The following marking is placed on each microcircuit as a 
m.inimum, 

a. Index point 
b. Part number (see paragraph 1.2) 

. c. Inspection lot identification code .11 
d. Manufacturer's identification (rEiiIlri@) 
e. Manufactuer's designating symbol (CEBS) 
f. Country of origin 

3.6 Workmanship. These microcircuits are manufactured, processed. and tested in a careful and workmanlik'e manner. 
Workmanship is in accordance with good engineering practices, workmanship instructions, inspection and test 
procedures, and trainings, prepared in fulfillment of Burr-Brown's product assurance program. 

3.6.1 Rework provisions. Rework provisions, including rebonding, for the IB .Hi-Rel product designation are in 
accordance with MIL-M-3851O. 

lJ A 4-digit date code, indicating year and week of seal, and a 4- or 5-digit iot identifier is marked on each unit. 

12-29 

• 



DAC87/883B SERIES 

3.7 Traceability. Traceability is in accordance with M I L-M-38510. Each microcircuit is traceable to the production lot 
and to the component vendor's' component lot. Reworked or repaired microcircuits maintain traceability. 

3.8 Product and process change. Burr-Brown will not implement any major change to the design, materials, construction, 
'configuratIOn, or manufacturmg process which may affect the performance, quality, reliability or interchangeability of 
.the microcirc,uit 'without full or partial requalification. . 
3.9 Screening. Screening; for the /B Hi-ReI product designation, is in accordance with MIL-STD-883, method 5008, 
,Class B, except as modified ill paragraph 4.3 herein. 

Screening for the standard model, (none) Hi~Rel product designation, includes Burr-Brown QC4118 internal visual 
inspection and stabilization bake, fine leak, gross leak, burn~in (72 hours performed preseal), temperature cycle, 
constant acceleration (condition D), and external visual inspection per MIL-STD-883, method 2009. 

For the /B Hi-ReI product designation" all microcircuits will have passed the screening requirements prior to 
,qualification or quality conformance inspection. 

3.10 Qualification. Qualification is not required. See paragraph 4.2 herein. 

3.11 Quality conformance inspection. Quality conformance inspection, for the / B Hi-ReI product designation, is in 
',accordance with MIL-M-3851O, except as modified in paragraph 4.4 herein. The microcircuit inspection lot will have 
passed quality conformance inspection prior to microcircuit delivery . 

. TABLE III. Group A Inspection. 

-
LIMITS 

TEST DAC87-CBI-VlB DAC87U-CBI-V/B 
CIRCUIT DAC87-CBI-V DAC87U-CBI-V 

SUBGROUP PARAMETERS FIGURE CONDITIONS J/ MIN MAX MIN MAX UNITS 

I Offset error. bipolar 4 '±IOV range lideal value = -IO.OOOVI ±IO ±IO' mV 
TA=+25"C G~ln error. bipolar 4 ±IOV renge lideal value = +9.995117VI 1/ ±20 ±20 mV 

Linearity error. bipolar 4 ±IOV renge ¥ 11 
For + bit errors +2.44 +2.44 mV 
For - bit errors -2.44 ' -2.44 mV 

Differential linearity error, bipolar 4 ±IOV range 11 fjJ ±3.66 ±3.66 mV 
Total error, untrimmed, bipolar 4 ±2O ±20 mV 
Totill error, trimmed, bipolar §I - --
Internal reference voltage 4 +8.0 +8.6 +8.0 +8.6 V 
Input voltage - Loglc'''I'', all Inputs, Yin = 5.0VDC to 

2.0VDC, measure t!.Vo ±4 ±4.8 mV 
- Logic "0", all Inputs, Yin = OVDC to 

0.8VDC, measure /l Vo ±4 ±4.8 mV 
Input current - Logic "l".-each Input, Vin = +2.4VDC +40 +40 ,.A 

- Logic ''0'', each Input, Vln = +O.4VDC -1.6 0 -1.6 0 mA 
Power supply current 4 No 10ad+Vee 30 30 mA 

4 No load-Vee 30 30 iliA 
4 No load Voo 25 25 mA 

Output resistance, 4 Ro-
(Vo no load) - (Vo2kll load)· 

5mA 0.2 0.2 II 

Output short circuit current - Rio"" = II, Vo = +FS and -FS ±5 1,40 ±5 ±4O mA 
power supply sensitivity 4 ±IOV renge, Vo = +FS, .lVec = +O.5V 

and -C.5V ±2.6 ±2.S mV 
±IOV renge, Vo = +FS, /lVoo = +O.25V 

and-C.25V ±2.0 ±2.0 mV 
,Offset adjustment range 3 ±IOVrange ±3O ±3O mV 
Gain adjustment range 3 ±IOVrenge ±40 ±4O "mV 
Offset error. unipolar 4 o to +IOV range lideal value = O.OOVI ±5 ±5 mV 
Gain error, unipolar 4 o to +IOV range lideal 

value = +9.997559VljI ±IO ±IO mV 
Total error, untrimmed, unipolar 4 o to +10V range ±IO flO mV 

2 Offset error, bipolar (VOEI 4 ±IOV range (ideal value = -jp.OOOV I ±2O mV 
TA=+125°C Gain error, bipolar (GE) 4 ±IOV renge (Ideal value = +9.995117V1 Y ±50' mV 

Offset temperature sensitivity, t!.VOE VOEI25 • VOE2S 
Bipolar - ±10V range'-;rr- = 1000C 

±0.2O mVloC 

Gain temperature sensitivity. t!.GE GEI25-GE:z5 
Bipolar - ±10V range, -:iT = 

10000 
±O.4O, mVl'C 

Linearity error, bipolar 4 ±10V range, Y jJ 
For + bit errors +2.44 mV 
For - bit errors ±2.44 mV 

DifferentlalUnearity error, bipolar 4 .t10V range jJ jj ±4.66 mV 
Total error, untrimmed, ~ipolar 4 ±10V range, ±eo ,mV 

*Vo = +full scale 
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LIMITS 

TEST DAce7-CBI-VlB DAce7U-CBI-V/B 

CIRCUIT DACB7-CBI-V DAC87U-CBI-V 

SUBGROUP PARAMETERS FIGURE CONDITIONS .y MIN MAX MIN MAX UNITS 

Total error, trimmed, bipolar 4 ±10V range]J ±40 mV 
Internal reference voltage 4 +6.0 +6.6 V 
Internal reference .1VA VA125 - VR25 

temperature sensitivity - --= ±63 ~VloC 
.1T l00"C 

2C Power supply current 4 No load +Vcc 30 mA 
TA = +125°C 4 No load -Vee 30 mA 

4 No load Voo 25 mA 

2U Offset error, bipolar (VOE I 4 ±lOV range tideal value = -1 O.OOOV I ±20 mV 
TA = +B5°C Gain error, bipolar (GEl 4 ±lOV range (ideal 

value = +9.995l17V, 11 ±40 mV 
Offset temperature sensitivity. 

AVOE' VOE65 - VOE25 
Bipolar - ±1OV range, 

~ = ±0.20 mV/oC 
fiOOC 

Gain temperature sensitivity. 
l::NGE GEBS - GE25 

Bipolar - ±10V range. -;rr- = -oooc ±0.40 mV/oC 

Linearity error, bipolar 4 ±10V range. Y 11 
For + bit errors +2.44 mV 
For - bit errors -2.44 mV 

Differential linearity. error, bipolar 4 ±10V range 11 §f ±4.88 mV 
Total error, untrimmed, bipolar 4 ±10V range ±50 mV 
Total error, trimmed, bipolar 4 ±10V range 7J ±30 mV 
Internal reference voltage 4 +6.0 +6.6 V 
Internal reference 

.lVR VR85· VR25 
temperature senSitivity - 7r=~ 

±;;3 ,~V/oC 

--
3 Offset error, bipolar 4 ±10V range lideal value = -10.000VI ±20 mV 

TA = -55°C Gain error. bipolar 4 ±10V range !ideal 
value = +9.995ll7V, 11 ±50 mV 

Offset temperature sensitivity, 
±10V range, AVOE = V0E25 - VOE-55 

Bipolar -
BlJ<>C 

±0.20 mVloC 
AT 

Gain temperature sensitivity. 
±10V range, ~GE 1= 

GE25 - GE-55 
Bipolar - ±0.40 mV/oC 

AT BOOC 

Linearity error, bipolar 4 ±10V range 11 jJ 
For + bit errors +2.44 mV 
For - bit errors -2.44 mV 

Differential linearity error, bipolar 4 ±10V range jJ.§J ±4.BB mV 
Total error, untrimmed bipolar 4 ±10V range ±60 mV 
Total error, trimmed bipolar 4 ±10V range 7J ±40 mV 
Internal reference voltage 4 +6.0 +6.6 V 
Internal reference .1VR VA25· VR-55 

temperature sensitivity ±63 ~V/oC 

.1T BOoC 

3C Power supply current 4 No load +Vee 30 mA 

TA = -55°C 4 No load -Vee 30 mA 
4 No load Voo 25 mA 

3U Offset error, bipolar 4 ±10V range (ideal value = -10.000V) ±20 mV 

TA = -25°C Gain error. bipolar 4 ±10V range (ideal 
value = +9.995l17V, y ±40 mV 

Offset temperature sensitivity. 
±10vrange,~ = 

V0E25 • VOE-25 
Bipolar - ±0.20 mV/OC 

AT sooC 

Gain temperature sensitivity, 
±10V range, AGE = GE25 - GE-25 

Bipolar - :to.4D mV/OC 
AT 500C 

linearity error, bipolar 4 ±10V range 11 ~ 
For + bit errors +2.44 mV 
For - bit errors -2.44 mV 

Differential /ineari~y error, bipolar 4 ±10V range .y y ±4.BB mV 
Total error, untrimmed bipolar 4 ±10V range ±50 mV 
Total error, trimmed bipolar 4 ±10V range Y ±30 mV 
Internal reference voltage 4 +6.0 +6.6 V 
Internal reference .1VR VR25 - VA-25 

temperature sensitivity n~---SO;;C- ±;;3 ~V/oC 
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TABLE Ill. Group A Inspection (cont). DAC87/883B SERIES 

LIMITS 

TEST DAC87-CBI-v/B DAC87U-CBI-V/B 

CIRCUIT DAC87-CBI-V DAC87U-CBI-V 

SUBGROUP PARAMETERS FIGURE CONDITIONS 11 MIN MAX MIN MAX UNtTS 

4 Senling time 5 To ±1/2LSB. :JoV. = 20V 
TA = +25°C Slew rate 5 :JoV. = 20V. 10% to 90% 

5 Settling lime 5 To ±1/2LSB. :JoV. = 20V 
TA = +125°C Slew rate 5 :JoV. = 20V. 10% to 90% 

6 Settling time 5 To ±1/2LSB. :JoV. = 20V 
TA = -55°C Slew ,rate 5 V. = 20V. 10% to 90% 

NOTES: 
11 ±Vcc = 15VDC. Voo = 5VDC. logic 1 = 4V, Logic 0 = 0.2V, no load, unless otherwise specified. 
Y Offset error corrected to zero. 

7 psec 
10 V/Jjsec 

7 J.lsec 
10 V/J.ltec 

7 psec 
10 V/",sec 

'YThe individual bit errors that are positive are switched on and compared to 1/2lSB. The individual bit errors that are negative are switched on and compared to 1I2LSB. 
This guarantees ±1/2LSB maximum linearity error. 

y Offsel error and gain error correction factors for the Device Under Test (DUn, if any, are applied to the OUT output voltage belore comparing the OUT output voltage 
_ to the Ideal oulput vollage. This is the basis for IInearlly error and differentlallinearily error relative to a slraight line through the end pOints of the transfer function. 

'?J Differential linearity error is tested at aU combinations of the four most significant bits. 
f}/ Total error, trimmed, Ibipola" is the .ame as linearity error, bipolar. 
y Offset and gain errors adjusted to zero at TA = +25°C. 

TABLE IV. Group C, End Point Electrical Parameters. 
(TA = +25"C, ±Vcc = ISVDC, \l1l1l = +SVDC) 

Test limit Della 

Total error, untrimmed, bipolar ±D.15% 0" FSR ±D.I2% of FSR 

Linearlly error, bipolar ±t.OlSB ±D.75lSB 

Differential linearity error, bipolar +1.2lSB, -1.0lSB ±D.6lSB 

Monotonicily Yes --
Offset error, bipolar ±D. t 25% of FSR ±D.10% of FSR 

Gain error, bipolar #}.25'111 of FSR ±D.25% of FSR 

T ABLE v. Ideal Output Voltage vs Digital I nput Code. 

Digital Input Code (Complementary 12-Bit Binary) 

Output Range 111111111111 011111111111 0000 0000 0000 

-2.5V to +2.5V -2.500V 0 +2.496779V 
-SVto +5V -5.000V 0 +4.997559V 

-10Vto +10V -10.000V 0 +9.9951171; 
Oto+5V 0 +2.500V +4.996779V 
Oto +10V 0 +5.000V +9.997559V 

NOTES: 
1. One LSB = 1.2207mV for a 5-voll fulfsc'lIerange. One lSB = 2.4414mV foralo-voll 

full scale range. One LSB = 4.8828mV for a 2o-volt full scale range. 
2. Digital input codes are shown with the MSB listed first. . 

TABLE VI. Output Range Selection. 

Output Range Required E~ternal Pin Connections 

-2.5V to +2.5V 15to 18 17 to 20 19t020 161024 
-5V to +5V 15to18 17 to 20 19NC 16t024 

-10V to +10V 15to19 17 to 20 19to15 16 to 24 
o to+5V 15t018 17 to 21 19 to 20 16t024 
o to +10V 15 to 18 17 t021 19NC 16t024 
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VOO +vcc 

+IOVOC--o 
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,/ I 
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DIGITAL 
VOLTMETER 

FIGURE 4. Test Circuit-Simplified. 

VO ISLEW RATEI 

FIGURE 5. Slew Rate and Settling Time Test Circuit. 

4. PRODUCT ASSURANCE PROVISIONS 

4.1 Sampling and inspection. Sampling and inspection procedures are in accordance with MIL-M-3851O and MIL
STD-883, method 5008, except as modified herein. 
4.2 Qualification. Qualification is not required unless specifically required by contract or purchase order. 

When so required, qualification will be in accordance with the inspection routine of MIL-M-38510. paragraph 4.4.2.1. 
The inspections to be performed are those specified herein for groups A. B. C. and D inspections (see paragraphs 4.4.1. 
4.4.2.4.4.3. and 4.4.4). . 

Burr-Brown has performed and successfully completed qualification inspection as described above. The qualification 
report is available from Burr-Brown. 

4.3 Screening. Screening, for the /B Hi-Rei product designation, is in accordance with MIL-STD-883, method 5008, 
Class B, and is conducted on all devices. The following additional criteria apply: 

a. Constant acceleration test (MIL-STD-883. method 2001) is test condition B. VI axis only. 
b. Interim and final test parameters are specified in Table II. The interim electrical parameters test prior to burn-in is 

optional at the discretion of the manufacturer. 
c. Burn-in test (MIL-STD-883. method 1015) conditions: 

( I ) Test condition D ' 
(2) Test circuit is Figure 6 herein 
(3) TA = +J25"C minimum 
(4) Test duration is 160 hours minimum 

+5V 
OV 

2kn 

FIGURE 6. Test Circuit-Burn-in and Operating Life Test. 

d. Percent defective allowable (PDA). The'PDA, for / B Hi-Rei product designations only, is 10 percent and includes 
both parametric and catastrophic failures. It is based on failures from group A, subgroup I test after 
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cool-down as final electrical test in accordance with MIL-STD-883, method 5008, and with no intervening 
electrical measurements. If interim electrical parameter tests are performed prior to burn-in, failures resulting from 
preburn-in screening may be excluded from the PDA. If interim electrical parameter tests prior to burn-in are 
omitted, all screening failures shall be included in the PDA. The verified failures of group A, subgroup I after 
burn~in in that lot are used to determine the percent defective for that lot, and the lot is accepted or rejected based 
on the PDA. 

e. External visual inspection need not include measurement of case and lead diniensions. 

4.4 QUality conformance inspection. Groups A and ~ inspections of M IL-STD-883. method 5008. are performed on each 
inspection lot. Groups C and D inspections of MIL-STD-883, method 5008, are performed as'required by MIL
STD-883. 

A report of the most recent groups C and D inspections is available from Burr-Brown. 

4.4.1 Group A inspection. Group A inspection consists ofthe test subgroups and L TPD values shown in M I L-STD-883. 
method 5008 and as specified in Table II herein. 

4.4.2 Group B inspection. Group B inspection consists of the test subgroups and L TPD values shown in MIL-STD-883. 
method 5008. 

4.4.3 Group C inspection. Group C inspection consists of the test subgroups and L TPD values shown in M I L-STD-883. 
method 5008, and as follows: 

a. Operating life test (MIL-STD-883, method 1005) conditions: 
(I) Test condition D 
(2) Test circuit' is Figure 6 herein 
(3) TA = +125"C minimum 
(4) Test duration is 1000 hours minimum 

b. Endpoint electrical parameters are specified in Table II herein, 
c. Additional electrical subgroups are specified in Table II herein. 

4.4.4 Group D inspection. Group D inspection consists of the test subgroups and L TPD values shown in' M I L-STD-883. 
method 5008. 

4.5 Methods of examinatipn and test. Methods of examination and test are specified in the appropriate tables. Electrical 
test circuits are as prescril>ed herein or in the referenced test methods of M I LcSTD-883. 

4.5.1 Voltage and current.All voltage values given. except the input offset voltage (or differential voltage) are referenced 
to the external zero reference level of the supply voltage. Currents given are conventional current and positive when 
flowing into the referenced terminal. ' 

5. PREPARATION FOR DELIVERY 

5.1 Preservation-packaging and packing. Microcircuits are prepared for delivery in accordance with M IL-M-38510. 

6. NOTES 

6.1 Notes. The notes specified in MIL-M-38510 are applicable to this specification. 

6.2 Intended use. Microcircuits conformirig to this specification are intended for use in applications where the use of 
screened parts is desirable. 

6.3 Ordering data. The contract or order should specify the following: 
a. Complete part number (see paragraph 1.2) 
b. Requirement for certificate of compliance. if desired. 

6.4 Definitions. 
Offset error. Off~et error is the difference between the ideal analog output voltage and the actual output voltage. when all 
the input bits are off (digital input code 1111 11I1 1111). 

Gain error. Gain error is the difference between the ideal analog output voltage span and the actual output voltage span. 
between when all the in'put bits are off (digital input code 1111 I111 1111) and when all the input bits are on (digital input 
code 0000 0000 0000). ' 

Linearity error. Linearity error is the difference between the ideal analog'output, voltage and the actual output volt~ge. 
when the ollset error and the gain error equal zero. 
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Differential linearity. Differential linearity is the difference between the ideal (I LSB) analog output voltage change, for 
I-bit change in digital input code, and the actual output voltage change. A differential linearity of±1 LSB means that the 
output can change anywhere from OLSB to 2LSB when the input changes from one adjacent input code to the next. 
Differential linearity of ±I LSB or Jess guarantees monotonicity. 

Monotonicity. Monotonicity is the condition where the analog output increases or remains the same for an increase in 
input codes. 

Unipohir output. Unipolar is an output characteristic that displays zero volts output at one input extreme and full scale 
volts output at the other input extreme. 

Bipolar output. Bipolar is an output characteristic that displays full scale output voltage at one input extreme and the 
opposite full scale output voltage at the other input extreme. 

6.5 Microcircuit group assignment. These microcircuits are in Technology Group F as defined in MIL-M-38SIO, 
Appendix 1. 

6.6 Electrostatic sensitivity. These microcircuits may be damaged by electrostatic discharge. Electrostatic sensitive 
precautions should be observed at all times. 

7 .. APPLICATIONS INFORMATION 

7.1. Power Supply Decoupling. For optimum performance and noise rejection, each power supply should be decoupled 
by connectmg a I/oiF tantalum capacitor from each power supply pin to the ground plane. 

7.2 Power supply sensitivity. Power supply sensitivity is specified in Table 1. Power supply sensitivity versus ripple 
frequency is shown in Figure 7. 

0.1 
;I! .. D.06 
~1: 0.D4 
:,:.iJ om .... 
f5~ 0.01 ",CD 
00· 0.1118 ... c 
~a 0.1114 
;I! I!; 0.lJ02 

"' ", 

L 

II' ~ +15V SUPPLIES .., f'\.1 
-t611 \,\1611: $II 

0.0111 I 
I 10 1011 It 10k lOOk 

POWER SUPPLY RIPPLE FREQUENCY (1Iz1 

FIGURE 7. Typical PowerSupply Sensitivity vs Power Supply Ripple. 

7.3 External offset and gain error adjustment. The untrimmed accuracy of the DAC87/ MIL Series is very good and is 
adequate for many applications. However, when the initial offset and gain errors are greater than what can be allowed 
in the application, the circuits shown in Figure 3 may be connected and the offset and gain errors adjusted to zero. 

7.3.1 Offset adjustment. Apply the digital input code; II (I IIII 1111, which should produce z·ero volts output for the 
unipolar ranges, or mmus full scale for the bipolar ranges. Adjust the qffset potentiometer until the output, for the output 
range being used. is exactly as depicted in Table V. 

7.3.2 Gain adjustment. Apply the digital input code, 0000 0000 0000, which should produce positive full scale. Adjust the 
gain potentiometer until the output, for the output range being used, is exactly as depicted in Table V. . 
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BURR-BROWN@ 

IE:lE:lI DAC87-CBI-1 SERIES 
MODEL NUMBERS: 
DAC87-CBI-I/B 
DAC87-CBI-1 

DAC87U-CBI-I/B 
DAC87U-CBI-1 

REVISION A 
MAY, ~986 

12-Bit -550 C to +125 0 C Military 
DIGITAL-TO-ANALOGCONVERTER 

FEATURES 
• HI·REL MANUFACTURE 

• COMPLETELY SPECIFIED, -55°C to +125°C 

• ACCURATE 
±1I2LSB max linearity, over temperature 
±20ppm/o C max Gain Drift 
±O.20f0 Total Error, over temperature 
Monotonic, over temperature 

DESCRIPTION 
The DAC87-CBI-I Series is a high performance, 12-
bit, TTL-compatible, current output, -55°C to 
+ 125° C digital-to-analog converter in a metal, 
welded, hermetically sealed package, and it is manu
factured on a separate hi-rei production line. It is 
pin-compatible with DAC85 converters and has five 
user-selected. output ranges. Each DAC is a com
plete device witli an internal output amplifier and an 
ultra-stable reference. 
The DAC87-I Series is designed for high accuracy, 
wide temperature applications. The total accuracy 
without external trim adjustments is ±O.l% of FSR, 
decreasing to only ±O.3% ofFSR over -55°C to 
+125°(:. With external offset and gain trim adjust
ments at +25°C, the total accuracy is less than 
±O.2% of FSR over -55° C to + 125° C. Gain drift is 
less than 20ppm/oC. Linearity error, contributed 
mostly by the internal current switches and resistive 
ladder, is reduced by laser trimming to less than 
±1/2LSB over temperature. Differential linearity is 
less than ±ILSB over temperature thereby guaran
teeing monotonicity from -55"C to +125°C. 

• OPTIONAL MIL·STU·B83 SCREENING 

• DACB5 PIN·CDMPATIBLE 

• COMPLETE-INTERNAL REFERENCE 

There are two electrical performance grades and 
tHree product assurance levels allowing a wide appli
cation/budget choice. The DAC87-CBI-I model/ 
grade features excellent performance f~om -55°C to 
+125°C and finds wide military, aerospace, and 
industrial applications. The DAC87U-CBI-I model/ 
grade features excellent performance from -25°C to 
+85°C, and guarantees specifications from -55°C. 
to + 125° C. Applications include test equipment, 
shipboard, ground support, and shirt-sleeve envi" 
ronments where operation is between -25° C and 
+85°C but full temperature operation must be 
assured. 
The two prodl,lct assurance levels available are stan
dard, and / B (100% screened per MIL-STD-883 
method 5008, hybrid class, class B). See paragraph 
1.2.2 for more details. Each device is manufactured 
in a hi-rei environment with clean room conditions 
which assures "built-in" quality. 

International AIrport Induslrlal Park· P.O. Box 11400· Tucson. ArIzona 85734· Tel. 1602) 74B·1111 • Twx: 910-952·1111 . Cable: BBRCORP· Telex: 66·6491 

PDS·S25A 

12-36 



DAC87-CBI-I SERIES 

DETAILED SPECIFICATION MICROCIRCUITS, LINEAR 
DIGITAL-TO-ANALOG CONVERTER 

HYBRID, SILICON 

1. SCOPE 

l.l Scope. This specification covers the detail requirements for a 12-bit, TTL-compatible, integrated circuit, current 
output, digital-to-analog converter. 

1.2 Part Number. The complete part number is as shown below. 

DAC87 CBI I B 

T I T ~ I 
Basic model Grade Input coding 

number (see 1.2.1) (Complementary Binary) 
Current 
output 

Hi-Rei product 
designator (see 1.2.2) 

1.2.1 Device type. The device is a single, 12-bit, digital-to-analog converter. The input coding is complementary 
binary. The device may be externally pin-connected for either Complementary Straight Binary (CSB) or Complemen
tary Offset Binary (COB) coding (see Tables IV and V). 

There are two electrical performance grades. The premium grade has no grade designation in the part· number and 
features specifications and tests from -55°C to +125°C. The U grade has a U grade designation in the part number and 
features specifications and tests from -25°C to +85°C, and specifications from -55°C to +125°C . 

. Electrical specifications are shown in Table I; electrical tests are shown in Tables II and III. 

1.2.2 Device class. The device class is similar to the hybrid class (class B) product assurance level, as defined in 
MIL-M -38510. The Hi-Rei product designator position of the part number distinguishes the product assurance levels as 
follows: 

Hi-Rei Product 
Designator Requirements 

/B 
(none) 

Standard model, plus 100% MIL-STD-883, method 5008, class B screening. 

Standard model including 100% electrical testing. 

1.2.3 'case outline. The case outline is as defined in Figure,]. The case is metal and is conductive. 

iA=J 

LnB 
. [ II "'" Leads in true position within 0.010" 

(.25mm) R al MMC al sealing plane. 

INCHES 

DIM MIN MAX 

A 1.365 1.385 

B .790 .810 

. "-- Canotes pin 1 

r=-J 1 
f G -=[!IIII1~D 

C .170 .250 

0 .016 .021 

G .100 BASIC 

H .125 I .150 

K .150 .300 

L .600 BASIC 

R .080 I .110 

H d Pin numbers shown for reference only. Numbers 
mav not ba marked on package. 

24 13 
000000000000 

Weight: 15 grams max. 

FIGURE I. Case Outline (Double-Wide DIP Configuration). 
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MILLIMETERS 

MIN MAX 

34.67 35.18 

20.07 20.57 

4.32 6.35 

0.41 0.53 

2.54 BASIC 

3.18 I 3.81 

3.81 I 7.62 

15.24 BASIC 

2.03 I 2.79 



1.2.4 Absolute maximum ratings. 

Supply voltage, Vee 
Supply voltage, V DD 
Data input voltage 
Output short circuit duration 
Storage temperature range 

±18VDC 

Lead temperature (soldering, 60sec) 
J unction temperature 

OVDC to +18VDC 
-IVDC to +7VDC 
Unlimited 11 
-65°C to +150°C 
+300°C 
TJ = 175°C 

1.2.5 Recommended operating conditions. 

Supply voltage range 

Ambient temperature range 

1.2.6 Power and thermal characteristics. 

Package 

24-lead can 

Case 
outline 

Figure I 

2. APPLICABLE DOCUMENTS 

Vee: ±14.5VDC to ±15.5VDC 
VDD: +4.75VDC to +5.25VDC 
-55°C to +125°C 

Maximum allowable 
power dissipation 

. 1350mW at TA - 125°C 

Maximum 
OJ-C 

7°CfW 11 

2.1 The following documents form a part of thi~ specification to the extent specified herein. 

SPECIFICATION 
MILITARY 

MIL-M-38510 - Microcircuits, General Specification for. 

STANDARD 
MILITARY· 

MIL-STD-883 - Test Methods and Procedures for Microcircuits. 

3. REQUIREMENTS 

DAC87-CBI-I SERIES 

Maximum 
OJ-A 

37°CfW 

3. I General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate 
to assure successful compliance with this specification. 

3.1.1 Detail specifications. The individual item requirements are specified herein. In the event of conflicting 
requirements, the order of precedence will be the purchase order, this specification, and then the reference documents. 

3.2 Design, construction and physical dimensions .. 

3.2.1 Package, metals; and other materials. The package is in accordance with paragraph 3.5.1 of MIL-M-385JO 
except orgamc ant;! polymeriC materials may be used for substrate and die attach. The exterior metal surfaces are 
corrosion resistant. The other materials are nonnutrient to fungus as specifiefl-in MIL-M-385JO. . 

3.2.2 Design documentation. The design documentation is in accordance with MIL-M-38SIO. 

3.2.3· Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accordance 
with MIL-M-38510. 

3.2.4 Lead material and finish. The lead ·material is kovar type (type A). The lead finish is gold plate with nickel 
underplating. The lead material and finish is in accordance with MIL-M-38510 and is solderable per MIL-STD-883, 
method 2003. .. 

3.2.5 Die thickness. The die thickness is in accordance with MIL-M-385JO. 

3.2.6 Physical dimensions. The physical dimensions are in accordance with paragraph 1.2.3 herein. 

3.2.7 Circuit diagram and terminal co,!nections. The circuit diagram and terminal connections are shown in Figure 2. 

3.2.8 Glassivation. All dice utilized are glassivated. 

3.3 Electrical performance characteristics. The electrical performance characteristics are as specified in Table I and 
apply over the. full operatmg ambient temperature range of -55° C to t 125° C, unless otherwise specified. 

lJ Short circuit may be to ground only. 

y Rating applies to normal device operation. For the output short circuit c·ondition, the maximuni OJ-C of the output die of 100°C/W must be applied to the output 
short circuit. 
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DAC87-CBI-I SERIES 

3.3.1 Offset and gain error adjustment. The DAC is capable of being externally adjusted to zero offset error and to 
zero gain error using the circuits in Figure 3. See applications information, paragraph 7.3. 

3.3.2 Input coding. The input coding is compleMentary binary. The digital input code to yield the corresponding 
output current for the output ranges is specified in Table IV. 

3.3.3 Output range. The output range is specified in Table V and Figures 4 and 5 when externally connected as shown 
therein. 

3.4 Electrical tests. Electrical tests are shown in Table II. The subgroups of Table III which constitute the minimum 
electrical tests for screening, qualification, and quality conformance, are shown in Table II. 

(MSB) BIT 1 

BIT2 

BIT 3 

BIH 

BIT 5 

BIT 0 

BIT7 

BIT B 

BITO 

BITIO 

BITn 

(LSB) BIT 12 

12·BIT 
LADDER 

RESISTOR 
NETWORK 

AND 
CURRENT 
SWITCHES 

O.3kn 

FIGURE 2. Terminal Connections. 
jj Pin 21 Is connecled 10 Ihe case. 

6.3V 
REFERENCE 
OUTPUT 

GAIN AOJUST 

+Vcc 

COMMON 1/ 

SUMMING 
JUNCTION 

20V RANGE 

10V RANGE 

REFERENCE III PUT 

OUTPUT 

Vee 

FIGURE 4. Alternate I Output Range Selection 
(Output Voltage with Resistive Load.) 

+15VDC 

OFFSET 
ADJUSTMENT 

~ 
~.gMn -
SUMMIIIG 
JUNCTION 

1/ 
lOkn 10 
l00kn 

-15Vbc 

jj SI00ppm/"C,' 

+15VOC 

GAIH ADJUSTMEHT 

Y 
231l-~""""'----'~ 

GAllI 
ADJUST 'U 

O.OOlpF 10 
YO.OlpF 

!J 

~ -15VOC 

COMMON 

J./ ±20% carbon compos ilion or beller, Locale close 10 Ihe DACa7 10 
prevenl noise pickup, . 

JJ/ Ceramic. 

FIGURE 3. Offset and Gain Error Adjustment 
Circuits. 

FIGURE 5. Alternate 2 Output Range Selection. 

3.5 Marking. Marking is in accordance with MIL-M-385\O. The following marking is I'laced on each microcircuit as a 
minimum. 

a. Index point 
b. Part number (see paragrpah 1.2) 
c. Inspection lot identification code 1J 
d. Manufacturer's identification ( r~:i 0) 
e. Manufacturer's designating symbol (CEBS) 
f. Country of origin 

.JJ A 4·digit date code, indicating year and week of seal, and a 4- or S-digit lot identifier is marked on each unit. 
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TABLE I. Electrical Performance Characteristics. 

LIMITS 

DAC87-CBI-IIB DAC87U-CBI-I/B 
DAC87-CBI-1 DAC87U-CBI-I 

CHARACTERISTICS CONDITIONS l/ MIN TYP MAX MIN TYP MAX UNITSY 

RESOLUTION 12 12 Bi1. 

DIGITAL INPUTS 

Input voltage 
Logic "1"' T. = +25'C 2.0 5.5 V 

-55'CST.S+125'C 2.4 5.5 V 
Logl.c"'O" TA = +25'C 0 0.8 V 

-55°0 ST" S +125°0 0 0.4 V 

Input Current 
Logic "'1" V'N= 2.4V +40 pA 
Logic "'0"' V'N =0.4V -1.6 0 . mA 

ACCURACY , 
Total error, untrimmed ill TA = +25'C ±0.10 % 01 FSR 

Unipolar -25'C S T. S +85'C ±0.25 %01 FSR 
-55°C :5 TA::; +125°C ±0.30 % 01 FSR 

Bipolar T. = +25'C ±0.10 %01 FSR 
-25°0::::; TA $. +85°0 ±0.25 % 01 FSR . -55'C S T. S +125'C ±0.30 % 01 FSR 

Total error, trimmed ill ~ 
Unipolar TA= +25'C ±O.OO6 ±O.0122 %01 FSR 

-25°C:::;;T",$+85°0 ±0.15 % 01 FSR 
-55°C $T,.,:5 +125°C ±O.20 % 01 FSR 

Bipolar T.= +25'C ±O.OO6 ±O.O122 %oIFSR 
-25°0::;;T,,:::;+85°C ±0.15 %01 FSR 
-55°0::; TA::::; +125°0 ±O.20 %01 FSR 

Linearity error T.=+25'C ±O.25 ±C.50 LSB 
-25°0ST,,5+85°C ±0.50 LSB 
-55°0:5 TA S +125°C ±C.50 ±3 LSB 

Differential linearity error §J TA = +25°C ·±0.50 ±0.75 LSB 
-25°0::;; TA:S; +85°C ±1.0 LSB 
-55°C:5 TA ::; +125°C ±1.0 ±3 LSB 

Monotoniclty temperature range §/ -55 +125 -25 +85 'C 

Oll.et error §J 
Unipolar 11 T,,= +25°C ±0.02 ±0.05 %oIFSR 

~25'CST.S+85'C ±0.068 %01 FSR 
-55'CST.S+125'C ±0.08 %01 FSR 

Bipolar 11 T.=+25'C ±0.02 ±0.05 %oIFSR 
-25'CST.S+85'C ±0.10 %01 FSR 
-55'CST.S+125'C ±0.10 %01 FSR 

Ollset temperature sensitivity 11 
Unipolar -25' C to +85' C ±1 ±3 ppm 01 FSRI"C 

-55'C to +125'C ±1 ±3 ppm 01 FSR/' C 
Bipolar -25' C to +85' C ±10 ppm 01 FSRI"C 

-55'C to +125'C ±5 ±10 ±30 ppm 01 FSR/' C 

Ollset adjustment range ±0.15 ±0.2 %01 FSR 

Gain error §J §J 
Unipolar 11 T.=+25'C ±0.05 ±0.10 %01 FSR 

-25°0:S TA :::;; +85°0 ±0.20 %oIFSR 
-55°C:5 TAS: +125°0 ±C.25 % 01 FSR 

Bipolar 1/ T.=+25'C ±0.05 ±0.10 %oIFSR 
.:....25°C:::;;T,,::;;+85°0 ±0.20 %01 FSR 
:"'55'C S T.S +125'C ±0.25 % 01 FSR 

Gain temperature sensitivity 11 
Unipolar -25' C to +85' C ±10 ±20 ppm/'C 

-55'C to +125'C ±10 ±20 ppm/'C 
Bipolar -25'C to +85'C ±10 ±20 ppm/'C 

-55'C to +125'C ±10 ±20 ±60 ppml"C 

G8.in adjustment range ±0.2 ±0.3 %oIFSR 

DYNAMIC CHARACTERISTICS 

Settling time AI, = 2mA to ±1/2LSB, 200 400 . nsec 
RL = 2500 
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TABLE 1. Electrical Performance Characteristics (cont). 

CHARACTERISTICS 

ANALOG OUTPUT 

Output current range 
Output compliance 
Output impedance 

Unipolar 
Bipolar 

INTERNAL REFERENCE 

Internal reference voltage VR 
Internal reference temperature sensitivity 

Output current from internal reference 

POWER SUPPLY 

Power supply range 
+Vcc 
-Vee 

Vee 

Power supply sensitivity 
±Vcc 

Vee 

Power supply current (qUiescent) 
±Vcc 

Vee 

TEMPERATURE RANGE 

Operating 
Storage 

'Speclilcation same as DACB7-CBI-1 

NOTES: 

CONDITIONSJ/ 

W 

-25"C to +B5"C 
-55"C to -12S"C 

for specified VR 

±Vcc; 1SV ±O.SV 
Vee; SV ±0.2SV 

T.; +2S"C 
-55°C $' TA.:5 +125°C 

T,.,=-25°C 
-55°C:5 T" S +125°C 

.ll ±Vcc = 15V. Vgc = -55°C:::;; Til. S -125°C, unless otherwise 
specified. 

21 FSR ; Full Scale Range (Example: the FSR is 20V lor ±10V range. 
10V lor ±SV range .. and 10V lor 0 10 +10V range). LSB ; Least 
Significant Bit. 

N Total error includes all errors at any fixed power supply voltage 
within the recommended supply voltage range, including the Internal 
reference, linearity error, offset error, and gain error. 

LIMITS 

DAC87-CBH/B DACB7U~CBI-I/B 
DACB7-CBH DACB7U-CBI-1 

MIN TYP MAX MIN TYP MAX UNITSY 

-2.1 -1.9 mA 
±2.S V 

15 kn 
4.4. kn 

±6.0 ±6.3 ±6.6 V 
±S ±10 ppm olVw"C 

±5 ±10 ±30 ppm 01 VW"C 
200 pA 

+14.0 +15 +16.0 V 
-14.0 -15 -16.0 V 
+4.75 +S +1S.S V 

±0.002 ±0.004 mA 
±0.001 ±0.002 % 01 FSR/%Vee 

±20 ±30 mA 
±30 mA 

20 2S mA 
25 mA 

-55 +125 "C 
-65 +150 "C 

AI Offset and gain externally trimmed to zero error at TA;;; +25°C . 
fU Monotonicity is assured by testing differential linearity to ±1LSB maximum. 
JjJ Externally adjustable to zero. 
n The reference error is included. 
.lJ The offset error is specified separately and is not included herein. 
BI The output voltage range Is determined by externa'l conditions (see Table VI). 

TABLE II. Electrical Test Requirements. 
(The individual tests within the subgroups appear in Table III). 

MIL·STD-883 test requirements (hybrid class) 

Interim eleclrical paramelers (preburn-in)(melhod 500B) 

Final electrical test parameters (method 5008) 

Group A test requirements (method 5008) Jj 

Group C end pOinl electrical parameters (melhod 500B) Jj 

'PDA applies to subgroup 1 (see 4.3.d) 

Jj For IB deSignator only. 
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Models DACB7-CBI-I/B DAC87U·CBI-I/B 
DACB7-CBI-I DAC87U-CBI-1 

Subgroups (see Table III) 

1 1 

1'.2.3 1.2, 2U, 3,3U 

1.2.3 1,2, 2U, 3,3U 

·1 1 



TABLE III. Group A Inspection. 
DAC87-CBI-I SERIES 

LIMITS 

TEST 
DAC87-CBH/B DAC87U-CBI-I/B 

CIRCUIT 
DAC87-CBI-1 DAC87U-CBI-1 

SUBGROUP PARAMETERS FIGURE CONDITIONS l/ MIN MAX MIN MAX UNITS 

1 Offset error, bipolar 6 ±10V range (ideal value = -1O.000V) ±10 mV 
TA = +25°C Gain error, bipolar 6 ±10V, range (ideal value = +9.995117V) g; ±20 mV 

linearity error, bipolar 6 ±10V range Y.!II For + bit errors +2.44 mV 
For - bit errors -2.44 mV 

Differential linearity error, bipolar 6 ±10V range .!!I pi ±3.66 mV 
Total error, untrimmed, bipolar 6 ±20 mV 
Total error, trimmed, bipolar JJJ - -
Internal reference voltage 6 +6.0 +6.6 V 
Input voltage - Logic "1", all inputs. Vm = 5.0VDC to 

2.0VDC, measure I:l.Vo ±4 ±4.8 mV 
.- Logic "0", all inputs, V,n = OVDC to 

O.8VDC, measure I:J.Vo ±4 ±4.8 mV 
Input current - Logic "1", each input, Y,n = +2.4VOC +40 IlA 

- Logic "0", each input, Von = +O.4VDC -1.6 0 mA 
Power supply current 6 No load +Vcc 30 mA 

6 No load -Vee 30 mA 
6 No load Voo 25 mA 

Power supply sensitivity 6 ±10V range, Vo = +FS, 
II Vee = +0.5V and -0.5V ±2.6 mV 

±10V range, Vo = +FS, 
llVee = +0.25V and -0.25V ±2.0 mV 

Offset adjustment range 3 ±1QV range ±30 mV 
Gain adjustment range 3 ±lQV range ±40 mV 
Offset error, unipolar 6 o to +10V range (ideal value = O.OOV) ±5 mV 
Gain error, unipolar 6 o to +10V range 

(ideal value = +9.997559V) Y ±10 mV 
Total error, untrimmed, unipolar 6 o to +1OV range ±10 mV 

2 Offset error, bipolar (Voe) 6 ±10V range (ideal value = -10.000V) ±20 mV 
TA = +125°C Gain error, bipolar (Ge) 6 ±10V range (ideal value = +9.995117Vl gl ±50 mV 

Offset temperature sensitivity, 6.Voe Voe125 - VOE25 
Bipolar - ±10V range, --= ±O.20 ±O.60 mV;oC 

llT 100°C 

Gain temperature sensitivity, llG. GE125 - GE25 
Bipolar - ±10V range, --= ±0.40 ±1.20 mVrC 

llT 100°C 

Linearity error, bipolar 
/ 

6 ±10V range ;}/.!!I For + bit errors +2.44 ±14.64 mV 
For - bit errors ±2.44 ±14.64 mV 

Differential linearity error, bipolar 6 ±10V range ~ fill ±4.88 ±14.64 mV 
Total error, untrimmed, bipolar 6 ±10V range ±60 mV 
Total error, trimmed, bipolar 6 ±10V range 1/ ±40 mV 
Internal reference voltage 6 +6.0 +6.6 V 

Internal reference temperature llVR VP,125-VA25 
sensitivity - -= ±63 ±189 llV/oC 

llT 100°C 

2U Offset error, bipolar (Voe) 6 ±10V range (ideal value = -1O.000V) ±20 mV 
TA= +85°C Gain error, bipolar (GE) 6 ±10V range 

(ideal value = +9.995117V) 'i.! ±40 mV 

Offset temperature sensitivity, 6.VOE VOE65 - VOE25 
bipolar - ±10V range, --~ ±0.20 mVI'C 

llT 60°C 

Gain temperature sensitivity, i:J..VGE GE85-GE25 
Bipolar - ±1OV range, --=---- ±0.40 mV/oC 

llT 60°C 

Linearity error, bipolar 6 ±10V range ;V.!ll For + bit errors +2.44 mV 
For - bit errors +2.44 mV 

Differential linearity error, bipolar 6 ±10V range !JJ fjf ±4.88 mV 
Total error, untrimmed, bipola~ 6 ±10V range ±50 mV 
Total error, trimmed, bipolar 6 ±10V range 1/ +30 mV 
Internal reference voltage 6 +6.0 +6.6 V 

Internal reference - llVR VP,85 - VR25 
temperature sensitivity - ±10V range, --=---- ±63 llV/oC 

llT 60°C 
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SUBGROUP PARAMETERS 

3 Offset error, bipolar 
TA;;: -55°C Gain error, bipolar 

Offset temperature sensitivity, 
bipolar 

Gain temperature sensitivity, 
bipolar 

Linearity error, bipolar 

Differential Linearity Error 
Total error, untrimmed bipolar 
Total error, trimmed bipolar 
Internal reference voltage 

Internal reference 
temperature sensitivity 

3U Offset error. bipolar 
T.= -25·C Gain error. bipolar (GE) 

Offset temperature sensitivity, 
bipolar 

Gain temperature sensitivity, 
Bipolar 

Linearity error, bipolar 

Differential linearity error, bipolar 
Total error, untrimmed, bipolar 
Total error, trimmed, bipolar 

Internal reference voltage 
Internal reference 

temperature sensitivity 

·Speclflcation same as DAC87-CBI-1. 
NOTES: 

TABLE III. Group A Inspection (cont). 

TEST 
CIRCUIT 
FIGURE CONDITIONS jJ 

6 ±10V range (ideal value = -10.000V) 
6 ±10V range 

(ideal value = +9.995117V) y 
AVOE VOE2~ - VOE-~ 

- ±10V range. --= 
ll.T 80·C 

ll.GE GE211- GE-lIi5 

- ±10V range. --= 
ll.T 80·C 

6 ±10V range ;y ~ For + bit errors 
For - bit errors 

6 ±10V iange4/~ 
6 ±10V range 
6 ±10V range 1/ 
6 

VA VR2'- V~lI 
-=-----
ll.T 80·C 

6 ±10V range (ideal value = -10.000V) 
6 ±10V range 

(ideal value = +9.995117V) 21 
b.Voe VO~-VOIli!-211 

- ±10V range. --= 
ll.T 50·C 

ll.GE GE2S- GE-25 

- ±10V range. --= 
ll.T 50·C 

6 ±10V range ;y ~I For + bit errors 
For - bit errors 

6 ±10V range ~ fII 
6 ±10V range 
6 ±10V range 11 
6 
- ll.VA ~R25 - VR-2S 

- ±10V range. --= 
ll.T 50·C 

jJ ±Vco = 15VDC. VDD = 5VDC. Logic 1 = 4V. Logic 0 = 0.2V. no load. unless otherwise specified. 
21 Offset error corrected to zero. 

LIMITS 

DAC87-CBH/B DAC87U-CBI-II.B 
DAC87-CBH DAC87U-CBI-1 

MIN MAX MIN MAX UNITS 

±20 mV 

±50 mV 

±0.20 ±0.60 mW·C 

±0.40 ±1.20 mW·C 

+2.44 ±14.64 mV 
-2.44 ±14.64 mV 
±4.88 ±14.64 mV 
±60 mV 
±40 mV 

+6.0 +6.6 V 

±63 ±189 pW·C 

±20 mV 

±40 mV 

±0.20 mW·C 

±0.40 mW·C 

+2.44 mV 
-2.44 mV 
±4.88 mV 
±50 mV 
+30 mV 

+6.0 +6.6 V 

±63 pW·C 

~ The individual bit errors that are positive are switched on and compared to 1I2LSB. The individual bit errors that are negative are switched on and compared to 
1/2LSB. This guarantees ±1I2LSB maximum linearity error. . 

~ Offset error and gain error correction factors for the Device Under Test (OUT). if any. are applied to the OUT output voltage before comparing the OUT output 
voltage to the ideal output voltage. This is the basis for linearity error and differential linearity error relative to a straight line through the end points of the transfer 
fllhctlon. 

~ Differential linearity error is tested at all combinations of the four most significant bits. 
§J Total error. trimmed. (bipolar) Is the same as linearity error. bipolar. 
1/ Offset and gain errors adjusted to zero at T. = +25·C. 

~.6 Workmanship. These microcircuits are manufactured, processed, and tested in a careful and workmanlike 
manner. Workmanship is in accordance with good engineering practices, workmanship instructions, inspection and test 
procedures, and trainings, prepared in fulfillment of Burr-Brown's product assurance program. 

3.6.1 Rework provisions .. Rework provisions, including rebonding for the / B Hi-ReI product designation,. are in 
accordance with MIL-M-38510. 
3.7 Traceability. Traceability is in accordance with MIL-M-38510. Each microcircuit is traceable to the production lot 
and to the component vendor's component lot. Reworked or repaired microcircuits maintain traceability. 
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NOTES: 
jJ ±5'1b. 

'. TABL~ lV. Ideal Output Current vs Digital Input Code. 

Digital Input Code (Complementary 12-Blt Binary) 

Outpul Range 111111111111 '0111111.11111 I 0000 0000 0000 

Oto-2mA O.OOOOmA 

I 
-1.oooomA ' I -1.9995mA 

±lmA +1.oooomA O.OOOOmA -0.9995mA 

NOTES. 
11 One LSB = 0.488pA. 
21 Digilallnput codes are shown with the MSB listed first. 

TABLE V. Output Range Selection. 

Output Range Required External Pin Connections 

Oto-2mA jJ 16 to 24 171021 18NC 19NC 20NC 
+lmA 10 -lmA jJ 16t024 17to15 18NC' 19NC 20NC 

Alternate 1 Outpul Range Selection Z! 

Oto-2V 16 to 24. 171021 1050 JI 19to18 20to15 
between 18 

and 21 
+1V to-IV 161024 17to15 18to15 19to18 9O.9Q jf 

between 20 
and 21 

Aiternale 2 Output Range Selection 5JI ~ 
-:-2.5 V to +2.5V 16to 24 171015 18toA 19to15 20NC 

-5Vl0 +5V 16 to 24 17 to 15 18toA .. 19NC 20NC 
-10Vto +10V 161024 17 to15 18NC 19toA 20NC 

Oto+5V 16 to 24 17t021 .18toA 19 to 15 20NC 
Oto +10V 16 to 24 17 to 21 18toA 19NC 20NC 

:JJ External 1% metal film resistor required. 
;V External operational amplifiers (Burr-Brown 3510VM/MIL or equivalent) required (see Figure 5). 

DAC87-CBI-I SERIES 

~ Burr-Brown DAC87-CBI-V/MIL provides the.e oulpul range selecllons and contains.n Integral operatIonal amplifier. 

BIT 
SWITCHES -.!--r...!.J...;..:;--...... ~~----, 
~ : 
.>r l r L-- ___ ... :_12"L_~ __ ~ 

I 
I 
I ! ~ __ ~I-L~~-----' 
I I i REFERENCE L,..-j I 

..L......- '12 --L.-___ ..I 

DIGITAL 
YOIIMElE 

FIGURE 6. Test Circuit-Simplified. 

V.rrar 

(SETTLING TIME) 

nn ..... 5kn 25DO FAST SETTLINO 
......... AMPLIFIER 

_ SQUARE WAYE BENERATOR _ _ A 2: 50 (S 50DlBC 
• « IDBlle RISE TIME)· • II :1:0.01 % ., FSR) 

+16VDC ---w\o"----16VDC 
10000 

FIGURE 7. Settling Time Test Circuit .. 
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3.8 Product and process change. Burr-Brown will not implement any major change to the design, materials, 
construction, configuration, or manufacturing process which may affect the performance, quality, reliability or 
interchangeability of the microcircuit without full or partial requalification. 

3.9 Screening. Screening, for /B Hi-Rei product designation, is in accordaJ?ce with MIL-STD-883, method 5008, 
class B, except as modified in paragraph 4.3 herein. 

Screening for the standard model, (none) Hi-Rei product designation, includes Burr-Brown QC4118 internal visual 
inspection and stabilization bake, fine leak, gross leak, burn-in (72 hours performed preseal), temperature cycle, 
constant acceleration (condition D), and external visual inspection per MIL-STD-883, method 2009. 

3.10 Qualification. Qualification is not required. See paragraph 4.2 he'rein. 

4. PRODUCT ASSURANCE PROVISIONS 

4.1 Sampling and inspection. Sampling and inspection procedures are in accordance with MIL-M-3851O and MIL
STD-883, method 5008, except as modified herein. 

4.2 Qualification. Qualification is not required unless specifically required by contract or purchase order. 

When so required, qualification will be in accordance with the inspection routine of MIL-M-385IO, paragraph 4.4.2.1. 
The inspections to be performed are those specified herein for groups A, B, C, and D inspections (see paragraphs 4.4.1, 
4.4.2, 4.4.3, and 4.4.4). 

4.3 Screening. Screening for the / B Hi-Rei product designation is in accordance with MIL-STD-883, method 5008, 
class B, and is conducted on all devices. The following additional criteria apply: 

a. Constant acceleration test (MIL-STD-883), method 2001) is test condition B, VI axis only. 
b. Interim and final test parameters are specified in Table II. The interim electrical parameters test prior to 

burn-in is optional at the discretion of the manufacturer. 
c. Burn-in test (MIL-STD-883, method lOIS) conditions: 

(I) Test condition D 
(2) Test circuit is Figure 8 herein 
(3) TA = + 1250 C minimum 
(4) Test duration is 160 hours minimum 

d. External visual inspection need not include measurement of case and lead dimensions. 

-5V 
DV 

DAC UNDER TEST 

2kCl 

_ l~lkHz 

• DUTY CYCLE ~ 50% 

FIGURE 8. Test Circuit-Bum-in and Operating Life Test. 

4.4' Quality conformance inspection. Groups A and B inspections of MIL-STD-883, method 5008, are performed on 
each inspection lot. Groups C and D inspections of MIL-STD-883, method 5008, are performed per MIL-STD-883. 

4.4.1 Group A inspection. Group A inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5008 and as specified in Table II herein. 

4.4.2 Group B inspection. Group B inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5008, class B. 
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4.4.3 Group C inspection. Group C inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5008, class B, and as follows: 

a. Operating life test (MIL-STD-883, method 1005) conditions: 

(I) Test.condition D 
(2) Test circuit is Figure 8 herein" 
(3) TA = +125°C minimum 
(4) Test duration is iooo hours minimum 

b. End point electrical parameters are specified in Table II herein. 

4.4.4 . Group D inspection. Group D inspection consists of the test subgroups andLTPD values shown in MIL-STD-
883, method 5008. 

4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate tables. 
Electrical test circuits are as prescribed herein or in the referenced test methods of JI:1IL-STD-883. . 

4.5.1 Voltage and current. All. voltage v~lues given, except the input offset voltage (or differential voltage) are 
referenced to the external zero reference level of the supply voltage. Currents given are conventional current and 
positive when flowing into the referenced terminal. . 

5. PREPARATION FOR DELIVERY 

5.1 Preservation-packaging and packing. Microcircuits are prepared for delivery in accordance with MIL-M-3851O. 

6. NOTES 

6.1 Notes. The notes specified in MIL-M-3851O are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is desirable. . 

6.3 Ordering data. The contract or order should specify the following: 
a. Complete part number (see paragraph 1.2) 
b. Requirement for certificate of compliance, if desired. 

6.4 Definitions. 
Offset error. Offset error is the difference between the il;ieal analog output voltage and the actual output voltage, when 
all the input bits are off (digital input code 1111 1111 1111). 

Gain error. Gain error is the difference between the ideal analog output voltage span and the actual output voltage 
span, between when all the input bits are off (digital input code 1111 1111 1111) and when all the input bits are on (digital 
input code 0000 0000 0000). 

Linearity error. Linearity error is the difference between the ideal analog output voltage and the actual output voltage, 
when the offset error and the gain erro;' equal zero. . 

Differential linearity. Differential linearity is the difference between the ideal (ILSB) analog output voltage change, for 
I-bit change in digital input code, and the actual output voltage change. A differential linearity of ±ILSB means that 
the output can change anywhere from OLSB to 2LSB ""hen the input changes from one adjacent input code to the next. 
Differential linearity of ±ILSB or less guarantees monotonicity: . 

Monotonicity. Monotonicity is the condition where the analog output increases or remains the same for an increase in 
input codes. 

Compliance. Compliance voltage is the maximum voltage swing allowed on the current output node in order to 
maintain specified accuracy. . 

Unipolar output. Unipolar is an output characteristics that displays zero currerit output at one input extreme and full 
scale current output at the other input extreme. 

Bipolar output. Bipolar is an output characteristic that displays full scale output current at one input extreme and the 
opposite full scale output current at the other input extreme. 

6.5 Microcircuit group assignment. These microcircuits are in- Technology Group I as derined in MIL-M-3851O, 
Appendix E. 

6.6 Electrostatic sensitivity. These microcircuits n;ay be da~aged b'y elect~ostatic discharge. Electrostatic sensitive 
precautions should be observed at all times. . 

7. APPLICATIONS INFORMATION 

7.1 Power Supply Decoupling. For optimum performance and noise rejection, each power supply should be 
decoupled by connecting a I/lF tantalum capacitor from each power supply pin to the ground plane. 
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. 7.2 Power supply sensitivity. Power supply sensitivity is specified in Table 1. Power supply sensitivity versus ripple 
frequency IS shown in Figure 9. 

a: -a: 
~J 
gj~ 

O. 1 

0.06 
0.04 

0.0 2 
"'w 1 ffi!E 0.0 
"'..: 0.006 
~ is 0.004 

~~ 
;J!. 

0.002 

0,001 
1 

~ 

~ 

/ 
1.1" ~ ±15V Supplies ./ 

oQ,IC 
o\"~-.j I.' 

10 100 1k 10k 

,POWER SUPPLY RIPPLE FREQUENCY (Hz) 

100k 

FIGURE 9. Typical Power Supply Sensitivity vs Power Supply Ripple. 

7.3 External offset and gain error adjustment. The untrimmed accuracy of the DAC87 Series is very good and is 
adequate for many applications. However, when the initial offset and gain errors are greater than what can be allowed 
in the application, the circuits shown in Figure 3 may be connected and the offset and gain errors may be adjusted to 
zero. 

7.3.1 Offset adjustment. Apply the digital input code, 1111 IIII IIII, which should produce zero volts output for the 
unipolar ranges, or minus full scale for the bipolar ranges. Adjust the offset potentiometer until the output, for the 
output range being used, is exactly as depicted in Table IV. 

7.3.2 Gain adjustment. Apply the digital input code, 0000 0000 0000, which should produce positive full scale. Adjust 
the gain potentiometer until the output, for the output range being used, is exactly as depicted in Table IV. 
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BURR-BROWN® 

I~~I 
DAC870/8838 SERIES 

MODEL NUMBERS: 

DAC870Vl883B 
DAC870VL/883B 
DAC870V 
DAC870VL 

DAC870U/883B 
DAC870ULl883B 
DAC870U 
QAC870UL 

REVISIONA. 
MAY, 1986 

12-Bit -550 C to +125° CMilitary 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• HI'REL MANUFACTURE 
• COMPLETELY SPECIFIED, -55°C to +125°C 
• ACCURATE 

±1I2LSB max Linearity, over temperature 
±25ppm/oC max Gain Drift 
±O.3% Total Error, over temperature 
Monotonic, over temperature 

DESCRIPTION 
The DAC870 Series i~ a high performance, 12-bit, 
ITL-compatible, -Sso C to +12So C digital-to-analog 
converter in either a 24-pin ceramic side-brazed 
package or a 28-terminalleadless chip carrier, and it 
is manufactured on a separate Hi-Rei production 
line. It is pin-compatible with DAC87 converters 
and has five user-selected output ranges. Each DAC 
is a complete device with an internal output amplifier 
and an ultra-stable reference. 

The DAC870 Series is designed for high accuracy, 
wide temperature applications. The total accuracy 
without external trim adjustments is ±0.2S% of 

. FSR, decreasing to only ±0.4% of FSR over -SsoC 
to +12SoC. With external offset and gain trim 
adjustments at +2SoC, the total accuracy is less than 
±0.3% of FSR over -SSOC to +12SoC. Gain drift is 
less than 2Sppm/oC. Linearity error, contributed 
mostly by the internal current switches and resistive 
ladder, is reduced by laser trimming to less than 
±1/2LSB over temperature. Differential linearity is 
less than ±ILSB over temperature, thereby guaran
teeing monotonicity from -SsoC to +12SoC. 

• MIL-STD-B83 SCREENING 
• DACB7 PIN-COMPATIBLE 
• COMPLETE-INTERNAL REFERENCE AND OUTPUT 

AMPLIFIER 

There are two electrical performance grades and two 
product assurance levels, allowing a wide applica
tion/budget choice. The DAC870V model/grade 
features excellent performance from -SsoC to 
+12SoC and finds wide military, aerospace, and 
industrial applications. The DAC870U model/ grade 
features excellent performance from -2SOC to 
+85°C, and guarantees specifications from -55°C 
to +12SoC. Applications include test equipment, 
shipboard, ground support, and shirt-sieeve environ
ments where operation is between -2So C and +85° C 
but full temperature operation must be assured. 

The two product assurance levels available are: 
standard; and /883B (100% screened, plus PDA = 
10%, plus Groups A and B testing on each inspection 
lot, plus Groups C and D performed as required by 
MIL-STD-883. See paragraph 1.2.2 for more details. 
Each device is manufactured in a Hi-ReI environ
ment with clean room conditions which assures 
"built-in" quality. 

Inlernational Airport Industrial Park· P.O. Box 11400· Tucson: Arizona 85734 . Tel. 1602) 746·1111 • Twx: 9t1).952·1111 • Cable: BBRCORP • Telex: 66·6491 

PDS·SIIA 
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DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 

DIGITAL-TO-ANALOG CONVERTER 
HYBRID, SILICON 

I. SCOPE 
1.1 ScoJle. This specification covers the detail requirements for a 12-bit voltage output digital-to-analog converter 
hybrid microcircuit. 

1.2 Part Number. The complete part number is as shown below. 

DAC870 V 

=r l 
Basic model 

number 
Grade 

(see 1.2.1) 

L 

~ 
Package 

(see 1.2.3) 

/883B 

T 
Hi-ReI product 

designator (see 1.2.2) 

1.2.1 Device type. The device is a single, 12-bit, voltage output digital-to-analog converter. The input coding is 
complementary binary. The device may be externally pin-connected for either Complementary Straight Binary (CSB) 
or Complementary Offset Binary (COB) coding (see Tables IV and V). ' 

There are two electrical performance grades. The V grade designation is the premium grade and features specifications 
and tests from -55° C to + 125° C. The U grade designation features specifications and tests from -25° C to +85° C and 
operation from -55°C to +125°C. 

Electrical specifications are shown in Table I; electrical tests are shown in Tables II and III. 

1.2.2 Device class. The Hi-Rei product designator portion of the part number distinguishes the product aSsurance 
levels available as follows: 

Hi-Rei product 
designator Requirements 

/883B Standard model plus 100% MIL-STD-883 class B screening, with 10% PDA, plus quality 
conformance inspection (QCI) consisting of Groups A and B performed on each inspection 
lot, plus Groups C and D performed as required by MIL-STD-883. ' 

(NONE) Standard model including 100% electrical testing. 

1.2.3 Case outline. Two case outlines are available. 

1.2.3.1 24-pin ceramic side"brazed (DIP). No package identifier is utilized to specify the 24-pin ceramic side-brazed 
package, which is MIL-M-38510, Appendix C, designator D-3, configuration 3. Figure I depicts the case outline for this 
package type. ' 

1.2.3.2 28-terminalleadless chip carrier (LCC). The "L" package identifier is utilized to specify the 28-terminal square 
leadless chip carrier package, which is MIL-M-38510, Appendix C, designator C-4. Figure I depicts the case outline for 
this configuration. ' 

1.2.4 Absolute maximum rating~. 

Supply voltage, Vee 
Supply voltage, Voo 
Data input voltage 
Output short circuit duration 
Storage temperature range 
Lead temperature (soldering, 10sec) 
Junction temperature 

1.2.5 Recommended oJlerating conditions. 

Supply voltage range 

Ambierit temperature range 

1.2.6 Power and thermal characteristics. 

Packag~ 

24-1ead DIP 
28-terminal LCC 

Case outline 

Figure 1 
Figure 1 

±20VDC 
OVDC to +18VDC 
-IVDC to +7VDC 
Continuous toground 
-65°C to +165°C 
+300°C 

Vee: ±14.5VDC to ±15.5VDC 
Voo: ±4.75VDC to +5.25VDC 
";'55°C to +125°C 

Maximum allowable 
power dissipation 

850mW 
950mW 

Maximum 
6J-C 

48°C/W 
42°C/W 
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2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specification to .the extent specified herein. 

SPECIFICATION 
MILITARY 

MIL-M-38SIO - Microcircuits, General Specification for. 

STANDARD 
MiLITARY 

MIL-STD-883 - Test Methods and Procedures for Microcircuits. 

3. REQUIREMENTS 

3.1 General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate to 
assure successful compliance with this specification. 

3.1.1 Detail specifications. The individual item requirements are specified herein. In -the event of conflicting 
requirements the order of precedence will be the purchase order, this specification, and then the reference documents. 

l 2 Design, construction, and pl!~sical dimensions .. 

3.2.1 Package, metals, and other materials. The packages, metal surfaces, and other materials are in accordance with 
MIL-M-38SIO. . . , 

[:0:] 
I. A 'F-.J~I 

INCHES 
DIM MIN MAX 

A 1.185 1.215 

C .105 .170 

D .016 .021 

,03' ,060 

G .100 BASIC 

H ,030 .070 

,ooa .012 

.120 .240 

.600 BASIC ., '0· 
N .025 ,080 

NOTE' 
Leeds in true position within ,010" 
L2Smm)R @ MMC at Mllting plene. 

MILLIMETERS 
MIN MAX 

30.10 30.86 

2.67 4.32 
... 8 0.53 

0.89 1.52 

2.54 BASIC 

0.76 '7. 
0.20 0.30 

3.05 6.10 

15.24 BASIC 

'0· 
0.84 1.52 

(a) 24-pln side braze; package 10: (none) 

FIGURE I. Case Outlines. 

Q 

DIM 

A 
B 
C 
F 
G 

'H 

' .. r:;;-'.~" 
1 
I -+t------H-. 

~U 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

A42 .4111 11.28 11.88 
A42 .4111 11.28 11.88 
.0114 .100 1.118 2.54 
.022 .0211 0.118 0.71 

.0110 BAIIIC 1.27 BAIIIC 

.008R TYP. 0.20R TYP. 

(b) 28-termlnal LCC; package 10: "L" 

3.2.2 Design documentation. The design documentation is in accordance with MIL-M-38S.IO. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accordance 
with MIL-M-38SIO. 

3.2.4 Lead material and finish. The lead material and finish is in accordance with MIL-M-38S10 and is solderable per 
MIL-STD-883, method 2003. 

3.2.S Die thickness. The die thickness is in accordance with MIL-M-38SIO. 
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3.2.6 Physical dimensions. The physical dimensions are in accordance with paragraph 1.2.3 herein. 

3.2.7 Circuit diagram and terminal connections. The circuit diagram and terminal connections for the ceramic side
brazed package are shown in Figure 2 and the circuit diagram and terminal connections for the leadless chip carrier 
package are shown in Figure 3. 

3.2.8 Glassivation. The microcircuit dice are glassivated. 

3.3 Electrical Ilerformance characteristics. The electrical performance characteristics are specified in Table I and apply 
over the full operating ambient temperature range of -55°C to +125°C unless otherwise specified. 

3.3.1 Offset and gain error adjustment. The DAC is capable of being externally adjusted to zero offset error and to zero 
gain error using the circuits in Figure 4. See applications information paragraph 7.3. 

3.3.2 InJlut coding. The input coding is complementary binary. The digital input code to yield the corresponding 
outputVoltage for the various output ranges is specified in Table IV. 

3.3.3 OutJlut rang~. The output range is specified in Table VI when externally connected as shown therein. 

3.4 Electrical tests. Electrical tests are shown in Table II. The subgroups of Table III which constitute the minimum 
electrical tests for screening, qualification, and quality conformance, are shown in Table II. 

6.3V , 

(MSB) BIT 1 REFERENCE 
OUTPUT 

BIT 2 GAIN ADJUST 

BIT 3 +Vcc 

BIT 4 COMMON 

BIT 5 SUMMING 
JUNCTION 

BIT 6 20V RANGE 

BIT 7 IOV RANGE 

BIT B BIPOLAR OFFSET 

BIT 9 REFERENCE INPUT 

BIT ID OUTPUT 

BIT 11 -Vee 

(LSB) BIT 12 Voo 

FIGURE 2. Terminal Connections (24-pin Ceramic Side Braze). 
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OFFSET 
ADJUSTMENT 

+15VDC 

. 11 

~ 
JJ 
10kOIO 
IODkci 

SUMMING 
JUNCTION 

-15VDC 

NC 

BIT7 

BITS 

BIT 9 

6.3V 
REFERENCE GAIN 

81T3 NC· OUTPUT ADJUST +Vcc 

2B 27 

BIT 10 BIT II BIT 12 NC -Vcc: Va", 

Voo 

FIGURE 3. Terminal Connections (28-terminal LCC). 

+15VOC +15VDC 

GAIN ADJUSTMEn OFFSET 
ADJUSTMENT 

11 124\ ... f_ 
~UMn-

SUMMING 
JUNCTION 

11 
10kOIO 
10000 

-15VDC 

DAC870/883B SERIES 

COMMON 

SUMMING 
JUNCTION 

20V RANGE 

NC 

10V RANGE 

BIPOLAR 
OFFSET 

REFERENCE 
INPUT 

GAIN ADJUSTMENT 

+15VOC 

Y .J! 
)-~...,.... __ -<IDkOIO 

10000 

~
O.ODIPFIO 
O.D1pF 

25 -15VDC 
COMMON 

III 24-PIN CERAMIC SIDE.aWED PACKA8E IbI2JI.TERIINAL LCC 

JJ :SIODppm/'C. 
11 ±20% carbon compoailion or bener. Loelle cloae 10 the DACB70 

10 prlVeni nol.e pickup. 
·Y Cerlmlc. 

FIGURE 4. Offset and Gain Error Adjustment Circuits. 
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TABLE I. Electrical Performance Characteristics. 

LIMITS 

DAC870Vl883B DAC870VLl883B DAC870U/883B DAC870ULl883B 
DAC870V DAC870VL DAC870U DAC870UL 

CHARACTERISTICS CONDITIONS.!! MIN TYP I MAX MIN TYP MAX UNITS.!! 

RESOLUTION 12 12 Bits 

DIGITAL INPUTS 

Input vollage: Logic "1" T. = +2SoC 2.0 S.S V 
-55°C ~TA:S +125°C 2.4 S.S V 

Logic "0" T.=+2SoC 0 0.8 · V 
-SsoC:5 T.:5 +12S"C 0 0.4 · V 

Input Curren!: Logic "I" V,N= 2.4V +40 · pA 
Logie "0" V'N= 0.4V -1.6 0 · mA 

ACCURACY 

Total error, untrin:"med~: Unipolar T.= +2S"C ±0.2S · %oIFSR 
-25°C ST,. $ +85°C ±0.2S %oIFSR 
-55°C:S TA::::; +125°C ±0.40 %oIFSR 

Bipolar T.= +2S"C ±0.25 · %oIFSR 
-25°C :5T ... ::::; +85°C ±0.2S %oIFSR 
-55°C:S: T,,:s +125°C ±0.40 %oIFSR 

Total error, trimmed.!l..!l: Unipolar T,.= +25°C ±0.006 ±0.0122 · · %oIFSR 
-2S"C:5T.:5 +8S"C ±O.IS %01 FSR 
-55°C:S TA.:S +125°C ±0.30 %oIFSR 

Bipolar T.=+2S"C ±0.006 ±0.0122 · · % 01 FSR 
-2S"C:5T.:5 +8SoC ±O.IS %oIFSR 
-55°C:S TA:S +125°C ±0.30 %oIFSR 

Linearity error T.=+2S"C ±0.2S ±O.SO · LSB 
-25°C $ T,.:5 +85°0 ±O.SO LSB 
-SS"C:5 T.:5 +12S"C ±O.SO ±3 LSB 

Differential linearity error~ T.=+2S"C ±O.SO ±0.7S · LSB 
-25°C :5T,.:5 +85°C ±I.O LSB 
-SS"C:5 T.:5 +12S"C ±I.O ±3 LSB 

Monotonicily temperature range~ -SS +12S -2S +8S "C 

Offset error'!!: UnipolarE T.=+2S"C ±O.IO · %oIFSR 
-25°C$T"S +85°C ±0.118 %oIFSR 
-SS"C:5 T.:5 +12S"C ±O.IS % 01 FSR 

Bipolar!} T.=+2SoC ±O.IO · %oIFSR 
-25°C:::;r,,::::;+85°C ±O.IS %oIFSR 
-SS"C:5 T.:5 +12SoC ±O.IS %oIFSR 

Offset temperature sensitivity 11: Unipolar -2S" C to +85° C ±3 ppm of FSR/o C 
-SS"C 10 +12S"C ±3 ppm 01 FSR/" C 

Bipolar -2S" C to +85° C ±IS ppm 01 FSR/o C 
-SS"C to +12S"C ±IS ±4S ppm 01 FSR/" C 

Gain error!!.§': Unipolar!J T. = +2SoC ±O.IS · %oIFSR 
-25°C ST,,:5: +85°0 ±0.20 %01 FSR 
-55°C::S; TA:S +125°C ±0.2S %oIFSR 

BipOlar.!! T.=+2SoC ±O.IS · %oIFSR 
-2S"C :5T.:5 +8S"C ±0.20 %01 FSR 
-55°C:$ TA :5 +125°C ±0.2S %<iIFSR 

Gain temperature sensltlvltyJl: Unipolar -25" C 10 +8S" C ±20 ppml"C 
-SSoC to +12S"C ±2S ppm/DC 

Bipolar -2S" C 10 +8S" C ±20 ppm/DC 
-SSoC to +12S"C ±2S ±7S ppm/'C 

Gain adjustment range O.IS %oIFSR 

DYNAMIC CHARACTERISTICS 

Slew rale 10 Vlpaec 

Selliing time /iVo = 20V to ±1I2LSB 5 7 · psec 
/iVo = 10V to ±1/2LSB 3 6 · paec 
/iVo = 1 LSB to ±1I2LSB I.S 3 · paec 

ANALOG OUTPUT 

Qutpu1 voltage range!! ±IO V 
Output current W ±S . mA 
Output resistance, DC 0.05 0.2 · Cl 
Output short circuit current T.= +2SoC ±S ±40 mA 
, 
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CHARACTERISTICS . 

INTERNAL REFERENCE 

Internal reference voltage (VR) 
Internal relerence temperature sensitivity. 

Output current lrom Internal relerence 

POWER SUPPLY 

Power supply renge: +Vee 
-Vee 

VDC 

Power supply sensitivity: ±Vee 
VDD 

Power supply current (quiescent): +Vcc 

TEMPERATURE RANGE 

Operating 
Storage 

, Specification same as DAC870V. 
NOTES: 

-Vee 
VODll! 

TABLE I. Electrical Performance Characteristics (cont). 

LIMITS 

DAC870VI883B DAC870VL11138 DAC870U/8I3B DAC870ULl883B 
DAC870V DAC870VL DAC870U DAC870UL 

CONDITIONSJ/ MIN I TYP I MAX MIN I TYP MAX UNITS.!! 

±6.23 ±6.3 ±S.37 ' . V 
-25'C to +85'C ±20 ppmolV..r.C 
-55'C to +125'C ±25 ppm olV",'C 
lor specified VR 1.5 mA 

+13.5 +15 +16.5 
, 

V 
-13.5 -15 -1e.5 

, 
V 

+4.5 +5 +16.5 
, 

V 

±Vcc ~ 15V ±O.5V ±O.002 ±O.OO4 % 01 FSRI%Vcc 
VDD ~ 5V ±O.25V ±a.OOI ±0.002 % 01 FSR/%Voo 

-55'C:S;T.:S;+125'C +12 mA 
-25 mA 
+10 mA 

! 

-55 +125 'C 
-65 +150 'C 

JJ ±Vee ~ 15V. VDD ~ 51/. -S5'C:S; T.:S; +12S'C, unless otherwise specified. 
JI FSR ~ Full Scale Flange (Example: The FSR is 20V lor ±10V range, 10V lor 

±5V renge, and 10V lor 0 to +ldv range.) LSB ~ Least Significant Bit. 

§! Externally a'djustable to zero. 
11 The reference error Is included. 
~ The offset error is specified seperately and is not Included herein. 

W Total error Includes all errors at any fixed power supply voltage within the 
recommended supply voltage range. including the internal reierance, 

!# The output voltage range Is determined by external conditions (see Table 
VI). . 

IInear~ty error, offset error, and gain error. . 1l1I Limit is assured by.testing output resistance where RLD .. = 2kCl. 
~ Offset and gain externally trimmed to zero error at T. '" +25' C. 1Y Power dissipation Is an additional l00mW, when VD. Is operated at +1SV . 

. §! Monotonicity Is assured by testing diflerentiailinearity to ±1LSB maximum. 

TABLE II. Electrical Test Requirements. 
(The individual tests within the subgroups apPear in Table III) 

I. DAC870Vl883B 
. DAC870VLI883B 
DAC870V 
DAC870VL 

DAC870U/883B 
DAC870ULI883B 
DAC870U 
DAC870UL 

MIL-8TD-883 lest requirement. [hybrid cl ... ] . Subgroups (sae Table III) 

Interim electrical parameters [preburn-In) (method 5008) 
Final electrical test parameters (method 5008) 
Gro~p A test "!C!uirements method 5008 11 
Group C end pOint electrical parameters method 5008 1/ 
Additional electrical subgroups performed prior to Group C Inspections 

PDA applies to subgroup I (see 4.3.d) 
1/Applies to 1883B models only. 

1 I 
1'.2,3, 1.2, 2U. 3. 3U 
1,2,3,4 1,2,2U,33U 

I 

3.5 Marking~ Marking is in accordance with MIL-M-3851O. The following marking is placed on each microcircuit as a 
minimum: . 

a. Part number (see paragraph 1.2) 
b. Inspection lot identification codell 
c. Manufacturer's identification ( r:iii!rT ) 
d. Manufacturer's designating symbol (CEBS) 
e. Country of origin 

3.6 Workmanship.: These microcircuits are manufactured, processed, and tested in a workmanlike manner. Workman
ship is in accordance with good engineering practices, workmanlike-instructions, inspection and test procedures and 
training, prepared in fulfillment of Burr-Brown's product assurance program. 

3.6.1 Rework provisions. Rework provisions, including rebonding for the /883B H'i-Rel product designation, are in 
accordance witJ!. MIL-M-38510. 
JJ A 4-digit eode, indicating year and week of seal. and a 4- or S-digit lot identifier are marked on each unit. 
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3.7 Traceability. Traceability for the /883B product designation is in accordance with MIL-M-385\0. Each 
microcircuit is traceable to the production lot and to the component vendor's component lot. 
3.8 Product and process change. Burr-Brown will not implement any major change to the design, materials, 
construction, or manufacturing process which may affect the performance, quality or interchangeability of the 
microcircuit without full or partial requalification. 
3.9 Screening. Screening for the /883B Hi-ReI product designation, is in accordance with MIL-STD-883, method 
5008, class B, except as modified in paragraph 4.3 herein. 

Screening for the standard model includes Burr-Brown QC4118 internal visual inspection, stabilization bake, fine leak, 
gross leak, burn-in (72 hours performed preseal), constant acceleration. {condition E), temperature cycle (condition C), 
and external visual per MIL-STD-883, method 2009. 

For the /883B Hi~Rel product designation, all microcircuits will have passed the screening requirements prior to 
qualification or quality conformance inspection. 

3.10 Qualification. Qualification is not required. See paragraph 4.2 herein. 

3.11 Quality conformance inspection. Quality conformance inspection for the / 883B Hi-ReI product designation, is in 
accordance with MIL-M-385\0, except as modified in paragraph 4.4 herein. The microcircuit inspection lot will have 
passed quality conformance inspection prior to microcircuit delivery. 

TABLE III. Group A Inspection. 

LIMITS 

TEST DAC870 DAC870 

CIRCUIT "V"Grade "U" Grade 

SUBGROUP PARAMETERS FIGURE CONDITIONS.!J MIN MAX MIN MAX 

I Offset error, bipolar 5 ±IOV range (ideal value; -IO.OOOV) ±20 
T.; +25°C Gain error, bipolar 5 ±IOV range (ideal value; +9.995117V)!J ±30 

Linearity error, bipolar 5 ±10V range.!!.!' 
For + bit errors +2.44 
For - bit errors -2.44 

Differential linearity error, bipolar 5 ±10V range ~!i ±3.66 
Total error, untrimmed, bipolar 5 ±50 
Total error, trimmed, bipolar - -
Internal refarenc,e voltage 5 +6.23 +6.37 · . 
Input VOltage!! - Logic "I". all inputs. VI .. ; 5.0VDC 10 

2.0VDC, measure AVo ±4.0. ±4.0 
- Logie "0", all Inputs, VI .. ; OVDC to 

0.8VDC, measure AVo ±4.0 ±4.0 
Input current - Logic "I", each Input, VI .. ; +2.4VDC +40 

- Logic "0", each Input, V .. ; +O.4VDC -1.6 0 · 
Power supply current 5 No load +Vec 12 

5 No load -Vec 25 
5 No load Voo 10 

Output resistance 5 Ro= 
(Vo no load) - (Vo 2kO load)' 

0.2 
5mA 

Output short circuit current - Rload = 10. Va = +FS and -FS ±5 ±40 · 
Power supply sensitivity 5 ±IOV range, Vo; +FS, AVec; +0.5V 

and -0.5V ±2.6 
±IOV range, yo; +FS, AVoo ; +0.25V 

and -0.25V ±2.0 
Gain adjustment range 4 ±IOV range ±30 
Offset error, unipolar 5 o to +IOV range (ideal value; O.OOV) ±IO 
Gain error, unipolar 5 o to +IOV range (ideal 

value; +9.997559V)!J ±15 
Total error, untrimmed, unipolar 5 o to +IOV range ±25 

2 Off.et error, bipolar (VOE) 5 ±IOV range (ideal value ;-to.DOOV) ±30 
T.; +125°C Gain error, bipolar (GE) 5 ±IOV range (ideal value; +9.995117V)!J ±50 

Offset temperature senSitivity, AVOE V0E125 - V0EZ5 
Bipolar - ±IOV range, --; ±0.30 ±9.0 

AT 100°C 
Gain temperature sensitivity, AGE GE12S - GE25 

Bipolar - ±IOV range, ; ±O.50 ±1.50 
AT 100°C 

Linearity e~ror. bipolar 5 ±10V range;J/~ 
For + bit-errors +2.44 +14.64 
For - bit errors -2.44 -14.64 

Differential linearity error, bipolar 5 ±IOV rangeS.!! ±4.88 ±14.64 
Total error, untrimmed, bipolar 5 ±IOV range ±80 
Total error, trimmed, bipolar 5 ±IOV range.!! ±60 
Internal reference voltage 5 +6.23 +6.37 
Internal reference AVR VR'le- VA2S 

temperatu re sensitivity - - ; ±157 
AT 100°C 
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TABLE III. Group A Inspection (cont). 

