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PRODUCT 
DATABOOK 
1989 

Thank you for your interest in Brooktree 
products. 

Our commitment is to provide a steady stream 
of innovative products that offer the highest 
quality. lowest cost/performance solutions and 
back them with comprehensive support 
services. These include timely and accurate 
technical information and responsive, 
experienced applications assistance. 

At Brooktree, listening to customer's 
requirements is what we do ftrst. Solving 
customer problems is what we do best. 



Brooktree reserves the right to make changes to its products or specifications to improve performance, reliability, 
or manufacturability. Information furnished by Brooktree Corporation is believed to be accurate and reliable. 
However, no responsibility is assumed by Brooktree Corporation for its use; nor for any infringement of patents 
or other rights of third parties which may result from its use. No license is granted by its implication or otherwise 
under any patent or patent rights of Brooktree Corporation. 

Copyright © 1989 Brooktree Corporation (all rights reserved) 

VIDEODAC and RAMDAC are trademarks of Brooktree Corporation. Brooktree is a registered trademark of 
Brooktree Corporation. Personal System/2 and PS/2 are registered trademarks of ffiM. Macintosh is a licensed 
trademark of Apple Computer, Inc. 

This databook was published using ReadySetGo!, Cricket Draw, and Cricket Graph on a Macintosh II computer and 
LaserWriter II NTX. ReadySetGo! is a trademark of Manhattan Graphics, Inc.. LaserWriter is a trademark of Apple 
Computer, Inc. Cricket Draw and Cricket Graph are trademarks of Cricket Software, Inc. 
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Company Facts 

Brooktree began operations in 1983 following the 
development of an advanced architecture for data 
conversion. The architecture, invented by company 
co-founder and chief scientist Henry Katzenstein, 
permits the combination of high-performance analog 
and digital circuitry on a single monolithic integrated 
circuit which can be manufactured using standard 
bipolar or CMOS processes. 

Brooktree Corporation is a privately held company 
located in San Diego, California. A 72,000 sq. ft. 
facility houses all design, test, and quality assurance 
activities as well as marketing, sales, and 
administration. Brooktree has established a 
worldwide network of distributors and factory 
representatives, with offices in the United States, 
Europe, and the Far East. 

The company's products are manufactured under 
agreements with several domestic and international 
foundry sources. Second-source agreements are in 
effect with a number of suppliers. 

Since its first volume shipments in 1985, Brooktree 
has achieved leadership share in the workstation 
graphics market, and a large share of the emerging 
market for PC graphics applications. 
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Products 

Our first product, introduced in early 1985, was a 75 
MHz 8-bit CMOS video digital-to-analog converter 
(VIDEODAC). By mid-1985, Brooktree had introduced 
six CMOS video digital-to-analog converter products 
(our VIDEODAC line) to the high-performance 
graphics market. Further system level integration led 
to our family of RAMDACs, which combine triple 
VIDEODACs, color palette RAMs, and pixel input 
mUltiplexers on a single chip. Recently introduced 
products include a 360 MHz bipolar RAMDAC and 
several next-generation CMOS RAMDACs. 

In 1988, Brooktree entered the image acquisition 
market with it's first CMOS flash video AID 
converter. Further system level integration led to our 
family of Image Digitizers, which combine one or 
more AID converters and many additional functions 
required to digitize a video signal. Additional 
products are under development to enable image 
acquisition to be a "drop-in" solution. 

Products for the automatic test equipment and 
instrumentation markets include the industry's first 
octal 8-bit monolithic DAC and progtammable timing 
verniers which achieve delay resolutions of as little as 
20 picoseconds. 

Strategy 

Brooktree will combine the elements of its 
high-performance mixed signal design capabilities 
and proprietary test technology to provide a unique 
family of application-specific products. We will 
continue to develop highly-integrated products for use 
in computer graphics and imaging while introducing 
enabling technologies aimed at solving problems in 
the automatic test equipment and instrumentation 
markets. 
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Data Sheet Designations 

Advance Information 

This is the flIst official information released about a potential product. The datasheet contains basic information 
about the product and contains the target parametric and functional specifications. It usually precedes sample devices 
by approximately six months. This datasheet has the phrase "Advance Information" in the upper left corner on the 
front page. 

Preliminary Information 

This datasheet is released with sample devices. It contains a more extensive discussion of device operation and 
provides more complete parametric information. The functional operation is fully defined and the parametric 
information is the result of early testing of the initial devices. Not all of the parametric specifications may be fully 
tested or characterized. This datasheet has the phrase "Preliminary Information" in the upper left corner on the front 
page. 

Final datasheet 

This datasheet evolves from the Preliminary Information datasheet. It is a result of test information collected from 
fully characterized devices. This datasheet is distinguished by the absence of any designation, except the part 
number, at the top of the front page. 
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Device Designations 

Engineering Sample II 
Devices which have exhibited most of the functionality for which it was designed. Engineering samples are used to 
enable selected customers to evaluate the device as early as possible. 

While some of the AC and DC parameters may be tested, the accuracy or completeness of the testing is not 
guaranteed. In addition, the product has not been put through Brooktree's quality and reliability testing. They have 
standard marking with an additional "ES" marked on top of the package. These devices have a Preliminary datasheet 
under document control. 

Pre-Qual 

These devices have production silicon, testing, and bum-in. Most characterization is done, but the device must still 
pass a QA life-test qual. These devices have standard marking with an additional "PQ" marked on top of the package. 
These devices have a Preliminary datasheet under document control. 

Full Production 

These devices have production silicon, testing, bum-in, and have successfully passed a QA life-test qual. These 
devices have standard marking with no additional designators. These devices have a Final datasheet under document 
control. 
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Quality Assurance 

Introduction 

The value of a product is measured by how well it is 
designed, manufactured and tested and how well it 
continues to perform over time. This value can be 
represented in quantitative terms by stating levels of 
quality and reliability. Brooktree determines these 
quality levels by performing industry recognized 
evaluation and monitoring programs for all products 
it manufactures. 

QUality is a critical aspect of product success, and we 
have established an aggressive schedule of measuring, 
testing and monitoring the product to assure our 
customer that each device will perform to the highest 
quality and reliability standards. We have made 
substantial investments in experienced personnel and 
in state-of-the-art capital equipment for our design, 
manufacturing and quality assurance departments. 

Product Quality 

Quality is a measure of product conformance to the 
specifications. This is determined by measuring the 
percentage of defects in a given sample size. The 
Quality Assurance program includes material 
inspections which employ industry-standard Lot 
Tolerance Percent Defective (LTPD) and Acceptable 
Quality Level (AQL) sampling plans. These sampling 

procedures assure with a high degree of confidence 
that a lot will not be approved for shipment if certain 
levels of quality are not met. For sampling plans, the 
operating characteristic curve illustrated in Figure 1 
shows the relationship of lot quality versus 
probability of acceptance. Point A on the curve is 
termed AQL; it signifies the lot quality in percent 
defective (0.065%) that will give a high probability 
(95 %) of lot acceptance. Point B, on the curve is 
termed LTPD and signifies the unsatisfactory level of 
quality where the lot will be rejected 90% of the time. 
Brooktree performs quality conformance testing using 
an acceptance sampling method based on 
MIL-STD-I05D and MIL-M-38510H. 

Manufacturing process control is accomplished 
through the efforts of the Document Control 
Department. An effective plan for document sign-off 
and distribution ensures that updated documents are 
reviewed and are made available immediately to 
affected operations. 

Brooktree's Quality Assurance program imposes strict 
requirements on vendors, and monitors their 
performance through inspection of incoming 
materials and regular audits of the vendor's facilities 
and quality methods. Figure 2 is a generalized 
standard product manufacturing flow which illustrates 
the manufacturing steps and quality assurance 

100% r-oo::::::j-==~--r-""-----------' .................. """'h;;-. 

Probability of 
Lot Acceptance 

90%~~--+~-P~4--------~ 

80% '\ 

70% 1\ 
60% \ 

50% \ 

40% \ 

30% \ 

20% \ 

10% ......................... 1" .................................. ~ 

0.03 0.06 0.09 . . . • . • . . % 

Lot Quality (percent Defective) 

Figure 1. Lot Quality vs. Probability of Acceptance. 
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Quality Assurance 

Wafer Fabrication 

Wafer Probe 

Wafer Saw and Dice 

High Magnification Visual 

Die Attachment 

Wire Bonding 

Low Magnification Visual 

Commercial Hermetic Package 

Seal 

Stabilization Bake 
Method 1008 Cond. C 

Temperature Cycle 10 cycles 
Method 1010 Cond. C 

Constant Acceleration 
Method 2001 Condo E 

Fine and Gross Leak 
Method 1014 

External Visual Inspection 

Prebum-in 
Electrical Test 

Lot Sample Burn-in 

Postbum-in 
Electrical Test 

Quality Conformance Inspection 

Figure 2. Standard Product Manu/acturing Flow. 
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Quality Assurance 

monitors used for all our products. The Brooktree 
quality assurance program conforms to the program 
guidelines as specified in MIL-Q-9858. 

Product Reliability 

Reliability is quality over time, a measurement of how 
long the product continues to perform to original 
specifications. This must be guaranteed by using a 
worst-case design methodology, precisely controlled 
wafer-processing, and manufacturing assembly and 
testing to highest quality standards. 

Verification of product reliability is accomplished 
through accelerated life testing and physical and 
environmental stress testing. The stress tests 
performed for product qualification are listed in Tables 
I and 2. These tests are repeated at six-month 
intervals to verify continuing process and product 
integrity. Strict engineering change control 
procedures are used to assure a controlled process. 

Screening is performed to eliminate early-failure 
devices and to conform to military requirements. 
Military grade products are tested in conformance to 
MIL-STD-883C; refer to the Military Section of this 
manual for further details. The basic method used to 
estimate product life is accelerated environmental 
testing. These tests expose the product to stresses 
greater than expected in actual use. The number of 
device failures that occur can be related to the 
magnitude of the stress applied. The common practice 
is to express the results in failures in 109 hours, or 
FITs (one FIT is equal to one failure per billion device 

hours of operation. It can also be expressed in the 
common notation of 0.0001 % failures per 1000 
hours). 

Figure 3 is an idealized graph of device failure rate vs 
time, often called the Bathtub Curve. Three distinct 
regions are of importance. Region A is 
characterized by high failure rates that show up in 
early usage and then decrease with time. This area of 
early life failures needs to be eliminated prior to 
product being shipped to the final consumer. The 
early life failure rate is minimized by screening 
procedures, the most common of which is bum-in 
testing performed at the device and/or system level. 
Region B is characterized by a constant failure rate, 
and indicates the normal operating region that will 
assure maximum useful service and reliability. 
Region C indicates the wearout region where device 
failure rate increases. The wearout region is seldom 
reached in well-designed semiconductor integrated 
circuits under normal operating conditions. Results 
of accelerated life testing are extrapolated to estimates 
of in-service reliability through use of the Arrhenius 
model. 

Product Development 

Quality and Reliability planning begins with the 
product development cycle. It is vital that every 
possible effort to increase the reliability is made 
during the development cycle. This is achieved by 
defining specific design goals, using proven reliable 
materials and manufacturing methods, and 
implementing controlled production processes with 
accurate testing and monitoring. 

REGION B REGION C 

Nonna! useful operating region Wearout region 

Decreasing failure rate Constant failure rate hcreasing failure rate 

TIME 

Figure 3. Device Failure Rate vs. Time. 
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Design 

Brooktree's engineering department has established a 
comprehensive design methodology developed to 
produce reliable devices. Product definition begins 
with experienced system designers who can accurately 
specify the electrical interface and functional 
boundary requirements. This assures that all new 
devices will have specifications and worst case 
operating and environmental conditions identified 
before design begins. 

Design engineers use schematic capture and 
simulation software to verify the operation of the 
design over temperature, power supply and processing 
variations. Design reviews require designers to 
demonstrate to the Quality Assurance department that 
their design will meet or exceed reliability rules, 
including allowable amount of electrostatic discharge 
(ESD), latch-up protection (CMOS products), and 
current density (to prevent metal migration). 
Computer simulation of each circuit design is done 
using a worst case methodology. 

Conformance to strict layout rules gives products 
immunity to process variation while maximizing 
reliability. An extensive set of checks is provided by 
several state-of-the-art CAD tools that assure the 
design layout is correct and that wafers can be 
consistently processed with confidence in yield and 
reliability . 

Wafer Probe 

Wafer probe is performed at Brooktree to ensure the 
tightest quality and reliability controls early in the 
life of the product. Wafer probe test conditions and 
limits are guard banded to ensure early removal of 
defective devices. Correlation between the fmal test 
programs and probe programs is an effective gate to 
prevent a non-functional device from entering the 
assembly operation. Rejected dice are marked with an 
ink dot to allow easy identification after the 
individual die is scribed from the wafer. 

Dellice Assembly 

The Quality Assurance department monitors the 
performance of various processing steps by requiring 
mandatory sampling of each lot moving through 
critical quality operations. We have instituted eight 
sampling points or gates in the assembly area: wafer 
inspection, material inspection, 1st QA die visual 
(high magnification), die attach control, 2nd QA die 
visual (low magnification), QA hermeticity check, QA 
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final inspection and QA outgoing audit. Daily 
monitoring and audits of equipment and operators 
ensure that the fmal product meets all predefmed 
quality criteria. 

Dellice Packaging 

Brooktree packaging uses standard, semi-custom and 
custom packages. Package outlines and foot prints 
comply with JEDEC and SEMI standards whenever 
possible. Since product performance is affected by 
packaging design, custom packages are constructed 
when necessary to preserve the reliability and 
performance of the enclosed device. 

Final Testing 

Final electrical testing is performed at Brooktree 
using state-of-the-art test equipment and techniques. 
Test parameters and test conditions are such that 
proper performance is guaranteed to data sheet 
requirements. Test limits are guard banded to 
compensate for tester inaccuracy, thereby minimizing 
measurement correlation errors between the factory 
and customer. To comply with quality conformance 
requirements, QA verifies proper processing, proper 
electrical performance over specified operating 
temperatures and voltage ranges, and visual criteria. 

Qualification 

All products we manufacture are labeled to show the 
classification of the products reliability for consumer 
use. Each product datasheet contains a designation as 
to the product development and specification 
parameters status. The product datasheet designations 
are Advanced, Preliminary and Final. When the device 
has been fully characterized to all the specifications 
and datasheet parameters, and has completed the 
environmental tests outlined in Tables 1 and 2, it is 
labeled production worthy and labeled a Final Data 
Sheet. 

Failure Analysis 

Even \Dlder the strictest of standards, failures do occur. 
To con1r01 this situation and learn from it, the failure 
analysis group identifies reliability problems and 
performs corrective action on failures from in-house 
stress testing as well as customer field returns. 
Brooktree provides customers with specific feedback 
so that the customer can be assured that appropriate 
action has been taken. 

• 



Quality Assurance 

Sample I 
Description Methods and Conditions· Max. Reject Notes 

High Temperature 2000 hours, T A = 125° C .... 280 electrical at 16, 48, 168, 
Operating Life «400 FIT) 500, 1000, 1500, 2000 

Electrical TA=Tmax •••• hours 

High Temperature 2000 hours, TA = 200° C. 55/0 electrical at 500, 
Storage 1000, 1500, 2000 

Electrical TA=Tmax hours 

Temperature Cycle Melhod 1010, condition C, 116/0 
-650 C.I +150· C., 500 cycles 

Electrical TA=Tmax 

Thennal Shock Melhod lOll, condition B, 116/0 
_55° C.I +125° C., 200 cycles electrical every 500 

Electrical TA=Tmax cycles 

Pre-conditioning -40. C.I +1500 C., 20 cycles 153/0 
Temperature Cycle 

Temperature Cycle O· C.I +125· C. 3000 cycles 
Electrical TA=Tmax 

Pre-conditioning _65° C.I +1500 C., 10 cycles 195/1 plastic package only 
Temperature Cycle 

Pre-conditioning 85° C. 185% RH, 24 hours, 
Temperature/Humidity unbiased 

Steady-State 85° C. I 85% RH, 1500 hours, 
Temperature/Humidity biased 

Electrical TA=Tmax electrical at 500, 1000, 
1500 hours 

Pressure Cooker 125° C., 23 atm, 288 hours 77/1 plastic package only 

Electrical TA=Tmax 

Destructive Physical SEM - surface and cross 3 sets 1 set from each of 3 
Analysis section wafer lots 

·Test melhods reference MIL-STD-883C. 
··Samples to be selected from 3 wafer lots (each lot shall be processed wilh a minimum of 1 week 
separating it and Ihe olher two wafer lots. 
···Power supplies shall be set to 0.5v less 1han Ihe absolute maximum specified supply voltage; T A 
shall be reduced, if necessary, to guarantee TJ to be less 1han 175° C. for ceramic packages, or less 
1han ISO· C. for plastic packages. 
····FIT shall be calculated using 1he Ahhrenius acceleration model and 1he following assumptions: 

Ea = 0.5 e V if 110 failures; if failures, Ea to be determined based upon failure mechanism. 
Ts = 55° C. ( derating temperature) 
confidence level = 60% 

Table 1. Wafer Foundry Tests··. 
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Sample I 
Description Methods and Conditions* Max. Reject Notes 

External Lead Plating Method 2003 4/0 
Thickness 

Solderability 4 units I 
all leads 

Resistance to Solvents Method 2015 4/0 

Internal Visual Method 2010 4/0 
Bond Strength Method 2011 
Die Shear Method 2019 

External Lead Method 2004, condition B 34/2 
Integrity 

Fine Leak Method 1014 , condition A or B for CERDIP only 
Gross Leak Method 1014 , condition C for CERDIP only 

Temperature Cycle Method 1010, condition C, 116/0 
_65 0 C. I +1500 C., 500 cycles 

Electrical TA=Tmax 

Thermal Shock Method lOll, condition B, 116/0 
-550 C.I +1250 C., 200 cycles 

Electrical TA=Tmax 

Preconditioning _400 C. I +1500 C., 20 cycles 153/0 
Temperature Cycle 

Temperature Cycle 00 C. 1+1250 C., 3000 cycles 
Electrical TA=Tmax electrical every 500 

cycles 

Steady-State Temp. 850 C. I 85% RH, 50 I 0 empty (dummy) packages 
and Humidity 1500 hours, biased may he used 

Visual 

Mechanical Shock Method 2002, condition B 34/2 
Vibration Method 2007, condition A 
Constant Acceleration Method 2001, condition E, 

Yl axis only 
Fine Leak Method 1014, condition A or B 
Gross Leak Method 1014, condition C 
Electrical TA=Tmax 

Table 2. Monolithic Hermetic Package Assembly Tests*"'. 
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Sample / 
Description Methods and Conditions* Max. Reject Notes 

Salt Atmosphere Method 1009 34/2 
Fine Leak Method 1014, condition A or B 
Gross Leak Method 1014, condition C 

Resistance to 15 sec dip to with 1/8" of body 22/0 
Soldering Heat in solder at 260· C. 

Fine Leak Method 1014, condition A or B 
Gross Leak Method 1014, condition C 
Electrical 

Destructive Physical SEM - surface and 3 sets 1 set from each of 3 
Analysis cross-section assembly lots 

*Test methods reference MlL-STD-883C. 
**Samples to be selected from 3 assembly lots (each lot shall be processed with a minimum of 1 week 
separating it and the other two assembly lots. 

Table 2. Monolithic Hermetic Package Assembly Tests*"'. 
(Continued) 
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Broc:ktree® Quality Assurance 

Sample / 
Description Methods and Conditions* Max. Reject Notes 

External Lead Plating Method 2003 4/0 
Thickness 

Solderability 4 units / 
2 leads 

Resistance to Solvents Method 2015 4/0 

X-Ray 4/0 

Mechanical Shock Method 2002, condition B 25/1 
Electrical TA=Tmax 

Temperature Cycle Method 1010, condition C, 116/0 
_65 0 C. / +1500 C., 500 cycles 

Electrical TA=Tmax 

Thennal Shock Method lOll, condition B, 116/0 
_55 0 C. / +1250 C., 200 cycles 

Electrical TA=Tmax 

Preconditioning _400 C. / +1500 C., 20 cycles 153/0 
Temperature Cycle 

Temperature Cycle 00 C. / +125° C., 30d0 cycles 
Electrical TA=Tmax electrical every 500 

cycles 

Preconditioning _65 0 C./ + 150° C. 10 cycles 195/1 
Temperature cycle 

Preconditioning 85° C. /85% RH, 24 hours, 
Temperature/Humidity unbiased 

Steady-State 85° C. /85% RH, 1500 hours, 
Temperature/Humidity biased 

Electrical TA=Tmax electrical at 500, 1000, 
and 1500 hours 

Pressure Cooker 1250 C., 2.3 atm, 288 hours 77/l 

Electrical TA=Tmax 

Table 3. Monolithic Plastic Package Assembly Tests". 
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Sample I 
Description Methods and Conditions* Max. Reject Notes 

Salt Atmosphere Method 1009 34/2 

High Temperature TA = 1250 C. (fJ < 1500 C.), 150 electrical at 500, 1000, 
Operating Life 1500 hours «400 FIT) 1500 hours 

Electrical TA=Tmax *** 

Preconditioning 1250 C., 2.3 atm, 72 hours 4510 PLCC packages only 
Pressure Cooker 

Infra-Red Reflow (lR) 3 cycles 
Pressure Cooker 1250 C., 2.3 atm, 200 hours 
Electrical TA=Tmax 

Preconditioning 1250 C., 2.3 atm, 72 hours 4510 PLCC packages only 
Pressure Cooker 

Infra-Red Reflow (lR) 3 cycles 
Temperature Cycle Method 1010, condition C 

_65 0 C. I +1500 C., 500 cycles 
Electrical TA=Tmax 

Preconditioning Method 1010, condition C, 4510 PLCC packages only 
Temperature Cycle _650 C. I + 1500 C., 20 cycles 

Preconditioning 850 C. I 85% RH, 72 hours, 
Temperature/Humidity unbiased 

Vapor Phase Solder 
Pressure Cooker 1250 C., 2.3 atm, 200 hours 
Electrical I Visual TA=Tmax 

Resistance to 15 sec dip to within 1/8" of body 22/0 
Soldering Heat in solder at 260 °C. 

Electrical TA=25 °C. 

Destructive Physical SEM - surface and cross-section 3 sets 1 set from each of 3 
Analysis assembly lots 

*Test methods reference MlL-STD-883C. 
**Samples to be selected from 3 wafer lots (each lot shall be processed with a minimum of 1 week 
separating it and the other two wafer lots. 

***FIT shall be calculated using the Ahhrenius acceleration model and the following assumptions: 
Ea = 0.5 eV if no failures; if failures, Ea to be determined based upon failure mechanism. 
Ts = 550 C. (derating temperature) 
confidence level = 60% 

Table 3, Monolithic Plastic Package Assembly Tests··, 
(Continued) 
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Terms and Definitions 

Activation Energy 

The excess energy over the ground state which must 
be acquired by an atomic or molecular system in order 
for a specific process to occur. In semiconductor 
materials this energy is usually equal to 0.96 e V. 

Arrhenius Model (Acceleration Factor) 

The Arrhenius Model defines a relationship between 
the failure rate and time that is commonly used in 
correlating accelerated life environmental testing to 
useful lifetime. The equation is used to calculate 
failure rates based on lower junction temperatures and 
normal operating environmental conditions. 

The acceleration factor is the reaction rate of a process 
at one temperature compared with the reaction rate of 
the same process at another temperature. The 
acceleration factor equation determines the 
multiplication factor of time that the change in 
temperature caused on the reaction process. 

AF = e [EZK (lift - tlf2) 1 

Where: 
AF = Acceleration Factor 
e = natural logarithm base of 2.71828 
E = the activation energy for semiconductor 

material 
K = Boltzmann's Constant 

(8.61 x 10-5 eV / Kelvin) 
T1 = Lower temperature in Degrees Kelvin 

T2 = Higher temperature in Degrees Kelvin 

Example: The AF for a temperature change from 85° 
C. to 125° C. is 393.8. This factor is the time 
multiplication factor: 1 hour at 125° C. is equivalent 
to 393.8 hours (over 16 days) at 85° C. 

Bias 

The electrical connection to the device pins that 
allows specified signals, loading, and power supply 
voltage to be applied. Often referred to as "electrical 
bias." 
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Biased Humidity 

An environmental test where the subject device is 
exposed to high humidity and temperature conditions 
(85% relative humidity and 85° C.) while having the 
device under an electrical bias. This procedure is 
designed to measure the device's susceptibility to 
electrolysis or electrolytic corrosion. The 
acceleration factor for a humidity change from 50% to 
85% has been standardized as approximately 10. In 
analyzing bias humidity and temperature results, the 
acceleration factors of humidity and temperature are 
estimated separately. 

Burn-In 

A thermal and electrical stress test designed to 
eliminate early failures. The early device failures 
(infant mortality) are detected and removed, thus 
enhancing reliability. 

Environmental Tests 

Several tests that determine the long-term stability 
and reliability of products. The product is exposed to 
various conditions and extremes of temperature, 
humidity, pressure or mechanical stress that 
stimulates potential faults to appear, and accelerate 
detection of device failures. 

Failure in Time (FIT) 

A standard reliability unit that measures the device 
failure rate as a function of device hours. One m is 
equal to one device failure per billion device hours of 
operation (l m = 0.0001% failures /1000 hours). 

Infant Mortality 

Initial failures of devices that occur in early life 
operation. This is the region of the device failure rate 
curve where the device failure rate decreases with time. 
Product reliability is enhanced when environmental 
screening eliminates these early failures region. 
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Terms and Definitions (continued) 

Pressure Cooker 

A test that subjects the device to an atmosphere of 
high temperature moisture under a pressure of 
approximately two atmospheres. This test exposes 
susceptibility to galvanic corrosion due to chemical 
instability of the encapsulating materials. 

Qualification 

The test procedures as defined by the Quality 
Assurance Department that a product must survive 
before being considered a reliable manufacturing 
product. 

Quality· 

The extent to which a product successfully serves the 
purpose of the user, during usage, is called "fitness for 
use." This concept of fitness for use is popularly 
called quality. Several parameters can be used to 
characterize product qUality. Quality of design is a 
technical measure of the level or degree of excellence 
of the product to meet it's intended needs of the user. 
Three activities that compose the quality of design 
are; Quality of market research, Quality of concept, 
and Quality of specification. Quality of conformance 
is the extent to which the product conforms to the 
design, and can be measured by testing to the product 
specification. Conformance also is termed Quality of 
manufacturing or Quality of production. The quality 
of products over time is characterized by the 
time-oriented factors such as; availability, reliability, 
and maintainability. 

Quality Assurance (QA) 

The activity of providing, to all concerned, the 
evidence needed to establish confidence and assurance 
that all the activities which affect product quality are 
being performed adequately. 

Reliability 

Quality of products over time can be stated by the 
products ability to perform without failure. The 
classic definition is "the probability of a product 
performing without failure a specified function under 
given conditions for a specified period of time." 
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Reliability Growth 

The continuing efforts to reduce failure rates result in 
continued improvements (or growth) in reliability. 
This takes place in the design and manufacturing 
phases, and when additional product improvements 
are needed as determined from field performance data. 

Sampling 

Inspection method to determine lot quality by careful 
examination of a small number of devices from the 
lot. A sampling plan is used to set the sample size, 
based on the desired quality leve1. 

Screening 

The process of subjecting all products to 
non-destructive stresses to accelerate and identify 
early failures. 

Stress 

An extreme environmental, electrical or physical 
condition applied to a device to evaluate the device 
performance or to accelerate reaction rates. 

Temperature Cycling 

A test that determines the thermal expansion 
compatibility of materials used in device packaging. 
The test exposes the device to temperature extremes, 
typically a low temperature of _65 0 C. to a high 
temperature of +1500 C. The device is under no 
electrical bias. 

Thermal Shock 

This is a temperature cycling test in which the 
temperature transitions are very rapid, less than 10 
seconds. The device is immersed in suitable liquid 
baths, each having extreme high and low temperatures 
to expose failures such as device cracking, and 
package leaking. 

*QUALITY CONTROL HANDBOOK, Third Edition 
McGraw Hill 1974, JURAN, Joseph M., Frank M. 
Gryna Jr., and R.S. Bingham Jr. 
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VIDEODAC Selection Guide 

D/A Speed (MHz) Part Page DLEnor ILEnor 
Organization Number (LSB) (LSB) 

triple 4-bit 75.30 Btl03 4 - 33 ± 1/16 ±1/8 monolithic CMOS 

single 8-bit 400 Btl07 4 - 61 ±1/2 ±1/2 2:1 muxed inputs 

single 8-bit 75 Btl02 4 -19 ± 1/4 ±1/2 programmable setup 

single 8-bit 50.30 Btl06 4-47 ±1 ±1 monolithic CMOS 

triple 8-bit 250 Btl09 4 -75 ±1/2 ±1/2 10KHECL 

triple 8-bit 50.30 Btl0l 4-5 ±1 ±1 monolithic CMOS 

Display Resolution 

DACSize Low Medium High Medium High Ultra High 
(640 x 480) (lk x 800) (1280 x 1024) (1600 x 1200) (2k x 2k) 

4-bit Btl03 Btl03 

8-bit Btl0l Btl02 Btl09 Btl09 Btl07 
Btl02 
Btl06 
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Distinguishing Features 

, 50, 30 MHz Operation 
Triple 8-bit D/A Converters 
± 1 LSB Differential Linearity Error 
± 1 LSB Integral Linearity Error 

, Guaranteed Monotonic 
, RS-343A/RS-170 Compatible Outputs 

TTL Compatible Inputs 
, +5v CMOS Monolithic Construction 

4O-pin DIP or 44-pin PLCC Package 
, Typical Power Dissipation: 600 mW 

Functional Block Diagram 

FSADJUST 

CLOCK 

8 
RO-R7 

R 
E 

00-07 G 
I 
S 

B T 
8O-B7 E 

R 
SYNC· 

BLANK' 

REFWHITR 

VAA 

Brooktree Corporation 
9950 Barnes Canyon Rd_ 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
LlOl00l Rev_ H 

VRBF 

Applications 

, High Resolution Color Graphics 
, CAE/CAD/CAM Applications 

Image Processing 
Video Reconstruction 

, Instrumentation 

COMP 

lOR 

lOG 

lOB 

!SYNC 

AGND 
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Btl0l 
50 MHz 

Monolithic CMOS 

Triple 8-bit 

VIDEODAC™ 

Product Description 

The Bt101 is a triple 8-bit VIDEODAC, 
designed specifically for high performance, 
high resolution color graphics_ 

Available control inputs include sync, 
blank, and reference white_ The reference 
white input forces the analog outputs to the 
reference white level, regardless of the data 
inputs_ 

An external L2v voltage reference and a 
single resistor control the full scale output 
current The sync, blank, and reference white 
inputs are pipelined to maintain 
synchronization with the digital input 
data_ 

The BtlOI generates RS-343A compatible 
video signals into a doubly-terminated 
75-ohm load, and RS-170 compatible video 
signals into a singly-terminated 75-ohm 
load, without requiring external buffering_ 
Both the differential and integral linearity 
errors of the 0/ A converters are guaranteed to 
be a maximum of ± 1 LSB over the full 
temperature range_ 

a 



Bt101 

Circuit Description 

As illustrated in the functional block diagram, the 
, Btl0l contains three 8-bit D/A converters, input 

registers, and a reference amplifier. 

