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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 
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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 

+20 __ 
S ~E 
3+10 
~ 

~ 

o Il+J2:5['C~!+170'CiIIIT!'!=I+!25~'C~toITl'j=~+!70'~CI~ 
~ .0 Fluid Bath 
J!! 
g 
~ -10 

6 T~ 
-20 

-1 .0 +1' +2 +3 +4 
Time From Thermal Shock (min) 

BIAS AND OFFSET CURRENT VS' TEMPERATURE 

A.E 

Blaa 

Ollset 

+5 

2.0 
» 
cr 

15 :g 
C 
Ii 
o 

10~ 
o 
c 
a 
" 5;:: 
" ~ 

.0 75 ~5.o o 
-25 .0 +25 +5.0 +75 +1.0.0 +125 

,50 

4 0 

0 

0 

0 

0 

-1 0 

-2 0 1.0 

14.0 

iii 12.0 
~ 
i5 1.0.0 
g 
'a;' 80 
II: 

'" Q. 6.0 Q. 

" (J) 

1;;, 4.0 
~ 
0 
Q. 20 

0 

Ambient, Temperature (OC) 

• OPA37 CLOSED-LOOP VOLTAGE GAIN AND 
PHASE SHIFT VB FREQUENCY (G = 100) 

-5 
Gain 

• 

1.0.0 lk l.ok lOOk 1M lDM 100M 
Frequency (Hz) 

POWER SUPPLY REJECTION VB FREQUENCY 

OPA21A.E' 

I 

-L 
-Vr:c 

+Vce 

la, 1.0.0 lk lak lOOk 1M laM 

Frequency (Hz) 

45 " :r 

90 ~ 
en :r 135 ;;; 
-;:\ 

18.0-
225 



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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Cl 
II> 60 Cl 

!'! 
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II> 
Cl 
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'0 
> 
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10 100 1k 10k lOOk 1M 10M 100M 10 100 1k 10k 

Frequency (Hz) Frequency (Hz) 

1-31 



COMMON-MODE REJECTION va FREQUENCY 
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~ 
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Frequency (Hz) 

SUPPLY CURRENT vs TEMPERATURE 
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CMR AND PSR vs TEMPERATURE 
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5VCMR 
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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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BIAS AND OFFSET CURRENT va TEMPERATURE 
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,-
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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 
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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 . 
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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 
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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 

1-42 



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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BURR-BROWN® 

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 

PDS-444D 
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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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