LIMITS 

TEST DAC870 DAC870 

CllicUIT TGred. "U"Grade 

SUBGROUP PARAMETERS FIGURE C?ONDITIONS.!I MIN MAX MIN MAX UNITS 

2U Ollset error, bipolar (VOE) 5 ±10V range (Ideal value =-10.000V) ±30 mV 
T,=+85·C Gain error, bipolar (G.) 5 ±10V range (ideal value = +9.995117V).!i '±40 mV 

Offset temperature sensitivity, AVOE VOE85 - VOE25 
Bipolar - ±10V range, -;:;:r = ±C:15 mV/·C 

60·C 
Gain temperature sensitivity, AVG. GE85 - Gus 

Bipolar - ±10V range, "AT" = ±0.40 mV/·C 
6O·C 

Linearity error, bipolar 5 ±10V range,.!'.!' 
For + bit errors +2.44 mV 
For;" bit errors -2.44 mV 

Dillerentlallinearlty error. bipolar 5 ±10V range.!'.!1 ±4.66 mV 
Total error, untrimmed, bipolar 5 .±10V range ±50 mV 
Total error. trimmed, bipolar 5 ±10V range.!i ±30 mV 
Internal reference voltage 5 +6.23 +8.37 V 
Internal reference AVR VA8&-V~ 
temperatu~e sensitivity - -- = ---- ±126 I'VI·C 

AT 60·C 

3 OIl8Oterror. bipolar 5 ±10V range (Ideal value =-10.DOOV) ±30 mV 
T,=-55·C Gain error, bipolar 5 ±10V range (ideal va~ue = +9.995117V).!i ±50 mV 

Off8Ot temperature sensitivity. AVOE V0E25 - VOE-SS 
Bipolar - ±10Vrange, ±C.30 ±.90 mVI"C 

AT 6O·C 
Gain tempereture sensitivity,' AG. GE25- GE-&fi 

Bipolar - ±10V range, --= 
6O·C 

±C.50 ±1.50 mVI"C 
AT 

!-Inearity er~or. bipolar 5 ±10V range, ~ ~ 
For + bit errors +2.44 +14.64 mV 
For - bit errors -2.44 -14.64 mV 

Differential linearity error. bipolar 5 ±10V range.!'.!1 ±4.88 ±14.G4 mV 
Total error, untrimmed, bipolar 5 ±10V range ±80 mV 
Total error, trimmed. bipolar 5 ±10Vrange.!i ±eO mV 
Internal reference voltage 5 +6.23 +6.37· V 
Internal reference AVR VR25- VA-55 

temperature 80nsitlvlty - = ±157 I'VI·C 
AT 6O·C 

3U Ollset error. bipolar 5 ±10V range (Ideal value =-10.DOOV) ±30 mV 
TA=-55°C Gain error. bipolar 5 ±10V range (Ideal value = +9.995117V).!' ±40 mV 

Offset temperature sensitivity. AVo< Voeaa - VOE-25 
Bipolar - ±10V range. ±O.30 mVI"C 

AT 50·C 
Gafn temperature sensitivity. AG. Geaa - GE-25 

B'ipolar - ±10V range. -- = ±O.40 mVI"C 
AT '50·C 

Linearity error, bipolar 5 ±10V range,.!I.!' 
For + bit errors +2.44 mV . For - bit errors -2.44 mV 

Differential linearity error, bipolar 5 ±1~V·rangB~.Ji ±4.66 mV 
Total error, untrimmed, bipolar .5 ' ±10V range ±50 mV 
Tot~1 error, trimmed, bipolar 5 ±10V range.!i ±30 mV 
Internal reference voltage 5 +6.23 +6.37 V 
Internal reference AVR VAIS - VR-H 

temperature sensitivity - --= ±126 I'VI"C 
~T 50·C 

4 Settling Time 6 To ±1I2LSB. AVo = 20V 7 ., I'oec 
T,=+25·C Slew Rate 6 AVo = 2OV. 10'lli10 90% 10 . VlJJSec 
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NOTES: 
.Y ±Vcc = 15VDC, Voo = 5VDC, Logic 1 = 4V, Logic 0 = 0.2V, no load, unless olherwise specified. 
11 Offset error corrected to zero. 
21 The individual bit errors that are positive are switched on and compared to 1/2LSB. The individual bit errors that are negative BrB switched on an~ compared to 

1/2LSB. This guarantees ±1/2LSB maximum linearity error. 
~ Offsel error and gain error correction faclors for Ihe Device Under Tesl (OUT), if any, are applied 10 Ihe OUT oUlpul vollage before comparing Ihe OUT oUlpul 

voltage to the Ideal output voltage. This is the basis for linearity error and differential linearity error relative to a straight line through the end pOints of the transfer 
function. 

§J Differential linearity error is tested at all combinations of the four most significant bits. 
§! Total error, trimmed, (bipolar) is the same as linearity error, bipolar. 
11 Offset and gain errors adjusted to zero at T" = +250 c. 

TABLE IV. Ideal Output Voltage vs Digital Input Code. 

Dlgltallnpul Code (Complementary 12-BII Binary] 

Oulpul Range 111111111111 011111111111 0000 0000 0000 

-2.5V 10 +2.5V -2.500V 0 +2.498779V 
-5VIO +5V -5.000V 0 +4.997559V 

-10V10 +10V -10.000V 0 +9.995117V 
010 +5V 0 +2.500V +4.998779V 
o 10+10V 0 +5.000V +9.GG7SS9V 

NOTES: 
1. One LSB = 1.2207mVfor a 5-voll full scale range. One LSB = 2.4414mV 

for al0-voll full scale range. One LSB = 4.8828mV for a 2O-voll full scale 
range. 

2. Digilal inpul codes are shown wilh Ihe MSB lisled first. 

TABLE V. OutpUt Range Selection. 

24-pln Side Braze Package 

Oulpul Range Required Exlemll Pin ConnecUonl 

-2.5V 10 +2.5V 151018 171020 191020 161024 
-5Vlo +5V 151018· 17 1020 19NC 161024 

-10Vlo +10V 151019 171020 191015 161024 
010+5V 151018 171021 191020 161024 
010 +10V 151018 171021 19NC 161024 

28-Tennlnal LCC Package 

Oulpul Range Required Exlernal Pin ConnecUonl 

-2.5V.lo +2.5V 181021 201024 231024 191028 
-5Vlo +5V 181021 201024 23NC 191028 

-10Vlo +10V 181023 201024 231018 191028 
010+5V 181021 201025 231024 191028 
010+10V 181021 201025 23NC 191028 

12-57 



.,-/ 

/( 
/' I 
I .L.../ 
I 
I 
I -/ 
I : .... 
I .... /L../ 

Voo +Vcc 

DIGITAL 
VOLTMETER 

• BIT INPUTS 

FIGURE S. Test Circuit-Simplified. 

4. PRODUCT ASSURANCE PROVISIONS 

DAC870/883B SERIES 

FIGURE 6. Slew Rate and Settling Time Test Circuit. 

4.1 Sampling and inspection. Sampling and inspection procedures are in accordance with MIL-M-38SI0 and MIL
STD-883, method S008, except as modified herein. 

4.2 Qualification. Qualification is not. required unless specifically required by contract or purchase order. When so 
required, qualification will be in accordance with the inspection routine of MIL-M-38SIO, paragraph 4.4.2.1. The 
inspections to be performed are those specified herein for groups A, B, C and D inspections (see paragraphs 4.4.1, 4.4.2, 
4.4.3, and 4.4.4). . 

Burr-Brown has performed and successfully completed quiuification inspection as described above. The most recent 
report is available from Burr-Brown. 

4.3 Screening. Screening, the /883B Hi-Rei product designation, is in accordance with MIL-STD-883B, method S008, 
class B, and is conducted on all devices; The following additional criteria apply: . 

a. Interim and final test parameters are specified in Table II. 

b. Burn-in test (MIL-STD-883, method lOIS) conditions: 
(1) Test condition D 
(2) Test circuit is Figure 7 herein 
(3) TA = +12SoC minimum 
(4) Test duration is 160 hours minimum 

III 24·PIN SIDE BRAZE (bI2S-TERMINAL LCC 

FIGURE 7. Test Circuit-Burn-in and Operating Life Test. 
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c. Percent defective allowable (PDA). The PDA, for j883B Hi-Rei product designation only, is 10 percent and 
parametric and catastrophic failures. It is based on failures from group A, subgroup I test, after cool-down as final 
electrical test in accordance with MIL-STD-883, method 5008, and with no intervening electrical measurements. If 
interim electrical parameter tests are performed prior to burn-in, failures resulting from pre burn-in screening 
failures may be excluded from the PDA. If interim electrical parameter tests are omitted, all screening failures shall 
be included in the PDA. The verified failures of group A, subgroup I, after burn-in are used to determine the 
percent defective for each manufacturing lot, and the lot is accepted or rejected based on the PDA. 

d. External visual inspection need not include measurement of case and lead dimensions. 

4.4 Quality conformance inspection. Group~ A and B inspections of MIL-STD-883, method 5005, are performed on 
each inspection lot. Groups C and D inspections of MIL-STD-883, are performed as required by MIL-STD-883. 
unless specified by contract or purchase order. 

A report of the most recent groups C and D inspections is available from Burr-Brown. 

4.4.1 Group A inspection. Group A inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5008, and as specified in Table II herein. 

4.4.2 Group B inspection. Group B inspection consists of the test subgroups and LTPD values 'shown in MIL-STD-
883, method 5008, class B. 

4.4.3 Group C insp'ection. Group C inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5008, class B, and as follows: 

a. Operating life test (MIL-STD-883, method 1005) conditions: 
(1) Test condition D 
(2) Test circuit is Figure 5 herein 
(3) TA = +125°C minimum 
(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table II herein. 

4.4.4 Group D inspection. Group D inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5008 and as follows: 

a. End point electrical parameters are specified in Table II herein. 
4.4.5 InsJlection of packag!!!g. Inspection of packaging shall be in accordance with MIL-M-38510. 

4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate tables. 
Electrical test circuits are as prescribed herein or in the referenced test methods of MIL-STD-883. 

4.5:1 Voltage and current. All voltage values given, except the input offset voltage (or differential voltage) are 
referenced to the external zero reference level of the supply voltage. Currents given are conventiomil current and 
positive when flowing into the referenced terminal. 

5. PACKAGING 

5.1 Packag!!!g re~uirements. The requirements for packaging shall be. in accordance with MIL-M-38510. 

6. NOTES 

6.1 Notes. The notes specified in MIL-M-3851O are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is required or desirable. 

6.3 Ordering data. The contract or purchase order should specify the following: 
a. Complete part number (see paragraph 1.2) .. 
b. Requirement for certificate of compliance, if desired. 

6.4 Definitions. 

Offset error. Offset error is the difference between the ideal analog output voltage and the actual output voltage, when 
all the input bits are off (digital input code: 11111111 1111). 

Gain error. Gain error is the difference between the ideal analog output voltage span and the output voltage span, 
between when all the input bits are off (digital input code: 11111l111111) and when all the input bits are on (digital input 
code: 0000 0000 0000). 

Linearity error. Linearity error is the difference between the ideal analog output voltage and the actual output voltage, 
when the offset error and the gain error are equal to zero. 
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Differential linearity. Differential linearity is the difference between the ideal (ILSB) analog output voltage change, for 
a I-bit change in digital inp,ut code and the actual output voltage change. A differential linearity of±ILSB means that 
the output can change anywhere from OLSB.to 2LSB when the input changes from one adjacent input code to the next. 
Differential linearity of ±ILSB or less gU!lrantees monotonicity. . 

Monotonicity. Monotonicity is the condition where the analog output increases or remains the same for a ILSB 
increase in input codes. 

U nil'olar outl'ut. Unipolar is an output characteristic that displays zero volts output at one input extreme 'and full scale 
volts output at the other extreme. ' ' 

ml'olar outl'ut. Bipolar is an output characteristic that displays full scale output voltage at one input extreme and the 
opposite. full scale output voltage at the other input extreme. ' 

6.5 Microcircuit g!:Q,!!I' assignment. These microcircuits are assigned to Technology Group I as defined in MIL-M-
38510, Appendix E. 

6.6 Electrostatic sensitivity. CAUTION-these microcircuits may be damaged by electrostatic discharge. Precautions 
should be observed at all times. 

7. APPLICATION INFORMATION 

7.1 Power Supply Decoul'ling. For optimum performance and noise rejection, each power supply should be decoupled 
by connecting a I,..F tantalum or electrolytic capacitor from each power supply pin to'the ground plane. Electrolytic 
capacitors, if used, should be paralleled with O.Ol,..F ceramic capacitors for best high frequency perforrnance. 

7.2 Power Supply Sensitivity. Power supply sensitivity is specified in Table I. Power supply sensitivity versus ripple 
frequency is shown in Figure 8. 

7:3 External offset and gain error adjustment. The untrimmed accuracy of the DAC870 series is very good and is 
adequate for many applications. However, when the initial offset and gain errors are greater than what can be allowed 
in the application, the circuits shown in Figure 4 can be utilized to adjust the offset and gain errors to zero. 

7.3.1 Offset adjustment. Apply the digital input code, IIlI lIil 1111, whi~hshould produce zero volts output for the 
unipolar ranges, or minus full scale for the bipolar ranges. Adjust the offset potentiometer until the output, for the 
output range employed, is exactly the vahie indicated in Table IV. 
7.3.2 Gain adjustment. Apply the digital input code, 0000 0000 0000, which should produce positive full scale. Adjust 
the' gain potentiometer until the output is exactly as depicted in Table IV for the output range being utilized. 
7.4 Reference supply.! All models of the DAC870 are supplied with an internal 6.3V reference voltage supply. This 
voltage has a tolerance of ±I%and must be connected to the Reference Input for specified operation. This reference 
may be used externally also. The external current drain is limited to sourcing 2.5mA up to +850 C ana ImA up to 
+ 1250 C exclusive of the current required by the bipolar offset circuit. An external buffer amplifier is recommended if 
this reference will be used to drive other system components, because variations in a load driven fr~m the reference will 
result in bipolar offset variations of the DAC870 converter. Gain and bipolar offset adjustments should be made under 
constant load conditions. It should be noted that because' of the design of the DAC870 an external reference voltage 
cannot be used with the DAC870. 
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BURR-BROWN® 

IElElI INA258/8838 SERIES 
MODEL NUMBERS: 

INA258WG/883B 
INA258WL/883B 
INA258WG 
INA258WL 

INA258VG/883B 
INA258VL/883B 
INA258VG 
INA258VL 

INA258UG/883B 
INA258UL/883B 
INA258UG 
INA258UL 

REVISION A 
MAY, 1986 

Very-High Accuracy Military 
!NSTRUMENTATION AMPLIFIER 

FEATURES 
o VERSATILE FOUR-OP AMP DESIGN 
• ULTRA-LOW VOLTAGE DRIFT. 0.5pV/· C 
• LOW OFFSET VOLTAGE. 50pV 
• LOW NONLINEARITY. 0.005% 
• LOW NOISE. 13nV/y'Hz at ,. == 1kHz 
• HIGH CMR. 106dB at 60Hz 
III HIGH INPUT IMPEDANCE. 10·on 

DESCRIPTION 
The INA258 is a high accuracy, multistage, integra
ted-circuit instrumentation amplifier designed for 
signal conditioning requirements where very high 
performance is desired. 

A multiamplifier, monolithic design, which uses 
Burr-Brown's ultra-low drift, low noise technology,' pro
vides the highest performance with maximum versa
tility at the lowest cost. This makes the INA258 ideal 
for even high volume applications. 

APPLICATIONS 
• AMPLIFICATION OF SIGNALS FROM SOURCES SUCH 

AS: 
Strain Gauges 
Thermocouples 
RTDs 

o REMOTE TRANSDUCERS 
III LOW LEVEL SIGNALS 

Burr-Brown's compatible thin film resistors and 
state-of-the-art wafer level laser trimming techniques 
are used for minimizing offset voltage and tempera
ture drift. This advanced technique also maximizes 
common mode rejection and gain accuracy. 

The INA258 also contains a fourth operational 
amplifier, specified separately, which can conve
niently be used for some important applications, 
such as single-capacitor active low-pass filtering and 
easy output level shifting. 

International Alrportlndu.trial Park· P.O. Box 11400· Tucson. Arizona B5734 - Tel. 16021 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-50IA 
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I. SCOPE 

DETAILED SPECIFIC.ATION 
MICROCIRCUITS, LINEAR . 

INSTRUMENTATION AMPLIFIER 
MONOLITHIC, SILICON 

1.I Scope. This specification covers the detail requirements for a very high accuracy instrumentation amplifier. For 
description of operation see paragraph 8. 

1.2 Part number. The complete part number is as shown below. 

INA258 W G /8838 

-=c l -.L I 
Basic model Grade Package Hi-Rei product 

number (see 1.2. I) (see 1.2.3) designator (see 1.2.2) 

1.2. I Device type. The device is a single instrumentation ~mplifier. Three electrical performance grades (W, V, and U) 
are provided. The electrical performance characteristics are shown in Table I. 

1.2.2 Device class. The device class is similar to the dass B product assurance level as defined in MIL-M-38510. The 
Hi-Rei product designator portion of the part number distinguis'hes the product assurance levels available as follows: 

Hi-Rei Product 
Designator Requirements 

/883B Standard model plus 100% MIL-STD-883 class B screening, with 5% PDA, plus qual
ity conformance inspection (QCI) consisting of Groups A and B performed on each 
inspection l.ot, plus Groups C and D performed as required by MIL-STD-883. 

(none) Standard model including 100% el.ectricaltesting. 

1.2.3 Case outline. Two case outlines are available. The case outline for the "G;' package is D-6, configuration 3 
(l8-lead ceramic side braze), and the outline for· the "L" package is C-2 (20-termirial square leadless chip carrier) as 
defined in MIL-M-38510 Appendix C .. Figurel depicts the case outlines for both package types. 

:"""" Cr " [[:::=11 
, I A .' I NOTE: .' 

I Le:ads in true position within .010" 
(.25MM) R al MMC ., sealing plane. 

G 
INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 

A .960 - 24.38 

B .220 .310 5.59 7.87 

C - .200 - 5.08 

0 .014 .023 .36 .58 INCHES MILLIMETERS 

F .030 .070 .76 1.78 DIM MIN MAX MIN MAX 

G .100 BASIC 2.54 BASIC A .342 .358 8.69 9.09 

H .098 2.49 B .342 .358 8.69 9.09 

J . .008 .015 .20 .38 C .064 .100 1.63 2.54 

K .125 .200 3.18 . 5.08 F .022 .028 0.56 0.71 

L .290 .320 7.37 8.13 G .050 BASIC 1.27 BASIC 

N .015 • 060 .38 1.52 A .000RTYP . 0.20 TVP. 

(a) IS-pm Side braze; package 10: "G" (b) 2o-Iermmalleadless chip ea",er iD: "l" 

FIGURE I., Case Outlines. 
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1.2.4 Absolute maximum ratings. 

Supply voltage range 
Input voltage range 
Internal power dissipation 
Storage temperature range 
Output short circuit duration 
Lead temperature (soldering, 10 sec.) 

1.2.5 Recommended operating conditions. 

±20VDC 
±Vee 
600rnW 
-65°C to +165°C 
Continuous to ground 
+300°C 

Supply voltage range ±5VDC to ±20VDC 
Ambient temperature range -55°C to +125°C 

1.2.6 Power and thermal characteristics. 

Package Case Outline Maximum allowable power dissipation 
18-lead DIP Figure I 600mW 
20-terminal LCC Figure I 600m W 

2. APPLICABLE DOCUMENTS 

INA258/883B SERIES 

Maximum (he 
41°CfW 
40°C/W 

2.1 The following documents form a part of this specification to the extent specified herein. 

SPECIFICATION 
MILITARY 

MIL-M-38510-Microcircuits, General Specification for. 
STANDARD 

MILITARY 
MIL-STD-883-Test Methods and Procedures for Microcircuits. 

3. REQUIREMENTS 

3.1 General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate 
to assure successful compliance with this specification. 

3.1.1 Detail specifications. The individual item requirements are specified herein. In the event of conflicting require
ments the order of precedence will be the purchase order, this specification, and then the reference documents. 

3.2 Design, construction, and physical dimensions. 

3.2.1 Package, metals, and other materials. The packages, metal surfaces, and other materials are in accordance with 
MIL-M-38510. 

3.2.2 Design documentation. The design documentation is in accordance with MIL-M-38510. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accordance 
with MIL-M-38510. 

3.2,4 Lead material and finish. The lead material and finish is in accordance with MIL-M-38510 and is solderable per 
MIL-STD-883, method 2003. 

3.2.5 Die thickness. The die thickness is in accordance with MIL-M-38510. 

3.2.6 Physical dimensions. The physical dimensions are in accordance with paragraph 1.2.3 herein. 

3.2.7 Circuit diagram and terminal connections. The circuit diagram and terminal connections for the "G" package are 
shown in Figure 2 and the circuit diagram and terminal connections for the "L" package are shown in Figure 3. 

3.2.8 Glassivation. The microcircuit ~ie is glassivated. 

3.2.9 Schematic circuits. Simplified schematic circuits for "G" and "L" packages are shown in Figures 2 and 3 
respectively. 
3.3 Electrical performance characteristics. The electrical performance characteristics are specified in Table I and apply 
over the full operating ambient temperature range of -55° C to + 125° C unless otherwise specified. 

3.3.1 Additional electrical performance characteristics. Additional electrical performance curves are shown in para
graph 7. 

3.3.2 Offset null. The amplifier is capable of being nulled to zero offset voltage using the circuit in Figure 4. If nulling 
is unnecessary, delete the potentiometer and make no connections. 
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OFFSET ADJUST 

OFFSET ADJUST 

GAIN SET 

BROUND 

A4 SUMMING JUNCTION 

A4 SENSE 

A4 OUT 

FIGURE 2. INA258 "G" Cjrcuit Diagram and Terminal Connections. 

-INPUT 

GROUND 

A4 SUMMING JUNCTION 

A4 -INPUT 

FIGURE 3. INA258 "L" Package Circuit Diagram and Terminal Connections. 
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TABLE I. Electrical Performance Characteristics. 
All characteristics at -55°C:::; TA:::; +125°C. ±Vcc;;;;: 15VDC, unless otherwise specified. 

INA258WG/883B INA258VG/883B INA258UG/883B 
INA258WL/883B INA258VL/883B INA258UL/883B 
INA258WG INA258VG INA258UG 
INA258WL INA258VL INA258UL 

CHARACTERISTICS SYMBOL CONDITIONS' MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

GAIN 
Range of Gain A, A, ~ 1 + (40k/RG ) Y 1 1000 VlV 
Gain Equation Error E., Av = 1, TA == +25°C .05 %FS 

A, ~ 10. T. ~ +25°C .10 %FS 
Av = laO, TA = +25°C .10 %FS 

Gain TempeD Y 
A, ~ 1000. T. ~ +25°C .40 % FS 

!!.A,IIH Au=l 2 ppm/'C 
A,~ 10 20 ppmfOC 
A, ~ 100 22 ppm/'C 
A, ~ 1000 22 ppm/'C 

DC Nonlinearity NL Au = 1, T,,;:: +25°C 0.005 % 
Au = 10. T A = +250 C 0.005 % 
A, ~ 100. T. ~ +25'C 0.007 % 
A, ~ 1000. T. ~ +25'C 0.025 % 

RATED OUTPUT 
Voltage VoP R, ~ 2kO. T. ~ +25'C ±10 V 
Current 10 ±5. mA 
Impedance Zo 2 0 

INPUT OFFSET VOLTAGE 
Initial ~ V,. ' Av = 1, TA = +25°C ±250 "V 

Via A, ~ 1000, T. ~ +25'C ±50 "V 
YS Temperature !!.V,.t!!.T Av = 1, -55°C:::; T,,::; +125°C 10 15 45 "VI'C 

Av = 1000, -55°C:::; T,,:::; +125°C 0.5 1.0 3.0 "VfOC 
Av = f, -25°C::::; T,,:5 +85°C 20 "VI'C 
Au = 1000. -25°C:::;; TA:::; +85°C 1.8 "VI'C 

vs Supply PSRR A, ~ 1, !!.VGG ~ ±5VDC, T. ~ +25'C 20 ~ "V/v 
A, ~ 1000, !!.Vee ~ ±5VDC, T. ~ +25'C 1 "V/v 

INPUT BIAS CURRENT 
Initial lib T. ~ +25'C ±20 nA 
Tempec !!.1,..t!!.T ±.2 nA/'C 

INPUT OFFSET CURRENT 
Initial 1;. T,,:;:: +25°C ±20 nA 
TempeD !!.1 • .t!!.T ±.5 nA/'C 

INPUT IMPEDANCE 
Differential Z,e T. ~+25'C 10"113 OllpF 
Common Mode ZICM T. ~ +25'C 10'°113 OllpF 

INPUT VOLTAGE 
Linear Response Range V'N ±10 V 
Common Mode Rejection CMR DC-60Hz, Av ;::: 1 kQ Source Imbala.nce, 80 dB 

.TA=+25°C 

• DC-60Hz, Av ~ 10, lkO Source Imbalance 96 dB 
T.~ +25'C 

DC-60Hz, A, ~ 100-1000, 106 dB 
1kCl Source Imbalance, TA = +25°C 

INPUT NOISE 
Input Voltage Noise ENPP I. ~ 0.01 to 10Hz, T. ~ +25'C .8 pV,p-p 

EN Av = 1000. fo = 10Hz. T A = +25° C 18 : nVI$> 
A, ~ 1000, fo ~ 100Hz, T. ~ +25'C 15 nV/y'Hz 
A, ~ 1000, fo ~ 1kHz, T. ~ +25'C 13 nVl$> 

Input Current Noise INPP I. ~ O.OlHz to 10Hz, T. ~ +25'C 50 pA,p-p 

IN 10 ~ 10Hz, T. ~ +25'C .8 pAly'Hz 
10 ~ 100Hz, T. ~ +25'C .46 PAl$> 
Ie ~ 1kHz, T. ~ +25'C .35 pAl$> 

DYNAMIC RESPONSE 
Slew Rate SR A, ~ 1 to 100, R, ~ 2kO, T. ~ +25'C 0.2 VI/J5ec 
Bandwidth BW 3dB small signal, A, ~ 1, T. ~ +25'C 300 kHz 

Av = 10. TA;;;; +25°C 140 kHz 
Av ~ 100, T. = +25'C 25 kHz 
Av ~ 1000, T. ~ +25'C 2.5 kHz 

BW Full power Av ~ 1 to 1000, T. ~ +25'C 6.4 kHz 
Settling Time Ts .01%, A, ~ 1, T. ~ +25'C 30 IlSec 

A, ~'100, T. ~ +25'C 50 psec 
A, ~ 1000, T. ~ +25'C 500 psec 
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TABLE I.Electrical P_erformance Characteristics (cont). 

INA258WG/883B I NA258VG/883B INA258UG/883B 
INA258WU883B I NA258VU883B . INA258UL/883B 
INA258WG INA258VG INA258UG 
INA258WL INA258VL INA258UL 

CHARACTERISTICS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLY 
Rated Voltage ±Vcc .±5 ±1,5 ±20 V 
Quiescent Current la T.= +25'C ±8 mA 

'FOURTH OP AMP 

Input Offset Drift Vo. TA = +25°C 5000 "V 
Tempco t;V,.It;T -55:5: TA :::; +125°C ±5 "V/'C 
Input Bias Current I,. T. = +25'C 
Input Offset Current I,a T.= +25'C 
Quiescent Current la T. = +25'C 

'Same as INA258W grade, 
NOTES: oj} Typically the toleranc~ of RG will be the major source ~f gain error. 

21 Not including TCR of RG. 
~ Adjustable ,to zero at anyone gain. 

Thll circuli mlY bl uled II I rapllClmint 
for Ihl Ilngll potentlometlr. II will Idlusl 
oIIlet Ind Illn drift unchln ••• 

+vcc OPTIONAL 
. OFFSET • 
ADJUST 

50 
50 

2 4 

This circuli mlY be ulld II a "pllClmant 
for .hlilngil potanUomBl1lr. II Wlilldlul' 
offlet and IIIVI drift unchlngld. 

--------------------------, 
+Vcc OPTIONAL I 

OFFSET I 
ADJUST I 

~------~ I 
I 
I 

2OOko 

I . 

l~ 

nA 
nA 
mA 

L __________ _ 

OUTPUT 

'Connect pin 17111 pin 1 Bind pin 15 
111 pin I when 14 II not uled. 

III INA258 "G" plcklgl. 

OUTPUT 

Eo = II + [4Ok/R.lIlE.· -' E,I 

'Connect pin 20 111 pin I and pin I B 
111 pin 2 when A4 '1. not ulld. 

IbIINA258 "L" plcklge. 

FIGURE 4. Basic Circuit Connection for the INA258 Including Optional Input Offset Null Potentiometer. 

3.4 Electrical tests. Electrical tests are shown in Table II. The subgroups of Table III which constitute the minimum' 
electrical tests for screening, qualification, and quality conformance, are shown in Table II. . . 

3.5 Marking: Marking is in accordance with MIL-M-385IO. The following marking is pla~d on each microcircuit as a 
minimum. 

a. Part number (see paragraph 1.2) 
b.' Inspection lot identification code.Y . 8 

c. Manufactuier;s identification ( ji§Bi ) 
d. Manufacturer's designating symbol (CEBS) 
c. CQuntry of origin . , 

3.6 Workmanship. These microcircuits are manufactured, processed, and tested in a workmanlike mam~er. Workman
ship is in accordance with good engineering practices, workmanlike instructions, inspection and test procedures, and 
training, prep1U'ed in fulfillmen,t of Burr-Brown's product assurance program . 

. JJ A 4-digit code, indicating year and week. of seal. and a 4- or S-digit,lot identifier are marked on each unit. 
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3.6.1 Rework provisions. Rework provisions for the /883B Hi-Rei product designation, including rebonding, are in 
accordance with MIL-M-38510. 

3.7 Traceability. Traceability for the /883B product designation is in accordance with MIL-M-3851O. Each microcir
cuit is traceable to the production lot and to the component vendor's component lot. 

3.8 Product and process change. Burr-Brown will not implement any major change to the design, materials, construc
tion, or manufacturing process which. may affect the performance, quality or interchangeability of the microcircuit 
without full or partial requalification. 

3.9 Screening. S~reening for the /883B Hi-Rei product designation is in accordance with MIL-STD-883, method 5004, 
class B, except as modified in paragraph 4.3 herein. 

Screening for the standard model includes QC4I18 internal visual inspection, stabilization bake, fine leak, gross leak, 
burn-in (72 hours performed preseal), constant acceleration (condition E), temperature cycle (condition C), and 
external visual per MIL-STD-883, method 2009. 

For the /883B Hi-Rei product designator, all microcircuits will have passed the screening requirements prior to 
qualification or quality conformance inspection. 
3.10 Qualification. Qualification is not required. See paragraph 4.2 herein. 

SUBGROUP 

1 
TA:;; 25°C 

2 
T. = 125'C 

2U 
TA::;::; 85°e . 

TABLE II. Electrical Test Requirements. 
(The individual tests within the subgroups appear in Table III). 

MIL-STO-883 REQUIREMENTS (Class B) 

Interim electrical parameters (pre burn-in) (method 5004) 
Final el.ectrical test parameters (method 5004) 
Group A test requirements (method 5005) 
Group C end point electrical parameters (method 5005) 

'PDS applies to subgroup 1 (see 4.3.c) 
1/ Applies to 18B3B models only. 

INA258WG/883B 
INA258WG 
INA258WU8B3B 
INA258WL 

1 
1'.2.3.4 
1.2.3.4 

1 

TABLE III. Group A Inspection. 

INA258WG/BB3B 

MIL-
INA258WU8B3B 

STD-B83 CONDITIONS 
INA258WG 

METHOD or (±Vee = 15VDC 
INA258WL 

SYMBOL equivalent . unless otherwise specified) MIN MAX 

Vi,o 4001 Av= 1 ±250 
Av = 100.0 ±50 

lib 4001 ±20 
I. 4001 ±20 
10 4005 Each Supply ±B 

PSRR 4003 Av = 1. t.Vee = ±5VDC 20 
Av = 1000. t.Vee = ±5VDC 1 

CMR 4003 DC. Av = 1. 1kQ Source Imbalance 80 
DC. Av = 10. 1kQ Source Imbalance 96 
DC. Av = 100-1000.1kQ Source·lmba!. 106 

ViO 11 4001 5000 
I" 1/ 4001 50 
I" 1/ 4001 50 
10 1/ 4005 4 

ViO 4001 Av:;;;;: 1 1250 
Av = 1000 100 

t.V"It.T 4001 Av=1 10 
(V" (125'C) - V" (25'C)1 + 100 

Av= 1000 0.5 
IV"; (125'C) - V" (25'C)] + 100 

V" 4001 Ay ;;;;1 

Av = 1000 
t.V,,1t.T 4001 Av=1 

IV" (85'C) - V .. (25'C)] + 60 
Av= 1000 ~ 

IV" (85'C) - V" (25'C)]~+ 60 

12..,67. 

INA258VG/883B 
INA258VG 
I NA258VU8B3B 
INA258VL 

1 
1'.2.3.4 
1.2.3.4 

1 

LIMITS 

I NA258VG/BB3B 
I NA25BVUBB3B 
INA258VG 
INA258liL 

MIN MAX 

±2?0 
±50 
±20 
±20 
±8 
20 
1 

BO 
96 

106 
5000 

50 
50 
4 

1750 
150 
15 

1.0 

INA258UG/883B 
INA2~8UG 

mA258UU8B3B 
INA258UL 

1 
1'.2. 2U. 3. 3U. 4 
1.2. 2U. 3. 3U. 4 

-

INA258UG/883B 
INA25BUU883B 
INA258UG 
INA258UL 

M(N MAX UNITS 

±250 "V 
±50· "V 
±20 nA 
±20 nA 
±B mA 
20 llYN 
1 "VN 

BO dB 
96' dB 

106 dB 
5000 "V 

50 nA 
50 nA 

4 mA 

5250 "V 
450 "V 
45 "VI'C 

3.0 "VI'C 

1575 "V 
150 "V 
20 "VI'C 

1.8' "VI'C 

• 
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TABLE III. Group A Inspection (cont). 

LIMITS 

. 

I NA~58WG/883B INA258VG/883B INA258UG/883B' 

MIL-
INA258WL/883B INA258VL/883B INA258ULJ883B 

STD-883 CONDITIONS 
INA258WG INA258VG INA258UG 

METHOD or (±Vcc = 15VDC 
INA258WL INA258VL INA258UL; 

SUBGROUP SYMBOL equivalent . unless otherwise specified) MIN MAX MIN MAX MIN MAX UNITS 

3 V" 4001 Av=l 1050 1450 5250 pV 
TA;; -55°C Av= 1000 90 150 450 pV 

/;.V"I/;.T . 4001 Av=1 10 15 45 pvrc 

'. [V~ (25'C) - V. (-55'C)]+ 80 
Av = 1000 1.5 1.0 . 3.0 pVl'C 

[V" (25'C) - V" (-55'C)]+ 80 

3U ViO 4001 Av-l 1380 pV 
TA = -25°C Av= 1000 135 pV 

/;.V.,I/;.T 4001 Av=1 20 pVl'C 
[V" (25'C) - V., (-25'C)] + 50 

Av = 1000 1.8 pVl'C 
[V" (25'C) - V .. (-25'C)] + 5 

4 EAv Gain Equation' Error Av = l' 0.05 0.05 0.05 % FS 
TA = 25'C Av=10 0.10 0.10 0.10 %FS 

Av= 100 0.10 0.10 0.10 %FS 
Av ='1000 0.40 0.40 0.40 %FS 

Yo, 4004 .R,=2kCl ±10 .±10 ±10· V 
.SR R,= 2kCl 0.2 0.2 0.2 Vlpsec 
NLY Figure 4 Av=l .0.005 0.005 0.005 % 

Av=10 0.005 0.005 0.005 % 
Av =100 0.007 0.007 0.007 % 
Av =1000 0.025 0.025 0.025 % 

NOTES: jJ Fourth op amp. 
,jI E1 = OV and E2 is varied to enable nonlinearity error to be measured by sampling 21 pOints between'-10V ~ EOUT S +10V and determining worst case 

deviation from straight line connecting these end pOints at each gain setting. . 

3.11 Quality conformance inspection. Quality conformance inspection, for the /883B Hi-Rei product designation, is in 
accordance with M I L-M -3851 0; except as modified in paragraph 4~4 herein.' The microcircuit inspection lot will have 
passed quality conformance inspection prior to microcircuit delivery. 

4. PRODUCT ASSURANCE PROVISIONS 
4.1 Sampling and inspection. Sampling and inspection procedures are in accordance with MIL-M-38510 and MIL
STD-883, method 5005, ~xcept as modified herein. 
4.2 QualificatiOli. QUalification is not required unless specifically required'by contract or purchase order. When so 
.required, qualification will be in accordance with the inspection routine of MIL-M-38510, 4.4.2.1. The inspections to be 
performed are those specified herein for groups A, B, C, and D inspections (see paragtaphs 4.4.1, 4.4.2, 4.4.3, and 4.4.4) . 

. Burr-Brown has performed and successfully completed qualification inspection as described above. The most recent 
report is available from Burr-Brown. . 

4.3 ·Screening. Screening for the /883 Hi-ReI product designation is in accordance with MIL-STD-883,: method 5004, 
class B. and is conducted on all devices. The following criteria apply: 

a. Interim and final test ,Parameters are specified in Table II. 

b. Burn-in test (MIL-STD-883, method lOIS) conditions: 
(I) Test condition B 
(2) Test circuit is Figure 5 herein 
(3) TA = +125°C minimum 
(4) Test duration is 160 hours minimum 

c. Percent defective allowable (PDA). The PDA, for /8838 product'designationonlY, is 5 percent and includes both 
both parametric and catastrophic failures. It is based on failures from group A, s.ubgroup I test, after cool
down as final electrical test in accordance with MIL-STD-883, method 5004, and with no intervening electrical 
measurements. If interim electrical parameter tests are performed prior ·to burn-in, failures resulting from 
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preburn-in screening failures may be excluded from the PDA. If interim electrical parameter tests are omitted, 
all screening failures shall be included in the PDA. The verified failures of group A, subgroup I, after burn-in 
are used to determine the percent defective for each manufacturing lot, and the lot is accepted or rejected based 
on the PDA. ' 

d. External visual inspection need not include measurement of case and lead dimensions. 

+15V +l5V 

lal INA258 ··G'" Ibl INA258 ,or· 

FIGURE 5. Test Circuit, Burn-In and Operating Life Test. 

4.4 Quality conformance inspection. Groups A and B inspections of MIL-STD-883, method 5005, are performed on 
each inspection lot. Groups C and D inspections of MIL-STD-883, method 5005, are performed as required by 
MIL-STD-883. 

A report of the most recent groups C and D inspections is available from Burr-Brown, 

4.4.1 Group A inspection. Group A inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5005, and as specified in Table II he~ein. 

4.4.2 Group B inspection. Group B inspection consists of the test subgroups and' LTPD values shown in MIL-STD-
883, method 5005, class B. 

·4.4.3 Group C inspection. Group C inspection consists of the test subgr.oups and LTPD values shown in MIL-STD-
883, method 5005, class B, and as follows: 

a. Operating life test (MIL-STD-883, method 1005) conditions: 
(I) Test condition B 
(2) Test circuit is Figure 5 herein 
(3) TA = +125°C minimum 
(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table II herein. 

4.4.4 Group D inspection. Group D inspection consists of the test subgroups and LTPD values'shown in MIL-STD-
883, method 5005 and as follows: 

a. ,End point electrical parameters are specified in Table II herein. 

4.4.5 Inspection of packaging. Inspection of packaging shall be in accordance with MIL-M-385IO. 

4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate tables. 
, Electrical test circuits are as prescribed herein or in the referenced test methods of MIL-STD-883. 
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4.5.1 Voltage and current. All voltage vaJ.ues given, except the input offset voltage (or differential voltage) are refer
enced to the,external zero reference lev~l of the supply voltage. Currents given are conventional current and positive 
when flowing into the referenced terminal. ' 

5. PACKAGING 

5.1 Packaging requirements. The requirements for packaging shall be in accordance with MIL-M-38510. 

6. NOTES 

6.1 Notes. The notes specified in MIL-M-38510 are applicable to this specification. 

6.2 Intended use. Microcircuits conforming are intended for use in applications where the use'Clf screened parts is 
required or desirable., 

6.3 Order data. The contractor purchase order should specify the following: 

a. Complete part number (see paragraph 1.2). 
b. Requirement for certificate of compliance, if desired. 

6.4 Microcircuit group assignment. These microcircuits are assigned to Tecimology Group D as defined in MIL-M-
38510, AppendixE. ' ' 

6.5 Electrostatic sensitivity. CAUTION-These microcircuits may be damaged by electrostatic disqhi/.rge. Precautions 
should be observed at all times. 

7. ELECTRICAL PERFORMANCE GRADES 
(Typical at +25'C and ±Vcc = 15VDC unless otherwise specified,) 

~ 
.,,: 
Co 

GAIN NONLINEARITY VS GAIN 
0,01 ..... --""'T---...---_ 

# 0,003 ""'---f--'---..I~~~-I 

~ Max 

;~ 
g L. __ T~YP __ ~~~=-~ ___ ~ z 0,001 r 
c: 
'iii 
(!) 

Iii 
"P 
a: 
~ 
() 

O,0003,-__ ~ ___ ........ __ __' 

,1 10 100 1000 

120 

100 

80 

60 

,40 
1 

CMR VS FREQUENCY 

G -100,1000 

G=10 "-
G=1 r'-. 

"-, 

" 
Balanced " 
Source 

',10 100 1k , 10k 

Frequency (Hz I , 

CMR VS SOURCE IMBALANCE 
'~r----~--~~~~~~-' _._. "" ~~t G 2~- '000 

~ "G:'"'OO --, 
100 to 1000r.-_'_"!!i" 1-0:--1 

G = 10 "" .:: .. :~ 
cg G-l" ~ G=1 

~ ,80 ""'-... 

Source Resistance Imbalance I KU 

GAIN ERROR VS FREQUENCY 

~ 
g 1% t-'''---il--F-t"'-'''''~'+-_i 
w 

Frequency (Hzl 

60 

Iii 40 
"P' 
c: 

~ 20 

o 

-20 
10 

±9 

GAIN VS FREQUENCY 

G=11ooo 

G=1100 ' 
"0 

r\. , 

G=;110 \" 
\ 

G=I, 

\ 

~ \ 

1% Error""\ 

I 
\ 

" ' \ 
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8. APPLICATION INFORMATION 

12 

8.1 Description. The IN A258 is a three-amplifier device which provides all the desirable characteristics of a premium 
performance instrumentation amplifier. In addition, it has features not normally found in integrated circuit instrumen-
tation amplifiers. See simplified schematics in Figures 2 and 3. . 

The input section (AI and A2) incorporates high performance, low drift amplifier circui~ry. The amplifiers are con-· 
nected in the noninverting configuration topf(~vide the high input impedance (10100) desirable in the instrumentation 
amplifier function. The offset voltage and offset voltage versus temperature are low due to the monolithic design, and 
are improved even further by state-of-the-art laser-trimming techniques. . 

The output section (A3) is connected in a unity-gain difference amplifier configuration. A critical part of this stage is 
the matching of the four IOkO resistors which provide the difference function. These resistors must be initially well 
matched and the match.ing must be maintained over temperature and time in order to retain excellent common-mode 
rejection. (The I06dB minimum at 60Hz for gains greater than IOOV / V is a significant improvement compared to mos"! 
other integrated circuit instrumentation amplifiers.) 

All of the internal resistors are compatible thin-film nichrome formed with the integrated circuit. The critical resistors 
are laser-trimmed to provide the desired high gain accuracy and common-mode rejection; Nichrome ensures long-term 
stability of trimmed resistors and simultaneous achievement of excellent TCR and TCR tracking. This provides gain 
accuracy and common-mode rejection when the INA258 is operated over wide teniperature ranges. 

The fourth op-amp (A4) of the IN A258 adds a great deal of versatility and convenience to the amplifier. Its use allows 
easy implementation of active low-pass filtering, output offsetting, and additional gain generation. The pin connections 
make the use of this stage optional and the specifications appear separately in the table of Electrical Specifications. 

8.2 Using the INA258. Figure 4 shows the simplest configuration of the INA258. The gain is set by the external 
resistor, Ro, with a gain equation of G = I + (40K/Ro). The reference and TCR of Ro contribute directly to the gain 
accuracy and drift. 

For gains greater than unity, resistor Ro is connected exter~ally: At high gains, where the value of Ro becomes small, 
additional resistance (i.e., relays, sockets) in the Ro circuit will contribute to a gain error. Care should be taken to 
minimize this effect. 
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8.3 Basic circuit connection. The basic circuit connection for the INA25.8 is shown in Figure 4. The output voltage is a 
function of the differential input voltage times the gain. 

Figure 4 does not include additional internal op ampA4. Power supply bypassing with a l"F tantalum capacitor or 
equivalent is always recommended. 

In applications which do not use the fourth internal amplifier, insure the A4 +Vee is not connected to Vee, the A4 + 
input is connected to common and A4 sense isconne.cted to A4 output. 

8A Typical applications. Many' applications of instrumentation amplifiers involve the amplification of low-level !lif
ferential signals from bridges and transducers such as strain gauges, thermocouples, and RTD's. Some of the Important 
parameters include. common-mode rejection (differential cancelhition of common-mode offset and noise), input impe
dance, offset voltage and drift, gain accuracy, linearity, and noise. The INA258 accomplishes all of these with high 
precision. 

Figures 6, 7, and 8 show some typical applications circuits. 

Figure 6 shows how the output stage may be used to provide Ij.dditional gain. If gains greater than 1000V IV (10,000 up 
to 100,000 and greater) are desired, it is better to place some gain in the output amplifier rather than the input stage, due 
to the low values of RG required (RG < 400 for [1 + 40kl RG] > 1000). Note, however, that accuracy can degrade due to' 
very high amplification of offset, drift, and .noise errors. 

Output offsetting ("zero suppression" or "zero elevation") may be more easily accomplished with the IN ~258 than with 
most other IC instrumentation amplifiers, as shown in Figure 7. The use of the extra internal op amp, A4, means that 
CMR of the instrument amp is not disturbed, and that a convenient value of variable resistor can be used. 

Amplifier A4 also allows active low-pass filtering to.be implemeJ;lted conveniently with a single capacitor. Filtering can 
be used for noise reduction or band-limiting of the output signal as shown hi Figure 8. 

+Vee 

RF. 

-Vee 

'HOTE: A4 Inverll Ihe output oi the InalruinlnllUon Imp""er. 
pin 2 10 pin 16. Thel1llm Ihl equllion lor EouT ROWI 
E,. - E. Inlll,d 01 E. - E,. 

(1)IHA258 ··S··. 

EOUT 

.tVee 

EouT 

-Vee 
EOUT = IE, - £.) (1 + [4Ot/R.J1 [R,I1Ok) 

. 'NOTE: A4 Invlrll the output 01 Ibe InllrullltllllU .. I.plmer,. 
pin 3 10 pin 19. TIIII1I11111 1111 equltlon lor EOUT IhOWl 
E, - E. InaIIld 01 E. - E .. 

. Ib)INA258"L". 

FIGURE 6. Additional Gain From Output Stage. 

12-72 



+vcc 

R ~ a conv.nl.nt value 1<I00kn typically) 

EouT ~ IE, - E,) 11 + [40k/Ro]J + 2VR" 

'NOTE: A4 Inverts, see Figure 6. 

la) INA258 "G", 

INA258/883B SERIES 

+vcc 

R ~ a conv.nl.nt vllu. 1<I00kn typically) 

EOUT ~ IE, - E,) 11 + [40k/Ro]J + 2VR" 

'NOTE: A4 Inv.rts, see Flgur. 6, 

[b) INA258 "L" 

FIGURE 7, Output Offsetting, 

+vcc 
fp ~ 11I27TC, X 10')Hz 

C, In farads used with A4 

EOUT ~ IE, - E,) It + [40k/Ro]J [11[1 + 27Tf X 10' xC,]) 

'NOTE: A4 Inverts, see Fluure 6, 

la) INA258 "G" 

+Vcc fp ~ .I1127TC, x 10')Hz 

C, In farads used with A4 

EOUT ~ [E, - E,) II + [40k/Ro]J [11[1 + 27Tf x 10' xC,]) 

'NOTE: A4 Inverts, S8e Figure 6, 

Ib) INA258 "L", 

FIGURE 8, Active Low-Pass Filtering, 
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BURR-BROWN@' 

IElElI OPA10S/883BSERIES 
MODEL NUMBERS: 

OPA105VM/883B 
OPA105VM 

OPA105UM/883B 
OPA105UM 

OPA105WM/883B 
OPA105WM 

REVISION B 
MAY, 1986 

FET Input Military 
OPERATIONAL AMPLIFIER 

FEATURES 
• LOW BIAS CURRENT. lpA. max 

• HIGH INPUT IMPEDANCE. 10130 

• ULTRA·LOW DRIFT.2I'V/DC. max 

• LOW OFFSET VOLTAGE 250I'V. max 

• LOW QUIESCENT CURRENT. 1.5mA. max 

• HERMETICALLY SEALED TO·99.PACKAGE 

DESCRIPTION 
The OPAI05jMIL.Series is a low bias current 
operational amplifier: Guaranteed low initial offset 
voltage (250I'Y; max) and associated drift versus 
temperature' (21' V /0e. max) is achieved .by laser
adjusting 'the amplifier during manufacturing. This 
feature, and guaranteed low bias current (I pA, max), 
allow greater system aC,curacy with no external 
components. 

Quiescent current (1.5mA, max) is unaffected by 
changes in ambient teinperiuure or power supply 
voltage. Other characteristics of the OPA105/883B 
Series include internal comperisation for unity-gain 

APPLICATIONS 
• CURRE~T·TO·VOLTAGECONVERSION 

• LONG TERM PRECISION INTEGRATION 

• PRECISION VOLTAGE AMPLIFICATION FOR 
HIGH INPUT IMPEDANCE APPLICATIONS 

stabilitya'nd rapid thermal response for quick stabili
zation after turn-on or temperature changes. 

The amplifier is free from latch-up and is protected 
for continuous output shorts to common. As an 
added protection feature, either of the trim pins can 
be accidentally shorted to a potential greater than the 
negative supply voltage without damage. 

The standard pin configuration (741 type) of the 
OPA105/883B Series allows the ,user drop-in reo 
placement capability. A pin 8 case connection permits 
the reduction of noise and leakage by employing 
guarding techniques., ' 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona B5734· Tel. (602) 746·1111 • Twx: 910·952·1111 • Cable: BBRCORP • Telex: 66·6491 

PDS-468B 
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I. SCOPE 

DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 
OPERATIONAL AMPliFIER 

HYBRID, SILICON 

1.1 Scop~ This specification covers the detail requirements for a FET input,low bias current, low drift, integrated circuit 
operational amplifier. 

1.2 Part Number. The complete part number is as shown below. 

OPAIOS V M 1883B 

I l l T 
Basic model Grade Metal Hi-Rei product 

number (see 1.2.1) package designator 
(see 1.2.2) 

1.2.1 Device tyl1e. The device is a single operational amplifier. Three electrical performance grades are provided. The W 
grade features ±2,., V/"C drift (-SS"C to + 12S"C). The V grade features ±S,., V /"C drift (-SS"C to + 12S"C). The U grade 
features excellent performance (±IS,.,V J"C) from -2S"C to +&S"C and guarantees performance from -55"C to + 12S"C. 

Electrical specifications are shown in Table I. Electrical tests are shown in Tables II and III. 

1.2.2 Device class. The device class is similar to the class B product assurance level, as defined in MIL-M-38510. The 
Hi-Rei product designator portion of the part number distinguishes the product assurance levels as follows: 

Requirements 
Hi-Rei product 
designator 

1883B Standard model, plus 100% MIL-STD-883 class B screening, with 10% PDA, plus 
quality conformance inspection (QCI) consisting of Groups A and B on each 
inspection lot, plus Groups C and D performed as required by MIL-STD-883. 

(none) Standard model including 100% electrical testing. 

1.2.3. Case outline. The case outline is A-I (8-lead can. TO-99) as defined in M IL-M-38SIO, Appendix C.The case is metal 
and is conductive. 

1.2.4 Absolute maximum rating~ 

Supply voltage range 
Input voltage range 
Differential input voltage range 
Storage temperature range 
Output short-circuit duration 
Lead temperature (soldering. 60sec) 
Junction temperature 

1.2.S Recommended ol1erating conditions. 

Supply voltage range 
Ambient temperature range 

. 1.2.6 Power and thermal characteristics. 

±20VDC 
±20VDC! 
±40VDC! 
-65"C to +ISO"C 
Unlimited .3. 
300"C 
Tl = 17S"C 

±5VDC'to ±20VDC 
-SS"C to +12SoC 

Package 
8-lead can 

Case outline 
Figure I 

Maximum allowable 
power dissipation 

225mWat TA -12S"C 

Maximum 
IJ J-A 

220"C/W 

1 rhe ltb~nlutc maximum input \"oha8t.' is equal to the supply mltage. 
I Short circuit may he tn ground nnly. Rating apple!! to +1J5"C case temperature or +50"C ambient temperature at ±15VDC !<ioupply voltage. 
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2. APPLICABLE DOCUMENTS 

2. I The following documents form a part of this specification to the extent specified herein. 
SPECIFICA nON 

MILITARY 
M IL-M-38510 - Microcircuits. general specification for. 

STANDARD 
MILITARY 

M I L-STD-883 - Test methods and procedures for microcircuits. 

3. REQUIREMENTS 

3 . .1 General. Burt-Brown uses production and test facilities and a quality and reliability assurance program adequate to 
assure successful compliance with this specification. 

3.1.1 Detail sl'ecifications. The individual item requirements are specified herein. In the event of cont1icting 
requirements the order of precedence will be the purchase order. this specification. and then the reference documents. 

3.2 Design. construction. and PE),sical dimensions. 

3.2.1 Package. metals. and other materials. The package is in accordance with paragraph 3.5.1 of M I L-M-38510. The 
exterior metal surfaces are corrosion resistant. The other materials are nonnutrient to fungus as specified in 
MIL-M-3851O. See Figure I for the case outline. . 

Note: 
leads in true position within 0.010" 
IO.25mm, R at MMC at seating plane .. 

Pin numbers shown for reference only. 
Numbers"may not be marked on package. 

INCHES 
DIM MIN MAX 

A' .335 .370 

B .305 .335 

C .165 :185 

0 .016 .021 

.010 .040 

.010 .040 

G .200 BASIC 

H .028 .034 

.029 .00S 

K .500 

L .11'0 .160 

M 4SQ BASIC 

N .095 _L .105 

FIGURE I. Case Outline (TO-99) Package 
Configuration. 

MILLIMETERS 
MIN MAX 

8.51 9.40 

7.75 8.51 

4.19 4.70 

0.41 0.53 

0.25 1.02 

0.25 1.02 

5.08 BASIC 

0.71 0.86 

0.74 1.14 

12.7 

2.79 4.06 

45° BASIC 

2.41 2.67 

3.2.2 Design documentation. The design documentation is in accordance with MIL-M-38510. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accordance with 
MIL-M-38510. 
i2.4 Lead material and finish. The lead material is kovar type (type A). The lead finish is gold plate with nickel 
underplating. The lead material and finish is in accordance with MIL-M-38510 and is solderable per MIL-STD-883. 
method 2003. . 

3.2.5 Die thickness. The die thickness is in accordance with MIL-M-38510. 

3.2.6 Ph),sical dimensions. The physical dimensions are in accordance with paragraph 1.2.3 herein. 

3.2.7 Circuit diagram and terminal connections. The circuit diagram and terminal connections are shown in Figure 2. 

3.2.8 Glassivation. All dice are glassivated. 
3.2.9 Schematic Circuit. A simplified schematic circuit is shown in Figure 3. 
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-IN 

-Vcc 

B-lEAD CAN (TOP VIEWI 

FIG U R E 2_ Circuit Diagram and Terminal Connections. 

+Vcc 

INTERMEDIATE BIAS 
STAGES NETWOOK 

INPUT STAGE OUTPUT STAGE 

3.3 Electrical Performance Characteristics. The electrical performance characteristics are as specified in Table I and 
apply over the full operating ambient temperature range of -SS"C to +12S"C unless otherwise specified. 

3.3.1 Additional Electrical Performance Characteristics. Electrical performance curves are shown in paragraph 7. 

3.3.2 Offset null. The amplifier is capable of being nulled to zero offset voltage using the circuit in Figure 4. If nulling is 
unnecessary for the application, delete the three components and make no connections. 
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.Vee 

OUTPUT 

~ft~f;:=== OFFSET NUll 

,Vee 

FIGURE 4. Offst:t !\:ull Circuit. 

3.3.3 Frequenc)' compensation. No frequency compensation is required. The amplifier is free of oscillation when 
operated at any gain and when operated in any test condition specified herein. 

3.4 Electrical tests. Electrical tests:are shown in Table II. The subgroups of Table III which constitute the minimum 
electrical tests for screening, qualification, and quality conformance, are shown in Table II. . 
3.5 Marking. Marking is in accordance with MIL-M-38510. The f9110wing marking is placed on each microcircuit as a 
minimum. 

a. Part number (see paragraph 1.2) 
b. Inspection lot identification code 1 . 

M f "fi' r. ...... !!!!WN ®, c. anu acturer's Identl Icatlon (Bell. ) . 
d. Manufacturer's designating symbol (CEBS) 
e.Country of origin 

3.6 Workmanship~ These microcircuits are manufactured, processed, and tested in a careful and workmanlike manner. 
Workmanship is in accordance with good engineering practices, workmanship instructions, inspection and test 
procedures, and training, prepared in fulfillment of Burr-Brown's product assurance program. 

3.6. I Rework provisions. Rework provisions, including rebonding for the· /883B Hi-Rei product designation, are in 
accordance with MIL-M-3851O. 
3.7 Traceability.:. Traceability for /883B Hi-Rei product designation is in accordance with MIL-M-38510. Each 
microcircuit is traceable to the production lot and to the component vendor's component lot. Reworked or repaired 
microcircuits maintain traceability. 
3.8 Product and process chang!;: Burr-Brown will tiot implement any major change to the design, materials, 
construction, configuration, or manufacturing process which may affect the performance, quality or interchangeability 
of the microcircuit without full or partial requalification. 

JJ A 4-<1igit date code, indicating year and week of seal and a 4- or 5-digit lot identifier are marked on each unit. 
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SYM-
CHARACTERISTIC BOL 

GAIN 
Open-Loop 
Voltage Gain Avs 

RATED OUTPUT 

Voltage Va 
Current. 10 
Impedance Zo 
Load Capacitance CL 
Short Circuit Current los 

DYNAMIC RESPONSE 

Bandwidth BW 
Bandwidth BW 
Slew Rate SR 
Settling Time 10.1%1 Ts 
Settling Time 10.01%1 Ts 
Overload Recovery 11 Tr 

INPUT OFFSET VOLTAGE 

Initial Offset Via 
Temperature Sensitivity DV,o 

vs Power Supply PSRR 

INPUT BIAS CURRENT 

lriitial Bias Y lib 
vs Supply Voltage 

INPUT OFFSET CURRENT 

Initial Offset· ',0 

INPUT IMPEDANCE 

Differential Z,d 

Common-Mode Z,eM 

INPUT NOISE 

Voltage eo 

Currerit io 

INPUT VOLTAGE RANGE 

Differential VOl 
Common-Mode 
Common-Mode Rejection CMRR 

POWER SUPPLY 

Rated Voltage VOl 
Voltage Range 
Quiescerit Current 10 

TEMPERATURE RANGE (ambienl) 

Operating 
Storage 

'Same as OPA105W grade 
NOTES: 

TABLE I. Electrical Performance Characteristics. 
AII.characteristics at -55°C S TA S +125°C, ±Vcc = 15VDC, unless otherwise specified. 

OPA1~5WM/883B OPA105VM/883B OPA105UM/883B 
OPA10SWM OPA10SVM OPA10SUM 

CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

RL 2k!l I TA +25°C 106 112 dB 
Va = ±10V. F = OHz -55°C:5 TA '$ +125°C 95 102 dB 

RL = lkO ±10 V 
±10 rnA 

TA = +25°C 3 k!l 
TA = +25°C 500 1000 pF 

To Ground 10 25 rnA 

Unity Gain-Smail Signal TA = +25°C 1 MHz 
Full Power TA = +25°C 14 20 kHz 
RL = 2k!l. TA = +25°C 0.9 1.3 VI~sec 

TA = +25°C 9 ,usee 
TA = +25°C 20 ,usee 
TA = +25°C 4 15 J,Lsec 

TA - +25°C ±250 ~V 
V,O(TAI - Via (+25'C: 

~T 
-55'; TA'; +125°C ±2 ±5 ±25 ~V/oC 

-25'; TA'; +85°C ±15 ~VloC 

Vee = ±5. Vee = ±20VDC ±74 dB 

TA = +25°C 1 pA 
TA = +25°C 0.005 pAN 

TA = +25°C ±0.2 pA 

TA = +25°C 1013 11 
1.6 !lll pF 

TA = +25°C 1015 11 
1.8 !lll pF 

fo = 10Hz TA = +25°C 55 nVlv'Hz 
fo = 100Hz TA = +25°C 35 nVlv'Hz 
fo = 1kHz TA = +25°C 30 nVlVHz 
fo = 10kHz TA = +25°C 25 nVlVHz 
fs = O.IHz to 10Hz TA = +25°C 3 ~V/.p-p 

fs = O.IHz to 10Hz TA = +25°C om pA.p-p 
fs = 10Hz to 10kHz TA = +25°C 0.03 pA, rms 
fo = 1kHz TA = +25°C 0.6 fNv'Hz 

TA - +25°C ±20 " V 
TA = +25°C ±10 ±12 V 

V,N =±10V TA = +25°C 76 86 dB 

±15 VDC 
±5 :t20 VDC 

1.0 1.5 rnA 

-55 +125 °C 
-65 +1.50 °C 

:Jj Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive signal. 
Y Bias current is tested and guaranteed at TA = +25° C. For higher temperature the bias current doubles every +10°C. 
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3.9 Screening. Screening for /883B Hi-Rei product.designation, is in accordance with MIL-STD-883, method 5008, 
class B, except as modified in paragraph 4.3 herein. . 

Screening for the standard model includes Burr-Brown QC4118 internal visual inspection and stabilization bake, fine 
leak, gross leak, burn-in (72 hours performed preseal), temperature cycle, constant acceleration (condition B), and 
external visual inspection per MIL-STD~883, method 2009. 
For the /883B Hi-Rei product designation, all microcircuits will have passed the screening requirements prior to 
qualification or quality conformance inspection. 

3.10 .Qualification. Qualification is not required. See paragraph 4.2 herein. 

3.11 Quality conformance inspection. Quality conformance inspection for the / 810B Hi-Rei product designation, is in 
accordance with MIL-M-38SI0, except as modified in paragraph 4.4 herein. The microcircuit inspection lot will have 
passed quality conformance inspection prior to microcircuit delivery. 

SUBGROUP 

1 
TA = +25DC 

2 
TA =+125 

2U 
TA = +85DC 

3 
TA = -55°C 

3U 
TA = -25°C 

4 
TA = +25DC 

5 
TA=+125°C 

6 
TA = -55DC 

TABLE II. Electrical Test Requirements. 

(The individu'al tests within the subgroups appear in Table II I) 

MIL·STD·883B 

MODELS} REQUIREMENTS 
(hybrid cl ••• ) 

Interim electrical parameters 
I pre burn-in} I method 50081 

Final electriCal test parameters 
I method 5008, 

Group A test require~ents y 
I method S0081 

Group C end pOint electrical y 
parameiers I method 50081 -

Additional electrical subgroups y 
lor Group C Inspections 

·PDA applies to subQroups 1, 4 see 4.3d I 

1!L TPO lor these additionallesls is 15%. 
VApplies for 1883B models only. . 

OPA10SWM/883B OPA 10SVM/883B 
OPA10SWM OPA10SVM 

1,4 1,4 

I" 2.3,4 1',2,3,4 

1.2,3,4, 1,2.3,4 

1 1 

5,6 5,6 

TABLE III. Group A Inspection. 

LIMITS 

OPA10SUM/883B 
OPA10SUM 

1,4 

I', 2, 2U, 3. 3U, 4 

1.2, 2U, 3, 3U. 4 

1 

-. 

MIL-STD-883 CONDITIONS OPA10SWM/883B OPA105VM/883B OPA10SUM/883B 

MEntODOR ±VCC =15VDC OPA105WM OPA105VM OPA105UM 

SYMBOL EQUIVALENT unles. otherwise .peclfled MIN MAX MIN MAX MIN MAX 

v,O 4001 ±2SO ±2SO 250 

ItB 4001 ±I ±I ±1 
Vo RL = 2kll ±10 ±10 ±10 
10 1.5 1.5 1.5 

CMRR 4003 VCM±IOV 76 76 76 
PSRR Vee = ±5V, Vee = ±20V 74 74 74 

OV,O 4001 V,O (+125) - V,O (+25) 2 5 
100 

OV,O 4001 V,O (+85) - V,O (+25) 15 
60DC 

OV,O 4001 V,O (+25) • V,O (-55) 2 5 
80 

OV,O 4001 V,O (+25) - V,O (-251 15 
50 

Avs 4004 1= OHz. RL = 2kll 106 106 .106 
SR 4002 RL = 2kll, Vo = ±10V 0.9 0.9 0.9 

Avs 4004 f= OHz. RL = 2kll 95 95 

Avs 4004 f = OHz, RL ~ 21<11 95 95 
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4. PRODUCT ASSURANCE PROVISIONS 

4.1 Saml1ling and inspection. Sampling and inspection procedures are in accordance with M IL-M-38510· and 
MIL-STD-883. method 5008. except as modified herein. 

4.2 Qualification. Qualification is not required unless specifically required by contract or purchase order. 

When'so required. qualification will be in accordance with the inspection routine of M IL-M-38510. paragraph 4.4.2.1. 
The inspections to be performed are those specified herein for groups A. B. C and D inspections (see paragraphs 4.4.1. 
4.4.2.4.4.3. and 4.4.4). 
Burr-Brown has performed and successfully completed qualification inspection as described above. The most recent 
report is available from Burr-Brown. 

4.3 Screening:..Screening, the /883B Hi-Rei product designation, is in accordance with MIL-STD-883B,.method 5008, 
class B, and is conducted on all 'devices. The following additional criteria apply: 

a. Constant acceleration test (M I L-STD-883. method 200 I) is test condition B. VI axis only. 
b. Interim and final test parameters are specified in Table II. The interim electrical parameters test prior to burn-in is 

optional at the discretion of the manufacturer. 
c. Burn-in test (MIL-STD-883. method 1015) conditions: 

(I) Test condition B 
(2) Test circuit is Figure 5 herein 
(3) TA = +125"C minimum 
(4) Test duration is 160 hours minimum 

d. Percent defective allowable (PDA). The PDA, for /883B Hi-Rei product designation only, is 10 percent and 
includes both parametric and catastrophic failures. It is based on failures from group A, subgroup I test, after 
cool-down as final electrical test in accordance with MIL-STD-883, method 5008, and with no intervening 
electrical measurements. If interim electrical parameter tests are performed prior to burn-in, failures resulting from 
preburn-in screening failures may be excluded from the PDA. If interim electrical parameter tests prior to burn-in 
are omitted, all screening failures shall be included in the PDA. The verified failures of group A, subgroup I, after 
burn-in in that lot are used to determine the percent defective for that lot, and the lot is accepted or rejected based 
on the PDA. 

e. External visual inspection need not include measurement of case and lead dimensions. 

FIGURE 5. Test Circuit. Burn-in and Operating 
Life Test. 

4.4 _Qlllilil:y conformance inspection. Groups A and B inspections of MIL-STD-883, method 5005, are performed on 
each inspection lot. Grollps C and D inspections of MIL-STD-883, are performed as required by MIL-STD-883. 

A report of the most recent groups C and D inspections is available from Burr-Brown. 

4.4.1 Groul1 A insr.ection. Group A inspection consists ofthe test subgroups and L TPD values shown in M I L-STD-883. 
method 5008, and as specified in Table II herein. 

4.4.2 Group B insl1ection. Group B inspection consists of the test subgroups and L TPD values shown in M IL-STD-883. 
method 5008. class B. 
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4.4.3 Group C insp'ection. Group C inspection consists ofthe test subgroups and L TPD values shown in M IL-STD-88J'" 
method 5008, class B, and as follows: . . 

a. Operating life test (M II.-STD-883. method 1005) conditions: 
(I) Test condition D 
(2) Test circuit is Figure S. herein 
(3) T, = +125"C minimum 
(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table II herein. 
c. Additional electrical subgroups are specified in Table II herein. 

4.4.4 Group D inspection. Group /) inspectio~ consists of the test subgroups and L TPD values shown in M IL-STD-88J. 
method 5008. 

4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate tables. Electrical 
test circuits are as prescribed herein or in the referenced test methods of M IL-STD-883. 

4.5.1 Voltage and current. All voltage values given. except the input offset voltage (or differential voltage) are referenced 
.to the external zero reference level of the supply voltage. Currents given are conventional current and positive when 
flowing into the referenced terminal. 

4.6 Insp'ection of p.!!Ilaration for delivery..: Inspection of preparation for delivery is in accordance with M I L-M-JH510. 
except that the rough handling test does not apply. 

5. PREPARATION FOR DEI.IVERY 

5.1 Preservation-packagillg and !lacking. Microcircuits are prepared for delivery in accordance with M II.-M-J8S 10. 
6. NOTES' . " 

6.1 Notes. The notes specified in MII.-M-38510 are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is desirable. 

6.3 Ordering data. The contract or order should specify the following: 
a. Complete part number (see paragraph 1.2) 
b. Requirement for certificate of compliance. if desired. 

6.4 Microcircuit group assignment. These microcircuits are assigned to Technology Group I as defined in MIL-M-
38510, Appendix E. 
6.5 Electrostatic sensitivity. These microcircuits may be damaged by eiectrostatic discharge. Electrostatic sensitive 
precautions should be observed at all times . 

. 7. ELECTRICAL PERFORMANCE CURVES. 

(Typical at TA = +25"C and ±Vcc = 15VDC unless otherwise specified). 
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8. APPLICATION INFORMATION 

8.1 Offset voltagudjustment. Although the OPA105(883B Series has a low initial offset voltage (250,.N), some 
applications may require external nulling of this small offset. Figure 4 shows the recommended circuit for adjustment of 
the offset voltage. External offset voltage adjustment changes the laser adjusted offset voltage temperature drift slightly. 
The drift will change approximately 0.3J.L V;"C for every IOOIL V of offset adjustment. 

8.2 Guarding and shielding:.. The ult~a-Iow bias current and high input impedance of the OPAl05(883B Series are 
well-suited to a number of stringent applications. however. careless signal wiring of printed circuit board layout can 
degrade circuit performance several orders of magnitude below the capability of the OPA105(883B Series. 

As in any sit uation where high impedances are involved. careful shielding is required to reduce "hum" pickUp in input 
leads. If large feedback resistors are used. they should also be shielded along with the external input circuitry. 

Leakage currents across printed circuit boards can easily exceed the amplifier's bias current of the OPAl05(883B 
Series. To avoid leakage problems, it is recommended that the signal input lead of the OPAl05(883B Series be wired to 
a Teflon standoff. If the OPA105(883B Series is to be soldered directly into a printed circuit board, utmost care must 
be used in planning the board layout. A "guard" pattern should completely surround the two amplifier input leads and 
should be connected to a low input impedance point which is at the signal input potential. 

The amplifier case should be connected to'any input shield or guard via pin 8. This insures that the amplifier itself is fully 
surrounded by guard potential. minimizing both leakage and noise pickUp. Figure 6 illustrates the use of the guard. The 

. resistor RJ shown in Figure 6 is optional. It may be used to compensate effects of very large source resistances. However, 
note that its use would also increase the noise due to the thermal noise of RJ. 
8.3 Thermal ~ponse time. Thermal response time is an important parameter in low drift operational amplifiers like 
the OPA 105( MIL Series. A low drift specification would be of little value if the amplifier took a long time to stabilize 
after turn-on or ambient temperature change. The TO-99 package and careful circuit design provide the necessary ljuick 
thermal response. Typical warm-up drift of the OPA105(883B Series is 20 seconds. 

RI 
INPUT o--"'W ...... ;.r_T-=:::;=~:::::;-1 

I 
I 

GUARD I 

I ,+ 

INPUT o----~L!--_-_-__ -_-_ ... +-\ 

NONINVERTING AMPLIFIER 

RI R2/IRI+ R21 

OUTPUT 

INPUT 0------1------1--\ 

OUTPUT 

'R3 may be used to compensate 
for very large source resistances. must be fow Impedance. 

Board layout for Input guarding 
with T0099 Package. 

FIGURE 6. Connection of Input Guard. 
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BURR-BROWN® 

11511511 OPA106/883B SERIES 
. MODEL NUMBERS: 

OPA 106WM/883B 
OPA106WM 

OPA106UM/1i83B 
OPA106UM 

OPA 106VM/883B 
OPA106VM 

REVISION B. 
MAY, 1986 

FET Input Military 
OPERATIONAL AMPLIFIER 

FEATURES 
• LOW BIAS CURRENT, IDOlA, max 
• HIGH INPUT IMPEDANCE, 10130 

• LOW DRIFT, 5/LV/oC, max 
• LOW OFFSET VOLTAGE 250/LV, max 
• LOW QUIESCENT CURRENT, 1.5mA, max 
• HERMETICALLY SEALED TO-99 PACKAGE 

DESCRIPTION 

The OPAJ06/8838 Series is a low bias current 1000A, 
max) operational amplifier. Guaranteed low initial 
offset voltage (2S0/L V, max) and associated drift versus 
temperature (S/LV/oCC, max) is achieved by laser
adjusting the amplifier during manufacturing. This 
feature, and guaranteed low bias current allow greater 
system accuracy with no external components. 

Quiescent current (I.SmA, max) is unaffected by 
changes in ambient temperature or power supply 
voltage. Other characteristic of the OPAJ06/883B 
Series include internal compensation for unity-gain 

APPLICATIONS, 
• CURRENT-TO-VOLTAGE CONVERSION 

• LONG TERM PRECISION INTEGRATION 

• PRECISION VOLTAGE AMPLIFICATION FOR 
HIGH INPUT IMPEDANCE APpliCATIONS 

stability and rapid thermal response for quick 
stabilization after tum-on or temperature changes .. 

The amplifier is free from latch-up and is protected 
for continuous output shorts to common. As an 
added protection feature, either of the trim pins can 
be accidentally shorted to a potential greater than the 
negative supply voltage without damage. 

The standard pin configuration (741 type) of the 
OPAI06/8838 Series allows the user drop-in replace
ment capability. A pin 8 case connection permits the 
reducti9n of noise and leakage by employing guarding 
techniques. 

InlemalionalAlrporllndustrlal Park· P.0.8ox 11400· Tucson. Arizona 85734· Tol. (602] 741H 111 . Twx: 910-952·1111 . Cable: BBRCORp· Telex: 66·6491 

PDS-480B 
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I. SCOPE 

DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 
OPERATIONAL AMPLIFIER 

HYBRID, SILICON 

1.1 .fu:QpJ;. This specification covers the detail requirements for a FET input, low bias current,low drift, integrated circuit 
operational amplifier. 

1.2 Part Number. The complete part number is as shown below. 

OPAI06 V M /883B 

I .l l I 
Basic model Grade Metal Hi-Rei product 

number (see 1:2.1) pac:<ag(~ designator 
(see 1.2.2) 

1.2.1 Device typ~. The device is a single operational amplifier. Three electrical performance grades are provided. The W 
grade features ±5~V j"C drift (-55°C to +1 25°C). The V grade features ±IO~Vj"C drift (_55°C to +125°C). The U grade 
features' ±20~ V j"C drift from -25°C to +85°C and guarantees' performance from -55°C to + 125°C. 
Electrical specifications are shown in Table I. Electrical tests are shown in Tables II and III. 

1.2.2 Device class. The device class is similar to the class B product assurance level, as defined in MIL-M-38510. The 
Hi-Rei product designator portion of the part number distinguishes the product assurance levels as follows: 

Hi-Rei product 
desig~ Reguirements 

/883B Standard model, plus 100% MIL-STD-883 class B screening, with 10% PDA, plus 
quality conformance inspection (QCI) consisting of Groups A and B on each 
inspection lot, plus Groups C and 0 performed as required by MIL-STD-883. 

(none) SW.ndard model including HiO% electrical testing. 

1.2.3 Case outline. The case outline is A-I (8-lead can, TO-9~) as defined in MIL-M-3851O, Appendix C. The case is 
metal and is conductive. 

1.2.4 Absolute maximum rating~ 

Supply voltage range 
Input voltage range 
Differential input voltage range 
Storage temperature range 
Output short-circuit duration 
Lead temperature (soldering, 60sec) 
Junction temperature 

1.2.5 Recommended operating conditions. 

Supply voltage range 
Ambient temperature range 

1.2.6 Power and thermal characteristics. 

±20VDC 
±20VDCl 
±40VDCl. 
_65°C to +150°C 
Unlimited 1 
300°C 
TJ =+175°C 

±5VDC to ±20VDC 
_55°C to +125°C 

Package 
8-lead ca-n 

Case outline 
Figure I 

Maximum allowable 
power dissipation 

225mW at TA = +125°C 

Maximum 
8 J-C 

220~C/W 

.L The absolute maximum input voltage is equal to the supply voltage. 
2d Short circuit may be to ground only. Rating applies to + I 35C>C case temperature or +SO"C ambient temperature at ±J 5VDC supply voltage. 
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2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specification to the extent specified herein. 
SPECIFICA nON 

MILITARY 
M IL-M-38510 - Microcircuits, general specification tor. 

STANDARD 
MILITARY 

MIL-STD-883 - Test methods and procedures for microcircuits. 

3. REQUIREMENTS 

OPAI06/883B SERIES 

3.1 General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequa~e to 
assure successful compliance with this specification. 

3.1.1 Detail specifications. The individual item requirements are specified herein. In the event of conflicting 
requirements the order of precedence will be the purchase order, this specification, and tlien th~ reference documents. 

3.2 Design, construction, and PEysical dimensions. 

3.2.1 Package, metals, and other materials. The package is in accordance with paragraph 3.5.1 of MIL-M-38510. The 
exterior metal surfaces are corrosion resistant. The other materials are nonnutrient to fungus as specified in 
MIL-M-3851O. See Figure I for the case outline. . 

NOle: 
Leads 'j'n true position within 0.010" 
IO.25mm I R al MMC al sealing plane. 

Pin numbers shown for reference only. 
Numbers may not be marked on package. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .335 .370 8.51 9.40 

.305 .335 7.75 8.51 

C .165 .185 4.19 4.70 

0' . .016 .021 0.41 0.53 

.010 .040 0.25 1.02 

.010 .040 0.26 1.02 

G .200 BASIC 5.08 BASIC 

H .028 .034 0.71 0.86 

.029 .00S 0.14 1.14 

K .500 12.7 

L' .110 .160 2.79 4.06 

M 45° BASIC 45° BASIC 

N .095 I .10S 2.41 I 2.67 

FIGURE L Case Outline (TO-99) Package Configuration. 

3.2.2 Design documentation. The design documentation is in accordance with MIL-M-3851O. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accotd~nce with 
MIL-M-38510. . 

3.2.4 Lead material and finish. The lead material is kovar type (type A). The lead finish is gold plate with nickel 
underplating. The lead material and finish is in accordance with MIL-M-38510 and is solderable per MIL-STD-883, 
method 2003. 

3.2.5 Die thickness. The die thickness is in accordance with MIL-M-38510. 

3.2.6 Physical dimensions. The physical dimensions are in accordance with.paragrap\1 1.2.3 herein. 

3.2.7 Circuit diagram and terminal connections. The circuit diagram and terminal connections are shown in Figure 2. , ' 
3.2.8 Glassivation. All dice utilized are glassivated. 