On the rising edge of each clock cycle, as shown 
below in Figure I, 24 bits of color information (RO -
R7, GO - G7, and BO - B7) are latched into the device 
and presented to the three 8-bit D/ A converters. The 
REF WHITE input, also latched on the rising edge of 
each clock cycle, forces the inputs of each D/ A 
converter to $FF. 

Latched on the rising edge of CLOCK to maintain 
synchronization with the color data, the SYNC* and 
BLANK* inputs add appropriately weighted currents 
to the analog outputs, producing the specific output 
levels required for video applications as illustrated in 
Figure 2. Table 1 details how the SYNC*, BLANK*, 
and REF WHITE inputs modify the output levels. 

The ISYNC current output is typically connected 
directly to the lOG output and is used to encode sync 
information onto the lOG output. If ISYNC is not 
connected to the lOG output, sync information will 
not be encoded on the green channel, and the lOR, 
lOG, and lOB outputs will have the same full scale 
output current. 

RO·R7. 00·07. BO·B7. 

SYNC". BLANK". RBFWHITE 

lOR, 100. lOB. ISYNC 

Full scale output current is set by an external resistor 
(RSET) between the FS ADWST pin and AGND. RSET 
has a typical value of S42 ohms for generation of 
RS-343A video into a 37.S-ohm load. The VREF input 
requires an external 1.2v (typical) reference. For 
maximum performance, the voltage reference should 
be temperature compensated and provide a 
low-impedance output. 

The D/A converters on the Btl0l use a segmented 
architecture in which bit currents are routed to either 
the output or AGND by a sophisticated decoding 
scheme. This architecture eliminates the need for 
precision component ratios and greatly reduces the 
switching transients associated with turning current 
sources on or off. Monotonicity and low glitch are 
guaranteed by using identical current sources and 
current steering their outputs. An on-chip operational 
amplifier stabilizes the full-scale output current 
against temperature and power supply variations. 

The analog outputs of the BtlOI are capable of 
directly driving a 37 .S-ohm load, such as a 
doubly-terminated 7S-ohm coaxial cable. 

Figure 1. Input/Output Timing. 
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BtlOl 

Circuit Description (continued) 

RED. BLUE GREEN 

MA V MA V 

19.05 0.714 26.6/ 1.000 -.----,..---------------:;::;---- WHlTll UMlL 

1.44 0.054 9.05 D.34O -r-----~~---~--------BUCKUNEL 
7.5 IRE 

0.00 0.000 7.62 0.286 -r-----~~_r~--~----------B~~~ 

40 IRE 

0.00 0.000 
~ _______ ~~ ____________ S~CUMlL 

Note: 75-ohm doubly-tenninated load. RSET = 542 ohms, VREF = 1.2v. ISYNC connected to lOG. RS-343A levels 
and tolerances assumed on all levels. 

Figure 2. Composite Video Output Waveforms. 

Description lOG 10R,IOB REF SYNC· BlANK* DAC 
(rnA) (rnA) wmrn Input Data 

wmrn 26.67 19.05 1 1 1 $xx 
wmrn 26.67 19.05 0 1 1 $FF 
DATA data + 9.05 data + 1.44 0 1 1 data 
DATA-SYNC data + 1.44 data + 1.44 0 0 1 data 
BLACK 9.05 1.44 0 1 1 $00 
BLACK-SYNC 1.44 1.44 0 0 1 $00 
BlANK 7.62 0 x 1 0 $xx 
SYNC 0 0 x 0 0 $xx 

Note: Typical with full scale lOG = 26.67 rnA. RSET = 542 ohms, VREF = 1.2v. ISYNC connected to 
lOG. 

Table 1. Video Output Truth Table. 
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BtlOI 

Pin Descriptions 

Pin Name 

BLANK· 

SYNC* 

REF WHITE 

RO - R7, 
GO - 07, 
BO-B7 

CLOCK 

lOR, lOG, lOB 

ISYNC 

FSADJUST 

Description 

Composite blank control input (TTL compatible). A logical zero drives the lOR, lOG, and lOB 
outputs to the blanking level, as illustrated in Table 1. It is latched on the rising edge of 
CLOCK. When BLANK· is a logical zero, the RO - R7, GO - G7, BO - B7, and REF WHITE inputs 
are ignored. 

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40 
IRE current source on the ISYNC output (see Figure 2). SYNC· does not override any other 
control or data input, as shown in Table 1; therefore, it should be asserted only during the 
blanking interval. It is latched on the rising edge of CLOCK. 

Reference white control input (TTL compatible). A logical one on this input forces the lOR, 
lOG, and lOB outputs to the white level, regardless of the RO - R7, GO - G7, and BO - B7 inputs. 
It is latched on the rising edge of CLOCK. See Table 1. 

Red, green, and blue data inputs (TTL compatible). RO, GO, and BO are the least significant data 
bits. They are latched on the rising edge of CWCK. Coding is binary. Unused inputs should be 
connected to either the regular PCB power or ground plane. 

Clock input (TTL compatible). The rising edge of CLOCK latches the RO - R7, GO - G7, BO - B7, 
SYNC*, BLANK*, and REF WHITE inputs. It is typically the pixel clock rate of the video 
system. It is recommended that the CLOCK input be driven by a dedicated TTL buffer. 

Red, green, and blue current outputs. These high impedance current sources are capable of 
directly driving a doubly-terminated 75-ohm coaxial cable (Figure 3). All outputs, whether used 
or not, should have the same output load. 

Sync current output. Typically, this current output is directly wired to the lOG output, and 
enables sync information to be encoded onto the green channel. A logical zero on the SYNC* 
input results in no current being output onto this pin, while a logical one results in the 
following current being output: 

ISYNC (rnA) = 3,442 * VREF (v) I RSET (ohms) 

If sync information is not required on the green channel, this output should be connected to 
AGND. 

Full scale adjust control. A resistor (RSET) connected between this pin and AGND controls the 
magnitude of the full scale video signal (Figure 2). Note that the IRE relationships in Figure 2 
are maintained, regardless of the full scale output current. 

The relationship between RSET and the full scale output current on lOG (assuming ISYNC is 
connected to lOG) is: 

RSET (ohms) = 12,046 * VREF (v) I lOG (rnA) 

The full scale output current on lOR and lOB for a given RSET is defined as: 

lOR, lOB (rnA) = 8,604 • VREF (v) I RSET (ohms) 
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BtlOl 

Pin Descriptions (continued) 

Pin Name 

COMP 

VREF 

AGND 

VM 

G4 

R7 

R6 

as 
R4 

B7 

B6 

BS 

B4 

VAA 

AOND 

BO 

BI 

B2 

B3 

CLOCK 

RO 

RI 

R2 

R3 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 
0.01 IlF ceramic capacitor in series with a resistor must be connected between this pin and the 
nearest V AA pin (Figure 3). Connecting the capacitor to V AA rather than to AGND provides the 
highest possible power supply noise rejection. The COMP resistor and capacitor must be as 
close to the device as possible to keep lead lengths to an absolute minimum. 

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 
3, must supply this input with a 1.2v (typical) reference. The use of a resistor network to 
generate the reference is not recommended, as any low frequency power supply noise on VREF 
wiII be directly coupled onto the analog outputs. A 0.1 IlF ceramic capacitor must be used to 
decouple this input to V AA, as shown in Figure 3. The decoupling capacitor must be as close to 

the device as possible to keep lead lengths to an absolute minimum. 

Analog ground. All AGND pins must be connected. 

Analog power. All VAA pins must be connected. 

40-pin DIP Package 44-pin Plastic J-Lead (PLCC) 
Package 

os ~ 
G6 Ii; i:Ii O! ::! &l ~ <3 <!l 8 ill 
G7 

BLANK' fI1 1li ~ ~ ~ ~ ::: $t ~ ~ 

SYNC· 
B6 

AOND 
BS 

[OB 
B4 

[OR 
VAA 

[OG 
VAA 

[SYNC 
AOND 

VAA 
AGND 

AOND 
DO 

FSADJUST 
BI 

VRBF 
B2 

COMP 
B3 

REPWHITIl 

G3 
... .. 0- ~ ... 

~ ~ ::l ;t :!l ~ 

02 

~ ill ~ 02 8 S S 
~ GI 

iii 6 

GO 

~ 
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2& AGND 

ZI lOB 

lOR 

lOG 

l! ISYNC 

23 VAA 

VAA 

21 AGND 

2Q AGND 

FSADJUST 

VRBF 

I::; 
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BtlOI 

PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the BtlOI power and ground lines by shielding the 
digital inputs and providing good decoupling. The 
lead length between groups of V AA and AGND pins 
should be minimized so as to minimize inductive 
ringing. 

Ground Planes 

The Btl0l and any associated analog circuitry should 
have its own ground plane, referred to as the analog 
ground plane. This ground plane should connect to the 
regular PCB ground plane at a single point through a 
ferrite bead, as illustrated in Figure 3. This bead 
should be located within three inches of the BtlOI. 

The analog ground plane area should encompass all 
BtlOI ground pins, voltage reference circuitry, power 
supply bypass circuitry for the Btl 01, the analog 
output traces, and any output amplifiers. 

The regular PCB ground plane area should encompass 
all the digital signal traces, excluding the ground 
pins, leading up to the Btl 0 1. 

Power Planes 

The Btl0l and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane at a single point through 
a ferrite bead, as illustrated in Figure 3. This bead 
should be located within three inches of the BtlO1. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all BtlOI power pins, 
voltage reference circuitry, and any output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power or ground planes, unless they can be 
arranged such that the plane-to-plane noise is 
common mode. This will reduce plane-to-plane noise 
coupling. 
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Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 

For the best performance, a 0.1 ~F ceramic capacitor 
should be used to decouple each of the two groups of 
V AA pins to AGND. These capacitors should be 
placed as close as possible to the device. 

It is important to note that while the Btl0l contains 
circuitry to reject power supply noise, this rejection 
decreases with frequency. If a switching power supply 
is used, the designer should pay close attention to 
reducing power supply noise and consider using a 
three terminal voltage regulator for supplying power 
to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the BtlOI should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground and power planes. 

Due to the high clock rates involved, long clock lines 
to the Btl01 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power and 
ground planes. 

Analog Signal Interconnect 

The BtlOI should be located as close as possible to 
the output connectors to minimize noise pickup and 
reflections due to impedance mismatch. 

The video output signals should overlay the analog 
ground plane, and not the analog power plane, to 
maximize the high frequency power supply rejection. 

For maximum performance, the analog outputs should 
each have a 75-ohm load resistor connected to AGND. 
The connection between the current output and AGND 
should be as close as possible to the Btl01 to 
minimize reflections. 



PC Board Layout Considerations (continued) 

COMP 

C5 

DtlOl 

Rl R2 R3 

FSADJUST 

roRL-------~L---~-J--~~~~~ 
lOG 1---..-----------. ...... -1------------

ISYNC 

roB~--------------~~----------

Location Description 

Cl 33 !loF tantalum capacitor 
C2,C3,C5 0.1 !loF ceramic capacitor 

C4 0.01 !loF ceramic capacitor 
C6 10 !loF tantalum capacitor 

Ll,L2 ferrite bead 
Rl, R2, R3 75-ohm 1 % metal film resistor 

R4 IOOO-ohm 1 % metal mm resistor 
R5 15-ohm 1 % metal film resistor 

RSEf 549-ohm 1 % metal mm resistor 
Zl 1.2v voltage reference 

BtlOl 

L1 
~1"'"_JlYY''---"''I'' ___ + SV 

TO 
VIDEO 

CONNECfOR 

Vendor Part Number 

Mallory CSR13F336KM 
Erie RPE112Z5UI04M50V 
Erie RPE110ZSUI03M50V 
Mallory CSR13GI06KM 
Fair-Rite 2743001111 
Dale CMF-55C 
Dale CMF-55C 
Dale CMF-55C 
Dale CMF-55C 
National Semiconductor LM385BZ-1.2 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the perfonnance of the Btl01. 

Figure 3. Typical Connection Diagram and Parts List. 
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BtlOI 

Application Information 

RS-170 Video Generation 

For generation of RS-170 compatible video, it is 
recommended that a singly-terminated 75-ohm load be 
used with an RSET value of about 774 01uns. If the 
BtlOI is not driving a large capacitive load, there will 
be negligible difference in video quality between 
doubly-terminated 75-ohm and singly-terminated 
75-ohm loads. 

If driving a large capacitive load (load RC > 1/ 
(20FC1t», it is recommended that an output buffer be 
used to drive a doubly-terminated 75-ohm load. 

COMP Resistor 

To optimize the settling time of the BtlOl, a resistor 
may be added in series between the COMP capacitor 
and COMP pin. The series resistor damps inductive 
ringing on COMP, thus improving settling time. 

The value of the resistor is typically 15 ohms, 
however, the exact value is dependent on the PC board 
layout, clock rate, etc., and should be optimized for 
minimal settling time. 

An incorrect resistor value will result in degraded 
output performance, such as excessive ringing of the 
analog outputs or increased settling time. 
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Non-Video Applications 

The Btl01 may be used in non-video applications by 
disabling the video-specific control inputs. SYNC* 
and REF WHITE should be a logical zero and BLANK* 
should be a logical one. ISYNC should be connected 
to AGND. All three outputs will have the same full 
scale output current. 

The relationship between RSET and the full scale 
output current (lout) in this configuration is as 
follows: 

RSET (01uns) = 7,958 * VREF (v) / lout (rnA) 

With the data inputs at $00, there is a DC offset 
current (lrnin) defined as follows: 

Irnin (rnA) = 650 * VREF (v) / RSET (01uns) 

Therefore, the total full scale output current will be 
lout + lmin. The REF WHITE input may optionally be 
used as a "force to full scale" control. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA 

BtIOlKC30, BtlOlKPJ 0 +70 ·C. 
Btl0lBC -25 +85 ·C. 

Output Load RL 37.5 Ohms 
Reference Voltage VREF 1.14 1.20 1.26 Volts 
FS ADJUST Resistor RSEI' 542 Ohms 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGNO) 7.0 Volts 

Voltage on any Digital Pin AGNO-O.S VAA + 0.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature lS - 65 + 150 ·C. 
Junction Temperature TJ 

Ceramic Package + 175 ·C. 
Plastic Package + 150 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds, 1/4" from pin) 

Vapor Phase Soldering TVSOL 220 ·C. 
(1 minute) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. Tbis is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 8 8 8 Bits 
Accuracy (each DAC) 

Integral Linearity Error lL ± 0.3 ±I lSB 
Differential Linearity Error IX. ± 0.3 ±I lSB 
Gray Scale Error ±I ±5 % Gray Scale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage V1H 2.0 VAA+0.5 Volts 
Input Low Voltage V1L AGND-0.5 0.8 Volts 
Input High Current (Vin = 2.4v) Illi I IIA 
Input Low Current (Vin = O.4v) llL - 1 IIA 
Input Capacitance CIN 10 pF 

(f = I MHz, Vin = 2.4v) 

Analog Outputs 
Gray Scale Current Range IS 20 rnA 
Output Current 

White Level Relative to Blank 17.69 19.05 20.40 rnA 
White Level Relative to Black 16.74 17.62 18.50 rnA 
Black Level Relative to Blank 0.95 1.44 1.90 rnA 
Blank Level on lOR. lOB 0 5 50 IIA 
Blank Level on lOG 6.29 7.62 8.96 rnA 
Sync Level on lOG 0 5 50 IIA 
LSB Size 69.1 IIA 

DAC to DAC Matching 2 % 
Output Compliance va::: - 1.0 + 1.4 Volts 
Output Impedance ROOf 10 Kohms 
Output Capacitance cour 30 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Voltage Reference Input Current IREF 10 IIA 

Power Supply Rejection Ratio PSRR 0.2 0.5 %/%t.VAA 
(COMP = 0.011J.F'. f = I KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 542 ohms. 
VREF = 1.200v. ISYNC connected to lOG. As the above parameters are guaranteed over the full temperature 
range. temperature coefficients are not specified or required. 
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A.C. Characteristics 

50 MHz Devices 30 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 50 30 MHz 

Data and Control Setup Time TSU 6 8 ns 
Data and Control Hold Time 1H 2 2 ns 

Clock Cycle Time TCYC 20 33.3 ns 
Clock Pulse Width High Time TCLKH 8 10 ns 
Clock Pulse Width Low Time TCLKL 8 10 ns 

Analog Output Delay IDLY 25 25 ns 
Analog Output Rise/Fall Time TVRF 8 9 ns 
Analog Output Settling Time TS 12 15 ns 
Clock and Data Feedthrough* - 28 - 28 dB 
Glitch Impulse* 100 100 pV -sec 
DAC to DAC Crosstalk - 23 -23 dB 
Analog Output Skew 0 3 0 3 ns 

Differential Gain Error 00 1.8 1.8 % Gray Scale 
Differential Phase Error DP 1.2 1.2 Degrees 

Pipeline Delay 1 1 1 1 1 1 Clock 

V AA Supply Current** 1M 120 175 100 140 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 542 ohms, VREF = 
1.200v, ISYNC connected to lOG. TTL input values are 0 to 3 volts, with input rise/fall times S 3 ns, measured between 
the 10% and 90% points. Timing reference points at 50% for inputs and outputs. COMP resistor = 15 ohms. Analog 
output load S 10 pF. See timing notes in Figure 4. As the above parameters are guaranteed over the full temperature 
range, temperature coefficients are not specified or required. 

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, 
the digital inputs have a lk-ohm resistor to the regular PCB ground plane and are driven by 74HC logic. Settling time 
does not include clock and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth = 
2x clock rate. 

**At Fmax. lAA (typ) at VAA = 5.Ov. IAA (max) at VAA = 5.25v. 
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Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Btl01BC 50 MHz 40-pin 0.6" _25· to +85· C. 
CERDIP 

Bt101KC30 30 MHz 40-pin 0.6" O· to +70· C. 
CERDIP 

Btl01KPI 30 MHz 44-pin Plastic O· to +70· C. 
I-Lead 

Btl01EVM Evaluation Board for the Bt101 

Timing Waveforms 

CLOCK 

RO·R7. 00·07. BO·B7. 
SYNC·, BLANK-, RBPWHITB 

lOR. 100. lOB. ISYNC 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale trarISition. 

Note 2: Settling time measured from the 50% point of full scale trarISition to the output remaining 
within ± 1 LSB. 

Note 3: Output rise/fall tinIe measured between the 10% and 90% points of full scale trarISition. 

Figure 4. Input/Output Timing. 
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Device Circuit Data 

Figure 5. Equivalent Circuit of the Digital Inputs. a 
r-~~----------~~--~--VM 

VREF 

>-""*---TO DACS 

FSADJUST 
!FEEDBACK 

'--_~--_---+- AGND 

Figure 6. Equivalent Circuit of the Reference Amplifier. 

BtlO1 

VM 

GO·G7 

100 

SYNC· BLANK' T-3OPP 
RL C(stray + load) 

(100 ONLY) 

Figure 7. Equivalent Circuit of the Current Output (lOG). 
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Distinguishing Features 

° 75 MHz Pipelined Operation 
° ± 1/4 LSB Differential Linearity Error 
° ± If}. LSB Integral Linearity Error 
° RS-343AJRS-170 Compatible Output 
° 0,7, or 10 IRE Programmable Setup 
° +5v CMOS Monolithic Construction 
° 24-pin 0.3" DIP Package 
° Typical Power Dissipation: 550 mW 

Functional Block Diagram 

TIlRESHOlJ) 
SBT 

VRllP 

cuxx --r--------, 

Applications 

° High Resolution Color Graphics 
° CAE/CAD/CAM Applications 
° Image Processing 
° Instrumentation 
° Conventional D/ A Applications 

FSADJUST 

L----.J.....>--r----t-- COMP 

OVERBRI~ ----11---001 

RBPWIIlTI!° --t-----.-..j 

Brooktree Corporation 
9950 Bames Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Ll02001 Rev. D 

>-_+--_ IOIIT 

~-------+--SBnW 

VAA AGND 
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Btl02 
7S MHz 

Monolithic CMOS 

8-bit 

VIDEODAC"" 

Product Description 

The Btl02 is an 8-bit multi-function 
VIDEODAC, designed specifically for color 
graphics and conventional D/A converter 
applications. 

Available control inputs include sync, 
blank, reference white, and 10% overbright. 
Additional features include a threshold set 
input to configure the digital inputs to be 
either TTL or CMOS compatible, and a setup 
input to specify one of three available setups 
in the analog output. 

An external 1.2v voltage reference and a 
single resistor control the full scale output 
current. The sync, blank, reference white, 
and 10% overbright inputs are pipelined to 
maintain synchronization with the input 
data. 

The Btl02 generates RS-343A compatible 
video signals into a doubly-terminated 
75-ohm load, and RS-170 compatible video 
signals into a singly-terminated 75-ohm 
load, without requiring external buffering. 
The differential and integral linearity errors 
of the D/ A converter are guaranteed to be a 
maximum of ± 1/4 LSB and ± If}. LSB, 
respectively, over the full temperature range. 

• 
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Circuit Description 

As illustrated in the functional block diagram, the 
Btl02 contains a single 8-bit D/A converter, input 
registers, and a reference amplifier. 

The THRESHOLD SET input controls the logic 
thresholds of the digital inputs. If it is left floating, 
the logic thresholds are TIL compatible; if connected 
to V AA, the thresholds are CMOS compatible. 

On the rising edge of each clock cycle, as shown 
below in Figure I, eight bits of data (DO - 07) are 
latched into the device and presented to the 8-bit 0/ A 
converter. The REF WIDTE* input, latched on the 
rising edge of CLOCK, forces the inputs of the D/A 
converter to $FF, regardless of the value of the DO -
07 inputs. 

Latched on the rising edge of CLOCK to maintain 
synchronization with the data, the SYNC*, BLANK*, 
and 10% OVERBRIGHT* inputs add appropriately 
weighted currents to the analog outputs, producing the 
specific output levels required for video applications, 
as illustrated in Figure 2. Table 1 details how the 
SYNC*, BLANK*, REF WHITE*, and 10% 
OVERBRIGHT* inputs modify the output level. 

The SETUP input is used to control the difference 
between the black and blanking level. Available 
setups include lOIRE (SETUP = V AA), 7 IRE (SETUP 
= float), and 0 IRE (SETUP = AGND). A setup of 0 IRE 
specifies that the blanking level is the same as the 
black level. 

CLOCK 

DO·07, 10\10 OVERBRIGIIT·. 
SYNC·, BLANK"'. REPWHITB* 

lOur 

BnrldreeQP 

Full scale output current is set by an external resistor 
(RSET) between the FS ADJUST pin and AGND. The 
VREF input requires an external 1.2v(typical) 
reference. For maximum performance, the voltage 
reference should be temperature compensated and 
provide a low-impedance output. 

The D/A converter on the Btl02 uses a segmented 
architectUre in which bit currents are routed to either 
the output or IRET by a sophisticated decoding 
scheme. This architecture eliminates the need for 
precision component ratios and greatly reduces the 
switching transients associated with turning current 
sources on or off. Monotonicity and low glitch are 
guaranteed by using identical current sources and 
current steering their outputs. An on-chip operational 
amplifier stabilizes the full-scale output current 
against temperature and power supply variations. 

The analog output of the Btl02 is capable of directly 
driving a 37.S-ohm load, such as a doubly-terminated 
7S-ohm coaxial cable. 

Figure 1. Input/Output Timing. 
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Circuit Description (continued) 

RSBT= RSBT= 
1130 lllO 

slrruP= SBTIJP=r= 
VAA FLOAT 

IRE MA IRE MA 

28.90 28.74 
9.5 10 

Z7.G1 26.81 

90 92.9 

9.59 9.09 

10 7.1 

7.65 7.72 

39.5 40.5 

0.00 0.00 

RSBT= 
1050 

SBTIlP= 
AGND 

IRE MA 

10.75 
29.00 

26.97 

100 

8.23 

0 

8.23 

44 

0.00 

10'10 OVBRBRIGHT LBVBL 

WJI1TIl LBVBL 

BLACK LBVBL 

BLANK LEVEL 

--1. _______ --1_-'-__________ SYNC LEVEL 

Note: 75-ohm doubly-terminated load, VREF = 1.235v. RS-343A levels and tolerances assumed on all levels. 

Figure 2. Composite Video Output Waveform. 

Description lOur 10% REF SYNC* BLANK* DAC 
(rnA) OVERBRlGHI'* WHITE* Input Data 

WIllTE+IO% 28.74 0 1 1 I $FF 
WHIlE 26.81 1 0 1 1 $xx 
WHIlE 26.81 1 1 1 1 $FF 
DATA + 10% data + 11.0 0 1 1 1 data 
DATA data + 9.09 1 1 1 1 data 
DATA-SYNC data + 1.37 1 1 0 1 data 
BlACK. 9.09 1 1 1 I $00 
BlACK. - SYNC 1.37 1 I 0 1 $00 
BLANK 7.72 x x 1 0 $xx 
SYNC 0 x x 0 0 $xx 

Note: Typical with white level current = 26.81 rnA. RSET = 1110 ohms, VREF = 1.235v, SETUP = float. 

Table 1. Video Output Truth Table. 
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Pin Descriptions 

Pin Name 

BLANK" 

SYNC* 

REF WHITE" 

10% 
OVERBRIGHT* 

DO-D1 

nJRESHOLD 
SEf 

rour 

IREI' 

VAA 

VRFF 

Description 

Composite blank control input ('ITLICMOS compatible). A logical zero drives the output to the 
blanking level, as illustrated in Table 1. It is latched on the rising edge of CLOCK. When 
BLANK'" is a logical zero, the DO - D7, REF WHITE·, and 10% OVERBRIGIIT" inputs are 
ignored. 

Composite sync control input ('ITLICMOS compatible). A logical zero on this input switches 
off a current source on the output equal to approximately 30% of the full scale current (see Figure 
2). SYNC· does not override any other control or data input, as shown in Table 1; therefore, it 
should be asserted only during the blanking interval. It is latched on the rising edge of CLOCK. 

Reference white control input ('ITLICMOS compatible). A logical zero on this input forces the 
output to the white level, regardless of the DO - D7 inputs. It is latched on the rising edge of 
CLOCK. See Table 1. 

Overbright control input (ITLtCMOS compatible). A logical zero on this input causes the 
output current to increase by approximately 10 IRE units as shown in Table 1 and Figure 2. It is 
latched on the rising edge of CLOCK. 

Data inputs (ITUCMOS compatible). DO is the least significant data bit. They are latched on 
the rising edge of CLOCK. Coding is binary. 

Clock input (TTlJCMOS compatible). The rising edge of CLOCK latches the DO - D7, SYNC", 
BLANK"', REF WHITE., and 10% OVERBRIGIIT* inputs. It is typically the pixel clock: rate of 
the video system. It is recommended that the CLOCK input be driven by a dedicated TIL or 
CMOS buffer. 

Setup control input. This pin controls the difference between the black level and the blanking 
level. Available setups include 10 IRE units (SETUP = V AA), 7 IRE units (SETUP = float), and 0 
IRE units (SETUP = AGND). 

Threshold control input. This pin controls the logic thresholds of the digital inputs. If 
connected to V AA through a 0.1 J1F ceramic capacitor, the logic thresholds are TTL compatible. 
If connected directly to VAA, the thresholds are CMOS compatible. 

Current output. This high impedance current source is capable of directly driving a 
doubly-terminated 75-ohm coaxial cable (Figure 3). 

Current return. This pin must be connected to AGND through a ferrite bead, as illustrated in 
Figure 3. 

Analog ground All AGND pins must be connected. 

Analog power. All VAA pins must be connected. 

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 
3, must supply this input with a 1.2v (typical) reference. The use of a resistor network to 
generate the reference is not recommended, as any low frequency power supply noise on VREF 
will be directly coupled onto the analog outputs. A 0.1 J1F ceramic capacitor must be used to 
decouple this input to V AA, as shown in Figure 3. The decoupling capacitor must be as close to 
the device as possible to keep lead lengths to an absolute minimum. 

4 -22 



Btl02 

Pin Descriptions (continued) 

Pin Name 

COMP 

FSADJUST 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 
0.01 IJ.F ceramic capacitor in series with a resistor must be connected between this pin and the 
adjacent V AA pin (Figure 3). Connecting the capacitor to V AA rather than to AGND provides 
the highest possible power supply noise rejection. The COMP resistor and capacitor must be as 
close to the device as possible to keep lead lengths to an absolute minimum. 

Full scale adjust control. A resistor (RSET) connected between this pin and AGND controls the 
magnitude of the full scale video signal (Figure 3). Note that the IRE relationships in Figure 3 
are maintained regardless of the full scale output current 

The relationship between RSET and the white level output current is: 

RSET (ohms) = K1 .. VREF (v)/IOUT (rnA) 

The amount of additional current generated to achieve the overbright level is: 

lOUT (rnA) = K2 '" VREF (v) I RSET (ohms) 

K1 and K2 are defined as follows: 

SEIUP 

float VAA AGND 

K1 24.096 24.713 22.930 

K2 1.735 1.729 1.726 

RBPWHlJ'B- VAA 

BLANK· 10'10 OVJ!RBRlGHl"· 

D7 SYNC" 

D6 SI!11JP 

D5 IRBT 

D4 lOur 

CLOCK AGND 

D3 VAA 

Dl COMP 

Dl FSADIUST 

DO VREP 

TIIRBSIIOlJ) SRT AGND 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Btl02 power and ground lines by shielding the 
digital inputs and providing good decoupling. The 
lead length between groups of V AA and AGND pins 
should be minimized so as to minimize inductive 
ringing. 

Ground Planes 

The Btl02 and any associated analog circuitry should 
have its own ground plane, referred to as the analog 
ground plane. This ground plane should connect to the 
regular PCB ground plane at a single point through a 
ferrite bead, as illustrated in Figure 3. This bead 
should be located within three inches of the Btl 02. 

The analog ground plane area should encompass all 
Btl02 ground pins, voltage reference circuitry, power 
supply bypass circuitry for the Btl 02, the analog 
output traces, and any output amplifiers. 

The regular PCB ground plane area should encompass 
all the digital signal traces, excluding the ground 
pins, leading up to the Btl 02. 

Power Planes 

The Btl02 and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane at a single point through 
a ferrite bead, as illustrated in Figure 3. This bead 
should be located within three inches of the Btl 02. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all Btl02 power pins, 
voltage reference circuitry, and any output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power or ground planes, unless they can be 
arranged such that the plane-to-plane noise is 
common mode. This will reduce plane-to-plane noise 
coupling. 
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Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 

For the best performance, a 0.1 f.lF ceramic capacitor 
should be used to decouple each V AA pin to AGND. 
These capacitors should be placed as close as possible 
to the device. 

It is important to note that while the Btl02 contains 
circuitry to reject power supply noise, this rejection 
decreases with frequency. If a switching power supply 
is used, the designer should pay close attention to 
reducing power supply noise and consider using a 
three terminal voltage regulator for supplying power 
to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Btl02 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground and power planes. 

Due to the high clock rates involved, long clock lines 
to the Btl 02 should be avoided to reduce noise 
pickUp. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power and 
ground planes. 

Analog Signal Interconnect 

The Btl02 should be located as close as possible to 
the output connector to minimize noise pickup and 
reflections due to impedance mismatch. 

The video output signal should overlay the analog 
ground plane, and not the analog power plane, to 
maximize the high frequency power supply rejection. 

For maximum performance, the analog output should 
have a 75-ohm load resistor connected to AGND. The 
connection between the current output and AGND 
should be as close as possible to the Btl02 to 
minimize reflections. 
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PC Board Layout Considerations (continued) 

COMP 

ANALOG POWERPLANB 

L1 
'--.., ___ .5V 

Zl C6 Cl 

Btl02 
L2 

ANALOG OROIlND PLANB YY'I______ OROIlND 

L3 
TO 

VIDEO 
CONNl!Cl'OR 

[OIITI-------~-------

Location Description Vendor Part Number 

C1,C2,C3,CS 0.1 IJ.F ceramic capacitor Erie RPEl12Z5U104MSOV 
C4 0.G1 IlF ceramic capacitor Erie RPE110Z5U103MSOV 
C6 10 IlF tantalum capacitor Mallory CSR13G106KM 

L1, L2, L3 ferrite bead Fair-Rite 2743001111 
R1 7S-ohm 1% metal film resistor Dale CMF-SSC 
R2 1000-ohm 1 % metal film resistor Dale CMF-SSC 
R3 27 -ohm I % metal film resistor Dale CMF-SSC 

RSEI' 1 % metal film resistor Dale CMF-SSC 
Z1 1.2v voltage reference National Semiconductor LM38SBZ-1.2 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Btl02. 

Figure 3. Typical Connection Diagram and Parts List. 
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Application Information 

RS-170 Video Generation 

For generation of RS-170 compatible video. it is 
recommended that a singly-terminated 75-ohm load be 
used with the SETUP pin floating and an RSET value 
of about 1594 ohms. If the Bt102 is not driving a 
large capacitive load. there will be negligible 
difference in video quality between doubly-terminated 
75-ohm and singly-terminated 75-ohm loads. 

If driving a large capacitive load (load RC > 1/ 
(20Fc7t». it is recommended that an output buffer be 
used to drive a doubly-terminated 75-ohm load. 

Color Applications 

Note that in color applications. sync information is 
typically required only on the green channel. 
Therefore. the SYNC* inputs to the red and blue 
VIDEODACs may always be a logical zero. If SYNC* 
is always a logical zero. the relationship between 
RSET and the full scale output current is: 

lOur (rnA) = K * VREF (v) / RSET (ohms) 

where K is equal to 17.714; 17.158; or 15.933 for 
SETUP = V AA. float. and AGND. respectively. 

Using Multiple Devices 

If located close together on the same PC board. 
mUltiple Btl02 devices may be connected to a single 
analog power and ground plane. In addition. a single 
voltage reference may be used to drive multiple 
devices. 

Each Bt102 must still have it's individual RSET 
resistor. lOUT termination resistor (R1 in Figure 3). 
lRET ferrite bead (L3 in Figure 3). power supply 
bypass capacitors (C2 and C3 in Figure 3). and COMP 
resistor and capacitor (C4 and R3 in Figure 3). 

At high clock rates. individual ground beads (L2 in 
Figure 3) may be required to maintain TTL thresholds 
due to the high current return. 
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Non-Video Applications 

The Btl02 may be used in non-video applications by 
disabling the video-specific control inputs. SYNC* 
should be a logical zero. while REF WHITE*. 10% 
OVERBRIGHT*. and BLANK* should be a logical 
one. SETUP should be connected to AGND. The 
output current will be determined solely by the DO -
D7 inputs. 

The relationship between RSET and the full scale 
output current in this configuration is as follows: 

RSET (ohms) = 15.933 * VREF (v) / lOur (rnA) 

The BLANK* input may optionally be used as a "force 
to zero" control. and the REF WHITE* input may 
optionally be used as a "force to full scale" control. 

COMP Resistor 

To optimize the settling time of the Btl02. a resistor 
may be added in series between the COMP capacitor 
and COMP pin. The series resistor damps inductive 
ringing on COMPo thus improving settling time. 

The value of the resistor is typically 27 ohms. 
however. the exact value is dependent on the PC board 
layout. clock rate. etc.. and should be optimized for 
minimal settling time. 

An incorrect resistor value will result in degraded 
output performance. such as excessive ringing of the 
analog outputs or increased settling time. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA - 25 +85 ·C. 
Output Load RL 37.5 Ohms 
Reference Voltage VREF 1.14 1.235 1.26 Volts 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGND) 7.0 Volts 

Voltage on any Digital Pin AGND-0.5 VAA+0.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·C. 
Junction Temperature TJ + 175 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds, 1/4" from pin) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution 8 8 8 Bits 
Accuracy 

Integral Linearity Error IL ± 1/2 LSB 
Differential Linearity Error IL ± 1/4 LSB 
Gray Scale Error ±5 % GrayScale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
TTL Compatible Mode 

Input High Voltage VIH 
CLOCK 3.0 VAA+0.5 Volts 
Other 2.0 VAA + 0.5 Volts 

Input Low Voltage VlL AGND-0.5 0.8 Volts 
Input High Current (Vin = 2.4v) llH - 200 - 1200 ~ 
Input Low Current (Vin = 0.4v) TIL - 200 - 1200 ~ 
Input Capacitance ON 10 pF 

CMOS Compatible Mode 
Input High Voltage VIH 3.5 AGND+O.5 Volts 
Input Low Voltage VlL AGND-0.5 0.8 Volts 
Input High Current (Vin = 3.5v) llH 2 ~ 
Input Low Current (Vin = 1.5v) TIL 2 ~ 
Input Capacitance ON 10 pF 

Analog Output 
Gray Scale Current Range 15 20.5 rnA 
Output Current 

Overbright Relative to White 1.60 1.93 2.40 rnA 
White Level Relative to Blank 17.90 19.09 20.31 rnA 
White Level Relative to Black 16.80 17.72 18.61 rnA 
Black Level Relative to Blank 

SETUP = float 1.10 1.37 1.70 rnA 
SEfUP=AGND 0 5 50 ~ 
SEfUP=VAA 1.6 1.93 2.4 rnA 

Blanking Level 7.2 7.72 8.3 rnA 
Sync Level 0 5 50 ~ 
LSB Size 69.5 ~ 

Output Compliance VOC - 1.0 +1.4 Volts 
Output Impedance Rour 33 Kohms 
Output Capacitance cour 20 pF 

Voltage Reference Input Current !REF 10 ~ 

Power Supply Rejection Ratio PSRR 0.2 0.5 %/%AVAA 
(CaMP = O.Q1I1F, f = 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with SETUP = float, RSET 
= 1110 ohms, VREF = 1.235v. As the above parameters are guaranteed over the full temperature range, 
temperature coefficients are not specified or required. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 75 MHz 

Data and Control Setup Time TSU 4 ns 
Data and Control Hold Time 18 1 ns 

Clock Cycle Time TCYC 13.33 ns 
Clock Pulse Width Low TClKH 5 ns 
Clock Pulse Width High TCLKL 6 ns 

Analog Output Delay IDLY 20 ns 
Analog Output Rise/Fall Time TVRF 6 ns 
Analog Output Settling Time" 'IS 

to± I/2LSB 15 ns 
to± 1 LSB 12 ns 

Clock and Data Feedtbrough* - 20 dB 
Glitch Impulse" 100 pV -'sec 

Differential Gain Error 00 1 % Gray Scale 
Differential Phase Error DP 1 Degree 

Pipeline Delay 3 3 3 Clocks 

V AA Supply Current." JAA 110 175 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 1110 ohms, 
VREF = 1.235v. THRESHOLD SET = TTL mode, SETUP = float. TTL input values are 0 to 3 volts, with input 
rise/fall times :s; 3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. COMP resistor = 27 ohms. Analog output load:S;, 10 pF. See timing notes in Figure 4. As the above 
parameters are guaranteed over the full temperature range, temperature coefficients are not specified or required. 

"Clock and data feedtbrough is a function of the amount of overshoot and undershoot on the digital inputs. For 
this test, the digital inputs have a lk-ohm resistor to the regular PCB ground plane and are driven by 74HC 
logic. Settling time does not include clock and data feedtbrough. Glitch impulse includes clock and data 
feedtbrough. -3 dB test bandwidth = 150 MHz. 

·"At Fmax. IAA (typ) at V AA = 5.Ov. IAA (max) at V AA = 5.2Sv 
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Ordering Information 

Model Number 

Btl02BC 

Btl02BVM 

Timing Waveforms 

DO~D7, lKOVBRBRIOHf". 
SYNC". BLANK". REP 

WHl\1l. 

IOIIT 

Ambient 
Speed Package Temperature 

Range 

75 MHz 24-pin 0.3" _25° to +85° C. 
CERDIP 

Bvaluation Board for the Btl02 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale transition. 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within ± 1(1. LSB or ± 1 LSB. 

Note 3: Output rise/fall time measured between the 20% and 80% points of full scale transition. 

Figure 4. Input/Output Timing. 
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Device Circuit Data 

High speed operation is accomplished through pipelining and a unique (patent pending) TIL input 
buffer. This input buffer features a resistive level shifter that uses a temperature and 
process-compensated current source. 

The 0.5 rnA bias current is disabled when THRESHOLD SET is connected to V AA, resulting in a 
standard high-impedance CMOS input. 

Figure 5. Equivalent Circuit of the Digital Inputs. 

r-~~------------~----'---VAA 

VRllP 

>4'I--TODAC 
FS ADJUST U----+-----"'V\r-~--+., 

IFIlBDBACK 

'--__ --...... ----1-- AGND 

Figure 6. Equivalent Circuit of the Reference Amplifier. 

Bt102 

--.. ----il..---... ----~t---- VAA 

DO·D7 

lOur 

10'1. 
RL 

OVERBRIGJITO 

Figure 7. Equivalent Circuit of the Current Output. 
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Distinguishing Features Applications 

• 75, 30 MHz Operation • High Resolution Color Graphics 
• Triple 4-bit D/A Converters • CAE/CAD/CAM Applications 
• ± 1/16 LSB Differential Linearity Error • Image Processing 
• ± 1/8 LSB Differential Linearity Error • Video Reconstruction 
• RS-343A/RS-170 Compatible Outputs 
• TTL Compatible Inputs 
• +5v CMOS Monolithic Construction 
• 28-pin DIP Package 
• Typical Power Dissipation: 800 m W 

Functional Block Diagram 

FS ADJUST 

a.ocK 

RO·R3 

00·03 

80·83 

SYNC· 

8LANK· 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
LI03001 Rev. D 

COMPI 

lOR 

100 

108 

COMPl 

VAA AGND 
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Btl03 
75 MHz 

Monolithic CMOS 

Triple 4-bit 

VIDEODAC™ 

Product Description 

The Btl03 is a triple 4-bit VIDEODAC, 
designed specifically for high performance, 
high resolution color graphics. 

Available control inputs include sync and 
blank, both pipelined to maintain 
synchronization with the color data. An 
on-chip voltage reference simplifies design, 
and a single external resistor controls the 
full scale output current. 

The BU03 generates RS-343A compatible 
video signals into a doubly-terminated 
75-ohm load, and RS-170 compatible video 
signals into a singly-terminated 75-ohm 
load, without requiring external buffering. 
The differential and integral linearity errors 
of the D/ A converters are guaranteed to be a 
maximum of ± 1/16 LSB and ± 1/8 LSB, 
respectively. over the full temperature range. 
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Circuit Description 

As illustrated in the functional block diagram, the 
Bt103 contains three 4-bit D/A converters, input 
registers, voltage reference, and a reference amplifier. 

As shown below in Figure 1, on the rising edge of 
each clock cycle, 12 bits of color information (RO -
R3, GO - 03, and BO - B3) are latched into the device 
and presented to the three 4-bit D/ A converters. 

The SYNC· and BLANK" inputs, also latched on the 
rising edge of CLOCK and pipelined to maintain 
synchronization with the color data, add 
appropriately weighted currents to the analog outputs, 
producing the specific output levels required for video 
applications, as illustrated in Figure 2. Table 1 details 
how the SYNC· and BLANK" inputs modify the 
output levels. 

RO·1I3, ClO.G3, BO-B3, 

SYNCO. BLANK" 

lOR, 100. JOB 

The full scale output current is set by an external 
resistor (RSET) between the FS ADJUST pin and 
AOND. RSET has a typical value of 499 ohms for 
generation of RS-343A video into a 37.S-ohm load. 

The D/A converters on the Bt103 use a segmented 
architecture in which bit currents are routed to either 
the output or AOND by a sophisticated decoding 
scheme. This architecture eliminates the need for 
precision component ratios and greatly reduces the 
switching transients associated with turning current 
sources on or off. Monotonicity and low glitch are 
guaranteed by using identical current sources and 
current steering their outputs. An on-chip operational 
amplifier stabilizes the full-scale output current 
against temperature and power supply variations. 

The analog outputs of the Btl03 are capable of 
directly driving a 37 .S-ohm load, such as a 
doubly-terminated 7S-ohm coaxial cable. 

Figure 1. Input/Output Timing. 

4 - 34 



Broddree@ Btl03 

Circuit Description (continued) 

RED. BUlB GRBI!li 

MA V MA V 

19.0.5 0.714 2667 1.000 ....... --~..-------------=---- WHr11! U!VBL 

1.19 0.04.5 8.81 0.330 +--------t-----f--------- BLACK LIlVBL 

0.00 0.000 UI}. 0.2116 +--------1-..,....~-~-------- BLAIIK U!VBL 

401RB 

0.00 0.000 
~ _______ ~~ __________ S~CU!VBL 

Note: 75-ohm doubly-terminated load, RSET = 499 ohms. RS-343A levels and tolerances assumed on 
all levels. 

Figure 2. Composite Video Output Waveforms. 

Description loo(mA) IOR(mA) IOB(mA) SYNC* BLANK* DAC 
Input Data 

WHlfE 26.67 19.05 19.05 1 1 SF 
DATA data + 8.81 data + 1.19 data + 1.19 1 1 data 
DATA-SYNC data+ 1.19 data + 1.19 data + 1.19 0 1 data 
BLACK 8.81 1.19 1.19 1 1 SO 
BLACK-SYNC 1.19 1.19 1.19 0 1 SO 
BlANK. 7.62 0 0 1 0 Sx 
SYNC 0 0 0 0 0 $x 

Note: Typical with full scale 100 = 26.67 mAo RSET = 499 ohms. 

Table 1. Video Output Truth Table. 
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Pin Descriptions 

Pin Name 

BLANK· 

SYNC· 

RO - R3, 
GO-03, 
BO-B3 

CLOCK. 

lOR, lOG, lOB 

AGND 

VM 

FSADJUST 

Description 

Composite blank control input (TTL compatible). A logical zero drives the analog outputs to 
the blanking level, as illustrated in Table 1. It is latched on the rising edge of CLOCK. When 
BLANK· is a logical zero, the RO - R3, GO - 03, and BO - B3 inputs are ignored. 

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40 
IRE current source on the lOG output (see Figure 2). SYNC· does not overtide any other control 
or data input, as shown in Table 1; therefore, it should be asserted only during the blanking 
interval. It is latched on the rising edge of CLOCK. 

Red, green, and blue data inputs (TTL compatible). RO, GO, and BO are the least significant data 
bits. They are latched on the rising edge of CLOCK. Coding is binary. 

Clock input (TTL compatible). The rising edge of CLOCK latches the RO - R3, GO - G3, BO - B3, 
SYNC·, and BLANK* inputs. It is typically the pixel clock rate of the video system. It is 
recommended that the CLOCK input be driven by a dedicated TTL buffer. 

Red, green, and blue current outputs. These high impedance current sources are capable of 
directly driving a doubly-terminated 75-ohm coaxial cable (Figure 3). All outputs, whether used 
or not, should have the same output load. 

Analog ground. All AGND pins must be connected. 

Analog power. All VAA pins must be connected. 

Full scale adjust control. A resistor (RSET) connected between this pin and AGND controls the 
magnitude of the full scale video signal (Figure 2). Note that the IRE relationships in Figure 2 
are maintained, regardless of the full scale output current 

The relationship between RSET and the full scale output current on lOG is: 

RSET (ohms) = 13,308/ lOG (rnA) 

The full scale output current on lOR and lOB for a given RSET is defmed as: 

lOR, lOB (rnA) = 9,506/ RSET (ohms) 
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Pin Descriptions (continued) 

Pin Name 

COMPl, 
COMP2 

Description 

Compensation pins. These pins provide compensation for the internal reference amplifier. A 
0.1 I1F ceramic capacitor must be connected between these two pins (Figure 3). The COMP 
resistor and capacitor must be as close to the device as possible to keep lead lengths to an 
absolute minimum. 

R3 NIC 

R2 SYNC' 

RI lOR 

RO lOG 

03 lOB 

02 VAA 

G1 COMP2 

GO FSADJUST 

B3 COMPI 

B2 AONO 

BI AGND 

DO AGND 

BLANK'" VAA 

N/C CLOCK 

Note: N/C pins may be left floating without affecting the performance of the Btl03. 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Btl03 power and ground lines by shielding the 
digital inputs and providing good decoupling. The 
lead length between groups of V AA and AGND pins 
should be minimized so as to minimize inductive 
ringing. 

Ground Planes 

The Btl03 and any associated analog circuitry should 
have its own ground plane, referred to as the analog 
ground plane. This ground plane should connect to the 
regular PCB ground plane at a single point through a 
ferrite bead, as illustrated in Figure 3. This bead 
should be located within three inches of the Btl03. 

The analog ground plane area should encompass all 
Btl03 ground pins, power supply bypass circuitry for 
the Btl03, the analog output traces, and any output 
amplifiers. 

The regular PCB ground plane area should encompass 
all the digital signal traces, excluding the ground 
pins, leading up to the Bt103. 

Power Planes 

The Btl03 and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane at a single point through 
a ferrite bead, as illustrated in Figure 3. This bead 
should be located within three inches of the Btl03. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all Btl 03 power pins 
and any output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power or ground planes, unless they can be 
arranged such that the plane-to-plane noise is 
common mode. This will reduce plane-to-plane noise 
coupling. 
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Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 

For the best performance, a 0.1 IJ.F ceramic capacitor 
should be used to decouple each V AA pin to AGND. 
These capacitors should be placed as close as possible 
to the device. 

It is important to note that while the Btl03 contains 
circuitry to reject power supply noise, this rejection 
decreases with frequency. If a switching power supply 
is used, the designer should pay close attention to 
reducing power supply noise and consider using a 
three terminal voltage regulator for supplying power 
to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Btl 03 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground and power planes. 

Due to the high clock rates involved, long clock lines 
to the Btl03 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power and 
ground planes. 

Analog Signal Interconnect 

The Btl03 should be located as close as possible to 
the output connectors to minimize noise pickup, and 
reflections due to impedance mismatch. 

The video output signals should overlay the analog 
ground plane, and not the analog power plane, to 
maximize the high frequency power supply rejection. 

For maximum performance, the analog outputs should 
each have a 75-ohm load resistor connected to AGND. 
The connection between the current output and AGND 
should be as close as possible to the Btl03 to 
minimize reflections. 
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PC Board Layout Considerations (continued) 

COMP2 -

j; R4 

*C4 
COMPI -

VAAP. ............ AN .. ~ ... ro.WE .. R.~ ........ ... 

\ 
=1'= C2-C3 

Btl03 

FS ADJUST ----J 

lOR 

lOOI------~~-1------

IDBr--------~~-----

Location Description 

C1, C2, C3, C4 0_1 IJF ceramic capacitor 
C5 10 I1F tantalum capacitor 

L1, L2 ferrite bead 
R1, R2, R3 75-ohrn 1 % metal film resistor 

R4 22-ohrn 1 % metal film resistor 
RSEI' 499-ohrn 1% metal fIlm resistor 

LI 

L-t."",___ + 5V 

=4: CS == CI 

1.2 
YYI._ ..... __ GROUND 

TO 
VIDEO 

CONNECTOR 

Vendor Part Number 

Erie RPEll2Z5U104M50V 
Mallory CSR13G106KM 
Fair-Rite 2743001111 
Dale CMF-55C 
Dale CMF-55C 
Dale CMF-55C 

Note: The above listed vendor numbers are listed only as a guide_ Substitution of devices with similar 
characteristics will not affect the performance of the Bt103_ 

Figure 3. Typical Connection Diagram and Parts List. 
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Application Information 

RS-170 Video Generation 

For generation of RS-170 compatible video. it is 
recommended that a singly-terminated 75-ohm load be 
used with an RSET value of about 713 ohms. If the 
Btl03 is not driving a large capacitive load, there will 
be negligible difference in video quality between 
doubly-terminated 75-ohm and singly-terminated 
75-ohm loads. 

If driving a large capacitive load (load RC > 1/ 
(20Fcn». it is recommended that an output buffer be 
used to drive a doubly-terminated 75-ohm load. 

COMP Resistor 

To optimize the settling time of the Btl03. a resistor 
may be added in series between the COMP capacitor 
and COMP pin. The series resistor damps inductive 
ringing on COMPo thus improving settling time. 

The value of the resistor is typically 22 ohms. 
however. the exact value is dependent on the PC board 
layout, clock rate, etc.. and should be optimized for 
minimal settling time. 

An incorrect resistor value will result in degraded 
output performance. such as excessive ringing of the 
analog outputs or increased settling time. 

/ 
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Non-Video Applications 

The Bt103 may be used in non-video applications by 
disabling the video-specific control inputs. SYNC'" 
should be a logical zero and BLANK'" should be a 
logical one. All three outputs will have the same full 
scale output current. ' 

The relationship between RSET and the full scale 
output current (lout) in this configuration is as 
follows: 

RSET (ohms) = 8.9121 lout (rnA) 

With the data inputs at $00. there is a DC offset 
current (Imin) dermed as follows: 

Imin (rnA) = 5941 RSET (ohms) 

Therefore, the total full scale output current will be 
10ut+Imin. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA 

Btl03KC30 0 +70 ·C. 
Bt103BC -25 + 85 ·C. 

Output Load RL 37.5 Ohms 
FS ADJUST Resistor RSEf 499 Ohms 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGND) 7.0 Volts 

Voltage on any Digital Pin AGND-O.5 VAA+O.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Sturage Temperature 1S - 65 + 150 ·C. 
Junction Temperature TJ + 175 ·C. 

Soldering Temperature 1SOL 260 ·C. 
(5 seconds, 1/4" from pin) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 4 4 4 Bits 
Accuracy (each DAC) 

Integral Linearity Error n.. ±1/8 LSB 
Differential Linearity Error IL ± 1/16 LSB 
Gray Scale Error ± 10 % Gray Scale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage V1H 2.0 VAA+0.5 Volts 
Input Low Voltage vn.. AGND-0.5 0.8 Volts 
Input High Current (Vin = 2.4v) 11H - 200 - 1200 IJA. 
Input Low Current (Vin = 0.4v) 1ll.. - 200 - 1200 IJA. 
Input Capacitance CIN 10 pF 

(f = 1 MHz, Vin = 2.4v) 

Analog Outputs 
Gray Scale Current Range 15 20 rnA 
Output Current 

White Level Relative to Blank 16.88 19.05 20.69 rnA 
White Level Relative to Black 15.86 17.62 19.38 rnA 
Black Level Relative to Blank 1.02 1.19 1.31 rnA 
Blank Level on lOR, lOB 0 5 50 IJA. 
Blank Level on lOG 6.29 7.62 8.96 rnA 
Sync Level on lOG 0 5 50 IJA. 
LSB Size 1.175 rnA 

DAC to DAC Matching 2 5 % 
Output Compliance VOC - 1.0 + 1.4 Volts 
Output Impedance ROOf 10 Kohms 
Output Capacitance cour 20 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Internal Voltage Reference VREF 1.2 Volts 

Power Supply Rejection Ratio PSRR 0.2 0.5 %/%6.VAA 
(COMP = 0.11JF, f = 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 499 ohms. 
As the above parameters are guaranteed over the fulJ temperature range, temperature coefficients are not specified 
or required. 
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A.C. Characteristics 

75 MHz Devices 30 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 75 30 MHz 

Data and Control Setup Time TSU 4 10 ns 
Data and Control Hold Time 1H 1 2 ns 

Clock Cycle Time TCYC 13.3 33.3 ns 
Clock Pulse Width High Time TCLKH 5 10 ns 
Clock Pulse Width Low Time TCLKL 5 10 ns , 

Analog Output Delay 1DLY 12 12 ns 
Analog Output Rise/Fall Time TVRF 4 9 ns 
Analog Output Settling Time* TS 12 15 ns 
Clock and Data Feedthrough* - 30 - 30 dB 
Glitch Impulse* 50 50 pV - sec 
DAC to DAC Crosstalk -25 -25 dB 
Analog Output Skew 0 2 0 2 ns 

Pipeline Delay 2 2 2 2 2 2 Clocks 

V AA Supply Current** IAA 175 110 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 499 ohms. TTL input 
values are 0 to 3 volts, with input rise/fall times S 3 ns, measured between the 10% and 90% points. Timing reference 
points at 50% for inputs and outputs. COMP resistor = 22 ohms. Output load S 10 pF. See timing notes in Figure 4. As 
the above parameters are guaranteed over the full temperature range, temperature coefficients are not specified or required. 

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, 
the digital inputs have a lk-ohm resistor to the regular PCB ground plane and are driven by 74HC logic. Settling time 
does not include clock and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth = 
2x clock rate. 

**AtFmax. lAA(typ)atVAA=5.0v. IAA(max)atVAA=5.25v. 
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Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Btl03BC 75 MHz 28-pin 0.6" _25° to +85° C. 
CERDIP 

Btl03KC30 30 MHz 28-pin 0.6" 0° to +70° C. 
CERDIP 

Btl03EVM Evaluation Board for the Btl03 

Timing Waveforms 

CLOCK 

RO·R3. 00.03. BO-B3. 
SYNC-, BLANK-

lOR. 100. lOB 

TDLY 1tvl=: 
-=fL=D 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale transition. 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within ± 1/8 LSB. 

Note 3: Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 4. Input/Output Timing. 
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Device Circuit Data 

High speed operation is accomplished through pipelining and a unique (patent pending) TIL input 
buffer. This input buffer features a resistive level shifter that uses a temperature and 
process-compensated current source. 