3.2.9 Schematic Circuit. The schematic circuit is shown in Figure 3. 
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OFFSET 
TRIM 

·VCC 

B·LEAD CAN (TOP VIEWI 

FI G U R E 2. Circuit Diagram and Terminal Connections. 

OUTPUT 

FIGURE 3. Simplified 'Schematic Circuit. 

3.3 Electrical Qerformance characteristics. The electrical performance characteristics are as specified in Table I and 
apply over the full operating ambient temperature range of _55°C to +125°C unless otherwise specified. 

3.3. J Additional electrical Rerformance characteristics. Electrical performance curves are shown in paragraph 7. 

3.3.2 Offset null. The amplifier is capable of being nulled to zero offset voltage using the circuit in Figure 4. If nulling is 
unnecessary for the application, delete the potentiometer and make no connections. 
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+Vcc 

OUTPUT 

1'::C:~f;:=== OFFSET NULL 

FIGURE 4. Offset Null Circuit. 

3.3.3 Freql!!:!!£y compensation. No frequency compensation is required. The amplifier is free of oscillation when 
operated at any gain and when operated in any test condition specified herein. 
3.4 Electrical tests. Electrical tests are shown in Table II. The subgroups of Table III which constitute the minimum 
electrical tests for screening, qualification, and quality conformance, are shown in Table II. 

3.5 Marking. Marking is in accordance with MIL-M-3851O. The following marking is placed on each microcircuit as a 
minimum. 

a. Part number (see paragraph 1.2) 
b. Inspection lot identification code 1) 

d. Manufacturer's identification (rAIII~ 
e. Manufacturer's designating symbol (CEBS) 
f. Country of origin 

3.6 Workmanship~ These microcircuits are manufactured, processed, and tested in a careful and workmanlike manner. 
Workmanship is in accordance with good engineering practices, workmanship instructions, inspection and test 
procedures, and training, prepared in fulfillment of Burr-Brown's product assurance program. 

3.6.1 Rework provisions. Rework proviSions, including rebonding for the /883B Hi-Rei product designation, are in 
accordance with MIL-M-3851O. 

3:7 Traceability. Traceability for /883Bproduct designation is in accordance with M IL-M-38SIO. Each microcircuit is 
traceable to the production lot and to the component vendor's component lot. Reworked or repaired microcircuits 
maintain traceability. 

3.8 Product and process chang~. Burr-Brown will not implement any major change to the design, materials, 
construction, configuration, or manufacturing process which may affect the performance, quality or interchangeability 
of the microcircuit without full or partial requalification. 

jJ A 4-digit date code, indicating year and week of seal and a 4- or S-digit lot'identifier are marked on each unit. 
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TABLE 1. Electrical Performance Characteristics. 
All characteristics at -55°C S TA S +125°C, ±Vce ~ 15VDC, unless otherwise specified. 

SYM 
CHARACTERISTIC BOL 

GAIN 
Open-Loop 
Voltage Gain Avs 

RATED OUTPUT 

Voltage Vo 
Current 10 
Impedance Zo 
Load Capacitance CL 
Short Circuit Current loS 

DYNAMIC RESPONSE 

Bandwidth BW 
Bandwidth BW 
Slew Rate SR 
Settling Time 10.1%1 Ts 
Settling Time 10.01%1 TS 
Overload Recovery Y T.. 
INPUT OFFSET VOLTAGE 

Initial Offset VIC 
Temperature Sensitivity DV,o 

vs Power Supply PSRR 

INPUT BIAS CURRENT 

Initial Bias I .. 
vs Supply Voltage 

INPUT OFFSET CURRENT 3l 
InilialOffset . I 1'0 

INPUT IMPEDANCE 

Differential Z,o 

Common-Mode ·ZICM 

INPUT NOISE 

Voltage en 

Current in 

INPUT VOLTAGE RANGE 

Differential V~ 
Common-Mode 
Common-Mode Rejection CMRR 

POWER SUPPLY 

Rated Voltage ±Vcc 
Voltage Range 
Quiescent Current Ie 

TEMPERATURE RANGE (ambient) 

Operating 
Storage 

·Same as OPA106W Grade 

NOTES: 

OPA101WM/tiiI3B OPA 101VMlII38 
OPA101WM OPA101VM 

CONDITIONS MIN I TYP I MAX MIN I npi MAX 

RL -2kO TA-+25°C 103 109 
Vo ~ ±10V. F ~ OHz -55°C S TA S +125°C 93 lOt 

RL=lkO ±10 
±10 

TA ~+25°C 3 
TA=+25°C 500 tOOO 

To Ground 10 25 

Unity Gain-Small, Signel TA - +25°C 1 
Full Power TA = +25°C 19 28 
RL ~2kO, TA = +25°C 1.2 1.8 

TA = +25°C 6 
TA ~ +25°C 18 
TA ~ +25°C 4 15 . 
TA = +25°C ±250 

V,o (T.) - V,o (+25'C) 
AT 

-55°C STA S+125°C ±5 ±10 
-25°C S TA S +65°C 

Vee = ±5, Vee ~ ±20VDC ±80 

TA -+25°C -tOO -150 
TA ~ +25°C 1 

TA=+25OC I I ±40 I I ±80 I 

TA=+oC 1013 11 
0.8 

1015 11 
1.6 

fo = 10Hz TA ~ +25°C 75 
fo ~ 100Hz TA ~ +25°C 55 
fo = 1kHz TA~+~oC 35· 
'0 ~ 10kHz TA = +25OC 35 
fe = O.IHz to 10Hz TA ~ +25°C 6 
fe = O.IHz to 10Hz TA ~ +25°C 3 
fe = 10Hz to 10kHz TA ~ +25°C 10 
'0 ~ 1kHz TA ~ +25°C 0.25 

TA=+25°C ±20 
TA=+25°C ±10 ±12 

Y,N ~±10V TA~+25°C 76 86 

±15 
±5 ±20 

1.0 1.5 

-55 +125 
'65 +150 

OPA101UM/II3B 
OPA101UM 

MIN I TYP MAX UNITS 

dB 
dB 

V 
rnA 
kO 

i- .. pF 
rnA 

MHz 
kHz 

VI"sec 
~sec 

"sec 
JoIsec 

"V 

50 "VfOC 
±20 "VfOC 

dB 

-300 fA 
fAN 

I ±80 I I fA 

011 pF 

011 pF 

nVl$. 
nVl$. 
nVl.,jRi 
nVl$. 
"VI,p-p 
fA, pop 
fA,rms 
fAlJRZ 

V 
V 

dB 

VDC 
VDC 
rnA 

°C 
°C 

1I Overload recovery is defined as the time required for the output to return from .aturatlon to linear operation following the removal of a 50% input overdrive ,ignal. 
21 Bla, currentl,tested and guaranteed at T. = +25' C. For higher temperature the bla, current doubles every +10'C. 
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3.9 Screening~ Screening for the /883B Hi-Rei product designation, is in accordance with MIL-STD-883, method 
5008, class B; except as modified in paragraph 4.3 herein. 

Screening for the standard model includes Burr-Brown QC4118 internal visual inspection and stabilization bake, fine 
leak, gross leak, burn-in (72 hours performed preseal), temperature cycle (condition C), constant acceleration 
(condition' B), and external visual inspection per MIL-STD-883, method 2009. 
For the /883B Hi-Rei product designation, all microcircuits will have passed the screening'requirements prior to 
qualification or quality conformance inspection. 

3. io Qualification. Qualification is not required. See paragraph 4.2 herein. ' 
3: II 9ualit)' conformance inspection. 'Quality conformance inspection for the / 883B Hi-Rei product designation, is in ' 
accordance with MIL-M-38510, except as modified in paragraph 4.4 herein. The microcircuit inspection lot will have 
passed quality conformance inspection prior to microcircuit delivery.' 

TABLE II. Electrical Test Requirements. 
(The individual tests within the subgroups appear in Table III) 

, ~ 
MIL-STD-883 REQUIREMENTS (Hybrid Class) . 

. Interim el.ectrical parameters (pre burn-in) (method 5008) 

Final electrical test pa~ameters (method 5008) 

Group A test requirements (method 5008) 2/ 

Group C end point electrical parameters (method 5008) 2/ 

Additional electrical sUbgrou~s lor Group C inspections 2/ 

'POA appltes to subgroups 1-4 (see 4.3.d) 
'1/ LTPO lor these additional tests is 15%.1 
'l/ Applies lor "/883B" models only. 

OPA106WM/883B 
OPA106WM 

1.4 

1.2.3.4 

1'.2.3.4 

1.4 

5.61/ 

T ABLE Ill. Group A Inspection. 

MIL-STD-883 CONDITIONS OPA106WMI883B 
METHOD OR ±VCC =15VDC OPA106WM 

SUBGROUP SYMBOL EQUIVALENT unless otherwise specified MIN' MAX 

V,O 4001 ±250 
ItB 4001 ±100 
Vo RL =2kO ±10 

1 IQ '. 1.5 
TA=+~SoC CMRR 4003 VeM ±10V 76 

PSRR Vee = ±SV. Vee = ±20V 80 

2 OV,O 4001 V,o(12S) V,o(2S), 5 
TA =+12SoC 100 

2U OV,O 4001 V,o(S5) V,o(2S) 
TA=+8SoC 60 

3 OV,O 4001 V,o(25) V,O (-55) '5 
TA = _55°C 80 

3U OV,O 4001 V,O (25) V,O (-25) 
TA = -25°C 50 

4 Avs 4004 I OHz. RL 2kO 103 
TA=+25°C SR' 4002 'RL '" 2kOVo = ±10V 1.2 

'5 Avs 4004 1,=OHz. RL =2kO 93 
TA=+12SoC 

8 Avs 4004. I -OHz. RL - 2kO 93 
TA =-55°C 
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OPA106VM/883B 
OPA106VM 

1.4 

1.2,3,4 

1'.2.3.4 

1:4 

5.61/ 

LIMITS 

OPA106VM/863B 
OPA106WM 
MIN MAX 

±250 
±150 

±t'0 
1.5 

76 
80 

10 

10 

103 
1.2 

93 

93 

OPA106UM/883B 
OPA106UM 

1,4 

1.2. 2U. 3. 3U. 4 

1',2, 2U. 3. 3U. 4 

1.4 

-

OPA106UMl883B 
OPA106UM 
MIN MAX UNITS 

±250 "'V 
±300 IA 

±10 V 
1.5 mA 

76 dB 
80 dB 

",V/oC 

20 ",VfOC 

",V/oC 

. 20, ",VloC 

103 dB 
1.2" VI",sec 

dB 

dB 
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4. PRODUCT ASSURANCE PROVISIONS 

4.1 Samp.fu!g and inspection. Sampling and inspection procedures are in accordance with MIL-M-3851O and 
MIL-STD-883, method 5008, except as modified herein. ' 

4.2 Qualification. Qualificafion is not required unless specifically required by contract or purchase order. When so 
required, qualification will be in accordance with the inspection routine of MIL-M-38510, paragraph 4.4.2.1. The 
inspections to be performed are those specified herein for groups A, B, C and D inspections (see paragraphs 4.4.1, 4.4.2, 
4.4.3, and 4.4.4). 

Burr-Brown has performed and successfully completed qualification inspection as described above. The most recent 
report is available from Burr-Brown. 

4.3 Screening. Screening, for the /883B Hi-Rei product designation, is in accordance with MIL-STD-883B, method 
5008, class B, and is conducted on all devices. The following additional criteria apply: 

a. Constant acceleration test (M IL-STD-883, method 2001) is test con!1ition B, VI axis only. 
b. I nterim and final test parameters are specified in Table II. The interim electrical parameters test prior to burn-in is 

optional at the discretion of the manufacturer. 
c. Burn"in test (MIL-STD-883, method 1015) conditions: 

(I) Test condition B " , 
(2) Te,st circuit is Figure 5 herein 
(3) Ti. = +125°C minimum 
(4) Test duration is 160 hours minimum 

d. Percent defective allowable (PDA). The' PDA, for/883B product designation o~ly, is 10 percent and includes 
both parametric and catastrophic failures. It is based on failures from group A, subgroup I test" after 
cool-down as final electrical test in accordance with MIL-STD-883, method 5008, and with no intervening 
electrical measurements. If interim electrical parameter tests are performed prior to burn-in, failures resulting from 
preburn~in screening failures may be excluded from the PDA.lfinterim dectrical parameter tests prior to, burn-in 
are omitted, all screening failures shall be included in the PDA. The verified failures of group A, subgroup,l, after 
burn-in in that lot are used to determine the percent defective for that lot, and the lot is accepted or rejected based 
on the PDA. ' , 

e. External visual inspection need not include measurement of case and lead dimensions., 

FIGURE 5. Test Circuit, Burn~in and Operating Life Test. 

4.4 Quality conformance inspection. Groups A and B inspections ofMIL-STD-883, method 5005, are performed on 
,each inspection lot. Groups C and D inspections of MIL~STD-883, are performed as required by MIL-STD-883. 

A report of the most recent groups C and D inspections is available from Burr~Brown. 

4.4'.1 Group' A insp'ection. Group A inspection consists of the test subgroups and L TPDvalues shown in MIL-STD-883, 
method 5008, and as specified in Table iI herein. 
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4.4.2 Group B inspection. Group B inspection consists of the test subgroups and L TPD values shown in M IL-STD-883. 
method 5008, class B. 

4.4.3 Group C insp'ection. Group C inspection consists of the test subgroups and L TPD values shown in M I L-STD-883. 
method 5008, class B, arid as follows: . 

a. Operating life test (MIL-STD-883. method 1005) conditions: 
(I) Test condition D 
(2) Test ciicuitis Figure 5 herein 
(3) T A = + I 25"C minimum, 
(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table II herein. 
c. Additional electrical subgroups are specified in Table II herein. 

4.4.4 Group' D insp'ection. Group D inspection consists of the test subgroups and L TPD values shown in M I L-STD-883. 
method 5008. 

4.5 Methods of examination and test. Methods cifexamimition and test are specified in the appropriate tables. Electrical 
test circuits are as prescribed herein or in the referenced test methods of MIL-STD-883. 

4.5.1 Voltage and current. All voltage values given. except the input offset voltage (ordifferential voltage) are referenced 
to the external zero reference level of the supply voltage. Currents given are conventional. current and positive when 
flowing into the referenced terminal. . 

4.6 Insp'ection of p'reparation for delivery.:. Inspection of preparation for delivery is in accordance ~ith M IL-M-38510. 
except that the rough handling test does not apply. . 
5. PREPARATION FOR DELIVERY 

5.1.. Preservation-p.ackag!!!g and p'acklng. Mic(ocircuits are prepared for, delivery in ac.cordance with M I L-M-38510: 
6. NOTES 

6.1 ~ The notes specified in M IL-M-38510 are applicable to this specification . 

. 6.2 Intended use. Microcircuits conforming to this specification aTl~ intended for use in applications where the use of 
screened ~arts is desirable. . ' . 

6.3 Ordering data. The contract or order'should specify the foliowing: 
a. Complete part number (see paragraph 1.2) 
b. Requirement for certificate of compliance, if desired. 

6.4 Microcircuit g~p' assig~ These microcircuits are assigned to Technology Group I as defined in MIL-M-
38510, Appendix E. 

6.5 Electrostatic sensitivity. These microcircuits may be damaged by electrostatic discharge. Electrostatic sensitive 
precautions should be observed at all times. 
7. ELECTRICAL PERFORMANCE CURVES. 

(Typical at TA = +25"C and ±Vcc = 15VDC unle~s otherwise specified). 
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8. APPLICATION INFORMATION 

8.1 Offset voltag~justment. Although the OPAlO6j883B Series has a low initial offset voltage (250J.LV), some 
applications may require external ilUlling of this small offset. Figure 4 shows the recommended circuit for adjustment of 
the offset voltage. External offset voltage adjustment changes the laser adjusted offset voltage temperature drift slightly. 
The drift will change approximately 0.3J.LV j"C for every 100MV of offset adjustment. 

8.2 Guarding and shielding, The ultra-low bias current and high impedance of the OPA106-1883B Series are 
well-suited to a number of stringent applications, however, careless signal wiring of printed circuit board layout can 
degrade circuit performance several orders of magnitude below the capability of the OPAI06j 883B Series. 

As in any situation where high impedances are involved, careful shielding is required to reduce "hum" pickup in input 
leads. If large feedback resistors are used, they should also be shielded along with the external input circuitry. 

Leakage currents across printed circuit boards can easily exceed the bias current ofthe OPA 106/883B Series. To avoid 
leakage problems, it is recommended that the signal input lead of the OPA 106/883B Series be wired to a Teflon standoff. 
Ifthe OPA 106/883B Series is to be soldered directly into a printed circuit board, utmost care must be used in planning the 
board layout. A "guard" pattern should completely surround the two amplifier input leads and should be connected to a 
low input impedance point which is at the signal input potential. 

The amplifier case should be connected to any input shield or guard via pin 8. This insures that the amplifier itselfis fully 
surrounded by guard potential, minimizing both leakage and noise pickUp. Figure 6 illustrates the use of the guard. The 
resistor RJ shown in Figure 6 is optional. It may be used to compensate effects of very large source resistances. However, 
note that its use would also increase the noise due to the thermal noise of RJ. 

8.3 Thermal response time. Thermal response time is an important parameter in low drift operational amplifiers like the 
OPAI06j883B!Series. A low drift specification would be oflittle value if the amplifier took a long time to stabilize after 
turn-on or ambient temperature change. The TO-99 package and careful circuit design provide the necessary quick 
thermal response. Typical warm-up drift of the OPAI06j883B Series is approximately 20 seconds. 

INPUT o--"W'o--;:! T-=~='!:!.:::~-' 
GUARD I 

,------..,.,...--!---+-\.+ 
R" L : 
3 INVERTiNG-AMPLIFIER 

. 
I 
I 

INPUT o----~Lf-_-_-__ -_-_.JH 
NDNINVERTING AMPLIFIER 

Rl RZ'IR1+ RZI 

DUTPUT 

OUTPUT 

'R3 may be used 10 compenaale 
for very large source reslslances. musl be LDW Impedance. 

INPUT O------IL-_-__ -_-_ .-I~"-\ 

FOLLOWER 

OUTPUT 

. Board layout for Input guarding 
wllh TO.ggpackage. 

FIGURE 6. Connection of Input Guard. 

12-93 



BURR-BROWN® 

IElElI OPA600/883B SERIES 
MODEL NUMBERS: 

OPA600VM/883B OPA600UM/883B 

OPA600VM OPA600UM 

REVISION D 
MAY, 1986 

Fast Settling - Wideband 
OPERATIONAL AMPLIFIER 

FEATURES APPLICATIONS 
• FAST SETTLING 

BOnsee 10 ±D.l% 
115nsee 10 ±D.Ol % 

• VOLTAGE CONTROLLED OSCILLATOR DRIVER 

• LARGE SIGNAL, WIDEBAND DRIVERS 

• FULL DIFFERENTIAL FET INPUT 

~ ·55°C TO +1 25°C OPERATION 

• HIGH SPEED DAC OUTPUT AMPLIFIER 

• VIDEO PULSE AMPLIFIER 

• LAIIGE OUTPUT 
±IOV. ±200mA (50n) 

• GAIN·BANOWIDTH PRODUCT· 5GHz 

DESCRIPTION 

The OPA600 is a wideband operational amplifier 
specifically designed for fast settling to ±0.01% 
accuracy. It is stable, easito use, has good phase 
margin with minimum overshoot, and it has excellent 
DC performance. It utilizes a FET input stage to give 
low input bias current in contrast to the higher 
currents usually associated with very-fast amplifiers. 
Its DC stability with temperature is outstanding. Its 
-3d8 bandwidth of 100MHz is available at a closed 
loop gain of 10. The slew rate exceeds 400V / J.tsec. All 
ofthis combines to form an outstanding amplifier for 
large and small signals. 

Settling time is the best measure of this amplifier's 
total dynamic capability. High accuracy with fast 
settling is achieved by the large open-loop gain, 
which provides the accuracy at the upper frequencies. 
The thermally balanced design maintains this ac
curacy without droop or thermal tail. External 
com pensation allows the user to optimize the settling 
time in his application. 

The OPA600 is built to be reliable and is designed to 
operate from T A = _55°C to + 125°C. It is a hybrid 
microcircuit in a welded, hermetic, metal package 

and is available with MIL-STD-883 screening. The 
circuit is built on an alumina substrate which has a 
metallic attach to the package for good thermal 
transfer and reliable high temperature operation. 
The metal package provides electrostatic shielding. 
The circuit uses thin-film resistors and all glassivated, 
high speed silicon die. The gold or aluminum wire
bonds utilized produce a monometallic system 
wherever possible, eliminating metal migration, a 
time-temperature reliability problem. The amplifier 
is actively laser-trimmed and is thoroughly tested. 
Reliability is emphasized during each phase of 
manufacture. 

The OPA600 is useful in a broad range of video. high 
speed, and ECM applications. It is particularly well 
suited to operate as a voltage controlled oscillator 
(VCO) driver. It makes an excellent digital-to-analog 
converter output amplifier. It is a workhorse in test 
equipment where fast pulses, large signals, and 50n 
drive are important. It is a good choice for sample/ 
holds, integrators, fast waveform gene'rators. and 
multiplexers. 

International Airport Industrial Park· P,O, Box 11400 - Tucson. Arizona 85734 - Tel. (6021 746-1111 - Twx: 910-952·1111 • Cable: BBRCORP - Telex: 66·6491 

PDS-460D 
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I. SCOPE 

DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 
OPERATIONAL AMPLIFIER 

HYBRID, SILICON 

1.1 Scop~. This specification covers the detail requirements for a hybrid, fast settling, integrated circuit operational 
amplifier. 

1.2 Part Number. The complete part number is as shown below. 

OPA600 V M /883B 

T l l I 
Basic model Grade Metal Hi-Rei product 

number (see 1.2.1) package designator 
(see 1.2.2) 

1.2.1 Device typ£. The device is a single, operational amplifier. Two electrical performance grades are provided, the U 
grade and the V grade. The V grade offers the higher performance. Electrical specifications are shown in Table I. 
Electrical tests are shown in Tables II and Ill. 

1.2.2 Device class. The Hi-Rei product designator portion of the part number distinguishes·the product assurance levels 
as follows: 

Hi-Rei product 
designator Requirements 

/883B Standard model, plus 100% MIL-STD-883, method S008, class B screening, with 10% 
PDA, plus quality conformance inspection (QCI) consisting of Groups A and Boneach 
inspection lot, plus Groups C and D performed as required by MIL-STD-883. 

(none) Standard model including 100% electrical testing. 

1.2.3 Case outline. The case outline (16-lead can) is as defined in Figure 6. The case is metal and is conductive. 

1.2.4 Absolute maximum rating~. 

Supply voltage range 
I nput voltage range 
Differential input Voltage range 
Storage tempt;rature range 
Output short-circuit duration 
Lead temperature (soldering, 60sec) 
Junction temperature 

1.2.S Recommended op'erating conditions. 

Supply voltage range 
Ambient temperature range 

1.2.6 Power and thermal characteristics. 

±17VDC 
±17VDC.l 
±2SVDCl 
-6S0C to +ISO°C 
A few seconds.1 
300°C 
TJ = 17SoC 

±9VDC to ±16VDC 
-55°C to +12SoC 

Packag~ 

16-lead can 

Case outline 

Figure 4 

Maximum allowable 
p'ower dissip'ation 

, Maximum 
8 J-C 

.!I The absolute maximum input voltage is equal to the supply voltage. 

2.6W at TeAsE = 
+125°C 

See Applications 
Information 

Y Du.ration is limited by device heat sinking (thermal resistance). Short circuit may be to ground only. 
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2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this s'pecification to the extent specified herein. 
SPECIFICATION ' 

MILITARY 
MIL-M-38510 - Microcircuits, general specification for. 

STANDARD 
MILITARY 

MIL-STD-883 - Test methods and. procedures for microcircuits. 

3. REQUIREMENTS 

3.1 General. Burr-Brown uses production and test facilities and a quality and reliability assuranc,e program adequate to 
assuresiiCCessful compliance with this specification. 

3.1.1 Detail specifications. The individual item requirements are specified herein. In the event of conflicting 
requirements, the order of precedence will be the purchase order, this specification, and then the reference documents. 

3.2 Design, construction; and physical dimensions. 

3.2.1 Package, metals, and other materiais. The package is in accordance with paragraph 3.5.1 of M IL-M-385 10, except 
that organic and polymeric materials (epoxy) are used for attach of some. of the die. The exterior metal surfaces are 
corrosion resistant. The other materials are nonnutrient to fungus as specified in MIL-M-385 10. 

3.2.2 Design documentation. The design documentation is in accordance with MIL-M-3851O. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accordance with 
MIL-M-3851O. 

3.2.4 Lead material and finish. The lead finish is gold plate with nickel underplating. The lead material and finish is in 
accordance with MIL-M-38510 and is solderable per MIL-STD-883, method 2003. 

3.2.5 Die thickness. The die thickness'is in accordance with MIL-M-3851O. 

3.2.6 Physical dimensions. The physical dimensions are in accordance with paragraph 1.2.3 herein. 
3.2.7 Circuit diagram and terminal connections. The circuit diagram and terminal 'connections are shown in Fi$ure I. 

3.2.8 Glassivation. G1assivation is in accordance with MIL-M-38510. 

'OFFSET ERROR NULL (optlonall 

COMMON 
(cml 

1I Rlller til Figur. 4 lor recommlnded IfIlIUlncr compenlllion. 

t+VCC 

11 CunnRl pin g 10 pin 12 Ind cannlCl pin 7 til pin liar mulmum aalpul current S •• 
Appllcadan Iniormilion lar lurlher Inlarmadan. 

jJ BYPln lIeII power lupply IIId II CIOlI II ponlbllto 1111 Impunar plnl. A 11'F 
C81311nf1lum capacltllr II recommended. 

Y TlIerell no Intimal cennlClian. An extlmll cannICIIon may be mid .. 
§I 1111 recommended l1li1 " .. Impllfler be mounlld wllh 1111 clllin COnfIct wHh I 

ground pllne lor good lhermlllrlnaler Ind opdmum AC'plrformance. 

FIGURE I. Circuit Diagram and Terminal Connections. 
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3.2.9 Schematic Circuit. The schematic circuit is shown in Figure 2. 
FREQUENCY FREQUENCY 

OFFSET OFFSET COMPENSATION COMPENSATION 

12 +VCC 

R3 R4 ·INPUT 

3}----------r----------~ 

·VCC COMMON 

(casel 

R7 

RIO 

R9 

COMMON 

! 

Rll 

FIGURE 2. Simplified Schematic Circuit. 

FREQUENCY 
COMPENSATION 

R13 
50n Cl 

O.01~F 
CURRENT 

BOOST 

CURRENT 
BOOST 

~--,.--{7 

H18 
50n 

C2 
O.01~F 

3.3 Electrical llerformance characteristics. The electrical performance characteristics are as specified in Table I and 
apply over the full operating ambient temperature range of -55°C to +125°C unless otherwise specified. 

3.3.1 Additional electrical llerformance characteristics. Electrical performance characteristic curves are shown in 
paragraph 7. 

3.3.2 Offset error null. The amplifier is capable of being nulled to zero offset voltage using the circuit in Figure 3. If 
nulling is unnecessary for the application, delete the three components and make no connections. 

t +vcc 

INPUTS 

FIGURE 3. Offset Null Circuit. 

3.3.3 Frequency compensation. The amplifier must be externally frequency compensated. See Figure 4. 

3.4 Electrical tests. Electrical tests are shown in Table II. The subgroups of Table III which constitute the minimum 
electrical tests for screening, qualification, and quality conformance, are shown in Table II. 
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3.5 Marking. Marking is in accordance with M IL-M-385 10. The following marking is placed on each microcircuit as a 
minimum. 

a. Index point 
b. Part number (see paragraph 1.2) 
c. Inspection lot identification code J.I 

itn'lII@! d. Manufacturer's identification (ajEC ) 
e. Manufacturer's designating symbol (CEBS) 
f. Country of origin . 

3.6 .Workmanship. These microcircuits are manufactured, processed, and tested in a careful and workmanlike manner. 
Workmanship is in accordance with good engineering practices, workm~nship instructions, inspection and test 
procedures, and training, prepared in fulfillment of Burr-Brown's product assurance program. 

3.6.1 Rework provisions. Rework provisions, including reb.onding for the /883B Hi-ReI product designation, are in 
accordance with MIL-M-38S10~ 
3.7 Traceability. Traceability for /883B Hi-Rei product designation is in accordance with MILcM-38510. Each 
microcircuit is traceable to the production lot and to the component vendor's component lot. Reworked or repaired 
microcircuits maintain traceability. 

3.8 Product and (lrocess chang!:, Burr-Brown will not implement any major change to the design, materials, 
construction, configuration, or manufacturing process which may affect the performance, quality, reliability or 
interchangeability of the microcircuit without full or partial requalification. . 

3.9 Screening. Screening for /883B Hi-ReI product designation, is in accordance with MIL-STD-883, method 5008, 
class B, except as modified in paragraph 4.3 herein: . 
Screening for the standard model, includes Burr-Brown QC4118 internal visual inspection; stabilization bake, fine leak, 
gross leak, burn-in (72 hours performed preseal), temperature cycle, constant acceleration (condition B), and external 
visual inspection per MIL-STD-883, method 2009. 

For the /883B Hi-Rei product designatio!!, all microcircuits will have passed the screening requirements prior to 
qualification or quality conformance inspection. . ' .. 

3.10 Qualification. Qualification is not required. See paragraph 4.2 herein. 

3.11 . Quality conformance inspection. Quality conformance inspection for the /883B Hi-Rei product designation, is in 
accordance withMIL-M-38SIO, except as modified in paragraph 4.4 herein. The microcircuit inspection lot will have 
passed quality conformance inspection prior to microcircuit delivery. 

Rl R2 R3 R. C1·C2 c 3 c. Rs 
open 100 short open 6.8 0 

-1 620 620 short open 3.3 a.7 56 

100 lk short open 2.2 100 

100 3.3k 3.3k 3.2k 100 

- 100 33k 3.3k 116 O· 4.7 100 

Note: Resistance is in ohms. capacitance is in p.F. 
gain is volts/volt. . 

FIGURE 4. Recommended AmplifierCircuits and Frequency Compensation. 

1/ A 4-digit date code. indicating year and week of seal. and a 4-- or S-digit lot indentifier is marked on each unit. 
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OPA600{883B SERIES T ABLE I. Electrical Performance Characteristics 
All characters from ·55°C < TA <: +125°C, ±Vcc = 15VOC, unless otherwise noted. 

~ -

OPA600VM/883B OPABOOUM/883B 
OPA800VM OPABOOUM 

CHARACTERISTICS CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

OUTPUT 

Voltage IVol Al=2kn ±10 ±11 Ii 
Al =5011 jJ ±9 ±10 V 

CurrentllOI Rl = 5011 jJ ±180 ±200 mA 
Current, pulse (flop) Rl ~ 501111 ±180 ±2oo mA 
Resistance (Ro) Open-loop, DC 75 150 fl 
Short Circuit Current Iiosl To ground only. 250 300 mA 

IMAX = 1 sec 11 
DYNAMIC RESPONSE 

Settling Time, ±0.01% ~ .!No= 10V TA = 25°C 115 125 125 150 nsec 
(t,1 TA = -25°C to +85°C 135 165 nsep 

TA = -55°C 10 +125°C 125 140 175 nsec 
±0.1% ~Vo = 20V TA = +25°C 105 130 nsec 

~Vo = 10V TA = +25°C 80 105 nsec 
±1% ~Vo = 20V TA = +25°C 80 105 nsec 

~Vo = 5V TA= +25°C 55 75 nsec 

Post Settling Time 
Stability It.+1 §j ±O.Ol% ' t = l~sec 10 500msec 0.5 1 mV 

Gain-Bandwidth Product Cc =OPF'1 
I open-loop I (GBPI G=1 VN TA = +25°C 150 MHz 

Cc ~OPF'1 
G~ 10VIV TA = +25°C 500 MHz 

Cc =OpF. I 
G= looV/V TA = +25°C 1.5 GHz 

Cc=OpF. I 
G=I000VN TA ~ +25°C 5 GHz 

Cc~OpF, I 
G~ 10,OOOVIV TA~ +25°C 10 GHz 

Bandwidth I BW I G ~+wlV TA = +25°C 100 125 MHz 
-3dB. small signal Y G=-IVN TA ~ +25°C 75 90 MHz 

G=-IVN TA = -55°C to +125°C 70 90 135 MHz 
G~-10VN TA ~ +25°C 80 95 MHz 
G=-10VN TA = -55°C to +125°C 70 95 135 .' MHz 
G~-100VN TA = +25°C 15 20 MHz 
G~-IOO0VN TA = t25°C 5 6 MHz 

Full Power Bandwidth Vo = ±5V. } 
IBWFPI G = -WIV TA = +25°C 13 16 MHz 

Cc =3 .. 3pF. 
Rl = 10011 

Slew Aate ISRI Va = ±5V. 
G = loo0VN TA ~ +25°C 500 VIp sec 
Cc ~OpF. aVo =10V 
Rl ~ 10011 
Vo = ±5V. 
G~-IVN TA = +25°C 400 440 V/",sec 

,jj aVo =10V 
TA ~ -55°C to +125°C 350 V/lAsec 

Phase Margin G~-IVN. 

Cc ~ 3:3pF TA = +25°C 40 Degrees 

GAIN 

Open-Loop Voltage Gain f~D.C., 

IAvsl Rl ~ 2kll TA = +25°C 86 94 dB 
TA = -55°C to +125°C 74 dB 

INPUT 

Offset Voltage IV,ollJ TA ~ +25°C 1 4 2 5 mV 
TA ~ -25°C to t85°C 10 mV 
TA = -55°C to +125°C 6 15 mV 

Offset Voltage vs TA ~ -25°C to +25°C 50 80 ~VfOC 

Temperature TA +25°C to +85°C 25 80 ~VfOC 

(OV,ol TA ~ -55°C to +25°C 10 20 100 ~VloC 

TA =+25°Cto+125°C 10 20 100 ~VI"C 

Bias Current (hBI TA = +25°C 0 -20 -100 pA 

TA=+25°Cto+125°C 0 -20 -100 nA 

Offsel Current Ihol TA ~ +25°C 20 50 pA 

TA = -55°C to +I25°C 20 50 nA 
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T A.BLE I. Electrical Performance Characteristics (cont) OPA600/883B SERIES 
All characteristics from -55°C ~ TA ~ +125°C. ±Vcc = 15VOC, unless otherwise noted. 

CHARACTERISTICS CONDITIONS 
Power Supply Relection 

Ralio (PSRR) 
Common-Mode 

Vee - ±15V. ±1V TA - +25°e 

Voltage Range leMVI TA = +25°e 
Common-Mode Rejection 

Ratio ICMRRI 
VeM = -5V to +5V TA = +25°e 

Impedance (Z,N I Differential TA = +25°C 
Common-mode TA = +25°e 

Voltage Noise (enl I = 10kHz TA=+25°e 

POWER SUPPLY 

Rated (Vee) 
Oparating Range (Vee I 
.Quiesc:;ent Current flOJ 

TEMPERATURE RANGE 
(amblent) 
Operating 
.Storage 
BJC I junction to case' See applications information 
(leA lease to ambientl 

.. 
Specifications the same as V grade . 

. NOTES: 

OPA600VMl883B 
OPA600VM 

MIN TYP 

200 

-1a 
60 80 

1011 112 
1011 112 

20 

±15 
±9 

±30 

-55 
-65 

35 

jJ Pin 9 connected to +Vcc. pin 7 connected to -Vee. ObselVe power dissipation ratings 
:y Pin 9 and pin 7 open. Single pulse t = l00nsec. Observe power dissipation ratings. 
11 Pin 9 and pin 7 open. See paragraph 8.8. 

OPA600UM/BB3B 
OPA600UM 

MAX MIN TYP MAX 

500 

+7 

±16 
±38 

+125 -55 +125 
+150 -65 +150 

jJ G = -WIV. Optimum settling time and slew rate achieved by individually compensating each device. ReIer to paragraph 8,3. 
§/ Post settling time stability is a measure of the pulse droop, or thermal tail, after the output has settled. 
§! Compansation par paragraph 8.3. 
11 Adjustable to zero. 

~r l t oliloHO : 

NOTES: 
1. Leads in true position within 0.010· 

, (0.25mml R at MMe at seating plane . 

UNITS 

~VIV 

V 

dB 

nil pF 
nil pF 

nV/JHZ 

VDe 
VDe 
mA 

°e 
°e 

·elW 

...i.--a i D D D D D D Seating Plane 

-2G--lo 
2. Pin numbers shown for reference only. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .8ea .810 24048 24.88 

Denotes Pi n I 
B .710 .805 18.30 20.41 

C •• 75 .180 4.45 4.83 

D .0.4 .022 0.38 0.58 

G .100 BASIC 2.14 BASIC 

H .1351 .155 3.431 3.84 

K _230 I .270 5.841 8.88 

L .eoO BASIC 11.24 BASIC 

R .085 I .111 2041 2.82 

FIGURE 5. Case Outline. 

TABLE I I. Electrical Test Requirements. 
(The individual tests within the subgroups appear in Table III) 

MODELS} 
OPA60OYMf883B OPA600UMf8B3B 
OPA600VM OPA600UM 

MIL-STD-SS3 TEST REQUIREMENT· Subgroups Isee Table 1111 

Interim electrical parameters (pre burn·in)(method 5008) I I 

Final electrical test parameters (method 50081 1·. 2. 3. 4. 7. 9 1".2. 2U. 3. 3U. 4. 7. 9 

Group A lest requirements I method 50081 1.2,3.4, 7. 9 1. 2 •. 2U, 3, 3U. 4, 7. 9 

Group e end point electrical parameters I method 50081 I I 

Additional electrical subgroups performed'prior to Group C inspections 10. I' 10. II 

PDA applies 10 subgr.oup I I see 4.3.dl 
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OPA600/883B SERIES TABLE III. Group A Inspection. 

LIMITS 

MIL-STD-883 CONDITIONS OPA600VM/883B OPA600UM/883B 
METHOD OR ±VCC=15V, OPA600VM OPA600UM 

SUBGROUP SYMBOL EQUIVALENT unle .. olherwlse specified MIN MAX MIN MAX UNITS 

1 V,O 4001 VeM~O -4 +4 -S +5 mV 
TA ~ +2SoC Ii. 4001 VeM~O 0 -100 0 -100 pA 

+PSRR 4003 +Vee ~ lSV. ±1V. -Vee ~ lSV -SOO +Soo -Soo +SOO ~V/V 
-PSRR 4003 +Vee ~ lSV. -Vee ~ ISV. ±lV -SOO +Soo -SOO .+SOO ~V/V 
CMR 4003 VeM ~ -5V to +SV 60 60 dB 

10 400S 38 38 mA 

2 Via 400t ~ +6 -lS +lSV mV 
TA ~ +12SoC OV,O 4001 Via 1+2SoC, - Via 1+12S0C) -20 +20 -100 +100 ~V/oC 

100°C 

2U Via 4001 -10 +10 mV 
TA ~ t8S0C OVia 4001 Via I +2S0C) - Via I +8SoC, ~ +80 ~VJOC 

600C 

3 Via 4001 -8 +6 -13 +13 mV 
TA ~ -SsoC OV,O 4001 V,O 1+2SoC, - Via I-SSOC) -20 +20 -100 +100 ~VJOC 

800C 

3U OV,O 4001 VIO I +25°C I - VIO I-25°C) -9 +9 mV 
TA ~ -25°C 500C -80 +80 ~V/oC 

4 Va 4004 RL ~ 2kn ±10 ±10 V 
TA ~ t2S0C 10 4004 RL ~ 50n. pin 9 to +Vee, pin 7 to -Vee ±180 ±180 rnA 

Avs 4004 RL = 2kn.! ~ OHz. Va ~ ±10V 86 86 dB 

7 Va 4004 RL = 2kn. ±Vee ~ 16VOC ±11 ±11 V 
TA ~ +2SoC Va 4004 RL ~ 2kn. ±Vee ~ 12VOC ±? ±7 V 

9 IS 1/ 4002 To ±O.Ol%. Figure 10 125 ISO nsec 
TA = +2SoC final value at t = 1 j.lsec 

SR 1/ 4002 G ~ -1. Va ~ ±SV. Figure 10 400 400 V/~sec 
10% to 90% 

10 IS 1/ 4002 To ±O.OI%. Figure 10' 140 nsec 
TA ~ +12SoC G~:I,V.~±5V 

11 IS 1/ 4002 To ±O.OI%. Figure 10 140 nsec 
TA ~ -SsoC G ~ -1, V.=±SV 

NOTE: 

11 G = -1V/V. Optimum settling time and slew rale achieved by individually compensaling each device. Reier 10 paragraph 8.3 

4. PRODUCT ASSURANCE PROVISIONS 

4.1 Sampling and inspection. Sampling and inspection procedures are in accordance with MIL-M-3851O and 
MIL-STD-883. method 5008. excep't as modified herein. 
4.2 Qualification. Qualification is not required unless specified by contract or purchase order. When so required. 
qualification will be in accordance with the inspection routine of MIL-M-385 10. paragraph 4.4.2.1. The inspections to be 
performed are those specified herein for groups A. B. C and D inspections (see paragraphs 4.4.1. 4.4.2. 4.4.3. and 4.4.4). 

Burr-Brown has performed and successfully completed qualification .inspection as described above. The qualification 
report is available from Burr-Brown. 

4.3 Screening. Screening, the /883B Hi-Rei product designation, is in accordance with MIL-STD-883B, method 5008, 
class B, and is conducted on all devices. The following additional criteria apply: 

a. Constant acceleration test (MIL-STD-883. method 2001) is test condition'B. V, axis only. 
b. Interim and final test parameters are specified in Table II. The interim electrical parameters test prior to burn-in is 

optional at the discretion of the manufacturer. 

c. Burn-in test (MIL-STD-883. method 1015) conditions: 
(I) Test condition B 
(2) Test circuit is Figure 6 herein 
(3) T A = + 125°C minimum 
(4) Test duration is 160 hours minimum 

12-101 



OPA600/883B SERIES 

d. Percent defective allowable (PDA). The PDA, for /883B Hi-Rei product designation only, is 10 percent and 
includes both parametric and .catastropic failures. It is based on failures from group A, subgroup I test after 
cool-down as final electrical test in accordance with MIL-STD-883. method 5008. and with no intervening 
electrical measurements. If interim electrical parameter tests are performed prior to burn-in. failures resulting from 
preburn~in screening failures may be excluded from the PDA. If interim electrical parameter tests prior to burn-in 
are omitted .. all screening failures shall be included in the PDA. The verified failures of group A. subgroup I after 
burn-in in that lot are used to determinethe percent defective for that lot. and the lot is accepted o~ rejected based 
on the PDA. . 

e. External visual inspection need not include mea'surement of case and lead dimensions. 

FIGURE 6. Test Circuit ~urn-in and Operating Life Test. 

4.4 Quality conformance inspection. Groups,kand B inspections of MIL-STD-883, method 5005, are performed on 
each inspection lot. Groups C and D inspections of MIL-STD-883, are performed as required by MIL-STD-883. 

A report of the most recent groups C and' D inspections is available frorn Burr-Brown. 

4.4.1 Group A inspection. Group A inspection consists of the test subgroups arid L TPDvalues shown in MIL-STD-883. 
method 5008, and as specified in Table II herein. 

4.4.2 Group B inspection. Group B inspection consists ofthe test subgroups and L TPD values shown in MIL-STD-883. 
method 5008, class B. ' , 

4.4.3 Group C inspection. Group C inspection consists of the test subgroups and L TPD values shown 'in MIL-STD-883, 
method 5008, class B, and as follows: 

a. Operating life test (MIL-STD-883, method 1005) conditions: 
(I) Test condition B 
(2) Test circuit is Figure 6 herein 
(3) T A = 125°C minimum 
(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table II herein.· 
c. Additional electrical subgroups are specified in Table II herein. 

4.4.4 Group D inspection. Group D inspection consists of the test subgroups and L TPD values shown in M I L-STD-883. 
method 5008. 
4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate tables. Electrical 
test circuits are as prescribed herein or in the referenced test methods of M I L-STD-883. 
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4.5.1 Voltage and current. All voltage values given, except the input offset voltage(or differential voltage) are referenced 
to ihe external zero reference level of the supply voltage. Currents given are conventional current and positive when 
flowing into the referenced terminal. 

4.6 InsJlection of Jlackag1!!g. Inspection of packaging shall be as specified in MIL-M-385 10. 

5. PREPARATION FOR DELIVERY 

5.1 Preservation-p.ackag1!!g and packing. Microcircuits are prepared for delivery in accordance with MIL-M-3851O. 

6. NOTES 

6.1 Notes. The notes specified in MIL-M-38510 are applicable to this specification. 

6.2 .Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is desirable. 

6.3 Ordering data. The contract or order should specify the following: 
a. Complete part number (see paragraph 1.2) 
b. Requirement for certificate of compliance, if desired. 

6.4 Microcircuit g!:Q!!p assig~. These mircocircuits are assigned to Technology Group I as defined in MIL-M-
38510, Appendix E. 

6.5 Electrostatic sensitivity. These microcircuits may be damaged by electrostatic discharge. Electrostatic sensitive 
precautions should be observed at all times. 

7. ELECTRICAL PERFORMANCE CURVES 
(Typical at TA = +25°C and ±Vcc = 15VDC. unless otherwise specified I. 
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BANDWIDTH 
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8: APPLICATIONS INFORMATION 

8.1 Wiring_precautions. The OPA600 is a wideband, high frequency operational amplifier with a gain-bandwidth 
product exceeding 5GHz. This capability can be realized by observing a few wiring precautions and using high frequency 
layout techniques. Of all the wiring precautions, grounding is the most important and is described in detail in the next 
section. 

In'general,'all printed circuit board conductors should be wide to provide low resistllnce, low impedance signal paths and 
should be as short as possible. The entire physical circuit should be as small as is practical. Stray capacitances should be 
minimized, especially at high impedance nodes, such as the input termirials of the amplifier ana compensation pins. Stray 
signal coupling from the output to the input shoula be minimized. All circuit element leads should be as short as possible 
and low'values of resistance should be used. This will give the best circuit performance as it will minimize the time 
constants formed with the circuit capacitances and will eliminate stray, unwanted tuned circuits. 

8.2' Grounding. Grounding is the most important applications consideration for the OP A600, as it is with all high 
frequency circuits. Ultra-high frequency transistors are used in the design of the OPA600 and oscillations at 
frequencies of 500M Hz and above can be stimulated if good grounding techniques are not used. A ground plane is highly 
recommended. It should. connect all areas of the pattern side of the printed circuit that are not otherwise used. The 
ground plane provides 'a low resistance, low inductance common return path for all signal and power returns. The ground 
plane also reduces stray signal pickup. It eliminates parasitic circuits from what would otherwise be long, component 
leads. . 

Point-to-point wiring is not recommended. However, if point-to-point wiring is used, a single-point ground should be 
used. The input signal return, the load -signal return and the power supply common' should all be connected althe same 
physical point. This eliminates common current paths or ground loops which can cause unwanted feedback. 

Each power supply lead should be bypassed to ground as near as possi'ble to the amplifier pins. A I~F CS 13 tantalum 
capacitor is recommended. A parallel 0.0 I~ F ceramic may be added if desired. This is especially important when driving 
high current loads. Properly bypassed and modulation free power supply lines allow full amplifier output and optimum 
settling time performance. . 

OPA600 circuit common is connected to pins I and 13; these pins should be connected to the ground plane. The input 
signal return, load return, and power supply common should also be connected to the ground plane. 

The case of the OPA600 is internally connected to circuit common, and as indicated above, pins I and 13 should be 
connected to the ground plane. Ideally, the case should be mechanically connected to the ground plane for good thermal 
transfer but because this is difficult in practice, the OPA600 should be fully i,nserted into the printed circuit board with 
the case very close to the ground plane to make the best possible thermal connection. If the case and ground plane are 
physically connected or are in close thermal proximity, the ground plane will provide heat sinking which will reduce the 
case temperature rise. The minimum OPA600 pin length will minimize lead inductance, thereby maximizing 
performance. 

To repeat, proper grounding is the single most important aspect of high frequency circuitry. 

8.3 Compensation. The OPA600 uses external frequency compensatIon so that the user may optimize the bandwidth or 
settling time for his particular application. Several performance curves aid in the selection of the correct compensations 
capacita'lce value. The Bode plot shows amplitude and phase versus frequency for several values of compensation. A 
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related curve shows the recommended compensation capacitance versus closed-loop gain. 

Figure 4 shows a recommended circuit schematic. Component values and compensation for amplifiers with several 
different closed-loop gains are shown. This circuit will yield the specified settling time. Because each device is unique and 
slightly different. as is each user's circuit. optimum settling time will be achieved by individually compensating each 
device in its own circuit. if desired. A 10% to 20% improvement in settling time has been experienced from the values 
indicated in Table I. 

The primary compensation capacitors are C, and Cdsee Figure 4). They are connected between pins 4 and 5 and between 
pins II and 14. Both C, and C2 should be the same value. As Figure 4 and the performance curves show, larger 
closed-loop configurations require less capacitance and improved gain-bandwidth product can be realized. Note that no 
compensation capacitor is required for closed-loop gains equal to or above IOOV / V. Ifupon initial application the user's 
circuit is unstable, and remains so after checking for proper bypassing, grounding, etc., it may be necessary to increase 
the compensation slightly to eliminate oscillations. Do not over compensate. It should not be necessary to increase C, 
and C2 beyond IOpF to 15pF. It may also be necessary to individually optimize C, and C2 for improved performance. 

The nat high frequency response of the OPA600 is preserved and high frequency peaking is minimized by connecting a 
small capacitor in parallel with the feedback resistor(see Figure 4). This capacitor compensates for the closed-loop, high 
frequency, transfer function zer!? that results from the time constant formed by the input capacitance of the amplifier, 
typically 2pF. and the input and feedback resistors. The selected compensation capacitor may be a trimmer, a fixed 
capacitor or a planned PC board capacitance. The capacitance value is strongly dependent on circuit layout and 
closed-loop gain. It will typically be 2pF for a clean layout using low resistances (I kO) and up to IOpF for circuits using 
larger resistances. Using small resistor values will preserve the phase margin and avoid peaking by keeping the break 
frequency of this zero sufficiently high. When high closed-loop gains are required, a three-resistor attenuator is 
recommended to avoid using a large value resistor with its long time constant. 

For heavy capacitive loads, greater than 50pF, refer to the section on capacitive loads. paragraph 8.6. For particularly 
difficult applications where the wiring layout may not be the best or where there may be I OOOpF loads, parasitics, strays, 
long lead lengths, changing capacitive loads. etc., doublet compensation is recommended. This is discussed in paragraph 
8.12 and is shown in Figure 9. This circuit offers increased stability at the expense of increasing the settling time by 
approximately 50%. Also, this circuit is especially usef~1 for functional testing at low frequency and incoming inspection., 

8.4 Settling time. Settling time is defined as the total time required, from the in~ut signal step, for the output to settle to 
within the specified error band around the final value. This error band is expressed as a percentage of the magnitude of 
the output transition. 

Settling time is a complete dynamic measure of the OPA600's total performance. It includes the slew rate time, a large 
signal dynamic parameter, and the time to accurately reach the final value, a small signal parameter that is a function of 
bandwidth and open-loop gain. Performance curves show the OPA600 settling time to ± I %, ±O.I %, and ±0.01 %. The 
best settling time is achieved in low closed-loop gain circuits. 

Settling time is dependent upon compensation. Under-compensation will result in small phase margin, overs-hoot or 
instability. Over-compensation will result in poor settling time. Refer to paragraph 8.3. 

Figure 4 shows the recommended compensation to yield the specified settling tine. Improved or optimum settling time 
may be achieved by individually compensating each device in the user's circuit since individual devices vary slightly from 
one to another as do user's circuits. 

8.5 Slew rate. Slew rate is primarily an output, large signal parameter. It has virtually no dependence upon the 
closed-loop gain or the small signal bandwidth. Slew rate is dependent upon compensation and decreasing the 
compensation capacitor value will increase the available slew rate as shown in the performance curve. 

8.6 Capacitive loads. The OPA600 will drive large capacitive loads (up to 100pF) when properly compensated and 
settling times of under 150nsec are achievable. The effect of a capacitive load is to decrease the phase margin of the 
a'mplifier which may cause high frequency peaking or 05cillations. A solution is to increase the compensation 
capacitance, somewhat slowing the amplifier's ability to respond. The recommended compensation capacitance value as 
a function of load capacitance is shown in Figure 7. (Use two capacitors, each with the value indicated.) Alternately, 
without increasing the OPA600's compensation capacitance, the capacitive load may be buffered by connecting a small 
resistance. usually 50 to 500, in series with the Output, pin 8. 

For very-large capacitive loads, greater than lOOpF, it will be necessary to use doublet compensation. Refer to Figure 9 
and paragraph 8.12~ This places the dominant pole at the input stage. Settling time will be approximately 50% slower; 
slew rate should increase. Load capacitance should be minimized for optimum high frequency performance. 

Because of its large output capability, the OPA600 is particularly well suited for driving loads via coaxial cables. Note 
that the capacitance of coaxial cable (29pF / foot oflength for RGc58) will not load th'e amplifier when the coaxial cable 
or transmission line is terminated in its characteristic impedance. ' 
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8.7 Offset voltage adjustment. The offset voltage of the OP A600 may be adjusted to zero by connecting a 5kO resistor in 
series with a IOkO linear potentiometer in series with another 5kO resistor between pins 2 and 15, as shown·in Figure 3. It 
is important that one end of each of the two resistors be located very close to pins 2 and .15 to isolate and avoid loading' 
these, sensitive terminals. The potentiometer should be a small, noninductive type with the, wiper connected to the 
positive supply. The leads connecting these components should be short, no longer than,0.5-inch, to avoid stray 
capacitance and stray signal pick-Up. If the potentiometer must be, located away from the immediate vicinity of the 
OPA600, extreme care must be observed with the sensitive leads. Locate the two 5kO resistors very close to pins 2 and is. 
Never connect +Vcc directly to pin 2 or 15. Do not attempt to eliminate the 5kO resistors because atextreme rotation~ 
the potentiometer will directly connect-+Vec to pin 2 or pin 15, and permanent damage will result. 

Offset voltage adjustment is optional. The potentiometer and two resistors are omitted 'when the offset voltage is 
considered sufficiently low for the particular application. For each microvolt of offset voltage adjusted~ the offset voltage 
temperature sensitivity will change by ±O.004jl V j"c. , . 

8.8 Current boost. External ability to bypass the internal current limiting resistors has been provided in the OPA600. 
This is referred to as current boost. Current ,boost· enab'les the OPA600 to deliver large currents into heavy.loads 
(±20~mA at ± 10V). To bypass the resistors and activate the current boost, connect pin 7 to -Vee at pin 6 with a short lead 
to minimize lead inductance and connect pin 9 to +Vee at pin 12 with a short lead. 

CAUTION - Activating current boost by bypassing the internal current limiting resistors can permanently damage the 
OPA600 under fault conditions. See paragraph 8.9. 

Not activating current boost is especially useful for initial breadboarding. The 500 (±5%) currentlilJliting resistor in the 
collector circuit of each of the output transistors causes the output transistors to saturate; this limits the power 
dissipation in the output stage in case of a fault. Operating with the current boost not activated may also be desirablewith' 
small-signal outputs (i.e.±1 V) or when the load current is small. 

Each resistor is internally capacitively-bypassed (O.Oljl F, ±20%) to allow the amplifier to deliver large pulses of current, 
such as to charge diode junctions or circuit capacitances and still respond'quickly. The length of time that the OPA600 
can deliver these current pulses is limited by the RC time constant. 

The internal voltage drops, output voltage available, power dissipation, and maximum output current can be determined 
for the user's application by knowing the load resistance and computing: 

. , RLOAD , 

. " .' Vour = 14 ( 50 + RLOAI> ) . .' . 
This applies for RWAI> lessthan 1000 and the current boost not activated. When RI.OAI> is large, the'peak output voltage 
is typically ±IIV, which is determined by other factors within the OPA600. "'. . 

8.9 Short circuit p'~otection. The OPA600 is a sllort-circuit-protected for momentary short to common «Sse~), typical 
of those encountered when probing a circuit during experimental breadboarding or troubleshooting. This is trde only if 
pins 7 and 9 are open (current boost not activated). An internal 500 resistor is in series with ihe colleCtor of each of tIle 
output transistors which under fault conditions will cause the output transistors to satlirate and limit the power 
dissipation in the output stage. Extended application of an output short can damage the amplifier due to excessivepower 
dissipation. ' . 

The OPA600 isnoi short-Circuit-protected when the current boost is activated. The large output current capability of the 
OP A600 will cause excessive power dissipation and permanent damage will result even for momentary shorts to gr.ound. 

Output shorts to either supply will generally destroy the OPA600 whether the current boost is activated or not. 
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8.10 Heat sinking and power dissipation. The OPA600 is intended as a printed circuit board mounted device and as such. 
does not require a heat sink. It is specified for ambient temperature operation from-SS"C to+ 12S"C. However. the power 
dissipation must be'kept within safe limits. At extreme temperature and under full load conditions. some form of heat 
sinking will be necessary. The use of a heat sink. or other heat dissipating means such as proximity to the ground plane. 
will result in cooler operating temperatures. better temperature performance. and improved reliability. I 

The thermal model used to describe the OPA600 is more complete than is usual for operational amplifiers. The thermal 
resistances for the output stages have been separated from the thermal resistrance for the balance of the OPA600. For 
most monolithic op amps and hybrids. thermal properties are usually represented by one thermal resistance.OJC; and in 
general. that is fairly accurate because the total power dissipation is low and the heat that is generated is in one area. For 
packaged power transistors. thermal properties are also accurately represented by one thermal resistance. OJC; all the 
power is dissipated in one point source. The OPA600 op amp however. has a large power handling capability and large 
power dissipations occur in different locations within the amplifier under differing load conditions. 

The total power dissipation within the OPA600 is the sum of all the individual sources of dissipation. By making some 
simplifying assumptions and neglecting second order effects. the dissipations are grouped into three sources - quiescent 
power. N PN output transistor power. and PN P output transistor power. Using the thermal model shown in Figure 8 and 
the absolute maximum junction temperature rating (derate the maximum. if desired) and solving the Thevenin 
equivalent simultaneous equations that result. the user can determine junction. internal substrate. and case 
temperatures. It will be apparent that the output stages contribute significa'ntly to the thermal rise. Under light loading. 
the requirements to dissipate the generated heat are much less than the requirements to dissipate heat under full load 
conditions at a maximum temperature. Using this expanded thermal information allows the user to safely apply the 
OPA600. 

TJN = Junction temperature of NPN output transistor . 
. TIP = Junction temperature of PNP output transistor. 

TIQ = Worst case temperature of any device in the 
balance of the amplifier. 

Tc = Case temperature. 
T A = Ambient temperature. 
0,.02 = Thermal resistance. output transistors. 
03. O. = Thermal resistance. substrate. 
Os = Thermal resistance. substrate attach and package. 
06 = Thermal resistance. case to ambient. 
PN = Worst case power dissipation in the NPN output 

transistor. 
Pp = Worst case power dissipation in the PNP output 

transistor. 
PQ = Quiescent power dissipation. 

FIGURE 8. OPA600 Thermal Model. 

Below are two examples of using the thermal model. 
I. Find the worst case internal junction temperature rise above ambient. 
Conditions: PQ = I W 

PN = Pp=O.1 W 
no heatsink 
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Solution:TlN = 80.7PN + 48.7Pp + 36.7Po + TA 
TIN - T A = 49.6°C 
as PN = Pp TIP - TA = 49.6"C 
TIQ = 49.6PQ + 36.7PN + 36.7Pp + TA 
TIQ -TA = 57"C 

Answer: 57"C 

OPA600/883B SERIES 

2. Fmd the maximum output stage power dissipation allowed with a maximum case temperature of + 125"C and not 
exceeding the maximum junction temperature of + I 75"C. . . 

Conditions: PQ = I Watt 
PN = Pp 

Solution: 12. 

TIN = PN 32 + (PN + Pp)12 + (PN + Pp) 1.7 + Po 1.7 + Tc 
175 = 59.4 PN + 1.7 + 125 
PN=0.813W 

Checking TIQ: TIQ = (I) 12.9 + (2x 0.813 + I) 1.7 + 125 
TJ~ = 142°C (Le. < 175°C) 

Answer: 0.813W may be dissipated in each output transistor. 

1.7 

It may be necessary to physically connect the OPA600to the printed circuit board ground plane:attach fins. tabs. etc .. to 
dissipate the generated heat. Because ofthe wide variety of possibilities, this task is left to the user. For all applications it 
is recommended that the OPA600 be fully inserted into the printed circuit board and that the pin length be short. Heat 
will be dissipated through the ground plane and the AC performance will be its best. See paragraphs 8.1 and 8.2 

8.11 Testing. For static and low frequency dynamic measurements, the OPA600 may be tested in conventional 
operational amplifier test circuits, provided proper grounding techniques are observed, excessive lead lengths are. 
avoided, and care is maintained to avoid parasitic oscillations. See the above sections, especially paragraphs 8.1 and 8.2. 
The circuit in Figure 9 is recommended for low frequency functional testing, incoming inspection, etc. This circuit is less 
susceptible to stray capacitance, excessive lead length, parasitic tuned circuits,changingcapacitive loads, etc. It does not 
yield optimum settling time. We recommend pla~ing a resistor (approximately 3000) in series with each piece of test 
equipment, such as a DVM, to isolate loading effects on the OPA600. 

To realize the full performance capabilities of the OPA600, high frequency techniques must be employed and the test 
'fixture must not limit the amplifier. Settling time is the most critical dynamic test and Figure 10 shows a recommended 
OPA600 settling time test circuit schematic. Good.grounding, truly square drive signals, minimum stray coupling, and 
small physical size are important. 

The input pulse generator must have a flat topped, fast settling pulse to mea~ure the true settling time of the amplifier. A 
circuit that generates a ±5V flat topped pulse is shown in Figure II. . . 

Every OPA600 is thoroughly tested prior to shipment assuring the user 'that all parameters equal or exceed their 
specifications. 

600n 

O.IKn"F 

FIGURE 9. Amplifier Circuit for Increased Stability. 
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INPUT = -5V 
OUTPUT = !5V 
ERROR OUTPUT ·0.5mV 1-0.01%1 

'O.02n MATCHED 

·S19n 

··Wllh C, + C, = 3.3pF typical. C. optlmlzad for 
circuli tayout and RL = 500. Is < 160nm. 

121 HP2835 

FIGURE 10. Settling Time and Slew Rate Test Circuit. 

S19" 

·15VOC 

+15VOC 

1N4t48 

fOO"F 

+15VOC r+ 
64Dn '=' 

·ALHN39D6 
2N29D7 

+15VOC 

64D1I 
112W 

22011 

Ukn 

+f5VDC .15VDC:f 
IOO"F 

INPUT = TTL 
OUTPUT = ·5V 10uF 

~-
100 ~ 

~-
= 

FIGURE II. Flat Top Pulse Generator. 

t511 

1511 

·f5VDC 

+15VOC 

SI911 

8.12 Increased Slew Rate. The OPA600 slew rate may be increased by using an alternate compensation shown in Figure 
9. The slew rate will increase between 700 and 800V j /Lsec typical with 0.0 I % settling time increasing to between 175 and 
190nsec typical and 0.1% settling time increasing to between 110 and 120nsec typical. 

For alternate doublet compensation refer to Figure 9. For a closed-loop gain equal-I, delete CI and C2and add a series 
RC circuit (R = 220, C = O.OOI/LF) between pins 14 and 4. Make no connections to pins II and 5. Absolutely minimize. 
the capacitance to these pins. If a connector is used for the OPA600, it is recommended that sockets for pins II and 5 be 
removed. For a PC board mount, it is recommended that the PC board holes be overdrilled for pins II and 5 and adjacent 
ground plane copper be-removed. Effectively this compensation places the dominant pole at the input stage, allowing the 
output stage to have no compensation and to slew as fast as possible .. Bandwidth and settling time are impaired only 
slightly. For closed-loop gains other than -I. different values of Rand C may be required. 
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BURR-BROWN® 

IElElI OPA8780/8838 SERIES 
MODEL NUMBERS: 

OPA8780UM/883B 
OPA8780VM/883B OPA8780UM 
OPA8780VM 

REVISION A 
MAY, 1986 

High Voltage· 
OPERATIONAL AMPLIFIER 

FEATURES 
• HIGH OUTPUT SWING. ±30V 

• LARGE LOAD CURRENT. ±60mA 

• DIFFICULT TO DAMAGE. automatic thermal shutoff 

• REDUCES SOURCE LOADING. toOGn Input Impedance 

• PRESERVES SYSTEM ACCURACY. 106db CMR. 
20pA bias current 

• FAST SLEWING. 15V//lSec 

DESCRIPTION· 
The OPA8780 is the first military version integrated 
circuit operational amplifier that provides high out
put swings up to ±30V. The monolithicFET input 
stage has low bias current (20pA) which·miniinizes 

. the offset voltage caused by the bias current and the 
large resistance normally associated with high voltage 
circuits. 

The OPA8780 is packaged in a TO-3 package which 

APPLICATIONS 
• LARGE SIGNAL DRIVERS 

• HIGH POWER AUDIO AMPLIFIER 

will dissipate over 3W of power without a heat sink 
and 4.5W with a suitable heat ~.jnk. 

The input stage is protected against overvoltage and 
the output stage is protected against short-circuits to 
ground. A special thermal sensing circuit prevents 
damage to the amplifier by automatically shutting 
the amplifier down when too much power is being 
dissipated. 

International Airport Industrial Park· P.O. 80x 11400· Tucson. Arizona 85734· Tel. (602) 746-1111 • Twx: 91!H152·1111 • Cable: 88RCORP· Telex: 66-6491 

PDS·527A 
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I. SCOPE 

DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 
OPERATIONAL AMPLIFIER 

MONOLITHIC, SILICON 

1.1 Scope. This specification covers the detail requirements for a very-high accuracy, operational amplifier. 

1.2 Part number. The complete part number is as shown below. 

OPA8780 V M /883B 

I l -.L T 
Basic model Grade Package Hi-Rei product 

number (see 1.2.1) (see 1.2.3) designator (see 1.2.2) 

1.2.1 Device type. The device is a single operational amplifier. Two electrical performance grades are provided: the V 
grade (-55°C to +125°C) and U grade (-25°C to +85°C). The electrical performance characteristics are shown in 
Table I. . 

1.2.2 Device class. The device·class is similar to the class B product assurance level as defined in MIL-M-3851O. The 
Hi-Rei product designator portion of the part number distinguishes the product assurance levels available as follows: 

Hi-Rei Product 
Designator Requirements 

/883B Standard model plus 100% MIL-STD-883 class B screening, with 10% PDA, plus quality 
conformance inspection (QCI) consisting of Groups A and B performed on each inspection lot, 
plus Groups C and D performed as required by MIL-STD-883. fter. 

(none) Standard model including 100% electrical testing. 

1.2.3 Case outline. The case outline is an 8-pin TO-3 package. Figure I depicts the case outline for the package. 

1.2.4 Absolutemaximum ratings. 

±35VDC 
[±(Vcc)-5] 

Supply voltage range 
Input voltage range 
Internal power dissipation 
Case storage temperature range 
Lead temperature (soldering, 60 sec.) 

4.5W with heat sink 
-55°C to +150°C 
300°C 

1.2.5 Recommended operating conditions. 

Supply voltage range ±15VDC to ±35VDC 
Case temperature range -55°C to +125°C 

1.2.6 Power and thermal characteristics. 

Case Maximum allowable Maximum 
Package outline power dissipation (jJ-C 

8-lead CAN Figure I 4.5W with heat sink lO°CjW 
at Tc +25°C with heat sink 
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2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specification to the extent specified herein. 

SPECIFICATION 
MILITARY 

MIL-M-3851O-Microcircuits, general specification for. 

STANDARD 
MILITARY 

MIL-STD-883-Test methods and procedures for microcircuits. 

3. REQUIREMENTS 

OPA8780j883B SERIES 

3.1. ~ Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate 
to assure successful compliance with this specification. 
3.1.1 Detail specifications. The individual item requirements are specified herein. In the event of conflicting 
requirements the order of precedence will be the purchase order, this specification, and 'then the reference documents. 

3.1.2 Country of manufacture. These microcircuits are manufactured, assembled,and tested within the United States 
of America. 

3.2 Design, construction, and physical dimensions. 

3.2.1 Package, metals, and other materials. The packages, metal surfaces, and other materials are in accordance with 
MIL-M-38510. ' ' 

NOTE: 
Leads in true position within .010~' 
(.25mm) R @I MMC at seating plane. 

Pin numbers shown for reference onlV . . 
Numbers may not be marked or package. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1.510 1.550 38.35 39.37 

8 .745 ,770 18,92 19,56 

C ,260 ,340 6.60 8.64 

0 .038 ,042 0,97 1,07 

E .060 ,105 2.03 2.67 

F 40° BASIC 40° BASIC 

G .500 BASIC 12.7 BASIC 
H 1.1868ASIC 30,128ASIC 

J .593 8ASIC 15,06 8ASIC 

K .400 ,500 10.16 12.70 

Q .151 I .161 3.84 I 4.09 

R .980 I 1.020 24.89 I 25,91 

FIGURE I. Case Outline (TO-3) Package Configuration. 

3.2.2 Design documentation. The design documentation is in accordance with MIL-M-38510. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead 'wires are in accordance 
with MIL-M-38510. 

3.2.4 Lead material and finish. The lead material and finish is in accordance with MIL-M-38510 and is solderable per 
MIL-STD-883, method 2003. 

3.2.5 Die thickness. The die thickness is in accordance with MIL-M-38510. 

3.2.6 Physical dimensions. The physical dimensions are in accordance with paragrpah 1.2.3 herein. 

3.2.7 Circuit diagram and terminal connections. The circuit diagram and terminal connections for the TO-3 package 
are shown in Figure 2. 
3.2.8 Glassivation. The microcircuit die are glassivated. 

3.2:9 Schematics circuit. A simplified schematic circuit is shown in Figure 3. 
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+vcc 

OFFSET 
TRIM 

OFFSET 
TRIM 

-IN 

+IN 

OPTIONALIOFFSET 
AOJUST 1-------
I 
I 

TO +Vee -4 50kCl 

I 
I L __ 

OFFSET 
TRIM 

ITOPVIEWI 

-Vee 

FIGURE 2. Connection Diagram. 

-Vee 1}---------~~1_--+---~~--~~------------------_i----+---------~ 

FIGURE 3. Siinplified Schematic. 

3.3 Electrical performance characteristics. The electrical performance characteristics are specified in Table I and apply 
over the full operating ambient temperature range of -550 C to +1250 C unless otherwise specified. 

3.3.1 Additional electrical performance characteristics. Additional electrical performance curves are shown in 
paragraph 7. 

3.3.2 Offset mill. The ampli~er is .capable of being nulled to zero offset voltage using the circuit in Figure 2. If nulling 
, is unnecessary delete the potentiometer and make no connections. 
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TABLE I. Electrical Performance Characteristics. 
- -All characteristics from -55 0 C < T c < +125°C; ±Vcc = 35VOC unless otherwise noted 

OPA8780VMl883B OPA8780UM/883B 
OPA8780VM OPA8780UM 

CHARACTERISTICS CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLY 

Voltage ±Vee ±15 ±35 V 
Quiescent Current Tc= +'25"C ±10 mA 

RATED OUTPUT 

Voltage (Vo) Tc=+.25"C ±10 ±30 V 
Current Tc= +'25"C ±60 mA 
Current, Short Circuit ±70 ±2oo mA 
Load Capacitance 10 nF 

OPEN LOOP GAIN 

No Load, DC 106 dB 
Rated Load, DC Tc= +'25"C 90 dB 

FREQUENCY RESPONSE 

Unity Gain Bandwidth Small Signal 5 . MHz 
Full Power Bandwidth 100 kHz 
Slew Rate Tc= +'25"C 15 20 Vlpsec 

Tc= -25"C 10 12 Vlpsec 
Tc=-55"C 9 12 Vlpsec 
Tc=+'85"C 10 12 Vlpsec 
Tc= +'125"C 4 6 Vlpsec 

Settling Time 0.1% 12 psec 

INPUT OFFSET VOLTAGE 

Initial Tc=+'25"C ±1 ±10 mV 
Tc= -55"C to +'125'C ±15 mV 
Tc = -25"C to +'85"C ±15 mV 

Drift vs Tempereture 30 50 pVl"C 
Drift vs Supply Voltage 100 "VN 
Drift vs Time 100 pVlmo 

INPUT BIAS CURRENT 

Initial Tc=+'25'C "I. ±20 .t ±50 pA 
Drift vs Temperature Doulbles every 1r C · 
Drift vs Supply Voltage 0.5 · pAN 

INPUT OFFSET CURRENT . 
Initial Tc=+'25"C DoibleS±e~ry 1:0" C 

pA 
Drift vs Temperature 
Drift vs Supply Voltage 0.5 pAN 

INPUT IMPEDANCE 

Differential ·100 GO 
Common Mode ,100 GO 

INPUT NOISE 

Voltage 0.01Hz to 10Hz p-p 5 "V 
10Hz to 1000Hz rms 1 pV 

Current 0.1Hz to 10Hz p-p 1 pA 

INPUT VOLTAGE RANGE 

Max Sale Dillerential Voltage +'Vee +. I-Veel V 

Max Sale Common-Mode Voltage +Vccto-v:C V 

Common-Mode. Vol~age. Linear Operation - 1±(lV:I-8~ · V 
Common-Mode Rejection dB 

TEMPERATURE RANGE [CASE] 

Operetlng -55 +.125 "C 
Storage -55 +.150 . . "C 
Specification -55 +.i25 -25 +.85 "C 
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TABLE II. Electrical Test Requirements, 
(The individual tests within the subgroups appear in Table III), 

OPA8780VM/883B 
MIL-STD-883 TEST REQUIREMENTS (Hybrid Class) OPA8780VM 

Interim electrical parameters (preburn-in) (method 5008) 1 
Final electrical test parameters (method 5008) 1',2,3,4,5,6 
Group A test requirements (method 500B) 1,2,3,4,5,6 
Group C end point electrical parameters (method 500B) t 

'PDA applies to subgroup 1 (see 4,3,c) 

TABLE III. Group A Inspection, 

OPA8780UM/883B 
OPAB780UM 

1 
I, 2, 2U, 3, 3U, 4, 5, SU, 6, 6U 
I, 2, 2U, 3, 3U, 4, 5, SU, 6, 6U 

1 
" 

LIMITS 

OPA8780VM/883B OPAB7BOUM/BB3B 
OPAB7BOVM OPAB7BOUM 

. SUBGROUP PARAMETERS CONDITIONS MIN MAX MIN MAX UNITS 

1 Initial Input Offset Voltage Te ~ +25"C ±10 mV 
Quiescent Current Te ~ +25"C ±10 mA 
Initial Bias Current Te ~ +25"C ±50 . pA 
Open-Loop Gain T e ~ +25"C, RL ~ soon 90 dB 
Short-Circuit Current Tc = +25°C. Rsc = 10n ±70 ±200 mA 

2 Input Offset Voltage Te ~ +125"C ±15 mV 

2U Input Offset Voltage Te~ +85"C ±15 mV 

3 Input Offset Voltage Te~-55"C ±15 mV 

3U Input Offset Voltage Te~ -25"C ±15 mV 

4 Slew Rate T e ~ +25"C, RL ~ soon 15 Vlpsec 

5 Slew Rate. Te ~ +125"C, RL ~ soon 4 V/psec 

5U Slew Rate T e ~ +85"C, RL ~ soon 10 Vlpsec 

6 Slew Rate T e ~ -55"C, RL ~ soon 9 Vlpsec 

6U Slew Rate T e ~ -25"CC, RL ~ soon 10 Vlpsec 
.. 

·Speclflcauon IS the same as for the V grade . 

. 3,3,3 Frequency compensation, No frequency compensation is required, The amplifier is free of oscillation when 
operated in any gain and when operated in any test condition specified herein, 

3.4 Electrical tests, Electrical tests are shown in Table II, The subgroups of Table III, which constitute the minimum 
electrical tests for screening, qualification. and quality conformance, are shown in Table II, 

3,5 Marking, Marking is in accordance with MIL-M-38510, The following marking is placed on each microcircuit as a 
minimum, 

a, Part number (see paragraph 1.2) 
b, Inspection lot identification code 11 

. BURR·BROWN 8 
c, Manufacturer's identification ( I EO:. !Ell) 
d, Manufacturer's designating symbol (CEBS) 
e, Country of origin 

3,6 Workmanship, These microcircuits are manufactured, processed, and tested in a workmanlike manner, Workman
ship is in accordance with good engineering practices, workmanlike instructions, inspection and test procedures, and 
training, prepared in fulfillment of Burr-Brown's product assur,ance program, 

JJ A 4--digit date code, indicating year and week of seal. and a 4- or 5-digit lot identifier is marked on each unit. 

12-115 



OPA8780/883B SERIES 

3.6.1 Rework provisions. Rework provisions, including rebondi!lg for the /883B product designation, are in 
accordance with MIL-M-38510. 

3. T Traceability. Traceabilityfor the / MIL product designation is in accordance with MIL-M-3851O. Each microcircuit 
is traceable to the production lot and to the component vendor's component lot. 

3.8 Product and process change. Burr-Brown will not implement any major change to the design, materials, 
construction, or manufacturing process which may affect the performance, quality or interchangeability of the 
microcircuit without full or partial requalification. 

3.9 Screening. Screening for /883B Hi-Rei product designation is in accordance with MIL-STD-883, method 5008, 
class B, except as ':'nodified in paragraph 4.3 herein. 
Screening for the standard model includes QC4118 internal visual inspection, stabilizlltion bake, fine leak, gross leak, 
burn~in (72 hours performed preseal), constant acceleration (condition A), temperature cycle (condition C), and 
external visual per MIL-STD-883, method 2009. 

For the / 883B product designation, all microcircuits will have passed the screening requirements prior to qualification 
or quality conformance inspection. . 

3.10 Qualification. Qualification is not required. See paragraph 4.2 herein. 

3.11 Quality conformance insp'ection. Quality conformance inspection, for the /883B product designation, is,in 
accordance with MIL-M-38510, except as modified in paragraph4.4 herein. The microcircuit inspection lot will·have 
passed quality conformance inspection prior to microcircuit delivery. 

4. PRODUCT ASSURANCE PROVISIONS 

4.1 Sampling and inspection. Sampling and inspection procedures are in accordance with MIL-M-38510 and MIL
STD-883, method 5008, except as modified herein. 

4.2 Qualification. Qualification is not required unless specifically required by contract or purchase order. When so 
required, qualification will be in accordance with the inspection routine of MIL-M-3851O, paragraph 4.4.2. The 
inspections to be performed are those specified herein for groups A, B, C and D inspections (see paragraphs 4.4.1, 4.4.2, 
4.4.3, and 4.4.4). 

Burr-Brown has performed and' successfully completed qualification inspection as described above. The most recent 
report is llvailable from Burr-Brown. 

4.3 Screening; Screening for the /883B Hi-Rei product designation is in accordance with MIL-STD-883B; method 
5008, class B, and is conducted on all devices. The following criteria apply: 

a. Interim and final test parameters are specified in Table II. 

b. Burn-in test (MIL-STD-883, method 1015) conditions: 
(I) Test condition B 
(2) Test circuit is Figure 4 herein 
(3) TA = +125°C minimum 
(4) Test duration is 160 hours minimum 

c. Percent defective allowable (PDA). The PDA, for / 883B product designation only, is 10 percent and includes 
both parametric and catastrophic failures, It is based on failures from group A, subgroup I test, after 
cool-down as final electrical test in accordance with MIL-STD-883, method 5008, and with no intervening 
electrical measurements. If interim electrical parameter tests are performed prior to burn-in, failures 
resulting from preburn-in.screening failures may be excluded from the PDA. If interim electrical parameter 
tests are omitted, all screening failures shall be included in the PDA. The verified failures of group A, 
subgroup I, after burn-in are used to determine the 'percent defective for each manufacturing lot, and the lot 
is accepted or rejected based on the PDA. 

d. External visual inspection need not include measurement of case and lead dimensions. 

4.4 Quality conformance inspection. Groups A and B inspections of MIL-STD-883, method 5008, are performed on 
each inspection lot. Groups C. and D inspections of MIL-STD-883; method 5008, are performed as required by 
MIL-STD-883. 
A report of the most recent groups C and D inspections is available from Burr-Brown. 
recent groups C and D inspections is available form Burr-Brown. . 

4.4.1 Group A inspection. Group A inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5008, and as specified in Table II herein. . 

4.4.2 Grou,p B inspection. Group B inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5008, class B. 
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+v 

O.OOIIlF 

O.oIIlF 

FIGURE 4. Burn-In Circuit. 

4.4.3 Group C inspection. Group C inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5008, class B, and as follows: . 

a. Operating life test (MIL-STD-883, method 1005) conditions: 
(I) Test condition B 
(2) Test circuit is Figure 4 herein 
(3) TA = +125°C minimum' 
(4) Test duration is 1000 hours minimum 

b. End pohlt electrical parameters are specified in Table II herein. 

4.4.4 Group D inspection. Group D inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5008. 

4.4.5 Inspection of packaging. Inspection of packaging shall be in accordance with MIL-M-38510. 

4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate tables. 
Electrical test circuits are as prescribed herein or in the referenced test methods of MIL-STD-883. 

4.5.1 Voltage and current. All voltage values given, except the input offset voltage (or differential voltage), are 
referenced to the external zero reference level of the supply voltage. Currents given are conventional current and 
positive when flowing into the referenced terminal. 