Figure 5. Equivalent Circuit of the Digital Inputs. 

~~~------------~----~--VAA 

>~i---TODACS 

lFBIlDBACK 

L---<~--""'----li---AGND 

Figure 6. Equivalent Circuit of the Reference Amplifier. 

BtlO3 

VAA 

(lO.G7 

100 

SYNC· BLANK· T-:1DpI' RL C(1IIay+Jood) 
(JOG ONLy) 

Figure 7. Equivalent Circuit of the Current Output (lOG). 
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Distinguishing Features 

• 50, 30 MHz Operation 
• ± 1 LSB Differential Linearity Error 
• ± 1 LSB Integral Linearity Error 
• RS-343AJRS-170 Compatible Output 
• TIL Compatible Inputs 
• +5v CMOS Monolithic Construction 
• 20-pin DIP Package 
• Typical Power Dissipation: 400 m W 

Functional Block Diagram 

Applications 

• High Resolution Color Graphics 
• CAE/CAD/CAM Applications 
• Image Processing 
• Video Reconstruction 

Instrumentation 

VREF FS ADJUST 

CLOCK -/----., 

B 
DO-D1 -~r---t 

REFWHITE -/----1 

SYNC" -1----... 

BLANK" 

Brookuee Co~ation 
9950 Bames Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
LI06001 Rev. F 

L----i..?-r--t- COMP 

>--+_IOUT 

VAA AGND 
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Btl06 
SO MHz 

Monolithic CMOS 

8-bit 

VIDEODAC™ 

Product Description 

The Btl06 is an 8-bit VIDEODAC, designed 
specifically for high performance, high 
resolution color graphics. 

Available conuol inputs include sync, 
blank, and reference white. The reference 
white input forces the analog output to the 
reference white level, regardless of the data 
inputs. 

An external 1.2v voltage reference and a 
single resistor control the full scale output 
current The sync, blank, and reference white 
inputs are pipelined to maintain 
synchronization with the digital input 
data. 

The Btl06 generates RS-343A compatible 
video signals into a doubly-terminated 
75-ohm load, and RS-170 compatible video 
signals into a singly-terminated 75-ohm 
load, without requiring external buffering. 
Both the differential and integral linearity 
errors of the D/ A converter are guaranteed to 

be a maximum of ± 1 LSB over the full 
temperature range. 
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Circuit Description 

AB illustrated in the functional block diagram. the 
Btl06 contains an 8-bit D/A converter. input 
registers. and a reference amplifier. 

On the rising edge of each clock cycle. as shown 
below in Figure 1. eight bits of data are latched into 
the device and presented to the 8-bit D/A converter. 
The REF WHITE input, latched on the rising edge of 
CLOCK. forces the inputs of the D/A converter to 
$FF. 

Latched on the rising edge of CLOCK to maintain 
synchronization with the data. the SYNC* and 
BLANK* inputs add appropriately weighted currents 
to the analog output. producing the specific output 
levels required for video applications. as illustrated in 
Figure 2. Table 1 details how the SYNC*. BLANK*. 
and REF WHITE inputs modify the output level. 

Full scale output current is set by an external resistor 
(RSET) between the FS ADJUST pin and AGND. RSET 
has a typical value of 542 ohms for generation of 
RS-343A video into a 37.5-ohm load. The VREF input 
requires an external 1.2v (typical) reference. For 
maximum performance. the voltage reference should 
be temperature compensated and provide a 
low-impedance output. 

The D/A converter on the Btl06 uses a segmented 
architecture in which bit currents are routed to either 
the output or AGND by a sophisticated decoding 
scheme. This architecture eliminates the need for 
precision component ratios and greatly reduces the 
switching transients associated with turning current 
sources on or off. Monotonicity and low glitch are 
guaranteed by using identical current sources and 
current steering their outputs. An on-chip operational 
amplifier stabilizes the full-scale output current 
against temperature and power supply variations. 

The analog output of the Btl06 is capable of directly 
driving a 37.5-ohm load. such as a doubly-terminated 
75-ohm coaxial cable. 

Figure 1. Input/Output Timing. 
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Circuit Description (continued) 

MA V 

'1A1lI 1.000 -.----;0;:------------=--- WHITB U!VBL 

9.05 0.340 

782 D.286 • -r-----~---~~-------~K~~ 

-r------L-r-,-~--------~K~~ 

401RB 

0.00 0.000 
-L--_____ ~~ _________ smcU!VBL 

Note: 75-ohm doubly-terminated load, RSET = 542 ohms, VREF = 1.2v. RS-343A levels and tolerances assumed on 
all levels. ' 

Figure 2. Composite Video Output Waveform. 

Description lOur REF SYNC* BLANK· DAC 
(rnA) WHIlE Input Data 

WHIlE 26.67 1 1 1 $xx 
WHIlE 26.67 0 1 1 $FF 
DATA data + 9.05 0 1 1 data 
DATA-SYNC data + 1.44 0 0 1 data 
BlACK 9.05 0 1 I $00 
BlACK-SYNC 1.44 0 0 1 $00 
BLANK 7.62 x 1 0 $xx 
SYNC 0 x 0 0 $xx 

Note: Typical with full scale lOUT = 26.67 rnA. RSET = 542 ohms, VREF = 1.2v. 

Table 1. Video Output Truth Table. 
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Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

REF WHITE 

DO-D7 

CLOCK 

lOur 

AGND 

VAA 

FSADIDST 

Description 

Composite blank control input (TIL compatible). A logical zero drives the lOUT output to the 
blanking level, as illustrated in Table 1. It is latched on the rising edge of CLOCK. When 
BLANK* is a logical zero, the DO - D7 and REF WlllTE inputs are ignored. 

Composite sync control input (TIL compatible). A logical zero on this input switches off a 40 
IRE current source on the output (see Figure 2). SYNC* does not override any other control or 
data input, as shown in Table 1; therefore, it should be asserted only during the blanking 
interval. It is latched on the rising edge of CLOCK. 

Reference white control input (TIL compatible). A logical one on this input forces the output to 
the white level, regardless of the DO - D7 inputs. It is latched on the rising edge of CWCK. See 
Table 1. 

Data inputs (TIL compatible). DO is the least significant data bit. They are latched on the 
rising edge of CLOCK. Coding is binary. 

Clock input (TIL compatible). The rising edge of CWCK latches the DO - D7, SYNC*, 
BLANK*, and REF WHITE inputs. It is typically the pixel clock rate of the video system. It is 
recommended that the CLOCK input be driven by a dedicated TIL buffer. 

Current output. This high impedance current source is capable of directly driving a 
doubly-terminated 75-ohm coaxial cable (Figure 3). 

Analog ground. All AGND pins must be connected. 

Analog power. All VAA pins must be connected. 

Full scale adjust control. A resistor (RSET) connected between this pin and AGND controls the 
magnitude of the full scale video signal (Figure 2). Note that the IRE relationships in Figure 2 
are maintained, regardless of the full scale output current. 

The relationship between RSET and the full scale output current is: 

RSET (ohms) = 12,046 * VREF (v) I lOUT (rnA) 
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Pin Descriptions (continued) 

Pin Name 

COMP 

VREF 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 
0.01 IJ.F ceramic capacitor in series with a resistor must be connected between this pin and the 
adjacent V AA pin (Figure 3). Connecting the capacitor to V AA rather than to AGND provides 
the highest possible power supply noise rejection. The COMP resistor and capacitor must be as 
close to the device as possible to keep lead leng!hs to an absolute minimum. 

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 
3, must supply this input with a 1.2v (typical) reference. The Btl06 has an internal pull-up 
resistor between V AA and VREF. As the value of this resistor may vary slightly due to process 
variations, the use of a resistor network to generate the reference is not recommended. A O.II1F 
ceramic capacitor must be used to decouple this input to V AA, as shown in Figure 3. The 
decoupling capacitor must be as close to the device -as possible to keep lead lengths to an 
absolute minimum. 

CLOCK SYNCO 

rYI VAA 

D6 AGND 

os AGND 

D4 lOUT 

D3 VAA 

D2 ClOMP 

D1 PSADJUST 

DO VRBP 

RBFWIDTB BLANK· 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Btl06 power and ground lines by shielding the 
digital inputs and providing good decoupling. The 
lead length between groups of V AA and AGND pins 
should be minimized so as to minimize inductive 
ringing. 

Ground Planes 

The Btl06 and any associated analog circuitry should 
have its own ground plane, referred to as the analog 
ground plane. This ground plane should connect to the 
regular PCB ground plane at a single point through a 
ferrite bead, as illustrated in Figure 3. This bead 
should be located within three inches of the Bt106. 

The analog ground plane area should encompass all 
Btl06 ground pins, voltage reference circuitry, power 
supply bypass circuitry for the Btl06, the analog 
oU!put traces, and any output amplifiers. 

The regular PCB ground plane area should encompass 
all the digital signal traces, excluding the ground 
pins, leading up to the Btl 06. 

Power Planes 

The Btl 06 and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane at a single point through 
a ferrite bead, as illustrated in Figure 3. This bead 
should be located within three inches of the Btl06. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all Btl06 power pins, 
voltage reference circuitry, and any output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power or ground planes, unless they can be 
arranged such that the plane-to-plane noise is 
common mode. This will reduce plane-to-plane noise 
coupling. 
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Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 

For the best performance, a 0.1 I1F ceramic capacitor 
should be used to decouple each V AA pin to AGND. 
These capacitors should be placed as close as possible 
to the device. 

It is important to note that while the Btl 06 contains 
circuitry to reject power supply noise, this rejection 
decreases with frequency. If a switching power supply 
is used, the designer should pay close attention to 
reducing power supply noise and consider using a 
three terminal voltage regulator for supplying power 
to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Btl06 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground and power planes. 

Due to the high clock rates involved, long clock lines 
to the Btl06 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power and 
ground planes. 

Analog Signal Interconnect 

The Btl06 should be located as close as possible to 
the output connector to minimize noise pickup and 
reflections due to impedance mismatch. 

The video output signal should overlay the analog 
ground plane, and not the analog power plane, to 
maximize the high frequency power supply rejection. 

For maximum performance, the analog output should 
have a 75-ohm load resistor connected to AGND. The 
connection between the current output and AGND 
should be as close as possible to the Btl06 to 
minimize reflections. 
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PC Board Layout Considerations (continued) 

COMP l: ANALOO POWBRPUNI! 
VAA 

\ = =cs 
L1 

= i= C2.-C3 fVVY'\ +SV 

VREP ,. ~Zl = :!:C6 = i=Cl 
BtlO6 

/ 1.2 
ANALOO GROUND Pu.NIl fVVY'\ 

AGND GROUND 

RSBT$ 
.. > 

Rl 
PSADIUST ------' 

I 
TO 

VIDBO 
lOUT CONNBCl'OR 

Location Description Vendor Part Nwnber 

Cl, C2. C3, C5 0_1 !1F ceramic capacitor Erie RPEll2Z5UI04M50V 
C4 0_01 !1F ceramic capacitor Erie RPEllOZSUI03M50V 
C6 10 IlF tantalwn capacitor Mallory CSRI3G106KM 

Ll,L2 ferrite bead Fair-Rite 2743001111 
Rl 75-ohm 1% metal film resistor Dale CMF-55C 
R2 12-ohm 1 % metal film resistor Dale CMF-55C 

RSEr 549-ohm 1 % metal fJlm resistor Dale CMF-55C 
ZI 1.2v voltage reference National Semiconductor LM385BZ-l_2 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Btl06. 

Figure 3. Typical Connection Diagram and Parts List. 
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Application Information 

RS-170 Video Generation 

For generation of RS-170 compatible video, it is 
recommended that a singly-terminated 7S-ohm load be 
used with an RSET value of about 774 ohms. If the 
Btl06 is not driving a large capacitive load, there will 
be negligible difference in video quality between 
doubly-terminated 75-ohm and singly-terminated 
75-ohm loads. 

If driving a large capacitive load (load RC > 1/ 
(20FC7t», it is recommended that an output buffer be 
used to drive a doubly-terminated 75-ohm load. 

Color Applications 

Note that in color applications, sync information is 
typically required only on the green channel. 
Therefore, the SYNC· inputs to the red and blue 
VIDEODACs may be a logical zero. If SYNC· is 
always a logical zero, the relationship between RSET 
and the full scale output current is: 

lOUT (rnA) = 8,604· VREF (v) I RSET (ohms) 

Using Multiple Devices 

If located close together on the same PC board, 
multiple Btl06 devices may be connected to a single 
analog power and gtound plane. In addition, a single 
voltage reference may be used to drive multiple 
devices. 

Each Btl06 must still have it's individual RSET 
resistor, lOUT termination resistor (Rl in Figure 3), 
power supply bypass capacitors (C2 and C3 in Figure 
3), and COMP resistor and capacitor (C4 and R2 in 
Figure 3). 

At high clock rates, individual ground beads (L2 in 
Figure 3) may be required to maintain TTL thresholds 
due to high current return. 
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Non-Video Applications 

The Btl06 may be used in non-video applications by 
disabling the video-specific control inputs. SYNC· 
and REF WHITE should be a logical zero and BLANK'" 
should be a logical one. 

The relationship between RSET and the full scale 
output current (lout) in this configuration is as 
follows: 

RSET (ohms) = 7,958'" VREF (v) I lOUT (rnA) 

With the data inputs at $00, there is a DC offset 
current (lmin) defined as follows: 

Imin (rnA) = 650 '" VREF (v) I RSET (ohms) 

Therefore, the total full scale output current will be 
lout + Imin. The REF WHITE input may optionally be 
used as a "force to full scale" control. 

COMP Resistor 

To optimize the settling time of the Btl06, a resistor 
may be added in series between the COMP capacitor 
and COMP pin. The series resistor damps inductive 
ringing on COMP, thus improving settling time. 

The value of the resistor is typically 12 ohms, 
however, the exact value is dependent on the PC board 
layout, clock rate, etc., and should be optimized for 
minimal settling time. 

An incorrect resistor value will result in degtaded 
output performance, such as excessive ringing of the 
analog outputs or increased settling time. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VM 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA 

Btl06KC30 0 +70 ·C. 
Btl06BC -25 +85 ·C. 

Output Load RL 37.5 Ohms 
Reference Voltage VREF 1.14 1.20 1.26 Volts 
FS ADJUST Resistor RSEf 542 Ohms 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V M (measured to AGND) 7.0 Volts 

Voltage on any Digital Pin AGND-0.5 VAA+O.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefmite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature 1S - 65 + ISO ·C. 
Junction Temperature TJ + 175 ·C. 

Soldering Temperature TS<L 260 ·C. 
(5 seconds, 1/4" from pin) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution 8 8 8 Bits 
Accuracy 

Integral Linearity Error lL ±I LSB 
Differential Linearity Error LL ±I LSB 
Gray Scale Error ±5 % GraySca1e 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage VIII 2.0 VAA + 0.5 Volts 
Input Low Voltage VIL AGNO-0.5 0.8 Volts 
Input High Current (Vin = 2.4v) IIH I IJA 
Input Low Current (Vin = O.4v) IlL - 1 IJA 
Input Capacitance CIN 10 pF 

(f = I MHz. Vin = 2.4v) 

Analog Output 
Gray Scale Current Range 15 20 rnA 
Output Current 

White Level Relative to Blank 17.69 19.05 20.40 rnA 
White Level Relative to Black 16.74 17.62 18.50 rnA 
Black Level Relative to Blank 0.95 1.44 1.90 rnA 
Blank Level 6.29 7.62 8.96 rnA 
Sync Level 0 5 50 IJA 
LSB Size 69.1 IJA 

Output Compliance VOC - 1.0 + 1.4 Volts 
Output Impedance Rour 10 Kohms 
Output Capacitance cour 30 pF 

(f = I MHz, lOUT = 0 rnA) 

Power Supply Rejection Ratio PSRR 0.2 0.5 %/%!lVAA 
(COMP = 0.011JF. f = 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 542 ohms. 
VREF = 1.200v. As the above parameters are guaranteed over the full temperature range. temperature 
coefficients are not specified or required. 
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A.C. Characteristics 

50 MHz Devices 30 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 50 30 MHz 

Data and Control Setup Time TSU 8 8 ns 
Data and Control Hold Time 1H 2 2 ns 

Clock Cycle Time TCYC 20 33.3 ns 
Clock Pulse Width High Time TCLKH 8 10 ns 
Clock Pulse Width Low Time TCLKL 8 10 ns 

Analog Output Delay IDLY 25 25 ns 
Analog Output RiseIFall Time TVRF 8 9 ns 
Analog Output Settling Time" TS 20 25 ns 
Clock and Data Feedthrough" - 33 - 33 dB 
Glitch Impulse" 50 50 pV - sec 

Differential Gain Error !Xl 1.8 1.8 % Gray Sca1e 
Differential Phase Error DP 1.2 1.2 Degrees 

Pipeline Delay 1 1 1 1 1 1 Clock 

V AA Supply Current". IAA 80 100 60 75 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 542 ohms, VREF = 
1.200v. TTL input values are 0 to 3 volts, with input rise/fall times S 3 ns, measured between the 10% and 90% points. 
COMP resistor = 12 ohms. Timing reference points at 50% for inputs and outputs. Analog output load S 10 pF. See 
timing notes in Figure 4. As the above parameters are guaranteed over the full temperature range, temperature coefficients 
are not specified or required. 

"Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, 
the digital inputs have a lk-ohm resistor to the regular PCB ground plane and are driven by 74HC logic. Settling time 
does not include clock and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth = 
2x clock rate. 

**At Fmax. IAA (typ) at VAA = 5.Ov. IAA (max) at VAA = 5.25v. 
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Ordering Information 

Model Number 

Btl06BC 

Btl06KC30 

Btl06EVM 

Timing Waveforms 

CLOCK 

DO-D7, SYNC"', 
BLANK·, REFWHffB 

lOur 

Ambient 
Speed Package Temperature 

Range 

50 MHz 20-pin 0.3" _25 0 to +850 C. 
CERDIP 

30 MHz 20-pin 0.3" 00 to +700 C. 
CERDIP 

Evaluation Board for the Btl06 

Note I: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale transition. 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within ± I LSB. 

Note 3: Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 4. Input/Output Timing. 
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Device Circuit Data 

Figure 5. Equivalent Circuit of the Digital Inputs. 

r--_~_------_-_- VAA 

VREP 

>--H-- TO DAC 

FSADJUST 
IFEEDBACK 

L----4>---~-+-AGND 

Figure 6. Equivalent Circuit of the Reference Amplifier. 

BtlO6 

VAA 

00-D7 

lOur 

SYNc· BLANK' T-3OpF 
RL C(atn.y + load) 

Figure 7. Equivalent Circuit of the Current Output. 
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Preliminary Information 

This document contains infonnation on a new product. The parametric 
infonnation, although not fully characterized, is the result of testing 
initial devices. 

Distinguishing Features 

" 400 MHz Pipelined Operation 
" ± 1(2 LSB Differential Linearity Error 
" ± 1(2 LSB Integral Linearity Error 
" 500 ps Typical Rise/Fall Time 
" RS-343A Compatible Output 
" 0 or 7.5 IRE Blanking Pedestal 
" Handles 25-0hm Output Loads 
" 10KH and lOOK ECL Compatible I/O 
" 2: 1 Multiplexed Pixel Inputs 

32-pin Flatpack Package 
Typical Power Dissipation: 1 W 

Functional Block Diagram 

FS ADJUST VREF IN 

DIV2IN -+---lD 

DIV20llT" 

FLIP 

FLOP 

Applications 

" High Resolution Color Graphics 
" CAE/CAD/CAM Applications 

Radar Processing 
" Instrumentation 

Related Products 

" Bt424, Bt492 

VREFOUT 

IIQ'EIII1XCI! 
A1IiI'l.Il'IIlR 

L __ -=:L>4"="'--t- COMP 

CLOCK 

CLOCK" 

DAO·DA7 

DBO·DB7 

BLANK -+----1 

VAA 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Ll07001 Rev. C 

REG 

AND 

MUX 

AGNO SEnJP 

lOUT 
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400 MHz 

10KH/IOOK EeL 

8-bit Multiplexed Input 

VIDEODAC™ 

Product Description 

The Btl07 is an 8-bit VIDEODAC, designed 
specifically for high perfonnance, high 
resolution color graphics. 

Multiplexed pixel inputs enable pixel data to 
be latched into the Btl 07 at a 200 MHz data 
rate, while maintaining the 400 MHz output 
rate necessary for high resolution graphics. 
On-chip circuitry divides the pixel clock by 
two, generating the 200 MHz clock signal. 

An on-chip voltage reference is available or 
an ex lernal reference may be used. A single 
external resistor controls the full scale 
output current. 

The Btl07 generates an RS-343A compatible 
video signal, and is capable of driving either 
doubly-tenninated 75-ohm or 50-ohm coax 
directly, without requiring external 
buffering. Both the differential and integral 
linearity errors of the D/ A converter are 
guaranteed to be a maximum of ± 1(2 LSB 
over the full temperature range. 
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Circuit Description 

As illustrated in the functional block diagram, the 
BU07 contains a single 8-bit D/A converter, 2:1 
multiplexed input register, a voltage reference, and a 
reference amplifier. 

Pixel data on the DAO - DA7 (even data) and DBO- DB7 
(odd data) are latched on the falling edge of 
DIV20UT*, as illustrated in Figure 1. 

DIV2IN is defined to be 1/2 the CLOCK rate. To 
simplify system design, the BU07 outputs a 
DIV20UT* signal, which when connected to the 
DIV2IN pin, generates a clock equal to 1/2 the CLOCK 
rate. For a color system requiring three Btl07s, the 
DIV20UT* signals may be synchronized by 
connecting the DIV20UT* signal on one of the 
devices to the DIV2IN pins of all three devices. Care 
should be taken to keep signal paths short and equal 
for each connection. The unused DIV20UT* signals 
from the remaining Btl07s can be used to clock 
external lookup table RAMs. 

The BLANK input is also latched on the faIling edge 
of DIV20UT*, and overrides the DAO - DA7 and DBO -
DB7 data. Blanking information is output 
synchronously with the even pixel data. 

Full scale output current is set by an external resistor 
(RSET) between the FS ADJUST pin and AGND. RSET 
has a typical value of 1092 ohms for generation of 
RS-343A video into a 37.S-ohm load, or 729 ohms 
for generation of RS-343A video into a 25-ohm load. 
The on-chip voltage reference(VREF OUT) may be 
used to provide the reference for the VREF IN pins of 
up to three Btl07s, or an external reference may be 
used. 

DIV2IN. DJV20UT· 

Both sides of the differential current outputs should 
have the same output load. A single-ended video 
signal may be generated by connecting the lOUT 
output through a 25-ohm resistor to AGND(assuming 
a doubly-terminated 50-ohm load). The IOUT* output 
is used to generate the video signal. 

The D/A converter on the BU07 uses a segmented 
architecture in which bit currents are routed to either 
lOUT or IOUT* by a sophisticated decoding scheme. 
This architecture eliminates ihe need for precision 
component ratios and greatly reduces the switching 
transients associated with turning sources on or off. 
Monotonicity and low glitch are guaranteed by using 
identical current sources and current steering their 
outputs. An on-chip operational amplifier stabilizes 
the full-scale output current against temperature and 
power supply variations. 

The analog outputs of the Btl07 are capable of 
directly driving either a 37.5-ohm or 25-ohm load, 
such as a doubly-terminated 75-ohm or 50-ohm 
coaxial cable. 

DAO-DA7. DBO-DB7. BLANK ==::X~ ____ ..JX,-__ DA:_r_A __ .JX,-_____ .JX,-__ _ 

CLOCK 

lOUT" 

Figure 1. 

~ D~:!l.!7. f"'
_________________ ---'/D~7. \fr-J 

Input/Output Timing (DIV2IN connected to DIV20UT*). 
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Circuit Description (continued) 

MA MA V 

RSET_ RSET= 
7'19 1092 

00.00 00.00 0.000 WHm! UlVEL 

·26.40 -17.60 -0.660 BLACK LEVEL 

7.S IRE 
·28.56 ·19.05 ·0.714 BLANK LIlVEL 

Note: RSET = 729 ohms (50.ohm doubly·terminated load) or 1092 ohms (75·ohm doub1y·terminated 
load), VREF IN = -1.21 v. RS·343A levels and tolerances assumed on all levels. 

Figure 2. Composite Video Output Waveform (lOUT·). 

RSET= RSET= 
729 ohms 1092 ohms 

Description IOUT* IOUT* BlANK DAC 
(rnA) (rnA) Input Data 

WHrIE 0 0 0 $FF 
DATA data data 0 data 
BLACK - 26.40 · 17.62 0 $00 
BlANK 1 $xx 

SETIJP=AGND . 26.40 · 17.62 
SETUP = float - 28.56 · 19.05 

Note: Typical with VREF IN = ·1.21v. 

Table 1. Video Output Truth Table. 
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Pin Descriptions 

Pin Name 

BLANK 

DAO-DA7, 
DBO-DB7 

CLOCK, 
CLOCK· 

DIV2IN 

DIV20UP 

lOur, 
IOUf* 

VAA 

COMP 

SElUP 

Description 

Composite blank control input (EeL compatible). A logic one drives the analog output to the 
blanking level, as illustrated in Table 1. It is latched on the falling edge of DIV20ur*. When 
BLANK is a logical one, the DAO - DA7 and DBO - DB7 inputs are ignored. Blanking 
information is output synchronously with the even pixel data. 

Even and odd pixel data inputs (EeL compauble). DO is the least significant data bit. They are 
latched on the falling edge of DIV20ur·. Even data represents the first (leftmost) pixel on the 
display screen. DAx represent the even pixel data, and DBx represent the odd pixel data. 
Coding is binary. 

Differential clock inputs (ECL compatible). It is typically the pixel clock rate of the video 
system. The Btl07 may be operated with a single-ended clock by connecting CLOCK· to a 
-1.3v VBB, however, common mode noise immunity at bigh clock rates may degrade. 

CLOCK/2 input (EeL compatible). This clock must be 1(1. the CLOCK rate. It is used to latch 
the BLANK, DAx and DBx inputs. See Figure 1. 

CWCK/2 output (EeL compatible). When connected to the DIV2IN pin, this output is 1(1. the 
CLOCK rate. When not connected to DIV2IN, it generates a signal that is DIV2IN synchronized 
to CLOCK and inverted. DIV20ur* must be terminated to -2v. 

Differential video current outputs. These high impedance current sources are capable of directly 
driving either a doubly-terminated SO-ohm or 7S-ohm coaxial cable (Figure 3). Both outputs, 
whether used or not, should have the same output load. 

Analog ground. All AGND pins must be connected. 

Analog power. All V AA pins must be connected. 

Warning: It is important that a ferrite bead be used to connect the VAA(l) 
power pin to the analog power plane as illustrated In Figure 3. Connecting 
the decoupUng capacitors directly to the V AA(1) pin will result In unstable 
operation. 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 
0.01 IlF ceramic chip capacitor and a 0.001 ceramic chip capacitor must be connected between 
this pin and VAA(O) (Figure 3). Connecting the capacitors to VAA rather than to AGND 
provides the bighest possible power supply noise rejection. The COMP capacitors must be as 
close to the device as possible to keep lead lengths to an absolute minimum. 

Pedestal control input If connected to AGND, the blanking pedestal on the output is disabled, 
making the black and blanking levels the same (0 IRE). If left floating, the 7.5 IRE blanking 
pedestal is enabled. See Figure 2. 
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Pin Descriptions (continued) 

Pin Name 

FSADJUST 

VREFOUT 

VREFIN 

Description 

Full scale adjust control. A resistor (RSET) connected between this pin and AGND controls the 
magnitude of the full scale video signal (Figure 3). Note that the IRE relationships in Figure 2 
are maintained, regardless of the full scale output current. 

The relationship between RSET and the full scale output current is: 

RSET (ohms) =K * VREFIN (v)/IOUT (rnA) 

where K = 17,205 if SETUP = float or 15,915 if SETUP = AGND. 

Note: The RSET value may need to be adjusted to generate the specified video levels due to 
variations in processing and depending on whether the internal or an external reference is used. 

Voltage reference output. This output provides a -1.2v (typical) reference, and may be connected 
to the VREF IN inputs of up to three Btl07s. When driving multiple Btl07s, use loo-ohm 
interconnect resistance to minimize noise pick-up. If it is not used to provide a voltage 
reference, it should remain floating. 

Voltage reference input. An external voltage reference, such as the one shown in Figure 4, or 
the VREF OUT pin must supply this input with a -1.2v (typical) reference. A 0.01 I1F ceramic 
chip capacitor in parallel with a 0.001 I1F ceramic chip capacitor must be connected between 
this pin and V AA(O), as shown in Figure 3. The decoupling capacitors must be as close to the 
device as possible to keep lead lengths to an absolute minimum. 

:Ii ~ iii < ~ ~ ~ ~ Q Q Q 

!II .1:; 1Il " ~ f;} ~ !:l 

DAS COMP 

DBS 19 PSADJUST 

DA4 18 VREFIN 

DB4 17 VREFOUT 

DA3 SE1UP 

DB3 VAA(1) 

DA2 DIV201JT' 

DB2 13 AOND 

., .. .- OCI ~ ~ ::: ~ 

~ Oi ~ 
0 >d >d 

~ ~ '" ~ g Q Q a d 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Btl07 power and ground lines by shielding the 
digital inputs and providing good decoupling. The 
lead length between groups of V AA and AGND pins 
should be minimized so as to minimize inductive 
ringing. 

Ground Planes 

The BU07 and any associated analog circuitry should 
have it's own ground plane, referred to as the analog 
ground plane. This ground plane should connect to the 
regular PCB ground plane at a single point through a 
ferrite bead, as illustrated in Figure 3. This bead 
should be located within three inches of the BU07. 

The analog ground plane area should encompass all 
Bt107 ground pins, power supply bypass circuitry for 
the BU07, any external voltage reference circuitry, 