4.6 Inspection of preparation for delivery. Inspection of preparation for delivery is in accordance with MIL-M-38510, 
except that the rough handling test does not apply. 

5. PACKAGING 

5.1 Packaging requirements. The requirements for packaging shall be in accordance with MIL-M-3851O. 

6. NOTES 

6.1 Notes. The notes specified in MIL-M-3851O are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is required or desirable. . 

6.3 Ordering data. The contract or purchase order should specify the following: 
a. Complete part number (see paragraph 1.2). 
b. Requirement for certificate of compliance, if desired. 

6.4. Microcircuits group assignment. These microcircuits are assigned to Technology Group I as defined in MIL-M-
38510, Appendix E. 
6.5 Electrostatic sensitivity. CAUTION-these microcircuits may be damaged by electrostatic discharge. Precautions 
should be observed at all times. 
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7. ELECTRICAL PERFORMANCE CURVES 
TeASE::;;; +25°C and ±Vcc max unless otherwise noted. 
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8. APPLICATION INFORMATION 

8.1 Offset voltage adjustment. If offset adjustment is necessary this may be done as indicated in Figure 2, by adding a 
IOOkO potentiometer between pins 3 and 4 with the center tap connected to +Vcc. 

8.2 Case connection .. The case is electrically isolated. It is recommended that the case be grounded during use. 

8.3 Single supply operation. It may be desirable in some applications to operate the amplifiers from a single supply. 
The circuit in Figure 5 illustrates a typical application. 

Note that there are restrictions on the input and output voltages (e, and eo) which are necessary in order to keep the 
amplifier circuits operating in a linear manner. 

It should also be noted that the OPA8780 is short-circuit limited, thermally protected, and protected from short circuits 
to ground. 

+70V 

.... _---..,0 + 

FIGURE 5. Operation From a Single Supply. 
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BURR-BROWN® 

113131 OPA8785/883B SERIES 
OPA8785VM/883B 
OPA8785VM 

OPA8785UM/883B 
OPA8785UM 

ADVANCE INFORMATION 
Subject to Change 

Revision B, May 1986 

High Current, High Power Military 
OPERATIONAL AMPLIFIER 

FEATURES. 
• WIDE SUPPLY RANGE. ±10V 10 ±40V 
• HIGH OUTPUT CURRENT. ±10A Peak 
• HIGH OUTPUT POWER. 260W Peak 
• LOW DC THERMAL IMPEDANCE: 2.2° C/W 
'! MIL·STD-883 SCREENING 

DESCRIPTION 
The OPA8785 is a high power operational amplifier. 
Its high current output stage delivers ±IOA, yet the 
amplifier is unity-gain stable and it can be used in 
any operational amplifier configuratio'n. The 260W 
peak output capability allows the OPA8785 to drive 
loads (such as motors) with a greater safety margin. 

Safe operating area is fully specified and output cur
rent limiting is provided to protect both the ampli
fier and the load from excessive current. 

This hybrid Ie is housed in an 8-pin hermetic TO-3 
package. The electrically-isolated package allows 
direct mounting to chassis or heat sink without an 
insulating washe~ or spacer which would increase 
thermal resistance. 

Two electrical performance grades are available. The 
premium grade operates from -55°e to +i25°e and 
is designed for military, aerospace, and demanding 
industrial applications. The U grade has specifica
tions for operation from -25°e to +85°e and from 
-55°e to +125°e. Applications include test equip-

'ment, shipboard, and ground support equipment . 
where operation is normally between -25°e and 
+85°e and full temperature range operation must 
be assured. 

The OPA8785/8838 Series is manufactured on a Hi
Rei manufacturing line with clean room conditions 
which meet the requirements of MIL-STD-883. 

Two' product assurance levels are available: Stan
dard and /8838. The Standard product assurance 
level offers Hi~Rel manufacturing where many MIL
STD-883 screens are performed routinely. The /8838 
product assurance level, /8838 suffix, offers Hi-Rei 
manufacturing, 100% screening per MIL-STD-883 
method 5008 and 10% PDA. Quality assurance 
further processes /8838 devices, by performing group 
A and 8 inspections on each inspection log and 
groups e and D inspections as required by MIL
STD-883. A report containing the most recent group 
A, 8, e, and D tests is available for a nominal 
charge. 

Internalional Airport Industrial Part· P.O. BOK 11400· Tucson. Arizona 85734· Tel. (6021 746-1111 . Twx: 910.952·1111· Cable: BBRCORP'· Telex: 66·649.1 

PDS-54IA 
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I. SCOPE 

DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 

HIGH CURRENT-HIGH POWER OPERATIONAL AMPLIFIER 
HYBRID, SILICON 

1.1 Scop.!:.. This specification covers the detail requirements for a high current-high power operational amplifier. 

1.2 Part Number. The complete part number is as shown below. 

OPA8785 V M 

I -L ~ 
Basic model 

number 
Grade 

(see 1.2.1) 
Package 

(see 1.2.3) 

/883B 

=r 
Hi-Rei product 

. designator (see 1.2.1) 

1.2.1 Device typE.: The device is a single operational amplifier. Two electrical performance grades are provided. The V 
grade offers performance specifications over the MIL temperature range (-55°C to + 125°C) and the U grade which is 
specified over the industrial temperature range (-25°C to +85° C). Electrical specifications are shown in Table I and 
electrical tests are shown in Tables II and III. . 

1.2.2 Device class. The device class is similar to the class B product assurance level as defined in MIL-M-3851O. The 
Hi-Rei product designator portion of the part number distinguishes the product assurance levels available as follows: 

Hi-Rei Product 
Designator 

/883B 

(none) 

Requirements 

Standard model plus 100% MIL-STD-883 class B screening, with 10% PDA, plus quality' con
formance inspection (QCI) consisting of Groups A and B performed on each inspection lot, 
plus Groups C and D performed as required by MIL-STD-883. 

Standard model including 100% electrical testing. 

1.2.3 Case Outline~ The case outline is an 8-pin TO-3 package and is depicted in Figure l. 

Seating Plane 

Q 

NOTE: Leads in true position within .010" 
(.2Smm) R at MMC at seating plane. 

Pin numbers shown for reference only. 
Numbers may not be marked on package. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1.510 1.550 38.35 39.37 
B .745 .770 18.92 19.56 

C .260 .340 6.60 8.64 
D .038 .042 0.97 1.07 
E .080 .105 2.03 2.67 
F 40° BASIC 40° BASIC 
G .500 BASIC 12.7 BASIC 
H 1.186 BASIC 30.12 BASIC 
J .593 BASIC 15.06 BAS(C 
K .400 I .500 10.16 I 12.70 
Q .151 I .161 3.84 I 4.09 
R .980 I 1.020 24.89 I 25.91 

FIGURE I. Case Outline (TO-3) Package Configuration. 
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1.2.4 Absolute maximum rating~ 

Supply voltage Vee 
Differentialinput voltage 
DC internal power dissipation . 

±40VDC 
±Vce-3 

.80Wl;' 
160W 11 

OPA8785/883B SERIES 

AC Internal power dissipation (10kHz, 50% duty cycle) 
Output short circuit duration 
Storage temperature range 

Continuous to ground 
-65°C to +165°C 

Lead temperature (soldering, 60sec) 
J unction temperature 
Common-mode input voltage 

1.2.5, Recommended operating conditions. 

'Tj = 200°C 
±Vee 

Supply voltage range ±34VDC (see Table I) 
Ambient temperature range -55°C to + 125°C 

1.2.6 Power and thermal characteristics. 

Packag~ 

8-lead TO-3 

2. APPLICABLE DOCUMENTS 

Case 
outline 

Figure 1 

Maximum allowable 
power dissipation 

80W 
with heat sink 

Maximum 
OJ-C 

2.2°CfW 
with heat sink 

2.1 The following documents form a part of this specification to the extent specified herein. 

SPECIFiCATION 
MILITARY 

MIL-M-3851O-Microcircuits, general specification for. 

STANDARD 
MILITARY 

MIL-STD-883-Test methods and procedures for microcircuits. 

3. REQUIREMENTS 

3.1 General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate to 
assure successful compliance with this specification. 

3.1.1 Detail specifications. The individual item requirements are specified herein. In the event of conflicting require
ments the order of precedence will be the purchase order, this specification, and then the reference documents. 

3.2 Design, construction, and p!!ysical dimensions. 

3.2.1 Package, metals, and other materials. The packages, met"al surfaces, and other materials are in accordance with 
MlL-M-38S10. 

3.2.2 Design documentation. The design documentation is in accordance with MIL-M-3851O. 

3.2.3 Internal conductors and internal lead' wires. The internal conductors and internal lead wires are in accordance 
with MIL-M-3851O. 

3.2.4 Lead material and finish. The lead material and finish is in accordance with 'MI L-M-385 10 and is solderable per 
MIL-STD-883, method 2003. 

3.2.5 Die thickness. The die thickness is in accordance with MIL-M-3851O. 

3.2.6 Physical dimensions. The physiCal dimensions are in accordance With paragraph 1.2.3 herein. 

3.2.7 Circuit diagram and terminal connections. The circuit diagram and terminal connections are shown in Figure 2. 

3.2.8 Glassivation. The microcircuit dice are glassivated. 

3.3 Electrical performance characteristics. The electrical performance characteristics are specified in Table I and apply 
over the full operating ambient temperature range of -55°C to +125°C unless oth~rwise specified. 
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+\lcc 

-IN 
r---oOUT 

+IN 

-IN 

(TOP VIEW) 

+CUAAENT 
LIMIT 
(+A.cl 

OUTPUT 

-CURRENT 
LIMIT 
(-Rsc) 

NO INTERNAL 
CONNECTION 

(a) Circuit Diagram· (b) Terminal Connections 

FIGURE 2. Circuit Diagram and Terminal Connections. 

TABLE I. Electrical Performance Characteristics. 
All characteristics at -55°C S TA:S; +125°C. ±Vcc = ±34VDC unless otherwise specified. 

OPA8785VM/883B OPA8785UM/883B 
OPA8785VM OPA8785UM 

CHARACTERISTICS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX 

RATED OUTPUT 11 21 . 
Output Current, Continuous 'J/ 10 R,=2.60 ±10 ±10 
Output Voltage 'J/ Va 10= 10A peak ±30 ±30 

DYNAMIC RESPONSE 
Bandwidth BW Unity Gain-Small Signal T. = +25'C' 1 · Full Power Va = 40V p-p, R, = 80, 

TA = +25'C 10 · Slew Rate SR R, = 6.50 1.5 · 
INPUT OFFSET VOLTAGE 
.initial Offset V,o TA = +25'C ±5 ±10 
Tempeo DVlo [V,o (TA) - V,o (+25'C)] + AT 

-55'" TA ,; +125'C -40 +40 -65 +65 

-25 '" TA '" +85'C -65 +65 
Vs Supply Voltage PSRR Vee = ±10, Vee = ±40 -100 +100 · . 
INPUT BIAS CURRENT 
Initial I,. TA=+25'C +20 +40 
TampeD I,. -55'" TA '" +125'C -35 +35 -60 +60 

-25'" TA '" +85'C -50 +50 
Vs Supply ±0.02 ±0.02 

INPUT DIFFERENCE 
CURRENT 

Initial 1'0 T.= +25'C ±3 ±10 
TampeD 1'0 -55'" T. '" +125'C ±7 ±20 

-25'" T. '" +85'C ±15 

OPEN LOOP GAIN, DC Avs R,=10kO 98 94 

INPUT IMPEDANCE Z,o 10 · ZICM 250 · 
12-123 

UNITS 

A 
V 

MHz 

kHz 
Vll'see 

mV 

I'VI'C 
I'VI'C 
I'VN 

nA 
nA 
nA 

nAIV 

nA 
nA 
nA 

dB 

MO 
MO 
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TABLE I. Electrical Performance Characteristics (continued). 

OPA8785VM/883B OPA8785UM/883B 

CHARACTERISTICS SYMBOL 

. INPUT NOISE 
Voltage Noise e, 

Current Noise i, 

INPUT VOLTAGE RANGE 
Common-Mode VleM 

Common-Mode Rejection CMRR 

POWER SUPPLY 
Rated Voltage Vee 
Operating Voltage Range 
Current, Quiescent 10 

TEMPERATURE RANGE 
Specification 
Storage . .. 

" to Speclflcat.on same as OPA8785 V grade . 
NOTES: 

CONDITIONS 

j, = 0.3Hz to 10Hz 
f, = 10Hz to 10kHz 
I, = 0.3Hz to 10Hz 
f, = 10Hz to 10kHz 

Linear Operation 
F = DC, V,eM = ±22V 
F = DC. VOCM = 22V, T. = 25"C 

OPA8785VM OPA8785UM 

MIN TYP MAX MIN TYP MAX 

3 · 5 · 20 · 4.5 · 
±(IVeei-6) . 

76 70 
80 70 

±34 · ±10 ±40 , , 
±10 , 

-55 +125 -25 +85 
-65 +150 , , 

jJ Package must be derated based on a junction-la-case thermal resistance of 2.2°C/W or a junction-la-ambient thermal resistance of 30QC/W, 
21 Safe Operating Area and Power Derating Curves must be observed. ' 

UNITS 

/lV, pop 
/lV, rms 
pA, p.p 
pA, rms 

V 
dB 
dB 

V 
V 

rnA 

"C 
"C 

~ With ±Rsc;:: O. Peak output current is typically greater than 10A if duty cycle and pulse width limitations are observed. Output current greater than 10A is 
not guaranteed. 

3.4 Electrical test reguirements. Electrical test requirements are shown in Table II. The subgroups of Table III which 
constitute the minimum electrical test requirements for screening, qualification, and quality conformance, are specified 
in Table II. 

TABLE II. Electrical Test Requirements. 

MODELS 

MIL-STD-883 REQUIREMENTS (Hybrid Class) OPA8785VM/883B OPA8785VM OPA8785UM/883B OPA8785UM 

Interim electrical parameterS (preburn-in) (method 5008) 1 1 1 1 

Final electrical test parameters (method 5008) 1',2,3,4.5,6,7 1. 2, 3, 4, 5. 6, 7 1.2,3,4,5.6,7 1,2,3,4.5.6,7 

Group A test requirements (method 5008) 1,2.3.4,5,6,7 - . 1. 2, 3, 4, 5, 6, 7 -
Group C end point electrical parameters (method 5008) 1 - 1 -

'PDA applies to subgroup 1 for 1883B H.-Rei designator (see 4.3c). 

TABLE III. Group A Inspection. 

LIMITS 

MIL-STD-883 CONDITIONS 
OPA8785VM/883B OPA8785UM/883B 

METHOD OR ±Voc = ±34VDC 
OPA8785VM OPA8785UM 

SUBGROUP SYMBOL EQUIVALENT unles. otherwise specllfed MIN MAX MIN MAX UNITS 

1 V,a 4001 -5 +5 -10 +10 mV 
T. = +25"C 118+ 4001 -20 +20 -40 +40 nA 

118- 4001 -20 +20 -40 +40 nA 
110 _ 4001 -3 +3 -10 +10 nA 

+PSRR 4003 -Vee = -34, +Vee = +10 to +40VDC -100 +100 -100 +100 /lVN 
-PSRR 4003 +Vee = +34VDC, -Voc = -10 to -40VDC -100 +100 -100 +100 /lVN 
CMRR 4003 VeM = ±22V. F = DC 80 70 dB 

Icc. 4005 VellA = O. no load condition +10 +10 rnA 
Icc- 4005 VellA ::::: 0, no load condition -10 -10 rnA 
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TABLE III. Group A Inspection (continued). 

LIMITS 

MIL-STD-883 CONDITIONS 
OPA8785VM/883B OPA8785UM/883B 

METHOD OR ±Vee = ±34VDC 
OPA8785VM OPA8785UM 

SUBGROUP SYMBOL EQUIVALENT unless otherwise specified MIN MAX MIN MAX UNITS 

2 OVIO 4001 [v,o (+125'C) - V,o (+25'C)] + 100 -40 +40 -65 +65 pVl'C 
T.= +125'C "B'" 4001 -35 +35 -60 +60 nA 

118- 4001 -35 +35 -60 +60 nA 
1'0 4001 -7 +7 -20 +20 nA 

+PSRR 4003 -Vee = -34VDC, +Vee = 10 to 40VDC -100 +100 -100 +100 pVN 
-PSRR 4003 +Vee = +34VDC, -Vee = -10 to -40VDC -100 +100 -100 +1(iO pVN 
CMRR 4003 VeM = ±22V, F = DC 76 70 dB 

Icct> 4005 VCM :::::: 0, no load condition +10 +10 mA 
Icc- 4005 VCM ;::: 0, no load condition -10 -10 rnA 

3 OVIO 4001 [V'O (+25'C) - V,o (-55'C)] + 80 -40 +40 -65 +65 pVl'C 
T.= -55'C 'ra+ 4001 -35 +35 -60 +60 nA 

'IB- 4001 -35 +35 -60 +60 nA 
1,0 4001 -7 +7 -20 +20 nA 

+PSRR 4003 -Vee = -34VDC, +Vee = -10 10 +40VDC -100 +100 -100 '+100 pVlV 
-PSRR 4003 +Vee = +34VDC, -Vee = -10 to -40VDC -100 +100 -100 +100 IlVN 
CMRR 4003 VeM = ±22V, F = DC 76 70 dB 

lee. 4005 VCM :::::: 0, no load condition +10 +10 rnA 
Icc- 4005 VCM == 0, no load condition -10 -10 rnA 

4 Vop 4004 10 = 10A peak, 10kHz sine wave, 1sec -30 +30 -30 +30 V 
T. = +25'C duration 

lop 4004 RL = 2.60, 10kHz sine: wave, 1sec duration -10 +10 -10 +10 A 
Avs 4004 R, =10kO 98 94 dB 

5 Vop 4004 R,=10kO -30 +30 -30 +30 V 
TA :;: +12SaC Ava 4004 R,=10kO 98 94 dB 

6 Vop 4004 R,= 10kO -30 +30 -30 +30 V 
T. = -55'C Avs 4004 R,= 10kO 98 94 dB 

T SR 4002 R,=6.50 1.5 1.5 Vlpsee 
T.= + 25'C 
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3.5 Markin&. Marking is.in accordance with MIL-M-3851O. The followi~g marking is placed on each microcircuit as a 
minimum: 

a. 'Part number (see paragraph 1.2) 
b. Inspection lot identificatioIi code 11 , 

, iI""'Ifii@ c. Manufacturer's identification (laW ) 
d. Manufacturer's designating symbol (CEBS) 
e. Country of origin 
f. Electrostatic sensitivity identifier (8) 

3.6 Workmanship" These microcircuits are manufactured, proces'sed, and tested in a workm!\nlike manner. Workman
ship is in accordance with good engineering practices, workmanlike instructions, inspection and test procedures and 

. training, prepared in fulfillment of Burr-Brown's product aSsurance program. . 

3.6.1 Rework provisions. Rework provisions, including rebonding for the /883B product designation, are in accordance 
with, MIL-M-3851O. 

3.7 Traceability. Traceability for the /883B product designation is in accordance with MIL-M-3851O. Each microcircuit 
is traceable to the production lot and to the component vendor's component lot. 

3.8 Product and p'rocess chang!h Burr-Brown will not implement any major change to the design, materials, constr~c
tion, or manufacturing process which may affect the performance, quality or interchangeability of the microcircuit 
without full or partial requalification. ' 

3.9 Screenin& Screening for /883B Hi-ReI product designation, is in accordance with MIL-STD-883, method 5008, 
, , class B, except as modified in paragraph 4.3 herein. .. 

Sc~eening for the standard model includes Burr-Brown QC4118 internal visuallnspection, stabilization bake, fiIle leak, 
gross leak, constant acceleration (condition A), temperature cycle (condition C), and external visual per MIL~STD-
883, method 2009. . 

For'the /8838 product,designation, all microcircuits will have 'passed the screening requirements prior to qualification 
or quality conformance inspection. ' 

3.10 ,Qualification. Qualification is !lot required. See paragraph 4.2 herein. 

3.11 Quality' conformance insp'ection. Quality conformance inspection, for the /883B product designation, is iil accor
dance with MIL-M-3851O, except as modified in paragraph 4.4 herein. The microcircuit inspection lot will have passed 
quality conformance inspection prior to microcircuit delivery. 

4. PRODUCT ASSURANCE PROVISIONS 

4.1 Sampling and inspection. Sampling and inspection procedures are in accordance with MIL-M-38510 and MIL
STD-883, method 5008, except as modified herein. 

4.2.Qualification. Qualification is not required unless specifically required by contract or purchase order. When so 
required, qualification will be in accordance with the inspection routine of MIL-M-3851O, paragraph 4.4.2.1. The 
inspections to be performed are those specified herein for groups A, B, C, and D inspections (see paragraphs 4.4.1, 
4.4.2, 4.4.3, and 4.4.4). 

Burr-Brown has performed and successfully completed qualification inspection as described above. The most recent 
report is available from Burr-Brown. 

4.3 Screeningo Screening for the /883B Hi-ReI product designation is in accordance with M lL-STD-883, method 5008, 
class B, and is conducted on all devices. The following criteria apply: 

a. Interim and final test parameters are specified in Table II. 

b. Burn-in test (MIL-STD-883, method 1015) conditions: 
(I) Test condition B or D 
(2) Test circuit is Figure ,3 herein for condition B 
(3) TA = +125°C minimum 
(4) Test duration is 160 hours minimum 

c. Percent defective allowable (PDA). The PDA, for /883B product designation only, is 10 percent and 
includes both parametric and catastrophic failures. It is based on failures from group A, subgroup I test, 
after cool-down as final electrical test in accordance with MIL-STD-883, method 5008, and with no 

11 A 4--digit code, indicating year and week of seal, and a 4- or 5-.digit lot identifier are marked on each unit., 
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intervening electrical measurements. If interim electrical parameter tests are performed prior to burn-in, 
failures resulting from preburn-in screening failures may" be excluded from the PDA. If interim electrical 
parameter tests are omitted, all screening failures shall be included in the PDA. The verified failures of 
group A, subgroup I, after burn-in are used to determine the percent defective for each manufacturing lot, 
and the lot is accepted or rejected based on the PDA. 

d. External visual inspection 'need not include measurement of case and lead dimensions. 

IkO 10kO 

+34VDC 

.I0.OM 

100 

100 

-34VDC 

FIGURE 3. Test Circuit-Burn-in and Operating Life 1est (Condition B). 

4.4 Quality conformance inspection. Groups A and B inspections of MIL-STD-883, method 5008, class B, are 
performed on each inspection lot. Groups C and D inspections of MIL-STD-883, method 5008, class B are performed 
as required by MIL-STD-883. 

A report of the most recent group C and D inspections is available from Burr-Brown. 

4.4.1 Groull A insllection. Group A inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5008, and as specified in Table 11 herein. 

4.4.2 Group. B insp'ection. Group B inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5008, class B. 

,4A.3 Group C inspection. Group C inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5008, class B, and as fOllOWS:' 

a. Operating life test(MIL-STD~883, method 1005) conditions: 
(I) Test condition Bor D; , ' 

'(2) Test circuit is Figure 3 herein for condition B. 
(3) TA = +125°C minimum 
(4) Test condition is 1000 hours 'minimum 

b. End point electrical parameters are specified in Table 11 herein. 

4.4.4 GrouP. D insp'ection. Group D inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5008 and as follows: 

a. End point electrical parameters are specified in Table II herein. 

4.4.5 Inspection of Ilackag!!!g. Inspection of packaging shall be in accordance with MIL-M-3851O. 

4.5 Methods of examination and test. Methods of examination and test are sp.ecified in the appropriate tables. 
Electrical test circuits are as prescribed herein or in the referenced test methods of MIL-STD-883. 
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4.5.1 Voltage and current. All voltage values given, except the input offset voltage. (or differential voltage) are refer
e.nced to the external zero reference level of the supply voltage. Currents given are conventional current and positive 
when flowing into the referenced terminal. 

5. PACKAGING 

5.1 Packagl!!g re<juirements. The requirements for packaging shall be in accordance with MIL-M-3851O. 

6. NOTES 

6.1 Notes. The notes specified in MIL-M-3851O are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is required or desirable. 

6.3 Ordering data. The contract or purchase order should specify the following: 

a. Complete part number (see paragraph 1.2) . 
. b. Requirement for certificate of compliance, if desired. 

6.4 Microcircuit group assignment. These microcircuits are assigned to Technology Group I as defined in MIL-M-
38510, Appendix E. 

6.5 Electrostatic sensitivity..: CAUTION-these microcircuits may be damaged by electrostatic discharge. Precautions 
should be observed at all times. 

7. ELECTRICAL PERFORMANCE CURVES 

I Typical at +250 case and ±Vcc = 28VDC unless otherwise noted. I 
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8. APPLICATION INFORMATION 
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8.1 Grounding, Because of the high output current capability of the OPA8785 Series, the user is cautioned to observe 
proper grounding techniques. Figure 4 illustrates a recommended technique. 

FIGURE 4. Proper Power Supply Connections. 

Note that the connections are such that the load current does not flow through the wire connecting the signal ground 
point to the power supply common. Also, power supply and load leads should be run physically separated from the 
amplifier input and signal leads. 
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8.2 SUPplY..E)::passing~ The OP A8785 power supplies should be bypassed with 50,uF tantalum capacitors connected as 
close as possible to pins" 3 and 6. These bypass capacitors should be connected to the load ground rather than the signal 
ground. 

8.3 Current limits. The OPA8785 amplifier is designed so that both positive and negative load current limits can be set 
independently with external resistors +Rsc and -Rsc respectively. The approximate value of these resistors is given by 
the equation: 

Rsc = [(0.65 -;- !LIMIT) - 0.0437] ohms 

IUMIT is the desired maximum current in amperes. The power dissipation of the current limit resistor is: 

Pm" = Rse (ILIMIT)' watts 

Rsc is in ohms and ILIMIT is in amperes. 

Current limit resistors carry the full amplifier output current so lead lengths should be minimized. Highly inductive 
resistors can cause loor instability. Variation in limit with case temperature is shown in the Typical Performance 
Curves, paragraph 7. 

The amplifier should be used with as Iowa current limit as possible for its particular application. This will minimize the 
change of damaging the amplifier under abnormal load conditions and will increase reliability by limiting internal 
power dissipation. 

The current limits may be used to generate other functions such as constant current supplies and torque or stall current 
limits for servomotor applications. 

8.4 Heat sinking~ TheOPA8785 requires a heat sink to limit output transistor junction temperature (TJ) to an absolute 
maximum of +200°C. The steady-state thermal circuit is illustrated in Figure 5. 

1----------0 JUNCTION 

CASE 

HEAT SINK 

'-----------~o AMBIENT 

FIGURE 5. Simplified Steady-State Heat Flow Model. 

Junction temperature (TJ) is found from the equation: 

TJ = PI) «(he + IJcs + IJ~A) + T A 

where Po = average amplifier power dissipation (W) 
IJJC = junction to case thermal resistance (OC/W) 
IJcs = case to sink thermal resistance (0 C / W) 
IJSA = sink to ambient thermal resistance (OC/W) 
TA = ambient temperature (0C) 

For most heat sink calculations the quiescent power dissipation is very low «1 watt) and can be disregarded with 
only a small error. 

The maximum size heat sink can be found as follows: 

Example: Find the maximum thermal resistance (smallest heat sink) that can be used for an OPA8785 with 
±Vcc = 28VOC. Output voltage is +lOVOC across a Ion resistor and ambient temperature is +50°C: 

IJSA = [(TJ - T A ) -;- PO] -lJcs -IJJC 

As large a heat sink as possible should be used. IJcs depends on the flatness of the heat sink, the thermal compound 
used, and the roughness of the mating surfaces. Typical values are between O.l°C/W and 0.3°C/W for a TO-3 
package properly mounted on a heat sink. 
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The OPA8785 mounting flange is electrically-isolated and can be mounted directly to a heat sink without insulating 
washers or spacers. 

The output transistor thermal resistance (Ole) is a function of the output current pulse width, pulse shape, and duty 
cycle. Long duration pulses allow the junction temperature to approach its steady state value while shorter pulses 
cause a lower peak junction temperature due to the junction's thermal time constant. Heat is conducted away from 
the junction rapidly so that as the duty cycle decreases, junction temperature decreases. 

Steady state Ole is rated at 2.2°Cf W maximum. In applications where the amplifier's output current alternates 
between output transistors-for example, an AC amplifier-the transistor OlC will depend on frequency as shown in 
Figure 6. 

1.2 

1.0 .. 
;.-:1 0.8 
~ 
::::; 0.8 
~ 
:5 z 0.4 

0.2 

o 

DUTY CYCLE = 0.5 FOR EACH TRANSISTOR 

l-
i' 

0.1 10 100 lk 10k 

FREQUENCY (Hz) 

FIGURE 6. Effective OIC for Applicatioris Where Output Current Alternates Between Output Transistors. 

8.5 Safe operating area (SOA). In addition to the limits imposed by power dissipation, the amplifier's output transis
tors are also limited by a second breakdown region. This occurs because of increased emitter current density due to 
current crowding at higher operating voltages. Both the dissipation and second breakdown limits depends on time 
and temperature. Figure 7 shows each output transistor's SOA at a case temperature of +25°C. 

0.1 
I 

MAXIMUM SPECIFIED I t l\.. "- ~~ ~~-CURRENT 1" I l\.. 
~~ '!\ 

POWER ."\. ~ 
DISSIPA~r"L..ol\ 

K~ ~\ LljlT '" .'" 
\. 

SE~DJD BREAKDOWN "- ~\ - T CASE = +25°C 
LIMIT I<-

\ 
- T JUNCTION = +2OO°C 

\ _"JC= 2.2"C/W , 
MAXIMUM } U GRADE 
SPECIFIED I 
VOLTAGE V GRAOn 

4 6 8 10 20 40 60 80 100 

VOLTAGE ACROSS OUTPUT TRANSISTOR (V) 

FIGURE 7. Transistor Safe Operating Area at +25°C Case Temperature. 

Limits for short pulse widths are substantially greater than for steady state (DC). At a case temperature of +125°C 
the SOA limits are reduced (see Figure 8). The SOA shown in these curves is based on a conservative linear derating 
of both the power dissipation and the second breakdown region. 
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FIGURE 8. Transistor Safe Operating Area at +125°C Case Temperature. 

Resistive loads are easy to analyze by simply plotting load lines on the SOA curve. If the curve representing the load 
line stays within. the OPA8785 output transistor's SOA curve and all other parameters are observed, such as case 
temperature, etc., the amplifier will be safe. The load line can swing through the larger SOA limits if their time 
duration constraints are strictly observed. 

Reactive loads present.a more complex problem since the output voltage and current are not in phase. This results in 
the reactive load line becoming elliptical (when plotted on linear axes) which requires a larger SOA for safe opera
tion. 

Although detailed analysis is beyond the scope of this data sheet, the load line can be viewed on an oscilloscope as 
shown in Figure 9. The X-Y display is driven by the voltage across the load and by the current into the load. This 
setup can also display voltage and current stress across the OPA8785 output transistors as shown in Figure 10. This 
data can then be compared to the SOA limits. 

The amplifier is designed to operate with electromotive force generating loads such as servomotors, relays, and actu
ators. Careful attention must be paid to both the load characteristics and the amplifier's SOA to ensure safe opera
tion. 

TEST 
SIGNAL u-"VV ..... -=-f 
IN 

"BOTH LEADS OF HORIZONTAL 
AND VERTICAL INPUTS MUST 

+Vcc 

-Vee 

FLOAT WITH RESPECT TO EACH OTHER 

FIGURE 9. Loadline Display. 
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TEST IkO 
SIGNAL o-'VV' ..... --''-t 
IN 

'BOTH LEADS OF HORIZONTAL 
AND VERTICAL INPUTS MUST 

+vcc 

FLOAT WITH RESPECT TO EACH OTHER OSCILLOSCOPE 

FIGURE 10. Output Transistor Safe Operating Area Stress Display. 

Figure II shows the OPA8785 configured as a DC permanent magnet motor driver. The armature current (IA) and 
motor voltage (Vm ) are monitored by an oscilloscope in the X-Y mode. Slewing the motor with a 4Hz sine wave 
results in the motor power ellipse of Figure 12. The input level has been adjusted to give ±20V, peak across the 
motor. An examination of the power ellipse indicates that the instantaneous power delivered to the motor exceeds 
the amplifier's output transistors safe operating area at a case temperature of +25°C. The point at which the motor 
shows OV at -6.9A isa problem. The voltage across the output is 28V - OV = 28V. Checking the SOA curve shows 
that the amplifier can safely withstand this condition for slightly under 5msec. At 4Hz this transient swing outside the 
DC SOA region is exceeded for much longer than 5msec. Continued operation under these conditions will result in 
device failure. Peak junction temperatures should not exceed +200°C. Perhaps a motor with a higher impedance 
winding should be considered for this application. Current limiting and lower supply voltage can also reduce dissipa
tion. 

+ 2BVOC 

-2BVOC 

PMI UI2M4T 
SERVOMOTOR 

FIGURE II. Servomotor Amplifier. 
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Motors used in servo applications often require a surprisingly large current to accelerate quickly. Worst-case condi
tions occur when the motor is operating at full speed and is suddenly slammed into reverse ("plugging''). This 
condition is illustrated in Figure 13 when a DC servomotor is driven by a bipolar square wave. As the motor reverses 
direction a large surge current flows, causing very-high peak power dissipation.in the amplifier. After several time 
co.nstants (determined by the inertia moment) the current drops to a lower steady-state value. Loading the motor 
increases the motor average power and amplifier dissipation. SOA curves should be checked for safe operation under 
these surge conditions. ' 

The OPA8785 current limits may be set to clip the high s'urge currents to a safe level. This is shown in Figure 14. 
Note that the current limit does limit the servomotor peak acceleration. 

Inductive loads should be investigated for high peak' transients generated by a collapsing magnetic field. Resistive 
damping can 'reduce this problem and although the amplifier has a substrate as part of the Darlington output 
transistor structure, external diodes are recommended for heavy clamping. 

Fast diodes such as those normally used as rectifiers in switching power supplies are suitable. 
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.a A MOTOR DISSIPATION 
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iii 
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.s 
·10 
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·10 

PMI UI2M4TMOTOR. NO LOAD 
I = 4Hz. SQUARE WAVE 
±Ycc = 2BV. TC = 25" 

Ay = +10 

FIGURE 12. DC Servomotor Load Line. FIGURE 13. Servomotor Drive-"Plugging" 

A 

PMI U12M4T MOTOR. NOUAO 
I = 4Hz. SQUARE WAVE 

±YCC = 28YDC; ±RSC = 0.151[ 
TC = 25°. Ay = +10 

FIGURE 14. Servomotor Drive With Current Limit. 

12-134 



BURR-BROWN® 

113E11 VFC32/883B SER~ES 
MODEL NUMBERS: 

VFC32WM/883B 
VFC32WM 

VFC32UM/883B 
VFC32UM 

VFC32VM/883B 
VFC32VM 

REVISION D 
MAY, 1986 

VOL TAGE-TO-FREQUENCY CONVERTER 

FEATURES 
• HIGH LINEARITY o HI·REL MANUFACTURE 

±O.006% max (13 blls) and ±0.01 % max 
112 blls) all OkHz FS 

• 6-DECADE DYNAMIC RANGE 

±O.05% max aliOOkHz FS 
o OUTPUT DTl/TTl/CMOS COMPATIBLE 

±O.1% max al200kHz FS o \I/F OR FIV CONVERSION 

DESCRIPTION 
The VFC32 monolithic voltage-to-frequency and 
frequency-to-voltage converter provides a simple, 
low cost method of converting analog signals into 
digital pulses. The digital output is an open collector 
and the digital pulse train repetition rate is propor
tional to the amplitude of the analog input voltage. 
Output pulses are compatible with DTL, TTL, and 
CMOS logic families. 

The converter requires two external resistors and 
two external capacitors to operate. One external 
resistor and one external capacitor set up the full 
scale frequency, with a guaranteed nonlinearity of 
±O.l% maximum at 200kHz. The other capacitor is 
the one-shot capacitor; for best performance it 
should have a low temperature coefficient. The 
other resistor is a noncritical open collector pull-up 
resistor. 

The VFC32/883B Series converter is available in 
three electrical performance grades. The V grade has 
200kHz specifications and tests. The W grade has 
premium linearity, ±0.006% of FSR, and premium full 
scale accuracy temperature coefficient of 100ppml 0c. 

The U grade is specified from -25°C to +85°C and 
from -55°C to +125°C. It is primarily for high per
formance test equipment, shipboard, ground sup
port and industrial applications, where operation is 
normally between -25°C and +85°C and full temp
erature operation must bi: assured. All are packaged 
in welded, hermetically-sealed, TO-100 cans. -

Ali devices are manufactured on a Hi-Rei manufac
turing line with impeccable clean room conditions to 
assure "built-in" quality. 

Two product -assurance levels are available: -stan
dard, and 1883B. The standard models have many 
MIL-STD-883 screens performed routinely. Each 
1 883B suffixed device is Hi-Rei manufactured, 100% 
screened per MIL-STD-883 method 5004 class B, 
and had 5% PDA. 

Quality assurance further processes 1883B devices, 
performing group A and' B inspections on each 
inspection lot and group C and D inspections as 
required by MIL-STD-883. A report containing the 
most recent group A, B, C, and D tests is available 
for a nominal charge. 

International Airport Industrial Park - P.O. Box t 1400 • Tucson. Arizona 85734 • Tel.1602J 746-1111 - Twx: 910-952-1111 - Cable: B8RCORP - Telex: 66-6491 

PDS-449D 
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VFC32/883B SERIES 

I. SCOPE 

DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 

VOL TAGE~TO-FREQUENCY CONVERTER 
MONOLITHIC, SILICON 

1.1 Scop~ This specification covers the det.ail re4uirements for a very linear; Hlltage-to-fre4uency l·onyCrtcr. For the 
description of operation see paragraph 3.3.3. 

1.2 Part Number. The complete part number is as shown below. 

VFC32 V M /883B 

T ~ l T 
Basic model Grade Metal Hi-Rei product 

number (see 1.2.1) package designator 
(see 1.2.2) 

1.2.1 Device typ~ The device is a single. volt<lge-io-fre4uency converter; it will also function <IS <I single. fre4uency-to
voltage converter. Three electrical performance grades ,Ire provided. The V grade features specifications and tests at 
200kHz. The W grade features premium linearity (13 bits) and premium full scale accuracy. The U grade features 
specified and tested performance from -25°C to +85°C and maintains -55°C to +125°C .operation. 

Electrical specifications are shown in Table I. Electrical tests are shown in Tables II and III. 

1.2.2 Device class. The device class is similar to the product assur.ance level class B. as defined in M II.-M-385I 0. The 
Hi-Rei product designator portion of the part number distinguishes the product assurance level as follows: 

Hi"Rel Product 
Desigmitor 

/8838 

(none) 

Requirements 

Standard Model, plus 100% MIL-STD-883 class 8 screening, with 5% 
PDA, plus quality conformance inspections (QCI) consisting of Groups A 

. and 8 performed on each inspection lot, plus Groups C and D performed 
as required by MIL-STD-883. 

Standard model including 100% electrica! testing. 

1.2.3. Case outline. The case outline is A-2 (IO-Iead can, TO-100) as defined in MIL-M-3851O, Appendix C. The case is 
metal and is conductive. 

1.2.4 Absolute maximum rating~ 

Supply voltage range 
Input voltage range. +input.pin I 
Input voltage ninge. -input. pin 2 
Output pull-up supply voltage (Vet") 
Output sink current. pin 6 
Comparator input voltage 
Output current pin 10 
Storage temperature range 
Lead temperature (soldering. 60sec) 
.function temperature 

1/ The absolute maximum input voltage is equal to the supply voltage. 
y V PI' is the supply voltage connected to pin 6 via R2; see Figure 2. 
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±22VDC 
±22VDClf 
±22VDC 11 
±22V DC.!I 11 
16mA 
±22VDC J1 
±20mA 

.. -65"C to + 150"C 
JOO"C 
Tr = 175"(' 



1.2.5 Recommended operating conditions. 

±IIVDC to ±20VDC 
+4.5VDC to +20VDC 

VFC32j 883B SERIES 

Supply voltage range 
Output pull-up supply (VI") 
Input voltage range. (V,,) OVDC to +[0.00025 x (R, + Rd]VDC JJ:Y 

-IOVDC to OVDC 11 
Input current range. pin 2 

Full scale frequency 
Ambient temperature range 

1.2.6 Power and thermal characteristics. 

OmA to +0.2SmA 
OmA to +0.50mA :y 
100kHz jJ 

-55"C to + 125"C 

Maximum allowable Maximum 
o .I-C 

70"C;W 

Package 

10-lead can 
(TO-IOO) 

Case outline power dissipation 

A-2 225mW at T, = 125"C 

2. APPI.ICABI.E DOCUMENTS 

Maximum 
o C-A 

ISO"C W 

2.1 The following documents form a part of this specification to the extent specified herein. 
SPECIFICATION 

MILITARY 
M I L-M-3851 0 - Microcircuits. general specification for. 

STANDARD 
MILITARY 

MIL-STD-883 - Test methods and procedures for microcircuits. 

3. REQUIREMENTS 

Maximum 
() .I-A 

220""(' W 

3.1 General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate to 
assure successful compliance with this specification. 

3.1.1. Detail specifications. The individual item requirements are specified herein. In the event of conflicting 
requirements. the order of precedence will be the purchase order. this specification. and then the reference documents. 

3.2 Design. construction. and PEysical dimensions. 

3.2.1 Package. metals. and other materials. The package is in accordance with paragraph 3.S.1 of M II.-M-3XSIO. The 
exterior metal surfaces are corrosion resistant. The other materials arc nonnutril'nt to fungus as specified in 
MIL-M-38510. 

3.2.2 Design documentation. The design documentation is in accordance with MII.-M-3851O. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires arc in accordance with 
MII.-M-38510. 

3.2.4. Lead material and finish. The lead material is kovar type (type A). The lead finish is gold plate with nickel 
underplating. The lead material and finish is in accordance with M IL-M-38510 and is solderable per M IL-STD-883. 
method 2003. 

3.2.S Glassivation. The microcircuit die is glassivated. 

3.2.6 Die thickness. The die thickness is in accordance with MII.-M-38510. 

3.2. 7 ~)'sical dimensions. The physical dimensions arc in accordance with paragraph 1.2.3 herein. 

3.2.8 Circuit diagram and terminal connections. The circuit diagram and terminal connections arc shown in Figure I. 

3.2.9 Schematic circuit. The functional schematic circuit is shown in Figure I. 

3.3 Electrical performance characteristics. The electrical performancc characteristics arc as specified in Table I and apply 
over the full operating ambient temperature range of -55"C to + 125"(', unless otherwise specified. 

3.3.1 Additional electrical performance characteristics. Electrical performance curves arc shown within paragraph 7. 

3.3.2 Connection diagram. The connection diagrams for voltage-to-frequency operation arc shown in Figures:2 and 3. 
The connection diagram for frequency-to-voltage operation is shown in Figure 4. 

Jj For positive input voltages (see Figure 2). 
11 For frequencies 100kHz to 200kHz 50% duty cycle is recommended (see paragraph 3.3.3.1). 
lJ For negative input voltages (see Figure 3). 
jJ For best line linearity. 
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VFC32/883B SERIES 

10-LEAD CAN ITOP VIEWI 

VCC ICASEI 3 

COMPARATOR INPUT 

N C = NO INTERNAL CONNECTION. 
EXTERNAL CONNECTION PERMIITED. 

FIGURE I. Terminal Connections and Functional Schematic Circuit. 

3.3.3. Description of Operation. The input amplifier of the VFC is connected as an integrator (see Figure 21. When a 
positive input voltage is applied at V's. a constant current. V" (R, + R d. will flow through the input resistor. (R, + Rd. 
charging capacitor C,. At this time the current sink is disahled as the switch is open and the V FC output. pin 6. is logic "0". 
The voltage at the amplifier output (comparator input) will ramp down from a positivc voltagc toward lero. according to 
dv dt = V" [( R I + R d C,l When the ramp reaches a voltage close to lero (= -0.6 V). the comparator changesstate. and 
fires the one shot. Note. this period of time is a function of the input voltage. V". 

As the one-shot fires. the VFC output. pin 6. changes from logic "0" to logic" I ". and the switch closes enahli ng the I mA 
current sink. The length of time the one shot fires is detCI'mined hya refcrence(7.5V) within the one shot and the external 
one shot capacitor C , . 1':ote, this period of time is not a function of the input voltage. For good over temperature 
performance C , must have a low temperature coefficient. When the current sink is enabled, the current in the integrating 
capacitor, C" reverses direction and flows towardthe summingjunction. This occurs because the constant input current. 
V,,(R , + R.d, is set up to always he less than the I mA current sink. The voltage at the amplifier output ramps up 
according to dv dt = [(V" (R, + Rl) -( I mAl) C,. Before the ramp voltage saturates the amplifier. the one shot resets. 

When the one shot resets, the switch (~pens, the current sink is disabled, the VFC output changes back to 10gic"0"and the 
cycle repeats. 

The total VFC period is determined hy the following e4uations: 

I 
[.,=1' 

t"" tl + tz C, C, 
t = ~ VOlrr t VIN/(R , + RJ) t ~ VOUT t2 

and: 

-~ VouTtl = +~ VOUT t2 

t - C 7.5V 
2- limA 

The equations reduce to: 

fo = VIN 
7.5 (R, + RJ ) C, 

VIN/(R, + RJ) -tmA 

t2 
I I 

IL 
Note, the output frequency is not dependent upon C" and the temperature coefficients pfR" R J, and C, are critical to the 
VFC's over-temperature performance. These temperature coefficient effects must be added to the drift specifications of 
the integrated circuit itself. 

3.:1.3.1 [)utysyele. The duty cyele( D) of the VFC is the percent the one-shot period (t,) is ofthe.total V Fe pniod Il, + t·). 
It is measured at the full scale input voltage, which is the full scale fre4uency. 

[) = 
t, 

i)uty cycle is related to the maximum input current and the ImA (nomina I) current sink. By reducing t he e4uations for t· 
and f..: 

[) 
Y,N max/(R , +\RJ) 

ImA 
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·VCC 

RI 

.VCC 

.Vce 

·Vce 

, 
: I 11: '--------1---- 8 ----N~~O~~T~~ 

·VCC ICASE) COMMON 

VFC32/883B SERIES 

TRANSFER FUNCTION 

'a = V,N 
7.51RI • R3) CI 

Vee = ±15VOC 

Vpu = 5VOC 
V'n = OVOC 10 .,OVOC , 

'a = ""'Hz ID 10kHz 

EXTERNAl COMPONENTS 

RI = 30kn 
R2 = 1.2Icn 
R3 = 2Okn, 
R4 = 10Mn 

H5 = 50kn 
CI = 330DpF 10 = 0,25) 

C2 = O.OI"F 

FIGURE 2. Connection Diagram. Voltagc-to-Frcqucncy Opcration. i'ositilc Input. 

C2 

R2 

, , 

I l' : : I . '--------1---- 8 ··--~;~O~~T~~ 
,Vce (CASE) COMMON 

TRANSFER FUNCTION 

I = ,VIN 
a 7 .5(RI • R3) CI 

Vee = !'15VOC 
Vpu = 5VOC 
V'n = ·Iovoe to -tllVOC 

fa = ~4Hz to 10kHz 

EXTERNAL COMPONENTS 

RI = 30kn 
R2= 1.2Icn 
R3 = 20kn 
R4= 10Mn 

R5 = 50kn 
CI = 3300pF (0 = 0.25) 

C2 = O.OI"F 

FIGURE 3. Connection Diagram. Voltagc-to~Frcqucncy Opc'ration. Ncgative Input. 

Vo 
C2 

" , 
I , 

, 6 

TRANSFER FUNCTION 

Va = 7.5 (HI • Ral CI fin 

Vee = ±15VOC 
'In = 10Hz to 10kHz ITTL) . 
Va = ±O.OIVOC 10 .IOVOC 

EXTERNAL COMPONENTS 

RI = 30kn 
R3 = 20kn 
R4= 10Mn 
R5 = 50kn 

As = 12kn 
CI = 3300pF (0 = 0.25) 

~ ~ O.DI"F 
!=3 = O.DI"F 

, ---- ,~ 

I 1 : CONNECTION 
: I 

L_ - - - ---1----8 --- -N~~O~~T~O~ 
·VCC (CASEI COMMON 

FIGURE 4. Connection Diagram, Frequency-to-Voltage Operation. 

External component selection is typical. Sec paragraph 3.3.3. 
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The duty cycle (D) may be selected by the user to any value';;; 70"; (D:S;; 0,70), The 70'; limit is due to component 
toleninces, offset, temperature effects, etc" and allowingO,70mA as the minimum value forthe I mA (nominal) current 
sink, the worst case, maximum input current, VIN/(RI + R3), is 0.50mA, 

The normal. recommended duty cycle is 25"; «() = 0,25) because this yields the best linearity, This is a maximum input 
current. VIS (R I' + RI). ofO.25mA. The value of the externillc,lpacitur C I is the primarydete'rminantofdutycyde and it is 
selected first: it determines the pe,riod t1.Then the maximum input current. V" (RI+ R ,). is computed to satisfy the V Ft· 
tmnsfer function. which determines the tutal VFC period. It + t1. , 

For frequencies above lOOk Hz, the recommended duty cycle is 50% (0 = 0.50): that is, 0.50mA maximum input current. 
, This provides additional time for ,\1 and compensates for th,e inherent delay time within the integrated l'in:uil. This 

additional time allows the oitlput transistor to turn uff. providing a logic "I" output pulse. especially at clelated 
temperature. 

3.3.4. External comp'onent selection. Refer to Figures 2, 3" and 4 for examples of external components' selection. 
One-shot cap'acitor CI. This capacitor determines the duration of the logic "I" output pulse. For a 25% duty cycle (0 = 
0.25), 0.25mA maximum input current, use the first equation and select the closest standard value. For any duty cycle, D, 
use the second equation. 

(J50pF min) 

The initial tolerancc of this capacitor is not critical because R, can be adjustcdto remove the initial gain error. The 
temperature coefficient is critical because it adds directly as a tmnsfer function error. An ]'Ii PO l'emmic type capacitor is 
recommended. Every effort sh()uld be made to minimize pa'msitic capacit,lI1ee and C I should be mounted as close as 
possible to the V Fe. 

Inrut resistor RI + R ,. RI + R, determines the magnitude of the input current which charges the integrating l'apm:itor C·. 
:fhe total resistance is calculated according to 

RI+R, 

l'Iiormally. I" is 0.25mA: refer tu paragraph 3.3.3.1 . .R I. ,IS a percentage of the RI,and R, total resistance. should he 90"; 
niinus the percent initial tolerance of C I. R, is the initial gain error adjustment.·;tnd as a percentage of the RI + R, total 
resistance. R, should be 20"; plus twice the percent initialtolemnce of CI. 'l~he initial tolerance'of RI and R, arc not 
nitical. hut the temperature coefficients arc critical hecause they add directly as tmnsfer function errors. If the input 
signal is current mther than,a voltage. RI and R, arc replaced with a short circuit. and the renlPval ofa gain error,then 
requires adjustment of C I. " 

Trimming comronents R. and R;. R; nulls the offset voltage of the input amplifier (VFC offset'error). It should have a 
resistance hetween 10kH and IOOkH and a temperature coefficient less than orequal tolOOppm "c, R. should be IOMH 
and may be a 20"; carbon composition resistor. . 

OutP_!:!'! .. .I'!ull-ur resistor R,. Select a 10"; carhon composition resistor according to 

R.! mm = 
V pull-up 

For high frequency operation. f~ lOOk Hz. it is necessary to minimize the capacitive loading of the output termimtl. pint.. 
to ,Illow the open collector (\utput voltage to risempidly to logic "I". One way to shortcn the timc constant fm'mcd by thc 
pull-up resistarice and the capacitance at this node is to lower the pun-up resistance. A constant current supply of SmA 
to the output terminal with a diode clamp works well.. The best way to shorten the time constant is to minimize the 
capacitive loading. The use of a TTL buffer is effective. , 

Integrating caracitor C1. C'1 is a function of the full scale frequency and issclcl'tcd accnrding to 

, 101 

C'1 (~F)= -
fmn\ 

(O.OOI~F min) 

Select the closest standard value to the calculated value. The initial tolerance and tcmperature cocfficicnt arc not critical 
since C'1 does not appear in the transfcrfunction. The leak,lge currcnt of ('1 is critical as it introduccs a gain error. Sclcct a 
capacitor type with small leakage compared to the full scalc input current (().25mA): a myhlr typc is rccommcnded. 

l-'re~!:!'£!}9·-to-voltage oreration R., R" C,., 
To interface with TTL logic, the input should be coupled through a capacitor (C3), and the minus input to the comparator, 
pin7. hiased ncar +2.5V (sec Figure 4). The converter will detect the falling edge of the input pulse train as the voltage at 
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pin 7 crosscs -O.OV. Thc convertcr will reset as the voltage at pin 7 goes positi\'c and crosses +I.OV. Choosc C, for an 
appropriate R6 , R7, C3 time constant such that the time, t, from -O.6V to +1.0V, meets the specified pulse width range 
requirements (Tahle I). For input signals with amplitudes less than 5V. it will he necessary to hias pin 7 closer to ICI'O to 
insure that the input signal at pin 7 crosses the -O.OV threshold. Errors may hc nulled (see paragraph 3.3.5) usingO.OO I 01 
full scale frequency to null the offset. and full scale frequency to null the gain error. 

Power suPpJyJ?ypass capacitors. Each power supply should he hypasscd to ground as c10sc as possihle to the convcrter 
with O.DI/lF capacitors. 

3.3.5. Offset and gain error null. Thc VFC is capahle of heing nulled to zcrn offsct and tern gain error using the circuih 
shown in Figures 2. 3. and 4. R, effects zero offset error: R, effects zero gain crror. 

The offset and gain error null adjustment procedure is: 
a. Apply an input voltage that should produce an output frequency of 0.00 I of full scale. 
b. Adjust R5 for 0.00 I of full scale frequency. 
c. Apply full scale input voltage . .J.j 

d. Adjust R., for full scale frequency. 
e. Repeat steps a through e. 

If nulling is unnecessary for the application. delete R. and R5• and replace R., with a short circuit. 

3.4 Electrical Tests. Electrical test requirements are as specified in Table II. The subgroups of Table III which constitute 
the minimum electrical tests for screening, qualification, and quality conformance, are shown in Table II. 

3.5 Marking. Marking is in accordance with MIL-M-3851O. The following marking is placed on each microcircuit as a 
minimum. 

a. Part number (see paragraph 1.2). 
b. Inspection lot identification code. y 
c. Manufacturer's identification (iu~m'j. 
d. Manufacturer's designating symbol (CEBS). 
e. Country of origin. 

3.6 Workmanship-, These microcircuits are manufactured, processed, and tested in a careful and workmanlike manner. 
Workmanship is in accordance with good engineering practices, workmanship instructions, inspection and test pro
cedures, and training, prepared in fulfillment of Burr-Brown's product assurance program. 

3.6.1 Rework provisions. Rework provisions for the /883B Hi-Rei product designation, including rebonding, are in 
accordance with MIl-M-38SI0. . 

3.7 Traceability~ Traceability is in accordance with MIL-M-3851O. Each microcircuit is traceable to the production lot 
and to the component vendor's component lot. Reworked or repaired microcircuits maintain traceability. 

3:8 Product and process chang"" Burr-Brown will not implement any major change to the design, materials, construc
tion, configuration, or manufacturing process which may affect the performance, quality, reliability or interchangeabil
ity of the microcircuit without full or partial requalification. 

3.9 Screening, Screening, for the /883B Hi-Rei product designation, is in accordance with MIL-STD-883, method 
5004, class B, except as modified in paragraph 4.3. 

For the standard model, Hi-Rei product designation (none), routine manufacturing processing includes Burr-Brown 
internal visual inspection, stabilization bake, fine leak, gross leak, constant acceleration, and external visual inspection 
per MIL-STD0883, method 2009. 

For the /883B Hi-Rei product designation, all microcircuits will have passed the screening requirements prior to 
qualification or quality conformance inspection. 

3.10 Qualification. Qualification is not required. See paragraph 4.2 herein. 

3.11 Quality conformance inspection. Quality conformance inspection, for the /883B Hi-Rei product designation, is in 
accordance with MIL-STD-883, except as modified in paragraph 4.4 herein. The microcircuit inspection lot will have 
passed quality conformance inspection prior to microcircuit delivery. 

1/ For optimum linearity it is recommended that gain error nullinKbe performed at 90% of full scale frequency rather than at 100% offull scale frequency. 

Y A 4-digit data code, indicating year and week of seal. and a 4· or 5-digit lot identifier are marked on each unit. 
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TABLE I. Electrical Performance Characteristics 

Ail characteristics TA = -55°C to+125°C, ±Vcc = '15VDC, unless otherwise specified, 

'CHARACTERISTICS CONDITIONS 

INPUT (VIF CONVERTER) 

Bias current TA'" +2SOC 
Inverting Input 
Noninvert/ng input 

'Ollset voltage jJ T'A =+250 0 
Differential impedance TA =+25°C 
Common-mOde T",,=+25°C 
Impedance. 

INPUT (FlY CONVERTER) 

Impedance TA -+25°C 

Logic "'" 
Logic''O'' 
Pulse-wtdth range 

ACCURACY 

linearity error .1J r'-freq.s;; 10kHz 
10kHz~ oper 

TA = +25°C freq.s;; 100kHz 

1ookHz.s;; 'oper 
Iraq .s;; 200kHz 

Offset error Iinpul 
offset voUagel Jj TA =+25°C 

Offsetdrlft,§J -25°C to +850C 
_55°C to +125°C 

Gain error jJ TA = +2SOC 
Gain drift.§! l=lOtcHz -25°C to +SSOC 

t= 10kHz -55OC to +125'C 

Full 'cale drift f= 10kHz -25°C to +25°C 
10"set drift & +25°C to +asoC 
gain drllt, §! §J f = 10kHz -5SOC to +2SOC 

+25°C to +125°C 
f= 200kHz -55°C to +25°C 

+25°C to +12SOC 

Power supplV f = riC. zVcc == 12VDC 
sensitivltv to 18VDC 

OUTPUT (VIF CONVERTER) (opon coffeelDr output) 

Voltage. logic "0" ISINK =8mA 
Leakage current. 
logic "1" Vo == 15V TA = +25°C 

Voltage. logic "1" External pull-up resistor 
required I sea Figure 2. 

Pulse width 
Fall time lOUT = SmA, Ct.OAD ::: SOOpF 

OUTPUT (FlY CONVERTER) 

Voltage 10 = 7mA. T"= +25°C 
qurrent Vo:::7VOC 
Impedance Closed lOOp 
Capacitive load Without oscillation 

DYNAMIC RESPONSE 

Full scale frequency 
Dynamic range 
SeHlIng time IV/F, to specilied linearitv 

.l.VIN = 10V 
Overload recovery <50% overload 

POWER SUPPLY 

Quiescent current I TA =+25°C 

TEMPERATURE RANGE (omblont) 

Operating 
Storage 

'Specification the same as V grade, 
NOTES: 
Jj Adjustable to zero. See paragraph 3,3,5. 

I 

I 

VFC32 V GRADE VFC32 W GRADE VFC32 U GRADE 

MIN I ,TYP I MAX I MIN TYP I MAX I MIN TYP I MAX I 

10 40' 
SO 100 
1 4 

330 1110 6SO 1110 

300 113 SoD 113 

SO 1110 ISO 1110 
+1.0 +Vcc 
-Vee -0,6 
0,1 150klFMAX 

±O,005 ±0,01()~ ±O.O03 ±O.OO6 ±O,005 ±O,010 

'±O,025 , ,±O,OSO 

±O,050 ±a. 100 

:t4 
:3 

:t3 ±3 ±9 

5 10 
±100 

, 
±150 

±200 ±100 ±300 

-100 -50 0 -ISO +SO 
0 +25 +100 -50 +ISO 

-200 -50 +100 -100 -50 0 -300 +100 
-100 +50 +200 9 +50 +100 -100 +300 
-400 -200 0 

0 ±150 

±O,O3O ±O,o4O 

0 '0,2 0,4 

0,01 1.0 

Vpu 
O.25/FMAX 

400 

Oto+10 
+10 

0,1 
100 

200 
6 

.JJ 

.J/ 

I ±4.5 ±6,0 I I I I I I 

-55 +125 
-65 +1SO 

UNITS 

nA 
nA 
mV 

klill pF 

Mil II pF 

., 
klill pF 

V 
V 

.,...sec 

%of FSR'y 

lfoofFSR 

'11001 FSR 

mV 
ppm of FSRI"C 
ppm of FSRfOC 

'IIoofFSR 
ppmtoC 
ppmfOC 

ppm of FSR/oC 
ppm of FSA/oC 
ppm at FSA/oC 
ppm 01 FSA/oC 
ppm of FSRfOC 
ppmot F~AfOC 

%"ofFSAI'Ib 

V 

.A 

V 
sec 

nsec 

V 
rnA 
II 
OF 

kHz 
decades 

mA 

·C 
·C 

11 Linearity error is speCified at any operating frequency from the straight line intersecting 90% of full scale frequency and 0,1% of full scale frequency, 
See paragraph 7 . 

.1J ±0,015% of FSR for negative Inputs. 
,jJ FSR = Full Scale Range I corresponds to full scale frequency and full scale input voltage" 
2! Exclusive of external components' drift 
§} Positive drift is defined to be increasing frequency with increasing temperature. 
:lJ One pulse of new frequency piUS 1.sec. ' 
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TABLE II. Electrical Test Requirements. 
(The individual tests within the subgroups appear in Table 111.) 

VFC32VM VFC32WM 
MODELS 

VFC32VM/883B VFC32WM/883B 

MIL-STD-883 test requirement (class B) 

Interim electrical parameters (preburn-in, method 5004) 

Final electrical test parameters (method 5004) 

Group A lest requirements (method 5005) . 11 

Groups C and 0 end pOint electrical parameters (method 5005) 

• PDA applies to subgroup 1 (see 4.3.c) 
11 Applies to "/883B" product only 

11 

SUBGROUPS (SEE TABLE III) 

t 1 

1·. 2. 3. 4. 5. 6 1".2.3.4.5. 5U. 6. 6U 

1.2,3,4,5,6 1.2.3.4.5. 5U. 6. 6U 

1 1 

TABLE III. Group A Inspection. 

LIMITS 

CONDITIONS 
VFC32 VFC32 

+Vcc = 15V, 
V GRADE W GRADE 

SUBGROUP PARAMETERS unless otherwise specified MIN MAX MIN MAX 

1 Input offset voltage 4 
TA:;;; +25°C Input bias current (inverting input) 40 

Input bias current (noninverting input) 100 
Oulput logic "0" Pin 6 ISINK= SmA 0.4 
Output leakage current (logic 1) Pin 6 VOUT::;:: 15V 1.0 
Quiescent current +Vcc and -Vee ±6.0 
Power supply sensitivity I=DC ±Vcc = 12VDC to 18VDC ±0.04 

2 
T" = +125°C Output logic "0" Pin 6 ISINK = SmA 0.4 

3 
T" = -55°C Output logic "0" Pin 6 ISINK = SmA 0.4 

4 
T.= +25'C Gain error, unadjusted f ;;;; fFULL SCALE;;;; 200kHz ±20 

Linearity error I = 200kHz ±200 
fFULL SCALE;;;; 200kHz 11 I = 150kHz .±200 

I = 100kHz ±100 
I = 50kHz ±100 
I = 10kHz ±20 
I = 5kHz ±20 
1=lkHz ±20 

Gain error, unadjusted f ;;;; fFULL SCALE;;;; 10kHz ±1 
Linearity error I = 10kHz ±0.6 

fFULL SCALE;;;; 10kHz 11 I = 7kHz ±0.6 
I = 5kHz ±0.6 
1=lkHz ±0.6 
1= 0.5kHz ±0.6 
I=O.lkHz ±0.6 

5 
T. = +125'C Full scale drift I = 200kHz y +25'C to +125'C -3.0 +3.0 

Full scale drift I = 10kHz y +25'C to +125"C 0 +100 

5U 
TA;;: +85°C Full scale drift 1= 10kHz y +25'C to +85'C 0 +60 

6 
TA;;;; -55°C Full scale drilt 1= 200kHz y -55'C to +25'C -6.4 0 

Full scale drift 1= 10kHz y -55'C to +25'C -80 0 

6U 
TA;;; -25°C Full scale drift I = 10kHz y -25'C to +25'C -50 0 

• Limits the same as V grade. 
NOTES: V Linearity error is adjusted or normalized to zero at 90% of full scale frequency and at 0.1% of full scale frequency. 

g; Subtract the frequency at the ~older temperature from the frequency at the hotter temperature. 

12-143 

VFC32UM 
VFC32UM/883B 

1 

1·.2.3.4.5. 5U. 6. 6U 

1.2.3.4.5. 5U. 6. 6U 

1 

VFC32 
U GRADE 

MIN MAX UNITS 

mV 
nA 
nA 
V 

/JA 
mAo 

% 01 FSR/% 

V 

V 

kHz 
Hz 
Hz 
Hz 
Hz 
Hz 
Hz 
Hz 

±1 kHz 
±1 Hz 
±1 Hz 
±1 Hz 
±1 Hz 
±1 Hz 
±1 Hz 

kHz 
Hz 

-30 +90 Hz . 
kHz 
Hz 

-75 +25 Hz 
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4. PRODUCT ASSURANCE PROVISIONS 

4.1 Sam~ling and ins~ection. Sampling and inspection procedures are in accordance with MII.-M-3851O and 
MIL-STD-883, method 5005 except as modified herein. 

4.2 Qualification. Qualification is not required unless specifically required by contract or purchase order. 

When so required, qualification will be in accordance with the inspection routine of M II.-M-38510. paragraph4.4.2.1. 
The inspections to be performed are those specified herein for groups A. B. Co and D inspections (see paragraphs 4.4, I. 
4.4.2,4.4.3. and 4.4.4). 

Burr-Brown has performed and successfully completed qualification inspection as described above. The qualification 
report IS available from Burr-Brown. 

4.3 Screening. Screening, for the /883B Hi-Rei product designation, is in accordance with MIL-STD-883, method 
5004, class B, ~nd is conducted on all devices. The following additional criteria apply: 

a. Interim and final test parameters are specified in Tahle II. The interim electrical parameters test prior to hum-in is 
optional at the discretion of the manufacturer. ' 

b. Burn-in test (MIL-STD-883, method 1015) conditions: 
(I) Test condition B 
(2) Test circuit is Figure 5 herein 
(3) T,\ = +125"C minimum 
(4) Test duration is 160 hours minimum 

c. Percent defective allowable (PDA). The PDA, for MIL Hi-Rei Product designations only, is 5 percent based on 
failures from group A, subgroup I test after cool-down as final electrical test in accordance with MIL-STD-883. 
method 5004, and with no intervening electrical measurements. If interim electrical parameter tests are performed 
prior to burn-in, failures resulting from preburn-in screening failures may be excluded from the PDA. If interim 
electrical parameter test prior to burn-in are omitted, all screening failures shall be included in the PDA. The 
verified failures of group A. subgroup I after burn-in in that lot are used to determine the percent defective for that 
lot. and'the lot is accepted or rejected based on the PDA. 

d. External visual inspection need not include measurement of case and lead dimensions. 

+lOV 

FIGURE 5. Test Circuit. Burn-in and Operating Life Test. 

4.4 ,Q.wili1y conformance insllection. Groups A and B inspections of MIL-STD-883, method 5005, are performed on 
each inspection lot. Groups C and D inspections of MIL-STD-883. method 5005, are performed as required by 
M I L-STD-883. 

A report of the most recent groups C and D inspections is available from Burr-Brown. 

4.4.1 Group' A inspection. Group A inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5005, Table I and as specified in Table II herein. 
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4.4.2 Group B inspection. Group B inspection consists of the test subgroups and LTPD values shown'in M I L-STD-
883, method 5005, class B. 

4.4.3 Group C inspection. Group C inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5005, and as follows: 

a. Operating life test (MIL-STD-883, method 1005) conditions: 
(I) Test condition B 
(2) Test circuit is Figure 5 herein 
(3) TA = +125°C minimum 
(4) Test duration is 1000 hours minimum 

b. End point electrical parameter~ are specified in Table II herein. 

4.4.4 Group D inspection. Group D inspection consists of the test subgroups and LTPD values shown in M I L-STD-
883, method 5005, and as follows: 

a. End point electical parameters are specified in Table II herein. 
4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate tahles, Ul'ctril',d 
test circuits are as prescribed herein or in the referenced test methods of M II.-STD-883. 

4.5.1 Voltage and current. All voltage values given, except the input offset voltage(ordiffcrential voltage) arc rCfcrl'llccd 
to the external zero reference level of the supply voltage. Currents given are conventional currellt and positi\c \\ hl'll 
flowing into the referenced terminal. 

4.6 Inspection of p~paration for deliver:t; Inspection of preparation for delivery is in accordance with M 1I,-M-3K5l 0. 
except that the rough handling test does not apply. ' 

5. PREPARATION FOR DELIVERY 

5.1 Preservation-packag1!!g and ~acking" Microcircuits are prepared for delivery in accordance with M II.-M -3K51 n. 

6. NOTES 

6.1 Notes. The notes specified in MIL-M-3851O are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the IISC of 
screened parts is desirable. 

6.3 Ordering data. The contract or order should specify the following: 
a. Complete part number (see paragraph 1.2). 
b. Requirement for certificate of compliance, if desired. 

6.4 Microcircuit group assignment. These microcircuits are assigned to Technology Group D 3'1 defined in MIL-M-
38510, Appendix E. ' 

6.5 Electrostatic sensitivity~ Caution - these microcircuits may be damaged by electrostatic discharge. Precautions 
should be observed at all times. 

7. DISCUSSION OF SPECIFICATIONS. 

7.1 Linearit:t; Linearity is the maximum deviation oftheactual transfer function from the straight line intersecting 9()1'; of 
the full scale frequency (90% of full scale input) and 0.1% of the full scale frequency (= zero input). I.inearity is the true 
measure ofa VFC's performance. Linearity error is a function of the full scale frequency as shown in Figure 6. For a given 
full scale frequency the linearity error decreases with decreasing operating frequency as shown in Figure 7. To allow the 
user to benefit with improved linearity at lower frequencies. linearity error is specified in bands of operating frequency 
(see Table I). 

7.2 Freguency stability versus temp.erature. The full scale frequency drift of the V FC32 versus' temperature is shown in 
Figure 8. The temperature coefficient effects of the external components (especially R, and Cd must be added to the drift 

,of the converter. 
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FIGURE 6. Linearity Error vs Full Scale Frequency. FIGURE 7. Linearity Error vs Operating Frequency. 
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FIGURE 8. Full Scale Drift vs Full Scale frequency. 
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BURR-BROWN® 

IElI3I 3500/8838 SERIES 
MODEL NUMBERS: 
3500R/MIL 
3500R/8838 
3500Ul883B 

REVISION B 
MAY, 1986 

General Purpose - Military 
OPERATIONAL AMPLIFIER 

FEATURES 

" LOW BIAS CURRENT. ±3OnA. MAX 
.. LOW DRIFT. ±20IlV/oC. MAX 
.. LOW NOISE. 1.4IlV. rms 
"WIDE SUPPLY RANGE.±3VDC to ±2oVoC 
.. INTERNAL COMPENSATION 
" HI-REL MANUFACTURE 

-DESCRIPTION 
The 3500 IC op amps are designed for low input 
current while maintaining slew rate and bandwidth 
adequate for most applications. The low input bias 
current is achieved by a unique bias current cancelling 
circuit. This method insures that the bias current 
remains low ovenhe full temperature and common
mode voltage ranges. The same circuitry gives the 
amplifier high impedance. both differential and 
common-mode. 

The 3500 is also a low noise lC op amp. Both current 
and voltage noise are low. inclu~ing the low frequency 
"flicker" and "popcorn" noise which usually prevenl 
the use of IC op amps for low-level signal processing. 

, The 3500 is internally compensated for unconditional 
stability for all feedback configurations. even with 
capacitive loads. The slew rate is independent of 
supply voltage level. The input stage of the 3500 series 
exhibits no latch-up when the common-mode voltage 
range is exceeded. The input impedance remains high 
with differential inputs as high as ±30 volts. thus the 
amplifier can be used as a sensitive comparator. The 
output stage is internally current-limited to provide 
protection against continuous short circuits. The 

APPUCAT~ONS 

.. GENERAL PURPOSE AMPLIFIER 

.. ANALOG COMPUTATION 

.. PRECISION BUFFER 
" LOW DRIFT INTEGRATOR 
• BRIDGE AMPLIFIER 
.. STABLE REFERENCE CIRCUITS 

3500 is interchangeable with 741 type amplifiers but 
gives greatly improved performance. 

These devices are manufactured in a hi-rei environ
ment with clean room conditions which assures 
"built-in" quality. Each device is 100% internally 
visually inspected per MIL-STD-883 method 2010 
and after the cap is welded on. the balance of the 
M I L-STD-883 method 5004 class B screening is 
completed. 

They are then processed further by Quality Assurance, 
performing groups A and, B inspections on each 
inspection lot and groups C and 0 inspections as 
required by MIL-STD-883. A report containing the 
most recent groups A, B, C, and 0 tests is available for 
a nominal charge. 

The R grade deviCes offer the best performance over 
the ambient temperature range of -55"C to +1 25"C. 
However. if the operating ambient temperature range 
will not exceed -2S"C to +85"C. such as with test 
equipment. the U grade device provides full per
formance at lower cost. 

Intarnatlonal,Alrport Industrial Park· P.O. Box 11400 . Tucson. Arizona 85734· Tel. (602) 745·1111· Twx: 911).952·1111· Cable: BBRCORp· Telex: 66·6491 

PDS-447B 
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3500/883B SERIES 

I. SCOPE 

DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 
OPERATIONAL AMPLIFIER 

MONOLITHIC, SILICON 

1.1 Scop.£: This specification covers the detail requirements for a monolithic. integrated circuit operational 
amplifier. -

1.2 Part N umber. The complete part number is as shown below. 

3500 R /883B 

T l T 
Basic model 

number 
Grade 

(see 1.2.1) 
Hi-Rei product 

designator 
(see 1.2.2) 

1.2.1 Device typ..!: The device is a single. operational amplifier. Two electrical performance grades are 
provided. the R grade and the U grade. with the R grade offering the higher electrical performance. 

1.2.2 Device class. The device class is similar to the product assurance level class B. as delined in 
MIL-M,38510. ' 

The Hi-Rei product designator portion of the part number distinquishes the product assurance level us 
follqws. 

Hi-Rei product 
designator Requirements 

/883B Basic model. plus 100% MIL-STD-883 class B screening with 10% PDA. plus 
quality conformance inspection (QCI) consisting of Groups A and B on each 
inspection lot, plus Groups C and D performed as required by MIL-STD-883. 

/883B Basic model. plus 100% MIL-STD-883 class B screening. 
1.2.3 Case outline. The case outline (8-lead can) is as defined in Figure 4. The case is metal and IS conductive. 

1.2.4 Absolute maximum rating~ 

Supply voltage range 
I nput voltage range 
Differential input voltage range 
Storage temperature range 
Output short<ircuit duration 
Lead temperature (soldering. 6Osec) 
Junction temperature 

1.2.5 Recommended ol1etating conditions; 

Supply voltage range 
Ambient temperature range 

1.2.6 Power and thermal characteristics. 

±20VDC 
±20VDClJ 
±40VDClJ 
-65"C to + 150"C 
Unlimited 11 
300"C 
TJ = 175"(, 

±3VDC to ±20VDC 
-55"C to + I 25"C 

Maximum allowable Maximum 
8J-C Package 

8-lead can 

Case outline power dissipation 

Figure 4 225mW at T" = I 25"C 

.1J The absolute maximum input voltage is equal 10 the supply vu1tab'C. 

70"C/W 

Maximum 
8 C-A 

220"C;W 

]J Short circuit may be to ground only. RUling applies tu +135"(' case temperature or +50"(' ambient tcmpcmturc ut ~15VI>C. suppl~ \"IlIlu!!L'. 
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2. APPLICABLE DOCUMENTS 

2.1 The following decuments form a part of this specification to the extent specified herein. 
SPECIFICATION 

MILITARY 
MIL-M-38510 - Microcircuits. general specification for. 

STANDARD 
MILITARY 

MIL-STD-883 - Test methods and procedures for microcircuits. 

3. REQUIREMENTS 

3500/883B SERIES 

3.1 General. Burr-Brown uses production and test facilities and a quality and reliahility assurance program adelluate to 
assure successful compliance with this specification. 

3.1.1 Detail s~ecifications. The individual item requirements are specified herein. In theevent of conflicting requirements 
the"order of precedence will be the purchase order. this specification. and then the reference documents. 

3.2 Design. construction. and PEysical dimensions. 

3.2.1 Package. metals. and other materials. The package is in accordance with paragraph 3.5.1 of M I I.-M-385 I O. The 
exterior metal surfaces are corrosion resistant. The other materials are non nutrient to fungus as specified in 
M I L-M-38510. 

3.2.2 Design documentation. The design documentation is in accordance with MII.-M-38510. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in ,lccordance with 
MIL-M··38510. 

3.2.4 Lead material and finish. The lead finish is gold plate. The lead material and finish is soldcrahlc per M II.-STD-883. 
method 2003. 

3.2.5 Glassivation. The microcircuit die is glassivated. 

3.2.6 Die thickness. The die thickness is in accordance with MIL-M-38510. 

3.2.7 Ph},sical dimensions. The physical dimensions are in accordance with paragraph 1.2.3 herein. 

3.2.8 Circuit diagram and terminal connections. The circuit diagram and terminal connections are shown in Figure I. 

OI'I'S"·1 
NIII.!. 

·IN 

N.C. 

·v,,· (CASE) 

S·I.EAD CAN (TOP VIEW) 

N.C. = No Internal Connection. 
external , .. onnection permilled. 

OUTPUT 

OI'I'SEI 
NIII.!. 

FIGURE I. Terminal Connections. 
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3S00/883B SERIES 
FIGURE 2. Schematic Circuit. 

3.3 Electrical performance characteristics. The electrical performance characteristics are as specified in Table I and apply 
over the full operating ambient temperature range of -SS"C to + 12S"C, unless otherwise specified. ' 

3.3.1 Additional electrical Jlerformance characteristics. Electrical performance curves are shown in paragraph 7. 

3.3.2 Offset and gain error null. The amplifier is capable of being nulled to zero offset voltage using the circuit in Figure 2. 
If nulling is unnecessary for the application. delete the potentiometer and make no connections. 

+Vn 

OUTPUT 

11t:::j:;::=== OFFSET NULL 

FIGURE 2. Offset Null Circuit. 

3.3.3 Freq!:!!<!!fY comJlensation. No frequency compensation is required. The amplifier is free of oscillation when 
operated at any gain and whc:1\ operated in any test condition specified herein. 

3.4 Electrical tests. Electrical tests are shown in Table III. The subgroups of Table III which constitute the minimum 
electrical tests for screening, qualification, and quality conformance, are shown in Table II. 

3.S Marking! Marking is in accordance with MIL-M-38SIO. The following marking is placed on each microciruit as a 
, minimum. 

a. Part number (see paragraph 1.2) 
b. Inspection lot identification code 1/ 

c. Manufacturer's identification (.=r'l 
d. Manufacturer's designating symbol (CEBS) 
e. Country af origin 

3.6 WorkmanshiJl. These microcircuits are manufactured, processed. and tested in a careful and warkmanlike manner. 
Warkmanship 'is in accordance with good engineering practices. workmanship instructians, inspection and test 
procedures. and training, prepared in ~ulfillment of Burr-Brown's product assurance program. 
3.6.1 Rework provisions. Rework provisions for the /883B Hi-Rei product designation, including rebonding, are in 
accardance with MIL-M-38SIO. 
3.7 Traceability. Traceability is in accordance with MIL-M-3851O. Each microcircuit is traceable to. the production lot 
and to the component vendor's campanent lat. Reworked.or repaired microcircuits maintain 'traceability. 
3.8 Product and Jlrocess chang~ Burr-Brawn will not implement any major change to the design. materials, construction. 
configuration, or manufacturing process which may affect the performance. quality. reliability or interchangeability of 
the microcircuit without full ar partial requalificatian. 
3.9 Screening! Screening is in accordance with M I L-STD-883. methad S004. class B. except as modified in paragraph 4.3 
herein. 
For the /883B Hi-Rei product designator, all microcircuits will have passed the screening requirements prior to. qualificatian 
or quality canformance inspectian. 
3,10 Qualificatian. Qualification is nat required. See paragraph 4.2 herein. 

3.11 Quality conformance inspectian. Qmility conformance inspectian far the /883B Hi-Rei product designation is in 
accardance with MIL-M-38SIO, except as modified in paragraph 4.4 herein. The microcircuit inspection lot will have passed 
quality canformance inspection prior to. microcircuit delivery. 

1/ A 4-digit data code, i~dicating year and week of seal, and a 4- or okligit lot identifier are marked. on each unit. 

12-150 



3500/883B SERIES 
TABLE I. Electrical Performance Characteristics. 

All characteristics at ·SS"C~ T,,:s;;; +12S"C. ±Vn' = ISVDC. unless otherwise specified. 

35OOR/MIl. 
35OOU/883B 

.15OOR/883B 

Characteristics Symbol Conditions I Min I Typ I Max I Min L Typ I MiI\ I l!nib 

OUTPUT 

Voltage Vn R,.= Ikll ±IO ±12 · · V 
Current In R,.= Ikll ±IO · rnA 
Resistance Rn 2 · kll 
Current. short circuit Ius To ground T. = 25"C ±IO ±22 · · rnA 

OPEN-LOOP 
VOLTAGE GAIN A,·s [= OHl. No load 93 106 · · dO 

DYNAMIC RESPONSE 

Bandwidth BW Unity gain T. 25"C I 1.5 2 · · · MHI 
-55"C .. T. ... + 125"C 0.75 1.2 · · MHI 

Bandwidth. full power OW,:" T. = 25"C 10 25 · · kHI 
Siewnilc SR T. =.25"C. 0.6 1.2 · · V/"'scc 

-55"C" T .... +125"C 0.4 · V/",Sl'C 

INPUT 

Offset voltage Vln Vq1 -O T. - 25"C ±2 ±5 · · mV 
Offset voltage temper-Ilure 
sensitivity .1V11I/.lT ·2S"C :s::;; T \ :s::;; +8S"C ±20 "V/"C 

-55"C" T ... +125"C +20 ±60 "VrC 
Bias current I. Vnt 0 T .• 25"C ±IO ±30 · · nA 
Bias current temperature 
sensitivity oll./.n -25"C .. T. ... +85"(' ±1.0 nArC 

·SS"C:S::;; T,:S::;; +12S"C +1.5 +3.0 nArC 
Offsct current lUI Vnl 0 T .• 25"C ±IO ±30 · · I1A 
Offset current temperature: 

sensitivity ollon/olT ·2S"C :s::;; 1'., :s::;; +8S"C ±O.s ±1.0 nA/T 
-55"C" T ... +125"C ±O.7 +1.5 +3.0 nAfT 

Power supply rejection PSRR T. - 25"C ±40 · "V/V 
Common·mode voltage 

ranlC CMV Linear oper.ltion T,,=25"C ±II ±12 · · V 
Common-mode rejection CMR Vn1=±IOV T. = 25"C 90 100 · · dO 

-55"C" T .... +1 25"C 80 · dO 
Impedance ZIS T. = 25"C Ditferential 10' II l · 1111 pI' 

Common mode 10' II J · 1111 pI' 
Noise voltase e, O.lHl to 10Hl T. 25"C 2 l · · "V. pop 

10Hl to 10kHl T. = 25"C 1.4 2 · · ,...V.rms 
Noise. current i. 0.3Hl to 10Hl T.'; 25"C 200 300 · · pA.p-p 

10Hz 10 10kHz T.=is"c 35 100 · · pA.rms 

POWER SUPPLY 

Quiescent current I I" I T.-25"C I I ±2.5 I ±3.5 I I · I · I mA 

TEMPERATURE RANGE (ambient) 

Operating -55 +125 -55 +125 "C 

Storage -65 +150 -65 +150 "C 

·Specifications the same as 3500R/883B .. 

TABLE II. Electrical Test Requirements. 
(The individual tests within the subgroups appear in Table III.) 

~s 3500R/ 35OOU/883B 
35OOU/883B 

MIL-STD-883 T •• I Requiremlllli (cl_ B) SUBGROUPS .see Table III) 

Interim electrical parameters (pre burn-inMmcthod 50(4) I I 

Final electrical test parameters (method 5004) 1'.2.4.5.6 I'. 2.2U.4.5. 6 

Group A test requirements (method SOOS) 1.2.4.5.6 I 

GroupsCund Dend point electrical parameters(method 5005) I I 

Additional electrical subgroups for group C inspections 7 7 

·PDA applies to subgroup I (see 4.3d) 
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3500/883B SERIES 

TABLE III. qroup A Inspection 

Limits 
MII.·STI)-883 Conditions 35OOR/MII. 

J5OOUl88JB Subgroup Symbol mcthod or ±Vn = ISV 3S00R/88.18 Units 
equi\'ulent unless otherwise spccilicd Min Max Min Max 

Vln 4001 ±5 is mV 

T. = 25"C I. 4001 ±30. ±30 nA 

lin . 4001 ±30 ±.1O nA 

I. 4005 ±3.5 ±3.S mA 

CMR 4003 Vn.1 =±JOV 90 90 d8 

J.V ... /.lT 4001 ±20 /lVrC 

·T.=+12S"C J.I.IJ.T 4001 ±1.5 nArC 
to 

J. .. ,,/J. .... 4001 ±I.S nAIT 
T. =-5S"C 

2A J.V,,,/J.T 4001 ±20 ,.VrC 

T.=+8S"C J.I .. /J.T 4001 ±1.0 nArC 
to 

J.I"IJ.T 4001 ±1.0 nArC 
T.=-2S"C 

4 A"s 4004 f OH,. no load 93 9.1 dB 

T.=2S"C SR 4002 0.6 0.6 VI,.ser: 

A,'S 4004 r - OH1. no load 93 9.1 dB 

T.=+I2S"C SR 4002 G=+I.J.V,,= 10V.R,= Ikll 0.4 0.4 V/,.",c 

A .. 4004 f - OH1., no load 9.1 93 d8 

T. =-55"C SR 4002 G = +1. J.V" = 10V. R, = lUI 0.4 0.4 VI,. ... " 

e" 0.3H1Io 10H, ,.V.p.p 

T. = 2S"C 10H1Io IOkH, I-JV.rms 

i. 0.3H,. to 10H, 300 pA. p.p 

10H. to 10kH, 100 pA. rms 

4. PRODUCT ASSURANCE PROVISIONS 

4.1 Samp!i!!g !!!!!....i!!l!p.ection. Sampling and inspection procedures are in accordance with MIL-M-38510 and MIL-STD-
883, method 5005, class B, except as modified herein. 
4.2 Qualification. Qualification is not required unless specifically required by contract or purchase. order. 

Burr-Brown has performed and successfully completed qualification inspection as described below. The qualification 
report is available from Burr-Brown. 

When so required, qualification will be in accordance with the inspection routine of M I L-M~3851 O. paragraph 4.4.2.1. 
The inspections to be performed are those specified herein for groups A. B. C. and D inspections (see paragraphs 4.4.1 • 

. 4.4.2,4.4.3, and 4.4.4). 
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4.3 Screeningo Screening is in accordance with M IL-STD-883, method 5004, class B, and is conducted on all devices prior 
to qualification and quality conformance inspection. The followins additional criteria apply: 

a. Constant acceleration test (MIL-STD-883, method 2001) is test condition D, YI axis only. 
b. Interim and final test parameters are specified in Table II. The interim electrical parameters test prior to burn-in is 

optional at the discretion of the manufacturer. 
c. Burn-in test (MIL-STD-883, method 1015) conditions: 

(I) Test condition B 
(2) Test circuit is Figure 3 herein 
(3) TA = +125"C minimum 
(4) Test duration is 160 hours minimum 

d. Percent defective allowable (PDA). The PDA, for the /MIL Hi-ReI product designation only, is 5 percent based on 
failures from group A, subgroup I test after cool-down as final electrical test in accordance with MIL-STD-883, 
method 5004, and with no intervening electrical measurements. If interim electrical parameter tests are performed 
prior to burn-in, failures resulting from pre burn-in screening failures may be excluded from the PDA. I f interim 
electrical parameter test prior to burn-in are omitted, all screening failures shall be included in the PDA. The 
verified failures of group A, subgroup I after burn-in in that lot are used to determine the percent defective for that 
lot, and the lot is accepted or rejected based on the PDA. . 

e. External visual inspection need not include measurement of case and lead dimensions. 

FIGURE 3 Test Circuit, Burn-in and Operating Life Test. 

4.4 Quality conformance inspection. Groups A and B inspections of MIL-STD-883, method 5005, are performed on each 
inspection lot. Groups C and D inspections of MIL-STD-883, are performed as required by MIL-STD-883. 
or purchase order. 

A report of the most recent groups C and. D inspections is available from Burr-Brown. 

4.4.1 Group A inspection. Group A inspection consists of the test subgroups and L TPD values shown in M II.-STD-883, 
method 5005, and as follows: 

a. Tests are specified in Table II herein. 
b. Tests previously performed as part of final electrical test need not be repeated. 

4.4.2 Group B inspection. Group B inspection consists of the test subgroups and L TPD values shown in M II.-STD-883, 
method 5005, class B. 

4.4.3 Group C inspection. Group C inspection consists of the test subgroups and L TPD values shown in M II.-STD-883, 
method 5005, and as follows: 

a. Operating life test (MIL-STD-883, method 1005) conditions: 
(I) Test condition B 
(2) Test circuit is Figure 3 herein 
(3) TA = 125"C minimum 
(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table II herein. 
c. Additional electrical subgroups are specified in Table II herein. 
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4.4.4 Group D inspection. Group D inspection consists of the test subgroups and l.TPD values shown in MIL-STD-883, 
method 5005, and as follows: 

a. end point electrical parameters are specified in Table'II herein. 

4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate ta'bles. Electrical 
test circuits are as prescribed herein or in the referenced test methods of M I L-STD-883. 

4.5.1 Voltage and current. All voltage values given, except the input offset voltage (or differential voltage) are referenced 
to the external zero reference level of the supply voltage. Currents given are conventional current and positive when 
flowing into the referenced terminal. 

4.6 Inspection of p,!!;paration for delivery.: Inspection of preparation for delivery is in accorda'nce with M IL-M-38510, 
except that the rough handling test does not apply. 

5. PREPARATION FOR DELIVERY 

5. J Preservation-packag!!!g and packing. Microcircuits are prepared for delivery in accordance with M I L-M-38510. 

6. NOTES 

6.1 Notes. Thenotes specified in MIL-M-38510 are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is desirable. 

6.3- Ordering data. The contract or order should specify the following: 
a. Complete part number (see paragraph 1.2) 
b. Requirement for certificate of compliance, if desired. 

6.4 SubstitutabilitY.: Mircocircuits furnished under this specification are similar to Burr-Brown model 3500. 

6.5 Microcircuit g[2!!P assig!!..!!!E!L These mircocircuits are assigned to Technology Group D as defined in MIL-M-
38510, Appendix E. ' 

6.6 Electrostatic sens'itivity.: These microcircuits may be damaged by electrostatic discharge. Electrostatic sensitive 
precautions should be observed at all times. 

NOTE: 
l.eads in Irue position wichin 0.10-
(2Smm) R 81 MMC al seating pla~, 

Pin numbers shown ror refere"".'e only. 
Numbers may nol be marked on package. 

Weight: 3 grams max. 

'INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .335 .310 8.51 9.4C 

, Seating • .305 .335 7.75 8.51 

Plane: c .165 .185 4,19 '4.70 

0 ,016 .021 0.41 0.53 

.010 .040 0.25 1.02 

.010 .040 0.25 1.02 

G .200 BASIC 5.08 BASIC 

H .028 .OJ4 0.71 0.86 

.029 .04' 0,74 1.14 

.500 12.7 

.110 ,1S0 2.79 ',06 

M 45° BASIC 45° BASIC 

N .095 .105 2 .• ' 2.67 

FIGU RE 4. Case Outline (TO-99 Package Configuration). 
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7. ELECTRICAL PERFORMANCE CURVES. 
(Typical at TA = +2S'C and ±VtT = rSVDC unless olherwisc specified). 
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8. APPLICATIONS INFORMATION 

8.1 Offset Adjustment. The input offset voltage of the Model 3500 may be adjusted to zero by connecting a 50k!l 
potentiometer between pins I and 5 with the wiper arm connected to negative supply (Figure 5a). This provides an 
adjustment range of approximately ± 10m V. This offset control is optional and may be omitted if the specified offset is 
considered sufficiently low. 

Adjustment of the input offset voltage of the 3500 will affect the voltage drift to some extent. A rough "rule-or-thumb" is 
±3" V /"C change of drift for each 1.0mV of offset adjustment. This is true of other IC op amps. sueh as the 741. 10 I. ctc .• 
but is usually masked by the greater drift of these units. However. in low drift amplifiers. this effect must be considcred. 8y 
use of a transistor as in Figure 5b the effect of the offset adjustment on drift can be substantially reduced (by 
approximately a factor of six). 

~ .. 

s~.v" 
a) Simple Offset Adjustment h) I>rifl.("umpcnsalcd Unsel Adjustment 

·Optional Component 

FIGURE 5. Offset Adjustment Techniques. 

8.2 Bias Current Effects. Input bias current of the amplifier creates additional offset voltages by flowing in the 
impedances of the signal source and the feedback network. Although the bias currents of the 3500 are quite small. their 
effects may be appreciable when these impedances are large. The bias currents at the two inputs tend to be equal and thc 
difference current smaller than either. Thus equalizing the resistance from each input to common. as in Figure 6, is an 
effective means of reducing DC offset due to bias current. 

IHI-III~ 

(R. + R') 
VIIS - III:' R~ - 1111 R 1 -li;--

FIGUR~ 6. Minimization of Bias Current Effects. 

8.3 O~eration on a Single Sup~ly. Although virtually any op amp can be operated on a single supply if input and output 
volt;;:ge limitations are observed. the Model 3500 is particularly suitable for such use. Its wide supply range of±3VDC to 
±;WVDC translates to a single supply operating range of 6VDC to 40VD(". plus or minus. Two possible modes or 

. operation on a single supply are shown in Figure 7. The following conditions must be observed to keep thc llmplificr 
within its linear region of operation. 

I) +2 < Vo < (Vn · -2) 
2) +3 < VIN < (Vee -3). Figure 7b. 

When operating on a single supply (+Vn·). shorting the output to common is equivalent to a short to supply and thc 
internal power dissipation is approximately twice that which occurs for a short to common with balanccd supplics or 
±(Vn -/2). This dissipation may exceed safe limits for single supply voltages greater than 20V and must be prevented by 
use of a series limiting resistor or other device. if short circuit protection is desirel 
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V,. 

a) Invcrljog Amplifier 

b) Noninvcrting Amplifier 

V" (R') VII:=: 2- R7 V, ... 

V" 

J.OAD 

( R. + RI) 
VII = ~ VI' 

+ 
LOAD VII 

FIGURE 7. Operation on a Single Supply. 

3500/883B SERIES 

8.4 Wiring Precautions. In order to prevent high frequency oscillations due to lead inductance the power supply leads 
should be bypassed. This should be done by connecting a IOI'F tantalum capacitor in parallel with a O.OOII'F ceramic 
capacitor from pins 7 and 4 to the power supply common. 

8.5 !Yllical Apillications. 

R, 
Villi =-R;" VI'" 

a) Inverting Amplifier 

Vlln =V.!t. 

c) Precision ButTer Amplifier 

Vlln VCII1 

VIII I = (I + .u-;.) VIS 

b) Noninvcrting Amplifier 

R, II R, = R. II It, 

For minimum error due to hia~ curn:nts. 

V, 
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R, 

Villi 

( RI + R')R' R, 
Villi = --- -v' --v, R,+R-I R •. R. 

d) I)illcrcncc Amplilicr 



BURR-BROWN® 

IElElI 3510/8838 SERIES 
MODEL NUMBER: 3510VM/883B 

REVISIONC 
MAY, 1986 

Very Low Drift Military 
OPERATIONAL AMPLIFIER 

FEATURES 
• VERY lOW DRIFT. ±2pV/oC max 
• VERY lOW OFFSET. ±120pV max 
• lOW BIAS CURRENT. ±25nA max 
• HIGH OPEN-lOOP GAIN. 120dB min 
• HIGH ,eMR. nOdB min 

DESCRIPTION 
High overall accuracy is offered by Burr-Brown's 
3510 Operational Amplifier, It's designed expressly 
for use in high gain analog circuits where very-low 
drift and high accuracy are essential requirements. 

This precision instrumentation grade op amp pro
vides an economical method to maintain high circuit 
accuracy and reliability over temperature ranges 
from -55°C to +125°C. 

Additional performance features of the 3510 include 
high open-loop' gain, extremely low initial offset volt
age, high CMR, very low thermal feedback, low 
input bias current and very low voltage drift vs 
temperature. 

Burr-Brown's rigid controiofmonolithic processing 
and its rigid quality controf standards result in very 
low yoltage and current noise in the 3510. It's specif
ically designed. for use in low level analog signal 
processing. Performance specifications are met 
exactly by precision trimming at the wafer level with 
complete testing before shipment. 

International Airport Industrlat Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 16021746-1111 . Twx: 910-952·1111 . Cable: BBRCORp· Telex: 66·6491 

PDS-410C 
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I. SCOPE 

DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 
OPERATIONAL AMPLIFIER 

MONOLITHIC, SILICON 

1.1 Scop..!:. This specification covers the detail requirements for a monolithic, low offset voltage drift, integrated circuit 
operational amplifier. 

1.2 Part number. The complete part number is as shown below. 

3510 

T 
V M /883B 

l l T 
Basic model Grade Metal Hi-Rei product 

number Package designator 

1.2.1 Device typ..!:. The device is a single, operational amplifier. 

1.2.2 Device class. The device class is similar to the class B product assurance level as defined in MIL-M-3851O. The 
Hi-Rei product designator portion of the part number distinguishes the product assurance level as follows: 

Hi-Rei Product 
Designator Requirements 

/883B Standard model plus 100% MIL-STD-883 class B screening, with 10% PDA, plus quality 
conformance inspection (QCI) consisting of Groups A and B performed on each inspection lot, 
plus Groups C and D performed as required by MIL-STD-883. 

1.2.3 Case outline. The case outline (8-lead can) is as defined in Figure 5. The case is metal and is conductive. 

1.2.4 Absolute maximum rating~. 

Supply voltage range 
Input voltage range 
Differential input voltage range 
Storage temperature range 
Output short-circuit duration , 
Lead temperature (soldering, 60sec)' 
Junction temperature 

1.2.5 Recommended operating conditions. 

±20VDC 
±20VDGY 
±40VDGY 
-65°C tei +150°C 
UnlimiteQ1 
300°C 
TJ= 175°C 

Supply voltage range 
Ambient temperature range 

±3VDC to ±20VDC 
-55°C to +I25°C 

1.2.6 Power and thermal characteristics. 

Package 

8-lead can 

Case 
outline 

Figure 5 

2. APPLICABLE DOCUMENTS 

Maximum allowable 
, power dissipation 

225m W at T A = 125°C 

Maximum 
6J-C 

70°C/W 

Maximum 
6J-A 

220°C/W 

2.1 The following documents form a part of this specification to the extent specified herein. 

SPECIFICATION 
MILITARY 

MIL-M-38510 - Microcircuits, general specification for. 

STANDARD 
MILITARY 

MIL-STD-883 - Test methods and procedures for microcircuits. 

3. REQUIREMENTS 

3.1 General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate 
to assure successful compliance with this specification. 

11 The absolute maximum input voltage is equal to the supply voltage . 

.y Short circuit may be to ground only. Rating applies to +135OC case temperature or +SOOC ambient temperature at ±ISVDC supply voltage. 
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3.1.1 Detail specifications. The individual item requirements are specified herein. In the event of conflicting 
requirements, the order of precedence will be thepu~chase order, this specification, and then the reference documents. 

3.2 Design, construction, and PE},sical dimensions. 

3.2.1 Package, metals, and other materials. The packages, metal surfaces, and other materials are in acCordance with 
MIJ..:M-38510. . .. . . 

3.2.2 Desi~ documentation. The design documentation is in accordance with MIJ..:M-38S10. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accordance 
with MIJ..:M-38S10. 

3.2.4 Lead material and finish. The lead material lind finish is in accordance with MIJ..:M-38S10 and is solderable per 
MIJ..:STD-883, method 2003. 

3.2.S Glassivation. The microcircuit die is glassivated. 

3.2.6 Die thickness. The die thickness is in accordance with MIJ..:M-38S10. 

3.2.7 Physical dimensions. The physical dimensions are in accordance with paragrpah 1.2.3 herein. 

3.2.8 Circuit diagram and terminal connections. The circuit diagram and terminal connections are shown in Figure 1. 

OUTPUT 

II-LEAD CAN (TOP VIEW) 
NOTE: THERE IS NO CASE CONNECTION 

l . PHASE COMPENSATION 
=f (OPTIONAL-SEE PARAGRAPH 3.3.2) 

-Vce' 

FIGURE 1. Terminal Connections. 

3.2.9 Schematic circuit. A simplified schematic circuit is shown in Figure 2. 

FIGURE 2. Schematic· Circuit. 
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3.3 Electrical performance characteristics. The electrical performance characteristics arc specified in Table I and apply 
over the full operating ambient temperature range of -55°C to +12SoC, unless otherwise specified. 

TABLE l. Electrical Performance Characteristics. 

Conditions 
Characteristics Symbol (±VCC = ISV. unless otherwise specirled) 

Input offsct voltage V,O T. = 2S"C 
-SS'C" T ... +12S'C 

Input offset volta.., 
temperature sensitivity A. VIO <1 T. f,om -SS'C to +2S"C 
(unnuUed V,ol -;r:r <1 T. f,om +ZS"C to +IZS'C . 
Input offset current 1,0 -SS'C" T ... +12S"C 

Input offset current 4.110 <1 T. f,om -SS"C to +2S"C 
temperature sensitivity TT <1 T. f,om +2S"C to +12S C 

input bias current I,. 
T. - 2S'C 
-SS'C" T ... +12S'C 

Input bias current A I •• AT" from _~SoC to +2SoC 
temperature sensitivity AT <1 T. f,om +2S'C to +12S'C 

Power supply +VCC - 10V 
rejection ratio +PSRR -Yo: =-ISV T. = 2S"C 

Power supply +Vee = ISV 
rejection ratio -PSRR -Vee = -IOV T. = 2S"C 

Input volta.., 
common-mode rejection CMR VeM = -IOV to +IOV T. = 2S'C 

Adjustment for V,O 
input offset voltage ADJ(±) 

Output short circuit current 
(fo, pusitive output) los (+) +2S"C .. T ... +12S'C 

-SS"C" T ... +2S"C 

Output short circUit current 
(for negative output) los (-) +2S'C" T ... +l2S'C 

-SS'C"T." +ZS'C 

T. - -SS'C 
DC power dissipation T. - +2S'C 
(quiescent) Po ±VC(· = lOV T. - +12S'C 

Single-cndcd input impedance 
(rioninvcrting input) . T. = ZS'C 

Z.SI -SS'C" T ... +l2S'C 

Single-cndcd input impedance ! 
(inverting input) ZIS' T. = 2S'C 

-SS C .. T ... +IZS C 

Output voltage swing R,= 1000O 
(maximum) YOM R,. -lkO 

Open-loop voltage gain R, = 2kO T.- ZS'C 
(singlcoended) 11 Av.(±) f=OHz -SS"C" T ... +12S'C 

Open·loop voltage gain R, = 2kO ±Vn · =JV 
(singlcoended) !J Avs (±) f=OHz T. = 2S"C 

Bandwidth, unity gain. 
smaU sipal BW T. = ZS'C 

Slew rate SR(±) V",,,=±IOV.R,= IkO.A= +IO.T. = 2S'C 

Bandwidth. full powe, aWn V",·,=±IOV. R,.= IkO.A=+IO. T. = 2S"C ~ 

T. = 2S'C O.IHz to 10Hz 
Input noise voltage .. f, 1kHz 

O.lHz to 10Hz 
Input noise current I. T. = ZS'C f,-lkHz 

!I Note that gain is not specified at VIII AOJ extremes. Some sain reduction is usually seen at Vln ."1lJ extremes. 
l} This parameter is untested. It is guaranteed by the slew rale test. 
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Limits 
Min Max Units 

±120 uV 
±3SO ~V 

+2 uV'C 
±2 ~VI'C 

+IS nA 
±SS nA 

. ±O.4 nAl'C 
±O.4 nAtC 

±2S nA 
±8S nA 

±O.6 nA 'c 
±O.6 nAtC 

3 ~V/V 

3 ~VIV 

110 dB 

±I.S mV 

10 JO rnA 
10 40 rnA 

10 JO mA 
10 40 mA 

170 mW 
ISO mW 
lJO mW 

I.S MO 
1.0 MO 

I.S MO 
1.0 MO 

±II V 

±IO V 

120 dB 
114 dB 

9S dB 

0.2S. MHz 

O.S V/~_ 

7 kHz 

4.0 ~V. pk-pk 
ZS nV!v'HZ 

2SO oA. ok-ok 
0.7 pA/v'ffl 
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3.3.1 Offset and gain error null. The amplifier is capable of being nulled to zero offset voltage using the circuit in 
Figure 3. 

INPUTS ~' 
H===OFF8ET NULL 

OUT~UT 

FIGURE 3. Offset Null Circuit. 

3.3.2 Freq!!!m9y comp'ensation., The amplifier is free of oscillatio!1 when operated' at a gain of 10 or greater with no 
external compensation and a source resistance of SIOkO and when operated in any test condition specified herein. 
3.4 £Iectrical tests. Electrical tests are shown in Table II., The subgroups of Table III which ,constitute the minimum 
electrical tests for screening, qualification, and quality conformance"are shown in Table II. 

3.5 Marking. Marking is in accordance with MIL-M-38510. The following marking is placed on each microcircuit as a 
minimum. 

a. Part number (see paragraph 1.2) 
b. Inspection lot identification code..:.J 
c. Manufacturer's identification ( __ e) 

d. Manufacturer's designating symbol (CEBS) 
e. Country of origin 

3.6 Workmanship These microcircuits are manufactured, processed, and tested in a careful and workmanlike manner. 
Workmanship is in accordance with good engineering practices, workmanship instructions, inspection and test proce
dures, and training, prepared by Burr-Brown in fulIflllment of the product assurance program. 

3.6.1 Rework p.rovisions. Rework provisions, including rebonding for the /883B product designation, are in 
accordance with MIL-M-3851O. 
3fTraceability. Traceability for 'the /883B product designation is in accordance with MIL-M-38510. Each 
microcircuit is traceable to the production lot and to the, component vendor's component lot. 

3.8 Product and p'rocess chang!;.. Burr-Brown will not implement any major change to the design, materials, construc
tion, configuration, or manufacturing processes which may affect the performance, quality, reliability or interchangea
bility of the microcircuit without full or partial requalification. 

3.9 Screening. Screening is in accordance with method 5004 ofMIL-STD-883; class B, except as modified' in 
paragraph 4.3 herein. All microcircuits will have p'assed the screening requirements prior to qualification or'quality 
conformance inspection. ' -" , 

3.10 Qualification. Qualifica,tion is not required. See paragraph 4.2 herein. 

3.11 Quality conformance inspection. Quality conformance inspection, for the /883B product designation, is in accor
dance withMIL-M-38510, except as modified in paragraph 4.4 herein. The microcircuit inspection lot will have passed 
quality conformance inspection prior,to microcircuit delivery. _ 

TABLE II. Electrical Test Requirements. 
(The Individual tests within the subgroups eppear In Table III), 

MIL-STD-883 requirements (clasa B) ,3510VM/883B 

Interim electrical parameters (pre bum'ln)(method 5004) 1A 

Final electrical test parametsrs (method 5004) 1A". 2A. 3A. 4A 

Group A test requlremenis (method 5005) tAo 2A. 3A. 4A. 7 

Groups C and D end pOint elocirlcal paremeters (method 5005) ! 1 

Additional electrical subgroups for Group C Inspections lC. 2C. 3C. 4C. 5. 6 

"PDA applies to subgroup 1 (see 4.3.c) 

Jj A 40diait code, incIiestiq ye~ and week of .. al. and a 4- or 5-<1isitlot idenliflOr are marked on each unit. 
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TABLE III. Group A Inspection. 

3'IOVM/883B 
MIL-STD-883 

method or Conditions Limits 
Subgroup Symbol . equivalent ±V ct.' = 1 SV. unless otherwise specified Min Max Unils 

IA V,O 4001 ±120 ~V 
T. = 25'C 1,0 4001 ±15 nA 

liD, 4001 ±25 nA 
+PSRR 4003 +V ... · = 10V. -Vee = -15V 3 ~V/V 
-PSRR 4003 +V ... · = 15V. -Vee = -IOV 3 ~V/V 
CMR 4003 VeN = -IOV 10 +lOY 110 dB 

10s(+)Y 3011 5sec. minll 10 30 mA 
10s(-lY 3011 5sec. minll 10 30 mA 

Pu 4005 105 mW 
VIO ADJ ±1.5 mV 

IC .Zlsl 1.5 MO 
T. = 25'C Zl52 1.5 MO 

2A V,O 4001 ±3'0 ~V 
T. = 12S'C <lI V,o/<llT ~_ VIO !1<S1131- V,o!I .. II) ±2 ~V/'C 

·.n 1000C 

I" 4001 ±SO nA 
AI"/AT .lIla -h'llesl 15! - h. Ilesl 3) ±o.6 nA/'C 

AT 1000C 
1,0 4001 ±20 nA 

,H,o/AT ~ll() I,ollesl 171- 1,0 !I~I 2) ±o.4 nA/,C 
AT IOO'C 

2C VIO AOJ ±1.5 mV 
T. = 12S'C Zlst 1.0 MO 

Z,s2 1.0 MO 

JA V,O 4001 ±310 ~V 
T. = -SS'C <lIV,o/AT ~ VI() !tcst 22)· VIU !test I) ±2 ~V/'C 

AT 80'C 
I" 4001 ±8S ' nA 

<lI1,,/<lIT .1 liB I" (lest 24) - I" Ilesl 3) ±o.6 nA/,C 
AT 80'C 

110 4001 ±S5 nA 
<lIllo/<lIT .lIlt) 110 ,test 26l· II() ,test 2) ±o.4 nA/,C 

AT BO'C 

JC VIO AW ±I.S mV 
T. =-SS'C Zl51 1.0 MO 

Zl52 1.0 MO 

4A VON 4004 R,. = 10kO. iVa' = lOV ±16 V 
T. = 2S'C YOM 4004 RL = IkO ±IO V 

Avs 4004 RI. = 2kO. Vo", = ±IOV. f = OHz 120 dB 
SR(±) 4002 Vo,.., = ±IOV. RI. = Iko, A = +10 0.5 VI,....: 

4C Avs ±V,,· = 3V. RI. = IkO 9S dB 
T. = 2S'C 

5 A\'s RI. = Ik,n. Vun = ±10V 114 dB 
T. = 125'C 

6 A .. ·s RI. = IkO. Vun = ±10V 114 dB 
T. =-SS'C 

7 .. f. = O.IHz 1010Hz 4.0 I'V. pk-pk 
T. = 2S'C ~ f. = O.IHz 1010Hz 250 pA. pk-pk 

NOTES: 

JJ Due to signincant power dissipation and associated device heating. these tests shall always be the last tesls performed in any given sequence, followed by 
operational Ycrifalion. 

Jj The five second minimum test duration for Ius test shall apply only for group A sampling inspectiorp. For screening final eleclricallcst. lesl duralion for Ins 
may be reduced to be consistent with automaled test procedures. 

1/ This parameter is untested. It is guaranteed by the conditions of the slew rate test. 
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4. PRODUCT ASSURANCE PROVISIONS 

4.1 Sampling and inspection. Sampling and inspection procedures are in accordance with MIL-M-385IO and method 
5005 of MIL-STD-883, except as modified herein. 

4.2 Qualification. Qualification is not required unless specifically required by contract or purchase order. When so 
required, qualification will be in accordance with the inspection routine of MIL-M-385IO, paragraph 4.4.2.1. The 
inspections to be performed are those specified herein for groups A, B, C and D inspections (see paragraphs 4.4.1,4.4.2, 
4.4.3, and 4.4.4). 

Burr-Brown has performed and successfully completed ·qualification inspection as described above. The qualification 
report is available from Burr-Brown. . . 

4.3 Screening.· Screening is in accordance with method 5004 of MIL-STD-883, class B, and is conducted on all devices. 
The following additional criteria apply: 

a. Interim and final electrical parameters are specified in Table II. The interim electrical parameters test· prior to 
burn-in is optional at the discretion of the manufacturer. 

b. Burn-in test (method 1015 of MIL-STD-883) conditions: 
(I) Te·st condition B 
(2) Test circuit is Figure 4 herein 
(3)TA = +125°C minimum 
(4) Test duration is 160 hours minimum 

c. Percent defective allowable (PDA). TheP[)A for the / MIL product designation only, is 5 percent· based on 
failures from ·group A, subgroup IA test after cooldown as final electrical test in accordance with method 
5004· of MIL-STD-883, and with no intervening electrical measurements. If interim electrical parameter tests 
are performed prior to burn-in, failures resulting from pre burn-in screening may be excluded from the PDA. 
If interim electrical parameter tests prior to burn-in are omitted, then all screening failures are included in 
the PDA. The verified failures of group A, subgroup IA after burn-in in th.at lot are used to determine the 
percent defective for that lot, and the lot is accepted or rejected based on the PDA. 

d. External visual inspection need ·not include measurement of case and lead dimensions. 

FIGURE 4. Test Circuit, Burn-in and Operating Life Test., 

4.4 Quality conformance inspection. Groups A and B inspections of method 5005, MIL-STD-883, are conducted on 
each inspection lot. Groups C and D inspections of method 5005, MIL-STD-883, are performed as· required by 
'MIL-STD-883, . . 

A report of the most recent groups C and D inspections is available from Burr-Brown. 

4.4.1 Group A inspection. Group A inspection consists of the test subgroups and LTPD values shown in Table I of 
method 5005 of MIL-STD-883 and as specified in Table. II herein. . 

4.4.2 Group B inspection. Group B inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5005, class B. . 

4.4,3 Group C inspection. Group C inspection consists of the test subgroups andLTPD values shown in MIL-STD-
883, method 5005, class B, and as follows: 

a. Steady state life test (method 1005 of MIL-STD-883) conditions:: 
(1) Test condition B 
(2) Test circuit is Figure 4 herein 
(3) TA = +125°C minimum 
(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table II herein. 
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4.4.4 GrouIl D inspection. Group D inspection consists of the test subgroups and LTPD values shown in MIL-STD-
883, method 5005 and as (ollows: 

a. End point electrical parameters are specified in Table II herein. 

4.4.5 InsIlection of Ilackag!!!g. Inspection of packaging is in accordance with MIL-M-38510. 

4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate tables. 
Electrical test circuits are as prescribed herein or in the referenced test methods of MIL-STD-883. 

4.5.1 Voltage and current. All voltage values given, except the input offset voltage (or differential voltage), are 
referenced to the external zero reference level of the supply voltage. Currents given are conventional current and 
positive when flowing into the referenced terminal. 

5. PACKAGING 

5.1 Packag!!!g~quirements. The requirements for packaging shall be in accordance with MIL-M-3851O. 

6. NOTES 

6.1 Notes. The notes specified in MIL-M-38510 are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is desirable. 

6.3 Ordering data. The contract or purchase order should specify the following: 
a. Complete part number (see paragraph 1.2). 
b. Requirement for certificate of compliance, if desired. 

6.4 Microcircuit group assignment. These microcircuits are assigned to Technology Group D as defined in MIL-M-
38510-, Appendix E. 

6.5 Electrostatic sensitivity. CAUTION-these microcircuits may be damaged by electrostatic discharge. Precautions 
should be observed at all times. 

Seating 11111----tLi 
Plana ---II.-- 0 

Nr-

NOTE: 
Leads In true position within .010" 
(.25mm) R .t MMC .t seating plane. 

Pin numbers shown for reference only. 
Numbers may not be marked on package. 

Weight: 3 grams max. 

INCHES MILLIMETERS 
DIM' MIN MAX MIN MAX 

A .335 .370 8.51 9.40 

8 .305 .335 7.75 8.51 

C .165 .185 4.19 4.70 

·0 .016 .021 0.41 0.53 

E .010 .040 0.25 1.02 

F .010 .040 0.25 1.02 

G .200 BASIC 5.08 BASIC 

H .028' .034 0.71 0.86 

J .029 .045 0.74 1.14 

K .500 -- 12.7 --
L .110 .160 2.79 4.06 

M 450 BASIC 45° BASIC 

N .095 I .105 2.41 I 2.67 

FIGURE 5. Case Outline (T0-99 Package ~onfiguration). 
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IElElI 4213/8838 SERIES 
MODEL NUMBeRS: 
4213WM/883B ·4213VM/,.IL 
4213WM 4213VM/883B 
4213UM/883B 4213VM 

.4213UM REVISION C 
MAY, 1986 

Military 
MUL TIPLIER-DIVIDER 

FEATURES 
• HI REL MANUFACTURE • NO EXTERNAL COMPONENTS NECESSARY 
• ACCURATE ' • DIFFERENTIAL INPUT 

±1I2% TOTAL ERROR IW grada) 
±1% TOTAL ERROR IV and U grades) 

• 4-QUADRANT MULTIPLICATION 

• MIL·STD·883B SCREENING 
• ·5SOC TO +l25°C SPECIFICATIONS 

2·QUADRANT DIVISION 

DESCRIPTION 
The 4213/883B Series.is a high performance, pre
cision multiplier/divider with Ii total full scale error 
of ± 1/2% or ± I %. It is intended for transducer and 
analog computation applications; it will also square, 
square root, and perform trigonometric computa~ 
tions.lt has differential inputs and· is jdeal for 
instrumentation applications. The operating range is 
-55°C to + 125°C. The 4213/883B is a hybrid micro" 
circuit consisting of a monolithic bipolar IC arid a 
precision laser·trimmed . thin-film network. It is as
.sembled into a hermetic TO-100 (I0-lead can). 

These devices are manufactured on a separate Hi"Rel 
manufacturing line with impeccable clean room 
conditions which assures "built-in" quality and pro
vides for a long product I~fe. 
The 4213/883B Series is available in th~eeelectrical 
performance grades. The W grade features premium 
accuracy (±1/2% total error,±50mV feedthrough, 
and ±25m V offset error). The V grade features ± I % 
total error, ±IOOmV feedthrough, and ±30mV offset 

error. The U grade has excellent performance from 
-25°C to +85°C and is also specified from -55°C to 
+ 12SOC. U grade applications include test equipment, 
shipboard, 'ground support, and industrial applica· 
tions where operation is normally between -25°C and 
+85°C and full temperature operation must be 
assured. . 

Two product assurance levels are available: stan
dard, and /883B. The standard models have many 
MIL-STD0883 screens performed routinely. The 
/883B suffixed devices feature Hi-Rei manufacture, 
100% screening per MIL-STD-883 method 5008 
class B, and a 10% PDA. Quality aSsurance further 

, processes /883B devices, performing group A and B 
inspections on each inspection lot and group C and 
D inspections as required by MIL-STD-883, A 
report containing the mos( recent group A, B, C, 
and D tests is available for Ii nominal charge. 

Inlernatlonal Alrporllnduslrlal Park· P,O. Box 11400· Tucson, Arizona 85734 • Tel. 16(2) 746·1111 • Twx: 911).952·1111 • Cable: BBRCORP· Telex: 66·6491 

PDS4S88 
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I. SCOPE 

DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 

MULTIPLIER 
HYBRID, SILICON 

1.1 Scop~ This specification covers the detail requirements for a precision, integrated circuit multiplier. 

1.2 Part Number. The complete part number is as shown below. 

4213 V M /8838 

T l l T 
8asic, model Grade Metal Hi-Rei product 

number (see 1.2.1) package designator 
(see 1.2.2) 

1.2.1 Device typo!!: The device is a single, four-quadrant, analog mUltiplier; it will also function as a single, two-quadrant, 
analog divider, a squarer, a square rooter, etc. (see paragraph 8.3). Three electrical performance grades are provided. The 
W grade features premiumaccur!lcy of±I/2% total error, ±SOmV feedthrough and ±2SmV offset error. The V grade 
features ±I% total error, ±IOOmV feedthrough and ±30mV offset error. The U grade features excellent performance 
from -2SoC to +8SoC and guarantees performance from -SSoC to +12SoC. 

Electrical specifications are shown in Table I. Electrical tests are shown in Tables II and III. 

1.2.2 Device Class. The device class is similar to the hybrid class (class 8) product assurance level; as defined in 
MIL-M-38SI0. The Hi-Rei product designator portion of the part number distinguishes the product assurance level as 
follows: 

Hi-Rei product 
designator 

/MIL 

(none) 

Requirements 

Standard model, plus 100% MIL-STD-883 hybrid class screening, with 
10% PDA, plus quality conformance inspection (QCI) consisting of 
Groups A and 8 performed on each inspection lot, plus Groups C and D 
performed as required by MIL-STD-883. 

Standard model. including 100% electrical testing 

1.2.3 Case outline. The case outline is A-2 (IO-Iead can, TO-100) as defined in MIL-M-38SIO, Appendix C. The case is 
metal and is conductive. 

1.2.4 Absolute maximum rating!, 

Supply voltage range 
Input voltage range (X, Y, and Z inputs) 
Differential input voltage (X, Y, and Z inputs) 
Storage temperature range 
Output short-circuit duration 
Lead temperature (soldering, 60sec) 
Junction temperature 

JJ The absolute maximum input voltage is equal to the supply voltage. 

±20VDC 
±20VDCy 
±40VDCy 
-6SoC to +IS0°C 
Unlimited 11 
300°C 
TJ = 17SoC 

11 Short circuit may be to ground only. Rating applies to +12S°C case temperature or +7SDC ambient temperature at ±ISVDC supply voltage. 
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1.2.5 Recommended ol'erating conditions. 

Supply voltage range ..................... .. 
Ambient temperature range ..••••.....•..•.. 
Input voltage range (±Vcc = ISVDC) .•..•.••• 

1.2.6 Power and thermal characteristics. 

±8.5VDC to ±20VDC 
-55~C to +125°C 
±IOVDC 

4213/883B SERIES 

Package 

1O-lead can (TO-IOO) 

Maximum allowable 
Case outline power dissipation 

Maximum 
o J-C 

Maximum 
OJ-A 

A-2 225mWatTA =125°C 70°C;W 220°C;W 

2. APPLICABLE DOCUMENTS' 

2.1 The following documents form a part of this specification to the extent specified herein. 
SPECIFICATION 

MILITARY 
MIL-M-38510 - Microcircuits, general specification for. 

STANDARD 
MILITARY 

MIL-STD-883 - Test methods and procedures for microcircuits~ 

3. REQUIREMENTS 

3.1 General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate to 
assure successful compliance with this specification. 

3,1.1 Detail sl'ecifications. The individual item requirements are specified herein. In the event of conflicting 
requirements, the order of precedence will be the purchase order, this specification, and thel1 the reference documents. 

3.2 Design, construction, and p..!!),sical dimensions. 

3.2.1 Package, metals, and other materials. The package is in accordance with paragraph '3.5.1 ofMIL-M-38510, except 
that organic and polymeric materials are used for die attach. The exterior metal surfaces are corrosion resistant, The 
other materials are nonnutrient to fungus as specified in MIL-M-38510. 

3.2.2 Design documentation. The design documentation is in accordance with MIL-M-3851O. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accordance with 
MIL-M-38510. 
3.2.4 Lead material and finish. The lead material is kovar type (type A). The lead finish is gold plate with nickel 
underplating. The lead material and finish is in accordance with MIL~M-38510 and is solderable per MIL-STD-883, 
method 2003. . 

3.2.5 GIassivation. The dice utilized are glassivated. 

3.2.6 Die thickness. The die thickness is in accordance with M1L-M-3851O. 

3.2.7 Ph),sical dimensions. The physical dimensions are in accordance with paragraph 1.2.3 herein. 

3.2.8 Circuit diagram and terminal connections. The circuit diagram and terminal connections are shown in Figure I. 

fIInllollll ~1rt;U" Dlignm 

Xz 
INPUT 

,1 

IVI 
INPUT 

10 II'" cln ITOP VIEW) 

FIGURE I. Functional Circuit Diagram and Terminal Connections; 
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3.3 Electricall'erformance characteristics. The electrical performance characteristics are as specified in Table I and 
apply over the fun operating ambient temperature range of -55°C to +125°C, unless otherwise specified .. 

CHARACTERISTICS SYMBOL 

ACCURACY 

Total Error ET 

Feedthroug h 
X Input FTx 

Y Input FTy 

Nonlinearity 
X Input LINx 
Ylnput LlNy 

INPUT 

Input Resistance RIN 
Input Bias Current Ira 

Input Voltage Range VIN 
Common-mode Rejection CMR 

DYNAMIC CHARACTERISTICS 

Small Signal Bandwidth 
±3dB BW3da 

Bandwidth 
±1 flatness BW,% 

Full Power Bandwidth BWFP 

Slew Rate SR 

OUTPUT 

Output Voltage YOM 
Output Resistance Ro 

Output Noise N 

Output Offset Error y Voo 

Output Offset Error .Woo 
Temperature Sensitivity ~ 

Short Circuit Current ,--

POWER SUPPLY 

Power Supply Range 
Power Dissipation, 
Quiescent 

TEMPERATURE RANGE (AM.BIENll 

Operating 
Storage 

·Specifications same as 4213WM 

NOTE: 
Y Externally adjustable to zero. 

TABLE I. Electrical Performance Characteristics. 
All characteristics TA = -55°C to +125°C, ±Vcc = 15VDC, unless otherwise noted. 

LIMITS 

4212WM/883S 4213VM/883B 4213UM/883B 
4213WM 42t3VM 4213UM 

CONDITIONS MIN TYP MAX MIN TYP MAX I MIN TYP MAX 

Each quadrant TA = +25°C 112 1 1 
-25°C to +85°C 2 
TA = -55°C 3 3 4 
TA =+125°C 4 4 ·8 

Vx=20V. pop TA = +25°C 30 50 30 100 100 
Vy=0.f=50Hz -55°C to +125°C 100 200 . 200 
Vx =0. f=50Hz TA = +25°C 25 40 25 80 80 
Vy =20V. pop -55°C to +125°C 80 . 180 180 

Vx = 20V. Pop. Vy = ±10V TA = +25°C 0.08 
Vy =20V. pop. Vx =±10V TA = +25°C 0.01 

X, Y, Z inputs. pin 9 open 3.5 10 
X, Y, Z inputs TA = +25°C 1.4 2.5 

-55°C to +125°C 6 
Rated Operation ±10 
+10V,.f;V 60 

X and V inputs TA = +25°C 450 550 

X and Y inputs TA = +25°C 70 

TA=+2SOC 130 

X and Y inputs TA = +25°C 20 

RL=2kn,CL=I000pF 10 
Closed loop 1.5 10 

TA - +25°C CHztol0kHZ 200 
1Hz to 10MHz 1000 

TA-+25°C 25 30 50 
-25°C to +85°C 100 
-55°C to +125°C 100 100 200 
-25°C to +85°C 1.7 
-55!lC to +125°C 1.0 1.0 2.0 

TA - +25°C 5 20.; 
-55°C to +125°C 5 30 

8.5 15 20 . 
TA = +25°C 150 180 
-55°C to +125°C 225 

-55 +125 . 
.f;5 +150 

3.3.1 Additional electrical performance characteristics. Electrical performance curves are shown in paragraph 7. 

3.3.2 Transfer functions. The transfer functions for mUltiplier and divider connections are shown in Figure 2. 
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UNITS 

±%ofFSR 
±%ofFSR 
±%of FSR 
+% ofFSR 

±mV. pop 
±mV. pop 
±mV. pop 
±mV. pop 

±% of FSR 
±%ofFSR 

Mn 

I'A 
I'A 
V 

dB 

kHz 

kHz 

kHz 

Vll'sec 

±V 
n 

#lV, rms 
IlV, rms 

±mV 
±mV 
±mV 

±mVloC 
±mV/·C 

rnA 
mA 

±V 

mW 
mW 

°C 
·C 

• 
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.. 

·IOV "IXI • X2'" -O.2V c. Z2 

FIGURE 2. Transfer Functions. 

3.3.3 Output offset error nuU. The mUltiplier is capable of being nuJled.to zero o.ffset error using the circuit in Figure 3. 

OUTPUt: 

100m NOTE: lb. oHIII null plllenll.malar II oPllon.l: 
lbe VOIllrmlnl1 may ballll open or'may be grounded. 

FIGURE 3. Offset NuU Circuit. 

3.4 Electrical tests. Electrical tests requirements are specified in Table II, which constitute the minimum electrical tests 
for screening, qualification, and quality conformance, are shown in Table II. 

TABLE II. Electrical Test Requirements. 
(The individual tests within the subgroups appear in Table III) 

MODELS 4213WM/883B 4213VM/883B 
4213WM 4213VM 

4213UM/883B 
4213UM 

MIL·STD-883 TEST REQUIREMENTS (HYBRID CLASS) Subgroups (see Table III) 

Interim electrical parameters (Pre burn-in) (method 5008) 1 1 1 

Final electrical test parameters (method 5008) 1,2,3,4.5,6 1,2,3,4,5,6 I, 2, 2U, 3, 3U, 4, 4U, 5, 5U, 6, 6U 

Group A tesl requirements (melhod 5008) I, 2, 3, 4, 4A, 5, 6 1,2,3,4,5,6 I, 2, 2U, 3, 3U, 4, 4U, 5, 5U, 6, 6U 

Group C end pOinl eleclrical paramelers (method 500B) 1 1 1 

Addillonal.,leclrical subgroups perfonmed prior 10 lC, 2C, 3C, 5C, 6C, 7C lC, 2C, 3C, 5C, 6C, 7C lC, 2C, 3C, 5C, 6C,7C 
Group C inspeclions 

'PDA applies 10 subgroup 1 (see 4.3.di 
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TABLE III. Group A Inspection. 

LIMITS 
CONDITIONS 4213 4213 4213 

PARAMETER ±VCC = 15VDC, pin 9 open V GRADE WGRADE U GRADE 
SUBGROUP SYMBOL unless otherwise specified MIN MAX MIN MAX MIN MAX UNITS 

1 Voo ±30 ±25 ±50 mV 
TA = +25°C liB X,lnpul 2.5 2.5 2.5 pA 

Po 180 180 180 mW 

1C CMR X =Y = +10V 10.f;V 60 dB 
TA =+25°C RIN 3.5 M!I 

Ro 10 !I 
10 5 20 mA 

2 Voo ±100 ±100 mV 
TA = +12SOC 

2U VOO ±100 mV 
TA = +85°C 

2C liB X,lnpul 6 pA 
TA = +12SOC :"Voo I!"vOO VOO 1+125°CI-Voo (+25°CI ±1 mV/oC 

-:rr "Tl"" = ,oeoc 
Po 225 mW 

CMR X = Y;= +10V 10.f;V 60 dB 

3 VOO ±100 ±100 mV 
TA = -55°C 

3U Voo ±100 mV 
TA = -25°C 

3C hB X1 Input 6 pA 
TA = -S5°C :"Voo :"Voo Voo (-55°CI-Voo (+25°CI ±1 mV/oC 

-:rr ~= 80°C 
Po 225 mW 

CMR X=Y=+10Vlo-6V 60 dB 

4 ET Each quadrant ±1 ±1I2 ±1 % 
TA = +25°C FTx X = 20V. p-p; Y = 0; I = 50Hz 100 50 100 mV. p-p 

FTy X =0; Y = 20V. p-p; I = 50Hz 80 40 80 mV. p-p 

4A VOM RL - 2k!l. CL - 'OOOpF ±10 V 
TA = +25°C 

5 ET Each quadranl ±4 ±4 % 
TA = +125°C 

5U ET Each Quadrant· ±2 % 
TA = +85°C 

5C VOM RL = 2k!l. CL - 1000pF ±10 V 
TA = +125°C FTx X = 20V. p-p; Y = 0; I = 50Hz 200 mV.p-p 

FTy X = 0; Y = 20V. p-p; I = 50Hz 180 mV,p-p 

6 ET Each quadrant ±3 ±3 % 
TA = -55°C 

6U ET Each quadrant ±2 % 
TA = -25°C 

6C VOM RL - 2k!l. CL -1000pF ±10 V 
TA = -55°C FTx X = 20V. p-p; Y =0; I = 50Hz 200 mV. p-p 

FTy X =0; Y = 20V. p-p; I = 50Hz 180 mV. p-p 

• 7C BW,% X - 20V. p-p; Y -10V 70 kHz 
TA = +25°C BW,% X = 10V; Y = 20V. p-p 70 kHz 

SR X = +20V-slep; Y = 10V; RL = 2k!l 20 V/pSec 
SR X = 1 OV; Y = +20V-slep; RL = 2k!l 20 Vipsec 

BW3dB X'" 1V, rms; Y = 10V 450 kHz 
BW3dB X = 'OV; Y = 1V. rms 450 kHz 
BWFP RL = 20k!l. Vo = ±10V 130 kHz 

N la = 1Hz 1010kHz 200 p.V.rms 
N la = 1Hz 10 10MHz ,000 JlV.rms 

12-171 



4213/883B SERIES 

3.5 Marking., Marking is in accordance with MIL-M-38510. The following marking is placed on each microcircuit as a 
minimum. 

a. Part number (see paragraph 1.2) 
b. Inspection lot identification code.!l 
c. Manufacturer's identification ( ~Ri') 
d. Manufacturer's designating symbol (CEBS) 
e. Country of origin 

3.6' Workmanship.! These microcircuits are manufactured, processed, and tested in a careful and workmanlike manner. 
Workmanship is in accordance with good engineering practices, workmanship instructions, inspection and test 
procedures, and training, prepared in fulfillment of Burr-Brown's product assurance program. 

3.6.1 Rework Jlrovisions. Rework provisions, for the /883B Hi-Rei product designation, are in accordance with 
MIL-M-38510. 

3.7 Traceability.! Traceability is in accordance with MIL-M-38510. Each microcircuit is traceable to the p~oduction lot 
and to the component vendor's component lot. Reworked or repaired microcircuits maintain traceability. 

3.8 Product and process change. Burr-Brown will not implement any major change to the design, materials, 
construction, configuration, or manufacturing process which may affect the performance, quality, reliability or 
interchangeability of the microcircuit without full or partial requalification. 

3.9 Screening., Screening for the /883B Hi-Rei product designation, is in accordance with MIL-STD-883, method 
5008, class B, except as modified in paragraph 4.3 herein. 
For the standard model, Hi-Rei product designation (none), routine manufacturing processing includes Burr-Brown 
internal visual inspection, and stabilization bake, fine leak, gross leak, burn-in (72 hours, performed preseal), constant 
acceleration (condition D) and external visual inspection per MIL-STD-883, method 2009. ' 

For the /883B Hi-Rei product designation, all microcircuits will have passed the screening requirements prior to 
qualification or quality conformance ,inspection. 
3.10 .Qualification. Qualification is not required. See paragraph 4.2 herein. 
3.11 .Quality' conformance inspection. Quality conformance inspection, for the /883B Hi-Rei product designation, is in 
accordance with MIL-M-38510, except as modified in paragraph 4.4 herein. The microcircl/it inspection lot will have 
passed quality conformance inspection prior to microcircuit delivery. 

+15VDC ·15VDC 

; FIGURE 4. Test Circuit for Total Error. 

JI A 4--<iigit date code, indicating year and week of seal and a 4- or ~igit lot identifier are marked on each unit. 
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PROCEDURE: 
I. Set V. = Vy = +IO.OOOVDC ±lmV, measure Eo = Eol . 
2. Set V. = Vy = -IO.OOOVDC ±I mY, measure Eo = Eo2. 
3. Set V. = +1O.000VDC ±lmV and Vy= -IO~OOOVDC ±lmV, measure Eo = Eol . 
4. Set V. = -IO.OOOVDC ±lmV and Vy = +1O.000VDC ±lmV, measure Eo = E04. 
5. Calculate Vol = IEol -10 I, Vo2 = IEo2 -10 I, Vol = IEol +10 I and V04. = IE04 +10 I. 
6. Vox is the largest of Vol, Vo2 , Vol or V04 . 

ET(%) = iCl x 100 

4. PRODUCT ASSURANCE PROVISIONS 

4.1 Saml1ling and insl1ection. Sampling and inspection procedures are in accordance with MIL-M-3851O and 
MIL-STD-883, method 5008 except as modified herein. 

4.2 Qualification. Qualification is not required unless specified by contract or purchase order. When so required, 
qualification will be in accordance with the inspection routine ofM IL-M-38510, paragraph 4.4.2.1. The inspections to be 
performed are those specified herein for groups A, B, C, and D inspections (see paragraphs 4.4. I ,4.4.2,4.4.3, and 4.4.4). 

Burr-Brown has perfo~med and successfully completed qualification inspection as described above. The qualification 
report is available from Burr-Brown. 

4.3 Screening!. Screening, for the /883B Hi-Rei product designation, is in accordance with MIL-STD-883B, method 
5008, class B, and is conducted on all devices. The foHowing additional criteria apply: 

a. Constant acceleration test (M IL-STD-883, method 2001) is test condition D, VI axis only. 

b. Interim and final test parameters are specified in Table II. The interim electrical parameters test prior to burn-in is 
optional at the discretion of the manufacturer. 

c. Burn-in test (MIL-STD-883, method 1015) conditions: 
(I) Test condition B 
(2) Test circuit is Figure 5 herein 
(3) T A = + I 25°C minimum 
(4) Test duration is 160 hours minimum 

d. Percent defective allowable (PDA). The PDA, for the /883B Hi-ReI product designation only, is 10 percent and 
includes both parametric and catastrophic failures. It is based on failures from group A, subgroup I test after 
cool-down as final electrical test in accordance with MIL-STD-883, method 5008, and with no intervening 
electrical measurements. I f interim electrical parameter tests are performed prior to burn-in, failures resulting from 
pre burn-in screening failures may be excluded from'the PDA. If interim electrical parameter tests prior to burn-in 
are omitted, all screening failures shall be included in the PDA. The verified failures of group A, subgroup I after 
burn-in in that lot are used to determine the percent defective for that lot, and the lot is accepted or rejected based 
on the PDA. 

e. External visual inspection need not include measurement of case and lead dimensions. 

+10VDC 

FIGURE 5. Test Circuit, Burn-in and Operating Life Test. 
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4.4 Qualitx conformance inspection. Groups A and B inspections of MIL-STD-883, method 5005, are performed on 
each inspection lot. Groups C and D inspections of MIL-STD-883, are performed as required by MIL-STD-883. 

A report of the most recent groups C and D inspections is available from Burr-Brown. 

4.4.1 Group A inspection. Group A inspection consists of the test subgroups and L TPD values shown in M I L-STD-883, 
method 5008, and as specified in Table II herein. 
4.4.2 Group B inspection. Group B inspection consists of the test subgroups and L TPD values shown in MI L-STD-883, 
method 5008, class B. 

4.4.3 GroUJl C insJlection. Group C inspection consists of the test subgroups and L TPD values shown in M IL-STD-883, 
method 5008, class B, and as follows: 

a. Operating life test (MIL-STD-883, method 1005) conditions: 
(I)Test condition B 
(2) Test circuit is Figure 5 herein 
(3) T A = 125°C minimum 
(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table II herein. 
c. Additional electrical subgroups are specified in Table II herein. 

4.4.4 Group D inspection. Group D inspection consistsofthe test subgroups and L TPD values shown in MIL-STD-883, 
method 5008. 

4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate ta'bles. Electrical 
test circuits are as prescribed herein or in the referenced test methods of MIL-STD-883. 

4.5.1 Voltage and current. All voltage values given, except the input offset voltage ( or differential voltage) are referenced 
to the external zero reference level of the supply voltage. Currents given are conventional current and positive when 
flowing into the referenced terminal. 

5. PREPARATION FOR DELIVERY 

5.1 Preservation-packagl!!g and Jlacking~ Microcircuits are prepared for delivery in accordance with MIL-M-38510. 

6. NOTES 

6. I Notes. The notes specified in MIL-M-38510 are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is desirable. 

6.3 Ordering data. The contract or order should specify the following: 
a. Complete part number (see paragraph 1.2) 
b. Requirement for certificate of compliance, if desired; 

6.4 Definitions. 
Total error. Total error (ET) is the difference between the actual output voltage and the ideal output voltage expressed as 
a percentage of the maximum output voltage, 10 volts. It is the sum of the individual errors and includes feedthrough and 
output offset voltage. 

Feedthrougl!.: Feedthrough (FT x or FT y) is the output voltage when the ideal output voltage is zero (i.e., X = 0, Y = ±V or 
X=±V, Y=O). 

6.5 Microcircuit g~p assignment. These microcircuits are assigned to Technology Group I as defined in MIL-M-
38510, Appendix E. 

6.6 Electrostatic sensitivity.: These microcircuits may be damaged by electrostatic discharge. Electrostatic sensitive 
precautions should be observed at all times. 

6.7 Power SuppJ~quencin!!.: Apply, and remove, both supplies together. Alternatively, apply the positive supply first. 
Permanent damage may occur if the minus supply is applied with an input greater than +6VDC. 
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7. ELECTRICAL PERFORMANCE CURVES. 
(Typical al TA = +25°C and ± Vee = 15VDC unless otherwise specified. I 
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8. APPLICATIONS INFORMATION 
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SUPPLY CURRENT VS 
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8.1 Power suPpJy decoupling" For optimum performance and to prevent frequency instability due to power supply lead 
inductance, each power supply should be decoupled by connecting a I/lF tantalum capacitor from each power supply pin 
to ground (power supply common). 

8.2 9ipacitive loads. Stable operation is maintained with capacitive loads up to 1000pF, except for the square root mode 
which is limited to 50pF. Higher capacitive loads can be driven if a lOOn resistor is connected in series with the output for 
isolation. 

8.3 !ypical Applications. 

8.3.1 Multiplication. The basic connection for four-quadrant mUltiplication is shown in Figures 2a and 2b. Optional 
offset nullling is shown in Figure 3. Feedthrough may be minimized by applying an external nulling voltage to the X and/ 
or Y input, as appropriate. Usually, the nulling voltage is applied to X2 or Y2. If Z2 input is not used, it should be 
grounded. 
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Figure 6 shows how to achieve a scale factor larger than 0.1 (i.e., a denominator less than 10). A larger scale factor is 
electrically advantageous in some applications, but this has the disadvantage of proportionately increasing the output 
offset.voltage. Note, the offset may be nulled as shown in Figure 3. Also, the small signal bandwidth is reduced to about 
50kHz. 

4213 

·15VOC +15VOC 

K = [I + IR,/R2J]lIO 
o.l.;;K.;;1 

FIGURE 6. Connection for Unity Scale Factor. 

8.3.2 Division. The basic connection for two-quadrant division is shown in Figure 2c. 

Divider error is approximately 

IOEmultiplier 
Edivide, = XI - X 2 

Note, the divider error will become very large for small values of (X, - X2). A 10 to I denominator range is a practical 
limit. 

8.3.3~quaring~ The basic connection is shown in Figure 7. 

X, 

X2 
V, o-~f---fY, 
v2 Y2 

4213 

~r-r--r-.J 

IDDkn 

·15VOC +15VOC 

>--....... -0·0 

FIGURE 7. Squaring Connection. 

8.3.4 Square Root. Figure 8 shows the connection for taking the square root ofthe voltage Vz, - VZ2 • The diode prevents a 
latchiig condition which could occur ifthe input momentarily changed polarity. The load resistance RL must be in the 
range of 10kn.;;; RL';;; I Mn to provide the current necessary to operate the diode. The output offset should be nulled for 
optimum performance; allow t~e input to be its smallest expected value and adjust R, for the proper output voltage. The 
square root mode accuracy.is then approximately that of the multiply mode. 

+15VOC 

2kn-=-
·15VDC ·15VOC +15VOC 
*Opllonal Nulling Componanll 

+15VOC 

·15VDC 

FIGURE 8. Square Root Connection. 
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8.3.5 Percent. The circuit of Figure 9 has a sensitivity of I V / % and is capable of measuring 10% deviations. Wider 
deviation can be measured by decreasing the ratio of R,jR,. 

4213 

(V2· VI) 
VO=-V- 100 

I 1% porvolt 

Vo 

Ikn 

FIGURE 9. Percentage Computation. 

8.3.6 Sine Function Generator. The circuit in Figure lOuses implicit feedback to implement the following si'ne function 
approximation: Vo = (1.5715V, - 0.0043I7V,')/( I + 0.001398V,') = 10 sine (9VIl. 

XI 
~Mr--+---+-IX2 

VI 
v2 

71.548/(n 

4213 

(·IOV.;; VI .;; +IOV. and IV = go) 

FIGURE 10. Sine Function Generator. 

IOkn 

8.3:7 Singk:l1hase Power Measurement. Figure II shows a circuit for measurement of single-phase instantaneous and 
real power. 

>--4--1 V 

oo=R5 / (R4+RsI 
'Y = (.RI Ral/R2 

Instanlaneous 
Power 

Real Power 

..!. (ooy/IOJ(ElrmsILrmsGOS8) 

FIGURE fl. Single-Phase Instantaneous and Real 'Power MeasuremenL 
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859000 PRODUCTS 

In the early 1980s Burr-Brown Corporation made the strategic decision to 
extend its international operations and invest in a manufacturing and 
design facilitY'in Europe. 

In 1982 the Corporation staffed and equipped a 30,000-square-foot facility at 
Kirkton Campus Science Park in Livingston, Scotland. The facility incor
porates 10,000 square feet of class 10,000 clean area and the most modern 
test, laser, assembly and reliability equipment then available. 

The facility ..yas designed from conception as a location where high-quality, 
high-reliability components would be designed and manufactured. The 
vehicle chosen to demonstrate and promote this concept of high-quality, 
high-reliability components was BS9000/CECC. 

In December 1983 Burr-Brown Limited gained systems approval, via Route 2 
to BS90000 and CECC90,000. 

BSI registration number is 
CECC registration number is 
Factory Code is 

1247/M 
M/123/CECC/U K 
BBM 

Burr-Brown supplies precision components in total compliance with the 
stringent "harmonized assessed quality systems" BS9000 and CECCo The 
award of a "Route 2 Systems" approval by the British Standards Institution 
to the UK-based European manufacturing facility makes Burr-Brown the 
first manufacturer to offer traditional and specialized circuit functions to 
meet these internationally recognized assessed quality systems. 

The user has a choice of all electrical performance grades across the 
01+70°C, -25/+85°C and -55/+125°C temperature ranges. Each tempera
ture range and grade combination is offered in conjunction with four appli
cation categories from benign to aerospace environmental requirements. 
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PROCEDURE FOR 
QUALIFICATION 
APPROVAL 

Manufacturer appiies 
to BSI for approval 

I 
I 

Manufacturer produces 
Quality Assurance Manual 

I 
I 

Manual approved and 
company assessed 

I . 
I 

Manufacturer's inspection 
approval granted 

I 
I 

Manufacturer commences 
qualification approval 

program 
I 

Product sJecification 
written by manufacturer 

in accordance with 
relevant rules document 

I 
I 

Manufacturer applies 
to BSI for 

specification number 
. I 

I 
Specification 

accepted by NSI 
I 
I 

Manufacturer notifies 
BSI of intention 
to start testing 

I 
I 

Component assessed by 
NSI and accepted 

I 
I 

Qualifications approval 
certificate issued and 

details included in 
the Qualified Products 

List (PD9002) 

; 
NSI 

performs 
routine 

surveillance 

I 
I 

I 
I 

Manufacturer 
produces 
Certified 

Test Records 

859000, CECC, IECQ 

BS9000 is the United Kingdom national specification system for the 
quality assurance of electronic components. The CECC system is oper
ated in the UK and Europe and the IECQ system is operated in the UK 
and internationally. However, within the UK, increasing emphasis is 
being placed on the CECC system to facilitate interchangeability of 
components throughout western Europe. 

BS9000, CECC, IECQ are the quality assurance systems for the specifi
cation approval and release of electronic components. Requirements 
which must be met by participants in the systems are defined so that 
component purchasers can be sure of getting exactly what they have 
specified. In other words, electronic components are supplied by 
quality-assured sources. 

In the UK, all three systems are operated by the British Standards 
Institution (BSI). In the case of CECC and IECQ, BSI acts on behalf of 
the relevant governing bodies-CECC for Europe and IECQ inter
nationally. 

An independent inspection authority-the National Standards Inspec
torate (NSI)~is responsible for the assessment of manufacturers 
within the UK for all three systems. 

The NSI undertakes all assessment and surveillance duties required by 
the three systems on behalf of all users. These include organizations 
involved in the manufacture of military, industrial and commercial 
systems as well as government bodies-for instance, the Ministry 
of Defense. 

Their recommendations are submitted to BSI, which grants final 
approval. 

COMPONENT QUALIFICATION 

Three production lots using dice from three different wafer fabrication 
runs of each product type to be qualified are assembled and tested. 
Results are recorded. The products are then subjected to Groups A, B 
and C testing with results being recorded at various pre-determined 
points. From the result(> ·a "Qualification Test Report" is created and 
submitted, along with a full component specification, to NSI for 
approval. NSI audits the Report and Specification and, if satisfactory, 
issues component approval. The component specification is now 
'frozen' and may not be revised without N51 approval. 

MAINTENANCE OF QUALIFICATION 

All BS/CECC components must be manufactured using assessed and 
qualified dice (see Figure 1). Samples are removed from all production 
lots and retained for extended life testing. Certified Test Records 
(CTRs) are created and maintained continuously and submitted tq NSI 
annually. NSI also monitors the manufacturer's control system on a 
random basis using the approved Quality Manual as the control 
document. If ·the random audits and CTRs are acceptable to the 
published quality standards, qualification is maintained. 
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Dice.lrom Burr-Brown Corporation via Route 2 scheme 
I 
I 
I 

Assemble samples from each wafer fabrication lot supplied 
I 
I 

Electrical tests 
I 
I 

1000-hour burn-in 
I 
I 

Electrical tests --- FAIL (if greater than 10% defective) 
I Disqualified as BS/CECC dice 

I 
I 
I 
I S1 
I 
I 

I 
PASS 

I 
I 

Form qualified die bank 
I 
I 
I 

Assemble on systems approved manufacturing line 
I 
I 
I 

Form batch for environmental screening 
I 
I 

Screening Procedure Options 
(see Figure 2 for details) 

I 
I 
I S2 
I 
I 

I 
I 
I S3 
I 
I 
I 

Groups A, B, C testing 
I 
I 

I 
I 
I S4 
I 
I 

Shipment of sublot against a Certificate of Conformance 

I 
I 
I / 

Full or Basic 
I 
I 

FIGURE 1. Manufacturers' Flow for Assessed Products . 

. RELATED DOCUMENTS 

BS 2011. Basic environmental test procedures. 

BS 3934 Dimensions of semiconductor devices. 

BS 6001 Sampling procedures and table for inspection by attributes. 

BS 9000 General requirements for electronic components of assessed quality. 

BS 9400 Integrated electronic circuits of assessed quality: generic data and methods of test. 

PD 9002 QualifiedProducts List for electronic components of assessed quality. 
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Fully Assessed Dice 

,..-------'1--- Production ~atch Formed --,-1---------, 
Category SI 

Screening Level A 
I 

Pre-Cap Inspection 
BS94001.2.10 

Level A , 
High Temperature 

Storage 
BS94001.2.6.3 

1S0'C for 24 hours 
I 

Rapid Change of 
Temperalure 

BS94001.2.6.13 
10 cycles 

6S'C to j 150'C 
I 

Shock al14700m/s' 
BS94001.2.6.6 

I 
Acceleration 
Steady Stale 

BS9400 1.2.6.9 
29400m/s' 

Directions Y1, Y2 
I 

Fine and Gross 
Leak Tests 

BS94001.2.6.14 

I 
Electrical Tests 
at 25'C as per 

Subgroups 
A2, A3 

I 

Category S2 Calegory S3 Calegory S4 
Screening Level B Screening Level C Screening Level C. 

. I . I I 
Pre-Cap Inspection Pre-Cap Inspection Pre-Cap Inspection 

BS94001.2.10 BS94001.2.10 BS94001.2.10 
Level B Level B Level B' 

I I 
High Temperalure High Temperature 

Storage Storage 
BS94001.2.6.3 BS94001.2.6.3 

1S0'C for 24 hours 1S0'C for 24 hours 
I I 

Rapid Change of Rapid Change of 
Temperalure Temperature 

BS94001.2.6.13 BS94001.2.6.13 
10 cycles 10 cycles 

65'C to +150'C -6S'C to -ttSO'C 

·1 
Acceleration 
Sleady Slate 

BS9400 1.2.6.9 
29400m/s' 

Directions Y1, Y2 
I 

Fine and Gross 
Leak Tests 

BS94001.2.6.14 

I 
Electrical Tests 
at 25'C as per 

Subgroups 
A2, A3 

I 
Acceleration 
Steady State 

BS9400 1.2.6.9 
29400m/s' 

Directions Vl, Y2 
I 

Fine and Gross 
Leak Tests 

BS94001.2.6.14 

Electrical Tests 
at 25'C as per 

SUbgroups 
A2,A3 

I 
Burn-In Screen Burn-In Screen Burn-In Screen 

BS9400 1.2.9.2 
1-60hr min at 125'.C 

BS94001.2.9.2 BS94001.2.9.2 
240hr min at 125'C 160hr min at 125'C 

I 
Electrical Tesls 
at 2S'C as per 

Subgroups 
A2,A3 

I 
Burn-In Screen 
Reverse Bias 
Subgroups 

A2,A3 
I 

Full or Basic 
Assessmenl Level 

I 
Pre-Cap Inspection 

BS9400 1.2.10 
Level B' 

Final Electrical Final Eleclrical Final Electrical Final Electrical Final Electrical 
Tests at 25'C Tests at 25'C Tesls at 25'C Tests at 25'C Tests at 25'C 

as per subgroups as per subgroups as per subgroups as per subgroups as per subgroups 
~~ ~~ ~~ ~~ ~~ 

RadioJraPhic I I I I Tests 

'-I-------'---~ Inspection Lot Formed ---'---~----' 
Sample Tests to Groups A, B, C, D as appropriate 

NOTE: The procedures specify the minimum screening requirements for each category. 
Additional screens may be added according to customer requirements; e.g., PIND testing, shock, etc. 

'Not required by B.S. but carried out 100% by Burr-Brown. 

FIGURE 2, Screening Procedure Options, 
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MIL-STD-883, MIL-STD-883, 
Operation 8S9000, S2 Revision 8, Class 8 Revision C, Class 8 

Pre-Cap BS94001-2-10 Method 2010 Method 2010 
Inspection Level B Condition B Condition B 

Stabilization BS9400 1-2-6-3 . Method 1,008 Method 1008 
Bake (1S0°C for 24hrs) Condition C Condition C 

(1S0°C for 24hrs) 

Temperature BS94001-2-6-13 Method 1010 Method 1010 
Cycle (10 cycles -6SoC Condition C Condition C 

to +1S0°C (10 cycles -6S, 2S, 
1S0,2S) 

Constant BS9400 Method 2001 Method 2001 
Acceleration 1-2-6-9 Condition E Condition E 

(30,000g) 

Pre-Burn-In Subgroups (Optional) (Optional) 
Electrical Test A2 &A3 

Burn In BS94001-2-9-2 Method101S Method 101S 
(160hrs at 12S°C) (160hrs at 12S°C) (160hrs at 12S°C) 

Post-Burn-In Subgroups As Per As Per 
Electrical Test A2 &A3 Specification Specification 

Leak Tests BS9400 Method 1014 Method 1014 
Fine/Gross 1-2-6-14 

PI NO Method 2020, 
Condition A 

Comparisons of Ruled Documents and Classifications. 

8S/CECC MIL-STD-883 Revision 8 MIL-STD-883 Revision C 

Qualification Procedures BS9400 Section 2 Method SOOS-7 Method SOOS-8 

Screening Procedures BS9400 Section 2 Method S004-S Method S004-6 

Classification S1 S S 
Similarity Matrix S2 B B 

S3 - -
S4 C -
Full - -

Basic - -

Screening Procedure References and Methods. 

13-5 



EXPLANATION OF ADDITIONAL APPLICATION CATEGORIES 

A complete explanation can be found in 8S9400 Section 2.4 and 2.5. The 
following brief outline may be used as a guide: 

Assessment Level S1 For circuits where reliability is imperative, maintenance is impossible or very 
difficult, or downtime must be minimal. Examples are: equipment in space, 
critical military applications, high-revenue-earning equipment used in an 
adverse environment. 

Assessment Level S2 For circuits where reliability is important, maintenance is difficult or. 
doWntime must be low. Examples are: aircraft equipment, military 
applications, mobile communications equipment. 

Assessment Level S3 For circuits having similar eiwironmental requirements to those for 
assessment level S2, but where electrical assurance can be relaxed. 

Assessment Level S4 For circuits having similar requirements to those for assessment level S2, but 
whose environmental performance is not assessed. 

Full Assessment level For circuit applications where traceability in conjunction with a consistent 
quality assurance level is required. 

Basic Assessment Level The lowest level of assessment recognized in the 8S9000 system-similar 
attributes to the full ~ssessment level, but with relaxed inspection and 
acceptable quality levels. ' 

PRODUCTS CURRENTLY UNDERGOING QUALIFICATION TO as 9000-TARGET RELEASE IN 1986 

Model 

OPA2111 
OPA606 
OPA156A 
OPA356A 
INA102 
INA105 
INA110 
MPY534 
XTR10l 
XTRll0 
VFC100 
OAC811 

Function 

Ouallow noise precision operational amplifier 
Wide-bandwidth operational amplifier 
Wide-bandwidth operational amplifier 
Wide-bandwidth operational amplifier 
Low-power, high-accuracy instrumentation amplifier 
Precision uniiy-gain differential amplifier 
High-speed FET -input instrumentation amplifier 
Precision analog multiplier 
Precision, low-drift, 4-20mA, 2-wire transmitter 
Precision voltage-to-current converter/transmitter 
Synchronized voltage-to-frequency converter 
Microprocessor-compatible, 12-bit O/A converter 

Package(s) 

TO-99, 20-pin LCC 
TO-99, 20-pin LCC 
TO-99, 20-pin LCC 
1"0-99, 20-pin LCC 
14-pin OIL, 20-pin LCC 
TO-99, 20-pin LCC 
TO-l00, 20~pin LCC 
TO-100, 20-pio LCC 
14-pin OIL, 20-pin LCC 
14-pin OIL, 20-pin LCC 
14-pin OIL, 20-pin LCC 
28-pin OIL, 28-pin LCC 

In addition to the above, all of the following are undergoing qualification in the 20-pin 0.35" square LCC: 
OPA27, OPA37, OPA111, OPA12.1,INA101, VFC32, VFC62, VFC320, MPY100, MPY100, 4213. 

Also being qualified in the 28-pin 0.45" square LCC are OAC702 and OAC703. 

All LCC pinouts are as per "Jedec Standard No.1 for Leadless Chip Carrier Pinouts Standardized for Linears". 
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TO-100 

24-Pin Side-Brazed DIP 

Jl -J. jlD 

NOTE: Leads in true position 
within .010" (.25mm) Rat 
MMC at seating plane. 

Pin numbers shown for 
reference only. Numbers may. 
not be marked on package. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .335 .370 8.51 9.40 
305 .335 7.75 8.51 
,165 .185 4.19 4.70 
.016 ,021 0.41 0.53 
.010 .040 0.25 1.02 
.010 .040 0.25 1.02 
.230 BASIC S.B4BASIC 
.028 .034 0.71 0.86 
.029 .045 074 1.14 
.500 - 12.70 
.120 .160 3.05 '.06 

M 3S"BASIC 36°8ASIC 
.110 .120 2.79 3.05 

NOTE: Leads In true position 
within ,010" (.25mm) R at 
MMC at seating plane. 

Pin numbers shown for 
reference only. Numbers may 
not be marked on package. 

INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 
A 1.237 1.263 31.42 32.08 
8 .514 .526 13.06 13.36 
C .120 .2011 3.06 6.08 
0 ,01a .020 0.04' 0.51 
F .050 070 1.27 1.78 
G .1009A5IC 2.548A5IC 
H .065 .085 1.65 2.16 
J .00' .012 0.20 .>0 U CASE;Ceramic,hermeUc 

MATING CONNECTOR: 
, 0245MC 

I I WEIGHT: 9.2 grams 
I-- L -~ " (0.32 oz.) 

K 
L 
M 
N 

.100 .2011 '54 5.08 
.600 BASIC 15.42 BASIC 

15' 15' 
.035 055 0.89 1.40 

28-Pln Lee 

14-Pln Side-Brazed DIP 

INCHES 
DIM MIN MAX 

.442 .458 1 1'.63 

.442 .458 1 11.63 
.tOO 2.54 

0.56 0.71 
1.27BA51C 
O.20RTYP. 

TO-99 

~ ~- 1==+-1 L, ~. 

s",;o,11111 r 
Plen.. -ll.-- 0 

:~ ~ ~ll N } T .. v..j, T 

~' 
28-Pln Side-Brazed DIP 

[:0:] 
I A FjLJ'-

",..-;;-;;-;;~~~H 
rrmtmtmif1J -J LH --JI.-o J G L Seating Plane 

,O~ 
20-Pin Lee 

EEl 
I rC , 

G 

Numbers may not be marked on package. ~ I ~ ~ ~ I :l-Pin numbers shown for reference only. 

~ 7 C 

LA~ ~ 
NOTE: Leads in Irue position 
within .010" (.25mm) R al 
MMC al sealing plane. JITID!-;,;P1'~ t·J 
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NOTE: Leads In true position 
within .010" (.25mm) R al 
MMC at seating plane. 

Pin numbers shown for 
reference only. Numbers may 
not be marked on package. 

INCHES MIL.L.IMETERS 
DIM MIN MAX MIN MAX 

A 335 .370 8.51 9.40 
8 305 .335 7.75 8.51 
c ,165 .185 4.19 4.70 

0 .016 .021 041 0.53 
E 010 .040 0.25 1.02 
F .010 .040 0.25 1.02 
G .2OQBASIC 5.D8BAS1C 
H .028 .034 0.71 0.86 
J .029 .045 0.74 1.14 
K .500 12.7 
L .110 ,ISO 2.79 <06 
M 45°BA51C 45°9A51C 
N .095 .105 2.41 2.67 

NOTE: Leads in true position 
within .010" (.25mm) A al 
MMC at seating plane. 

Pin numbers shown for 
reference only. Numbers may, 
not be. marked on package. 