the analog output traces, and any output amplifiers. 

The regular PCB ground plane area should encompass 
all the digital signal traces, excluding the ground 
pins, leading up to the Bt107. 

Power Planes 

The BU07 and any associated analog circuitry should 
have it's own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane at a single point through 
a ferrite bead, as illustrated in Figure 3. This bead 
should be located within three inches of the BU07. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all BU07 power pins, 
any external voltage reference circuitry, and any 
output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power or ground planes, unless they can be 
arranged such that the plane-to-plane noise is 
common mode. This will reduce plane-to-plane noise 
coupling. 
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Supply Decoupling 

In addition to the ferrite beads between the analog and 
regular PCB power and ground planes, an additional 
ferrite bead must be installed between the V AA(l) 
power pin and the analog power plane, as illustrated 
in Figure 3. The ferrite bead must be located as close 
as possible to the V AA(l) pin. 

For the best performance, three chip capacitors in 
parallel (0.1 j1F, 0.01 j1F, and 0.001 I1F) should be 
placed as close as possible to each power pin for 
power supply bypassing. These capacitors should be 
connected on the analog power plane side of the 
ferrite bead for the VAA(l) pin as illustrated in Figure 
3. Connecting the bypass capacitors directly to the 
V AA( 1) pin will result in unstable operation due to 
high-frequency oscillations. 

Digital Signal Interconnect 

The digital inputs to the BU07 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground and power planes. 

Stripline or microstrip techniques should be used for 
the ECL interfacing. In addition, all ECL inputs 
should be terminated as closely as possible to the 
device to reduce ringing, crosstalk, and reflections. 

Any termination resistors for the digital inputs should 
be connected to the regular PCB power and ground 
planes. 

Analog Signal Interconnect 

The video output signals should overlay the analog 
ground plane, and not the analog power plane, to 
maximize the high frequency power supply rejection. 

It is important that the analog transmission lines 
have matched impedance throughout, including 
connectors and transitions between printed circuitry 
wiring and coaxial cable. 
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PC Board Layout Considerations (continued) 

Btl07 C2,OI,CB 
L1 

.,:N 

el2 C1 
+ 

1.2 
GROUND 

PSADJUST 

lOur 
TO 

VIDEO lour' CONNECTOR 

Location Description Vendor Part Nwnber 

C1 0.1 !iF ceramic capacitor Mallory CK05BX104K 
C2, C3 0.1 !iF ceramic chip capacitor Johanson Dielectrics X7R·500S41W104KP 
C4-C7 0.01 JlF ceramic chip capacitor Johanson Dielectrics X7R-500S41W103KP 
C8 - C11 0.001 !iF ceramic chip capacitor Johanson Dielectrics NPO-500S41N102JP 

C12 10 !iF tantalwn capacitor Mallory CSR13G106KM 
L1.L2.L3 ferrite bead Fair-Rite 2743001111 

R1 24.9-ohm 1 % metal film resistor Dale CMF-55C 
R2 49.9-ohm 1% metal film resistor Dale CMF-5SC 

RSEf 732-ohm 1 % metal film resistor Dale CMF-5SC 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Btl07. R1. R2. and RSET values assume 
doubly-terminated 50-ohm load on lOUT"'. 

Figure 3. Typical Connection Diagram and Parts List (Internal Reference), 
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Application Information 

Terminated Inputs 

All digital inputs of the Btl07 should be terminated 
using normal ECL termination practices. In addition, 
all of the digital inputs have internal pull-down 
junctions. Thus, if a digital input is left floating, it 
assumes the logical zero state. 

External Voltage Reference 

An external voltage reference may be used with the 
Btl07, as shown in Figure 4. In this instance. the 
VREF OUT pin should be left floating. 

Note that the VREF IN pin still requires bypass 
capacitors to VAA(O) (C6 and C9 in Figure 3). 

Package Heatsink 

The stod heatsink is electrically isolated and should be 
connected to AGND for minimal noise. 

Using Multiple Btl07s 

For color applications, three Bt107s may be used, as 
illustrated in Figure 5. This example generates 256 
simultaneous colors from a 16.8 million color palette 
and supports a 2k x 2k pixel resolution. 

Both the even and odd pixel data require separate shift 
registers and color palette RAM (Bt404s are used in 
this illustration). The BtS02s interface the color 
palette RAM to the TIL compatible MPU bus. If more 
than 256 colors are desired, additional B t404s may be 
wired in parallel to expand each color palette RAM to 
1024 x 8. 

Note the DIV20UT* - DIV2IN connections, 
generating CLOCK*/2 and ensuring the three Bt107s 
operate in a synchronous fashion. When analyzing 
the timing window for DIV2IN, be sure to include the 
propagation delay of the CLOCK and DIV20UT* 
signals through the transmission lines of the 
physical layout on the PC board. 

When DIV20UT is to be used for system CLOCK, it is 
recommended that DIV20UT* be buffered before 
distribution to the rest of the system to allow for 
adequate noise margins. 

The Bt107s may share the voltage reference and 
analog power/ground planes, but each Bt107 must 
have its own power supply decoupling, COMP 
decoupling, VREF IN decoupling, V AA(1) ferrite bead, 
RSET resistor, and lOUT termination resistors. 

Optimum layout should minimize CLOCK and DIV2* 
line length. Low E stripline is recommended, and the 
propagation delays between CLOCK and DIV2* 
should match as closely as possible. 

VAA(O) 

VREFIN -----4 
LM385BZ-1.2 

AGND 

Figure 4. External Voltage Reference. 
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Btl07 

Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA - 4.2 - 5.2 - 5.5 Volts 
Ambient Operating Temperature TA - 25 +85 ·C. 
Output Load RL 25 Obms 
Reference Voltage VREFIN - 1.13 - 1.2 - 1.3 Volts 
FS ADJUST Resistor RSEf 729 Obms 

Note: Thermal eqUilibrium is established by applying power for at least 2 minutes while maintaining a 
transverse air flow of 400 linear feet per minute over the device either mounted in the test socket or on the 
printed circuit board. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGND) VAA - 6.5 Volts 

Voltage on any Digital Pin AGND+O.5 VAA-0.5 Volts 

Analog Output Short Circuit 
Duration to any Common indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature 15 - 65 + 150 ·C. 
Junction Temperature TJ + 175 ·C. 

Vapor Phase Soldering TVSOL 220 ·C. 
(1 minutes) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution 8 8 8 Bits 
Accuracy 

Integral Linearity Error IL ±1/2 LSB 
Differential Linearity Error IL ±1/2 LSB 
Gray Scale Error 

Using Internal Reference ± 10 % Gray Scale 
Using External Reference ±5 % GrayScale 

Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
Input High Voltage VIH - 1160 - 710 mV 
Input Low Voltage VIL - 1870 - 1480 mV 
Input High Current IIH 

(Vin = VIHmax) 
Data 30 IJA 
All Other Inputs 150 IJA 

Input Low Current IIL 
(Vin = VILmin) 

Blank 150 IJA 
AU Other Inputs 5 IJA 

Input Capacitance CIN 10 pF 
(f = 1 MHz, Yin = VIHmax) 

Digital Output 
Output High Voltage VOO - 1060 - 955 - 8S0 mV 
Output Low Voltage V<L - 1810 - 1705 - 1620 mV 

Analog Output 
Gray Scale Current Range -40 rnA 
Output Current 

White Level 0 -5 - 50 IJA 
Black Level Relative to White - 25.08 - 26.40 - 27.72 rnA 
Blank Level Relative to Black 

SEI'UP=AGND 0 0 0 rnA 
SETUP = float - 2.05 - 2.16 - 2.28 rnA 

LSB Size - 103.5 IJA 
Output Compliance VOC - 1.2 + 1.5 Volts 
Output Impedance ROUT 10 Kohms 
Output Capacitance COUT 9 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Reference Input Current IREFIN 10 IJA 
Reference Output Voltage VREFOUT - 1.14 - 1.22 - 1.3 Volts 
Reference Output Current IREFOUT - 200 IJA 

Power Supply Rejection Ratio PSRR 0.03 0.5 %/%tNAA 
(COMP = 0.001 j!F II 0.01 j!F, 
f= 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET adjusted for 
-28.56 rnA fuU scale output current, VREF IN = -1.21v, SETUP = float. All digital inputs have 50 ohms to -2.Ov. 
Thermal equilibrium is established by applying power for at least 2 minutes while maintaining a transverse air 
flow of 400 linear feet per minute over the device either mounted in the test socket or on the printed circuit board. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 400 MHz 

Data and Control Setup Time TSU 1 ns 
Data and Control Hold Time 10 0 ns 

Clock Cycle Time TCYC 2.5 ns 
Clock Pulse Width High TCLKH 1 ns 
Clock Pulse Width Low TCl.KL 1 ns 

DIV20UT Delay··· DDLY 1.5 2.2 ns 
DIVI.2IN Setup Tune DSU 0 ns 
DIV2IN Hold TlIII.e IE 1 ns 

Analog Output Delay IDLY 2 ns 
Analog Output Rise/Fall Time 1VRF 350 700 ps 
Analog Output Settling Time 1"8 2 ns 
Clock and Data Feedthrough· tbd dB 
Glitch Impulse· 10 LSB -ns 
Non-Harmonic Spurious - 45 dBc 

Pipeline Delay 2 2 2 Clocks 

V AA Supply Current •• IAA 225 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET adjusted for 
-28.56 mA full scale output current, VREF IN = -lo21v, SETUP = float. ECL input values are -0.95 to -1.69 volts, 
with input rise/fall times !O 1 ns, measured between the 20% and 80% points. Timing reference points at 50% for 
inputs and outputs. All digital inputs have 50 ohms to -2.Ov, unless other specified. Analog output load !O 10 pF. 
See timing notes in Figure 6. 

·Settling time does not include clock and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 
dB test bandwidth = 800 MHz. 

--At Fmax. IAA (typ) at V AA = -4.Sv. IAA (max) at V AA = -5.5v. 

--·Tested with one ECL load. 
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Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt!07BF400 400 MHz 32-pin Ceramic _25 0 to +85 0 C. 
Flatpack 

w/heatsink 

Timing Waveforms 

DIV2IN. DIV20UT" 

DAO·DA7. DBO.DB7. BLANK 

Note I: 

Note 2: 

Note 3: 

CLOCK 

lOUT" 

IDLY 

Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point 
of full scale transition. 

Settling time measured from the 50% point of full scale transition to the output remaining 
within ± 1/2 LSB. 

Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 6. Input/Output Timing (DIV2IN connected to DIV20UT*). 
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Device Circuit Data 

Btl07 

BLANK DO-D7 

-2-5nH lOur, !Our· 

RL 

VAA 

The output network of the Btl07 may be modeled as a three pole low pass filter. Settling time is tested 
on a sample basis with C(stray + load) tuned for optimum performance. 

Figure 7. Equivalent Output Circuit of the Btl07. 

VRHFIN 

>--+1--- TO DAC 

FSADJUST 

!FEEDBACK 

Figure 8. Equivalent Circuit of the Reference Amplifier. 
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Distinguishing Features 

• 250 MHz Pipelined Operation 
• Triple 8-bit D/A Converters 

± 1(1. LSB Differential Linearity Error 
• ± 1(1. LSB Integral Linearity Error 
• 350 ps Typical Rise/Fall Time 
• RS-343A Compatible Outputs 
• 10KH ECL Compatible Inputs 
• 40-pin DIP Package 
• Pin Compatible with TDC1318 
• Typical Power Dissipation: 2 W 

Functional Block Diagram 

Applications 

• High Resolution Color Graphics 
• CAE/CAD/CAM Applications 

Image Processing 
• Video Reconstruction 
• Instrumentation 

Related Products 

• Bt424 
• Bt468 

FSADlUST 

CLOCK 

RO-R7 -+-+-~ 

00-07 -+-+_~ 

DO - B7 --1-",&--...-1 

SYNC -+----1 
BLANK -+-__ -1 

OVERLAY --i----i 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Ll09001 Rev. F 

>-r----ir-- COMP 

""'==---+ ____ IOR 

__ ~'---+_-IOR' 
"",=~-+ ____ IOO 

L __ ~'---+---- 100' 

""'=,--+ ____ IOB 

__ ~--+ __ IOB' 

VAA AGND 
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Btl09 
250 MHz 

10KH ECL 

Triple 8-bit 

VIDEODAC ThI 

Product Description 

The Btl09 is a triple 8-bit VIDEODAC, 
designed specifically for high performance, 
high resolution color graphics. 

Available control inputs include sync, 
blank, and overlay, all registered to maintain 
synchronization with the pixel data. 

An internal 1.2v voltage reference and a 
single external resistor control the full scale 
output current 

The Btl09 generates RS-343A compatible 
red, green, and blue video signals, and is 
capable of driving doubly-terminated 
75-ohm coax directly, without requiring 
external buffering. Both the differential and 
integral linearity errors of the D/A 
converters are guaranteed to be a maximum of 
± 1(1. LSB over the full temperature range. 

.. 



Btl09 

Circuit Description 

As illustrated in the functional block diagram, the 
Btl09 contains three 8-bit D/A converters, input 
registers, a voltage reference, and a reference 
amplifier. 

On the rising edge of each clock cycle, as shown 
below in Figure I, 24 bits of color information (RO -
R7, GO - G7, and BO - B7) are latched into the device 
and presented to the three 8-bit D/A converters. 

The OVERLAY input, also latched on the rising edge 
of CLOCK, forces the analog outputs to the overlay 
level, regardless of the data inputs. This also permits 
blanking of the IOUT* outputs for analog summing. 

Latched on the rising edge of CLOCK to maintain 
synchronization with the color data, the SYNC and 
BLANK inputs add appropriately weighted currents to 
the analog outputs, producing the specific output 
levels required for video applications, as illustrated in 
Figure 2. Table 1 details how the SYNC, BLANK, and 
OVERLAY inputs modify the output levels. 

The full scale output current is set by an external 
resistor (RSET) between the FS ADJUST pin and 
AGND. RSET has a typical value of 1100 ohms for 
generation of RS-343A video into a 37.S-ohm load. 

CLOCK 

RO·R7. 00·07, 80·87. 
SYNC. BLANK. OVERLAY 

lOR·, 100*, lOB· 

Both sides of the differential current outputs should 
have the same output load. A single-ended video 
signal may be generated by connecting the lOR. lOG, 
and lOB outputs through 37.S-ohm resistors to AGND 
(assuming 10R*, 10G*, and 10B* are driving a 
doubly-terminated 7S-ohm load). The IOR*, IOG*, 
and 10B* outputs are then used to generate the video 
signals. 

The D/A converters on the Btl09 use a segmented 
architecture in which bit currents are routed to either 
lOUT or 10UT* by a sophisticated decoding scheme. 
This architecture eliminates the need for precision 
component ratios and greatly reduces the switching 
transients associated with turning sources on or off. 
Monotonicity and low glitch are guaranteed by using 
identical current sources and current steering their 
outputs. An on-chip operational amplifier stabilizes 
the full-scale output current against temperature and 
power supply variations. 

The analog outputs of the Btl09 are capable of 
directly driving a doubly-terminated 7S-ohm coaxial 
cable or a singly-terminated SO-ohm coaxial cable. 

Figure 1. Input/Output Timing. 
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Circuit Description (continued) 

MA V 

0.00 0.000 

·1.90 ·0.071 

• 19.5 - 0.731 

- 20.9 - 0.784 

- 28.6 -1.071 

-~:-::-::--:;..---------------:::::---- OVERLAY LIlVBL 

-t--~-T-----------~~~~- WHITRLIlVBL 

-t------+-------1F--------- BLACK iJlVBL 

BLANK LEVEL 

SYNC LIlVBL (GREEN ONLy) 

Note: 75-ohm doubly-terminated load, RSET = 1100 ohms. RS-343A levels and tolerances assumed on 
all levels. 

Figure 2. Composite Video Output Waveforms. 

Description 100* 1OR*,lOB* OVERlAY SYNC BlANK DAC 
(rnA) (rnA) Input Data 

OVERLAY 0 0 1 0 0 $xx 
WHITE - 1.90 - 1.90 0 0 0 $FF 
DATA data - 1.90 data - 1.90 0 0 0 data 
BLACK - 19.50 - 19.50 0 0 0 $00 
BlANK - 20.90 - 20.90 x 0 1 $xx 
SYNC - 28.60 - 20.90 A 1 1 $xx 

Note: Typical with full scale lOG* = -28.60 rnA. RSET = 1100 ohms. Note that SYNC does not 
override data, as with the TDC1318. 

Table 1. Video Output Truth Table. 
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Pin Descriptions 

Pin Name 

BLANK 

SYNC 

OVERlAY 

RO- R7. 
00-07. 
BO-B7 

CLOCK 

lOR. lOG. lOB. 
IOR*.IOG*. 
IOB* 

AGND 

VAA 

COMP 

Description 

Composite blank control input (ECL compatible). A logical one on this input drives the analog 
outputs to the blanking level. as illustrated in Table 1. It is latched on the rising edge of 
CLOCK. When BLANK is a logical one. the data and OVERLAY inputs are ignored. 

Composite sync control input (ECL compatible). A logical one on this input switches on a 40 
IRE current source on the green output (see Figure 2). SYNC does not override any other control 
or data input. as shown in Table 1; therefore. it should be asserted only during the blanking 
interval. It is latched on the rising edge of CLOCK. 

Overlay control input (ECL compatible). A logical one on this input overrides the data inputs 
and forces the analog outputs to the overlay level. It is latched on the rising edge of CLOCK. 

Red, green. and blue data inputs (ECL compatible). RO. GO. and BO are the least significant data 
bits. They are latched on the rising edge of CLOCK. Coding is binary. 

Clock input (ECL compatible). The rising edge of CLOCK latches the RO - R7. GO - G7. BO
B7. SYNC. BLANK. and OVERLAY inputs. It is typically the pixel clock rate of the video 
system. 

Red. green. and blue differential video current outputs. These high impedance current sources are 
capable of directly driving a doubly-terminated 75-ohm coaxial cable (Figure 3). All outputs. 
whether used or not. should have the same output load. 

Analog ground. All AGND pins must be connected. 

Analog power. All V AA pins must be connected. 

Warning: It Is Important that a ferrite bead be used to connect the VAA(l} 
power pin to the analog power plane as llIustrated In Figure 3. Connecting 
the decoupling capacitors directly to the V AA(l} pin will result In unstable 
operation. 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 
0.01 J.1F ceramic chip capacitor and a 0.001 ceramic chip capacitor must be connected between 
this pin and V AA(O} (Figure 3). Connecting the capacitors to VAA rather than to AGND 
provides the highest possible power supply noise rejection. The CaMP capacitors must be as 
close to the device as possible to keep lead lengths to an absolute minimum. 
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Broddree® Btl09 

Pin Descriptions (continued) 

Pin Name 

FSADJUST 

Description 

Full scale adjust control. A resistor (RSET) connected between this pin and AGND controls the 
magnitude of the full scale video signal (Figure 3). Note that the IRE relationships in Figure 2 
are maintained, regardless of the fun scale output current. 

The relationship between RSET and the full scale output current on lOG" is: 

RSET (ohms) = 31,460 I lOG (rnA) 

The fun scale output current on lOR" and lOB" for a given RSET is dermed as: 

lOR, lOB (rnA) = 22,990 I RSET (ohms) 

Note: The RSET value may need to be adjusted to generate the specified video levels due to 
variations in processing. 

VAA(O) VAA(I) 

FS ADJUST BO 

COMP BI 

BLANK B2 

OVERLAY B3 

lOB B4 

lOB· BS 

lOR B6 

lOR· B7 

100 RO 

100' RI 

SYNC R2 

CLOCK R3 

m R4 

06 RS 

os R6 

G4 R7 

03 00 

02 GI 

AGND AGND 
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Btl09 

PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Btl09 power and ground lines by shielding the 
digital inputs and providing good decoupling. The 
lead length between groups of V AA and AGND pins 
should be minimized so as to minimize inductive 
ringing. 

Ground Planes 

The Btl09 and any associated analog circuitry should 
have it's own ground plane, referred to as the analog 
ground plane. This ground plane should connect to the 
regular PCB ground plane at a single point through a 
ferrite bead, as illustrated in Figure 3. This bead 
should be located within three inches of the Btl09. 

The analog ground plane area should encompass all 
Btl09 ground pins, power supply bypass circuitry for 
the Btl09, the analog output traces, and any output 
amplifiers. 

The regular PCB ground plane area should encompass 
all the digital signal traces, excluding the ground 
pins, leading up to the Btl 09. 

Power Planes 

The Bt109 and any associated analog circuitry should 
have it's own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane at a single point through 
a ferrite bead, as illustrated in Figure 3. This bead 
should be located within three inches of the Btl09. 

The PCB power plane should provide power to all 
digita1logic on the PC board, and the analog power 
plane should provide power to all Btl09 power pins 
and any output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power or ground planes, unless they can be 
arranged such that the plane-to-plane noise is 
common mode. This will reduce plane-to-plane noise 
coupling. 
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Supply Decoupling 

In addition to the ferrite beads between the analog and 
regular PCB power and ground planes, an additional 
ferrite bead must be installed between the V AA(I) 
power pin and the analog power plane, as illustrated 
in Figure 3. The ferrite bead must be located as close 
as pOssible to the VAA(l) pin. 

For the best performance, three chip capacitors in 
parallel (0.1 ILF, 0.01 ILF, and 0.001 ILF) should be 
placed as close as possible to each power pin for 
power supply bypassing. These capacitors should be 
connected on the analog power plane side of the 
ferrite bead for the VAA(l) pin as illustrated in Figure 
3. Connecting the bypass capacitors directly to the 
VAA(I) pin will result in unstable operation due to 
high-frequency oscillations. 

If a switching power supply is used, the designer 
should pay close attention to reducing power supply 
noise and consider using a three terminal voltage 
regulator for supplying power to the analog power 
plane. 

Digital Signal Interconnect 

The digital inputs to the Btl09 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground and power planes. 

Slripline or microstrip techniques should be used for 
the ECL interfacing. In addition, all ECL inputs 
should be terminated as closely as possible to the 
device to reduce ringing, crosstalk, and reflections. 

Any termination resistors for the digital inputs should 
be connected to the regular PCB power and ground 
planes. 

Analog Signal Interconnect 

The video output signals should overlay the analog 
ground plane, and not the analog power plane, to 
maximize the high frequency power supply rejection. 

It is important that the analog transmission lines 
have matched impedance throughout, including 
connectors and transitions between printed circuitry 
wiring and coaxial cable. 
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PC Board Layout Considerations (continued) 

L3 

u 
Bt109 ·5:N 

C10 Cl 

Ll 

OROUND 

R4·R15 

PSADJUST 

lOR, 100. lOB 

TO 
lOR· ,100*, lOB- VIDEO 

CONNBCTOR 

Location Description Vendor Part Nwnber 

C1 0.11J.F ceramic capacitor Erie RPEl12Z5U104MSOV 
C2, C3 0.1 IJ.F ceramic chip capacitor Johanson Dielectrics X7R·SOOS41W104KP 
C4·C6 0.01 I1F ceramic chip capacitor Johanson Dielectrics X7R·SOOS41W103KP 
C7-C9 0.001 I1F ceramic chip capacitor Johanson Dielectrics NPO-SOOS41NI02JP 

CI0 10 IJ.F tantalwn capacitor Mallory CSR13G106KM 
L1, L2, L3 ferrite bead Fair-Rite 2743001111 
Rl, R2, R3 37.4-ohm 1% metal film resistor Dale CMF-SSC 
R4,RS,R6 7S-ohm 1 % metal fIlm resistor Dale CMF-SSC 

RSEf 11 OO-ohm 1 % metal film resistor Dale CMF-SSC 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Btl09. 

Figure 3. Typical Connection Diagram and Parts List. 
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Application Information 

Terminated Inputs 

All digital inputs of the BtlO9 should be terminated 
using normal ECL termination practices. In addition, 
all of the digital inputs have internal pull-down 
junctions. Thus, if a digital input is left floating, it 
assumes the logical zero state. 
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Non-Video Applications 

The BtlO9 may be used in non-video applications by 
disabling the video-specific control inputs. The 
SYNC, BLANK, and OVERLAY inputs should be a 
logical zero. All three outputs will have the same full 
scale output current 

The relationship between RSET and the full scale 
output current (lout) in this configuration is as 
follows: 

RSET (ohms) = 19,360 I lout (rnA) 

With the data inputs at $00, there is a DC offset 
current (Imin) dermed as follows: 

Imin (rnA) = 2,090 I RSET (ohms) 

Therefore, the total full scale output current will be 
lout + Imin. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VM - 4.9 - 5.2 - 5.5 Volts 
Ambient Operating Temperature TA 0 +70 ·C. 
Output Load RL 37.5 Ohms 
FS ADJUST Resistor* RSET 1100 Ohms 

*FS ADJUST set to 1.125 rnA 

Note: Thermal equilibrium is established by applying power for at least 2 minutes while maintaining a 
transverse air flow of 400 linear feet per minute over the device either mounted in the test socket or on the 
printed circuit board. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V M (measured to AGND) VM - 6.5 Volts 

Voltage on any Digital Pin AGND+05 VAA-0.5 Volts 

Analog Output Short Circuit 
Duration to any Common indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·C. 
Junction Temperature TJ + 175 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds. 1/4" from pin) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol TA("C.) Min Typ Max Units 

0 - 1170 - 840 mV 
Input High Voltage VlH +25 - 1130 - 810 mV 

+70 - 1070 - 735 mV 

0 - 1950 - 1480 mV 
Input Low Voltage VlL +25 - 1950 - 1480 mV 

+70 - 1950 - 1450 mV 

0 25 J.IA 
Input High Current (Data, Sync) lll:I +25 25 J.IA 

(Vin= VIHmax) +70 25 J.IA 

0 210 J.IA 
Input High Current (Overlay) lll:I +25 210 J.IA 

(Vin = VlHmax. VILmin) +70 210 J.IA 

0 160 J.IA 
Input High/Low Current (Blank) IIH/IIL +25 160 J.IA 

(Vin = Vllimax. VILmin) +70 160 J.IA 

Input Low Current 0 5 J.IA 
(Data. Sync. Overlay) IlL +25 5 J.IA 
(Vin = VILmin) +70 5 J.IA 

Input Capacitance CIN 
(f = 1 MHz. Yin = VIHmax) 
BLANK 20 pF 
All Others 7 pF 

Internal Voltage Reference VREF - 1.2 Volts 

See test conditions on next page. 

4 - 84 



Btl09 

D.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 8 8 8 Bits 
ACC\lTacy (each DAC) 

Integral Linearity Error n. ±1/2 LSB 
Differential Linearity Error IL ±1/2 LSB 
Gray Scale Error ±1O % GrayScale 
Monotonicity guaranteed 

Coding Binary 

Analog Outputs 
Gray Scale Current Range: 

Black Level Relative to White -20 rnA 
Blank Level Relative to White - 30 rnA 

Output Current 
Overlay Level 0 -5 - 50 IlA 
White Level - 1.70 - 1.90 - 2.10 rnA 
Black Level Relative to White - 15.86 - 17.62 - 19.38 rnA 
Blank Level Relative to Black - 0.95 -1.44 - 1.90 rnA 
Blank Level Relative to White - 16.81 - 19.05 - 21.28 rnA 
Sync Level Relative to Blank - 6.29 - 7.62 - 8.96 rnA 
LSBSize - 69.1 IlA 

DAC to DAC Matching 2 5 % 
Output Compliance VOC - 1.2 +1.5 Volts 
Output Impedance ROur 10 Kohms 
Output Capacitance rour 9 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Power Supply Rejection Ratio PSRR 0.5 %/%!J.VAA 
(CaMP = 0.0011J.F II 0.01 I1F, 
f= 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET adjusted for 
-17.62 rnA full scale output current (no sync information). 

Note: The specified limits shown can be met only after thermal equilibrium has been established. Thermal 
equilibrium is established by applying power for at least 2 minutes while maintaining a transverse air flow of 400 
linear feet per minute over the device either mounted in the test socket or on the printed circuit board. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate 250 MHz 

Data and Control Setup Time 1 1.5 ns 
Data and Control Hold Time 2 0 ns 

Clock Cycle Time 3 4 ns 
Clock Pulse Width High 4 1.6 ns 
Clock Pulse Width Low 5 1.6 ns 

Analog Output Delay 6 3 ns 
Analog Output RiseIFall Time 7 0.5 1 ns 
Analog Output Settling Time g 4 ns 
Glitch Impulse 50 pV - sec 

V AA Supply Current IAA 400 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET adjusted for 
-17.62 mA full scale output current (no sync information). ECL input values are -0.89 to -1.69 volts, with input 
rise/fall times :S 2 ns, measured between the 20% and 80% points. Timing reference points at 50% for inputs and 
outputs. Analog output load :S 10 pF. See timing notes in Figure 4. 

4 - 86 



Btl09 

Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Btl09KC 250 MHz 40-pin 0.6" o· to +70· C. 
Ceramic Cavity 

Down DIP 

Timing Waveforms 

<LOCK 

RD-R7. 00-07. BO·B7. 
SYNC. BLANK. OVERLAY 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale transition. 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within ± 1/2 LSB. 

Note 3: Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 4. Input/Output Timing. 
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RAMDAC Selection Guide 

D/A Speed (MHz) Part Page RAM Overlay 
Organization Nwnber Size Size 

triple 4-bit 170, 110 Bt454 5 - 67 16 x 12 1 x 12 muxed pixel inputs 

triple 4-bit 125, 110, 80 Bt451 5 -19 256 x 12 4 x 12 Bt458 pin compatible 

triple 4-bit 70,50,30 Bt450 5-5 16 x 12 3 x 12 

triple 6-bit 80, 66, 50, 35 Bt471 5 -167 256 x 18 15 x 12 Bt478 pin compatible 

triple 6-bit 66,50,35 Bt476 5 -167 256 x 18 - Bt478 pin compatible 

single 8-bit 360 Bt492 5 - 237 256x8 16 x 8 2: 1 muxed pixel inputs • 
single 8-bit 170, 135, 110, 80 Bt461 5 -133 1024 x 8 256x8 muxed pixel inputs 

single 8-bit 125, 110, 80 Bt457 5 -19 256x8 4x8 Bt458 pin compatible 

Display Resolution 

DACSize Low Medium High MediwnHigh Ultra High 
(640 x 480) (lk x 800) (1280 x 1024) (1600 x 1200) (2k x 2k) 

4-bit Bt450 Bt450 Bt451 Bt454 
Bt451 Bt454 

6-bit Bt471 Bt471 
Bt476 Bt476 

8-bit Bt453 Bt453 Bt457 Bt458 Bt492 
Bt473 Bt457 Bt458 Bt461 
Bt478 Bt458 Bt459 Bt468 
Bt479 Bt459 Bt460 