INCHES 
DIM MIN MAX 

1.386 1.414 
.108 .166 
.015 .021 
.035 .060 
.100eASIC 
.036 .064 1.63 
.00' .012 0.30 
.120 .'40 6.10 
.600eASIC BASIC 

M "" "" .025 .060 0.64 1.52 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .342 .'69 •. " 9.09 
8 .342 .358 '.69 9.09 
C .064 .100 1.63 2.54 
F .02' .028 0.56 0.71 
G .050 BASIC 1.27 BASIC 
H . OO8RTYP. 0.2ORTYP . 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .670 .710 17.02 18.03 
C .065 .170 1.65 '.32 
0 .015 .021 0.38 0.53 
F .045 .060 1.14 1.52 
G .100 BASIC 2.54eASIC 
H .025 .070 0.64 1.78 , .00' .012 0.20 0.30 
K .120 .'40 3.05 6.10 
L .300 BASIC 7.62eASIC 
M '" ,,' 
N .009 .060 0.23 '" 



ORDERING INFORMATION 

Product "fYpe Grade Package Category 

INA101 S M S2 

For specific grade and package options, refer to BS Product Data Sheet. 

For category options, refer to the Category Options Table on page 6. 

DIRECTORY OF ORGANIZATIONS 

British Standards Institution 
Head Office 
2 Park Street 
London, W1A 2BS, England 

Telephone: 01-629-9000 
TWX: 266933 (BSILONG) 

CECC General Secretariat 
VOE, Stresemannallee 15 
0-6000 Frankfurt/Main 70 
Federal Republic of Germany 

Telephone: ,69-630-8283/8207 
TWX: 412871 (VOETZO) 

IEC Quality Assessment System for Electronic Components 

Bureau Central de la Commission Electrotechnique Internationale 
1-3 Rue de VarembE! 
Geneva, Switzerland 

Telephone: 022-340150' 
TWX: 28872 (CEJECCH) 
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BURR-BROWN® 

113131 DAC702 
BS Number: BS9493-F0045 

MONOLITHIC 16-BIT DIGITAL-TO-ANALOG 
CONVERTER-VOLTAGE OUTPUT 
For applications information, see the standard product data sheet. 

With the following exceptions, all Electrical Specifications are as per the 
specifications table included in the standard product data sheet (page 6-98). 

TAM. = 25'C, Vee = ±15V and V •• = +5V. 

ELECTRICAL SPECIFICATION 

Analog Output Current (10): Code 0000 Hexadecimal 
Code FFFF Hexadecimal 

PIN CONNECTION DIAGRAM FUNCTIONAL DIAGRAM 

PACKAGE OUTLINE-28-pin DIP (see page 13-7) 
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BURR-BROWN® 

IElElI DAC703 
BS Number: BS9493~F0046 

MONOLITHIC 16-BIT DIGITAL-TO-ANALOG 
CONVERTER-· VOLTAGE OUTPUT 
For applications infor~ation,see the standard product data sheet. 

With the following exceptions, all Electrical Specifications. are as per the 
specifications table included in the standard product data sheet (page 6"98). 

TAM. = 25'C Vee = ±15V and VDD = +5V 

ELECTRICAL SPECIFICATION 

ANALOG OUTPUT 
Analog Output Voltage (Va): Code 0000 Hexadecimal 

Code FFFF Hexadecimal 

Analog Output Current (10) 

CONVERSION SPEED 
Selliing Time to 0.003% of FSR, R = 2kll (ISETT): 

For FSR Change 
For 1LSB Change (Major Carry) 

PIN CONNECTION DIAGRAM 

Summing 
junction 

OV 
Reference 

MODEL MIN MAX 

DAC703BH 9.9992 10.000 
DAC703KH 9.9991 10.0001 
DAC703BH -9.9996 -10.0004 
DAC703KH -9.9995 -10.0005 

·5.0 -

- 8.0 
- 4.0 

FUNCTIONAL DIAGRAM 

18·Bil 
Ladder 
Resistor 
Network 

and 
Current 

Switches 

10kll 

PACKAGE OUTLlNE-28-pin DIP (see page 13-7) 
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V 
V 
V 
V 

mA 

"S 
". 

vo~ 

Summing 
Junction 



BURR-BROWN® 

113131 INA101 
BS Number: BS9400-G0077 

VERY-HIGH ACCURACY 
INSTRUMENTATION AMPLIFIER 

For applications information, see the standard product data sheet. 

With the following exceptions, all Electrical Specifications are as per the 
specifications table included in the standard product data sheet (page;: 2-7). 

Full temperatura range V"" = ±15V unless otherwise stated 

ELECTRICAL SPECIFICATION MODEL MIN MAX 

Input Offset Voltage (V,o), TAMB - 25'C INA101AM - ±50±400/G 
INA101BM/CM/SM - ±25 ±200/G 

b.V,o INA101AM - ±2±20/G 
INA101BM/SM - ±0.75 ±10/G 
INA101CM - ±o.25 ±10/G 

Input Offset Current (1'0), TAMB - 25'C INA101AM/BM/SM - ±30 
INA101CM - ±20 

Allo INA101AMlBM/CM - ±0.5 

Input Bias Current (I'B), TAMB = 25'C INA101AM/BM/SM - ±30 
INA101CM - ±20 

Variation wllh Vee «!.loB) INA 101AM/BM/SM - ±0.2 
INA101AM/BM/SM - ±0.1 

Voltage Gain (Ay), G = 1 + [(40KlRG)I INA101AM/BMlSM 1.0 1000 

Gain Temperature Coefficient (Ay .. ): Gain = 1 INA101AM/BM/CM/SM - 5.0 
Galn=10 INA101AMlBM/CM/SM - 100 
Gain = 100 INA 101AM/BM/CMlSM - 110 
Gain = 1000 INA101AM - 110 

Nonlinearity, DC INA101AM - ±(0.005 + 2 X 10"G) 
INA101BM/CMlSM -'- ±(0.002 + 10"G) 

Slew Rale (b.VoIb.T), G = 1 to 100 INA101AM/BM/CM/SM 0.2 -
Settling Time (lsETT), to 0.1%: G = 1 INA 101AM/BM/CM/SM - 40 

G=l00 INA101AM/BMlCM/SM - 55 
G=1000 INA101AM/BM/CM/SM - 470 

to 0.01%: G = 1 INA101AM/BMlCM/SM - 45 
to 0.01%: G = 100 INA101AM/BMlCM/SM - 70 
to_O,01'1&: G = 1000 INA101AM/BM/CM/SM - 650 

PIN CONNECTION DIAGRAM FUNCTIONAL DIAGRAM 

Offset Adjust 2 

Offset Adjust 3 

-In 

+In 

Top View 

Output 

Common 

Gain 
Sel 

PACKAGE OUTLINE-TO-IOO (see page 13-7) 
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UNITS 

/lV 
/lV 

/lVl'C 
/lVl'C 
/lVl'C 

nA 
nA 

nM'C 

nA 
nA 

nM'C 
nAN 

VIV 

ppml'C 
ppm/'C 
ppm/'C 
ppm/'C 

%01 p-p FS 
%01 p-p FS 

VIps 
ps 
ps 
/lS 
ps 
ps 
us 



BURR-BROWN® MPY100 
I~ElI as Number: BS9400-G0083 

MULTIPLIER-DIVIDER 
For applications information, see the s~andaidproduct data sheet. , 

With the following exceptions, all Electrical Specifications are. as per the 
specifications table included in the standard product data sheet (page 4-23). 

Full temperature range and Vee = ±15V unless otherwise stated 

ELECTRICAL SPECIFICATION 

Total Error (-10V < X, Y < 10V; FSR = ±10V): TAMe = +25'C' 

vs Temperature: TAMe = -25'C to +85'C 

TAMe = -55~C to +125'C 

Output Offset: TAMe = +25'C 

vs Temperature: TAMB ='''-25°0 to +85°C 

TAMe = -55'C to +125'C 

Power Supply Current (lee): TAMe =' +25'C 

PIN CONNECTION DIAGRAM 

+Vee 

. FUNCTIONAL DIAGR~M 

X.o-----I 
X. 0----1 

Y. 
Y. 

Z. 
3.8kO 

Z. 
25kCi 

Vos' 

z • 

MODEL MIN 

MPY100AM -
MPY100BM -
MPY100sM/CM -
MPY100AM -
MPY100BM/CM -
MPY100SM -
MPY100AM -
MPY100BM/SM -
MPV100CM ,-
MPY100AM/BM -
MPV100CM -
MPY100SM -

-

PACKAGE OUTLINE-TO-IOO (see page 13-7) 
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MAX UNITS 

±2.0 ' %FSR 
±1.0 %FSR 
±O.5 %FSR 

±O.05 %FSRI'C 
±O.O2 %FSRI'C 
±a.05 %FSR/'C 

±100 mV 
±50 mV 
±25 mV 
±2.0 mVI'C 
±O.7 mV/'C 
±O.7' mVI'C 

±9.5 mA 



. BURR-BROWN® 

1E3E11 OPA27 
BS Number: BS9460-F0649 

ULTRA-LOW NOISE 
PRECISION OPERATIONAL AMPLIFIER 

For applications information, see the standard product data sheet. 

With the following exceptions, all Electrical Specifications are as per the 
specifications table included.in the standard product data sheet (page 1-17). 

TAMB = 251lC unless otherwise stated Vee = ±15V unless otherwise stated 

ELECTRICAL SPECIFICATION MODEL. MIN 

Large Signal Voltage Gain (AvoLl: Full temp, range, RL '" 2kO, Vo - ±10V OPA27A 115 
OPA2iB 113 
OPA27C 109 
OPA27E 117 
OPA27F 116 
OPA27G 113 

Output Impedance (Zo) -
Slew Rate (/J,volAT) OPA27A1B/C/EIF/G 1.5 

Large Signal Voltage Gain (AVOL): RL '" 2kO, Vo = ±10V OPA27A1B/EIF 120 
OPA27C/G 116 

Gain Bandwidth Product (stable for Av '" 1) OPA27A1B/C/EIF/G 5.0 

PIN CONNECTION DIAGRAM FUNCTIONAL DIAGRAM 

Offset 
Trim' 

-Vee 

(Case) 

-In 

MAX 

--
-
--
-

250 

-
-
-
-

+V"" 

-V~ 

NOTE: Offset null circuit is optional. 

Top View 

PACKAGE OUTLINE-TO-99 (see page 13-7) 
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UNITS 

dB 
dB 
dB 
dB 
dB 
dB 

° VIps 

dB 
dB 

MHz 



BURR-BROWN® 

IElElI OPA37 
as Number: aS9460-F0650 

ULTRA-LOW NOISE 
PRECISION OPERATIONAL AMPLIFIER 

For applications information, see the standard product data sheet. 

With the following exceptions, all Electrical Specifications are as per the 
specifications table included in the standard product data sheet (page 1-17). 

T AMB = 25"C unless otherwise slated. Vee = ±15V unless otherwise stated. 

ELECTRICAL SPECIFICATION MODEL MIN 

Large Signal Voltage Gain (AYOL): RL ~ 2kn. Vo = ±10V OPA37A 115 
OPA37B 113 
OPA37C 109 
OPA37E 117 
OPA37F 116 
OPA37G 113 

Output Impedance (Zo) -
Large Signal Voltage Gain (AVOL): RL ~ 2kn. Vo = ±10V OPA37 NB/ElF 120 

OPA37C/G 116 

Gain Bandwidth Product (slable for Av > 5) 45 

PIN CONNECTION DIAGRAM FUNCTIONAL DIAGRAM 

Offset 
Trim 

·-Vee 
(Case) 

MAX 

--
-
--
-

\ 

250 

-
-
-

",:Vcc 

NOTE: Ollset null circuit Is optional. 
Top View 

PACKAGE OUTLINE-TO-99 (see page 13-7) 
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UNITS 

dB 
dB 
dB 
dB 
dB 
dB 

n 

dB 
dB 

MHz 



BURR-BROWN® 

IElElI OPA111 
BS Number: BS9460-F0647 

lOW NOISE PRECISION O/fe'® 
OPERATIONAL AMPLIFIER 

For applications information, see the standard product data sheet. 

With the following exceptions, all Electrical Specifications are as per the 
specifications table included in the standard product data sheet (page I-53). 

TAMB = 25°C, Vee = ±15V. 

ELECTRICAL SPECIFICATION 

Oulpullmpedance (Zo) 
Full Power Response: 20V pop. RL = 2kCl 
Acquisition Time (tAQU) 

PIN CONNECTION DIAGRAM 

Subslrale and Case 

-ycc 
TOp View 

MIN MAX UNITS 

- 250 Cl 
16 - kHz· 
- 30 ps 

FUNCTIONAL DIAGRAM 

+vcc 

-In 

+In 

2kCl 
2kCl 

2kCl 
2kCl 

4 

I -Vee 
10kCl 10kCl I 

I 
5 I 

Trim Trim : L.-"r--.J Optional I 
Components I ___________ .J 

-See Note 

Case and substrate pin 8 connected to ground. 

NOTE: The addition of the offset trim pot will 
degrade the AVlosll!!t.1 performance. 

PACKAGE OUTLINE-TO-99 (see page 13-7) 
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BURR-BROWN® 

IElElI BS Number: BS9460-F0648 

LOW COST PRECISION Dife'® 
OPERATIONAL AMPLIFIER, 

For applications information, see the standard product data sheet. 

With the following exceptions, all Electrical Specifications are as per the 
specifications table included in the standard product data sheet (page 1-67). 

TAMB = +.25°C, Vee = ±15V. 

ELECTRICAL SPECIFICATION MIN MAX 

, Output Impedance (Zo) - 300 
Input Impedance' (Z'N) lOS -
Acquisition Time (t.ou) - 35 

PIN CONNECTION DIAGRAM FUNCTIONAL DIAGRAM 

Substrate and Case 

-In' 2 

+In 3 

2kn 

Trim 1 10kO 
2kO 

-Vee 

Top View 
Trim 5 10kO 

2kO 
2kO 

UNITS 

0 
0 
/IS 

7 

+Vee 

4 

-Vee 

Case and substrate ,pin 8 connected to ground. 

PACKAGE OUTLINE-TO-99 (see page 13"7) 
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BURR-BROWN® 

1E3E31 VFC32 
BS Number: BS9400-G0100 

VOLTAGE-TO-FREQUENCY CONVERTER AND 
FREQUENCY-TO-VOLTAGE CONVERTER 

For applications information, see the standard product data sheet. 

With the following exceptions, all Electrical Specifications are as per the 
specifications table included in the standard product data sheet (page 10-3). 

TAMS = 25°C, Vee = ±15V. 

ELECTRICAL SPECIFICATION 

Pulse Width Range (tpw). F to V conliguration 
Gain Error 

PIN CONNECTION DIAGRAM 

FUNCTIONAL DI.AGRAM 

-In 

+In 

-Vee 
(Case) 

Your 

7 Comparator 
Input 

NC 

PACKAGE OUTLINE-TO-100 (see page 13-7) 
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BURR-BROWN® VFC62 I ElE3I I BS Number: BS9400-G0104 

VOLTAGE-TO-FREQUENCY CONVERTER· AND 
FREQUENCY-TO-VOLTAGE CONVERTER 

For applications information, see the standard product data sheet. 

With the following exceptions, all Electrical Specifications are as per the 
specifications table included in the standard product data sheet (page 10-17). 

TAM. = 25°C, Vee = ±'5V. 

ELECTRICAL SPECIFICATION 

Supply Current, each supply (Icc) 
Source Current Logic "'" (loH): Vpu = 5.0V, VOH = 2.4V 

Voltage Logic "'''(VOH): 3.5V < Vpu < '5V, 10H - OmA 

Fall Time (lyHe): lOUT - 5.0mA, CLCAO = 500pF 

Oulpul Voltage (VoH): F to V configuration, 10 - 7.0mA 

Output Driver Supply Operating Voltage (Vpu) 

PIN CONNECTION DIAGRAM 

FUNCTIONAL DIAGRAM 

-In 

-Vee 
(Case) 

MIN MAX 

- ±7.5 
-9.0 -

Vpu-2.6V Vpu 

- 400 

- +'0 

+3.5 Vc< 

VOUT 

7 Comparator 
Input 

r--- - - --- -- -- ---- -------- Yr-
:: 
~ : ,. 
" 
" +In 

----------~~--~--------------~t~-_______________________ J 

UNITS 

rnA 
rnA 

V 

ns 

V 

V 

fOUT 

--..1.,----' 

PACKAGE OUTLINE-TO-IOO (see page 13-7) 
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VFC320 IBURR-BROWN® 

I E311EE1 I BS Number: BS9400-G0101 

VOlTAGE ... TO-FREQUENCY CONVERTER AND 
fREQUENCY-TO-VOLTAGE CONVERTER 

For applications information, see the standard product data sheet. 

With the following exceptions, all Electrical Specifications are as per the 
specifications table included in the standard product data sheet (page 10-40). 

TAM. = 25"C. Vee = ±15V. 

ELECTRICAL SPECIFICATION 

Fall Time (ltHL): lOUT = 5.0mA, CLCAO = 500pF 
Output Voltage (VOH): F to V configuration. 10 = 7.0mA 
Supply Current (lee), each supply 

PIN CONNECTION DIAGRAM 

FUNCTIONAL DIAGRAM 

-In 

+In 

-Vee 
(Case) 

MIN 

-
-
-

VOUT 

7 Comparator 
Input 

NC 

PACKAGE OUTLINE-TO-IOO (seepage 13-7) 
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MAX 

400 
+10 
±7.5 

UNITS 

ns 
V 

mA 

tOUT 



BURR-BROWN® 4213 IElElI BS Number~ 'BS9400-G0082 

MULTIPLIER-DIVIDER 
For applications information, see the standard product data sheet. 

With the following exceptions, all Electrical Specifications are as per the 
specifications table included in the, standard product data sheet (page 4-105). 

TAMe = 25'C, Vee = ±15V, 

ELECTRICAL SPECIFICATION 

Power Supply Current (Icc): TAMe = 25'C 

PIN CONNECTION DIAGRAM 

FUNCTIONAL DIAGRAM 

x.o----I 
x,O----I 

y. 
y, 

Z, 
3,8kCl 

Z, 
25kCl 

vo. 

y, 

PACKAGE OUTLINE-TO-100 (see page 13-7) 
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MODULAR POWER. SUPPLIES 

A broad line of compact, easily mounted encapsulated power 
supplies, AC/DC and DC/DC converters, are available from 
Burr-Brown. They are designed to power analog interface cir
cuitry involving operational, instrumentation and isolation 
amplifiers, AID and D/A converters and analog circuit func
tions in digital and analog systems. DC/DC converters offer 
high input-output isolation for those computer interface appli
cations where analog circuitry must be floated independent of 
digital ground. 
We provide a wide range of output voltages and current. 
International input voltage ratings are also available. 
Burr-Brown offers one of the largest, most complete selec
tions of high performance DC/DC converters in the industry. 
The new Power/Plus Series includes over 400 feature-packed, 
low cost converters to meet demanding power conversion 
requirements in such applications as process control, telecom
munications, portable equipment, automatic test systems and. 
medical, airborne and shipboard electronics systems. 
Surface-Mounted Device (SMD) technology is used exclu
sively in the production of Power/Plus converters, providing 
higher levels of DC/DC circuit performance in compact, rugged 
packages-all at no additional cost. Standard features of the 
Power/Plus Series-normally costly options in other conven
tional designs-include: input and output filtering; six-sided 
shielding; input overvoltage and output short-circuit protec
tion; nonconductive packages; and, full UL544, VDE750 and 
CSA C22.2 dielectric withstand test compliance. 
Power Plus converters also offer the best isolation voltage per
formance available-1000V peak minimum isolation voltage 
and 25pF isolation capacitance-and every unit is tested at 
240VAC for barrier capacitance and leakage current. 
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SELECTION GUIDE 

AC/DC CONVERTERS 

Regulation Regulation Output"l 
No Load Overrated Rlpplel 

Description Model Rated Output Rated Input to Full Load Line Voltage Noise Package Page 

Dual±tSVDC SSO ±tSV,±2SmA ±C.l% ±C.OS'III 2mV Module 14-3 
Supply SSI ±ISV,±SOmA IOSVAC to 12SVAC, ±O.OS% ±O.OS% ·O.SmV Module 14-3 
P.C.B. Mount SS2 ±ISV, ±100mA SOHz to 400Hz :' ±O.OS% ±C.OS'III O.SmV Module 14-3 

S53 ±ISV, ±200mA (21(3)141 ±O.OS% ±O.OS% 0.5mV Module 14-3 

- 554 ±15V,±350mA ±0.02% ±C.02% O.SmV Module 14-3 

Dual±15VDC 556 ±15V, ±200mA IOSV~C to 125VAC, ±0.05% ±O.OS% lmV Module 14-3 
Supply 50Hz to 400Hz 
Chassis Mount 558 ±ISV, ±SOOmA 121(31141 ±O.OS% ±0.05% lmV Module 14-3 

SVDCSupply S60 5V''', ±2S0mA , 1'05VAC to 125VAC, ±O.I% ±O.OS% lmV Module 14-3 
P.C.B. Mount 561 5VlSI , ±500mA SOHz 10 400Hz', ±O.I% . ±O.OS% ' lmV' Module 14-3 

562 5V''', ±10oomA 121131141 ±O.I% ±O.OS% lmV Module 14-3 

DC/DC CONVERTERS 

Leakage 
Description Model Input Output Isolation Current Package Page 

Regulated S46 4.SVDC to S.SVDC Single-Bipolar 300V Not Specified Module 14-3 
400mA ±ISV, 120mA 

Unregulated PWRlxx SVDC to 48VDC 450mW lOOoVDC' SpA, max Module 14-9 
Unregulated PWR2xx SVDC to 48VDC I.SW l000VDC 5pA, max Module 14-11 
Unregulated PWR3xx SVDC to 48VDC 2W, dual channel 1000VDC 5pA, max Module 14-13 
Unregulated PWR4xx SVDC to 48VDC 3W l000VDC SpA, max Module 14-IS 
Unregulated PWR5xx SVDC to "8VDC 4W l000VDC ISpA, max ' Module 14-17 
Regulaled PWR6xx SVDC 10 48VDC 2W l000VDC 2OpA, rrns Module 14-'19 
Regulated PWR7xx SVDC to 48VDC SW l000VDC 2SpA, rrns Module' 14-23 
Unregulated PWR8xx SVDC to 48VDC SW, triple output 1000VDC SpA, max Module 14-2S 

Isolated PWR70 10VDC to 18VDC ±ISVDC, ±ISmA 2000Vp 2pA, max Module 14-27 
PWR71 10VDC to 18VDC ±ISVDC, ±2SmA l000VDC 3pA, max Module 14-29 
PWR72 SVDC to 22VDC ±ISVDC, ±IOOmA loo0VDC 3pA, max Module 14-31 
PWR74 10VDC to.20 VDC ±ISVDC, ±2SmA IS00V .. 2pA, max Module 14-33 

700 10VDe to 18VDC . ±IOVDC to ±18VDC IS00Vp ~"A, max Module 14-3S 
89mA (±IV tolerance) 

at 60mA total 

700U'" lOVDC to 18VDC ±IOVDC to ±18VDC 2000Vp IpA, max Module 14-3S 
89mA (±IV tolerance) 

.t 60mA total 

710161 10VDC to 18VDC Four sets of outputs lOOOVp 'I;.rA,max Module 14-37 
100mA each set: 

±IOVDC to ±18VDC 
(±IV tolerance) 
at 76mA total 

all outputs 

722 SVDC to 16VDC Two-Bipolar 3500V'" IpAat DIP 14-41 
722BG 120mA ±ISV,64mA 8000V'61 240V, 60Hz 

724 SVDC to 16VDC Four-Bipolar l000V'" ,lpAat DIP 14-45 
125mA ±8V 3OO0V'" 24OV, 60Hz 

NOTES: (1) At full load, rms (max). (2) 2OSVAC, SOHz to 400Hz optIon avaIlable. (3) 90VAC to 110VAC, SOHz to 400Hz optIon available. (4) 220VAC to 
260VAC, SOHz to 400Hz option available. (S) Models 700 and ,7ooM have separate Internal input and output shields. Models 700U and 700UM have no 
Internal shields. Model700M and 700UM are similar to Models 700nOOU but, In addition, they are 100% screened to patient-connected circuit requirements 
for the leakage current (par. 27.S) and withstand voltage (par. 31.11)ofULS44. Additional per unit charge for 700M or 700UM. (6) Model 710 provides 4 
channels (sets) of Isolated outputs. 
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BURR-BROWN® 

IElElI 

MODU,LAR ACIDC AND 
DC/D.C POWER SUPPLIES 

FEATURES 
• PC BOARD-COMPATIBLE 

• CHASSIS MOUNTABLE 

• HIGH RELIABIlITY. FULLY TESTED 

• LOW INSTALLED COST 

• COMPLETELY SELF-CONTAINED 

DESCRiPtiON 
Burr-Brown standard series power supplies and 
DC / DC converters provide maximum flexibility. in 
systems design. They are particularly useful for 
powering analog interface circuitry in digital and 
analog systems and have a wide range of output 
voltage and current ratings. They are completely self
contained. ready to use encapsulated units. For most 
OEM users they eliminate engineering start
up/documentation costs and manufacturing delays 
at prices generally far below internal manufacturing 
costs. 

The AC/ DC power supplies have a current limiting 
circuit in the. output stage. designed to withstand 
output short-circuit-to-common or substantial 
overload conditions for long periods of time. without 
causing damage to the power supply. 

In applications where isolation between input and 
output is an essential requirement (such as powering 
isolation amplifier input and output stages) the Burr
Brown isolated DC/DC converters provide up to 
1500VDC of isolation protection. 

Inlematlonal Alrpim Industrial Park· P.O. Box 11400· Tucaan. Arlzona85734· Tel. (602) 746·1111 . Twx: 910-952·1111 . Cable: BBRCORP· Telex: 66·6491 

PDS-337C 
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MODULAR AC/DC POWER SUPPLIES 

• PC BOARD/CHASSIS MOUNT TYPE 

• :l:15VDC DUAL OUTPUTS,+5VDC SINGLE OUTPUT 

• 25mA TO 1000mA CURRENT CAPABILITY 

• CURRENT·L1MITED OUTPUTS FOR SHORT CIRCUIT PROTECTION 

• INTERNATIONAL AC INPUT VOLTAGE OPTIONS AVAILABLE 

SPECIFICATIONS COMMON TO ALLAC/D,C 
POWER SUPPLIES 
Input Voltage: 105VAC to 125VAC, 50Hz to 400Hz. For international 

AC input voltages see options E, F, and H. 

Input Isolation: 50MO 

Breakdown Voltage: 500V, min. 

Output Voltage: Error, ±I%; temperature coefficient, ±O.02%/"C 

Output Protection: Current limiting protection for output to withstand 
overloads and direct short circuits to ground to prevent excessive 
temperature within the unit. . 

Rated Oper~ting Temperature: ·25°C to +71 DC. May be operated at higher 
temperatures with proper derating. 

Storage Temperature: -25~C to +85°C. 

DCI DC CONVERTERS, ±15VDC OUTPUT 

• REGULATED :t15VDC FROM UNREGULATED DC INPUT 

• DIFFERENT DC INPUT VOLTAGE RANGES AVAI~BLE 
• HIGH CURRENT CAPABILITY WITH CURRENT LIMIT PROTECTION 

• ISOLATED DC/DC CONVERTERS, 75% EFFICIENCY AT FULL LOAD 

• LOW COUPLING CAPACITANCE (BpFI 

• HIGH ISOLATIQN VOLTAGE (150DVDCI 

• LOW EMI, SHIELDED AND UNSHIELDED UNITS 

• UP TO FOUR FULLY ISOLATED OUTPUT CHANNELS (Model 7101 

• SMALL SIZE 
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AD/Dt: COIiWERrERS 
Dual ±15VDC Supplies 5VDC Logic Supplies 

PC Board Mount Chassis Mount PC Board Mount 

Model 550 551 552 553 554 556 55S 560 561 562 
RATED OUTPUT 
Voltage (nom) =15V ±ISV ±15V ±15V ±15V ±15V ±15V SVlll SV IlW 5V1lltll 

Current (max) ±25mA +50mA +tOOmA +200mA +350mA +200mA +500mA 250mA 500mA IOOOmA 

RATED INPUT 
Voltage 105 - 125V AC. 50 - 4ooH, 105 - 125VAC 105 - I 25VAC. 50 - 400Hz 

50 - 40011, 
Options'" E. F. H E.F.H E. F.II 
REGULATION 
No load 10 full IOild (max) :to. 1('( ±O.OS~c ±0.05% ±O.O5% 1:0,02% ±0.05% ±O.OS% ±tJ.I% ±O.I% ±O.I% 
Over rated line voltage (max) ±O.05r;i" ±O.OSt;c, ±0.05(:r ±O.O5% +0.02% +0.05% ±0.05% ±O.05% ±O.OS% ±O.OS% 
OUTPUT RIPPLE AND NOISE 
At full load. rms (max) 2mV O.5mV O.5mV O.5mV O.5mV ImV ImV ImV ImV ImV 

L.ow Profile Isolated··1 

MODEL 546 700i 700U ICl 

RATED INPUT 
Voltage 4.5VDC 10 5.5VDC 10VD!= 10 ISVDC 

Curr~nt. Quiescent 400mA. max 20rnA at ±3mA load 

Currenl. fuJI load I.SA. max ±100mA max at ±30mA load 

RATED OUTPUT 
Voltage (no load) ISV ±VI~ wIIV tolerance 
Current 120mA. max. total 6OmA, max. 

Shorl circuit currenl 250mA, max 120mA. max 

REGULATION 
line at full load 0.1%. max -
load. lero to full load O.02C;i typo 0.1 % max 3SmV/mA 
OUTPUT VOLTAGE TEMP. COEFFICIENT +3mV"C -
OUTPUT RIPPLE IOmV peak. typ: 20m V ±ISmV peak at ±3mA 

peak. max: O.8mV. rms load; ±80mV peak, max, 
max at ±30mA. load 

INPUT-OUTPUT ISOLATION 
Test voltage. 5sec at 60Hz 4200Vp/5000Vp 
Voltage. continuous. derated 300VDC 1500Vp/2000Vp 
Impedance lo"n II 50pF 1O"'n II SpF /1O'''n II 3pF 
leakage current at 240V 60H,. tested I#lA. max 

TEMPERATURE RANGE 
Operating OTlo 7I"C -25T 10 +S5"C 
Storage -SST 10 +IOOT -SS"C 10 + I 25"C 

I. The output may be connected as +SV or -5V. 
2. These SV supplies have o\ier-\-oltage protectiun which limits the output \lollage to 7V (max) in a fault condition. 
1 International inpul \ioltage rating available. Specify: E option - 205VAC to 240VAC. 50Hllo 400Hz. 

F option - 90V AC 10 IIOVAC. 50Hz to 4ooHL. 
H option - 220VAC to 260VAC, 50Hl (0 400Hz. 

710')1 

IOVDC 10 ISVDC 
40mA at total output of 24mA 
.lOrnA at total output of 76mA 

4 sets of ±VIN w/iV tolerance 
total 16mA max; any single 

output -60mA, max 
12OmA, max 

-
7SmV/mA 

-
±2SmV peak al ±3mA 

load; ±80mV peak; max, 
at ±9.SmA.load 

2200V. rms 
6OOV. rms. IOOOVp 

lO"n II SpF 
IpA. max 

-2S"C 10 +SS"C 
-SS"C '0 +I1O"C 

4. Models 700 and 700M ha\c separate internal input and output shields. Models 700U and 700UM ha\leno internal shields. Mode1700M and 700UM are similar to 
Models 700 700U b~t. in addition. they arc 100('; lIcrecned to patient connected circuit requirements for the leakage current (par. 21.S)and dielectric withstand 
voltage (par. 31.11) of U1-544. See Productl)ala Sheet for complete specifications. 

5. Model 710 pro\ide1l4 channel" (sel,,) (>f isolated outputs. Sec Product Data Sheet for complete specifications. 

6. For newer designs, the models 722 and 724 (hybrid isolated DC I DC conveners) which are smaller in size and better in performance arc recommended. Please refer to 
models 722 and 724 product. data sheets. . 

14-5 



PACKABE DRAWINBS 
DRAWING NO.1 

r- _B9mm 
(3.50") -j 

/ T -V.tfI 
I 

<to 
~ 

63.Smm 
(2.5") 

CUM 

I ViC g 
40.6mm 

+V 

(1.6") #4.40 thread x 
3.3mm (.13") deep 

Pin Diamater 1.02mm (0.04") 

.. No Connection for Models 560,561,562. 

For Modals 550; 551,660 - A = 22.2mm (0.B75") 
Waight: 340 grams (12 oz) 

For Mocials 552, 553, 561, 662 - A = 32mm (1.25") 
Weight: 425 grams (15 oz) 

'For Model 554 - A = 4.1cm (1.62") 
Walght: 750 grams (26 oz) 

DRAWING NO, 3 Model 546 

6.1mm 
(0.2") ....... ~II 1.02mm 1 -11- (0.04") 

WEIGHT - 50 grams (1.7 oz) 

DRAWING NO, 4 Mo'de1700 

I· 2B.7 
. 28.7mm-",~mm 

1 ... (1.13") (1.13")_1/ 

~~~ 
...f' ...I~ 1.1l2mm ct. 

5.0Bmm (0.040") 20.32r::m _ j- + V OUT 

(0.20") dia. (O.BO ) + [t 
Input Shield ++H++tt+O· Output 

h~""i"''''++ Common 
Weight: 22.67 gm ~UI~tlt -

(0.80oz) max Input Aii+. +tt It++i"· - V Common +++ +++t;:1 OUT 
Grid: 2.50mm (0.10") r·H ........ 1'+ .. ~ 
NOTE: Input and Output +V'N -it;tttt~:!;~ Output 

circuits have 10.2mm ,Shield 

. separate shields. (O.40") 
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DRAWING NO. :i 

~"O"~ I AC AC 

110111: 

--L10.2mm 

THREADED INSERTS (4) 
#4-40 3;~mm (0.13")daap 

r" 
101.6mm 

r 
BOTTOM VIEW -l1-2.54mm(0.1.") 

For Modal 556 - A = 36.6mm (1.44") 

F.or Model 55B - A = 50.Bmm (2.00") 

DRAWING NO.5 Model 710 

Bottom, View C4 ,Vf}4 +V04 

Weight: 2S grams (0.9 oz.) 
Grid: S.OSmm (.201 

T 
1O.2mm 
(0.401 



BURR-BROWN® 

IElElI PSB100 

REGULATED DC POWER SUPPLY 
WITH BATTERY BACK-UP 

DESCRIPTION 
Customers building critical control systems can now 
purchase a power supply with a self-contained battery 
back-up, eliminating the need for separate, expensive 
UPS systems. 

PSBIOO supplies all common voltages used in micro
computer systems, such as the Multibus'· system. 
The supply unit includes an internal 24V battery 
pack and charger, three TTL outputs and LED 
indicators that indicate power system status. Signals 
are provided for line power loss, low battery, and 
very low battery. I nternal batteries provide a mini
mum of 30 minutes back-up at full load. An external 
24V DC battery pack can be added to extend back-up 
time. 

INPUT 
Line Voltage (111QO-I30VAC/200-260 VAC 
BaUery'lnternal1 (21 18-24 VAC 2.5AHR 

Line Fuse 1.5ASB-115VAC/.75ASB-230VAC 

(II Operation above 130/260VAC may damage unit. 
1151230VAC operation is switch selectable. 

121 An external 24VDC lead acid battery may be connected. No fuse 
protection is provided for the external battery. 

OUTPUTS 

RIPPLE (MAXI CURRENT CURRENT LIMIT 
+5VDC ±5% 150mV Pop 11.2A 1.2.0A±5% 
+12VDC ±5% 360mV Pop 1.2A 1.5A±5% 
-12VDC ±5% 360mV Pop 1.2A 1.5A ±5% 
-5VDC ±1% 40mV l00mA NONE 

MultlbusTII·lnlel Corp. 

REGULATOR BOARD 

1!3-12 ADJ 
RL 

-5 
-12 h. I 
-12 C ...J RL 1 -RET --" 

-RET --' 
+12 -... RL 

a +12 
+12~ ....... 

I h.c.& 
ADJ RET~ -.. 

RE~~ f-1 
,+5 SENSE, 

+S f-
-S '" 

RE~~ h. 

1 I RET I-" 
~ 6ASB +5 h.. RL 

FUSE +5 I-" 
+5 ADJ 1!3 

OPERATION 
I. Insure proper line and load connection to unit. 

2. Insure proper line voltage selection, 115/230VAC. 

3. Place AC switch in ON position; the AC indicator 
should light. The unit is now operating. 

4. Place BATTERY switch in ON position. Battery 
back-up of supply is now operational. Note that 
the supply is not battery-startable. 

S. To turn unit off once started, both the AC switch 
and the BATTERY switch must be in the OFF 
position. 

Inlernatlonal Airport Induslrial Park· P.O. Box t 1400 . Tucson. Arizona 85734 - Tel. (602) 746·1111 . Twx: 91()'952·1111 • Cable: BBRCORP . Telex: 66·6491 
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BATTERY BACK-UP 

PSBIOO contains a 24VDC 2.5 AHR lead acid 
battery pack. The battery is charged and maintained 
by an internal battery charger. Upon loss of AC 
power, the battery will maintain operation of a full 
load for 30 minutes minimum if fully charged. An 
external 24VDC rechargeable battery may be connec
ted if desired. If an external battery is installed, the 
internal battery should be disconnected (remove 
battery fuse). The internal charger will supply 24VDC 
at 500mA to charge or maintain external batteries. 

BATTERY CHARGER 

24 V DC at 500mA 
Low battery (LB) indication 21 VDC 
Very low battery (VLB) indication 19.5VDC 

LB and VLB indication are operational only during 
battery discharge cycle. 

Three TTL compatible outputs are provided on the 
charger circuit board for low battery (LB), very low 
battery (VLB) and line, loss (LN). All three outputs 
are active low. 

BATTERY CHARGER 

0 +24 AOJ 

0 iJ3 AOJ 

@ GNO .... ' rn} ,!"l, 
.~ iiiJ3 TTL 

'6' iJ3 OUT 

@ 24VAC INPUT 
@ 24VAC 
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BURR-BROWN® 

IElElI PWR1XX Series 

450mW Rated Output Power 
UNREGULATED DC/DC CONVERTER SERIES 

FEATURES 
• Isolation Voltage Tested per UL544. VDE150. and 

CSACZ2.2 Dielectric Withstand Requirement 
• Barrier Leakage Current 100% Tested at 240VAC 
• Single Channel 
• Single or Dual Unregulated Outputs 
• Wide Operating Temperature Range: -40°C to 

+100°C 
• Input and Output Filtering 
• Six-Sided Shielding 

DESCRIPTION 
The PWRIXX Series offers a large selection of 
unregulated 450mW DCfDCconverters for use in 

CONNECTION DIAGRAM 

TYPICAL APPLICATIONS 

31---...., 

Load 

2 5 

(Single Oulput Modell) 

such diverse applications as process control, tele
communications, portable equipment, medical sys
tems, airborne and shipboard electronic circuits, 
and automatic test equipment. 

Thirty-six models allow the user to select input volt
ages ranging from +5VDC to +48VDC and output 
voltages of +5, +12, +15, ±5, ±12, or ±15V. 

Surface-mounted devices and manufacturing pro
cesses are used in the PWRIXX Series to give the 
user a device which is more environmentally rugged 
than most DCI DC converters. The use of surface
mount technologies also gives the PWRIXX Series 
superior isolation voltage. Each PWRIXX Series 
unit is tested in compliance with the dielectric with
stand voltage requirements of UL544, VDE750, and 
CSAC22.2. 

ORDERING INFORMATION 

Device Family _________ f.r ..... WRTIXX la 
PWR indicates DC! DC converter 

Model Number 
Selected from table of Electrical 

Characteristics 

Reliability Screening ------------' 
No· designator indicates standard manufacturing 

processing 
1 a indicates Level I screening-burn-in only 
1 T indicates Level II screening-stabilization 

bake, temperature cycling, and burn-in , 

31----, 

41---~ 

'-----t2 51-----' 

(Dual Output Models) 

Inlernalional Alrporllndustrlal Park· P.O. Box 11400· Tucson. Arimna 85734· T.I./602I 746·1111 . Twx: 910-952·1111 • Cable: BBRCORP . Telex: 66-6491 

PDS-628 
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SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS'" 

Nominal Rated Rated Maximum 
Input Voltage Output Voltage Output Current Input Current 

Model (VDC) (VDC) (mA) (mA) 

PWR100 5 5 90 180 
PWR101 12 38 180 
PWR102 15 30 180 
PWR103 ±5 ±45 180 
PWR104 ±12 ±19 180 
PWR105 ±15 ±15 180 

PWR106 12 5 90 75 
PWR107 12 38 75 
PWR108 15 30 75 
PWR109 ±5 ±45 75 
PWRll0 ±12 ±19 75 
PWRlll ±15 ±15 75 

PWR112 15 5 90 60 
.PWRI13 12 38 60 
PWR114 15 30 60 
PWR115 ±5 ±45 60 
PWR116 ±12 ±19 60 
PWR117 ±15 ±.15 60 

PWR118 24 5 90 40 
PWR119 12 38 40 
PWR120 15 30 40 
PWR121 ±5 ±45 40 
PWR122 ±12 ±19 40 
PWR123 ±15 ±15 40 

PWR124 28 5 90 35 
PWR125 12 38 35 
PWR126 15 30 35 
PWR127 ±5 ±45 35 
PWR128 ±12 ±19 35 
PWR129 ±15 ±15 35 

PWR130 48 5 90 20 
PWR131 12 38 20 
PWR132 15 30 .20 
PWR133 ±5 ±45 20 
PWR134 ±12 ±19 20 
PWR135 ±15 ±15 20 

COMMON SPECIFICATIONSI1J 

Parameter Conditions Min Typ Ma. Units 

INPUT .1 I 
Voltage Range ±20% of Rated Input 
Input Ripple Current iLOAD = Rated Load 30 mA.p-p 

ISOLATION 
Rated Voltage 1000 VQC 
Test Voltage 60Hz. 60 seconds 3000 VP' 
Resistance 10 GO 
Capacitance 25 pF 
leakage Current V'SO = 240VAC 5 pA 

OUTPUT 
Voltage Accuracy ILoAD = Rated Load ±5 % 
Voltage (No Load) VOtJT = 5 Models 7 VDC 

VOUT = 12 Models 15 VDC 
Vou, = 15 Models 18 VDC 

Ripple Voltage ILoAD = Rated Load 50 mV.p-p 
Line Regulation 1 %1% 

TEMPERATURE 
Specification -25 +85 ·C 
Operation -40 +100 ·C 
Storage -55 +125 ·C 

NOTE: (1) SpecIfications typical at T" = +25°C. nominal input voltage, and rated output 
current unless otherwise noted. 
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ABSOLUTE MAXIMUM RATINGS 

Input Voltage ....•........... 120% X Rated voltage 
Output Short-Circuit Duration ....... ,Continuous to 

output common 
Internal Power Dissipation .................... 1 W 
Junction Temperature .................... +175C1C 
Package Thermal Resistance . ........... .. 9OClC/w 
Lead Temperature 

(soldering, 10 seconds) ................. +300ClC 

MECHANICAL 

1- 1.125 ±0.015 --1 (28.58 ±0.38) 

BURR-BROWN@ T IElEI' 
1.125 ±0.015 

PWR1XX (28.58 ±0.38) 

Marked With/ 

1 specific model 
number 
ordered 

(Top View) 

3 4 

44 

H Pin 4 is 2 
missing on 

H 
54 single output 

1 models 

(Bottom View) 

-,-
0.410 
-- Max 
(10.41) 

_. (Side View) • ~, --Min 
(4.32) 

-I I-- 0.040 ±0:003 
(1.02 ±0.08) 

NOTES: 

All dimensions are in inches (millimeters) 

GRID: 0.100 inches (2.54 millimeters) 

MATERIAL: Low thermal resistance molding 
compound which has excellent chemical 
resistance, wide operating temperature range 
and good electrical properties under high 
humidity environments. Lead material is 
brass with a hot-solder-dipped surface to 
allow ease of solderability. 



BURR-BROWN® 

IElElI PWR2XX Series 

1.5 Watts Rated Output Power 
UNREGULATED DC/DC CONVERTER SERIES 

FEATURES 
• Isolation Voltage Tested per UL544. VDE750. and 

CSAC22.2 Dielectric Withstand Requirement 
• Barrier Leakage Current 100% Tested at 240VAC 
• Single Channel 
• Single or Dual Unregulated Outputs 
• Wide Operating Temperature Range: -40°C to 

+100°C 
• Input and Output Filtering 
• Six-Sided Shielding 

DESCRIPTION 

diverse applications as process control, telecommuni
cations, portable equipment, medical systems, air
borne and shipboard electronic circuits, and auto
matic test equipment. 

The PWR2XX Series offers a large selection of 
unregulated 1.5W DCI DC converters for use in such 

Thirty-six models allow the user to select input volt
ages ranging from +5VDC to +48VDC and output 
voltages of +5, +12, +15, ±5, ±12, or ±15VDC .. 

Surface-mounted devices and manufacturing pro
cessesare used in the PWR2XX Series to give the 
user a device which is more environmentally rugged 
than most DCI DC converters. The use of surface
mount technologies also gives the PWR2XX Series 
superior isolation voltage. Each PWR2XX Series 
unit is tested in compliance with the dielectric with
stand voltage requirements of UL544, VDE750, and 
CSAC22.2. 

CONNECTION DIAGRAM 

TYPICAL APPLICATIONS 

3t----, 

Load 

L.... __ ~2 
5t---~ 

(Single Output Modell) 

ORDERING INFORMATION 
PWR2XX/G 

Device Family -,-T 
PWR indicates DCI DC converter 

Model Number------------' 
Selected from table of Electrical 

Characteristics 

Reliability Screening --....;--------' 
No designator indicates standard manufacturing 

processing 
I G indicates Level I screening-bum-in only 
I T indicates Level II screening-stabilization 

bilke, temperature cycling, and burn-in 

3t----, 

4.----+ 

L....--~2 51--,--.... 

(Dual Output Models) 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 16021 74J1.1Ul . Twx: 910·952·Ull . Cable: BBRCORp· Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS(1J 

Nominal Rated Rated Maximum 
Input Voltage Output Vollage Output Current Input Current 

Model (VDC) (VDC) (mA) (mA) 

PWR200 5 5 300 545 
PWR201 12 125 545 
PWR202 15 100 545 
PWR203 ±5' ±150 545 
PWR204 ±12 ±63 545 
PWR205 ±15' ±50 545 

PWR206 12 5 :ioo 206 
PWR207 12 125 206 
PWR208 15 100 208 
PWR209 ±5 ±150 208 
PWR210 ±12 ±63 206 
PWR211 ±15 ±50 206 

PWR212 15 5 300 167 
PWR213 12 125 167 
PWR214 15 100 167 
PWR215 ±5 ±150 167 
PWR216 ±12 ±63 167 
PWR217 ±15 '±50 167 

PWR218 24 5 300 104 
PWR219 12 '125 104 
PWR220 15 100 104 
PWR221 ±5 ±150 104 
PWR222 ±12 ±63 104 
PWR223 ±15 ±50 104 

PWR224 28 5 300 92 
PWR225 12 125 92 
PWR226 15 100 92 
PWR227 ±5 ±150 92 
PWR228 ±12 ±63 92 
PWR229 ±15 ±50 92' 

PWR230 48 5 300 63 
PWR231 12 125 83 
PWR232 15 100 83 
PWR233 ±5 ±150 83 
PWR234 ±12 ±63 83 
PWR235 ±15 ±50 63 

COMMON'SPECIFICATlONS'" 

Parameter Conditions Min lYP Max Unit. 

INPUT I I 
Voltage Range ±20% of Rated Input 
Input Ripple Current kOAD = Rater1 Load 50 mA, p-p 

ISOLATION 
Rated Voltage 1000 VDC 
Test Voltage 60Hz, 60 seconds 3000 V ... 
Resistance 10 GO 
Capacitance 25 pF 
Leakage Current V,so = 240VAC 5 pA 

OUTPUT 
Voltage Accuracy ILOAD = Rated Load ±S % 
Voltage (No Load) VOUT' = 5V Models 7 VDC 

VOUT = 12V Models 15 VDC 
VOUT = 15V Models 18 VDe 

Ripple Voltage ILOAD = Rated Load 75 mV,p-p 
Line Regulation 1 %/% 

TEMPERATURE 
Specification -25 +85 'C 
Operation -40 +100 'C 
Storage -55 +125 'C 

NOTE: (1) Speclflcati.ons typical at T. = +25'e, nominal input voltage, and rated output 
current unless otherwise noted. 
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ABSOLUTE MAXIMUM RATINGS 

Input Voltage................ 120% X rated voltage 
Output Short:..Circuit Duration ..... ~ .. Continuous to 

output common 
Internal Power Dissipation ..••••••••..•.••••••• 2W 
Junction Temperature .................... +175'e 
Package Thermal Resistance. . • • • • • • • • . • •• 6O'efW 
Lead Temperature 

(soldering, 10 seconds) •••••••.•••.•••.. +300'C 

MECHANICAL 

L 1.125 ±o,015 

1- (28.58 ±o,38) 

PWR2XX 

T 
1.125 ±o.015 

(28.58 ±O.38) 

Marked with I 1 
specific modal 

~num-=-ber ~---' " _ ordered 

(Top View) 

-~-4~ 

~-4~ 
f-4"~ ~~~ 
~"1 

(Bottom V,ew) 

NOTES: 

Pin 4 is 
missing on 
single output 
models 

--,-
0.410 Max 

(10,41) 

All dimensions Bre in Inches (millimeters) 

GRID: 0.100 inches (2.54 millimeters) 

MATERIAL: Low thermal resistance molding 
compound which has excellent chemical 
resistance, wide operating temperature range 
and good electrical properties under high 
humidity environments. Lead material Is 
brass with a hol-solder-dlpped surface to 
allow ease of solderability. 



BURR-BROWN® 

113131 PWR3XX Series 

Dual-Channel, 2 Watts Rated Output Power 
UNREGULATED DC/DC CONVERTER SERIES 

FEATURES 
• Isolation Voltage Tested per UL544, VDE750, and 

CSAC22.2 Dielectric Withstand Requirement 
• Barrier Leakage Current 100% Tested at 240VAC 
• Single Channel 
• Single or Dual Unregulated Outputs 
• Wide Operating Temperature Range: -40°C to 

+loo°C 
• Input and Output Filtering 
• Six-Sided Shielding . 

DESCRIPTION 
The PWR3XX Series offers a large selection of 
unregulated 2W DCI DC converters for use in such 

CONNECTION QIAGRAM 

ORDERING INFORMATION 

diverse applications as process control, telecommuni
cations, portable equipment, medical systems, air
borne and shipboard electronic circuits, and auto
matic test equipment. 

Thirty-six models allow the user to select input voltages 
ranging from +5VDC to +48VDC and output volt
ages of +5, +12, +15, ±5, ±12, or ±15VDC. 

Surface-mounted devices and manufacturing pro
cesses are used in the PWR3XX Series to give the 
user a device which,is more environmentally rugged 
than most DCI DC converters. The use of surface
mount technologies also gives the PWR3XX Series 
superior isolation voltage. Each PWR3XX Series 
unit is tested in compliance with the dielectric with
stand voltage requirements ofUL544, VDE750, and 
CSAC22,2. 

TYPICAL APPLICATIONS 

(Dual-Channel, Dual Output) 

PWR3XX/G 
Device Family =r-T 

PWR indicates DC! DC converter 
Model Number---------__ .J 

Selected from table of Electrical 
Characteristics __________ -' 

Reliability Screening 
No designator indicates standard manufacturing 

processing 
I G indicates Level I screening-bum-in only 
I T indicates Level II screening-stabilization 

bake, temperature cycling, and burn-in 

(Single-Channel, High-Current 
Dual Output) 

International Airport Industrial Park· P.O. Box 11400· TUClon. Arizona 85734· T81.(602J 746·1111 • Twx: 910-952·1111 . Cable: BBRCORp· Talax: 66·6491 
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SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS!1J 

Nominal Rated Rated Maximum 
Input Yoltage' Output Yoltage Output CUrrent Input Current 

Model (YDC) (YDC) (mA) (mA) 

PWR300 5 5 200 690 
PWR301 12 84 690 
PWR302 15 67 690 
PWR303 ±5 .. ±100 690 
PWR304. ±12 ±42 690 
PWR305 ±15 ,·±34 690 

PWR306 12. 5 200 265 
PWR307 12 84 265 
PWR308 15 67 265 
PWR309 ±5 ±loo 265 
PWR310 ±12' ±42 265 
PWR311 ±15 ±34 265 

PWR312 .15 5 200 205 
PWR313 12 64 205 
PWR314 15 67 205 
PWR315 ±5 ±100 205 
PWR316 ±12 ±42 205 
PWR317 ±15 ±34 205 

PWR318 24 . 5 200 130 
PWR319 12 64 130 
PWR320 15 67 130 
PWR321 ±5 ±loo 130 
PWR322 ±12 ±42· 130 
PWR323 ±15 ±34 130 

PWR324 28 5 200 115 
PWR325 12 64 115 
PWR326 15 67 115 
PWR327 ·±5 ±loo 115 
PWR328 ±12 ±42 115 
PWR329 ±1.5 ±34 i15 

PWR330 48 5 200 70 
PWR331 12 64 

,. 
70 

PWR332 15 67 70 
PWR333 ±5 ±loo 70 
PWR334 ±12 ±42 70 
PWR335 ±15 ±34 70 

COMMON SPECIFIC~TIONS!1J 
Parameter Conditions Min TyP Ma. Unit. 

INPUT II 
Vollage Range . ±20% 01 Rated Inpul 
Input. Ripple Current 1t..000 == Rated Load 30 mA,p-p 

ISOLATION 
Ra\ed Vollage 1000 VDC 
Test Voltage 60Hz, 60 seconds 3000 VPEAK 

Resistance 10 GO 
Capacitance 25 pF 
Leakage Current V,so = 240VAC 5. pA 

OUTPUT 
Voltage Accuracy kOAD == Rated.Load ±5 % 
Vollaga (No Load) Vo"" = 5V Models 7 VDC 

Vo"" = 12V Models 15 VDC 
VOUT == 15V Models 18 VDC 

Ripple Voltage kOAD;::: Rated ,Load 50 mV,p-p 
Line Regulation 1 %1% 

TEMPERATURE 
Specification -25 +85. ·C 
Operation -40 +100 ·C 
Siorage -55 +125 ·C 

.. 
NOTE: (1) SpecIficatIons tYPlcalal T. = +25·C, nomlnallnpul vollage, and raled outpul 
current unless otherwise noted. 
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ABSOLUTE MAXIMUM RATINGS 

Input Vollage •.•....•••••.••. 120% X raled vollage 
Output Short-Circuit DUration ••••• '. ~ Continuous to 

, Outp'ut Common 
Inlernal Power Dissipation ..•••..•• ;:: .......... 2W 
Junction Temperature.: .....•..... · ....•.. +175°C 
Package Thermal Resistance ••••••.•.•.... 9O°C/W 
Lead Temperature 

(soldering, 10 seconds) • _ ................ +30.0·C 

MECHANICAL 

1.125 ±0.015 -.J 
(28.58 ±0.38) -1 . . 

BURR·...awN. T 
113131 . 

1.125 ±0.015 

PWR3XX (28.58 ±0.38) 

Markedwil/ 

L 
__ s_pe.,.C_i_lic_m_o,..d_e_1. ,..-_....... .' I . number ordered. ~ 

. (Top View) 

3'4-5 6-7'8-

2 

(Bottom View) 

J L 0.020 ±O.OO2 

II (0.51 ±0.05) . 

NOTES: 

1 

Pins 4 and 7 
·are" missing 
on.single·outpul 
models. 

• 0.410 Max 
. (10.41) 

t 

Lo.170 

(4.32) 
Min 

'All dimensions are in i~ches (millimeters) 

GRID: 0.100 inches (2.54 millimelers) 

MATERIAL: Lowlhermal resistance molding 
compound which has,excellent chemical 
resistance, wide operating temperature range 
and good electrical properties under high 
humidity environments. Lead material Is 
brass with 'a hal-solder-dipped surface 10 
allow ease of solderability . 



BURR-BROWN® 

IElElI PWR4XX Series 

3 Watts Rated Output Power 
UNREGULATED DC/DC CONVERTER SERIES 

FEATURES 
• Isolation Voltage Tested per UL544. VDE75o. and 

CSAC22.2 Dielectric Withstand Requirement 
• Barrier Leakage Current 100% Tested at 240VAC 
• Single Channel 
• Single or Dual Unregulated Outputs 
• Wide Operating Temperature Range: -40°C to 

+loo°C . 

• Input and Output Filtering 
• Six-Sided Shielding 

DESCRIPTION 

diverse applications as process control, telecommuni
cations, portable equipment, medical systems, air
borne and shipboard electronic circuits, and auto
matic test equipment. 

Thirty-six models allow the user to select input volt
ages ranging from +5VDC to +48VDC and output 
voltages of +5, +12, +15, ±5, ±12, or ±15V. 

The PWR4XX Series offers a large selection of 
unregulated 3W DC/DC converters for use in such 

Surface-mounted devices and manufacturing pro
cesses are used in the PWR4XX Series to give the 
user a device which is more environmentally rugged 
than most DC! DC c;onverters. The use of surface
mount technologies also gives the PWR4XX Series 
superior isolation voltage. Each PWR4XX Series 
unit is tested in compliance with the dielectric with
stand voltage requirements of UL544, VDC750, and 
CSAC22.2. 

CONNECTION DIAGRAM 

TYPICAL APPLICATIONS 

3t----, 

Load 

L-----I2 sl---'-_...J 

(Single Outpul Modell) 

ORDERING INFORMATION 

PWR4XX/G 
Device Family =r-T 

PWR indicates DC! DC converter ~ 

Model Number-----'-------...J 
Selected from table of Electrical 

Characteristics 

Reliability Screening---'---------' 
No designator indicates standard manufacturing 

processing 
/ G indicates Level I screening-bum-in only 
/ T indicates Level II screening-stabilization 

bake, temperature cycling, and burn-in· 

31---...., 

4t--'---+ 

'-----12 sl-__ ..J 

(Dual Oulput Modell) 

Inlernalional Airport Induslrial Park· P.O. Box 11400· Tucson. Arizona 85734 • TeJ.(602) 741i-1111 • Twx: 910·952·1111 . Cable: BBRCORP· Telax: 66·6491 
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SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS"! 

Nominal Rlted Rated Ma.lmum 
Input Voltage Output Voltage Output Current Input Current 

Model (VOC) (VDC) (rnA) (rnA) 

PWR400 5 5 600 1034 
PWR401 12 250 1034 
PWR402 15 200 1034 
PWR403 '±5 ±300 ,1034, 
PWR404 ±12 ±125 1034 
PWR405, ±15 ±100 1034 

PWR406 12 5 600 380 
PWR407 12 250 380 
PWR408 15 200 380 
PWR409 ±5 ±300 380 
PWR41 0 ±12 ±125 380 
PWR411 ±15 ±100 380 

PWR412 15 5 600 286 
PWR413 12 250 286 
PWR414 15 200 286 
PWR415 ±5 ±3oo 286 
PWR416 ±12 ±125 286 
PWR417 ±15 ±100 286 

PWR418 24 5 600 184 
PWR419 12 250 184 
PWR420 15 200 184 
PWR421 ±5 ±3oo 184 
PWR422, ±12 ±125 184 
PWR423 ±15 ±loo 184 

PWR424 28 5 600 162 
PWR425 12 250 -162 
PWR426 15 200 162 
PWR427, ±5 ±300 162 
PWR428, ±12. ±125 , 162 
PWR429 ±15 ±100 162 

PWR430 48 5 600 105 
PWR431 12 250 105 
PWR432 15 200 105 
PWR433 ±5 ±3oo 105 
PWR434 ±12 ±125 105 
PWR435 ±15 ±100 105 \ 

COMMON SPECIFICATIONS"! 

Parameter Condition. Min ~p Ma. Unit. 

INPUT 
±20%' of Rated1lnput Voltage Range 

Input Ripple Current iLOAD = Rated Load 70 rnA,p-p 

ISOLATION 
Rated Voltage 1000 VDC 
Te,tVolt_ge 60Hz, 60 seconds 3000 VPEAK 

Resistance 10 GO 
Capacitance 50 pF 
Leakage Current Visa = 240VAC 10 pA 

OUTPUT 
Voltage Accuracy ILOAD = Rated Load ±5 % 
Voltage (No Load) liouT = 5V Models 7 VDC 

VOUT = 12V Models 15 VDC 
VOUT = 15V Models 18 VDC 

Ripple Voltage ILOA~ = Rated Load 100 mV, pop 
line Regulation ! 1 %/% 

TEMPERATURE 
SpeCification -25 +85 'c 
Operation -40 +100 'C 
Storage -55 +125 'C 

NOTE: (1) Specifications typical at T. = +25'C, norninalinput voltage, and rated output, 
current unless otherwise noted. 
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ABSOLUTE MAXIMUM RATINGS 

Input Voltage................ 120% X rated voltage 
Output Short-Circuit Duration. • • • • • ••. Momentary 
Internal Power Dissipation· . ..... ': .... ' ..... ... 2.5W 
Junction Temperature .............. : ..... " +125°C 

• Package Thermal Resistance •.•..••.•••••• 16'C/W . 
Lead Temperature 

(soldering, 10 seconds) ••••.•.•...•••..• +300'C 

MECHANICAL 

~ 
, 

1.125 ±O.015 

(28.58 ±0.38) 

BURR-BROWN 8 

1 E:IE:I 1 
PWR4XX 

1.125 ±0.015 

(28.58 ±0.38) 

Marked with I 1 
L 
__ ~p_o.ie_.:;_~~!~_m..,.,Od,.e_I~ __ ... ' , " ordered 

(Top View) 

~04 

t04 Pin4is 

f-4 2 missing on 
;~ single output 

f-4 models 

(Bottom View) . 

-r 
0.410 Max 

, (10.41) 

(Side View) • I~in I ~~Mi 
~ 0.040 ±0.003 

(1.02 ±0.08) 

NOTES: 

All dimensions are In inches {millimeters)

GRID: 0.100 inches (2.54 millimeters) 

MATERIAL: Low thermal nosistance molding 
compound which has excellent chemical 
resistance, wide operating temperature range 
and good electrical properties under high 
humidity environments. Lead material is 
brass with a hot-so'ider-dipped surface to 
allow ease of solderability. 



BURR-BROWN® 

IEElElI PWR5XX Series 

4W Rated Output Power 
UNREGULATED DC/DC CONVERTER SERIES 

FEATURES 
• Isolation Voltage Tested per UL544. VDE75D. and 

CSAC22.2 Dielectric Withstand Requirement 
. • Barrier Leakage Current 100% Tested at 240VAC 
• Quad Channel 
e Single or Dual Unregulated Outputs 
" Wide Operating Temperature Range: 

-40°C to +100°C 
- • Input and Output Filtering 

G Six·Sided Shielding 

DESCRIPTION 

diverse applications as process control. telecommuni
cations, portable equipment, medical systems, air
borne and shipboard electronic circuits, and auto
matic test equipment. 

Thirty-six models allow the user to select input volt
ages ranging from +5VDC to +48VDC and output 
voltages of +5, +12, +15, ±5, ±12, or ±15V. 

The PWR5XX Series offers a large selection of 
unregulated four-watt DC! DC converters for use in 

Surface-mounted devices and manufacturing pro
cesses are used in the PWR5XX Series to give the 
user a device which is more environmentally rugged 
than most DCI DC converters. The use of surface
mount technologies also gives the PWR5XX Series 
superior isolation voltage. Each PWR5XX Series 
unit is tested in compliance with the dielectric 
withstand voltage requirements of UL544, VDE750, 
and CSAC22.2. 

CONNECTION DIAGRAM ORDERING INFORMATION 

Device Family_-..,. _______ f,--'WR T5XX IG 
PWR indicates DCI DC converter 

Model Number 
Selected from table of Electrical 

Characteristics 

Reliability Screening ---'---------' 
No designaior indicates standard manufacturing 

processing 
I G indicates Levell screening-bum-in only 
IT indicates Level II screening-stabilization 

bake, temperature cycling, and burn-in 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 16021 746·1111 . Twx: 911).952·1111 . Cable: 88RCORP • Telex: 66·6491 

PDS·674 
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SPECIFICATIONS 
ELECTRICAL CHARACTERISTICSf1I 

Namlnal RIIted'" Ra\edW M.xlmum 
Input Voltage Output VDltage Output Current Input Current 

Model (VDC) (VDC) (mA) (mA) 

PWR500 5 5 200 1300 
PWR501 12 84 1290 
PWR502 15 67 1230 
PWR503 ±5 ±loo 1300 
PWR504 ±12 ±42 1290 
PWR505 ±15 ±34 1230 

PWR506 12 5 200. 490 
PWR507 12 84 444 
PWR508 15 67 444 
PWR509 ±5 ±loo 490 
PWR51 0 ±12 ±42 444 
PWR511 ±15 ±34 444 

PWR512 15 5 200 390 
PWR513 12 84 355 
PWR514 15 67 355 
PWR515 ±5 ±loo 390 
PWR516 ±12 ±42 355 
PWR517 ±15 ±34 355 

PWR518 24 5 200 245 
PWR519 12 84 222 
PWR520 15 67 222 
PWR521 ±5 ±loo 245 
PWR522 ±12 ±42 222 
PWR523 ±15 ±34 222 

PWR524 28 5 200 210 
PWR525 .12 84 190 
PWR526 15 67 190 
PWR527 ±5 ±loo 210 
PWR528 ±12 ±42 190 
PWR529 ±15 ±34 190 

PWR530 48 5 200 123 
PWR531 12 84 111 
PWR532 15 67 111 
PWR533 ±5 ±loo 123 
PWR534 ±12 ±42 111 
PWR535 ±15 .±34 111 

COMMON SPECIFICATIONSI1l 

P.rameler CDndlUonl Min 1'1p Mu Units 

INPUT ±2~ of Rated1lnput Voltage Range 
Input Ripple Current kOAD = Rated Load 70 mA,p-p 

ISOLATION 
Rated Voltage 1000 VDC. 
Test Voltage 60Hz, 60 seconds 3000 VPK 

Resistance 10 GO 
Capacitance 55 pF 
Leakage Current V ... = 240VAC 15 pA 

qUTPUT 
lioltage Accuracy ILOAD = Rated Load ±5 '110 
Voltage (No Load)· VOUT = 5 Models 7 VDC 

\fOUT = 12 Models 15 VDC 
Vaur = 15 Models. 18 VDC 

Ripple Voltage ko .. = Rated Load 1 '110 of 
VOUT, p-p 

Line Regulation 1 '1I0I'IIo 

TEMPERATURE 
Specification -25 +85 'C 
Operation -40 +100 'C 
Storage -55 +125 'C 

NOTE: (1) Specifications typical at T. = +25'C, nominal Input voltage, and rated output 
current unless otherwise noted. (2) Specifications apply to each output 
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ABSOLUTE MAXIMUM RATINGS 

Input Voltage •.........•.•••.. 120'110 X Rated voltage 
Output Short-Circuit Duration .• :. • • • .. Momentary 
Internal Power Dissipation •.•••..••....••..•. 2.5W 
Junction Temperature ••.•••..•......... ;. +150'C 
Package Thermal Resistance ••..•••.•..••• 38'CIW 
Lead Temperature 

(soldering, 10 seconds) .•.......•••...•• +3OO'C 

MECHANICAL 

1.125 ·±0.015 

(28.58 ±0.38) 

PWR5XX 

-,-
1.625 ±O.015 

(41.28±O.38) 

L-.M~ark~edw~J~~ ... 
specific model 
number ordered. 

(Top View) 

5 6 
4 7 
3 8 

2 

1 

14 9 
13 10 
12 11 

.. 
(Bottom View) 

U (Side View) U 
-....I I- 0.020 ±0.002 

-I (0.51 ±0.05) .. 

NOTES: 

Pins 4, 7, 10, 
and 13 are 
missing on 
single output 
models 

t 
0.410 Max (lOr 
O~Min~ 
(4.32) 

All dimensions are In in~hes (miJllmeters) 

GRID: 0.100 inches (2.54 millimeters) 

MATERIAL: Low thermal resistance molding 
compound which has excellent chemical 
resistance, wide operating temperature range 
and good electrical properties under high 
hU!T'idity environments. Lead material is 
brass with a hot-solder-dlpped surface to 
allow ease of solderability . 



BURR-BROWN® 

113131 PWR6XX Series 

2W Rated Output Power 
REGULATED DCIDC CONVERTER SERIES 

FEATURES 
• Isolation Voltage Tested per UL544. VDE75D. and 

CSAC22.2 Dielectric Withstand Requirement 
• Barrier Leakage CurrentlDD% Tested at 240VAC 
• Single Channel 
• Single or Dual Regulated Outputs 
• Linear Output Regulation 
• Wide Operating Temperature Range: 

-40°C to +95°C 
• Input and Output Filtering 
• Six·Sided Shielding 

DESCRIPTION 
The PWR6XX Series offers illarge selection of reg
ulated two-watt DCI DC converters for use in such 

CONNECTION DIAGRAM 

(!)+y"", 

(!)common 
-y,.<!: 

TYPICAL APPLICATIONS 

1 3 

I 

I I 9~ LoOd 

Vollage I 2 5 

(Single Output ModeI_) 

diverse applications as process control, telecommuni
cations, portable equipment, medical systems, air
borne and shipboard electronic circuits, and auto
matic test equipment. 

Thirty-six models allow the user to select input volt
ages ranging from +5VDC to +48VDC and output 
voltages of +5, +12, +15, ±5, ±12, or ±15V. 

Surface-mounted devices and manufacturing pro
cesses are used in the PWR6XX Series to give the 
user a device which is more enyironmentally rugged 
than most DCI DC converters. The use of surface
mount technologies also gives the PWR6XX Series 
superior isolation voltage. Each PWR6XX Series 
unit is tested in compliance with the dielectric 
withstand voltage requirements of UL544, VDE750, 
and CSAC22.2. 

ORDERING INFORMATION 

Device Family ________ ?r-..JWR T6XX IG 
PWR indicates DCI DC converter 

Model Number 
Selected (rom table of Electrical 

Characteristics 

Reliability Screening ---------' 
No designator indicates standard manufacturing 

processing 
IG indicates Levell screening-burn·in only 
IT indicates Level II screening-stabilization 

bake, temperature cycling, and burn-in 

1 3 

I Load 

9~ • 
I Load 

VOltage 

2 5 

(Dual Output Mode'l) 

Inlernalional Airport Induslrlal Park· P.O. Box 11400· Tucson. Arizona 85734 . Tel. 1602) 746·1111 . Twx: 910.952·1111 . Cable: BBRCORP . Telex: 66·6491 

PDS·673 
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SPECIFICATIONS 
ELECTRICAL SPECIFICATIONS'11 

Nominal Rated Rated 
tnput Current 

Renected 
Regulation 

Input Voltage Output Voltage Output Current No Load, Rated Load, Ripple Current, Line, Load, Efficiency, 
Model (VDC) (VDC) (mA) typ(mA) typ(mA) typ(mA) typ('Io) typ('Io) min ('10) 

PWR600 5 5 400 45 645 25 0.02 0.04 59 
PWR601 12 167 45 597 25 0.02 0.04 63 
PWR602 15 134 45 580 25 0.02 0.04 64 
PWR603 ±5 ±200 45 645 25 0.02 0.04 60 
PWR604 ±12 ±84 45 600 25 0.02 0.04 63 
PWR605 ±15 ±67 45 580 25 0.02 0.04 64 

PWR606 12 5 400 22 268 20 . 0.02 0.04 59 
PWR607 12 167 22 248 20 0.02 0.04 63 
PWR608 15 134 22 241 20 0.02 0.04 64 
PWR609 ±5 ±200 22 269 20 0.02 0.04 60 
PWR61 0 ±12 ±84 22 249 20 0.02 0.04 63 
PWR611 ±15 ±67 22 243 20 0.02 0.04 64 

PWR612 15 5 400 15 214 20 0.02 0.04 59 
PWR613 12 167 15 199 20 0.02 0.04 63 
PWR614 15 134 15 193 20 0.02 0.04 64 
PWR615 ±5 ±200 15 215 20 0.02 0.04 60 
PWR616 ±12 ±84 15 200 20 0.02 0.04 63 
PWR617 ±15 ±67 15 195 20 0.02. 0.04 64 

PWR618 24 5 400 10 134 15 0.02 0.04 59 
PWR619 12 167 10 124 15 0.02 0.04 63 
PWR620 15 134 10 120 15 0.02 0.04 64 
PWR621 ±5 ±2oo 10 135 15 0.02 0.04 60 
PWR622 ±12 ±84 10 126 15 0.02 0.04 63 
PWR623 ±15 ±67 10 122 15 0.02 0.04, 64 

PWR624 28 5 400 10 114 15 0.02 0.04 59 
PWR625 12 167 10 107 15 0.02 0.04 63 
PWR626 15 134 10 104 15 0.02 0.04 64 
PWR627 ±5 ±2oo 10 114 15 0.02 0.04 60 
PWR628 ±12 ±84 10 108 15 0.02 0.04 63 
PWR629 ±15 ±67 10 105 15 0.02 0.04 64 

PWR630 48 5 400 10 67 10 0.02 0.04 59 
PWR631 12 167 10 63 10 0.02· 0.04 63 
PWR632 15 134 10 63 10 0.02 0.04 64 
PWR633 ±5 ±2oo 10 67 10 0.02 0.04 60 
PWR634 ±12 ±84 10 63 10 0.02 0.04 63 
PWR635 ±15 ±67 10 63 10 0.02 0.04 64 

COMMON SPECIFICATIONS'" 

Parameler Condition. Min Typ Max Units 

INPUT 
Voltage Range Y,N = 5V Models 4.5 5.5 VDC 

V,N = 12V Models 10.8 13.5 VDC 
V,N = 15V Models 13.8 16.5 VDC 
V,N = 24V Models· 21.6 26.5 VDC 
V,N = 28V Models 25.2 31.0 VDC 
VIN = 48V Models 43.2 53.0 VDC 

ISOLATION 
Rated Voltage 1000 VDC 
Test Voltage 60 Seconds, 60Hz 3000 VPK 
Resistance 10 Gn 
Capacitance 140 pF 
Leakage Current 240V, 60Hz 20 pA,rms 

OUTPUT 
Voltage Accuracy ±0.5 ±1 '10 
Voltage Balance Dual Output Units Only ±0.3 '10 
Temperature Coefficient -25°C:S TA:S -85°C ±0.01 'Iorc 
Ripple and Noise BW = DC to 10MHz 30 mV, p-p 

TEMPERATURE 
Specification -25 +85 ·C 
Operation -40 +95 ·C 
Storage -55 +125 ·C 

.. 
NOTE; (1) Spec.t.cat.ons typical at T. = +25'C, nomlnal.nput voltage, and rated output current 
unless otherwise noted. . 

14-20 



MECHANICAL 

I 2.000 ±0.015 I 
r----(50.80 ±0.38)~ 

VOUT 

VOUT 

I ·IT(~;.:~)Max 
L---i+"'""Tr----'TTU..=:± 0,170 Min 

L o.MO ±0.003 (4.32) 

(1.02 ±0.08) 

(Side View_"A" Package Option) 

(Top View "A" Package Option) (Bottom View-"A" Package Option) 

I 2.000 ±0.015 

1 (50.80 ±0.38) 

T 
." iO 0; M 
.,; .,; 
-H -H 
0 

"" 0 '" ~ ~ 

-L 

+VOUT 

COM 
V," 

VOUT 

I ~0.410 
--Max 
(10.41) 

.... --ru="":"I~---'TTU 0.170 Min 

L Q.04() ±0.003 (4.32) 

(1.02 ±0.08) 

(Top View "B" Package Option) (Bottom View "B" Package Option) (Side View-"S" Package Option) 

1 

2.000 ±0.015 

·1 (50.80 ±0.38) 

T 
." iO 0; M 
.,; .,; 
-H -H 
g .... 
q~ 

VOUT 

V," 

VOUT 

I ~0'410 
--Max 
(10.41) 

.... -r+~~-----"'TTU 0.170 Min 

L' (},040 ±0.003 (4.32) 

(1.02±0.08) ~~~~~~~JL (Top View "C" Package Option) (Bottom View "C" Package Option) (Side View-"C" Package Option) 

I 2.000 ±0.015 -'----------... 
1-'-'--- (50.80 ±O.38)-1 

T 
5~ 
~~ 
o ~ 
~ to 

V," 

VOUT 

COM 

COM 

VOUT 

I m(~~_4.:-~)Max 
.'--cr--------.,,· 0.170 --Min 

(4.32) 
. 0.020 ±0.002 

(0.51 ±0.05) 

(Side. View-"O" Package Option) L...---~..,........,...i 
(Top View-"O" Package Option) (Bottom View-"O" Package Option) 

NOTES: 

All dimensions are in inches (millimeters) 

GRID: 0.100 inches (2.54 millimeters) 

ABSOLUTE MAXIMUM RATINGS 

Input Voltage" .. "" .. " ..... " ....... " ...... 120% of nominal 
Output Short-Circuit Duration ••••...•..•..••..•.•.••. 5 seconds 
Internal Power Dissipation •..•..••.....••.•.....••...•..• ,'. 1.5W 
Lead Temperature (soldering, 10 seconds) ••.•.•.•......• +300'C 
Junction Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. +150°C 
Package Thermal Resistance (Junction-to-Ambient, 8,.) .• 45'C/W 
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MATERIAL: Units are encapsulated in a low thermal resistance 
molding compound which has excellent chemical resistance, 
wide operating temperature range, and good electrical 
properties under high humidity environments. Lead material 
is brass with a hot-solder-dipped surface to allow ease of 
solderability. 

Common pins are missing on single output models. 



APPLICATION NOTES 
TESTING ISOLATION BARRIER 
CHARACTERISTICS 

The insulation and spacings of the PWR6XXSeries are 
100% tested to meet the dielectric withstand requirements 
of UL544, paragraph 31. A 60Hz essentially sinusoidal 
potential is applied between the primary and secondary
for a period of one minute. The potential used for this 
test is twice the maximum rated voltage plus 1000V. For 
the PWR6XX Series the test voltage is 3000V peale 

Dielectric withstand testing is intended to be done at the 
manufacturer's site only. This test should not be repeated. 
Exposing the dielectric material of the isolation barrier 
to repeated testi~g causes microscopic carbonizing of the 
dielectric, resultirig in aweakened barrier. A low resistance 
path will eventually be created across the barrier. 

PRESERVING ISOLATION CHARACTERISTICS 

If intrinsic safety is required, care should be taken in the 
layout and assembly of the printed wiring board (PWB) 
to avoid degrading the isolation barrier of the PWR6XX. 
Precautionary measures include cleaning the PWB pri~r 
to installing the PWR6XX to prevent trapping contam" 
inates under the unit. Use nonconductive spacers to keep 
the PWR6XX off the PWB. Use epoxy solder mask to 
isolate PWB conductive traces which must run under or 
close to the PWR6XX. In the layout of the PWB, avoid _ 
placing PWB traces under the unit. Do not use conductive . 
inks on the PWB under the unit; e.g., inks used in 
inspection stamps or component identification marking. 

OUTPUT POWER DISTRIBUTION 

Figure I shows the recommended method of connecting 
mUltiple loads to the· PWR6XX. Single-point power 
distribution prevents ground loops and interaction between 
parallel load circuits. 

DCIDC 
Converter 

FIGURE I. Recommended Power Distribution. 

MEASURING NOISE 

Measuring the input and output noise performance of a 
DC; DC converter is a very difficult task that should be 
attempted only in a controlled laboratory test environment 
due to extraneous noise sources. 

Figure 2 illustrates two recommended methods for testing 
output voltage ripple and noise. Reflected input current 
ripple and noise should be measured with a high per
formance current probe. Measuring input current and 
noise into a "known" impedance with a voltage probe 
should be avoided. 

Output 

~Toscope 
Grounded Probe TIp 

e. Preferred Method 

FIGURE 2. Recommended Noise Measurement Methods. 
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BURR-BROWN® 

IElElI PWR7XX Series 

5W Rated Output PQwer 
REGULATED DC/DC CONVERTER SERIES 

FEATURES 
• Isolation Voltage Tested per UL544, VDE750, and 

CSAC22.2 Dielectric Withstand Requirement 
• Barrier Leakage Current 100% Tested at 240VAC 
• Single Channel 
• Single or Dual Regulated Outputs 

DESCRIPTION 
The PWR 7XX Series offers a large selection of 
regulated 5W DC! DC converters for use in such 
diverse applications as process control, telecommuni
cations, portable equipment, medical systems, air
borne and shipboard electronic circuits, and auto
matic test equipment. 

,Thirty-six models allow the user to select input volt
ages ranging from +5VDC to +48VDC and output 
voltages of +5, +12, +15, ±5, ±12, or ±15V. 

CONNECTION DIAGRAM 

TYPICAL APPLICATIONS 

(Single Output Modell) 

• Linear Output Regulation 
• Wide Operating Temperature Range: 

-40°C to +1oo°C 
• Input and Output Filtering 
• Six-Sided Shielding 

Surface-mounted devices and manufacturing pro
cesses are used in the PWR 7XX Series to give the 
user a device which is more environmentally rugged 
than most DCI DC converters. The use of surface
mount technologies also gives the PWR 7XX Series 
superior isolation voltage. Each PWR 7XX Series 
unit is tested in compliance with the dielectric 
withstand voltage requirements of UL544, VDC750, 
and CSAC22.2. 

ORDERING INFORMATION 

Device Family ________ "-r-'WR T7XX G 

PWR indicates DC! DC converter 

Model Number 
Selected from table of Electrical 

Characteristics 

Reliability Screening ----------' 
No designator indicates standard manufacturing 

processing 
I G indicates Level I screening-burn-in only 
IT indicates Level ]] screening-stabilization 

bake, temperature cycling, and burn-in 

r-----ii1 3t---., 

41;:::::1---, 

L.-_~'2 5t----' 
(Dual Output Models) 

lnlflm.tlonal Alrporllnduslrlal Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (602) 746·1111 • Twx: 910-952·1111 • Cable: BBRCORP . Telex: 66·6491 

• PDS-662 

14-23 



SPECIFICATIONS 
ELECTRICAL SPECIFICATIONS!l) 

Nominal Rated Rated 
Input Current 

Input Voltege Output Voltage Output Current No Lold, RatedLoed, 
Model (VDC) (VDC) (mA) typ (mA) typ (mA) 

PWR700 5 5 1000 168 1600 
PWR701 12 417 168 1535 
PWR702 15 334 168 1490 
PWR703 ±5 ±500 168 1560 
PWR704 ±12 ±209 168 1490 
PWR705 ±15 ±167 1·68 1450 

PWR706 12 5 1000 38 620 
PWR707 12 417 38 550 
PWR708 15 334 38 535 
PWR709 ±5 ±500 38 640 
PWR710 ±12 ±209 38 550 
PWR711 ±15 ±167 38 535 

PWR712 15 5 1000 35 510 
PWR713 12 417 35 490 
PWR714 15 334 35 470 
PWR715 ±5 ±500 35 520 
PWR716 ±12 ±209 35 480 
PWR717 ±15 ±167 35 455 

PWR718 24 5 1000 33 320 
PWR719 12 417 33 305 
PWR720 15 334 33 300 
PWR721 ±5 ±500 33 330 
PWR722 ±12 ±209 33 310 
PWR723 ±15 ±167 33 305 

PWR724 28 5 1000 33 280 
PWR725 12 417 33 270 
PWR726 15 334 33 260 
PWR727 ±5 ±500 33 280 
PWR728 ±12 ±209 33 270 
PWR729 ±15 ±167 33 260 

PWR730 48 5 1000 31 165 
PWR731 12 417 31 180 
PWR732 15 334 31 155 
PWR733 ±5 ±500 31 165 
PWR734 ±12 ±209 31 155 
PWR735 ±15 ±167 31 155 

COMMON SPECIFICATIONS") 

Parameter Conditions Min Typ Max Unit. 

INPUt 
Voltage Range V,N = 5V Models 4.65 6 VDC 

V,N = 12V Models 11.00 15 VDC 
V,N = 15V Models 13.70 17 VDC 
V,N = 24V Models 21.00 27 VDC 
V,N = 28V Models 25.00 31 VDC 
V1N :::; 48V Models 44.50 53 VDC 

ISOLATION 
Rated Voltage .1000 VDC 
Test Voltage 80 Seconds, 60Hz 3000 VPK 
Resistance 10 GO 
Capacitance 170 pF 
Leakage Current 240V rms, 60Hz 25 pA,rms 

OUTPUT 
Voltage Accuracy ±0.5 ±1 '1'0 
Voltage Balance Dual Output Units Only ±0.3 '1'0 
Temperature Coefficient -25'C S TA S +85'C ±0.01 %I'C 
Ripple and Noise BW = DC to 10MHz 30 mV,p-p 

TEMPERATURE 
Specification -25 +85 'C 
Operation -40 +100 'C 
Storage -55 +125 'C 

.. 
NOTE: (1) SpecIfIcatIons typical at TA = +25'C, nominal Input voltage, and rated output current 
unless otherwise noted. 
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Reflected 
Regulation 

Ripple Current, Line. Load, Efficiency, 
typ(mA) p-p typ ('1'0) typ ('1'0) mln(%) 

30 .02 .04 61 
30 .02 .04 63 
30 .02 .04 65 
30 .02 .04 62 
30 .02 .04 65· 
30 .02 .04 67 

10 .02 .04 61 
10 .02 .04 63 
10 .02 .04 65 
.10 ,02 . .04 62 
10 .02 .04 65 
10 .02 .04 67 

10 .02 .. 04 61 
10 .02 .04 63 
10 .02 .04 65 
10 .02 .04 62 
10 .02 .04 65 
10 .02 .04 67 

20 .02 .04 61 
20 .02 .04 63 
20 .02· .04 65 
20 .02 .04 62 
20 .02' .04 65 
20 .02 .04 67 

20 .02 .04 61 
20 .02 .04 .63 
20 .02 .04 65 
20 .02 .04 62 
20 .02 .04 65 
20 .02 .04 ·67 

10 .02 .04 61 
10 .02 .04 63 
10 .02 .04 65 
10 .02 .04 62 
10 .02 .04 65 
10 .02 .04 67 



BURR-BROWN® 

IElElI PWR8XX Series 

5 Watts-Triple-Output 
UNREGULATED DC/DC CONVERTER SERIES 

FEATURES 
• Isolation Voltage Tested per UL544. VDE75D. and 

CSAC22.2 Dielectric Withstand Requirement 
• Barrier Leakage CurrentlDO% Tested at 240VAC 
• Single Channel 
• Single or Dual Unregulated Outputs 
• Wide Operating temperature Range: -40°C to 

+IOO°C 
• Input and Output Filtering 
• Six-Sided Shielding 

DESCRIPTION 

diverse applic~tions as process control, telecommuni
cations, portable equipment, medical systems, air
borne and shipboard electronic circuits, and auto
matic test equipment. 

Twelve models allow the user to select input voltages 
ranging from +5VDC to +48VDC and output volt
ages of +5 and ±12VDC or ±15VDC. 

The PWR8XX Series offers a· large selection of 
unregulated 5W DCI DC converters for use in such 

Surface-mounted devices and manufacturing pro
cesses are used in the PWR8XX Series to give the 
user a device which is more environmentally rugged 
than most DCI DC converters. The use of surface
mount technologies also gives the PWR8XX Series 
superior isolation voltage. Each PWR8XX Series 
unit is tested in compliance with the dielectric with
stand voltage requirements of UL544, VDC750, and 
CSAC22.2. 

CONNECTION DtAGRAM 

+VINQ) 

-VIN(!) 

TYPICAL APPLlCATtON 

0+VOUT2 

0commonz 

(V-Vou,. 

3---, 
.-----12 

¢ 
Input 
Vollage 

4 

5 

6 

7 

L Load I 

l Load I 

I Load I 

ORDERING INFORMATION 

PWR8XX/G 
Device Family ---r-T r-

PWR indicates DC/DC converter 

Model Number-----~--------' 
Selected from table of Electrical 

Characteristics 

Reliability Screening ------------' 
No designator indicates standard manufacturing 

processing 
I G indicates Level I screening-bum-in only 
I T indicates Level II screening-stabilization 

bake, temperature cycling, and burn-in 

Inl~rnallonal Alrporl Industrial Park· P.O. Box 11400 . Tucson. Arizon. 85734 . Tel. 16021 746-1111 . Twx: 910-952·t 111 . Cable: 88RCORP . Telex: 66·6491 

PDS-590 
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SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS(1) 

Nominal 
Channel 1 Channel 2 Maximum 

Input 
Rated Output Rated Output 

tnput 
Voltage 'Voltage Current Voltage Current Current 

Model (VDC) (VDC) (mA) (VDC) (mA) (mA) 

PWR800 5 5 250 ±12 ±156 1665 
PWR801 5 250 ±15 ±125 1665 

PWR802 12 5 250 ±12 ±156 695 
PWR803 5 250 ±15 ±125 695 

PWR804 15 5 250 ±12 ±156 555 
PWR805 5 250 ±15 ±125 555 

PWR806 24 5 250 ±12 ±156 345 
PWR807 5 250 ±15 ±125 345 

PWR808 28 5 250 ±12 ±156 295 
PWR809 5 250 ±15 ±125 295 

PWR810 48 5 250 ±12 '±156 170 
PWR811 5 250 ±15 ±125 170 

COMMON SPECIFICATIONSllI 

Parameter Condlt/ons Min TYP Max' Units 

INPUT ,I ,I,' 
Voltage Range ±20% of Rated Input 
Input Ripple Current koA,o = Rated Load 50 mA,p-p 

ISOLATION 
Rated Voltage 1000 VDC 
Test Voltage 60Hz, 60 seconds 3000 . VP!:AK 

Resistance 10 Gil 
Capacitance 80 pF 
Leakage Current V'SO = 240VAC 10 pA 

OUTPUT 
Voltage Accuracy ILOAD;;: Rated Load ±5 % 
Voltage (No Load) VOUT;;: 5V Models 7 VDC 

VOUT = 12V Models 15 VDC 
Vou, = 15V Models 18 VDC 

Ripple Voltage ILOAO = Rated Load 100 mV, p-p 
Line Regulation I '%/% 

TEMPERATURE 
Specification -25 +85 'C 
Operation -40 +100 'C 
Storage -55 +125 'C 

NOTE: (1) Specifications typical at T. = +25'C. ~ominal input voltage. and rated output 
current unless otherwise noted. . 
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ABSOLUTE MAXIMUM RATINGS 

Input Voltage................ 120% X rated voltage 
Output Short-Circuit Duration .•••.. ; •• Momentary 
Internal Power Dissipation ..................... 4W 
Junction Temperature ..................... +175°C 
Package Thermal Resistance ..•.•..••••..• 27'CIW 
Lead Temperature 

(soldering. 10 seconds) •.•.••.•.•••••..• +300'C, 

MECHANICAL 

~ 1.125±0.015 -1 (28.58 ±0.38) 

BURR-BROWNe 

IElElI 
PWA8XX 1.625 ±0.015 

MarkedwitJ 

(41.28 ±0.38), 

~ specific model 
number ordered. 

(Top View) 

3 

4 

5 

2 

1 

6 

7 

(Bottom View) 

t 
0.410 Max 

(10.41) 

W (Side View) . U I· -II 0.020 ±0,002 0.170 Mln=-J 
-:- -, (0.51 ±0.05) (4.32) 

NOTES: 

All dimensions ar~ in inches (milllm~ters) 

GRID: 0.100 inches (2.54 millimeters) 

MATERIAL: Low thermal resistance molding 
compound which has excellent chemical 
resistance, wide operating temperature rangEt 
and good electrical properties under high 
humidity environments. Lead material is 
brass with a hot~solder-dipped surface to 
allow ease of solderability. 

, 



BURR-BROWN® 

IElElI PWR70 

ISOLATED DC/DC CONVERTER 
Low Cost-Unregulated Outputs 
OUTPUT POWER TO 3 WATTS 

FEATURES 
• TESTED IN COM,PLlANCE WITH UL544 

• OUTPUT POWER TO 3 WAnS 

• HIGH ISOLATION VOLTAGE 2000VPEAK 

• SIX-SIDED SHIELDING 

• INPUT AND OUTPUT FILTERING 

• LOW PROFILE PACKAGE 0.4- HIGH 

DESCRIPTION 
The PWR70 is a single-channel, dual-output 
DC{ DC converter designed for general purpose 
power conversion applications where high efficiency 
is more important than load regulation. 

The PWR70 provides a plus and minus output vol
tage approximately equal to the input voltage mag
nitude. It operates over an input voltage range of 
IOVDC to 18VDC. Isolation voltage is a minimum 
of 2000 VPK .• 

SIMPLIFIED CIRCUIT DIAGRAM 

APPLICATIONS 
• SPOT REGULATOR 

• POWER FOR DATA ACQUISITION, 
OP AMPS, ETC. 

• PROCESS CONTROL 

• PORTABLE EQUIPMENT 

• TEST EQUIPMENT 

Six-sided shielding suppresses electromagnetic 
radiation which could disturb sensitive analog mea
surements or interfere with system timing signals. 
Input filtering minimizes reflected ripple current. 
Output ripple voltage and switching transients are 
reduced by filtering the PWR 70 outputs. 

Connecting an output pin to the output common 
will not damage the PWR70. Continuous short
circuit protection is accomplished by using power 
MOSFETs in the PWR70's input circuitry. 

The PWR70 is tested in compliance with UL544 
dielectric withstand voltage requirements for pri
mary circuits. 

r-'-'-'- -.- -.-.- -.- - - , 
I-----------------~ 

I 
I 

1r--t RECTIFIERS 

I ( 1 

,VIN OO-+!;:,-....-t---........ I----H---t-S~~ ~+--+--........... '"' 
CONTROL CIRCUITRY -' . It! 't.....(URE~C!!TIF~IEWR[S }--~-;-< 

-VIN ' )-.;.! L....._~----_ _===~t--=-~-!::t-... :.=~il4l:::J1 L ___ ._. ______ ._._ 

OUTPUT 
COMMON 

-VOUT 

Inl8rnational Alrporllnduslrlal Park· P.O. Box 11400· Tucson. Arizona 85734 - T81.1602/746.II1'1 - Twx: 910-952-1111 - Cable: 88RCORP • Telex: 66-6491 

PDS 531A 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25 0 6, ~VIN "" 15VDG. and lOUT := ±15mA unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

INPUT 
Rated Voltage 15 VDC 
Voltage Range 10 18 VDC 
InPl:lt Current lOUT" ± 3mA 25 mA 

'oUT" ±33mA 150 mA 
Ripple Current 'oUT" ± 3mA ±10 mA, pk 

'oUT" ±33mA ±10 mA, pk 

'ISOLATION 
Rated Voltage 6Osec, 60Hz, 5000V pk 2000 VDC 
Resistance 10G Q 

Capacitance 12 pF, 
Leakage Current VIsa ~ 240VAC. 60Hz. 2 ~A 

OUTPUT 
Rated Voltage ±15 VDC 
Voltage Accuracy 5 % 
Rated Current ±15 mA 
Current Range 0 ±100 mA 
Line Regulation 10VDC '" VIN '" 18VDC 1.08 VN 
Load Regulation "'::3mA ~ 'aUT ~ !33mA 35 mVimA 
Ripple Voltage lOUT = ±3mA ±10 mV, pk 

lOUT = ±33mA ±80 mV,pk 

TEMPERATURE 
Specification -25 .85 'c 
Operating -55 .125 'C 
Storage -65 .150 'c 

l l 
0; 0; 

1 " " E E 
0 0 
Z Z 

1- ..... ±3mALOAD 
E E 
e e ... ... o 

1/ "" ~ 
1 

rm]LOI 

" " 0 0 

~ :; 
.~ :~ 
0 0 
l- I-
:::> :::> 
0 0 

> > 

-2 
-65 -35 -5 25 55 85 115 145 

Output Current (mA) Ambient Temperature (OC) 

FIGURE I. Load Regulation, FIGURE 2. Temperature Drift. 

ABSOLUTE MAXIMUM RATINGS 

Input Voltage .......................................... 18VDC 
Output Current. .................. · .................... ±150mA 
Output Short-Circuit Duration ...................... Continuous 
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MECHANICAL 

IBi ro L_ 
-C 

f-;~u---u I 
o .--li.-

Pin numbers shown 
for reference only. 

H-' r R ) . E= ~ V+'.-.J 

~ _~'_INCOM'-

Gt; -:+IN V-::r==;G 

, : 
I...- -J "+" denotes 

L missing pin. 

NOTE: Input and Outpul circuits have 
separate shield •. 

DIM. 
INCHES MILLIMETERS 

MIN MAX MIN MAX 
A 1.075 1.175 27.31 29.85 
B 1.075 1.175 27.31 29.85 
C .350 .420 8.89 10.67 
0 .038 .042 0.97 1.07 
G .200 BASIC 5.08 BASIC 
H -,.212 .312 5.38 7.92 
K .170 .350 4.32 8.89 
L .Il00 BASIC 20.32 BASIC 
P .100 BASIC 2.54 BASIC 
R .112 .212 2.84 5.38 

Material: Black EpoXy 
Weight: 15 gm. (0.53 oz.) 
Grid: 2.5Omm (0.10") 

CONNECTION DIAGRAM 

BOTTOM VIEW 
+VOUT 

V+ 
OUTPUT 

-VIN .;, COM 
IN COMMON 

V- ---+VIN 
+IN -VOUT 

NOTE: Inpullnd atllpul clrcal .. hlVlllplr-
1lllhllldl. Input Ihilid II cannlClld 
ID -V'N. Output Ihilid II cannlClld II 
Dulput caltmlll. 



BIURR -BROWN® PWR71 
~~ [i5iJ E311'1 

~SOlAl'!E [)) lOC/!D)C CONVlEfRrrEfR 
FOIUIlI' ~so~~fted ClrnaBilrt1le~S - [D)OJ)a~, lUJUilregjldaftedl Ou1puts 

3 WAITS IRAl'!E[)) OUTPUT POWER 

fEATURES AIPIPUCA"~ONS 
Q TESTED III COMPLIANCE WITII UL544 o SPOT REGULATOR 

o OUTPUT POWER TO 3 WATTS o POWER FOR DATA ACQUISITIOtI. 

o HIGH ISOLATlOr~ VOLTAGE 1000VPEAK 
OP AMPS. ETC. 

o SIX-SIDED SHIELOIfIG 
o PROCESS CONTROL 

o IflPUT AND OUTPUT FILTERING 
o PORTABLE EQUIPMENT 

o LOW PROFILE PACKAGE 0.4" HIG" 
o TEST EQUlPr.lEIIT 

IOIESCIR8fP>T~ON 
The PWR 71 is a four-channel, dual-output, unregu- A continuous connection between an output and its 
lated DCI DC converter designed for general pur- common will not damage the PWR 71. Short circuit 
pose power conversion applications where high protection is accomplished by using power 
efficiency is more important than load regulation. MOSFETs in the PWR71 input circuitry. 

The PWR71 has four isolated plus and minus out- Six-sided shielding suppresses electromagnetic 
put voltages approximately equal to the magnitude radiation which could disturb sensitive analog mea-
of the input voltage. It operates over an input vol- surements or interfere with system timing signals. 
tage range of IOVDC to l8VDC. Rated output Filtering the PWR 71 input and outputs minimizes 
current for the PWR71 is 25mA per output or a the effects of electrical noise on the source and loads 
total of 200mA for all outputs. of the converter. 

Isolation voltage between the input and any of the Each PWR71 is tested in compliance with UL544, 
four output circuits is 1000VPK continuous. This VDE750, and CSA C22.2 dielectric withstand,spec-
same isolation specification applies between any of ifications. In addition, barrier leakage current is 
the four dual outputs, 100% tested. 

Inlernallanal Alrportlnduslrial Park - P.O. Dax 11400 - Tucson. Arimna 85734 - Tai (602) 746·1111 • Twx: 910·952·1111 • Cabla: OORCORP -Talo: 66-6491 

PDS-558A 
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SPECIFICATIONS 
ELECTRICAL 
At T. = +25·C. +V .. = 15VDC. and lOUT = ±25rnA unless otherwise noted 

PARAMETER CONDITIONS MIN 

INPUT 
Rated Voltage 
Voltage Range 10 
Input Current 'LOAD = 0 

ILOAD = Rated Load 
Ripple Current, kOAD = 0 

ILOAD = Rated Load 

ISOLATION llalngsapply.put~andchannel-lO<ho1ne1 
Rated Voltage 60 sec. 60 Hz. 3000 VPK 1000 
Resistance 
capacitance 
Leakage Current V'SD = 240VAC. 60Hz 

OUTPUT 
Rat!,d Voltage 
Voltage Range lOUT = No ,Load ±15 

lOUT = Rated Load ±14,25 
Rated Power 3 
Rated Current Each output ±25 

Total of aU outputs 200 
Current Range Each output 0 

Total of aU outputs 0 
Line Reguetion iOVDC 2: V'N 2: 18VDC 
Load Regulation DmA::! ILOAD~ 25mA 
Ripple Voltage IlOAD = 0 

ILOAD = Rated Load 

TEMPERATURE 
Specification -25 
Operating -40 
Storage -55 

TYPICAL PERFORMANCE CURVES 

v 
/ 

/ 

v 
",!--..1.._-,!--"---l ~!--~-~.--~-~ 

(' , 

~OADCUfl~("'I"""1 

OUT1'UT~TACII: ... LOAD CUll_NT 

fID'~
tJjJl~' I '·F==¥--;--.'~· ==' 

~ 
• .. t--i---t---t---I 

",""-+--:!.--~-~ 
lOADCUllllfIIrIf ~I""" 

OIln'UT.TO-OUfIIUTIff11!IlACTIOtf 

TYPICAL APPLICATIONS 

lOAtI~PlTi""j 

......". CUMtlNT ... LOAD CUlllIIDfT 

~ II , 
~ .. F===I==-+-"=~ 
1 
... 1---11---1--+--1 

",!---!---,!--:!---:! 
lOADQ,RIIIMkU ..... ' 

~L·~L.nIIIAC'nI)M 

NOM 

15 

50 
280 
30 
80 

lOG 
10 

±15 

1,08 
35 

±10 
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MAX UNITS 

VDC 
18 VDC 

rnA 
375 mA 

'mA.pk 
mAo p-p, 

VDC 
Q 

pF 
3 /JA 

VDC 
±18 VDC 

±,15,75 VDC 
Watts 
mA 
mA 

±40 mA 
500 mA 

VN 
mV/mA 
mV. pk 

±loo mV.pk 

+85 'C 
+100 ·C 
+125 ·C 

MECHANICAL 

0,410 J..,,.-_-'-__ --, 
(10,41) MAxi ' l T I I I I I a250±DQ8D 

D,04D±0,OO2 --lq(6,35±2,Q3) 

(1,02±D,D5) II 

IIGTEJo 

AlldimEnsionsare~i'Iches(mil~meters). 

GRID: 0.100 inches (2.54 minimeters) 

.M~:':A~~:,mm_~~= 
tempel'atlXe range and good electrical JWOI)I!I1ies tRIer 
h91 tunidity envirorments. lead mataiaI is bIass with a 
hot so/derd' StJtace 10 allow ease of soIderabiH 

ABSOLUTE MAXIMUM RATINGS 

!nput Voltage ____ ....:. __ 18VDC 

Output Current 500 mA 

Output Short-Circuit 
Duration ContinuOIJS 

~,~~~~~~~~. \, 
'_'YOI.lo\G(11IOC1 

INPUT CUfllfIIPfT' ... INPUT VOLTAGE 

II YI 1011 

,.rOfillANCl: ... n.I'I!MTUfll: 

i 

II<IfI'IItVOU_IYDCI 

OUTPUT~TAQI! ... INPUT'IOLTAGI 

1·1---1--4--1---1 

~ 1\ 

\ 
~!---~~~--~.~~.~--~ 

MoItIt""_' .... E["C1 
O"",",POWP OIMTINQ 



BURR-BROWN® 

IElElI PWR72 

Wide Input Voltage Range-SVDC to 22VDC 
UNREGULATED DC/DC CONVERTER 

FEATURES 
• Low Price 
• High Power Output: 3W. minimum 
• Wide Input Voltage Range: 5VDC to 22VDC 
• Isolalion Barrier 100% Tested per UL544. VDE750. 

and CSA C22.2 Dielectric Withstand 
• Isolation Barrier Leakage Current 100% Tested at 

240VAC: 3pA. maximum 
• Low Isolation Barrier Capacitance: IOpF 
• Single-Channel. Dual Output 

CONNECTION DIAGRAM 

-V'N 0 CD +VCUT 

o Common 

~ -VOUT 

{Bottom Vlewl 

TYPICAL APPLICATION 

r-----41 

~-j:.Ollaae 

3t---..., 

Load I 
4t----I 

Load I 
2 5~--"" 

DESCRIPTION 
The PWR72 is a 3W, single-channel, dual-output 
DCI DC converter designed for low cost spot power 
conversion and ground elimination applications. 

It provides a plus and minus output voltage approx
imately equal to the input voltage magnitude. The 
PWR 72 operates over a wide range of input voltages 
from 5VDC to 22VDC. Its unregulated outputs give 
the PWR72 high efficiency power conversion. 

Surface-mounted devices and manufacturing pro
cesses are used in the PWR 72 to give the user a 
device which is more environmentally rugged than 
most DCI DC converters. The use of surface-mounted 
technologies also gives the PWR72 superior isola
tion voltage. A third advantage of using surface
mounted technologies is low manufacturing cost. 

ORDERING INFORMATION 

PWR 72 IG 
Device Family _________ -:r---I T 1".-

PWR indicates DC I DC converter -"I 
Model Number 

Reliability Screening 
No designator indicates standard manufacturing 

processing 
I G indicates Level I screening-burn-in only 
IT indicates Level II screening-stabilization 

bake, temperature cycling, and burn-in 

International Alrporllnduslrlal Park· P.O. Box 11400· Tucson. Arizona 85134· Tal. (6021 146-1111 - Twx: 910-852-1111 - Cable: BBRCORP - Telex: 66-6491· 

PDS-SS9 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C, +VIN = 15VDC, and lOUT = ±100mA unless otherwise noted. 

Parameter Conditions Min TyP Max Unit. 

INPUT 
Rated Voltage 15 VDC 
Voltage Range 5 22 VDC 
Input CUrrent ILoAO;;: 0 40 mA 

I LOAD:: Rated Load 280 330 mA 
Ripple Current ILoAD;:::: 0 15 mA,pk 

ILoAD;:;::; Rated Load 150 mA,p-p 

ISOLATION 
Rated Voltage 1000 VDC 
Test VolJage 6Osec, 60Hz 3000 V .. 
Resistance 10 GO 
Capacitance .10 pF 
leakage Current V,SO = 240VAC, 60Hz 3 /JA 

OUTPUT 
Rated Voltage ±15 VDC 
VolJage Range lOUT = No Load ±15 ±20 VDC 

lOUT = Rated Load ±14.25. ±15.75 VDC 
Rated Power 3 W 
Rated Current 100 mA 

Total of all outputs 200 ! mA 
Current Range Each <;)Utput 0 ±150 mA 

Total of all outputs 0 300 mAo 
Line Regulation 10VDC " V,N " 18VDC 1.15 VlV 
Load Regulation OmA 2: I LOAD ~ 100mA 15 mVimA 
Ripple Voltage ILoAD ;;:: 0 30 mV, pk 

kOAD = Rated Load 150 mV, pk 

TEMPERATURE 
Specification -25 +85 °C 
Operation -,40 . +100 °C 
Storage -55 +125 °C 

TYPICAL PERFORMANCE CURVES 
OUTPUT VOLTAGE VS LOAD CURRENT OUTPUT VOLTAGE VS INPUT VOLTAGE 

6 
0 
<:. 
" 01 
S 
(; 
> 
'5 
Q. 
'5 
0 

19 

17 "-
VIN = 15VDC 
. Each output 
loadedto~ 

~dicate value 

15 

13 

II 

o 50 

"'" 
100 150 200 

Load Current (mA) 

INPUT CURRENT VS LOAD CURRENT 
400 

<' 3001--+--b~-+--I 
§. 
1: 
~ 200 I--+~-t--t---l 
o 

Each output loaded 
to indicate value 

0~--5~0---10~0---15~0--2~00 
Load Current (mA) 

25 

6 
~ 20 1--+--","hI~4---I 

" 01 

~ 15 
o 
> 

10 

~ 
a; 
~ 
0 5 
Q. 

'5 
Q. 

'5 
0 

10 15 '20 

Input Voltage (VDC) 

POWER DERATING 

r\ 

\ 
\ 

20 

50 100 150 200 
Ambient Temperature (OC) 
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ABSOLUTE MAXIMUM RATINGS 

Input Voltage"" ................ ,., ....... 22VDC 
Output Short-Circuit Duration .....• :.. Momentary 
Internal Power Dissipation ..................... 3W 
Junction Temperature .......... : .•....... +175°C 
Package Thermal Resistance .• , . . . . • . . . . .. 13°CIW. 
Lead Temperature 

(soldering, 10 seconds) ...... ," ••. ,"" +300·C 

MECHANICAL 

I- .1.125 ±O.015 -1 (28.58 ±0.38) 

BURR-B_., 

llalal T 
·PWR72 

1.125 ±0.015 

(28.58.±0.38) 

l ' 
(Top View) 

3 

4 

H"2 

H 
~~ 

I 

(Bottom View) 

t 
0.410 

Max --
(10.41) 

• (Side View) • ~n (4.32) rn- . -
_ 0.040 ±O.003 

(1.02 ±0.08) 

NOTES: 

Alrdimensions ~re in inches (millimeters) 

GRID: 0.100 inches (2.54 millimeters) 

MATERIAL: Low thermal resistance molding 
compound which has excellent chemical 
resistance. wide operating temperature range 
and good electrical properties under high 
humidity environments. Lead material is 
brass with a hot-solder-dipped surface to 
allow ease of solderability. 



BURR-BROWN" 

IElElI PWR74 

ISOLATED DC/DC CONVERTER 
Two Isolated Channels - Dual, Unregulated Outputs 

OUTPUT POWER TO 3 WATTS. 

FEATURES 
• TESTED IN COMPLIANCE WITH UL544 

• OUTPUT POWER TO 3 WATTS 

• HIGH ISOLATION VOLTAGE 1500VPEAK 

• SIX-SIDED SHIELDING 

• INPUT AND OUTPUT FILTERING 

• LOW PROFILE PACKAGE 0.4" HIGH 

DESCRIPTION 
The PWR 74 is a two-channel, dual-output DC{ DC 
converter designed for general purpose power con
version applications where high efficiency is more 
important than load regulation. 

The PWR74 provides two isolated plus and minus 
output voltages approximately equal to the input 
voltage magnitude. It operates over an input vol
tage range of IOVDC to 20VDC. Isolation voltage is 
a minimum of 1500 VPK .• 

SIMPLIFIED CIRCUIT DIAGRAM 

APPLICATIONS 
• SPOT REGULATOR 

• POWER FOR DATA ACOUISITION. 
OP AMPS. ETC. 

• PROCESS CONTROL 

• PORTABLE EOUIPMENT 

• TEST EOUIPMENT 

Six'"sided shielding suppresses electromagnetic 
radiation which could disturb sensitive analog mea
surements or interfere with system timing signals. 
Input filtering minimizes reflected ripple current. 
Output ripple voltage and switching transients are 
reduced by filtering the PWR 74 outputs. 

Momentarily connecting an output pin to its output 
common will not damage the PWR74. Short-circuit 
protection is accomplished by using power 
MOSFETs in the PWR74's input circuitry. 

The PWR74 is tested in compliance with UL544 
dielectric withstand voltage requirements for pri
mary circuits. 

r I ~ ~-0"~" 
I ~ I 
I I..()"""" 

I 1 "'"", 

1 ; I 
I ~~_---TI--().-'I~" I ~mu, 

i m ~ ; t-n· ... " 
1 .11 ... 0r-1---;:::=:::::'t:= t"--t--;--r !1-<-0-.1 ::., 

I CONTROL 1 1 
1 CIRCUITRY ~ ~ J _ 
I ~ 1-U-VDIITt 
1 _J 11':1 1 -•• 8 ~. .... ____________ .J 

lalellllllOJllI Alrp1ll'l1Dd1lllr111 Pirie· P.O.IIIX 11400· TUClDa. Arlzonl85734 -Til 16021 746·1111 -Twx: 910·952-1111 - Clllla: BBRCORP· Tllo: 66-6491 
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SPECIFICATIONS 
ELECTRICAL 
At T. = +25'C, +V .. = 15VDC, and ICUT = ±25mA unless otherwise noted. 

PARAMETER CONDmONS MIN 

INPUT 
Rated Voltage 
Voltage Range 10 
Input. Current ICUT = No Load 

lOUT = Rated Load 
Ripple Current lOUT = No Load 

lOUT = Rated Load 

ISOLATION 
__ ~Iftd~ 

Rated Voltage 60 sec, 60 Hz, 4000 V .... 1500 
Resistance 
capacitance 
Leakage Current V.." = 24OVAC .. 60Hz 

OUTPUT 
Rated Voltage -25°CST~S+85°C . 
Voltage Accuracy 
Rated Current -25°C ~ T" ~ -tasoc 
Current Range 0 
Line Reguation 10VDC 2: V .. 2: 20VDC 
Load Regulation ±SmA 2: lOUT 2: ±25mA 
Ripple Voltage lOUT = 2: No Load 

lOUT = 2: Rated Load 

TEMPERATURE 
Specification -25 
Operating -55 
Storage -65 

,. 
v .. · ,\voc 

I'... uc:.c.o:'c:.: 10 

~ 
''''v .. ,ISVDC , 

, , -oncIO\I~=1o , 
..... J 
~TPUT VOLTAGE 

\ 
, 

'" 
1 , 
ffi I 

I 
~"" B I INPUT 

i " CUrENT , , . 0 

" "" ,so . " ". ,so 
LOAD CURReNT (mAl LOAD CURRENT (mAl 

. OUTPUTVOLTAae: ... LOADCUIIlIU!HT 

~'5 

~ 

~10r----P~~+----+----~ 

~ 
c .r----¥----~---+----~ 

o~ __ ~ ____ L_ __ ~ ____ ~ 

5 10 15 20 
INPUT VOLTAGE (vee) 

OUTPUT YCK.TAQI! ... '"PUT VOLTAOI 

ABSOLUTE MAXIMUM AAnNGS 

........ T CUItIllNT ... LOAD CUIUlDlT 

AMBIENT TEMPERAUTRE lOCI 
PHfOfHMNCt: ... TI .... ATULItI 

Input Voltage, , , ............................. '.' .•••••••• 20VDC 
Output purrent ........................................ ; ±100mA 
Output Short-Circuit Duration •••••••••••.••••••••••• '45 Seconds 

TYP 

15 

55 
155 
80 
100 

.100 
12 

±15 

±25 

1.15 
18 
20 
40 

30D 

j 
~ 
~'" a 
i • 

• '" 
, 

· 
3 

· 
, 

0 
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MAX UNITS 

VDC 
20 VDC 
75 mA 
175 mA 

rnA,p.p 
mA,p.p 

V .... 
n 
pF 

2 pA 

VDC 
5 'Mo 

mA 
±SO rnA 

vN 
mVlmA 
mV,p.p 

100 mV,p.p 

+85 'C 
+125 'C' 
+150 'C 

• ..- 25n'1---

\,OOI',1!jr11A 

....... 
." " 

.,. 
INPUT VOLTAGE IVDCI 

'""" CUMl!NT ..... ..." VoLTAGI 

'\ 
."'-

'\ 
'0 ISO 120 

AMBIENT TEMPERATURE ("CI 
OU'l1lUT IlOWER DIMTtNO. 

'". 

MECHANICAL 

r-B----j 

ID 
1=8 -+-0 

"1 tL 
3. 

~H .. ,. --. 
I~ 

., , p .. ± ~ T' ., ,. 

~L~ 
""""LG 

DIM. 
INCHES MILUMETERS 

MIN MAX MIN MAX 
A 1.075 1.115 27.31 29.85 
B 1.075 1.175 27.31 29.85 

C .350 .420 8.89 '10.67 
D .018 .022 0.48 0.56 

. G' .100 BASIC .2.54 BASIC 
H .085 .175 '2.16 4.48 
K .150 .350 3.81 8.89 
L .900 BASIC 22.86 BASIC 
p .500 BASIC 12.7 BASIC 
R· .085 .175 2.16 4.48 

Material: Black Epoxy 
Weight: 15 gm. (0.53 '1z.) 
Grid: 2.SOmm (0.10") 

CONNECTION DIAGRAM 

e_ -VIN 

• +V/H 

lOTTO. VIEW 

+VooT1\_ 

COMMON, • 

-YOUTI • 

-vaun • 
COMMON, • 

+VOUT2 • 



BURR-BROWN® 

IElElI 700/700U 

ISOLATED DC-TO-DC CONVERTER 

FEATURES 
II HIGH BREAKDOWN VOLTAGE 5000V PEAK 
.. LOW LEAKAGE CAPACITANCE = 3pF 
.. SHIELDED AND UNSHIELDED UNITS 
.. COMPLETELY SPECIFIED 

BENEFITS' 
.. HIGH VOLTAGE RATING PROTECTS 
. EXPENSIVE INSTRUMENTATION 
.. LOW LEAKAGE CURRENT PROTECTS HUMAN LIFE 
.. EXCELLENT ISOLATION CMR IMPROVES 

SYSTEM PERFORMANCE 
.. SHIELDING PREVENTS ELECTROSTACTIC AND 

EMI PROBLEMS -

. +IN 

APPLICATIONS 
.. INDUSTRIAL PROCESS CONTROL 
• MEDICAL INSTRUMENTATION 
• TEST EQUIPMENT 
.. DATA ACQUISITION SYSTEMS 

DESCRIPTION 
The Model 700 converts a 10VDCto 18VDC input to 
a dual output of the same value as the input voltage . 
The internal hybrid integrated circuit reduces size 
and cost. A self-contained frequency stable 130kHz 
oscillator drives switching circuitry which is designed 

. to minimize the common problem of spiking due to 
transformer saturation. Regulation and short circuit 
protection, if desired;can easily be added (see Figure 
3). Models 700 and700M have separ~te internal 
input and output shields. Models 700U and 700UM 
have no internal shields . 

V+ 

Rectifiers and Filters 

Model 700 Circuit Diagram 
lOut put Shield! 

Internliional Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734 - Tel.16D21746-1I11 • Twx: 910.952-1111· Cable: BBRCDRP· Telex: 66-6491 
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SPECIFICATIONS 
ELECTRICAL 
Typical at 2S·C with ISVOC supply unless otherwise noted. 

MODEL I 700I700M I 700UI7OOUM 

INPUT 

Voltage Range(1) 10V to 18V 
Current at ±3mA Load 20mA 
Current at ±30mA Load ±100mA. max 
Ripple Current at ±3mA Load, ±3mA. peak 
Ripple Current at ±30mA Load ±100mA. peak 

ISOLATlON(2) 

Voltage. Test. Ssec at 60Hz 42OOV. p SOOOV. P 
Voltage. Continuous. derated ISooV. p 2OOOV. P 
Impedance 10GIIII SpF 10GIIII 3pF 
Leakage Current at 240Vl6OHz I"A. max I"A. max 

OUTPUT 

VOUT at ±3mA to ±30mA Load ±VIN with ±1 V tolerance 
Operating Current total of both outputs 60mA. max 
Safe Nondestructive Current at 25°C 120mA. max 
Sensitivity to Input Voltage 1.0SVlV 
Load Regulation 3SmV/mA 
Ripple Voltage at ±3mA Load ±ISmV. peak 
Ripple Voltage at ±30mA Load ±80mV. peak max 
Balance of +V and -Vat +1 = -I ±20mV 

TEMPERATURE RANGE 

Operating -2S·C to +8S·C 
'Storage -SS·C to +12S·C 

NOTES: 
1. Derate to 16V max between +VIN and -VIN above 70·C. 
2. A medical grade unit is available which is 100% screened to Patient Connected 

Circuit requirements for the leakage current, par. 27.5 I and dielectric withstand 
voltage 'par, 3,.'" of ULS44. Specify,7ooM or 700l!M. 

~ Eauat llad 'Dr +V 
'\.. I I 1 

I ~'\.. "' 
~ 

~ 3 

! 2 

J " ~ 1 I 
Fixed Output' 

±3mA Load, ...... 

1 ..... ~ J. 
Varying' ~ ....... 

Output 

" ......... " 
t 
~ -2 

~ 

,~ 
~ 

1 

~ -
MIX Sa'. .JI ...-.... 

load - - " 
J=~ 

-5 
" j30rAioar 

-2 
10 20 30 40 50 

Output CurrentlmAl 

FIGURE 1. Load Regulation: 

'For one output with constant ISmA 
load and varying current on other output. 

-65 -35 -15 +5 +25 +55 +75 
Ambient Temperature (OCI 

FIGURE 2. Temperature Drift. 

fA minimum load of 3mA is recommended for each outputl. 

MECHANICAL 

r= r 1 

~r'l ~O ___ D 

0--1.... 
NOTE: Leads in true position 
within .0IS" (.38mm) R at MMC 
at seating plane. 

r H ..... r R Pin numbers shown r I ." forreference only. 

- ~;-IN CO·~:-.--t 
L:t;-" . -+ .V'-~ 
~-:±IN +, G 

'-G I Zt~. L j -+ denotes missing 
, pin. 

L 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 1,075 1.135 27.31 28.83 

8 1.075 1,135 27.31 28.83 

C .350 .410 8.89' 10.41 

0 .038 .04' 0.97 1.07 

G .200 BASIC 5.08 BASIC 

H .212 .312 5.38 7.92 

K .170 .350 4.32 8.89 
L .BOO BASIC 20.32 BASIC 
P .100 BASIC '2.54 BASIC 
R .112 .212 2.84 5.38 

Material: Black epoxy 
Weight: 22.67gm (0.800z) 
Grid: 2.50mm (0.10") 

NOTE: 'Input and Output circuits 
have seperate shields. 

2n 

lN4148 

lOOn 

3.&kn 

+ 

ItVOUTI 
(COMI 

FIGURE 3. Short Circuit Protection. 

USE WITH ISOLATION AMPLIFIERS: 

When the Modei 700!700U is used with isolation ampli
fiers such as the 81m-Brown 3650 and 3652 special 
attention should be given to current ratings to avoid over 
designing. Since the isolation amplifiers do not draw 
maximum current simultaneously from the V+ and V-

ModeI700/100U terminals, it is possible to drive more 
isolation amplifiers per M ode1700/700U than one might 
initially expect. The Model 700/100U is capable of 
providing a total output current of 60mA balanced or 
unbalanced between the two outputs. A minimum load of 
3mA is recommended for each output. 
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BURR-BROWN@ 

IEElE31 710 

QUAD-ISOLATED . DC-TO-DC CONVERTER 

FEATURES 
• FOUR ISOLATED ±10VDC to ±18VDC OUTPUTS 

• DRIVES FOUR 3650/3652 ISOLATION AMPS 

• HIGH BREAKDOWN VOLTAGE. 2200VDC TEST 

• LOW LEAKAGE CAPACITANCE. 8pF 

• LOW LEAKAGE CURRENT. lpA@ 240V/60Hz 

• LOW COST PER ISOLATED CHANNEL 

APPLICATIONS· 
• INDUSTRIAL PROCESS CONTROL 

• TEST EQUIPMENT 
• DATA ACQUISITION SYSTEMS 

DESCRIPTION 
The Model 710 converts a single 10VDC to 18VDC input 
into four dual-isolated outputs of the same value as the 
input voltage. The converter is capable of providing a 
total of 76mA at rated output voltage accuracy and can 
provide isolated power to four independently isolated 
3650/3652 optically-coupled isolation amplifiers with the 
entire assembly mounted on one 5" x 7" card. 

Extensive use is made of hybrid integrated circuits to 
reduce size and cost. A self-contained frequency stable 
130kHz oscillator drives switching circuitry which is 
designed to minimize the common problem of spiking 
due to transformer saturation. 

Intamatlonal Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 95734· Tel. (602) 746-1111 • Twx: 910-952·1111 • Cobia: BBRCORp· Talax: 66-6491 

PDS-367A 
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DESCRIPTION 
OUTPUT CURRENT RATINGS 
The Model 710 is capable of providing a total of76mA of 
output current divided among its eight outputs. The 
maximum current available from anyone output is 
shown in Figure 9. A minimum average current of 3m A is 
recommended for each output in order to maintain 
output voltage accuracy. Thus, the current may be 
balanced (such as +9.5mA and -9.5mA) or unbalanced 
(such as +16mA and -3mA). The best output voltage 
accuracy will be obtained under balanced conditions. 

Channels may be connected in series or parallel for higher 
voltage or current. For parallel operation connection of 
channell to 2 or channel 3 to 4 will result in lowest ripple. 

In some cases the 710 may drive larger loads than would 
be apparent from' a cursory examination of the 
specifications. For example, see Figures I and 2. The 
most total current drawn from the pair of +Vo and -Yo 
output is 1m" + IQ (not 2 x 1m,,). For the 3650 this is a 
maximum of 12mA +1.2mA = 13.2mA (instead of 
24mA). 

Yin 

Vern 
Vo 

FIGURE I. Typical Connection 

vinb ./ 
.......... 

FIGURE 2. Waveforms 

lout~ I 
\;OOT t 

I+~max. +IQ 

• ·IQ 
I· 

ISOLATION VOLTAGE RATINGS 
I t is important that the user understand the significance of 
the continuous derated isolation voltage specification 
and its relationship to the actual test voltage applied to 
the unit. Since a "continuous" test is impractical in a 

. product manufacturing situation (implies infinite test 
duration) it is generally accepted practice to perform a 
production test at a higher voltage (i.e., higher than the 
continuous rating) for some shorter length of time. 

The important consideration is then "what is the 
relationship between actual test conditions and the 
continuous derated minimum specification?" There are 
several rules of thumb used throughout the industry to 
establish this relationship. Burr-Brown has chosen a very 
conservative one: V"" = (2 x V <on';nuou, "t;,J + I OOOV. This 
relationship is appropriate for conditions where the 
system transient voltages are not well defined. * Where the 
real voltages are well defined or where the isolation 
voltage is not continuous the user may choose to use a less 
conservative derating to establish a specification from the 
test Voltage . 

. * Reference National Electrical Manufacturers 
As~ociation (NEMA) Standards Parts ICS 1-109 and 
ICS I-III. 

SHORT CIRCUIT PROTECTION 
The circuit in Figure 3 may be added to the input of the 
710 in order to protect it from damage in situations where 
too much current is demanded from the outputs - such as 
a short circuit from an output to its common. The circuit 
limits the input current to approximately lOOmA for an 
input voltage of 15VDC (for f3 of 2N2219 of 50). 

2n 2N2219 

I IN4148 rI_ 
L-..J>JIOO"I'rl-i3Kb<6kn I~==:==~ ~~~, 710 

FIGURE 3. Short Circuit Protection 
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SPECIFICATIONS 
Typical at 2S"C with ISV supply unless otherwise noted. 

ELECTRICAL 
MODEL 710 
INPUT 
Voltage Ran'gellU11 lOY 10 18Y 
Current at I otal Output Current of 24mA 40mA 
Current at Total Output Current of 76mA IOOmA. max. 
Ripple at Total Output Current of 24mA 15mA. peak 
Ripple at Total Output Current of 76mA 4OmA, peak 

ISOLATION'" 
Voltage. Test,S sec. II, 2200V, rms at 60Hz 
Voltage. Continuous, derated. minimum 141 600Y. rms AC. IOOOYDC 
Impedance lOGO 118pF 
Leakage Current at 240V /60 Hz Ip.A. max 

OUTPUT 
Voltage Accuracy~~' Sec Figure 8 
Current for Rated Accuracy: Total of all currents 76mA. max 

; Anyone output 6OmA. max 
Total Safe Nondestructive Current at 2S"C 1200mA. max 
Sensitivity to Input Voltage 1.08Y,Y 
load Regulation'~' 75mY/mA 
Ripple Voltage at ±3mA load ±2SmV. peak 
Ripple Voltage at ±9.SmA Load ±80mV, peak max 
Balance of +V and -Vat +1 = wi ±20mV 
bV,,,u vs Temperature w2S"C to +85"C 3,0% 

TEMPERATURE RANGE 
Operating -25"C 10 +85"C 
Storage -SST 10 +IIO"C 

NOTES: I. Derate to 16V max between +VI~ and -VIS above 70 C. 
2. Operation down to SV is possible with reduced output current and accuracy . 

MECHANICAL 

Bottom View C. -V04+V04 

Material: Black Epoxy 
Weight: 25 grams (0.9 oz.) 
Grid: 5.08mm (,201 

T 
10,2mm 
(0,40''). 

Pin: MateriaJ and plating composition 
conform to Method 2003 (solderability) of 

. MIL-STD-883 (except paragraph 3.2). 

. 3. Isolation specifications are applicable to input to output isolation as well as channel to channel isolation. 
4. See discussion on previous page; 2200V. rms == 3000V peak. . 
S. A minimum output current of ±3mA per channel is recommended to maintain output-voltage accuracy. 
6. Load regulation for one channel with other channels at ±9.SmA load. 

FIGURE 4_ Functional Diagram 
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TYPICAL PERFORMANCE CURVES 

5 

4 

1 

-5 

_\ Test Condition 1 

i\.. R F chosen for 1:< = 3rnA 

-'" ~ .' 
r\. r-... 

......... 

'} r-.... 
/ 1'1.. 

RFthofn T I, = 't5r 
o· 4 6 8 10 12 14 16 18 20 

Output Current, IL+ = IL_ (rnA) 

FIGURE 6. LOAD REGULATION· Balanced Load 

20r---T---~--~--~--~--~ 

! 16.---~-----+----+.~~~~~----~ 

~ 
14t---~--_t~~r_~+---~---i 

12t----r~~~~;_---+----r---~ 

10F·--~~~~---+----r---~--~ 

8~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ 

Input Voltage 
FIGURE 8.' OUTPUT VOLTAGE ACCURACY VS 

INPUT VOLTAGE 

710 

+VO 

FIGURE 10. Test Condition I: Balanced Load 
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Test Condition 2 

RF chosen for IF = ±9.5rnA 

....... 
at {e:timtj fixe~V 

/V 'N-l i"""'" ~ 
Lat terminals with variable R0 r--... 

........ 

o 4 6 10 12 14 16 18 20 

Output. Current (rnA) IL+ 

FIGURE 7. LOAD REGULATION -Unbalanced Load 
70 

, 

/ 
,r 

V Maximum output current for 
anyone output 

60 

50 

40 

0 
Maximum balanced load 

20 
current per channel 

10 

o 
10 12 14 16 18 

Input Voltage 
FIGURE 9. OUTPUT CURRENT RATINGS TO MAINTAIN 
. OUTPUT VOLTAGE TOLERANCE 

C +VO 
C .-i--t---, 

-VO 

+VIN 
+Vo 

710 

-VIN 
+VOL 

C -VO +Vo 
C 

FIGURE.l1. Test Condition 2: Unbalanced Load-



BURR-BROWN® 

1131:31 722 

DUAL ISOLATED DC/DC CONVERTER 

FEATURES APPLICATIONS 
• DUAL ISOLATED ±5V TO ±16V OUTPUTS • MEDICAL EQUIPMENT 
• HIGH BREAKDOWN VOLTAGE. 8000V TEST • INDUSTRIAL PROCESS CONTROL 
• LOW LEAKAGE CURRENT. <lIlA AT 240V/60Hz • TEST EQUIPMENT 
• LOW COST PER ISOLATED CHANNEL 

• SMALL SIZE. 27.9mm x 27.9mm x 7.6mm 
11.1" xU" x 0.3"1 

• DATA ACQUISITION SYSTEMS 

• NUCLEAR INSTRUMENTATION 

r---------------------, 
p+~------------------. 

.V+o-----, 

E 

V_o-----.4----.... 

Rectifiers 
and 

Filters 

Rectifiers 
and 

Fillers 

I 

I +VOl 
I CI 
I -VOl 
I 
I 
I 
I 

+V02 

I C2 
I -V02 
I 

~-------------------------~ 

DESCRIPTION 
The 722 converts a single 5VDC to l6VDC input into 
a pair of bipolar output voltages of the same value as 
the input voltage. The converter is capable of 
providing a total output current of 64mA at rated 
voltage accuracy and up to 250mA without damage. 

The two output channels are isolated from the input 
and from each other., They may be connected 
independently, in series fo'r higher output voltage or 
in' parallel for higher output current, as a single 
channel isolated DC/DC converter. 

I ntegrated circuit construction of t he 722 reduces size 
and cost. High isolation breakdown.voltages and low 
leakage currents are assured by special design and 
construction which includc;s use of a high dielectric 
strength, low leakage coating used on the' internal 
assembly. 

A self-contained 900kHz oscillator drives switching 
circuitry which is designed to eliminate the common 
problem of input current spiking due to transformer 
saturation or crossover switching. 

IniernlllDnl1 Airport Industrial Park· P.O. Box 11400 . Tutson. Arizona 85734 . Tel. (6021 746·1111 . Twx: 91D-952·1111 • Cable: BBRCDRP • Telax: 66·6491 

PI)S-.l98A, 

14-41 



DISCUSSION 

OUTPUT CURRENT RATINGS 
At rated output voltage accuracy, the 722 is capable of 
providing 64mA divided among its four outputslll. A 
minimum average output current of 3mA is 
recommended at each output to maintain voltage 
accuracy. 
Output channelsl21 may be connected in series or parallel 
for higher output voltage or current. 

ISOLATION CONFIGURATIONS 
The fact that the two outputs of the 722 are isolated from 