Bt460 Bt461 
Bt461 
Bt473 
Bt478 
Bt479 
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RAMDAC Selection Guide (continued) 

D/A Speed (MHz) Part Page RAM Overlay 
Organization Number Size Size 

triple 8-bit 200, 170 Bt468 5 - 165 256 x 24 15 x 24 muxed pixel inputs 

triple 8-bit 135, 110, 80 Bt460 5 - 131 512 x 24 15 x 24 on-chip cursor 

triple 8-bit 135, 110, 80 Bt459 5 - 85 256x24 15 x 24 on-chip cursor 

triple 8-bit 170, 125, 110, 80 Bt458 5 - 19 256 x 24 4 x24 muxed pixel inputs 

triple 8-bit 80, 66, 50, 35 Bt479 5-211 1024 x 24 15 x 24 Window RAMDAC 

triple 8-bit 80, 66, 50, 35 Bt478 5 -167 256 x 24 15 x 24 PS/2RAMDAC 

triple 8-bit 80, 66, 50, 35 Bt473 5 -187 (3) 256 x 8 (3) 15 x 8 true-color RAMDAC 

triple 8-bit 66,40 Bt453 5 - 51 256 x 24 3 x 24 

Display Resolution 

DACSize Low Medium High Medium High Ultra High 
(640 x 480) (lk x 800) (1280 x 1024) (1600 x 1200) (2k x 2k) 

4-bit Bt450 Bt450 Bt451 Bt454 
Bt451 Bt454 

6-bit Bt471 Bt471 
Bt476 Bt476 

8-bit Bt453 Bt453 Bt457 Bt458 Bt492 
Bt473 Bt457 Bt458 Bt461 
Bt478 Bt458 Bt459 Bt468 
Bt479 Bt459 Bt460 

Bt460 Bt461 
Bt461 
Bt473 
Bt478 
Bt479 
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Distinguishing Features Applications 

• 70, 50, 30 MHz Operation • Graphics Terminals 
• Triple 4-bit D/A Converters • CAE/CAD/CAM Applications 
• 16 x 12 Dual Port Color Palette RAM • Image Processing 
• 3 x 12 Dual Port Overlay Palette • Instrumentation 
• RS-343A/RS-170 Compatible Outputs • Desktop Publishing 
• Standard MPU Interface 
• +5v CMOS Monolithic Construction Related Products 
• 28-pin DIP Package 
• Typical Power Dissipation: 900 m W • Bt454, Bt451 

• Bt453, Bt476, Bt478 

Functional Block Diagram 

VAA OND .. ADJUST 

~===~ L-=L>r-r- COMP 

<X.O,OLI 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
lA50001 Rev. D 

>-~f--lIlR 

>----if-- lOG 

>---if-- lOB 

DO-D4 
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Bt450 
70 MHz 

Monolithic CMOS 

16 x 12 Color Palette 

RAMDAC™ 

Product Description 

The Bt450 is a triple 4-bit video RAMDAC, 
designed specifically for high resolution 
color graphics, supporting up to 19 • 
simultaneous colors from a 4096 color 
palette. 

Three overlay registers provide for 
overlaying cursors, grids, menus, etc. The 
MPU bus operates asynchronously to the 
video data, simplifying the design interface 
to the system. 

The Bt450 generates RS-343A compatible 
video signals into a doubly-tenninated 
75-ohm load, and RS-170 compatible video 
signals into a singly-tenninated 75-ohm 
load, without requiring external buffering. 
Differential and integral linearity errors of 
the D/ A converters are guaranteed to be a 
maximum of ± 1/16 LSB and ± 1/8 LSB, 
respectively, over the full temperature range. 



Bt450 

Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt450 has an internal 16 x 12 color palette RAM, 
three 12-bit overlay registers, and three 4-bit D/A 
converters, allowing the display of up to 19 
simultaneous colors from a 4096 color palette. The 
dual-port color palette RAM and dual-port overlay 
registers allow color updating without contention 
with the display refresh process. 

The CO input specifies whether the MPU is accessing 
the address register (logical zero), or the color palette 
RAM location or overlay register specified by the 
address register (logical one). 

The 5-bit address register is used to address the color 
palette RAM and overlay registers, eliminating the 
requirement for external address multiplexers. ADDRO 
corresponds to DO and is the least significant bit. 

To write color data, the MPU loads the address register 
with the address of the color palette RAM location or 
overlay register to be modified. During color write 
cycles, color data is input from DO - D3, with DO 
being the least significant bit. D4 is ignored. The 
MPU performs three successive write cycles (4 bits 
each of red, green, and blue), using CO to select the 
color palette RAM and overlay registers. During the 
blue write cycle, the three bytes of color information 
are concatenated into a 12-bit word and written to the 
location specified by the address register. The address 
register then increments to the next location which 
the MPU may modify by simply writing another 
sequence of red, green, and blue data. 

To read color data, the MPU loads the address register 
with the address of the color palette RAM location or 
overlay register to be read. During color read cycles, 
color data is output onto DO - D3, with DO being the 
least significant bit. D4 is a logical zero. The MPU 
performs three successive read cycles (4 bits each of 
red, green, and blue), using CO to select the color 
palette RAM and overlay registers. Following the 
blue read cycle, the address register increments to the 
next location which the MPU may read by simply 
reading another sequence of red, green. and blue data. 
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The address register increments to $13 following a 
blue read or write cycle to location $12. 

To keep track of the red, green, and blue read/write 
cycles, the address register has two additional bits 
(ADDRa. ADDRb) that count modulo three, as shown 
in Table 1. They are reset to zero when the MPU 
writes to the address register, and are not reset to zero 
when the MPU reads the address register. The MPU 
does not have access to these bits. The other five bits 
of the address register (ADDRO - 4) are accessible to 
the MPU, and are used to address color palette RAM 
locations and overlay registers, as shown in Table 1. 

Figure 1 illustrates the MPU read/write timing. 

Frame Buffer Interface 

The PO - PJ, OLO, and OL1 inputs are used to address 
the color palette RAM and overlay registers, as shown 
in Table 2. The addressed location provides 12 bits of 
color information to the three 4-bit D/ A converters. 

The SYNC· and BLANK· inputs, also latched on the 
rising edge of CLOCK to maintain synchronization 
with the color data, add appropriately weighted 
currents to the analog outputs, producing the specific 
output levels required for video applications, as 
illustrated in Figure 3. Table 3 details how the SYNC. 
and BLANK· inputs modify the output levels. 

The analog outputs of the Bt450 are capable of 
directly driving a 37.5-ohm load, such as a 
doubly-terminated 75-ohm coaxial cable. 



Bt450 

Circuit Description (continued) 

Value co cs* RD* WR* Addressed by MPU 

ADORa, b (counts modulo 3) 00 1 red value 
01 1 green value 
10 1 blue value. increment ADORO - 4 

ADORO - 4 (counts binary) $xx 0 0 1 0 write to address register 
$00 - $OF 1 0 1 0 write to color palette RAM 

$10 1 0 1 0 write to overlay color 1 
$11 1 0 1 0 write to overlay color 2 
$12 1 0 1 0 write to overlay color 3 

$xx 0 0 0 1 read address register 
$00 - $OF 1 0 0 1 read color palette RAM 

$10 1 0 0 1 read overlay color 1 
$11 1 0 0 1 read overlay color 2 • $12 1 0 0 1 read overlay color 3 

$xx x 0 0 0 invalid operation 
$xx x 1 x x 3-state 00 - D4 

Table 1. Address Register (ADDR) Operation. 

CS"', co =x VALID X 
RD"'. WR'" \ / 

DO· D4 (READ) < DATAOUf(RD·=O) > 
DO • D4 (WRITE) X DATA IN (WR· =0) X 

Figure 1. MPU Read/Write Timing. 
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Circuit Description (continued) 

OLl OLO PO-P3 Addressed by frame buffer 

0 0 $0 color palette RAM location $0 
0 0 $1 color palette RAM location $1 
: : : : 
0 0 $F color palette RAM location $F 
0 1 $x overlay color 1 
1 0 $x overlay color 2 
1 1 $x overlay color 3 

Table 2. Pixel and Overlay Control Truth Table. 

a..ocK 

PO-P3. OLO, DU. 
SYNC". BLANK' 

lOR, lOG. lOB 

Figure 2. Video Input/Output Timing. 
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Circuit Description (continued) 

RIlD,BLUB ORI!I!N 

MA V MA V 

19.05 0.714 l6.tI1 1.000 ""T"--.....,..,......-------------,=---- WHrrB IJ!VBL 

1.44 0_ 9.05 0.340 ~-----~~---~--------B~IJ!VBL 
7.51RB 

0.00 0.000 7.61 Q.286 ~-------IL.-""T"_,--'--------- BLANK U!VBL • 401RB 

0.00 0.000 
~ _______ ~~ __________ S~CU!VBL 

Note: 75-ohrn doubly-tenninated load, RSET = 499 ohms. RS-343A levels and tolerances assumed on all levels. 

Figure 3. Composite Video Output Waveforms. 

Description 100 IOR,IOB SYNC· BLANK· DAC 
(rnA) (rnA) Input Data 

WHlIE 26.67 19.05 1 1 $F 
DATA data + 9.05 data + 1.44 1 1 data 
DATA-SYNC data + 1.44 data + 1.44 0 1 data 
BlACK 9.05 1.44 1 1 $0 
BlACK-SYNC 1.44 1.44 0 1 $0 
BLANK 7.62 0 1 0 $x 
SYNC 0 0 0 0 $x 

Note: Typical with full scale 100 = 26.67 rnA. RSET = 499 ohms. 

Table 3. Video Output Truth Table. 
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Pin Descriptions 

Pin Name 

BLANK· 

SYNC* 

CLOCK 

PO-P3 

OLO,OLI 

lOR, lOG, lOB 

FSADJUST 

Description 

Composite blank control input (ITL compatible). A logic zero drives the analog outputs to the 
blanking level, as illustrated in Table 3. It is latched on the rising edge of CLOCK. When 
BLANK· is a logical zero, the pixel and overlay inputs are ignored. 

Composite sync control input (ITL compatible). A logical zero on this input switches off a 40 
IRE current source on the lOG output (see Figure 3). SYNC· does not override any other control 
or data input, as shown in Table 3; therefore, it should be asserted only during the blanking 
interval. It is latched on the rising edge of CLOCK. H sync information is not to be generated 
on the lOG output, this pin should be connected to GND. 

Clock input (ITL compatible). The rising edge of CLOCK latches the PO - P3, OLO, OLI, 
SYNC·, and BLANK· inputs. It is typically the pixel clock rate of the video system. It is 
recommended that CLOCK by driven by a dedicated TTL buffer. 

Pixel select inputs (ITL compatible). These inputs specify, on a pixel basis, which one of the 
16 entries in the color palette RAM is to be used to provide color information. They are latched 
on the rising edge of CLOCK. PO is the LSB. Unused inputs should be connected to GND. 

Overlay select inputs (ITL compatible). These inputs specify which palette is to be used to 
provide color information, as illustrated in Table 2. When accessing the overlay palette, the PO 
- P7 inputs are ignored. They are latched on the rising edge of CWCK. OLO is the LSB. Unused 
inputs should be connected to GND. 

Red, green, and blue current outputs. These high impedance current sources are capable of 
directly driving a doubly-terminated 75..()hmcoaxial cable (Figure 4). All outputs, whether used 
or not, should have the same output load. 

Full scale adjust control. A resistor (RSBT) connected between this pin and GND controls the 
magnitude of the full scale video signal (Figure 4). Note that the IRE relationships in Figure 3 
are maintained, regardless of the full scale output current. 

The relationship between RSET and the full scale output current on lOG is: 

RSET (ohms) = 13,308 /lOG (rnA) 

The amount of full scale output current on lOR and lOB for a given RSET is: 

lOR, lOB (rnA) = 9,506/ RSET (ohms) 
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Pin Descriptions (continued) 

Pin Name 

COMP 

VAA 

GND 

CS* 

WR* 

CO 

DO-D4 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 
IJ.F ceramic capacitor must be connected between this pin and the adjacent V AA pin(Figure 4). 
The COMP capacitor must be as close to the device as possible to keep lead lengths to an 
absolute minimum. 

Analog power. All VAA pins must be connected. 

Analog ground. All GND pins must be connected. 

Chip select control input (TI'L compatible). This input must be a logical zero to enable data to 
be written to or read from the device. Note that the Bt450 will not function correctly while CS*, 
RD*, and WR* are simultaneously a logical zero. 

Write control input (TTL compatible). To write data to the device, both CS* and WR* must be a 
logical zero. Data is latched on the rising edge of WR * or CS*, whichever occurs fll'St. See 
Figure 1. 

Read control input (TTL compatible). To read data from the device, both CS* and RD* must be a 
logical zero. See Figure 1. 

Command control input (TTL compatible). CO specifies whether the MPU is accessing the 
address register (logical zero) or the color palettes (logical one). 

Data bus (TI'L compatible). Data is transferred into and out of the device over this five bit 
bidirectional data bus. DO is the least significant bit. 

P3 OLD 

P2 0Ll 

PI BLANK' 

PO SYNC" 

CLOCK FSADIUST 

VAA OOMP 

GND VAA 
D4 GND 

D3 lOR 

D2 100 

D1 lOB 

DO GND 

RD' cs' 
WR' (]) 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Bt450 power and ground lines by shielding the 
digital inputs and providing good decoupling. The 
lead length between groups of V AA and GND pins 
should be minimized so as to minimize inductive 
ringing. 

Ground Planes 

The ground plane should encompass all Bt450 ground 
pins. voltage reference circuitry. power supply 
bypass circuitry for the Bt450. the analog output 
traces. any output amplifiers. and all the digital signal 
traces leading up to the B t450. 

Power Planes 

The Bt450 and any associated analog circuitry should 
have its own power plane. referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane (Vee) at a single point 
through a ferrite bead. as illustrated in Figure 4. This 
bead should be located within three inches of the 
Bt450. 

The PCB power plane should provide power to all 
digital logic on the pe board. and the analog power 
plane should provide power to all B t450 power pins. 
voltage reference circuitry. and any output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power plane. unless they can be arranged such 
that the plane-to-plane noise is common mode. This 
will reduce plane-to-plane noise coupling. 
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Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible. consistent with reliable 
operation. to reduce the lead inductance. 

For the best performance. a 0.1 I1F ceramic capacitor 
should be used to decouple each of the two V AA pins 
to GND. These capacitors should be placed as close as 
possible to the device. It is important to note that 
while the Bt450 contains circuitry to reject power 
supply noise. this rejection decreases with frequency. 
If a switching power supply is used. the designer 
should pay close attention to reducing power supply 
noise and consider using a three terminal voltage 
regulator for supplying power to the analog power 
plane. 

Digital Signal Interconnect 

The digital inputs to the Bt450 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also. these input signals should not 
overlay the analog power plane. 

Due to the high clock rates involved. long clock lines 
to the B t450 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular peB power plane 
(Vee). and not the analog power plane. 

Analog Signal Interconnect 

The Bt450 should be located as close as possible to 
the output connectors to minimize noise pickup and 
reflections due to impedance mismatch. 

The video output signals should overlay the ground 
plane. and not the analog power plane. to maximize 
the high frequency power supply rejection. 

For maximum performance. the analog outputs should 
each have a 75-ohm load resistor connected to GND. 
The connection between the current output and GND 
should be as close as possible to the Bt450 to 
minimize reflections. 
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PC Board Layout Considerations (continued) 

Bt4S0 

Location 

CI-C4 
CS 
L1 

Rl, R2, R3 
RSEr 

COMPU
a 

vAAI('17 ______ AN
iii

ALOO_
iii

POWBR __ PLANB ____ .. 

\ 
Ll 

== Cl·C3 
a.. ___ fY'YIVV'WY"'Lto ... __ + 5V (VCC) 

=:! C5 =F= Cl 

mm~/ __ ~ __ ~~~ __ .. ____________________ ~ 

1001-_____ ....... _1-____ _ 

roBI-______ ~~-----

Description 

0.1 !iF ceramic capacilOr 
10 I1F tantalum capaciJor 

ferrite bead 
1S-ohm 1 % metal film resistor 

499-ohm 1 % metal film resistor 

TO 
VIDIlO 

CIONIIBCTOR 

Vendor Part N1DIIber 

Erie RPEII2ZSUI04MSOV 
Mallory CSRI3G106KM 
Fair-Rite 2143001111 
Dale CMF-SSC 
Dale CMF-SSC 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the perfonnance of the Bt4S0. 

Figure 4. Typical Connection Diagram and Parts List. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA 0 +70 ·C. 
Output Load RL 37.5 Ohms 
FS ADJUST Resistor RSEI' 499 Ohms 

Absolute Maximum Ratings 

, 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 Volts 

Voltage on any Digital Pin GND·O.5 VAA + 0.5 Volts 

Anslog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA ·55 + 125 ·C. 
Storage Temperature TS ·65 + 150 ·C. 
Junction Temperature TJ + 175 ·C. 

Soldering Temperature ~ 260 ·C. 
(5 seconds, 1/4" from pin) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functionsl operation of the device at these or any other conditions above 
those listed in the operationsl sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 4 4 4 Bits 
Accuracy (each DAC) 

Integral Linearity Error n. ± 1/8 LSB 
Differential Linearity Error IL ± 1/16 LSB 
Gray Scale Error ± 10 % Gray Scale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage V1H 2.0 VAA + 0.5 Volts 
Input Low Voltage vn. GND-O.5 0.8 Volts 
Input High Current (Vin = 2.4v) Ill:I 10 ~ 
Input Low Current (Vin = O.4v) 1ll. - 10 ~ 
Input Capacitance CIN 10 pF 

(f = 1 MHz, Vin = 2.4v) 

Digital Outputs 
Output High Voltage vrn 2.4 Volts 

(lOH = -400 JlA) 
Output Low Voltage VOL 0.4 Volts 

(lOL = 3.2 rnA) 
3-State Current 10l ~ 
Output Capacitance coour 20 pF 

Analog Outputs 
Gray Scale Current Range 20 rnA 
Output Current 

White Level Relative to Blank 16.81 19.05 21.30 rnA 
White Level Relative to Black 15.86 17.62 19.40 rnA 
Black Level Relative to Blank 0.95 1.44 1.90 rnA 
Blank Level on lOR, lOB 0 5 50 ~ 
Blank Level on lOG 6.29 7.62 8.96 rnA 
Sync Level on lOG 0 5 50 ~ 
LSB Size 1.175 rnA 

DAC to DAC Matching 2 % 
Output Compliance VOC - 1.0 + 1.4 Volts 
Output Impedance RAOur 10 Kohms 
Output Capacitance CAOur 30 pF 

(f= 1 MHz, IOUT= OmA) 

Power Supply Rejection Ratio PSRR 0.2 0.5 %I%AVAA 
(COMP = O.II1F, f = 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 499 ohms. 
As the above parameters are guaranteed over the full temperature range, temperature coefficients are not specified 
or required. 
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A.C. Characteristics 

Parameter Symbol Minrryp/ Units 
Max 

Clock Rate Fmax max 70 50 30 MHz 

CS*, CO Setup Time 1 min 35 35 35 ns 
CS*, CO Hold Time 2 min 35 35 35 ns 

RD*, WR* High Time 3 min 25 25 25 ns 
RD* Asserted tu Data Bus Driven 4 min 10 10 10 ns 
RD* Asserted to Data Valid 5 max 100 100 100 ns 
RD* Negated to Data Bus 3-Stated 6 max 30 30 30 ns 
WR* Low Time 7 min 50 50 50 ns 

Write Data Setup Time 8 min 35 35 35 ns 
Write Data Hold Time 9 min 10 10 10 ns 

Pixel and Control Setup Time 10 min 4 5 10 ns 
Pixel and Control Hold Time 11 min 1 2 5 ns 

Clock Cycle Time 12 min 14.3 20 33.3 ns 
Clock Pulse Width High Time 13 min 5 7 10 ns 
Clock Pulse Width Low Time 14 min 5 7 10 ns 

Analog Output Delay 15 typ 15 15 25 ns 
Analog Output Rise/Fall Time 16 max 7 7 7 ns 
Analog Output Settling Time 17 max 20 20 25 ns 
Clock and Data Feedthrough* typ - 30 - 30 - 30 dB 
Glitch Impulse* typ 50 50 50 pV - sec 
DAC to DAC Crosstalk typ -25 - 25 -25 dB 
Analog Output Skew typ 0 0 0 ns 

max 2 2 2 ns 

Pipeline Delay 18 2 2 2 Clocks 

V AA Supply Current** 1AA typ 175 140 110 rnA 
max 220 175 135 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 499 ohms. 
TTL input values are 0 to 3 volts, with input rise/fall times S 3 ns, measured between the 10% and 90% points. 
Timing reference points at 50% for inputs and outputs. Analog output load S 10 pF, DO - D7 output load S 130 
pF. See timing notes in Figure 6. As the above parameters are guaranteed over the full temperature range, 
temperature coefficients are not specified or required. 

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For 
this test, the digital inputs have a lk-ohm resistor to GND and are driven by 74HC logic. Settling time does not 
include clock and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth = 
2x clock rate. 

**At Fmax. IAA (typ) at V AA = 5.Ov. IAA (max) at VAA = 5.25v. 
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Timing Waveforms 

CS- I co 

DO· D4 (READ) 

DO· D4 (WR111ll 

po. P3, 01.0. OU. 

SYNC-, BLANK-

---------i 

Bt450 

I 2_ -
VALID 

7 

3 

5 }-6 I 

f---L-L -
DATA OllT(RDo-O) 

f DATAIN(WR· .. O) 

8 - -g 

Figure 5. MPU Read/Write Timing. 

12 18 

~ 
lOR. lOG. lOB 

-----------------------------------------~--~16 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale transition. 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within ± 1/8 LSB. 

Note 3: Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 6. Video Input/Output Timing. 
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Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt450KC70 70 MHz 28-pin 0.6" 0" to +70· C. 
CERDIP 

Bt450KC50 50 MHz 28-pin 0.6" O· to +70·C. 
CERDIP 

Bt450KC30 30 MHz 28-pin 0.6" 0" to +70· C. 
CERDIP 

Device Circuit Data 

r-~------------~--~~-VM 

>--++--- TO DACS 

JPBIlI)BACX 

1..-'-"_'-" __ !-_QND 

Figure 7. Equivalent Circuit of the Reference Amplifier. 

Bt450 

VM 

OO-G7 

100 

SYNC' BLANK- T-30PP RL C(may + 1ood) 
(lOG ONLy) 

Figure 8. Equivalent Circuit of the Current Output (lOG). 
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Distinguishing Features 

• 170. 125. 110.80 MHz Operation 
• Multiplexed TIL Pixel Ports 
• 256 Word Dual Port Color Palette 

4 Dual Port Overlay Registers 
• RS-343A Compatible Outputs 
• Bit Plane Read and Blink Masks 
• Standard MPU Interface 
• 84-pin PLCC or PGA Package 

+5v CMOS Monolithic Construction 

Functional Block Diagram 

PO-P7 
(A-E) 

OLD-OLI 
(A-E) 

CLOCK'" CLOCK V AA GND 

CE'" R/W CO Cl 

Brooktree Corporation 
9950 Barnes Canyon Rd_ 
San Diego. CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L458001 Rev_ H 

Applications 

• High Resolution Color Graphics 
• CAE/CAD/CAM Applications 
• Image Processing 
• Video Reconstruction 

Related Products 

Bt431. Bt438. Bt439 
Bt459. Bt460. Bt461. Bt468 

PS ADJUST VRBF 

L-_-!?Jr-rCOMP 
IOR(NIC) 

lOO(lO\J1) 

IOB(PIL) 

DO-D1 
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Bt451 Bt457 
Bt458 

125 MHz / 170 MHz 

Monolithic CMOS 

256 Color Palette 

RAMDAC™ 

Product Description 

The Bt451. Bt457. and Bt458 are 
pin-compatible and software-compatible 
RAMDACs designed specifically for high 
performance. high resolution color graphics_ 
The architecture enables the display of 1280 
x 1024 bit mapped color graphics (up to 8 
bits per pixel plus up to 2 bits of overlay 
information). minimizing the use of costly 
ECL interfacing. as most of the high speed 
(pixel clock) logic is contained on chip_ The 
mUltiple pixel ports and internal 
multiplexing enables TTL compatible 
interfacing (up to 32 MHz) to the frame 
buffer. while maintaining the 125 MHz video 
data rates required for sophisticated color 
graphics_ 

The Bt451 has a 256 x 12 color lookup table 
with triple 4-bit video D/ A converters_ 

The Bt458 contains a 256 x 24 color lookup 
table with triple 8-bit video D/A converters_ 

The Bt457 is a single-channel version of the 
Bt458 and has a 256 x 8 color lookup table 
with a single 8-bit video D/A converter_ It 
includes a PLL output to enable sub-pixel 
synchronization of multiple Bt457s_ 

On chip features include programmable blink 
rates. bit plane masking and blinking. color 
overlay capability. and a dual-port color 
palette RAM_ 

The Bt451/457/458 generates RS-343A 
compatible red. green, and blue video 
signals. and are capable of driving 
doubly-terminated 75-ohm coax directly, 
without requiring external buffering_ 

• 



Bt451/457/458 

Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt451/457/458 supports a standard MPU bus 
interface, allowing the MPU direct access to the 
internal control registers and color/overlay palettes. 
The dual-port color palette RAM and dual-port overlay 
registers allow color updating without contention 
with the display refresh process. 

As illustrated in Table I, the CO and Cl control 
inputs, in conjunction with the internal address 
register, specify which control register, color palette 
RAM entry, or overlay register will be accessed by the 
MPU. 

The 8-bit address register (AOORO - 7) is used to 
address the internal RAM and registers, eliminating 
the requirement for external address multiplexers. 
AOORO corresponds to 00 and is the least significant 
bit. 

Bt4511458 Reading/Writing Color Data 

To write color data, the MPU loads the address register 
with the address of the color palette RAM location or 
overlay register to be modified. The MPU performs 
three successive write cycles (red, green, and blue), 
using CO and Cl to select either the color palette 
RAM or overlay registers. During the blue write 
cycle, the three bytes of color information are 
concatenated into a 24-bit word (12-bit word for the 
Bt451) and written to the location specified by the 

ADORO-7 CI 

$xx 0 
$00 - $FF 0 

$00 1 
$01 1 
$02 1 
$03 1 
$04 1 
$05 1 
$06 1 
$07 1 

CO 

0 
1 
1 
1 
1 
I 
0 
0 
0 
0 

address register. The address register then increments 
to the next location which the MPU may modify by 
simply writing another sequence of red, green, and 
blue data. Note that the Bt451 uses only the four most 
significant bits of color data (04 - 07) and ignores 00 
-03. 

To read color data, the MPU loads the address register 
with the address of the color palette RAM location or 
overlay register to be read. The MPU performs three 
successive read cycles (red, green, and blue), using CO 
and Cl to select either the color palette RAM or 
overlay registers. Following the blue read cycle, the 
address register increments to the next location which 
the MPU may read by simply reading another sequence 
of red, green, and blue data. Note that the Bt451 
outputs only four bits of color data onto 04 - 07 and 
forces DO - 03 to a logical zero. 

When accessing the color palette RAM, the address 
register resets to $00 after a blue read or write cycle to 

location $FF. When accessing the overlay registers, 
the address register increments to $04 following a 
blue read or write cycle to overlay register 3. To keep 
track of the red, green, and blue read/write cycles, the 
address register has two additional bits that count 
modulo three. They are reset to zero when the MPU 
reads or writes to the address register. The MPU does 
not have access to these bits. The other eight bits of 
the address register (ADORO - 7) are accessible to the 
MPU. 

Addressed by MPU 

address register 
color palette RAM 

overlay color 0 
overlay color 1 
overlay color 2 
overlay color 3 

read mask register 
blink mask register 
command register 

controVtest register 

Table 1. Address Register (ADDR) Operation. 
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Circuit Description (continued) 

Bt457 Reading/Writing Color Data 
(Normal Mode) 

To write color data, the MPU loads the address register 
with the address of the color palette RAM location or 
overlay register to be modified. The MPU performs a 
color write cycle, using CO and Cl to select either the 
color palette RAM or the overlay registers. The 
address register then increments to the next location 
which the MPU may modify by simply writing 
another color. 

Reading color data is similar to writing, except the 
MPU executes read cycles. 

This mode is useful if a 24-bit data bus is available, as 
24 bits of color information (eight bits each of red, 
green, blue) may be read or written to three Bt457s in 
a single MPU cycle. In this application, the CE* 
inputs of all three Bt457s are connected together. If 
only an 8-bit data bus is available, the CE* inputs 
must be individually selected during the appropriate 
color write cycle (red CE* during red write cycle, blue 
CE* during blue write cycle, etc.). 

When accessing the color palette RAM, the address 
register resets to $00 after a read or write cycle to 
location $FF. When accessing the overlay registers, 
the address register increments to $04 following a 
read or write cycle to overlay register 3. 

Bt457 Reading/Writing Color Data 
(RGB Mode) 

To write color data, the MPU loads the address register 
with the address of the color palette RAM location or 
overlay register to be modified. The MPU performs 
three successive write cycles (8 bits each of red, 
green, and blue), using CO and Cl to select either the 
color palette RAM or the overlay registers. After the 
blue write cycle, the address register then increments 
to the next location which the MPU may modify by 
simply writing another sequence of red, green, and 
blue data. Reading color data is similar to writing, 
except the MPU executes read cycles. 
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This mode is useful if only an 8-bit data bus is 
available. Each Bt457 is programmed to be a red, 
green, or blue RAMDAC, and will respond only to the 
assigned color read or write cycle. In this 
application, the Bt457s share a common 8-bit data 
bus. The CE* inputs of all three Bt457s must be 
asserted simultaneously only during color read/write 
cycles and address register write cycles. 

When accessing the color palette RAM, the address 
register resets to $00 after a blue read or write cycle to 
location $FF. When accessing the overlay registers, 
the address register increments to $04 following a 
blue read or write cycle to overlay register 3. To keep 
track of the red, green, and blue read/write cycles, the 
address register has two additional bits that count 
modulo three. They are reset to zero when the MPU 
reads or writes to the address register. The MPU does 
not have access to these bits. The other eight bits of 