the input and from each other allows both two-port and 
three-port isolation connections. 

Figure I shows Burr-Brown's 3650 Optically Coupled 
Isolation Amplifier connected in ,three-port 
configuration. One of the 722 channels provides power to 
the 3650's input. The other channel supplies power to the 
3650's output. The amplifier's input and output are 
isolated from each other and' the system's power supply 
common. In this configuration the 722's channel-to
channel isolation specification applies to the amplifier 
input-to-output voltage. 

Figure 3 illustrates how the 722 may provide isolated 
input power to the input stage of two 3650's connected in 
the two-port configuration. Power for the output stage is 
provided by the system +15V and -15V supplies. Input 
stages are isolated ftom each other and from the system 
supply. In this situation the' 722's input-to-output 
isolation specification applies to the amplifiers' input-to
output voltages while the channel-lo-channel 722 
specification applies.to the voltage existing between "1/ P 
Com *" I" and "liP Com #2." 

(I) -output· deDOlellliqle outputlerminal (+V or .V) and iu auociatcd commoa . 
(2) "channel" denotes. pair of outpub (+V Ind .. V) and their UIociated common 

I 
Power Supply Common 

. FIGIIRF. I. Three-Port Isolation 

MECHANICAL 

• marked on package. 
R 
~

•••••••••• Pin numbers shown lor 
reference only 
Numbers may not be 

J l.. I NOTE: 
i.=. • --l Leads In true position within 

0.010" (0.25mml R at MMC L at seating plane. 

[~, - .:::~-:: :..::,: 
,.0 1120 

Seating Plane :~: :~ ~: ~:: 
. ... . ... 0." 1.27 

i i .100 ."SIC 2.a.'ASIC 

.1DO .... SIC 2.N'ASIC 

I I .1$0 .... 
LLJ .• OO.ASIC .... .010 0.2' 

.100 IASIC 2.5. B"'SIC 

SHORT CIRCUIT PROTECTION 
The circuit in Fi~ure 2inay be add~d to the input of the 
722 to protect it from damage in situations where too 
much current is demanded from the outputs '- such as a 
short circuit from an output to its common. The circuit 
limits input current to approximately I 50mA for an input 
voltage of 15VDC (for (J of 2N2219 of 50). 

p+ +VOI 
+ CI 

N 
-VOl 

v+ N 
VIN E 

r- +Voz 

IN4148 C, 

v· .. VO! 

FIGURE 2. Short Circuit Protection 

+ISV ·ISV· 

FIGURE 3. Two-Port ISolation with two 3650'5 . 
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ELECTRICAL SPECIFICATIONS 
Specifications at T. = +25?C, Y,N = 15VDC, C = 0.47pF, R, Selected per Typical Performance Curve. 

- ,PARAMETER CONDITIONS 

'INPUT 

Rated Input Voltage 
Input Voltage Rangell ) 
Input Current Total output current = 1'2mA 

Total output current = 64mA 
Total output current = 64mA 

atTA=+85°C '" 
Total output current = 1SOmA 

Input Ripple(') Total output current = 12mA 
Total output current = 64mA 
Total output current = 1SOmA 

ISOLAnON 

Test Voltages(3) Input-to-output,5 seconds, min 
Input-to-output,1 minute, min 
Channel-to--channel.5 seconds, min 

Rated Voltage(3) Input-to-output, continuous 
Channel-la-channel. continuous 

Isolation Impedance Input-to-output 
Leakage Current(4) Input-to-output, 240V, SOHz 

OUTPUT 

Rated Output Voltage(S) ILoad = 3mA per output 
ILoad = 16mA per output 
ILoad = 40mA per output 

Output Current Total of' all outputs 
-Anyone output(SI 

Load Regulation 
Ripple Voltage ILoad = 3mA per output 

ILoad = 16mA per output 
lLoad = 40mA per output 

Tracking Error Between Balanced loads 
Dual Outputs 

Sensitivity to Input 
Voltage Changes 

Output Voltage Temperature TA = TSpecificatlon Range 
CoeHlclent 

TEMPERATURE 

Specification ILoad " 16mA per output 
ILoad ,,40mA per output 

Storage 
Junction Temperature 

·Speclficatlons sam~ as 722. 

NOTES: 
,. For ambient temperature above 700.C the ,"put voltage.s 12 SV max The 

Input voltage remains l6V ma ... , case temperature IS kept below 85°C 
2. e.'ernll capacitor ICross "P+" to ··v .... pins and 12" ot .24 WIr. to YIN 
3 See '"Isola'ion Voltage Alttngs" on page 2 0' data sheet 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
Typical application connections for the 722 are shown in 
Figures I and 3, Primary power (VIN) is applied at the 
"P+" and "V-" terminals. The common or ground for VIN 
may be connected to either "P+" or "V-"; the only 
requirement is that "P+" and "V +" must be positive with 
respect to "V -." 

, Power for the internal oscillator and switch drivers is 
derived from the primary power by a voltage dropping 
resistor RI. The value of RI as a function OfVIN is shown 
in the TYPICAL PERFORMANCE CURVES section. 
Alternately, voltage for the "V+" terminal may be 
obtained from a separate source. "V+" should be +SV to 
+ 7.SV positive with respect to "V -". If a separate source is 
used, the Vt input must be applied before the "P+" input 
to avoid possible damage to the unit. P+ and V+ must 

I 722 J 722BG ~ 722MG I 
I MIN I TVP IMAX I MIN I TVP I MAX L MIN I TVP I MAX I UNITS 

& . 
5 16 

50 . 
105 120 

120 
225 275 
3 
6 
12 

8000 

- --
5000 
3500 
2000 

10116 
1 

15.4 16.0 . ' 
14.3 15.3 . 
- - - 13.7 14.2 15.0 - -

200 · 
3 100 · , 

Note! 
15 
35 100 . 
50 

±100 

1.13 
±O.02 

-25 +85 . 
-25 +60 
'55 +125 · 

+125 

• Relerence Ul544. parograph 27.5, leakage Current 
5 See ·'TYPlcaI.Per'ormlnce Cur".s" 

VDC 
VDC 
mA 
mA 

mA 
mA 

mA, pk 
mA,pk 
mA, pk 

V, pk 
2500 V. rms 

V, pk 
V 
V 

GOllpF 
I'A 

VDC 
VDC 

-- VDC 
mA 
mA 

mV, pk 
mV, pk 
mV,pk 
mVDC 

VN 
%JOC 

DC 
DC 
DC 
DC 

6 A minimum aulput current of 3mA at eaCh outpul IS recommended to 
mllnla.n output vollage accuracy 

remain positive with respect to V- at all times (including 
transients). If necessary, diode clamps should be put 
across these inputs. 

The "E" pin enables the converter when connected to 
"V+" and disables it when connected to "V-_" 
An external capacitor, "C", (0.47 "F ceramic) is used to 
reduce input ripple. It should be connected as close to the 
"P+" and "V-" pins as practical. Input leads to these 
terminals should also be kept as short as possible. Since 
the 722 is not internally shielded, external shielding may 
be appropriate in applications where RFI at the 900kHz 
nominal oscillator frequency is a problem, 

Each output is filtered with an internal 0.22"F capacitor. 
Output ripple voltage can be reduced below the specified 
value by adding external capacitors up to 10"F between 
each output and its common. 
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TYPICAL PERFORMANCE CURVES 
Specifications at T. = +25'C, V'N = 15VDC, C = 0.471'F, R, selected per typical performance curve. 

SELECTION OF R, Oil EXTERNAL 
VOLTAGE V+ FOR MINIMUM INTERNAL 

POWER DISSIPATION 

Maximum Output Current 
From Any Single Output 

<16mA 16mAto 30mA 30mA 

>13 1.3k!l 820n 510n 

~ 11 

" i3 820n 51011 20011 
'" J!! 9 g to 51011 20011 011 

11 
:; 

t~ Q. 20011 011 
.5 9 

<S 011 ---- 6.5V 7.5V 9.0V V+EXT 

SINGLE-CHANNEL LOAD REGULATION 

13~0----~20~---4~0~--~60~--~8~0--~1~00 

~ 

I 

Output Load Current, IL (rnA) 

PARALLEL OUTPUT BALANCED 
LOAD REGULATION 

oj 15 t---r--~..,----+---+-~-I 

~ 
g 

~ 
~ 14 
:; 
o 

100 

125 

E 
~ 00 
e 
2l. 
E 
{E. 75 

" " :is 
~ 50 
E 

" E 
·~.25 
:::; 

o 

MAXIMUM SAFE OPERATING 
TEMPERATURE VS TOTAL 

OUTPUT CURRENT --~. --~ ----r--r--.... . 

1 25 
OUTPUT VOLTAGE VS I.NPUT VOL TAGE 

IS 

;: ,. 
1 OO~' 

c:: 
3 

7 
~ ~131--,-i--+---+-: 

5 ~ ~ 
~~ 
6 g ~5 o ~ 1 
~ 6 sl---i---,,f70r 

50 100 150 

Total Output Current'" (rnA) 

SINGLE OUTPUT LOAD REGULATION 

25 ~ 
(') 

20 40 60 SO 100 

Output Load Current, lid (mA) 

PARALLEL OUTPUT UNBALANCED 
LOAD REGULATION 

mL 

V V H 
IF 

o Vo, ., 

.3~4----L---~8~~~--~12~--L---~16 

Input Voltage (V) 

_16 
<:. 
z 
~ 
.,; 

'" ~ 15 
> 
:; 
c. 
:; 
0 
Oi 
c:: 
c:: .. 

.<: 
0 
.S! 
.~ 

c. 
c. 
0 

~ 

~ 
.,; 

13 0 

CHANNEl-TO-CHANNEL INTERACTION 

20 40 60 .. 

Output Load Current, lid (mA) 

'OUTPUT -TO-OUTPUT INTERACTION 

i 15 g r---~~~~~4r 

:; 
S a 
:S" 
SI4 t---p-..;: 
a 
S 
.~ 
c. a 

13.!;O-----:41:::0-----::8~O----':':12:!:0:"'·----:,-!:6:;'0--"""'::.2~0·0 
. Output Load Current, lid (rnA) 

130~----~'4~0----~8~0----712~0~--716~0~--~2oo~ 

Output Load Current, IILI (mA) 

NOTES: (1) Using a 104mm X ,l.6mm aluminum strip mounted to the bottom of the case with heat sink compound. 
(2) Total output current is the sum of the currents for each individual output. 
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BURR-BROWN@ 724 
IE3IE3II 

QUAD ISOLATED DC/DC CONVERTER 

FEATURES APPLICATIONS 
• QUAD ISOLATED :tRV OUTPUTS • MEDICAL EQUIPMENT 

• HIGH BREAKDOWN VOLTAGE, 3000V TEST • INDUSTRIAL PROCESS CONTROL 

• LOW LEAKAGE CURRENT, <lilA AT 240V/60Hz • TEST EQUIPMENT 

o LOW COST PER ISOLATED CHANNEL 

o SMALL SIZE, 27.9mm x 27.9mm x 6.6mm 
11.1" x 1.1 n x 0.26"1' 

• DATA ACQUISITION SYSTEMS 

• NUCLEAR INSTRUMENTATION 

r---------------------, 
P+ * 0 Rec:~1II ~ +~ ~I 
v+;" . Fllten ~.v 01 

1.. ~- OZS1~ 
~ :~:: ~ 0 RJrt S~~~ 
;.. 1 ~ 0 RlClllllrs 8 1 

+V04 
v'":,, and C4 

Fllten ·v 04 

~-------------------------j 

DESCRIPTION 
The 724 converts a single 5VDC to 16VDCinput into 
four pairs of bipolar output voltages of approximate
ly half the input voltage. The converter is capable of 
providing a total output current of 12S·mA at rated 
voltage accuracy and up to 500mA without damage. 

The four output channels are isolated from the input 
and from each other. They may be connected 
independently, in series for higher output voltage, or . 
in parallel for higher output current as a single 
channel-isolated DC/DC converter. 

Integrated circuit construction of the 724 reduces size 
and cost. High isolation breakdown voltages and low 
leakage currents are assured by special design and 
construction which includes use ofa high dielectric 
strength, low leakage coating used on the internal 
assembly. 

A self-contained SookHz oscillator drives switching 
circuitry which is designed to eliminate the common 
problem of input current spiking due to transformer 
saturation or crossover switching. 

InllrllJtiDnlI Al'JIOI1lndUSlril1 Park - P.O. Box 11400· T .... on. ArtzollJ 85734· TIl. 16021 74&-1111 • Twx: 9111-952-1111 - Cabll: BBRCORP - Tlllx: 66·6491 

PDS-40SA 
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ELECTRICAL SrECIFICATIONS 
At 25°C 'th V WI IN = 15V R ,= 13kO C 047 F = 'IL' un ess note d 
PARAMETER I CONDITIONS I MIN TYP I MAX I UNtTS 
INPUT 

Input Voltage 5 IS 
Input Current l: 1""1 = 24mA SO 

l: Ion = 128mA. 2S"C 110 
l: Ion = 128mA. 85"C 120 

Input Ripple llll5) l: Ion = 24mA. C = 0.47u F 10 
l: Ion = 128mA. C = 0.47u F 

ISOLATION 
Test Voltage l21 Input-ta-output. Ssec min 

Channel-to-channel. Ssec min 
Rated Voltage l21 Input-ta-output. continuous 

Channel-to-channel. continuous 
Isolation Impedance , Input-ta-output 10 II 6 

Leakage Current Input-to-outJlUt. 240V160Hz 
OUTPUT 

Voltagelll At ISV input IL - 3mA 8.0 8.S 
h. = 16mA 7.5 7.9 

Current for Rated 
Voltage Total of all outputs 

Anyone output l41 3 
Total Safe 

Nondestructive Current Total of all outputs 

Load Regulation ill 
Anyone output 

Note 4 
Ripple VoltagelSI I, = 3mA 35 

I, = 16mA 
Difference of +Vo and -Vo . +I.. = -h. ±30 
Sensitivity to Input 
Voltage Change 0.63 

Output Voltage Change 
Over Temperature -2S"C to +8S"C 2 

TEMPERATURE RANGE 
Op~rating -2S 
Storage 

-
-S5 

NOTES: 
I. O.47,uF external capacitor across .. p;+" to "V·'" pins and 12'" of ** 24 wiic to Vu •. 
2. See "Isolation Vollase Ratinas" on preceding paIC. The input to OUlpul and channel to channel continuous AC rating is 700V. rms. 
1 See "'Typical Performance CurVes." 
4. A minimum output current or 3mA' at each output is recommended to maintain output voltage accuracy. 
S. Test bandwjdlh 10M" •• max. 

16 VDC 
mA 

125 mA 
mA 

mAo pk 
25 rnA. pk 

3000 VDC 
3000 VDC 
1000 VDC 
1000 VDC 

GO II pF 
1.0 u A 

9.0 V 
8.3 V 

128 rnA 
mA 

SOO rnA-
.200 mA 

mY. pk 
200 mY. pk 

mV 

ViV 

o/c 

+85 "C 
+I2S "c 

MECHANICAL PIN POSITION PIN DESIGNATION 
Pin numbet"s shown for r.f.r.ne. onlv. 

lr---------'~~~~~~~~ rN_um_",-._m~.v~n~O'~b~._m~"~"~d~on~.~K~'~qo~. r 20 INCHES MllLlMEJE RS 
DIM 

4=~ 
r 

MIN MAX MIN MAX .... 1.120 :" .. 3 :lICS 

1.080 1.120 21."3 21.45 
. 235 .28' .. , 7.24 

.01. . 02' . .. 0.53 

.035 ... 0.8. 

.100 .... SIC 2.S"8ASIC 

.100 BASIC 2.54 .... SIC . ,,,0 ., .. •. 89 

.• 00 BASIC 22.se BASIC ... , .010 ." 

1 '". NOTE: I Leads in true position L J within .010' (.2Smm) 
R al MMC at seating 

L plane. 

1446 

I. +v .. 
2 Co 

-v~ 
4 No pin p .... nt 
S +VOJ 
6 C • 
7 -VOJ 

·8 No pin p .... nl 
9 +vOl 
10 C, 
II -V", 
12 Nopinp .... nl 
13 +VOI 
14 C. 
IS -VOl 

16 No pin p .... nl 
17 p+ 
18 v-
19 V+ 
20 E 



DISCUSSION 
OUTPUT CURRENT RATINGS 
At rated output voltage accuracy, the 724 is capable of 
providing 128mA divided among its eight outputs(ll. A 
minimum average output current of 3mA is 
recommended at each output to maintain voltage 
accuracy. 
Output channelsl2l may be connected in series or parallel 
for higher output voltage or current. 

ISOLATION CONFIGURATIONS 
The fact that the four outputs of the 724 are isolated from 
the input and from each other allows both two-port and 
three-port isolation connections. 
FigUre I shows two of Burr-Brown's 3650 Optically 

, Coupled Isolation Amplifiers connected in three-port 
configuration. Two of the 724 channels provide powerto 
the 3650's inputs. The other channels supply power to 
both 3650's outputs. Each amplifiers input and output 
are isolated from each other and the system's power 
supply common. Isolation specification applies to the 
amplifier input-to-output voltage isolation specification. 

Figure 2 illustrates how the 724 may provide isolated 
input power to the input stage offour 3650's connected in 
the two-port configuration. Power for the four output 
stages is provided by the system +15VDC and -15VDC 
supplies. Input stages are isolated from each other and 
from the system supply. In this situation the 724's 
isolation specification applies to the amplifier's input-to
output voltage and to the voltage existing between any 
two lIP COM tenni~a1s. 

I.3kO 
.---.... +v" p+ .... --_ ... -=-.... 

C, 

P ....... Supply I 
Common 

'*<D0 
Denote separate input 
common I and input 
eommon 2. 

~rnrn 
Denole separate: output. 

L.. __ --' common 1 .... output 
common 2. 

FIGURE I. Three-Port Isolation. 

ISOLATION VOLTAGE RATINGS 
Since a "continuous" test is impractical in a product 
manufacturing situation (implies infinite test duration) it 
is generally accepted practice to perform ,a production 
test at a higher voltage (i.e., higher than the continuous 
rating) for some shorter length of time. 
The important consideration is then "what is the 

relationship between actual test conditions and the 
continuous derated maximum specification?" There are 
several rules of thumb used throughout the industry to 
establish this relationship. Burr-Brown has chosen a very 
conservative one: V.". = (2 x V <o •• i.oo •• "'i •• ) + IOOOV. This 
relationship is appropriate for conditions where the 
system transient voltages are not well' defined. PI Where 
the real voltages are well defined or where the isolation 
voltage is not conti.1Uous the user may choose to use a less 
conservative derating to establish a specification from 
the test voltage. 

CD®CD0 Denote rour separate input commons. 

FIGURE 2 Two-Port Isolation with Four 3650's. 

SHORT CIRCUIT PROTECTION 
The circuit in Figure 3 may be added to the input of the 
724 to protect it from damage in situations where too 
much current is demanded from the outputs - such as a 
short circuit from an output to its common. The circuit 
limits input current to approximately I SOmA for an input 
voltage of ISVDC (for f3 of 2N2219 of 50). 

~---.-----.-~-ir4P+ 
+ 

IN4140 v,. 

1000 

r+ 
E 

L-..... ----t~v. 

FIGURE 3. Short Circuit Protection. 

724 

(I) "output" denotes. sinaJe output terminal (+V or -V) and its assoc",tc:d common 
(2) "m.nncr dcnOles a ".ir or outpUll (+V and -V) and their associated common 
(3) Rcfcrmcc: National Electrical Manu£actun:B Association eNEMA) Slandards Pans ICS 

1-109 and ICS I-III. • 
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INSTALLATION .AND 
OPERATING INSTRUCTIONS 

Typical application connections for the 724 are shown in 
Figures I and 2. Primary power (VIN)is applied at the 
"P+" and "V -" terminals. The common or ground for V IN 
may be connected .to either "P+" or "V-"; the only 
requirement is.that "P+" ~nd "V+" must be positive with 
respect to ~V-."· . 

Power for the internal oscillator and switch drivers is 
derived from the primary power by a voltage drQPping 
resistor RI. The value ofRI as a function OfVIN is shown 
in the' "Typical Performance' Curves" section. 
Alternately, voltage for the "V+" terminal may be 
obtained from a separate source. "V+" should be+5VDC 
to +7.SVDC positive with respect to "V-." If a separate 
. source is used, the V+ input must be applied before the 

"P+" input to avoid possible damage to the unit. P+ and 
V+ must remain positive with respect to V- at all times 
(including transients).·1f necessary, diode clamps should 
be put across these inputs. 

The "E" pin enables the converter when connected to 
"V:I-" and disables it when connectc:d to "V-." 

An external capacitor, "C", (0.47I'F ceramic) is used 'to 
reduce input ripple. It should be connected as close to the 
"P+" and "V-" pins as practical. Input leads to these 
terminals should also be kept as short as possible. Since 
the 724 is not internally shielded, external shielding may 
be appropriate in applications. where RFI at the 800kHz 
nominal oscillator frequency is a problem, 

Each output is filtered with an internal O.047I'F 
capacitor. Output ripple voltage can be reduced below 
the specified value by adding external capacitors up to 
IOI'F between each output and its common . 

TYPICAL PERFORMANCE CURVES 

16 

2 

0 

OUTPUT VOLTAGE 
VS INPUT VOLTAGE 

8 r-I lour = 24mA 
!d 

~~ 6 

4 

o 
o 

9 

S 

8 

S 

7 

(IL=±3mA) 

~ reI lour = l28mA 

~ 
. (IL = ±16DiA)-
ill 

S 10 IS 
INPUT VOLTAGE (V) 

LOAD REGULATION 
(IntercbaDne1 witb un .......... Iood) 

I 
I. = 3mA , -

r 
1.= 16mA 

Tat Coadition 2 
(dual outpUt. ~nIIoIucod Iood) 

o m ~ ~ ~ ~ 

OUTPUT CURRENT, .. + (mA) 

. AU specifications typical al 2S"C unless otherwise noted. 

DROPPING RESISTOR R, 
2.0,.. __ v;;S;.;IN;;.;;.P;,UT~V,;O,;LT,;;A~G,;;E .... __ 

~ 
:i I.St---+---+-----,I---I 

~ 
.~ I.OI---4---I--A':iiI-.J---'--4 

'" ~ :: O.sl---4----:; JI---4---I 

~ 
°O~-~S~~~IO~-~I~S--~~ 

INPUT VOLTAGE. V,N (V) 

TEST CONDITION I 
(BaJa ..... Load) 

V,N 
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~ 
~ Bt-~~~-4==~" __ ~-~ 
.~ R. chosen ror I. = 16mA 

!:i 7.St--+--4--~-~-~ 
~ 
f-

O~ .7 Test condition I 
(dual output. boIanced I .... )· 

L--~IO~~~~-~~-~~~~~ 
OUTPUT CURRENT" + = IL- (mA) 

TEST CONDITION 2 
(Unbalanced L .... )· . 



ACCESSORIES 

This section contains illustrations and information on the mating connec
tors and heat si nks avai lable for use with various Burr-Brown products. The 
type of connector and/or heat sink required by the product is specified 
within the product data sheet Prices are available from your nearest Burr
Brown representative. 
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MATING CONNECTORS 

2201MC 
62.S7mm 

1------(2.47s'')±.o.1o ------.1 
SS.42mm rt== (2.300")±.0.0IS' I 

I_ 53.34mm. 
. (2.1 OO")±.O.OOS I 

. lro--~A~I~2~3~4----------------~~!r------------------------L~~o~~mm (0.33")±.0.00S 
B 1 2 3 4 -- --- --\l'------- - - !.-L 

I I 2.54mm 1.40mm JL' I.S2mm 
--I !-(0.10")tyP (O.OSS")typ '\...(0.06")tyP 

(Non·accumulative) -' .79mm 

1.37mm - 1.80mm 
(.OS4" - .071") 
Accommodates Thick 

Circuit Board 

7S.11mm (0.031") 
f.-----~7.,0"".44~m:=m:-------(3.07S")±0.0IS ~~~ff.% 

(2.77S"l±0.00S 

6.10mm 0.64mm 
(0.24") ± /0.02S") 

JL 
Pierced 

Accommodate 
3-26 AWG Wlr. 

2350MC 

(Clearance Hole) 

SO.SOmm 
1-------------(2.000") -------------1 
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Material: Aluminum 

1500MC Finish: Hard Black Anodize 

3.45mm (0.136") dia 
lS.75mm 5.84mm (0.23") dia x 82° nom. 

Teflon (0.62") 

"""'W' ~-"~'4,~:-~'-,tf---t:1-((!lj-
e'sink (2 holes) 

(0.42")- r- dia 
10.67mm! I 

2 Holes 

2302MC 
I 40.64mm I r-- (1.60") -------1 1 
10 0 0 0 0 [ TOP VIEW 0 0 0 0 0 I fci~157~\l) 

..i.,-______ , t 
I I 4.06mm 

T SIDE VIEW r (0.160") 

5.46mm I I I I I 1 I I I I 1 1 I I I 1_ 
10.215") t 

A set of two 16·pin connector -.J t...:.-. 2.54~m 
strips for PC bOard mounting.' (0.10") 

2401MC 

Identical to 2302MC 
except each connector 

strip length is 45.72mm (1.80") 

A set of four la-pin connector 
strips for PC board mounting. 

4400MC IF= 106'68mm~ (4.20") 

68.58mm 
(2.70") 

5.0Smm . ~o © ©~er. 
(0.20") tvp II) ": 

NS 

MATING CONNECTORS 
2250MC 

(3.08") 8.4mm I 78.1mm ____ _ 

~==:::::~ Tar: -lfLW 2.54mm ~ -t- -l l-

+ 

I (0.100")\yp I 6.4mm 
_______ 85.7mm (25") 
- (3.38") . 

1-·-----70.5mm---
(2.78") 

11.1mm 6.35mm 
(.44") (.250") ±.OIS 

-Lt---\~~TI~-------n~~~ 

2800MC' 

?O~i2~\l) 
dia hole 
(6 each) 

-t 

I 6666 6 11 3.,7mm 

I . 44.45mm II (0.125") 

__(1.75") ---l 

I 9.14 I 6.35 

(0.2S") 
-t (or:;~,,) t-- I mm 

\I~~-----n~~i-----·-I· .L 

® (0.89") 
~ _i22.6mm 

+---~-- .. - +-E!l------;l!lf---4 
~ 
~ 

4800MC 

7.37mm (0.29") .-
dia 

72.14mm 
(2.84") 

~o~8~==~~ __ ~©~~ 

(g~:~~~'lI~1Ja x@76.2

mmi3.0)1· @ n'--"!:?~E' . 

_ _ ,*,=I!::!l'77,!!mm 
(7.0 ) 

3.2Smm 
(0.128") 

C'sind~a820x 
7.37mm (0.29") 

dis 

Clearance for 
4-40 screw on 

19.0Smm (0.75") 
center 

3.17m';' (0.12S")lL 

IJ IT 

• 1'.94mm (0.47") 

15-3 

Smm 
(0.2") 

Clearance 
for 

4-40 

Screw I!!@!C..-----:!:-:':c--.,.,,~@~+ 
3.18mm (0.126.J1.L 
i 9 -. --.-

12.19mm 
(0.48") 



MATING CONNECTORS 

l 

2.29mm (0.09") 

~g:ggg dia (2) holes 

548MC 
If.~\~8mm 

?~}~mm 

I '~~0!lmm 
~") 

-L rO~~'rrm 
DIli========iiEflIl. . 

Material: Anodized Aluminum ----r~~:JI~mm 

806MC 

1.6mm 
(.062") 

-.l.--')IlIlIIIIi-t-
2.9mm 
(.115") 

I- 1.78mm 
r(0.07") 

±0.02 

3.56mm 
(0.135") 

245MC Orientation 

t ~iifEii~ii!i~ffiia! Tab 21.59mm.---r-I I " 
(O.8S'" I ---L-

r~1i.·~;J=u~~~~~ 2.79mm 
(0.11") dia 
(2 places) 

1o~l8"Jr I -1lglo"Jr/-- I 
33.02mm . 

-(1.30") rO~i~) 
3.56mm ". ,. 

(0.14") l' ~. ~----.L 

~J ~ ~ ~ ~ n ~ ~ ~ ~ r-2.0"-t3"J--rmf--'-

O.Slmm ~L O.SI"Jm (0.08) . 7.37mm 
(0.02") 'I ~p02 ) (0.29") 

Material: Body & Plate: Diallvl Phthalate 

803MC 

27.94mm 
(1.10") 

1200MC Material: Aluminum 
Finish: Hard Black . J ~~.:g,rrm Anodize 

"i.40m.r 
ro~~ci'r (0.37")typ 

3.30mm ty_P;:::--+-+-+-l---''
(0.13") .; 

-t 
-'- 43.18,rnm 

I ) (1.70 ) 
--.,", 7 

1575mm 9999 13.21mm (0.62") (0.S2") 

Teflon / -.-
Insulator r 

15-4 

J 

7.11mm 
(0.28") 

--r;.54mm 
-'iO.l0") 

I x 0.01 typ 

LL TT 
l o.?6mm (0.03") 

!-a.38mm (0.33") 

6.35mm (0.25';,) 
8.13mm (0.32 ) 

1400MC* 

3.30mm (0.13") dia hole 
5.84mm (0.23") dia x 82° 

C'sink 
2 Holes 

Material: Aluminum 
Finish: Hard Black 

Anodize 

• Identical to 1200MC 
except for mounting 
holes. 



HEAT SINKS 
0803HS 12°C/WATT 0804HS 4.2°C/WATT (See notes) I _ 25.4mm-.J 

1(1.0") 'I (See notes) 

TOP VIEW 

G.. 

SIDE VIEW 

1 

"mmJffiJTI1r-(0.09") 19mm 
I (0.75") 

-L. ~ 

T 

TOP VIEW 

See 

79.5mm 
(3.13") 

Iyp. 

Material: Aluminum 
Finish: Black Anodized 

Material: Aluminum 
Finish: Black Anodized 

2.3mm Ii 
(SIDE VIEW) (0.09") ~ ~ 

0805HS 3°C/WATT 
TOP VIEW 

o 

o 

I ____ See 

V Oelaill 

V 
IOI.35mm 

(3.99") 

o 

o 1 

3.55mm 
(0.14") 

(2 Holes) 'I.. 
6-32 Thread 

(4 Holes) 

-@ @----II---e-t-----,---
80.8mm 

~ 10(3.18") ~~::;.~ 
00 

'1..-1----+---- ~ + ~ ---;--+--,.--
o 0 

I 

o 40.4mm 46.0mm 

-0 -----ll~-- 0 (1.59") (1.81") 

--0 
~1·:~~~~~~~84~.~8-m-m---W~~·~1 BOTTOM VIEW 

(3.34") 

END VIEW 

'NOTES 

17.5mm 
(0.69") --. 

1. Thermal resistance specified are for natural connection. Heatsinks 
0803HS and OB04HS are mounled on 6" x 6" x 1/16" G-l 0 PC board. 

2. A thin-film of heatsink compound(Oow Corning 340 or equivalent) 
between the heatsink and the TO-3 device is recommended. 

64.3mm 
(2.53") 

Detail 1 

15-5 

3.86mm 
(0.152") 

dia. 
(2 Holes) 

Hole 
Pallern 

Material: Aluminum 
Finish: Black Anodized 





SYSTEM AND SUBSYSTEM PRODUCTS 

MICROTERMINALS 
Burr-Brown Microterminals are found wherever a cost-effective 
solution is needed for real-time data collection-inventory control, 
shop floor control, equipment reporting, time and attendance, or 
transaction recording. These display terminals insure the accurate 

collection of data from a variety of input sources including bar 
codes, magnetic stripe and keyboard input. Their small size and rug
ged construction make them an excellent choice for any harsh appli
cation typically requiring a CRT, printer or other fragile peripheral. 

MICROTERMINALS 

~w/; ~~! ~/; m t~ ~I!h ~ .. _ 2' Cl r .... 
CIt ::$ di l ~;g l!. ..., ~ i i Jj 1·,::. ~.Il II ~ &;.-§ I 0 6 oS ~ i il i ~/! I I it I I ! il Iii I J :§! 

ia 
TM2S LED 8 Flat 21 7 RS232 & 300 Block 8 8 No None No No No lSVOC, 250 

8 w/k"" or Current rnA 
Num' domes 27 Loop 

TM27 LED 8 Flat 21 6 RS232 300 Block 63 8 No Jumpar 3/5 No No 8-12 300 
8 wlkey prog. or 10 VDC rnA 

Num domes RS422 4800 
TM70 LED 36 Flal 42 8 RS232& 300 Char- 15 36 No Jumper 0/2 No No SVDC 600 

12 w/key prog. Currenl & (:~~) rnA 
UAN domes Loop 1200 

TM76 LED 36 Flat 29 8 RS232 & 300 Char- IS 36 No Jumper 012 No No SVDC ,600 
12 w/key prog. Current & J:~~l rnA 

UAN domes Loop 1200 
TM76 LED. 36 Full 29 8 RS232 & 300 Char- 15 36 No Jumper 012 No No 5VDC 600 

K 12 lravel prog. Currenl & (:~~~l rnA 
UAN Loop 1200 

TM71 LED 80 Flat 42 14 R232& 110 Block 15 80 User Jumper 012 No No SVDC 850 
16 w/key prog. Cur. Loop 10 EPROM or rnA 

UAN domes orRS422 19.200 EPROM 
TM77 LED 80 Flal 30 14 RS232 & 110 Block 15 80 User Jumper 0/2 No No 5VDC 850 

16 w/key prog. ~~~~~ to EPROM or rnA 
UAN domes 19.200 EPROM 

TM77 LED 80 Full 30 14 RS232 & 110 Block 15 80 User Jumper 0/2 No No SVDC 850 
K 16 Irayol prog. ~~~~~ to EPROM or rnA 

UAN 19.200 EPROM 
TM71 LED 80 Flat 42 14 RS232 & 110 Block 15 80 User Jumper 8110 No No 5VDC 850 

-10 16 w/key prog. ~~~g~~' to EPROM or rnA 
UAN domes 19.200 EPROM 

TM77 'LED 80 Flat 30 14 RS232 & 110 Block 15 80 User Jumper 8110 No No 5VDC 850 
-10 16 w/key prog. ~~~g~~ to EPROM or rnA 

UAN domes 19.200 EPROM 
TM77 LED 80 Full 3D 14 RS232 & 110 Block 15 80 User Jumper 8110 No No 5VDC 850 
K-IO 16 travel prog. ~~~g~ to EPROM or ' rnA' 

UAN 19.200 EPROM 
TM71 LED 80 Flat 42 14 RS232 110 Block 15 80 No Jumper 012 No No 5VOC 2A 

Q 16 w/key prog. to 
UAN domes 9600 

TM71 LED 80 Flat 42 16 RS232 or 110 Block 63 80 No Jumper 8110 No Ves 5VDC. I.SA 
B 16 with Pro9· Current to 18-28 

UAN key Loop or 19.200 VACI 
domes RS422 DC 

TM77 LED 80 Flat 3D 16 . RS232 or 110 Block 63 80 No Jumper 8110 No Ves SVDC. I.SA 
B 16 with prog. Current to 18-28 

UAN key Loop or 19.200 VACI 
domes RS422 DC 

TM71 LED 80 Flat 42 16 RS2320r 110 Block 63 80 No Jumper 8110 No No 5VOC. 1~ 
MS 16 wlkey prog. ~~~~~ to 18-28 

UAN domes 19.200 VACIDC 
TM77 LED 80 Flat 3D 18 RS2320r 110 Block 63 80 No Jumper 8110 No No 5VOC. I.SA 

MS 16 w/key prog. ~~~~~ to 18-28 
UAN domes 19.200 VAC/DC 

TM VF 80 Full 27 16 RS232 & 110 Block 63 BD User Jumper 0/10 Yes Ves SVDC 1.5A 
200 40 lravel prog. ~~§~:f to EPROM or (:lJ' ULAN 19.200 EPROM 
TM Backlll 1920 Elas- 51 16 RS2320r 3DD Char •• 32 BD Bat- Inter" 0P.t. ~r.~ ~r.~ 5VDC. 500 

6400 LCD lomer prog. cur.Loof to Block. ~~'l1 active wllh 7.5-9 rnA 
II' 2X4O 8rRS42nl 19.200 Mon- mod. mod. l)1od. VDC 

ULAN IsoVnon Itor 

NOTE: (1) Num = Numeric. AN = alpha-numeric. U - upper-case characters. UL = upper and lower case characlers. (2) TMI400 1110 rellu,.. _Mllnnlble 
keyboard Ilyoulllld luxllllry eerIIl pori (wllh optIonll niodull). 
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MICROCOMPUTER '110 SYSTEMS' 
This full line of ",C compatible I/O boards is available off-the-shelf. 
Design features let you put your microcomputer-based system 
together fast, using these analog and digital I/O's that offer: simple 
software requirements; memory-mapped designs; up to 64 input 

channels per board; analog inputs and outputs on the same board; 
8- or 12-bit resolutions; software programmable gains; relay outputs; 
isolated digital I/O. Plug compatible with Intel, DEC, National, 
Motorola, Rockwell, Synertek, and others. 

MULTIBUS" ANALOG I/O 

Inputs 
. Analog. 

Analog Analog High Low Resolution 
Number Channels 

Model ,lnpu,1 Output LeveJ Level (Bits) Input Output Features 

MP8305 • • 12 4 ,IQdlvldual O/A converters 
" 

MP8316-V • • t?," ,," 16 Low cost per channel 
MP83is-1 • 12 16 o to 25,;,A Inputs 
MP8418 • • .' ,,12 15 01F/31 SE Resistor programmabl.e gain 
MP8418-AO • • • .' 12 15·0IF/31 SE 2 Resistor programmable gain 
MP8418-PGA • • • 12 15 DIF/31 SE Software programmable gain 
MP8418-PGA-AO • • • '. 12, 15 01F/31 SE :2 'Software programmable ,gain . 
MP8418-EXP .11 II> .11 ~m 4801F/96SE Analog input expa~der 
MP8,430 .' • • 12 160lF RTO excllatlon 
MP8450 • • • 12 160lF 900V transformer Isoiated 
MP8616 • • • ,8 16SE .Lowcost 

NOTES: (1) Must be used wllh MP8418, MP8418-AO, MP8418-PGI\ or,MPs418-PGA-AO which govern MP8418-EXp,perfo~mance. 

, MULTIBUS"'OISCRHE 110 

Digital Digital Number 
Model' 'Input Output Cha~nels:, 'Isolated' Features 

MP801 .' • 16 · ' Relay output 
MP802 • 32 • Relay output 
MP810 ' • 24 

... • Contact ciosullfinpu' 
MP810-NS • 24 • Voltage input , 
MP81Ci-LV ,. ,24 • Low voltage inputs 
, MP810-AC • 24 • AC sense inputs 
MP810-0B ., , 

24 • Oebounce circuit 
MP821-05 • 5 '. Time ,measurement 

, 

, MP821-15 • 15 • Time measurement 
MP83o-72 ., ' .. : ,. 72 Output read back' 
MP83o-72R ., • 72 Input terminators 
MP840 .' ,- 24 • ~equence or.events ~etection 

" , MULTIElUS" BOARD 

'Model I Function I . Description 

:MP85188 I CPU",' I Single;lioard comp'uter with 80188-3, 16,JEOEC memory sockets, 8k RAM supplied, dual RS-232C porta, 
, 24 parallel TTL I/O, 3 counteis, watchdog timer, user-definable leatures. 

Multlbus'· Int~1 Corp. 

" 
" 

MOTOROLA MICROMOOULES,ANALOG I/O ' , 

Inputs 
Analog " . 

Analog ,Analog High Low Resolution 
Number Chann,el. , 

Model 'hiput· Output Level Level '(Bits) Input Ouiput Features .' 
,MP7105 • 12 4 General purpose 
MP7209 • • • 12 80lF General purpose 
MP7217 • ".: ' • 12 16SE General'purpose 
MP7218 • • • 12 16SE Lowcbst 
'MP7432 .: • .. ~," 8' 320IF/84SE ~~wco.st 
MP7432-AO • ,. • • 8 32 OIF/84 SE 2 Low cost 
MP7504 • 8, , . 4 , Isolated-Iused outputs . 
MP76Q8-1 ' • · " 12 80lF Fused inputs ' 

MOT6RO~ MICROMOOULES' DIGITAL 1/0 

Ofgllal Digital Number 
MOdel Inpllt, Output Channels ISOlated Features " 

MP702 • 32 • Reed relays 
MP710 • 24 • Dry contact closures 
MP710-NS • 24 • Wet contact closures 
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DEC O-BUS ANALOG 110 

Inputs 
Analog 

Analog Analog High Low Resolution 
Number Channels 

Model Input Output Level Level (Bits) Input Output Features 

MP1104 • 12 4 Individual DIA converters 
MP1216 • • • 12 32 SE/16DIF Resistor programmable gain 
MP1216-PGA • • • 12 32 SEl16DIF Software programmable gain 

VMEbus ANALOG 1/0 \ 

Analog 
Input Channels . Output Channels 

Model Resolution (Bits) Number Range Gain Number Range 

MPV901 12 32SEl16DIF (1) 1-1000 (R) 
MPV901A 12 32SEl16DIF (1) 1-1000 (R) 2 (1) 
MPV901P 12 32SEl16DIF (1) HOOO(S) 2 (1) 
MPV904 12 16 (1) 
MPV905 12 8 (3) 
MPV950S 12 16SE (2) 
MPV950D 12 8SE,8SE/8D1F (2) 1-10 (R) 
MPV952 12 8SE (2) 

NOTES: (1) 0 to +5V, 0 to +10V, ±2.5V, ±5V, ±10V. (2) 0 to ±10V. ±5V, ±10V. (3) 0 to 20mA, 4 to 20mA, 5 to 25mA. (R) Resistor selectable. 
(S) Software programmable. 

VMEbus DISCRETE 1/0 

Digital Digital Number 
Model Input Output Channels Isolated Comments 

MPV902 • 32 • Relay output 
MPV910 • 32 • Contact closure Input 
MPV910-NS • 32 • Voltage input 
MPV910-LV • 32. • Low voltage input 
MPV930-48 • • 48 TTL, output read back 

.VMEbus DIGITAL SIGNAL PROCESSING BOARDS 

Model Function Descripti.on . 

SPV100 General purpose DSP DSP board based on TMS320 processor board incorporates two 4k X 16-bit swinging buffer 
data memories and two program memories (4k X 16-bit PROM and a 4k X 16-bit RAM). 

MPV960 DSP with analog input Four optically isolated high level input channels with simultaneous sampling, 12-bit resolution. 
fast (12ps) throughput, and flexible triggering modes. On-board high speed TMS320 DSP 
processor. Two 4K X 16K bit swinging buffer data memories. Includes monitor and signal 
processing firmware. 

ACX960 Software development Daughter board plugs into the MPV960, providing custom software development 'environment 
forTMS320. 

VMEbus ACCESSORY BOARD 

MPV990 Anti-aliasing (Iow- Four independent filter channels with selectable input amplification (0.1-10,000) and cutoff 
pass) filter frequencies (2-20kHz). User-configurable output amplification. 

DSP SPV100 FIRMWARE 

FIL100 Filtering Digital filtering (FIR) package. 
COR100 Correlation Cross- and auto·correlation package. 
FFT100-1 FFT 64-point fast Fourier transform. 
FFT10o-3 FFT 256-point fast Fourier transform. 
FFT10o-4 FFT 512-point fast Fourier transform. 
FFT100-5 FFT 1024-point fast Fourier transforr'!'l. 

VMEbus REAL-TIME SOFTWARE DRIVERS'" 

PSOA pSOS-68k~ Drivers for MPV901, MPV904, MPV905, MPV950 and MPV952. Includes source code. 
PSOB pSOS-68k~ Drivers for SPV100 and MPV960. Includes source code. 
VERA VERSAdos~ Drivers for MPV901, MPV904, MPV905, MPV950 and MPV952. 
VERB VERSAdos~ Drivers for ~PV960 and SPV100. 
PDOA pDOS" Drivers for MPV901, MPV904, MPV905; MPV950 and MPV952. 
PDOS pDOS'· Drivers for MPV960 and SPV100. 

NOTES: (1) All drover packages Include demonstration programs. 

pSOS'68k" Software Components Group; VERSAdos'· Motorola, Inc.; pDOS'· Eyring Research Institute, Inc. 

16-3 



PCI-20000 SERIES 
Personal Computer Instrumentation ••• 

For Data Acquisition, Telt Me8lurement, And Control 

The new PCI-20000 gives you modular I/O you can never outgrow. 
Component modularity gives you the most cost-effective, expand
able PC instrumentation system available today-and tomorrow. 
The PCI-20000 is an exciting new generation of instrumentation for 
IBM and bus-compatible personal computers. It lets you start 
small. Add plug-in channels and functions only as requirements 
grow. Never pay for more I/O than you need. 

The key.is component modularity. Carrier cards plug directly into 
the PC expansion slots and provide power, communications, 
mounting mechanisms and optional digital 1/ 0 capability. Versatile 
instrument modules plug into the carrier and perform the data 
acquisition, test, measurement, and control functions your sys~em 
requires. You can choose from 15 different modules now, with many 
more planned for the future. Each carrier accepts up to three 
modules. Different termination panels simplify wiring and bring 
signals to and from the system. ' 

Hundreds of possible systems can be configured now, even more 
later. Combine com!'onents now to meet exact requirements for 

PCI-3000 
Intelligent Instrumentation for Indultry and Laboratory 

The PCI-3000 Intelligent Instrumentation Series gives you 1 to 
31,744 analog and digital I/O channels, configured to meet your 
exact industrial computer system requirements. 

The PCI-3002/3003 self-contained enclosures communicate with 
any.host via RS-232 or RS-422 interface, with IEEE-488 option. 
Up to 31 units can be multidropped on RS-422 to make expandable, 
flexible data 'acquisition, test, measurement and control networks. 

The PCI-300l series, for large systems up to 31,744 channels, 
includes an intelligent master enclosure to unburden the host 
computer. Add expansion enclosures and unique industrial'termina
tion panels and enclosures to meet any requirement. Choose from 
over 25 different analog and digital 1/ Q boards 'with special 
functions for signal conditioning, clock inputs, thermocouple inputs, 

, and many more. This series is completely compatible with the PCI-
3002/3003 and may be mixed on the same RS-422 communications 
channel. 

The PCI-4901 software support diskettes let users write simple 
BASIC programs quickly and economically, specifying channel 
measurement parameters, affecting thermocouple compensation 
linearization. PCI-20040S-1 software lets users prepare finished 

The Handbook Of Personal 
Computer Instrumentation 
For Data AcquIsItion, Test Measurement, And Control 

A tutorial section describing, in practical terms, the theory and 
philosophy of using personal computer instrumentaiton for data 
acquisition, test, measurement, and control. 

An applications section, complete with dozens of diagrams, showing 
specifically how you can use personal computer instrumentation in 
more ways than you ever thought possible. Written by leading 
experts who design and use intelligent instrumentation systems, this 
section is the (sweet) heart of the handbook. Down-to-earth advice 
about how to apply PCI. 

A software section that describes and references the wide range of 
packages that are readily available from vendors, and from software 
houses often overlooked by some firms. 

There's more. Much more, including guides on how to configure a 
system and technical specifications for specific PCl hardware and 
software. Contact your local Burr-Brown sales office or sales 
representative for your copy. 

analog and digital 1/ 0, counter, timer, and pulse functions. Change 
components later to add .capacity and functions for future needs. 
Your system will always be at its optimum price/performance level. 
Extensive software is available. 
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reports, including high-quality graphics, with no direct keyboard 
entries required. 

Burr-Brown offers a complete selection of hardware and software 
to provide all the I/O and special features your industrial system 
will ever need. 



DATA COMMUNICATIONS DEVICES 
The LDM line of data communications devices solve the problem 
of connecting RS-232 and RS-422 computer ports and peripheral 
devices over extended distances in factories and other institutions. 
They provide surge suppression and electrical isolation in one low 
cost unit. No external "lightning sponges" are required. Complete 
electrical isolation is provided by optical couplers and transformer
coupled DC-to-DC converters to clean up noisy data links by 
breaking ground loops. 

LDM422 provides a low cost bidirectional conversion between 
RS-232 and RS-422 ports. These units may be used to implement 
local area networks through multi-drop connection of liP to 32 
units on a four-wire bus. They may be connected bidirectional two
wire simplex. Request to Send and Clear to Send are carried 
through and may be used as a second data pair if desired. Surge 
protection and complete electrical isolation are provided for all lines. 

LDM80 is a complete fiber optic RS-232 compatible transmitter
receiver with multi-drop capability and up to 2km between drops at 

2.5Mbaud, NRZ codes. It is designed for fiber optic local area 
networks. 

The APAI20 is a software product, full-functioned RS-232 breakout 
box, and line adapter that converts a personal computer into a 
communications protocol analyzer. It provides the function of 
dedicated instruments costing thousands of dollars. 

HIGH SPEED, INDUSTRIAL LIMITED DISTANCE MODEMS 

Series Surge Protection Isolation Distance. max (miles) Data Rate. max (kbaud) Connection Power'" 

LDM30 Yes Receiver 12 57.6 4-wire DCorAC 
LDM35 Yes Receiver 7 19.2 4-wire Signal Power 
LDM70 Yes Complete 12 57.6 4-wire DCorAC 
LDM422 Yes Complete 7 19.2 2, 4. or a-wire DCorAC 

FIBER OPTIC TRANSMITTER-RECEIVER 

LDMBO RS-232 or TIL 110, multi-drop capability. 2km at 2.5Mbaud NRZ. 5Mbaud 50% duty cycle. 

PROTOCOL ANALYZER 

APA120 Software, RS-232 breakout box/adapter, cables and manual. 
APA130 Software and manual only. (Evaluation disk available.) 

• European AC power supplies available. 

SCADAR SERIES 10 
Supervisory Control and Data Acqulslllon Remote 

SCADAR Series 10 is a compact, rugged supervisory control and 
data acquisition system for local and ,remote monitoring and 
control applications. Intelligent and self-contained, Series 10 is a 
single-board microcomputer system complete with CPU, memory, 
power supply, and I/O. It is easily interfaced to any host computer 
through standard communications techniques, and is ideal for 
remote monitoring and control installations that require low power. 
The packaging is designed to allow expansion I/O and intelligence 
for conditioning I/O via plug-in modules. Field I/O connections 
are made via screwdriver-locked terminations. Two-piece pluggable. 
terminal blocks integral to the base board and I/O modules allow 
removal of I/O modules and base board electroni,cs without 
disturbing field connections. SCADAR Series 10 is available in 
attractive desk-mount or wall-mount general-purpose housings for 
control-room applications. Series 10 is also available packaged in 

MCS SERIES 
Truly Cost-Effective Analog and Digital 110 

The MCS Series are low-cost, Multibus'"-based data acquisition 
and control systems with 4 or 9 I/O cards. Screw terminations are 
provided for alii/ 0, and optional IEEE surge-withstand protection 
is available. MCS provides direct sensor interface for RTDs and 
Jhermocouples, with cold junction compensation and linearization. 
Voltage, current, and discrete (TTL to 220V AC) 1/ Os are provided, 
as well as isolated pulse inputs. Analog data may be scaled 0 to 
100%. Other features include: ASCII asynchronous serial interface; 
dual ports, multidroppable; RS-232, RS-422 and 20mA current 
loop; -lOoe to +60oe in NEMA or rack mount. Process control 
and display software is available for personal computers and other 
computer systems. 

Multibus"'" Intel Corp. 

NEMA-4 enclosures for use in harsh environments. Process control 
and display software is available for' personal computers and other 
computer systems. 
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u.s. SALES DIRECTORY 
For all Burr-Brown products: 

ARIZONA (Home Office) 
InternaOonal Airport Ind .... rI.' 

Park 
P.O. Box 11400 
Tucson 85734~1400 
Tel. 802·748-1111 
TWX 910-952·1111 
Telex 6&-6491 

CALIFORNIA (Northam) 
1975 Hamilton Avenue. Suite 30 
San Jose 95125 
Tel. 408-559-9900 
EZ Link 62536980 

CALIFORNIA (Southem) 
28310 Roadside Drive, Suite 112 
Agoura 91301 
Tel. 818-991 .. 8544 

805-49&-7581 
TWX 910·336·1884 

BURR-BROWN OFFICES 

2001 E. Fourth S ....... Suite 104 
Sanla,Ana 92705 
Tel. 714-835'0712 
TWX 910·595-1711 

COLORADO 
504 W. Ellenhower, Suite 100 
Loveland 80537 
Tel. 303-663-4440 
TWX 010-930-902' 

ILLINOIS 
33 N. Addl .. n Rood, Sull.102 
Addl.on 80101 
Tel. 312-832-e520 
TWX 910·254-1431 

INDIANA 
4755 Klngswa)' Drive, Sul.e 300 
Indlanapoll. 46205 
Tel. 317·255-5410 

MASSACHUSETTS 
83 Cambrfdge Street. Suite 3C 
Burlington 01803 
Tel. 617·273-9022 
TWX 710-325·1748 

MICHIGAN 

::'~n~:~~td 
Tel. 313-474-6533 
Telex 23-5238 

NEW YORK (M.1n> Area) 
984 N. Broadway. Suite 402 
Yonken107O'i 
Tel. 914·964-5252 
TWX 710-5&0-0042 

OHIO 
72 N. High Street 
Dublin 43017 
Tel. 814-784·9784 
TWX 910-997-11002 
EZ Link 62124220 

TEXAS (Norlhem) 
1700 EntIa" DrI", Suite 121 
Gal'land 78041 
Tel. 214-e81.6781 
TWX 910-960-5511 

TEXAS (Southem) 
6801 Corpo ..... Drive, Suite 221 
Houston 77038 
"hI. 713·988·8548 
TWX 910-881·7152 

WASHINGTON 
330 112th HoE., Sulte100' 
Benevue 9BOO4 
Tel. 2118-455-2811 
TWX 910-443-3032 

For MicrOCircuits, Microterminals, Military Products, Personal Computer 
Instrumentation, and Data Communications Products: 

ALABAMA 
Rep. Inc. 
205-881-9270 Huntsville, AL 

ALASKA 
Burr-Brown Corporation 
206-455-2611 Bellevue, WA 

ARIZONA 
Burr-Brown Corporation 
602-746-1111 Tucson, AZ 

ARKANSAS 
Burr-Brown Corporation 
214-681-5781 Garland. TX 

CALIFORNIA (Norlhem) 
Burr-Brown Corp. 
408-559-6600 San Jose. CA 

CALIFORNIA (Southam) 
Burr-Brown Corporation 
616-991-8544 Agoura. CA 
605-496-7561 Agoura, CA 
714-835-0712 Santa Ana, CA 

COLORADO 
Burr-Brown Corporation 
303-663-4440 Loveland. CO 

CONN'ECTICUT 
Burr-Brown Corporation 
'914-964-5252 Yonkers. NY 

DELAWARE 
OED Electronics. Inc. 
215-657-5600 Willow Grove. PA 

FLORIDA 
Conley & Associates. Inc. 
305-365-3283 Oviedo. FL 

GEORGIA 
Rep, Inc. 
404-938-4358 Atlanta. GA 

HAWAII 
Burr-Brown Corporation 
818-991-8544 Agoura. CA 

IDAHO 
Burr-Brown Corporation 
206-455-2611 Bellevue. WA 

ILLINOIS 
Burr-Brown Corporation 
312-832-6520 Addison, IL 

INDIANA 
Burr-Brown Corporation 
317-25~5410 Indianapolis. IN 

SALES REPRESENTATIVES 

IOWA 
Rep Associates Corporation 
319-373-0152 Marion. IA 

KANSAS 
BC Electronic Sales, Inc. 
913-342-1211 Kansas City, KS 
316-722-0104 Wichita. KS, 

KENTUCKY 
Burr-Brown Corporation . 
614-7~-9764 Dublin. OH 

LOUiSiANA (Northern) 
Burr-Brown Corporation 
214-681-5781 Garland. TX 

LOUISIANA (Southem) 
Burt-Srown Corporation 
713-988-6546 Houston. TX 

MAINE 
Burr-Brown Corporation 
617-273-9022 Burlington. M~ 

MARYLAND 
Marktron.lnc. 
301-628-1111 Hunt Valley, MD 
301-251-8990 Rockville. MD. 

MASSACHUSETTS 
Burr-Brown Corporation 
617-273-90~ Burlington, MA 

MICHIGAN 
Burr-Brown Corporation 
313-474-6533 Farmington. MI 

MINNESOTA 
Electronic Sales Agency. Inc. 
612-884-8291 Bloomington, MN 

MISSISSIPPI 
Rep. Inc. 
404-938-4358 Atlanta, GA 

MISSOURI 
BC Electronic Sales. Inc. 
314-521-6683 St. Louis. MO 

MONTANA 
Aspen Sales, Inc. 
801-467-2401 Salt Lake City. UT 

NEBRASKA 
BC Electronic Sales. Inc. 
913-342-1211 Kansas City. KS 

NEVADA (Northem) 
Burr-Brown Corporation 
408-559-8600 San Jose. CA 

NEVADA (SOuthern) 
Burr-Brown Corporation 
818-991~544 Agoura, ,CA 

NEW HAMPSHIRE 
Burr-Brown Corporation 
617·273-9022 Burlington. MA 

NEW JERSEY 
Burr-Brown Corporation 
914-964-5252 Yonkers, NY 

NEW MEXICO 
Thorson Desert States, Inc.· 
505-293-8555 Albuquerque. NM 

NEW YORK (Melro Area) 
Burr-Brown Corporation 
914-964-5252 Yonkers, NY 

NEW YORK 
Advanced Components Corp. 
315-853-6438 Clinton. NY 
607·785-3t91 Endlcotl, NY 
315-699-2671 N. Syracuse. NY 
716--544-7017 Rochester. NY 
716-889-1429 Scottsville. NY 

NORTH CAROLINA 
Murcota Corporation 
919--722·9445 Winston-

Salem.NC 

NORTH DAKOTA 
Electronic Sales Agency. Inc. 
612-884-8291 Bloomington, MN . 

OHIO 
Burr-Brown Corporation 
614-764-9764 Dublin. OH 

OHIO (No_utlm) 
K-T/DEPCO Marketing. Inc. 
216-442-6200 Cleveland. OH 

OKLAHOMA 
Burr·Brown Corporation 
214-681-5781 Garland. TIC 

OREGON 
Burr-Brown Corporation 
206-455-2611 B~lIevue, WA . 

- PENNSYLVANIA '(Ea.tem) 
OED Electronics. Inc. 
215-643--9200 Spring House, PA 

, PENNSYLVANIA (Wntem) 
K-T/DEPCO Markating, Inc. 
412-367·1011 Pittsburgh. P~ 

RHODE ISLAND 
Burr-Brown Corporation 
617·273-9022 Burlington. MA 

SOUTH CAROLINA 
Murcota Corporation 
919·722-9445 WI.nston-. 
Sale~,NC 

SOUTH DAKOTA 
Electl'Dnic Sales Agency, Inc. 
612-884-8291 Bloomington. MN 

TENNESSEE 
Rep. Inc. 
6t5-475-1105Jeflerson City, TN 

TEXAS (Northem) 
Burr-Brown 9orporation 
214-681-5781 Garland, TX 

TEXAS (Southam) 
Burr-Brown Corporation 
713-988-6546 Houston. TX' 

TEXAS '(EI PI';;) 
. Thorson Dese~ States.lne.· 
605-293'8555 Albuquerque, NM 

UTAH, 
Aspen Sales. Inc. 
801-167-2401 Sail Lake City, UT 

VERMONT 
Burr·Brown Corporation 
617-273-9022 Burlington, MA 

VIRGINIA 
Marktron, Inc. 
301-251~990 Rockville, MD 

'::,;~I:;!~:rporation 
206-455-2611 Bellevue. WA 

WASHINGTON, D.C. 
Marktron. Inc. 
301-251·8990 Rock.llle, MD 

WEST VIRGINIA 
Burr-Brown Corporation 
614-784-97.84 Dublin, DH 

WISCONSIN (Eutem) 
Burr·Brown Corporation 
312-1132-6520 Addison, IL 

WISCONSIN (We.t.m) 
Electronic Sales Agency,lnc. 
~12-884-8291 Bloomington. MN 

WYOMING 
Aspen Sales, lnc. 
801-167·2401 Sail Laka City, UT 

• Microcircuits only. 



BURR-BROWN· CORPORATION Page 1 
P.O. Box 11400 • Tucson. Arizona 85734 

Telephone: (602) 746-1111 • TWX: 910-952-1111 • Telex: 66-6491 

CUSTOMER PRICE LIST 
Prices in U.S. dollars. F.O.B. Tucson. Arizona Quantity discounts available. Effective March 31, 1986 

. Irilihll'IHIII!lIHliWI'i·jl'I!I'1B'11\'I!iillj!lml~*. 'Hmani. ·~.,mi!1!hil .... , illh~ 
3430J 104.00 104.00 101.00 

·0100MS 11.80 11.80 11.80 9.85 K 123.00 123.00 117.00 

0145MC 4.65 4.65 4.10 3.60 3450 249.50 249.50 237.50 

0245MC 5.40 4.90 4.65 4.60 3451 217.00 217.00 211.00 

0432MC 8.00 8.00 6.00 5.20 3452 217.00 217.00 211.00 

0546 98.50 98.50 94.00 3455 224.00 224.00 217.00 

0548MC 26.00 26.00 26.00 3500A 10.30 10.30 8.15 6.40 
B 17.60 17.60 14.45 10.85 

0549 62.00 62.00 62.00 C 22.45 22.45 18.65 14.20 
0550 67.50 6'1.50 67.50 E 36.25 36.25 28.00 22.25 

0551 69.50 69.50 69.50 MP * 36.25 36.25 28.00 22.25 
R 21.25 21.25 16.60 12.50 

0552 75.50 75.50 75.50 R/883B t 20.00 20.00 18.00 17.00 
0553 97.38 97.38 97.38 R/MIL H 20.00 20.00 18.00 17.00 

RQ 27.50 27.50 22.50 18.00 
0554 122.25 122.25 122.25 S 33.00 33.00 25.25 21.20 
0556 155.00 155.00 155.00 SQ 44.50 44.50 34.70 29.50 

0560 68.75 68.75 68.75 T 53.25 53.25 41.00 33.60 
TQ 71.00 71.00 56·50 48.00 

0561 75.10 75.10 75.10 U/883B 15.00 15.00 13.00 12.00 
0562 97.38 97.38 97.38 35'01 A 6.25 6.25 5.10 4.15 
0700 48.00 48.00 46.00. AQ 9.75 9.75 7.65 6.25 

M 50.50 50.50 48.50 B 12.20 12.20 10.10 7.95 
U 38.00 38.00 37.00 BQ 15.75 15.75 13.40 11.10 
UM 51.50 51.50 50.00 C 15.95 15.95 13.25 11.20 

0710 64.25 64.25 61.00 
CQ 20.60 20.60 17.50 14.45 
R 17.50 17.50 15.60 .11.70 

0722 49.95 49.95 37.75 34.50 S 25.50 25.50 20.75 16.95 
BG 60.35 60.35 49.20 44.85 3507J 11.65 11.65 9.65 8.30 
MG 54.35 54.35 43.55 38.BO JQ 17.35 17.35 13.95 12.35 

0724 66.65 66.65 52.65 4B.55 3508J 10.25 10.25 8.25 7.40 
0803HS 3.30 . 3.30 3.00 2.70 3510AM 9.35 9.35 7.50 5.95 

MC 4.95 4.95 4.10 3.B5 BM 11.85 11.B5 9.40 7.45 
OB04HS 4.85 4.85 4.00 3.75 CM lB.25 18.25 14.25 11.60 

OB05HS 16.50 16.50 16.50 SM lB.25 18.25 14.25 11.60 
VM/883B t 35.00 35.00 30.00 25.00 

0806MC· 19.00 19.00 19.00 VM/MIL H 35.00 35.00 30.00 25.00 
2014MC 15.00 15.00 15.00 3521H 23.95 23.95 19.45· 15.70 
2020MC 8.00 8.00 8.00 J 34.25 34.25 25.90 21.25 

2026MC 25.00 25.00 25.00 
JQ 45.15 45.15 34:65 29.40 
K 51.40 51.40 38.85 34.25 

2201MC 28.00 28.00 28.00 L 72.40 72.40 55.25 47.00 

2220MC 18.00 lB.OO 18.00 R 84.25 64.25 68.80 55.70 
RQ 110.00 110.00 95.00 B2.65 

2240MC 18.00 18.00 18.00 
3522J 17.B5 17.85 14.35 . 11.75 

2250MC 18.00 lB.OO 18.00 K 23.50 23.50 19.40 16.00 
2302MC 7.75 7.75 7.75 L 32.75 32.75 25.25 21.10 

2350MC 13.00 13.00 13.00 S 46.30 46.30 37.30 29.85 
SQ 61.65 61.65 51.95 43.65 

2360MC 9.00 9.00 9.00 3523J 33.35 33.35 26.25 21.65 
2525MC 25.50 25.50 25.50 JQ 44.00 44.00 37.00 31.50 
2B03MC 6.30 6.30 5.50 K 39.70 39.70 32.95 27.55 

.L 47.60 47.60 37.80 31.80 
3291/14 119.00 119.00 113.50 LQ 64.00 64.00 54.50 48.95 
3292/14 119.00 119.00 113.50 3527AM 16.25 16.25 12.70 10.95 
3293/14 119.00 119.00 113.50 AMQ 21.BO 21.80 17.15 14.85 

3329/03 38.60· 38.60 33.00 24.00 BM 21.75 21.75 16.50 14.65 
BMQ 26.75 26.75 22.05 19.25 

3354/25 155.00 155.00 149.25 CM 33.15 33.15 26.75 23.30 
3355/25 126.50 126.50 122.50 
3356/25 101.00 101.00 99.00 

* Prices for the 3500MP are for matched pairs. 
Prices subject to change without notice. Minimum order $75. 
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3528AM 20.25 20.25 15.85 12.95 '4025MC 81.30 81.30 65.00 54.50 

AMO 27.05 27.05 21.55 17.45 4084/25 167.00 167.00 162.00 
BM 24.85 24.85 19.35 17:55 
BMO 33.00 33.00 25.95 23.60 4085BM 82.00 82.00 73.50 59.00 
CM 30.25 30.25 24.15 21.90 KG 71.00 71.00 60.65 49.50 
CMO 40.95 40.95 33.65 29.00 SM 103.00 103.00 94.50 75.50 

3542J 9.75 9.75 8.50 6.50 4115/04 66.30 66.30 52.50 48.75 
JO 15.00 15.00 13.00 11.00 4127JG 50.75 50.75 39:40 34.40 
S 15.80 15.BO 14.00 12.65 KG 58.45 58.45 49.45 43.90 
SO 22.45 22.45 18.75 17.50 4203J 36.25 36.25 26.00 19.60 

3550J 31.20 31.20 25.00 21.45 K 49.65 49.65 42.75 34.80 
K 39.75 39.75 31.25 25.50 S 77.00 77.00 59.00 53.00 
S 57.80 57.80 46.85 35.70 SO 102.50 102.50 82.00 74.00 
SO 78.00 78.00 64.50 51.00 4204J 68.00 68.00 59.95 51.00 

3551J 31,80 31.80 25.25 21.45 K 88.75 88.75 79.55 64.50 
S 56.15 56.15 46.25 35.70 S 101.00 101.00 94.00 82.00 
SO 70.00 70.00 60.00 49.00 SO 134.00 134.00 129.00 116.00 

3553AM 36.00 36.00 28.90 22.45 4205J 31.95 31.95 26.00 19.95 
AMO 57.00 57.00 50.00 44.00 K 46.50 46.50 37.85 30.25 

3554AM 73.20 73.20 57.70 47.70 S 66.45 66.45 52.00 40.00 
AMO 90.00 90.00 74.00 65.00 SO 88.35 88.35 71.85 56.65 
BM 83.80 83.80 69.30 56.15 4206J 48.45 48.45 39.95 30.25 
BMO 105.00 105.00 90.00 77.00 K 68.80 68.80 56.65 42.25 
SM 97.60 97.60 78.80 66.30 4213AM 29.35 29.35 23.45 18.90 SMO 130.00 130.00 110.00 94.50 AM/S2 (1) 38.16 38.16 30.49 24.57 

3571AM 72.45 72.45 54.00 48.00 AM/S3 (1) 33.75 33.75 26.97 21.74 
AMO 98.00 98.00 79.00 69.00 AM/S4 (1) 32.29 32.29 25.80 20.32 

3572AM 83.00 83.00 64.00 54.50 AMQ 36.70 36.70 30.60 25.50 
AMQ 112.00 112.00 92.00 78.00 BM 42.50 42.50 33.40 28.30 

3573AM 36.00 36.00 26.50 25.00 
BM/S2 (1) 55.25 55.25 43.42 36.79 
BM/S3 (1) 48.88 ' 48.88 38.41 32.55 

AMO 49.00 49.00 39.00 35.00 BM/S4 (1) 46.75 46.75 36.74 30.42 
3580J 62.00 62.00 47.50 41.00 SM 55.00 55.00 46.90 37.75 

JQ 89.00 89.00 69.50 59.00 SM/S2 (1) 71.50 71.50 60.97 49.08 
3581J 93.45 93.45 69.85 61.00 SM/S3 (1) 63.25 63.25 53.94 43.41 

SM/S4 (1) 60.50 60.50 51.59 40.58 
3582J 101.50 101.50 87.40 71.00 UM 31.00 31.00 26.00 23.00 

JO 135.00 135.00 119.00 104.00 UM/883B 43.00 43.00 37.00 29.00 
3583AM 100.00 100.00 85.00 70.00 VM 45.00 45.00 39.00 29.00 

AMQ 140.00 140.00 118.00 103.00 VM/883B t 60.00 60.00 49.00 38.00 
JM 95.00 95.00 80.00 65.00 VM/MIL tt 60.00 60.00 49.00 38.00 

, 3584JM 94.50 94.50 72.50 65.50 
WM 60.00 60.00 49.00 38.00 
WM/883B 75.00 75.00 62.00 48.00 

JMO 129.50 129.50 109.00 98.00 
3606AG 105.00 105.00 95.00 87.00 

4214AP 25.25 25.25 21.25 16.80 
BP 37.45 37.45 31.20 27.00 

BG 137.00 137.00 126.50 113.85 RM 30.50 30.50 24.95 23.35 
3627AM 12.50 12.50 9.85 9.15 SM 49.40 49.40 42.00 36.75 

AMO 25.00 25.00 16.25 13.50 4302 52.55 52.55 39.70 32.15 
BM 16.75 16.75 12.60 11.25 
BMO 32.50 32.50 20.00 16.75 4340 90.75 90.75 71.40 64.20 

3630AM 44.00 44.00 34.00 28.00 4341 29.20 29.20 24.05 17.95 
BM 62.25 62.25 48.70 41.15 4423 24.20 24.20 19.50 16.65 
CM 95.00 95.00 72.25 64.50 

AD515JH 17.00 17.00 13.25 9.50 SM 95.00 95.00 72.25 64.50 
KH 22.75 22.75 18.25 13.85 

3650HG 56.25 56.25 42.80 33.75 LH 28.00 28.00 22.50 18.00 
JG 73.15 73.15 55.15 46.70 

ADC10HT 495.00 495.00 455.00 395.00 KG 88.90 88.90 75.35 65.00 
MG 50.40 50.40 36.60 32.00 ADC574AJH 45.00 45.00 36.00 30.00 

3652HG 73.15 73.15 57.35 46.70 AKH 59.00 59.00 47.20 39.50 

JG 88.90 88.90 69.70 64.00 ASH 124.00 124.00 99.00 83.00 
MG 57.25 57.25 47.25 42.80 ATH 177.00 177.00 141.50 118.50 

3656AG 86.35 86.35 69.00 57.85 ~!!4~!ii;i;i:;!ili;iii;~iii:;i' !:I:!iilii! jiiiii!:iii;'!iiiiii1~~i:liiil:i;:';;i!:$~iii;i!iiii~~+~~iii;i iii,~~~ 
BG 106.75 106.75 85.35 77.85 ADC600K 1995.00 1895.00 1795.00 1695.00 
HG 76.25 76.25 61.00 ,51.00 M~~i::iii tn:jiiii:n:j i i iiii:::~ 

""::"i""" iij~~i::'ii;iiijpi~;i:::.iii::~$~~l!iii~i@~~~ JG 81.30 81.30 65.00 54.50 !iil!!!!!!:!:!:;!!!; 

KG 99.95 99.95 79.95 66.95 ADC674AJH 58.50 58.50 46.75 39.25 
AKH 75.00 75.00 60.00 50.25 
ASH 158.00 158.00 126.00 106.00 
ATH 228.00 228.00 182.00 153.00 

(1) BS9400-G0082 
Prices subject to change without notice. Minimum order $75. 
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ADC71JG 87.00 87.00 82.00 63.00 DAC63BG 108.00 108.00 89.00 83.00 

KG 109.00 109.00 102.00 78.00 BM 126.00 126.00 107.00 97.00 

ADC72AM 207.00 207.00 194.00 149.00 CG 119.00 119.00 99.00 92.00 

BM 258.00 258.00 242.00 186.00 CM 139.00 139.00 119.00 107.00 

JM 173.00 173.00 162.00 125.00 SM 209.00 209.00 182.00 166.00 

KM 216.00 216.00 202.00 155.00 TM 229.00 229.00 203.00 184.00 

ADC731J 440.00 440.00 434.00 DAC70BH-COB-1 130.00 130.00 108.00 90.00 

K 465.00 465.00 458.00 BH-CSB-I 130.00 130.00 108.00 90.00 

ADC73J 420.00 420.00 414.00 DAC700BH 58.00 58.00 46.00 39.00 

K 465.00 465.00 457.00 BH/QM 67.00 67.00 53.00 45.00 
BL 87.00 87.00 69.00 59.00 

ADC76AM 255.00 255.00 214.00 184.00 BLlQM 99.00 99.00 79.00 68.00 
BM 300.00 300.00 252.00 216.00 KH 46.00 46.00 35.00 29.00 
JG 139.00 139.00 129.00 99.00 SH 84.00 84.00 67.00 56.00 
JM· 175.00 175.00 147.00 126.00 SH/QM 97.00 97.00 77.00 65.00 
KG 159.00 159.00 146.00 119.00 SL 147.00 147.00 117.00 99.00 
KM 220.00 220.00 185.00 158.00 SL/QM 169.00 169.00 134.00 114.00 

ADC803BM 239.00 239.00 199.00 162.00 DAC701BH 58.00 58.00 46.00 39.00 
BMQ 292.00 292.00 244.00 195.00 BH/QM 67.00 67.00 53.00 45.00 
CM 265.00 265.00 225.00 180.00 BL 87.00 87.00 69.00 59.00 
CMQ 335.00 335.00 279.00 223.00 BLlQM 99.00 99.00 79.00 68.00 
SM 364.00 364.00 304.00 243.00 KH 46.00 46.00 35.00 29.00 
SMQ 456.00 456.00 380.00 304.00 SH 84.00 84.00 67.00 56.00 

ADC804BH 55.00 55.00 45.00 39.00 SH/QM 97.00 97.00 77.00 65.00 
BHQ 86.00 86.00 69.00 55.00 SL 147.00 147.00 117.00 99.00 
SH 104.00 104.00 83.00 66.00 SLlQM 169.00 169.00 134.00 114.00 
SHQ 130.00 . 130.00 104.00 83.00 DAC702BH 58.00 58.00 46.00 39.00 

ADC80AG-l0 79.50 79.50 63.00 44.00 BH/QM 67.00 67.00 53.00 45.00 
AG-12 81.00 81.00 64.00 44.50 BL 87.00 87.00 69.00 59.00 
AGZ-12 83.00 83.00 66.00 46.00 BLlQM 99.00 99.00 79:00 68.00 
H-AH-12 81.00 81.00 64.00 44.50 JP 20.50 20.50 18.65 17.00 
H-AH-12Q 105.00 105.00 84.00 58.00 KH 46.00 46.00 35.00 29.00 

ADC82AG 65.00 65.00 52.00 44.00 KP 22.95 22.95 20.90 19.00 
SH 84.00 84.00 67·.00 56.00 AM 94.00 94.00 75.00 63.00 SH/QM 97.00 97.00 77.00 65.00 AMQ . 127.00 127.00 110.00 100.00 SL 147.00 147.00 117.00 99.00 

AOC84KG-l0 110.00 110.00 87.00 71.00 SLlQM 169.00 169.00 134.00 ·114.00 
KG-12 115.00 115.00 90.00 77.00 DAC703BH 58.00 58.00 46.00 39.00 

ADC85-10 151.00 151.00 137.00 99.00 BH/QM 67.00 67.00 53.00 45.00 
-12 171.00 171.00 138.00 105.00 BL 87.00 87.00 69.00 59.00 
C-12 132;00 132.00 106.00 86.00 BLlQM 99.00 99.00 79.00 68.00 
Q-l0 172.00 172.00 139.00 115.00 JP 20.50 20.50 18.65 17.00 
Q-12 206.00 206.00 165.00 138.00 KH 46.00 46.00 35.00 29.00 

ADC87 220.00 220.00 205.00 195.00 KP 22.95 22.95 20.90· 19.00 
1883B t 270.00 270.00 250.00 230.00 SH 84.00 84.00 67.00 56.00 
IMIL ~t 270.00 270.00 250.00 230.00 SH/QM 97.00 97.00 77.00 65.00 
U 172.00 172.00 160.00 150.00 SL 147:00 147.00 117.00 99.00 
U/883B t 206.00 206.00 206.00 190.00 Sl:/QM 169.00 169.00 134.00 114.00 
V 220.00 220.00 205.00 195.00 DAC705BH 73.00 73.00 69.00 54.00 
Vl883B t 270.00 270.00 250.00 230.00 BH/QM 84.00 84.00 79.00 62.00 
VlMIL tt 270:00 270.00 250.00 230.00 KH 63.00 63.00 51.00 44.00 

BOOK-Ol 33.50 SH 95.00 95.00 89.00 70.00 
Operational Amplifiers-Design and Applications SH/QM 109.00 109.00 103.00 81.00 

BOOK-D2 33.50 DAC706BH 73.00 73.00 69.00 54.00 
Applications of Operational Amplifiers- BH/QM 84.00 84.00 79.00 62.00 

Third Generation Techniques KH 63.00 63.00 51.00 44.00 
SH 95.00 95.00 89.00 70.00 

BOOK-03 29.50 SH/QM 109.00 109.00 103.00 . 81.00 
Function Circuits-Theory and Applications 

DAC707BH 73.00 73.00 69.00 54.00 
BOOK-04 29.50 BH/QM 84.00 84.00 79.00. 62.00 

Designing With Operational Amp/ifiers- KH 63.00 63;00 51.00 44.00 . 
Applications Alternatives KP 29.00 29.00 . 24.50 21.00 

DAC10HT 295.00 295.00 230.00 170.00 SH 95.00 95.00 89.00 70.00 

DAC1200KP-V 9.50 9.50 9.50 5.95 SH/QM 109.00 109.00 103.00 81.00 

DAC1201 KP-L-V 11.20 11.20 11.20 6.95 DAC708BH 73.00 73.00 69.00 54.00 
BH/QM 84.00 84.00 79.00 62.00 

DACl60OJP-V 14.35 14.35 14.35 8.95 KH 63.00 63.00 51.00 44.00 
KP-V 15.95 15.95 15.95 9.95 SH 95.00 95.00 89.00 70.00 

DAC60-10 147.00 147.00 141.00· SH/QM 109.00 109.00 103.00 81.00 
-12 157.00 157.00 151.00 

Prices subject to change without notice. Minimum order $75. 



BURR-BROWN CUSTOMER PRICE LIST Page 4 
Prices in U.S. dollars. F.O.B. Tucson, Arizona Quantity discounts available. Effective March 31, 1986 

M~"J.!!fll1!~!lliitil!l!iil!1iiifiiilliiri!I!II!!iifi!tilil!iIWi~~~ijlililllil~Q~l1i!![ililtl!*~~$.~llrii~BH* ~_!iiliii!lili!ii!i!i!ii!!iiiilllil!li!i!lii!iii!I:lli!HIli!!:I~~~liliillilli~e~llil!lilj!li2~~iiil!m~~4$ 
DAC709BH 73.00 73.00 69.00 54.00 DAC850-CBI-1 33.00 33.00 26.00 22.00 

BH/QM 84.00 84.00 79.00 62.00 -CBH/QM 41.00 41.00 32.50 27.50 
KH 63.00 63.00 51.00 44.00 -CBI-V 35.00 35.00 28.00 23.50 
KP 29.00 29.00 24.50 21.00 -CBI-V/QM 44.00 44.00 35.00 29.50 
SH 95.00 95.00 89.00 70.00 BL-I 43.00 43.00 34.00 29.00 
SH/QM 109.00 109.00 103.00 81.00 BL-JlQM 54.00 54.00 43.00 36.50 

DAC710KH 43.00 43.00 34.00 29.00 BL-V 46.00 46.00 36.00 30.50 
BL-V/QM 58.00 58.00 45.00 38.50 

DAC71-CCD-1 55.00 55.00 48.00 42.00 DAC851-CBI-I 49.00 49.00 39.00 33.00 -CCD-V 58.00 58.00 52.00 48.00 
-COB-I 50.00 50.00 42.00 37.00 -CBH/QM 56.50 56.50 45.00 3B.00 

-COB-V 53.00 53.00 45.00 39.00· -CBI-V 53.00 53.00 42.50 35.50 

-CSB-I 50.00 50.00 42.00 37.00 -CBI-V/QM 61.00 61.00 49.00 41.00 

-CSB-V 53.00 53.00 45.00 39.00 SL-I 64.00 64.00 51.00 43.00 
SL-JlOM 74.00 74.00 59.00 49.50 

DAC711KH 43.00 43.00 34.00 29.00 SL-V 69.00 69.00 56.00 46.00 
DAC72BH-COB-1 75.00 75.00 63.00 51.00 SL-V/QM 79.00 79.00 64.00 53.00 

BH-COB-V 78.00 78.00 66.00 53.00 DAC87-CBI-I 115.00 115.00 105.00 95.00 
BH-CSB-I 75.00 75.00 63.00 51.00 -CBI-JIB 125.00 125.00 115.00 105.00 
BH-CSB-V 78.00 78.00 66.00 53.00 -CBI-V 120.00 120.00 110.00 100.00 

DAC73J 355.00 355.00 349.00 -CBI-v/B t 130.00 130.00 120.00 110.00 
K 392.00 392.00 386.00 -CBI-v/MIL j: t 130.00 130.00 120.00 110.00 

DAC736J 357.00 357.00 350.00 
8300201XC 170.00 170.00 163.00 155.00 

H-CBI-V 79.00 79.00 63.00 55.00 
K 398.00 398.00 392.00 H-CBI-V/QM 96.00 96.00 77.00 67.00 

DAC7700KD 24.00 17.50 L-V 79.00 79.00 63.00 55.00 
DAC7701KD 24.00 17.50 L-V/QM 96.00 96.00 77.00 67.00 

U-CBH 90.00 80.00 80.00 70.00 
DAC80-CBH 23.00 23.00 18.25 15.25 U-CBI-JIB 100:00 100.00 90.00 80.00 

-CBI-V 24.00 24.00 19.00 16.00 U-CBI-V 95.00 95.00 85.00 75.00 
-CCD-I 42.00 42.00 37.50 25.00 U-CBI-v/B t 105.00 105.00 95.00 85.00 
-CCD-V 42.50 42.50 38.00 26.00 

DAC870U 45.00 45.00 40.00 35.00 P-CBI-I 20.00 20.00 16.00 13.25 
P-CBI-V 21.00 21.00 16.75 14.00 U/883B 65.00. 65.00 60.00 55.00 
Z-CBI-I 23.00 23.00 lB.25 15.25 UL 50.00 50.00 45.00 40.00 
Z-CBI-V 24.00 24.00 19.00 16.00 UUBB3B 70.00 70.00 65.00 60.00 

DAC800-CBH 19.00 
V BO.OO 80.00 75.00 67.00 

23.00 23.00 15.00 VlBB3B t 100.00 100.00 95.00 80.00 
-CBI-V 27.50 27.50 23.00 18.00 V/MIL j:t 100.00 100.00 95.00 80.00 
P-CBI-I 20.25 20.25 16.20 13.65 VL 85.00 85.00 BO.OO 72.00 
P-CBI-V 25.00 25.00 21.00 16.00 VU8B3B t 105.00 105.00 100.00 90.00 

DACB11AH 22.50 22.50 17.90 14.90 VL/MIL j:t 105.00 105.00 100.00 90.00 
AH/QM 2B.25 28.25 22.50 18.75 DAC90BG 19.50 19.50 15.50 13.00 
AL 29.25 29.25 23.25 19.40 SG 27.00 27.00 22.00 18.00 
AL/OM 36.75 36.75 29.25 24.25 

DIV100HP 30.25 30.25 24.15 lB.15 BH 28.50 28.50 22.50 18.90 
BH/QM 35.75 35.75 28.25 23.75 JP 42.25 42.25 36.25 27.75 
BL 37.00 37.00 29.25 24.60 KP 60.35 60.35 51.95 39.85 
BL/OM 46.50 46.50 37.00 31.00 DTP-05 195.00 195.00 
JD 15.25 9.60 E 195.00 195.00 
JP 18.60 18.60 14.90 11.90 INA101AD B.90 4.95 KP 24.75 24.75 19.80 15.B5 AG 17.95 17.95 13.50 11.00 RH 79.00 79.00 63.00 53.00 AM 14.00 14.00 10.50 7.25 
RH/QM 91.00 91.00 73.00 61.00 AM/S2 10.00 10.00 10.B5 9.45 
RL 103.00 103.00 82.00 69.00 AM/S3 16.10 16.10 12.08 B.34 
RL/OM 119.00 119.00 95.00 80.00 .. AM/S4 15.40 15.40 11.55 7.79 
SH 130.00 130.00 106.00 86.00 BM/S2 22.10 22.10 16.56 11.44 SH/QM 150.00 150.00 122.00 99.00 BM/S3 19.55 19.55 14.65 10.12 
SL 169.00 169.00 138.00 112.00 BM/S4 18.70 18.70 14.01, 9.46 
SL/QM 195.00 195.00 159.00 129.00 CG 23.00 23.00 17.25 16.35 

DAC812BM 119.00 105.00 95.00 86.00 CM 18.40 18.40 13.80 12.85 
CM 159:00 141.00 127.00 115.00 CM/S2 23.92 23.92 17.94 16.71 

DACB2KG 34.00 34.00 27.00 23.00 CM/S3 21.16 21.16 15.87 14.78 
CM/S4 20.24 20.24 15.18 13.81 

DAC85H-CBI-I 34.50 34.50 27.50 24.00 HP 6.95 6.95 5.45 4.95 
H-CBJlQM 42.00 42.00 33.50 29.50 SG 24.75 24.75 18.50 17.65 
H-CBI-V 36.00 36.00 29.00 25.00 SGQ 35.00 35.00 27.00 25.00 
H-CBI-V/QM 44.00 44.00 35.50 30.50 SM 19.50 19.50 14.65 13.95 
L-V 36.00 36.00 29.00 25.00 SM/S2 25.35 25.35 19.05 18.14 
L-V/QM 44.00 44.00 35.50 30.50 SM/S3 22.43 22.43 16.85 16.04 

SM/S4 21.45 21.45 16.12 15.00 
SMO 28.00 28.00 21.00 20.00 

Prices subject to change without notice. Minimum order $75. 
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INA102AD 9.35 5.20 MPY534JD 27.95 27.95 23.45 16.75 

AG 13.95 13.95 11.15 7.95 JH 21.50 21.50 17.95 12.85 
CG 18.40 18.40 15.85 11.35 KD 39.95 39.95 33.85 24.65 

INA104AM 24.25 24.25 19.25 17.95 KH 32.85 32.85 27.35 19.85 

BM 29.00 29.00 23.25 21.65 LD 59.70 59.70 49.35 36.85 

CM 37.45 37.45 29.85 27.85 LH 48.50 48.50 39.95 29.50 

HP 18.75 18.75 14.95 13.95 SD 75.85 75.85 62.95 47.00 

JP 22.50 22.50 17.95 16.75 SH 64.75 64.75 53.35 39.85 

KP 29.00 29.00 23.25 21.65 TD 107.40 107.40 89.50 64.00 

SM 40.00 40.00 31.75 29.65 TH 91.80 91.80 76.50 54:50 

INA105AM 9.50 9.50 7.15 5.75 MPY634AM 16.65 16.65 13.85 9.95 

BM 11.85 11.85 8.95 7.20 BM 24.75 24.75 20.55 15.25 

KP 5.75 5.75 4.35 3.50 KP 12.85 12.85 10.65 7.95 
SM 59.65 59.65 49.85 37.85 

INA110AG 16.85 16.85 12.65 8.85 
OPA101AM 35.00 35.00 29.85 23.25 BG 23.60 23.60 17.75 12.35 

BM 43.50 43.50 37.50 32.75 
INA258UG 34.00 34.00 34.00 25.00 

OPA102AM 37.00 37.00 31.75 24.25 UG/883B 38.00 38.00 38.00 28.00 
UL 37.00 37.00 37.00 27.00 BM 45.00 45.00 38.65 33.50 

UL/883B .t 41.00 41.00 41.00 31.00 OPA103AM 10.50 10.50 8.60 6.80 
VG 45.00 45.00 41.00 38.00 BM 14.20 14.20 11.45 8.95 
VG/883B t 60.00 60.00 55.00 53.00 CM 18.60 18.60 14.85 11.55 
VG/MIL tt 60.00 60.00 55.00 53.00 DM 29.85 29.85 23.85 18.50 
VL 49.00 49.00 45.00 42.00 OPA104AM 17.50 17.50 13.95 10.25 
VL/883B t 68.00 68.00 61.00 58.00 BM 23.65 23.65 18.95 14.50 
VL/MIL .tt 68.00 68.00 61.00 58.00 CM 29.50 29.50 23.50 19.00 
WG 58.00 58.00 52.00 49.00 
WG/883B t 78.00 78.00 70.00 66.00 OPA105UM 25.00 25.00 23.50 22.00 
WG/MIL H 78.00 78.00 70.00 66.00 UM/883B 30.00 30.00 28.00 25.00 
WL 64.00 64.00 57.00 53.00 VM 35.00 35.00 32.00 30.00 
WL/883B t 86.00 86.00 77.00 72.00 VM/883B t 48.00 48.00 44.00 40.00 
WL/MIL H 86.00 86.00 77.00 72.00 YM/MIL n 48.00 48.00 44.00 40.00 

IS0100AP 32.50 32.50 28.75 25.50 
WM 47.00 47.00 42.00 40.00 
WM/883B t 66.00 66.00 59.00 52.00 

BP 35.40 35.40 31.60 28.65 WM/MIL 'n 66.00 66.00 59.00 52.00 
CP 39.50 39.50 36.30 33.60 

LOG100JP 43.00 43.00 35.00 30.00 
OPA106UM 28.00 28.00 25.00 22.00 

UM/!!83B 34.00 34.00 32.00 28.00 
MP22BG 324.00 285.00 259.00 217.00 YM 38.00 38.00 35.00 32.00 

MP32BG 324.00 280.00 259.00 217.00 YM/883B t 53.00 53.00 49.00 44.00 

CG 405.00 405.00 324.00 272.00 YM/MIL H 53.00 53.00 49.00 44.00 
WM 50.00 50.00 45.00 42.00 

MPC16S 23.21 23.21 20.06 17.00 WM/883B t 70.00 70.00 63.00 57.00 
MPC4D 12.97 12.97 11.21. 9.50 WM/MIL H 70.00 70.00 63.00 57.00 

MPC800KG 27.86 27.86 23.06 19.22 OPAllHT 49.00 49.00 46.55 39.20 
SG 55.67 55.67 46.07 38.39 OPA111AD 6.75 3.85 

MPC801KG 14.50 14.50 12.00 10.00 AM 9.75 9.75 7.95 5.45 
SG 30.00 30.00 24.83 20.69 . AM/S2 12.68 12.68 10.34 7.09 

MPC8D 23.21 23.21 20.06 17.00 
AM/S3 11.21 11.21 9.14 6.27 
AM/S4 10.73 10.73 8.75 5.86 

S 12.97 12.97 11.21 9.50 BM 15.35 15.35 12.25 9.95 
MPY100AG 13.85 13.85 12.45 10.95 BM/S2 19.96 19.96 15.93 12.94 

AM 10.50 10.50 9.45 7.50 BM/S3 17.65 17.65 14.09 11.44 
AM/S2 (2) 13.65 13.65 12.29 9.75 BM/S4 16.89 16.89 13.48 10.70 
AM/S3 (2) 12.08 12.08 10.87 8.63 HT 52.75 52.75 45.25 37.00 
AM/S4 (2) 11.55 11.55 10.40 8.06 SM 16.85 16.85 13.95 11.95 
BG 22.45 22.45 20.45 16.40 SM/S2 21.91 21.91 18.14 15.54 
BM 17.00 17.00 15.45 11.65 SM/S3 19.38 19.38 16.04 13.74 
BM/S2 (2) 22.10 22.10 20.09 15.15 SM/S4 18.54 18.54 15.35 12.85 
BM/S3 (2) 19.55 19.55 17.77 13.40 SMQ 22.75 22.75 19.50 15.95 
BM/S4 (2) 18.70 18.70 17.00 12.52 OPA121KM 6.85 6.85 4.50 3.40 
CG 33.70 33.70 31.00 26.25 KM/S2 8.91 8.91 5.85 5.85 
CM 25.50 25.50 23.45 19.95 KM/S3 7.88 7.88 5.18 5.18 
CM/S2 (2) 33.15 33.15 30.49 25.94 KM/S4 7.54 7.54 4.95 4.84 
CM/S3 ·(2) 29.33 29.33 26.97 22.94 KP 5.65 5.65 3.65 2.75 
CM/S4 (2) 28.05 28.05 25.80 21.45 

.SG 50.55 50.55 46.50 32.00 OPA128JM 17.50 17.50 13.95 10.25 
SGQ 69.00 69.00 62.50 46.50 KM 25.00 .25.00 20.00 15.50 
SM 38.25 38.25 35.20 27.25 LM 31.50 31.50 25.00 20.00 
SM/S2 (2) 49.73 49.73 45.76 35.43 SM 54.25 54.25 44.95 38.50 
SM/S3 (2) 43.99 43.99 40.48 31.34 OPA156AM 11.25 11.25 8.95 6.75 
SM/S4 (2) 42.08 42.08 38.72 29.29 
SMQ 52.00 52.00 47.50 41.00 

(2) BS9400-G0083 
Prices subject to change without notice. Minimum order $75. 



Prices in U.S. dollars. 

OPA201AG 
BG 
CG 
SG 

OPA2111AD 
AM 
BM 
SM 

OPA21EZ 
GZ 

OPA27AJ 
AJ/S2 (3). 
AJ/S3(3) 
AJ/S4 (3) 
AJa 
AZ' 
AZa 
BJ 
BJ/S2 (3) 
BJ/S3 (3) 
BJ/S4 (3) 
BJa 
BZ 
BZa 
CO 
CJ 
CJ/S2 (3) 
CJ/S3 (3) 
CJ/S4' (3) 
CJa 
CZ 
cza 
EJ 
EJ/S2 (3) 
EJ/S3 (3) 
EJ/S4 (3): 
EZ 
FJ 
FJ/S2 (3) 
FJ/S3 (3) 
FJ/S4 (3) 
FZ 
GO 
GJ 
GJ/S2 (3) 
GJ/S3 (3) 
GJ/S4 '(3) 
GP 
GZ 
HT 

OPA356AM 
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14.50 
25.95 
26.50 

8.95 
4.45 

19.95 
25.94 
22.94 
21.95 
32.85 
19.95 
32.85 
12.85 
16.71 
14.78 
14.14 
21.20 
12.85 
21.20 

9.95 
12.94 
11.44 
10.95 
16.45 
9.95 

16.45 
11.00 
14.30 
12.65 ' 
12.10 
11.60' 
8.55 

11.12 
9.83 
9.41 
8.55 

6.00 
7.80 
6.90 
6.60, 
5.25 
6.00 

59.90 
7.25. 

14.50 
25.95 
26.50 
8.95 
4.45 

19.95 
25.94 
22.94 
21.95 
32.85 
19.95 
32.85 
12.85 
16.71 
14.78 
14.14 
21.20 
12.85 
21.20 

9.95 
12.94 
11.44 
10.95 
16.45 
9.95 

16.45 
11.00 
14.30 
12.65 
12.10 
11.00 
8.55 

11.12 
9.83 
9.41 
8.55 

6.00 
7.80 
6.90 
6.60 
5.25 
6.00 

59.90 
7.25 

9.95 
11.50 
20.85 
21.20 

7.15 
3.60 

15.65 
20.35 
18.00' 
16.82 
25.00 
15.65 
25.00 
9.65 

12.55 
11.10 
10.37 
15.45 
9.65 '. 

15.45 
6.30 
7.50 
9.75 
8.63 
8.06, 

12.00, 
7.50, 

12.00, 
.8.35, 

10.86 
9.60 
8.98 

"8.35 ' 
5.95 
7.74 

. 6.84 
6.40 
5.95 
4.20 
4.95 
6.44 

. 5.69 
5.32 
3.95 
4.95 

51.35 
5.95 

6.95 
9.95 

16.50 
16.75 
5.95 
2.95 

12.50 
16.25 
14.38 
13.44 
18.75 
12.50 
18:75 
7.65 
,9.95 
8.80 
8.22 

11.85 
7.65 

11.85 
4.20 
5.95 
7.74 
'6.84 
6.40 
9.25 
5.95 ' 
9.25 
6.65 
8.65 
7.65 
7.15 
6.65 
4.95 
6.44 
5.69 
5.32 
4.95 
2.80 
4.00 
5.20 
4.60 
4.30 
2.95 
4.00 

42.00 
4.50 

auantity discounts available.,' Effective March 31, 1986 

.ii!!I!!!li!!!li!!!ll!!!!i!!l!I!!lllli:llll!llllll!I!1illiill!!~tiiijliii!iiiiiii.ill!!!iiliiillillili.i 
OPA37AJ 19.95 19.95 15.6512.50 

AJ/S2 (4) 25.94 25.94 20.35 16.25 
AJ/S3 (4) 22.94 22.94 18.00 14.38 
AJ/S4(4) '21.95 21.95 16.82 13.44 
AJa 32.85 32.85 25.00 18.75 
AZ 19.95 19.95 15.65 12.50 
AZa .32.85, 32.85 25.00 18.75 
BJ . 12.85 12.85 9.65 7.65 
BJ/S2 (4) 16.71 16.71 12.55' 9.95 
BJ/S3 (4) 14.78 14.78 11.10 8.80 
BJ/S4 (4) .14.14 14.14 10.37 8.22 
BJa 21.20 21.20 15.45,' 11.85 
BZ. 12.85 12.85 9.65 7.65 
BZa 21.20 21.20 15.45 11.85 
CD 6.304.20 
CJ 9.95 ' 9.95 7.50 5.95 
CJ/S2 (4) 12.94 12.94 9.75 7;74 
CJ/S3 (4) 11.44 11.44 8.63 6.84 
CJ/S4 (4) 10.95 10.95 8.06 6.40 
CJa 16:45 16.45 12.00 9.25 
CZ 9.95 9.95 7.50 5.95 
cza 16.45 16.45 12.00 9.25 
EJ 11.00 11.00 8.35, 6.65 
EJ/S2 (4) 14.30 14.30 10.86 8.65 
EJ/S3 (4) 12.65' 12.65 9.60 7.65 
EJ/S4 (4) 12.10 12.10 8.98 7.15 
EZ 11.00' 11.00 B.35 6.65 
FJ 8.55 ' 8.55 5.95 4.95 
FJ/S2 (4) 11.12' 11.12 . 7.74 6.44 
FJ/S3 (4) 9.83 9.83 6.84 5.69 
FJ/S4 (4) 9.41 9.41 6.40 5.32 
FZ . 8.55 8.55 5.95 4.95 
GO 4.202.80 
GJ t>.OO 6.00 4.95 4,00 
GJ/S2 (4) 7.80 7.80 6.44. 5.20 
GJ/S3 (4) 6.90 6.90 5.69 .' 4.60 
GJ/S4 (4) 6.60.' 6.60 5;32 4.30 
GP . 5.25 5.25 3.95 2.95 
GZ 6.00 6.00 4.95 4.00 
HT 59.90 59.90 51 :35 42.00 

OPA404AG 
BG 
SG 
KP 

OPA501AM 
BM 
RM 
SM 
SMa 

OPA511AM 
.OPA512BM .. 

SM 
bPA600BM 

CM 
SM 
TM 
UM 
UM/883 
VM 
VM/883B 
VM/MIL 

OPA605AM 
eM 
HG 
KG 

OPA606KM 
KP 
LM 
SM 

(3) BS9460-F0648 
(4) BS9400-F0649 

'f 

t 
n 

14.95 
19.75 
29.25 
11.85· 
53.40 
63.00 
68.50 
82.00 

112.00 
45.00" 
63.50 
76.50 
97.00 

119.00 
122.00 
149.00 
143.00 
165.00 . 
175.00 
195.00 
195.00 
64.00 
89.00 
51.50 
76.65 

5.70 
3.75 

13.85 
14.25 

14.95 
19.75 

'29.25 
.11.85 
53.40 
63.00 
68.50 
82.00 

112.00 
45.00 
63.50 
76.50 
97.00 

119.00 
122.00 
149.00 
143.00 
165.00 
175.00 
195.00 
195.00 
64.00 
89.00. 
51.50 
76.65 

5.70 
3.75 

13.85 
14.25 

12.50 
15.75 
23.25 
9.25 

40.00 
47.85 
49.25 
59.85 
87.00 
38.50 
53.95 
66.50 
81.00 ' 

101.00 
101.00 
135.00 
115.00 
145.00 
153.00 
176.00 
176.00 
54.50 
74.50 
45.00 
67.00 

4.35 
2.85 
9.95 

10.25 

8.95 
12.85 
19.95 
6.95 

32.50 
37.85 
42.50 
49.95 
72.00 
34.50 
48.50 
61.50 
74.00 
97.00 
97.00 

129.00 
102.00 
118.00 
143.00 
163.00 
163.00 
48.00 
66.75 
40.50 
57.50 
3.50 
2.30 
8.25 
8.50 

Prices subject to change without notice. Minimum order $75. 
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OPA8780UM 102.00 102.00 81.00 72.00 SHC5320KH 
UM/883B t 135.00 135.00 106.00 95.00 SH 
VM 125.00 125.00 99.00 88.00 SHC600BH 299.00 295.00 276.00 254.00 
VM/883B t 215.00 215.00 176.00 152.00 
VM/MIL tt 215.00 215.00 176.00 152.00 SHC76BM 85.00 85.00 68.00 57.00 

OPA8785UM 73.00 73.00 69.00 66.00 
KM 77.00 77.00 62.00 52.00 

UM/883B 86.00 86.00 82.00 77.25 SHC803BM 162.00 143.00 129.00 117.00 
VM 97.00 97.00 86.00 71.50 CM 184.00 163.00 146.00 133.00 
VM/883B 110.00 110.00 99.00 88.00 SHC804BM 145.00 129.00 115.00 105.00 

PCM53JG-1 37.00 37.00 32.50 23.00 CM 159.00 141.00 126.00 115.00 
JG-V 37.00 37.00 32.50 23.00 SHC80KP 51.00 51.00 41.00 34.00 
JP-I 19.50 19.50 19.50 12.15 SHC85 85.00 85.00 68.00 57.00 JP-V 19.50 19.50 19.50 12.15 
KP-I 21.25 21.25 21.25 13.25 ET 129.00 129.00 110.00 106.00 

KP-V 21.25 21.25 21.25 13.25 ETQ 179.00 179.00 162.00 155.00 
Q 137.00 137.00 110.00 92.00 

PCM54HP 17.50 17.50 17.50 10.90 SHM60 140.00 140.00 135.00 JP 19.50 19.50 19.50 12.15 
KP 21.25 21.25 21.25 13.25 UAFll 53.60 53.60 40.70 26.40 

PCM55HP 17.50 17.50 17.50 10.90 UAF21 85.50 85.50 78.65 53.35 
JP 19.50 19.50 19.50 12.15 UAF41 20.85 20.85 14.10 11.50 

PCM75JG 122.00 122.00 114.00 87.00 VFC100AG 13.25 13.25 9.95 7.95 
KG 139.00 139.00 129.00 99.00 BG 21.50 21.50 18.35 15.60 

PGA100AG 65.00 65.00 55.00 49.50 SG 18.95 18.95 15.95 13.65 
BG 72.00 72.00 62.00 54.00 VFC320BG 15.95 15.95 11.75 8.95 

PGA102AG 10.95 10.95 9.00 7.65 BM 15.60 15.60 11.40 8.75 
BG 19.95 19.95 16.25 13.75 BM/S2 (5) 20.28 20.28 14.82 11.38 
KP 5.95 5.95 4.75 3.95 BM/S3 (5) 17.94 17.94 13.11 10.06 
SG 24.45 24.45 19.95 16.75 BM/S4 (5) 17.16 17.16 12.54 9.41 

PGA200AG 51.50 51.50 39.95 34.75 CG 18.50 18.50 13.65 11.50 

BG 57.85 57.85 46.75 41.00 CM 16.60 16.60 12.45 10.45 
CM/S2 (5) 21.58 21.58 16.19 13.59 

PGA201AG 51.50 51.50 39.95 34.75 CM/S3 (5) 19.09 19.09 14.32 12.02 
BG 57.85 57.85 46.75 41.00 CM/S4 (5) 18.26 18.26 13.70 11.23 

PSX-24 35.00 35.00 35.00 SM 20.65 20.65 15.60 13.40 

PWA70 § 43.00 40.00 37.00 30.10 
SM/S2 (5) 26.85 26.85 20.28 17.42 
SM/53 (5) 23.75 23.75 17.94 15.41 

71 § 61.00 57.00 52.00 42.70 SM/S4 (5) 22.72 22.72 17.16 14.41 
72 § 49.00 46.00 42.00 34.30 
74 § 48.00 45.00 41.00 33.60 VFC32BD 8.45 5.55 
76 § 67.00 62.00 57.00 46.90 BM 11.95 11.95 9.95 7.95 

PWAlxx Series § 33.00 31.00 29.00 23.00 
BM/S2 (6) 15.54 15.54 12.94 10.34 
BM/S3 (6) 13.74 13.74 11.44 9.14 

2xx Series § 38.00 36.00 33.00 27.00 BM/S4 (6) 13.15 13.15 10.95 8.55 
. 3xx Series § 43.00 40.00 37.00 30.00 BMQ 16.85 16.85 13.95 11.95 

4xx Series § 49.00 46.00 42.00 34.00 KP 8.95 8.95 7.45 5.95 
5xx Series § 59.00 55.00 51.00 41.00 SM 17.25 17.25 14.40 11.50 
6xx Series § 54.00 50.00 46.00 38.00 SM/S2 (6) 22.43 22.43 18.72 14.95 
7xx Series § 81.00 75.00 69.00 57.00 SM/S3 (6) 19.84 19.84 16.56 13.23 
8xx Series § 92.00 86.00 79.00 65.00 SM/S4 (6) 18.98 18.98 15.84 12.36 

AEF101JM 30.90 30.90 27.80 22.50 SMQ 23.30 23.30 19.45 15.55 
KM 38.50 38.50 35.00 28.80 UM 15.00 15.00 11.00 7.50 
AM ·33.75 33.75 30.70 25.20 UM/8B3B t 20.00 20.00 16.00 12.50 
AMQ 47.50 47.50 43.00 35.00 VM 26.00 26.00 21.00 18.00 
SM 42.35 42.35 3B.95 32.40 VM/BB3B t 50.00 50.00 41.00 33.00 
SMQ 59.00 59.00 54.00 46.00 VM/MIL tt 50.00 50.00 41.00 33.00 

AEF10JM 17.40 17.40 15.65 13.35 WM 40.00 40.00 35.00 30.00 

KM 21.85 21.B5 19.65 16.75 WM/BB3B t 45.00 45.00 40.00 35.00 
AM 19.95 19.95 17.95 15.35 VFC42BM 29.65 29.65 25.15 21.95 
AMQ 2B.00 28.00 25.00 21.B5 BP 21.35 21.35 17.35 15.70 
SM 29.40 29.40 26.35 22.50 SM 36.00 36.00 30.00 24.65 
SM9t 41.00 41.00 36.50 31.B5 VFC52BM 29.65 29.65 25.00 21.95 

AF-500-10B 8.00 8.00 7.50 7.00 BP 21.35 21.35 17.35 15.70 
SDMB53 329.00 329.00 323.00 SM 36.00 36.00 30.00 24.65 

SDMB54AG 210.00 210.00 16B.00 141.00 
BG 233.00 233.00 187.00 156.00 

SDM856JG lBl.00 lBl.00 145.00 121.00 
KG 219.00 219.00 175.00 147.00 

SDM857JG 194.00 194.00 155.00 130.00 
§ /B, Levell Screening, add 25% to pricing indicated above; 
. /S, Level II Screening, add 45% to pricing indicated above. 

KG 232.00 232.00 1B6.00 155.00 (5) BS9400-G0101 
SHC298AM 6.95 6.95 5.50 4.50 (6) BS9400-G0100 

Prices subject to change without notice. Minimum order $75. 
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VFC62BG 15.95 15.95 11.75. 8.95 
BM 15.60 15.60 11.40 8.75 
BM/52 (7) 23.26 23.26 16.99 13.04 
BM/53 (7) 20.57 20.57 15.00 11.53 

. BM/54 (7) 19.68 19.68 14.38 10.78 
CG 18.50 18.50 13.65 11.50 
CM 16.60 16.60 12.45 10.40 
CM/52 (7) 24.75 24.75 18.56 15.50 
CM/53 (7) 21.90 21.90 16.42 13.71 
CM/54 (7) 20.95 20.95 15.71. 12.81 
SM 20.65 .20.65 15.60 13.40 
5M/52 (7) 30.78 30.78 23.37 19.98 
5M/53 (7) 27.23 27.23 20.57 17.68 
5M/54 . (7) 26.05 26.05 19.68 16.52 

XTR100AM 38.00 38.00 35.65 28.95 
AP 30.00 30.00 27.80 23.85 
BM 46.00 46.00 43.35 35.95 
BP 36.00 36.00 33.95 29.25 

XTR101AG 11.75 11.75 9.75 8.25 
BG 17.35 17.35 14.45. 12.25 

XTR110AD 7.45 4.95 
AG 10.85 10.85 8.75 7.45 
BG 16.25 16.25 13.10 11.10 
KP 7.45 7.45 5.95 4.95 

(7) B5940D-G0104 * As of March 1, 1985, Military Products will no longer offer the 
/MIL for new customers/applications. Instead the /883B is to 
be utilized. MIL-5TD-883C now mandates the same proces
sing for /683 products as what we offered with the /MIL. All 
inquiries for IMIL are to be referred to Military Products 
Marketing. The /MIL will continue to be offered for applica
tions where the /MIL is already specified on customer 
drawings. 

t Qualification reports $100 each. 
Prices subject to change without notice. Minimum order $75. 

"19B6.Burr-Brown Corp. MKT-153 . Printed in U.S.A. May, 1986 

Quantity discounts available. 
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