the address register (ADDRO - 7) are accessible to the 
MPU. 

Additional Information 

Although the color palette RAM and overlay registers 
are dual-ported, if the pixel and overlay data is 
addressing the same palette entry being written to by 
the MPU during the write cycle, it is possible for one 
or more of the pixels on the display screen to be 
disturbed. A maximum of one pixel is disturbed if the 
write data from the MPU is valid during the entire chip 
enable time. 

Accessing the control registers is also done through 
the address register in conjunction with the CO and Cl 
inputs, as shown in Table 1. All control registers 
may be written to or read by the MPU at any time. The 
address register does not increment following read or 
write cycles to the control registers, facilitating 
read-modify-write operations. 

Note that if an invalid address is loaded into the 
address register, data written to the device will be 
ignored and invalid data will be read by the MPU. 

• 



Bt451/457/458 

Circuit Description (continued) 

Frame Buffer Interface 

To enable pixel data to be transferred from the frame 
buffer at TTL data rates, the Bt451/457/458 
incorporate internal latches and multiplexers. As 
illustrated in Figure I, on the rising edge of LD*, sync 
and blank information, color (up to 8 bits per pixel), 
and overlay (up to 2 bits per pixel) information, for 
either four or five consecutive pixels, are latched into 
the device. Note that with this configuration, the sync 
and blank timing will be recognized only with four or 
five pixel resolution. Typically, the LD* signal is 
used to clock external circuitry to generate the basic 
video timing. 

Each clock cycle, the Bt451/457/458 outputs color 
information based on the {A} inputs, followed by the 
{B) inputs, etc., until all four or five pixels have been 
output, at which point the cycle repeats. 

The overlay inputs may have pixel IImmg, 
facilitating the use of additional bit planes in the 
frame buffer to control overlay selection on a pixel 
basis, or they may be controlled by external character 
or cursor generation logic. 

!.D' 

PO·PI {A-E}. 

OLO-OLl (A-E). 

SYNC', BLANK' 

lOR, 100, lOB 

(lOUT - BT457) 

CLOCK 

To simplify the frame buffer interface timing, LD* 
may be phase shifted, in any amount, relative to 
CLOCK. This enables the LD* signal to be derived by 
externally dividing CLOCK by four or five, 
independent of the propagation delays of the LD* 
generation logic. As a result, the pixel and overlay 
data are latched on the rising edge of LD*, 
independent of the clock phase. 

Internal logic maintains an internal LOAD signal, 
synchronous to CLOCK, and is guaranteed to follow 
the LD* signal by at least one, but not more than four, 
clock cycles. This LOAD signal transfers the latched 
pixel and overlay data into a second set of latches, 
which are then internally multiplexed at the pixel 
clock rate. 

If 4: I multiplexing is specified, only one rising edge 
of LD* should occur every four clock cycles. If 5: 1 
mUltiplexing is specified, only one rising edge of 
LD* should occur every five clock cycles. Otherwise, 
the internal LOAD generation circuitry assumes it is 
not locked onto the LD* signal, and will continuously 
attempt to resynchronize itself to LD*. 

Figure 1. Video Input/Output Timing. 
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Circuit Description (continued) 

Color Selection 

Each clock cycle, eight bits of color information (PO -
P7) and two bits of overlay information (OLO, OL1) 
for each pixel are processed by the read mask, blink 
mask, and command registers. Though the use of 
the control registers, individual bit planes may be 
enabled or disabled for display, and/or blinked at one 
of four blink rates and duty cycles. 

To ensure that a color change due to blinking does not 
occur during the active display time (i.e. in the middle 
of the screen), the Bt451/457/458 monitors the 
BLANK* input to determine vertical retrace intervals. 
A vertical retrace interval is recognized by 
determining that BLANK* has been a logical zero for 
at least 256 LD* cycles. 

The processed pixel data is then used to select which 
color palette entry or overlay register is to provide 
color information. Note that PO is the LSB when 
addressing the color palette RAM. Table 2 illustrates 
the truth table used for color selection. 

CR6 OLl OlD 

1 0 0 
1 0 0 
: : : 
1 0 0 
0 0 0 
x 0 1 
x 1 0 
x 1 1 

PO- P7 

$00 
$01 

: 
$FF 
$xx 
$xx 
$xx 
$xx 

Bt451/457/458 

Video Generation 

Every clock cycle, the selected color information 
from the color palette RAMs or overlay registers are 
presented to the D/A converters. 

The SYNC* and BLANK* inputs, pipelined to 
maintain synchronization with the pixel data, add 
appropriately weighted currents to the analog outputs, 
producing the specific output levels required for video 
applications, as illustrated in Figure 2. 

The varying output current from each of the D/A 
converters produces a corresponding voltage level, 
which is used to drive the color CRT monitor. Note 
that only the green output (100) on the Bt451 and 
Bt458 contains sync information. Table 3 details 
how the SYNC* and BLANK* inputs modify the 
output levels. 

The D/A converters on the Bt451, Bt457, and Bt458 
use a segmented architecture in which bit curtents are 
routed to either the current output or OND by a 
sophisticated decoding scheme. This architecture 
eliminates the need for precision component ratios 
and greatly reduces the switching transients 
associated with turning current sources on or off. 
Monotonicity and low glitch are guaranteed by using 
identical current sources and current steering their 
outputs. An on-chip operational amplifier stabilizes 
the D/A converter's full scale output current against 
temperature and power supply variations. 

Addressed by frame buffer 

color palette entry $00 
color palette entry $01 

: 
color palette entry $FF 

overlay color 0 
overlay color 1 
overlay color 2 
overlay color 3 

Table 2. Palette and Overlay Select Truth Table. 
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Circuit Description (continued) 

lOR, lOB IOO(lOlJ1) 

MA v MA V 

19.05 0.714 'JAm 1.000 -r----"..------------::;:::---- WHrtll LBVEL 

1.44 0.054 9.05 0.340 -r------;----~--------BU~LBVEL 

7.51RB 
0.00 0.000 7.62 0.286 -r-------'-..,..........,.-.L--------- BLANK LBVEL 

401RB 

0.00 0.000 
~ ________ ~~ ___________ SYNCLBVEL 

Note: 75-ohm doubly-terminated load, RSET = 523 ohms, VREF = 1.235v. RS-343A levels and 
tolerances assumed on all levels. 

Figure 2. Composite Video Output Waveforms. 

Description lOO(lOUI") 10R,1OB SYNC· BLANK* DAC 
(mA) (mA) Jnput Data 

WHIlE 26.67 19.05 1 1 $FF 
DATA data + 9.05 data + 1.44 1 1 data 
DATA-SYNC data + 1.44 data + 1.44 0 1 data 
BlACK 9.05 1.44 1 1 $00 
BlACK-SYNC 1.44 1.44 0 1 $00 
BLANK 7.62 0 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with full scale lOG = 26.67 mAo RSET = 523 ohms, VREF = 1.235v. Note that the Bt451 
uses only the upper four DAC input data bits. 

Table 3. Video Output Truth Table. 
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Broddree® Bt451/457/458 

Internal Registers 

Command Register 

The command register may be written to or read by the MPU at any time, and is not initialized. CRO corresponds to 
data bus bit DO. 

CR7 

CR6 

CR5, CR4 

CR3 

CR2 

Multiplex select 

(0) 4: 1 multiplexing 
(1) 5: 1 multiplexing 

RAM enable 

(0) use overlay color 0 
(1) use color palette RAM 

Blink rate selection 

(00) 16 on, 48 off (25{75) 
(01) 16 on, 16 off (50/50) 
(10) 32 on, 32 off (50/50) 
(11) 64 on, 64 off (50/50) 

OLl blink enable 

(0) disable blinking 
(1) enable blinking 

OLO blink enable 

(0) disable blinking 
(1) enable blinking 

This bit specifies whether 4:1 or 5:1 multiplexing is to 
be used for the pixel and overlay inputs. If 4: 1 is 
specified, the (E) pixel and (E) overlay inputs are 
ignored and should be connected to GND, and the LD* 
input should be 1/4 the CLOCK rate. If 5:1 is specified, 
all of the pixel and overlay inputs are used, and the LD* 
input should be 1/5 the CLOCK rate. 

Note that it is possible to reset the pipeline delay of the 
Bt457/458 to a fixed 8 clock cycles. In this instance, 
each time the input mUltiplexing is changed, the 
Bt457/458 must again be reset to a fixed pipeline delay. 

When the overlay select bits are 00, this bit specifies 
whether to use the color palette RAM or overlay color 0 
to provide color information. 

These two bits control the blink rate cycle time and duty 
cycle, and are specified as the number of vertical retrace 
intervals. The numbers in parentheses specify the duty 
cycle (% on/off). 
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If a logical one, this bit forces the OLl (A - E) inputs to 
toggle between a logical zero and the input value at the 
selected blink rate prior to selecting the palettes. A 
value of logical zero does not affect the value of the OLl 
(A - E) inputs. In order for overlay 1 bit plane to blink, 
bit CRI must be set to a logical one. 

If a logical one, this bit forces the OLO (A - E) inputs to 
toggle between a logical zero and the input value at the 
selected blink rate prior to selecting the palettes. A 
value of logical zero does not affect the value of the OLO 
(A - E) inputs. In order for overlay 0 bit plane to blink, 
bit CRO must be set to a logical one. 
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Internal Registers (continued) 

Command Register (continued) 

CR1 

CRO 

OLl display enable 

(0) disable 
(1) enable 

OLO display enable 

(0) disable 
(1) enable 

Read Mask Register 

If a logical zero, this bit forces the OL1 (A - E) inputs to 
a logical zero prior to selecting the palettes. A value of 
a logical one does not affect the value of the OLl (A - E) 
inputs. 

If a logical zero, this bit forces the OLO (A - E) inputs to 
a logical zero prior to selecting the palettes. A value of 
a logical one does not affect the value of the OLO (A - E) 
inputs. 

The read mask register is used to enable (logical one) or disable (logical zero) a bit plane from addressing the color 
palette RAM. DO corresponds to bit plane 0 (PO (A - E) and D7 corresponds to bit plane 7 (P7 (A - E). Each register 
bit is logically ANDed with the corresponding bit plane input. This register may be written to or read by the MPU at 
any time and is not initialized. 

Blink Mask Register 

The blink mask register is used to enable (logical one) or disable (logical zero) a bit plane from blinking at the blink 
rate and duty cycle specified by the command register. DO corresponds to bit plane 0 (PO (A - E)) and D7 corresponds 
to bit plane 7 (P7 (A - E). In order for a bit plane to blink, the corresponding bit in the read mask register must be a 
logical one. This register may be written to or read by the MPU at any time and is not initialized. 
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Internal Registers (continued) 

Bt4511458 Test Register 

The test register provides diagnostic capability by enabling the MPU to read the inputs to the 0/ A converters. It may 
be written to or read by the MPU at any time, and is not initialized. When writing to the register, the upper four bits 
(04 - 07) are ignored. 

The contents of the test register are dermed as follows: 

07-04 color information (4-bits of red, green, or blue) 

D3 low (logical one) or high (logical zero) nibble 
D2 blue enable 
D1 green enable 
DO red enable 

To use the test register, the host MPU writes to it, setting one, and only one, of the (red, green, blue) enable bits. 
These bits specify which four bits of color information the MPU wishes to read (RO - R3, GO - G3, BO - B3, R4 - R7, 
G4 - G7, or B4 - B7). When the MPU reads the test register, the four bits of color information from the OAC inputs 
are contained in the upper four bits, and the lower four bits contain the (red, green, blue, low or high nibble) enable 
information previously written. Note that either the CLOCK must be slowed down to the MPU cycle time, or the same 
pixel and overlay data must be presented to the device during the entire MPU read cycle. 

For example, to read the upper four bits of red color information being presented to the O/A converters, the MPU 
writes to the test register, setting only the red enable bit. The MPU then proceeds to read the test register, keeping 
the pixel data stable, which results in 04 - 07 containing R4 - R7 color bits, and DO - 03 containing (red, green, blue, 
low or high nibble) enable information, as illustrated below: 

07 R7 
D6 R6 
D5 R5 
04 R4 

D3 0 
D2 0 
D1 0 
DO 

Note that since the Bt451 has 4-bit O/A converters, bit 03 of the test register will always be a logical zero. 
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Internal Registers (continued) 

Bt457 Control/Test Register 

The control/test register provides diagnostic capability by enabling the MPU to read the inputs to the O/A converter. 
It may be written to or read by the MPU at any time, and is not initialized. When writing to the register, the upper 
four bits (04 - 07) are ignored. 

The contents of the test register are dermed as follows: 

07-04 color information 

D3 low (logical one) or high (logical zero) nibble 
D2 blue charmel enable 
01 green channel enable 
DO red charmel enable 

To use the control/test register, the MPU writes to it, specifying the low or high nibble of color information. When 
the MPU reads the register, the four bits of color information from the OAC inputs are contained in the upper four 
bits, and the lower four bits contain whatever was previously written to the register. Note that either the CLOCK must 
be slowed down to the MPU cycle time, or the same pixel and overlay data must be presented to the device during the 
entire MPU read cycle. 

The red, green, and blue enable bits are used to specify the mode of writing color data to, and reading color data from, 
the Bt457. If all three enable bits are a logical zero, each write cycle to the color palette RAM or overlay registers 
loads eight bits of color data. During each read cycle of the color palette RAM or overlay registers, eight bits of color 
data are output onto the data bus. If a 24-bit data bus is available, this enables three Bt457s to be accessed 
simultaneously. 

If any of the red, green, blue enable bits are a logical one, the Bt457 assumes the MPU is reading and writing color 
information using red, green, blue cycles, such as are used on the Bt451 and Bt458. Setting the appropriate enable 
bit configures the Bt457 to output or input color data only for the color read/write cycle corresponding to the enabled 
color. Thus, if the green enable bit is a logical one, and a red, green, blue write cycle occurred, the Bt457 would input 
data only during the green write cycle. If a red, green, blue read cycle occurred, the Bt457 would output data only 
during the green read cycle. Note that CE* must be a logical zero during each of the red, green, blue cycles. One, and 
only one, of the enable bits must be a logical one. This mode of operation is useful where only an 8-bit data bus is 
available, and the software drivers are written for ROB operation. 
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Pin Descriptions 

Pin Name 

SYNC* 

PO-P7 
(A-E) 

01..0- OLl 
(A-E) 

lOR, lOG, lOB, 
IOUf 

I'lL 

Description 

Composite blank control input ('ITL compatible). A logic zero drives the analog outputs to the 
blanking level, as illustrated in Table 3. It is latched on the rising edge of LD*. When BLANK" 
is a logical zero, the pixel and overlay inputs are ignored. 

Composite sync control input ('ITL compatible). A logical zero on this input switches off a 40 
IRE CU!l'ent source on the lOG output (see Figure 2). SYNC" does not override any other control 
or data input, as shown in Table 3; therefore, it should be asserted only during the blanking 
interval. It is latched on the rising edge of LD*. H sync information is not to be generated on 
the lOG output, this pin should be connected to GND. 

Load control input ('ITL compatible). The PO - P7 (A - E), 01..0 - OLl (A - E), BLANK", and 
SYNC" inputs are latched on the rising edge of LD". LD", while it is either 1/4 or 1/5 the 
CLOCK rate, may be phase independent of the CLOCK and CLOCK" inputs. LD" may have any 
duty cycle, within the limits specified by the A.C. Characteristics section. 

Pixel select inputs ('ITL compatible). These inputs are used to specify, on a pixel basis, which 
one of the 256 entries in the color palette RAM is to be used to provide color information. 
Either four or five consecutive pixels (up to eight bits per pixel) are input through this purL 
They are latched on the rising edge of LD". Unused inputs should be connected to GND. 

Note that the (A) pixel is output fust, followed by the (B) pixel, etc., until all four or five 
pixels have been output, at which point the cycle repeats. 

Overlay select inputs ('ITL compatible). These control inputs are latched on the rising edge of 
LD", and in conjunction with hit 6 of the command register, specify which palette is to be used 
for color information, as follows: 

OLl 01..0 CR6=1 CR6=0 

0 0 color palette RAM overlay color 0 
0 1 overlay color 1 overlay color 1 
1 0 overlay color 2 overlay color 2 
1 1 overlay color 3 overlay color 3 

When accessing the overlay palette, the PO - P7 (A - E) inputs are ignored. Overlay information 
bits (up to two bits per pixel) for either four or five consecutive pixels are input through this 
port. Unused inputs should be connected to GND. 

Red, green, and blue video current outputs. These high impedance current sources are capable of 
directly driving a doubly-terminated 75-ohm coaxial cable (Figure 3). The Bt457 outputs lOUT 
rather than lOR, lOG, and lOB. 

Phase lock loop current output -- Bt457 only. This high impedance current source is used to 
enable multiple Bt457s to be synchronized with sub-pixel resolution when used with an external 
PLL. A logical one on the BLANK" input results in no current being output onto this pin, while 
a logical zero results in the following current being output: 

PLL (mA) = 3,227 "VREF (v) I RSET (ohms) 

H sub-pixel synchronization of multiple devices is not required, this output should be connected 
to GND (either directly or through a resistor up to 150 ohms). 
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Pin Descriptions (continued) 

Pin Name 

COMP 

FSADJUST 

VREF 

CLOCK, 
CLOCK* 

CE* 

R/W 

CO, C1 

00-D7 

VAA 

GND 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 
~F ceramic capacitor must be connected between this pin and VAA (Figure 3). Connecting the 
capacitor to V AA rather than to GND provides the highest possible power supply noise 
rejection. The COMP capacitor must be as close to the device as possible to keep lead lengths 
to an absolute minimum. 

Full scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full scale video signal (Figure 3). Note that the IRE relationships in Figure 2 
are maintained, regardless of the fuU scale output current. 

The relationship between RSET and the fuU scale output current on lOG (or lOUT for the Bt457) 
is: 

RSET (ohms) = 11,294 * VREF (v) I lOG (rnA) 

The fuU scale output current on lOR and lOB (for the Bt451 and Bt458) for a given RSET is: 

lOR, lOB (rnA) = 8,067 * VREF (v) I RSET (ohms) 

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 
3, must supply this input with a 1.235v (typical) reference. The use of a resistor network to 
generate the reference is not recommended, as any low frequency power supply noise on VREF 
will be directly coupled onto the analog outputs. A 0.1 ~F ceramic capacitor must be used to 
decouple this input to V AA, as shown in Figure 3. The decoupling capacitor must be as close to 
the device as possible to keep lead lengths to an absolute minimum. 

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured 
for single supply (+5 volt) operation. The clock rate is typicaUy the pixel clock rate of the 
system. 

Chip enable control input (TTL compatible). This input must be a logical zero to enable data to 
be written to or read from the device. During write operations, data is internally latched on the 
rising edge of CE*. Care should be taken to avoid glitches on this edge triggered inpuL 

Read/write control input (TTL compatible). To write data to the device, both CE* and R/W must 
be a logical zero. To read data from the device, CE* must be a logical zero and R/W must be a 
logical one. R/W is latched on the falling edge of CE·. 

Command control inputs (TTL compatible). CO and C1 specify the type of read or write 
operation being performed, as iIIustrated in Table 1. They are latched on the faUing edge of 
CE*. 

Data bus (TTL compatible). Data is transferred into and out of the device over this eight bit 
bidirectional data bus. 00 is the least significant bit. 

Analog power. All V AA pins must be connected. 

Analog ground. All GND pins must be connected. 
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Pin Descriptions (continued) -- 84-Pin J-Lead Package 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 9 ~ ~ t ~ ~ ~ 
~ ~. ~ ~ ~ $ $ ~ ~ ~. ~ ~ S ; $ ~ ~ ~ ~ ~ ~ 

P2A ~, P4E 

PIE n PSA 

PID " PSB 

PIC so PSC • PIB 49 PSD 

PIA ~ PSB 

POB ., P6A 

POD 46 ""B 
POe 4$ P6C 

POB 44 P<ID 

POA 43 P<IB 

OLlB .~ f'lA 

OLlD 41 f'lB 

OLlC 40 f'lC 

OLlB 39 f'lD 

OLlA 31! f'lB 

OLOB 37 VAA 

OLOD 3ii GND 

OLOe 3:1 VAA 

OLOB 34 GND 

OLOA 33 VREI' 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ R ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

8 S S 8 a a 8 Q ~ @ ~ ~ 8 U ~ ~ ~ ~ s ; ~ 
o > > Q § ~ 8 

~ '" ~ ~ 

Note: Bt457 pin names are in parentheses. 
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Pin Descriptions (continued) -- 84-pin PGA Package 

Signal Pin Signal Pin Signal Pin 
Number Number Number 

BLANK* 19 PSA Kll VAA C12 
SYNC* MID PSB L12 VAA Cl1 

LD* M9 PSC K12 VAA A9 
CLOCK* L8 PSD 111 VAA L7 
CLOCK M8 PSE 112 VAA M7 

VAA A7 
POA 01 P6A Hll 
POB 02 P6B H12 GIl) B12 
POe HI P6C 012 GIl) Bl1 
POD H2 P6D 011 GIl) M6 
POE 11 P6E F12 aID B6 

aID A6 
PIA 12 P7A Fll 
P1B Kl P7B E12 COMP A12 
PIC Ll P7C Ell FSADJUST BID 
PlD K2 P7D 012 VREF C10 
PIE L2 P7E Dll 

CE* AS 
P2A K3 OLOA Al R/W B8 
P2B Ml OLOB C2 Cl AS 
P2C L3 OLOC Bl CO B7 
P2D M2 0lDD Cl 
P2E M3 OLOE D2 DO C3 

Dl B2 
P3A lA OLlA 01 D2 B3 
P3B M4 OLlB HZ D3 A2 
P3C LS OLlC El D4 A3 
P3D MS OL1D Fl OS B4 
P3E L6 OL1E F2 D6 A4 

D7 BS 
P4A M11 100(10111') A10 
P4B LID IOB(PIL) All 
P4C Lll IOR(NIC) B9 
P4D K10 
P4E M12 

Note: Bt4S7 pin names are in parentheses. 
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Pin Descriptions (continued) -- 84-pin PGA Package 

12 OOM' OND VM PID PlB PSl P6C F6II PSR PSC PSB P4Il 

11 lOB OND VM PIE PIC PIA lID RiA PlD PSA I'IC -
10 JJG 1'5 AIlI VREP 1>11) I'IB SYNC· 

VM lOR BLK" lD" 

C1 R/W Bt451/457/458 CLK" CLK 

VM co VM VM 

OND OND (TOP VIEW) 1'3B OND 

CB* D1 PlC I'D 

Il6 III P3A 1'3B 

IX D2 DO P1A P2C P2E • 2 D3 D1 0l.CB OUI! OUB OLlB RIB FID P1A P1D PtB PlD 

E1 0I1lC CUD OUA ouc DUD POA roc RIB PlB PtC 1'2B 

A B C 0 B P 0 H K L M 

alignment marker (on top) 

12 P4Il PSB PSC PSR F6II P6C PSl PlB PID VM OND OOM' 

11 - I'IC PSA PlD RiA lID PIA PIC PIE VM OND lOB 

10 SYNC· I'IB 1>11) VREP 1'5 AIlI JJG 

lD" BLK" lOR VM 

CLK CLK" R/W C1 

VM VM 
(BOTTOM VIEW) 

co VM 

OND P3B OND OND 

I'D PlC D1 CR" 

P3B P3A III Il6 

P2Il P2C P1A DO D2 IX 

PlD Ptl! P1D P1A FID RIB 0L1B OUB 0l1E 0l.CB D1 III 

P2B PtC PlB RIB roc POA 0L1D OUC OUA CUD 0UlC S 
M L K H 0 P I! D C B A 

Pin Bt451/458 Bt457 

AI0 lOG lOur 
All lOB PlL 
B9 lOR N/C 
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PC Board Layout Considerations 

PC Board Considerations 

It is recommended that a four layer PC board be used 
with the Bt451/457/458. The layout should be 
optimized for lowest noise on the Bt451/457/458 
power and ground lines by shielding the digital inputs 
and providing good decoupling. The lead length 
between groups of V AA and GND pins should be 
minimized so as to minimize inductive ringing. 

Ground Planes 

The ground plane area should encompass all 
Bt451/457/458 ground pins, voltage reference 
circuitry, power supply bypass circuitry for the 
B t451/457/458, the analog output traces, any output 
amplifiers, and all the digital signal traces leading up 
to the Bt451/457/458. 

Power Planes 

The Bt451/457/458 and any associated analog 
circuitry should have its own power plane, referred to 
as the analog power plane. This power plane should 
be connected to the regular PCB power plane (VCC) at 
a single point through a ferrite bead, as illustrated in 
Figure 3. This bead should be located within three 
inches of the Bt451/457/458. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all B t451/457/458 
power pins, voltage reference circuitry, and any 
output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power plane, unless they can be arranged such 
that the plane-lo-plane noise is common mode. This 
will reduce plane-to-plane noise coupling. 

Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 
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For the best performance, a 0.1 IiF ceramic capacitor 
in parallel with a 0.01 IiF chip capacitor should be 
used to decouple each of the three groups of V AA pins 
to GND. These capacitors should be placed as close as 
possible to the device. If chip capacitors are not 
feasible, radial lead ceramic capacitors may be used. 

It is important to note that while the Bt451/457/458 
contains circuitry to reject power supply noise, this 
rejection decreases with frequency. If a switching 
power supply is used, the designer should pay close 
attention to reducing power supply noise and consider 
using a three terminal voltage regulator for supplying 
power to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Bt451/457/458 should be 
isolated as much as possible from the analog outputs 
and other analog circuitry. Also, these input signals 
should not overlay the analog ground plane. 

Due to the high clock rates involved, long clock lines 
to the Bt451/457/458 should be avoided to reduce 
noise pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power plane 
(VCC), and not the analog power plane. 

Analog Signal Interconnect 

The Bt451/457/458 should be located as close as 
possible to the output connectors to minimize noise 
pickup and reflections due to impedance mismatch. 
Also, the external voltage reference circuitry should 
be as close as possible to the B t451/457/458 to avoid 
noise pickup. 

The video output signals should overlay the ground 
plane, and not the analog power plane, to maximize 
the high frequency power supply rejection. 

For maximum performance, the analog outputs should 
each have a 75-ohm load resistor connected to GND. 
The connection between the current output and GND 
should be as close as possible to the Bt451/457/458 
to minimize reflections. 



PC Board Layout Considerations (continued) 

Bt451/4S7/4S8 

Rl R2 R3 
FSADJUST 

~~lORr-------~~--r--;-------------

(lour) lOG r--------------4~-;-------------

(PLL) lOB r----------------4>-------------

Note: Bt457 pin names in parentheses. 

Location Description 

C1 - C4, C8, C9 0.1 f.LF ceramic capacitor 
C5 -C7 0.01 I1F ceramic chip capacitor 

C10 33 I1F tantalwn capacitor 
L1 ferrite bead 

R1, R2, R3 75-ohm 1 % metal film resistor 
R4 1000-ohm 1 % metal ftlm resistor 

RSEf 523-ohm 1 % metal film resistor 
Zl 1.2v voltage reference 

Bt451/457/458 

L1 
~ ... _-"'rYY~ .... ___ + 5V (VCle) 

+ 00 

TO 
VIDIlO 

CONNECTOR 

Cl 

Vendor Part Nwnber 

Erie RPE112Z5U104M50V 
AVX 12102T103QA1018 
Mallory CSR13F336KM 
Fair-Rite 2743001111 
Dale CMF-55C 
Dale CMF-55C 
Dale CMF-55C 
National Semiconductor LM385Z-1.2 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt451/457/458. R3 not used with Bt457 (see 
Applications Section). 

Figure 3. Typical Connection Diagram and Parts List. 
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Application Information 

Clock Interfacing 

Due to the high clock rates at which the 
Bt451/457/458 may operate, it is designed to accept 
differential clock signals (CLOCK and CLOCK*). 
These clock inputs are designed to be generated by 
ECL logic operating at +5 volts. Note that the 
CLOCK and CLOCK* inputs require termination 
resistors (220-ohm resistor to VCC and a 330-ohm 
resistor to GND). The termination resistors should be 
as close as possible to the Bt4511457/458. 

The CLOCK and CLOCK* inputs must be differential 
signals due to the noise margins of the CMOS 
process. The Bt451/457/458 will not function using 
a single-ended clock with CLOCK* connected to 
ground. 

1 14 
CLOCK 

MONITOR 

PROOUCTS 

9700 

r a.OCK· 

Bt438 

LOA 

VRBF 

Typically, LD* is generated by dividing CLOCK by 
four or five (depending on whether 4:1 or 5:1 
multiplexing was specified) and translating it to TTL 
levels. As LD* may be phase shifted relative to 
CLOCK, the designer need not worry about 
propagation delays in deriving the LD* signal. LD* 
may be used as the shift clock for the video DRAMs 
and to generate the fundamental video timing of the 
system (SYNC*, BLANK*, etc.). 

It is recommended that the Bt438 or Bt439 Clock 
Generator Chips be used to generate the clock and load 
signals. Both support the 4:1 and 5:1 input 
mUltiplexing of the Bt451/457/458, and will also 
optionally set the pipeline delay of the Bt457 and 
B t458 to eight clock cycles. Figures 4 and 5 illustrate 
using the Bt438 with the Bt451/457/458. 

In applications using a single Bt457, the PLL output 
is ignored and should be connected to GND (either 
directly or through a resistor up to 150 ohms). 

+sv 
-T-

WJ-? 
CLOCK 

+SV 
330 ~ 

Bt451/458 

220. 
CLOCK· 

330 -j;. 

LO· 

VAA 

A A O.l"¥ 
VREF >IV 

lK 

Figure 4. Generating the Bt451/458 Clock Signals. 
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Application Information (continued) 

Setting the Pipeline Delay 
(Bt457, Bt458) 

The pipeline delay of the B t457/458, although fixed 
after a power-up condition, may be anywhere from six 
to ten clock cycles. The Bt457/458 contains 
additional circuitry enabling the pipeline delay to be 
fixed at eight clock cycles. The Bt438 and Bt439 
Clock Generator Chips support this mode of 
operation when used with the Bt457/458. 

To reset the Bt457/458, it should be powered up, with 
LD*, CLOCK, and CLOCK* running. Stop the 
CLOCK and CLOCK* signals with CLOCK high and 
CLOCK* low for at least three rising edges of LD*. 
There is no upper limit on how long the device can be 
held with CLOCK and CLOCK* stopped. 

Restart CLOCK and CLOCK* so that the first edge of 
the signals is as close as possible to the rising edge 
of LD* (the falling edge of CLOCK leads the rising 
edge of LD* by no more than 1 clock cycle or follows 
the rising edge of LD* by no more than 1.5 clock 
cycles). When restarting the clocks. care must be 
taken to ensure that the minimum clock pulse width is 
not violated. 

t+ sv 

14 

MONITOR 

PRODUcrs 
971E 

r 

Bt451/457/458 

The resetting of the Bt457/458 to an eight clock 
cycle pipeline delay does not reset the blink counter 
circuitry. Therefore. if the multiple Bt457/458s are 
used in parallel, the on-chip blink counters may not 
be synchronized. In this instance, the blink mask 
register should be $00 and the overlay blink enable 
bits a logical zero. Blinking may be done under 
software control via the read mask register and 
overlay display enable bits. 

In standard operation, the B t457/458 need be reset 
only following a power-up or reset condition. Under 
these circumstances the on-chip blink circuitry may 
be used. 

WAt----------iW• 
VAA 

0.1* 
~~----~.A~.~A-~ l~~ VV 

lK 

Figure 5. Generating the Bt457 Clock Signals (Monochrome Application). 
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Application Information (continued) 

Bt457 Color Display Applications 

For color display applications where up to four 
Bt457s are being used, it is recommended that the 
Bt439 Clock Generator Chip be used to generate the 
clock snd load signals. It supports the 4:1, snd 5:1 
input mUltiplexing of the Bt457, synchronizes them 
to sub-pixel resolution, snd will also optionally set 
the pipeline delay of the Bt457 to eight clock cycles. 
The Bt439 may also be used to interface the Bt457 to 
a TIL clock. Figure 6 illustrates using the Bt439 with 
the Bt457. 

Sub-pixel synchronization is supported via the PLL 
OUtpuL Essentislly, PLL provides a signsl to indicate 
the amount of snslog output delay of the Bt457, 
relative to CLOCK. The Bt439 compares the phase of 
the PLL signsls generated by up to four Bt457s, snd 
adjusts the phase each of the CLOCK and CLOCK. 
signsls to the Bt457s to minimize the PLL phase 
difference. 

~ t. 
MONITOIl 

PRODUCI'S 

971E 

l' +SV 

f FROM 
BT4S7 

If sub-pixel synchronization of multiple Bt457s is 
not necessary, the Bt438 Clock Generator Chip may 
be used instead of the Bt439. In this instance, the 
CLOCK, CLOCK*, and LD· inputs of up to four 
Bt457s are connected together and driven by a single 
Bt438 (with distributed branch termination on each 
clock). The VREF inputs of the Bt457s must still be 
isolated by lK-ohm resistors, as shown in Figure 6, 
snd have a 0.1 I1F bypass capacitor to VAA. The PLL 
outputs would not be used and should be connected to 
GND (either directly or through a resistor up to 150 
ohms). 

PLLO IU PIL 

CLOCKO -@--- CLOCK 

CLOCKO' -@- CLOCK' 

LD' 

VAA Bt457 
o.iT A 

#1 

"V VRBP 

IK 

PILI IU PIL 

CLOCKI -@--- CLOCK 

CLOCKI' -@- CLOCK' 

LD' 
VAA Bt457 

Bt439 o.IT #2 
AA VRBP VV 
IK 

PILl IU PIL 

CLOCKl -@--- CLOCK 

CLOCKl' -@- CLOCK' 

LD LD' 
VAA Bt457 

o.IT #3 
VRBP AA VRBP 'v 

IK 

Figure 6. Generating the Bt457 Clock Signals (Color Application). 
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Application Information (continued) 

Using Multiple Bt457s 

If located close together on the same PC board, 
multiple Bt457s may be connected to a single analog 
power plane. In addition, a single voltage reference 
may drive mUltiple devices. 

Each Bt457 must still have it's individual RSET 
resistor, lOUT termination resistor, power supply 
bypass capacitors, and COMP capacitor. 

Bt457 Non-Video Applications 

The Bt457 may be used in non-video applications by 
disabling the video-specific control signals. SYNC· 
should be a logical zero and BLANK· should be a 
logical one. 

The relationship between RSET and the full scale 
output current (lout) in this configuration is as 
follows: 

RSET (ohms) = 7,457 • VREF (v) I lout (mA) 

With the OAC data inputs at $00, there is a OC offset 
current (Imin) defmed as follows: 

Imin (rnA) = 610· VREF (v) I RSET (ohms) 

Therefore, the total full scale output current will be 
lout + Imin. 
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Initializing the Bt4511458 

Following a power-on sequence, the Bt451/458 must 
be initialized. If controlling the clockILO· sequence 
to reset the pipeline delay of the B t458 to a fixed 
pipeline delay of 8 clock cycles, this initialization 
sequence must be performed after the reset sequence. 
The command register must also be re-initialized any 
time the multiplex selection is changed (i.e. from 4: I 
to 5:1 input multiplexing). 

This sequence will configure the Bt451/458 as 
follows: 

4: 1 multiplexed operation 
no overlays 
no blinking 

Control Register Initialization 

Write $04 to address register 
Write $FF to read mask register 
Write $05 to address register 
Write $00 to blink mask register 
Write $06 to address register 
Write $40 to command register 
Write $07 to address register 
Write $00 to test register 

Color Palette RAM Initialization 

Cl, CO 

00 
10 
00 
10 
00 
10 
00 
10 

Write $00 to address register 00 
Write red data to RAM (location $00) 01 
Write green data to RAM (location $00) 01 
Write blue data to RAM (location $(0) 01 
Write red data to RAM (location $01) 01 
Write green data to RAM (location $01) 01 
Write blue data to RAM (location $01) 01 

Write red data to RAM (location $FF) 01 
Write green data to RAM (location $FF) 01 
Write blue data to RAM (location $FF) 01 

Overlay Color Palette Initialization 

Write $00 to address register 00 
Write red data to overlay (location $(0) 11 
Write green data to overlay (location $(0) 11 
Write blue data to overlay (location $(0) 11 
Write red data to overlay (location $01) 11 
Write green data to overlay (location $01) 11 
Write blue data to overlay (location $01) 11 

Write red data to overlay (location $03) 11 
Write green data to overlay (location $03) 11 
Write blue data to overlay (location $03) 11 

• 



Bt451/457/458 

Application Information (continued) 

Initializing the Bt457 (Monochrome) 

Following a power-on sequence, the Bt457 must be 
initialized. If controlling the clockILD* sequence to 
reset the pipeline delay of the Bt457 to a fixed 
pipeline delay of 8 clock cycles, this initialization 
sequence must be performed after the reset sequence. 
The command register must also be re-initialized any 
time the multiplex selection is changed (i.e. from 4: 1 
to 5:1 input multiplexing). 

This sequence will configure the Bt457 as follows: 

4:1 multiplexed operation 
no overlays 
no blinking 
color data written/read every cycle 

Control Register Initialization 

Write $04 to address register 
Write $FF to read mask register 
Write $05 to address register 
Write $00 to blink mask register 
Write $06 to address register 
Write $40 to command register 
Write $07 to address register 
Write $00 to test register 

Color Palette RAM Initialization 

C1, CO 

00 
10 
00 
10 
00 
10 
00 
10 

Write $00 to address register 00 
Write data to RAM (location $00) 01 
Write data to RAM (location $01) 01 

Write data to RAM (location $FF) 01 

Overlay Color Palette Initialization 

Write $00 to address register 00 
Write data to overlay (location $00) 11 
Write data to overlay (location $01) 11 

Write data to overlay (location $03) 11 

Initializing the Bt457 (Color) 
24-bit MPU Data Bus 

In this example, three Bt457s are being used in 
parallel to generate true color. A 24-bit MPU data bus 
is available for accessing all three Bt457s in parallel. 

The operation and initialization is the same as for the 
Bt457 being used in a monochrome application. 

5 -40 

Initializing the Bt457 (Color) 
8-bit MPU Data Bus 

In this example, three Bt457s are being used in 
parallel to generate true color. An 8-bit MPU data bus 
is available for accessing the Bt457s. 

Note that while accessing the command, read mask, 
blink mask, and control/test, and address register, 
each Bt457 must be accessed individually. While 
accessing the color palette RAM or overlay registers, 
all three Bt457s are accessed simultaneously. 

Following a power-on sequence, the Bt457s must be 
initialized. If controlling the clockILD* sequence to 

reset the pipeline delay of the Bt457s to a fixed 
pipeline delay of 8 clock cycles, this initialization 
sequence must be performed after the reset sequence. 
The command register must also be re-initialized any 
time the multiplex selection is changed (i.e. from 4: 1 
to 5:1 input multiplexing). 

This sequence will configure the Bt457s as follows: 

4: 1 multiplexed operation 
no overlays 
no blinking 
initialize each Bt457 as a red, green, or blue device 

Control Register Initialization 

Red Bt457 

Write $04 to address register 
Write $FF to read mask register 
Write $05 to address register 
Write $00 to blink mask register 
Write $06 to address register 
Write $40 to command register 
Write $07 to address register 
Write $01 to test register 

Green Bt457 

Write $04 to address register 
Write $FF to read mask register 
Write $05 to address register 
Write $00 to blink mask register 
Write $06 to address register 
Write $40 to command register 
Write $07 to address register 
Write $02 to test register 

C1, CO 

00 
10 
00 
10 
00 
10 
00 
10 

00 
10 
00 
10 
00 
10 
00 
10 



Application Information (continued) 

Blue Bt457 

Write $04 to address register 
Write $FF to read mask register 
Write $05 to address register 
Write $00 to blink mask register 
Write $06 to address register 
Write $40 to command register 
Write $07 to address register 
Write $04 to test register 

Colo,. Palette RAM Initialization 

00 
10 
00 
10 
00 
10 
00 
10 

00 
01 
01 

Bt451/457/458 

O"e,.lay Colo,. Palette Initialization 

Write $00 to all three address registers 00 
Write red data to overlay (location $00) 11 
Write green data to overlay (location $00) 11 
Write blue data to overlay (location $00) 11 
Write red data to overlay (location SOl) 11 
Write green data to overlay (location $01) 11 
Write blue data to overlay (location $01) 11 

Write red data to overlay (location S03) 11 
Write green data to overlay (location $03) 11 
Write blue data to overlay (location $03) 11 

Write $00 to all three address registers 
Write red data to RAM (location $00) 
Write green data to RAM (location $00) 
Write blue data to RAM (location $00) 
Write red data to RAM (location SOl) 
Write green data to RAM (location $01) 
Write blue data to RAM (location $01) 

01 • 01 
01 
01 

Write red data to RAM (location $FF) 01 
Write green data to RAM (location $FF) 01 
Write blue data to RAM (location $FF) 01 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VM 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA 0 +70 ·C. 
Output Load RL 37.5 Oluns 
Reference Voltage VREF 1.20 1.235 1.26 Volts 
FS ADJUST Resistur RSEf 523 Oluns 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 Volts 

Voltage on any Digital Pin GND-0.5 VAA + 0.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·C. 
Junction Temperature TJ 

Ceramic Package + 175 ·C. 
Plastic Package + 150 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds. 1/4" from pin) 

Vapor Phase Soldering TVSOL 220 ·C. 
(1 minute) 

Note: Stresses above those listed under "Absolute Maxiroum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maxiroum 
rating conditions for extended periods may affect device reliability. 

5 -42 



Bt451/457/458 

D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Resolution (each DAC) 8 (4) 8 (4) 8 (4) Bits 
Accuracy (each DAC) 

Integral Linearity Error IL ± 1 (l!8) LSB 
Differential Linearity Error II. ± 1 (1/16) LSB 

Gray Scale Error ±5 % Gray Scale 
Monotonicity guaranteed 
Coding Binary 

Digital Inpu ts 
(except CLOCK. CLOCK·) 
Input High Voltage VlH 2.0 VAA + 0.5 Volts 
Input Low Voltage VlL GND-Oj 0.8 Volts 
Input High Current (Vin = 2.4v) IlH 1 IlA 
Input Low Current (Vin = 0.4v) IlL - 1 IlA 
Input Capacitance CIN 4 10 pF 

(f = 1 MHz, Vin = 2.4v) 

Clock Inputs (CLOCK, CLOCK*) 
Input High Voltage VKlH VAA-l.O VAA+0.5 Volts 
Input Low Voltage VKlL GND-Oj VAA-1.6 Volts 
Input High Current (Vin = 4.Ov) IKlli 1 IlA 
Input Low Current (Vin = 0.4v) \KlL -1 IlA 
Input Capacitance CKIN 4 10 pF 

(f = 1 MHz, Vin = 4.Ov) 

Digital Outputs (DO - 07) 
Output High Voltage vrn 2.4 Volts 

(lOH = -800 1lA) 
Output Low Voltage VOL 0.4 Volts 

(lOL = 6.4 mA) 
3-state Current IOZ 10 IlA 
Output Capacitance COOUT 10 pF 

See test conditions on next page. 
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D.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Output Current 

White Level Relative to Blank 17.69 19.05 20.40 rnA 
White Level Relative to Black 16.74 17.62 18.50 rnA 
Black Level Relative to Blank 0.95 1.44 1.90 rnA 
Blank Level on lOR, lOB 0 5 50 J.lA 
Blank Level on lOG or lOUT 6.29 7.62 8.96 rnA 
Sync Level on lOG or lOUT 0 5 50 J.lA 
LSB Size 

Bt451 1.175 rnA 
Bt457, Bt458 69.1 j.IA 

DAC to DAC Matching* 2 5 % 
Output Compliance VOC - 1.0 + 1.2 Volts 
Output Impedance RAOUT 50 Kohms 
Output Capacitance CAOUT 13 20 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Voltage Reference Input Current !REF 10 J.lA 

Power Supply Rejection Ratio PSRR 0.5 %/%!J.VAA 
(COMP = O.lIlF, f = 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 ohms, 
VREF = 1.235v. As the above parameters are guaranteed over the full temperature range, temperature 
coefficients are not specified or required. 

*Does not apply to the Bt457. 
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A.C. Characteristics 

170 MHz Devices 125 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 170 125 MHz 
LD*Rate LDmax 42.5 31.25 MHz 

R/W, CO, Cl Setup Time 1 0 0 ns 
R/W, CO, Cl Hold Time 2 15 15 ns 

CE*LowTime 3 50 50 ns 
CE* High Time 4 25 25 ns 
CE* Asserted to Data Bus Driven 5 10 10 ns 
CE* Asserted to Data Valid 6 75 75 ns 
CE* Negated to Data Bus 3-Stated 7 15 15 ns 

Write Data Setup Time 8 35 35 ns 
Write Data Hold Time 9 3 3 ns 

Pixel and Control Setup Time 10 3 3 ns 
Pixel and Control Hold Time 11 2 2 ns 

Clock Cycle Time 12 5.88 8 ns 
Clock Pulse Width High Time 13 2.6 3.2 ns 
Clock Pulse Width Low Time 14 2.6 3.2 ns 

LD· Cycle Time 15 23.52 32 ns 
LD* Pulse Width High Time 16 9 13 ns 
LD* Pulse Width Low Time 17 9 13 ns 

Analog Output Delay 18 20 20 ns 
Analog Output RiseIFall Time 19 2 2 ns 
Analog Output Settling Time 20 8 8 ns 
Clock and Data Feedthrough* 35 35 pV - sec 
Glitch Impulse* 50 50 pV - sec 
Analog Output Skew** 0 2 0 2 ns 

Pipeline Delay 6 10 6 10 Clocks 

V AA Supply Current**. 1M rnA 
Bt451 nla nla 310 400 

Bt458Kxx nla nla 375 445 

Bt458Lxx 310 225 330 

Bt457 nla nla 200 220 

See test conditions on next page. 
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A.C. Characteristics 

11 0 MHz Devices 80 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 110 80 MHz 
W*Rate LOmax 27.5 20 MHz 

RIW, CO, Cl Setup Time 1 0 0 ns 
R/W, CO, Cl Hold Time 2 15 15 ns 

CE*LowTime 3 50 50 ns 
CE* High Time 4 25 25 ns 
CE* Asserted to Data Bus Driven 5 10 10 ns 
CE* Asserted to Data Valid 6 75 75 ns 
CE* ~egated to Data Bus 3-Stated 7 15 15 ns 

Write Data Setup Time 8 35 35 ns 
Write Data Hold Time 9 3 3 ns 

Pixel and Control Setup Time 10 3 4 ns 
Pixel and Control Hold Time 11 2 2 ns 

Clock Cycle Time 12 9.09 12.5 ns 
Clock Pulse Width High Time 13 4 5 ns 
Clock Pulse Width Low Time 14 4 5 ns 

LD* Cycle Time 15 36.36 50 ns 
LD* Pulse Width High Time 16 15 20 ns 
LD* Pulse Width Low Time 17 15 20 ns 

Analog Output Delay 18 20 20 ns 
Analog Output Rise!Fall Time 19 2 2 ns 
Analog Output Settling Time 20 8 8 ns 
Clock and Data Feedthrough* 35 35 pV - sec 
Glitch Impulse* 50 50 pV - sec 
Analog Output Skew** 0 2 0 2 ns 

Pipeline Delay 6 10 6 10 Clocks 

V AA Supply Current*** IAA rnA 
Bt451 295 385 265 355 

Bt458Kxx 360 430 330 400 

Bt458Lxx 210 315 200 285 

Bt457 190 210 170 190 

See test conditions on next page. 
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A.C. Characteristics (continued) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 ohms, 
VREF = 1.235v. TTL input values are 0 to 3 volts, with input rise/fall times :s; 3 ns, measured between the 10% 
and 90% points. ECL input values are V AA - 0.8 to V AA - 1.8 volts, with input rise/fall times :s; 2 ns, measured 
between the 20% and 80% points. Timing reference points at 50% for inputs and outputs. Analog output load :s; 
10 pF, DO - D7 output load :s; 40 pF. See timing notes in Figure 7. As the above parameters are guaranteed over 
the full temperature range, temperature coefficients are not specified or required. 

'"Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For 
this test, the TTL digital inputs have a 1k-ohm resistor to GND and are driven by 74HC logic. Settling time does 
not include clock and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth 
= 2x clock rate. 

'"'"Does not apply to the Bt457. 

"*AtFmax. lAA (typ) at VAA = 5.Ov, TA = 20· C. IAA (max) at VAA= 5.25v, TA = O· C. 

w' 

PO·P7{A·B). 

moO·OLl (A.B), 

SYNC"', BLANK'" 

lOR. lOG, lOB 

(lOUT - BT457) 

Note 1: 

Note 2: 

Note 3: 

U 

1. 17 

11 18 20 

19 

12 

a.ocK 

14 

Output delay time measured from 50% point of the rising clock edge to 50% point of full 
scale transition. 

Output settling time measured from 50% point of full scale transition to output settling 
within ± 1 LSB for the Bt457/458 or ± 1/8 LSB for the Bt451. 

Output rise/fall time measured between 10% and 90% points of full scale transition. 

Figure 7. Video Input/Output Timing. 
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Timing Waveforms (continued) 

I 1 
-2-

RIW. co, Cl VALID 

3 

en" 
4 ~ 

6 I 

s I Fj 1/ DATA OIIT (RJW = 1) 

"- ./ 
DO - D7 (READ) 

t DATA IN (RJW = 0) 

8 

DO· D7 (WRrI'B) 

I ~ 

Figure 8. MPU Read/Write Timing. 

Ordering Information 

Model Number RAM DACs Speed Package Ambient 
Temperature 

Range 

Bt458LG170 256 x 24 triple g·bit 170 MHz 84-pin Ceramic O· to +70· C. 
PGA 

Bt458KG125 256 x 24 triple 8-bit 125 MHz 84-pin Ceramic O· to +70· C. 
PGA 

Bt458KGllO 256 x 24 triple 8·bit 110 MHz 84-pin Ceramic O· to +70· C. 
PGA 

Bt458KG80 256 x 24 triple 8-bit 80 MHz 84-pin Ceramic O· to +70· C. 
PGA 
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Ordering Information (continued) 

Ambient 
Model Number RAM DACs Speed Package Temperature 

Range 

Bt4S8LPJ170 256x24 triple 8-bit 170 MHz 84-Pin Plastic O· to +700 C. 
, I-Lead 

Bt4S8LPJ12S 256 x 24 triple 8-bit 125 MHz 84-Pin Plastic O· to +700 C. 
I-Lead 

Bt4S8LPI110 256 x 24 triple 8-bit 110 MHz 84-Pin Plastic O· to +700 C. 
I-Lead 

Bt4S8LPI80 256 x 24 triple 8-bit 80 MHz 84-Pin Plastic O· to +700 C. 
I-Lead 

Bt4S1KG125 256 x 12 triple 4-bit 125 MHz 84-pin Ceramic O· to +700 C. 
roA 

Bt4S1KG110 256 x 12 triple 4-bit 110 MHz 84-pin Ceramic O· to +700 C. 
roA 

Bt4S1KG80 256 x 12 triple 4-bit 80 MHz 84-pin Ceramic O· to +700 C. 
roA 

Bt4S1KPJ125 256 x 12 triple 4-bit 125 MHz 84-Pin Plastic O· to +70· C. 
I-Lead 

Bt4S1KPJ110 256 x 12 triple 4-bit 110 MHz 84-Pin Plastic O· to +700 C. 
I-Lead 

Bt4S1KPI80 256 x 12 triple 4-bit 80 MHz 84-Pin Plastic O· to +70· C. 
I-Lead 

Bt4S7KG125 256 x 8 single 8-bit 125 MHz 84-pin Ceramic O· to +700 C. 
roA 

Bt4S7KGllO 256 x 8 single 8-bit 110 MHz 84-pin Ceramic O· to +700 C. 
roA 

Bt4S7KG80 256 x 8 single 8-bit 80 MHz 84-pin Ceramic O· to +700 C. 
roA 

Bt4S7KPJ12S 256 x 8 single 8-bit 125 MHz 84-Pin Plastic O· to +700 C. 
I-Lead 

Bt4S7KPI1l0 256 x 8 single 8-bit 110 MHz 84-Pin Plastic O· to +700 C. 
I-Lead 

Bt4S7KPI80 256 x 8 single 8-bit 80 MHz 84-Pin Plastic O· to +700 C. 
I-Lead 
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Ordering Information (continued) 

Model NIDIlber 

Bt451EVM Evaluation Board for the Bt451 (includes a Bt451KG12S) 

Bt457EVM Evaluation Board for the Bt457 (includes a Bt457KGl2S) 

Bt458EVM Evaluation Board for the Bt458 (includes a Bt458KG12S) 
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Distinguishing Features Applications 

• Macintosh IT Compatible • High Resolution Color Graphics 
• 66, 40 MHz Operation • CAE/CAD/CAM Applications 
• Triple 8-hit D/A Converters • Image Processing 
• 256 x 24 Color Palette RAM • Instrumentation 
• 3 x 24 Overlay Palette • Desktop Publishing 
• RS-343AJRS-170 Compatible Outputs 
• Standard MPU Interface Related Products 
• +5v CMOS Monolithic Construction 
• 4O-pin DIP or 44-pin PLeC Package • Bt478 
• Typical Power Dissipation: I W 

Functional Block Diagram 

VIlA aND PI AWUST VRBP 

<I.OCK 

PO-PI 

.--___ --, L~-=J;T---r- COMP 

Cll.O,OLI 

Brooktree Corporation 
9950 Barnes Canyon Rd_ 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
lA53001 Rev _ G 

DO-DI 

>---t---;~ lOR 

ISYNC 

>---I---;~ 100 

>---I--IOB 
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Bt453 
66 MHz 

Monolithic CMOS 

256 x 24 Color Palette 

RAMDACn< 

Product Description 

The Bt453 RAMDAC is designed specifically 
for high resolution color graphics_ 

The Bt453 has a 256 x 24 color lookup table 
with triple 8-bit video D/A converters, 
supporting up to 259 simultaneous colors 
from a 16_8 million color palette_ Three 
overlay registers provide for overlaying 
cursors, grids, menus, etc_ The MPU bus 
operates asynchronously to the video data, 
simplifying the design interface to the 
system_ 

The Bt453 generates RS-343A compatible 
video signals into a doubly-terminated 
75-ohm load, and RS-170 compatible video 
signals into a singly-terminated 75-ohm 
load, without requiring external buffering. 

Both the differential and linearity errors of 
the D/ A converters are guaranteed to be a 
maximum of ± I LSB over the full 
temperature range. 

Macintosh is a licensed trademark of Apple 
Computer, Inc. 



Bt453 

Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt4S3 supports a stsndard MPU bus interface, 
allowing the MPU direct access to the color palette 
RAM and overlay color registers. The MPU interface 
operates asynchronously to the video data, 
simplifying the design interface. 

The CO and CI control inputs specify whether the 
MPU is accessing the address register, color palette 
RAM, or the overlay registers, as shown in Table 1. 
The 8-bit address register is used to address the color 
palette RAM and overlay registers, eliminating the 
requirement for external address multiplexers. ADDRO 
corresponds to DO and is the least significant bit. 

To write color data, the MPU loads the address register 
with the address of the color palette RAM location or 
overlay register to be modified. The MPU performs 
three successive write cycles (8 bits each of red, 
green, and blue), using CO and CI to select either the 
color palette RAM or overlay registers. During the 
blue write cycle, the three bytes of color information 
are concatenated into a 24-bit word and written to the 
location specified by the address register. The address 
register then increments to the next location which 
the MPU may modify by simply writing another 
sequence of red, green, and blue data. 

To read color data, the MPU loads the address register 
with the address of the color palette RAM location or 
overlay register to be read. The MPU performs three 
successive read cycles (8 bits each of red, green, and 
blue), using CO and CI to select either the color 
palette RAM or overlay registers. Following the blue 
read cycle, the address register increments to the next 
location which the MPU may read by simply reading 
another sequence of red, green, and blue data. 

CI CO 

0 0 
0 I 
I 0 
I I 

Note that anytime the CS* input is a logical zero, the 
video outputs are forced to the black level. When 
accessing the color palette RAM, the address register 
resets to $00 following a blue read or write cycle to 
RAM location $FF. While accessing the overlay 
color registers, the six most significant bits of the 
address register (ADDR2 - 7) are ignored. 

To keep track of the red, green, and blue read/write 
cycles, the address register has two additional bits 
(ADDRa, ADDRb) that count modulo three, as shown 
in Table 2. They are reset to zero when the MPU 
writes to the address register, and are not reset to zero 
when the MPU reads the address register. The MPU 
does not have access to these bits. The other eight 
bits of the address register (ADDRO - 7) are accessible 
to the MPU, and are used to address color palette RAM 
locations and overlay registers, as shown in Table 2. 

Figure I illustrates the MPU read/write timing. 

Addressed by MPU 

address register 
color palette RAM 

address register 
overlay registers 

Table 1. Control Input Truth Table. 
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Bt453 

Circuit Description (continued) 

Value Cl co Addressed by MPU 

ADDRa, b (counts modulo 3) 00 x 1 red value 
01 x 1 green value 
10 x I blue value 

ADDRO - 7 (counts binary) $00 - $FF 0 1 color palette RAM 
xxxx xxOO I 1 reserved 
xxxx xxOI 1 1 overlay color 1 • xxxx xxlO 1 1 overlay color 2 
xxxx xxll I I overlay color 3 

Table 2. Address Register (ADDR) Operation. 

~',rn,Cl ===><~ ____________ V_~_ID ______________ ~)(~ ____________ __ 

RD", WR· \'------------/ 

DO - D7 (READ) -------« 

DO - D7 (WRl11l) _____ -----.Jx DATAlN(WR"O) )(~ ____________ __ 

Figure 1. MPU Read/Write Timing. 
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Circuit Description (continued) 

Frame Buffer Interface 

While CS* is a logical one, the PO - P7, OLO, and OLI 
inputs are used to address the color palette RAM and 
overlay registers, as shown in Table 3. The addressed 
location provides 24 bits of color information to the 
three D/ A converters. 

The SYNC· and BLANK* inputs, also latched on the 
rising edge of CLOCK to maintain synchronization 
with the color data, add appropriately weighted 
currents to the analog outputs, producing the specific 
output levels required for video applications, as 
illustrated in Figure 3. Table 4 details how the SYNC· 
and BLANK· inputs modify the output levels. 

OL1 OLD PO-P1 

0 0 $00 
0 0 $01 
: : : 
0 0 $FF 
0 1 $xx 
1 0 $xx 
1 1 $xx 

Bnxidree~ 

The analog outputs of the Bt453 are capable of 
directly driving a 37.5-ohm load, such as a 
doubly-terminated 75-ohm coaxial cable. 

Addressed by frame buffer 

color palette RAM location $00 
color palette RAM location $01 

: 
color palette RAM location $FF 

overlay color 1 
overlay color 2 
overlay color 3 

Table 3. Pixel and Overlay Control Truth Table. 

CLOCK 

po. Pl. 01.0. OLi. 
SYNC·, BLANK'" 

[oR, [00, lOB, 

!SYNC 

Figure 2. Video Input/Output Timing. 
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Circuit Description (continued) 

RED,BLUE OREBN 

MA V MA V 

19.05 0.714 26.(;/ 1.000 .... ---,...._------------; ... --- WHll1l UlVEL 

1.44 0.054 9.05 0.340 ~-----~~---~--------BU~UlVEL 

7.s1RE 
0.00 0.000 7.62 0.286 ~-----~~_r~-~--------B~Krn~ 

40 IRE 

0.00 0.000 
-L _______ ~~ __________ s~crn~ 

Note: 75-ohm doubly-tenninated load, RSET = 280 ohms, VREF = 1.235v. ISYNC connected to lOG. RS-343A 
levels and tolerances assumed on all levels. 

Figure 3. Composite Video Output Waveforms. 

Description lOG IOR,IOB SYNC· BLANK· DAC 
(rnA) (rnA) Input Data 

WHIlE 26.67 19.05 1 1 $FF 
DATA data + 9.05 data + 1.44 1 1 data 
DATA-SYNC data + 1.44 data + 1.44 0 1 data 
BLACK 9.05 1.44 1 1 $00 
BLACK-SYNC 1.44 1.44 0 1 $00 
BLANK 7.62 0 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with full scale lOG = 26.67 rnA. RSET = 280 ohms, VREF = 1.235v. ISYNC connected to 
lOG. 

Table 4. Video Output Truth Table. 
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Pin Descriptions 

Pin Name 

BLANK· 

SYNC* 

PO-P7 

OLO,OLl 

lOR, lOG, lOB 

ISYNC 

FSADJUST 

Description 

Composite blank control input (TTL compatible). A logic zero drives the lOR, lOG, and lOB 
outputs to the blanking level, as illustrated in Table 4. It is latched on the rising edge of 
CLOCK. When BLANK· is a logical zero, the pixel and overlay inputs are ignored. 

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40 
IRE current source on the ISYNC output (see Figure 3). SYNC· does not override any other 
control or data input, as shown in Table 4; therefore, it should be assened only during the 
blanking interval. It is latched on the rising edge of CLOCK. 

Clock input (ITL compatible). The rising edge of CLOCK latches the PO - P7, OLO, OLI, 
SYNC·, and BLANK· inputs. It is typically the pixel clock rate of the video system. It is 
recommended that CLOCK be driven by a dedicated TIL buffer. 

Pixel select inputs (ITL compatible). These inputs specify, on a pixel basis, which one of the 
256 entries in the color palette RAM is to be used to provide color information. They are 
latched on the rising edge of CLOCK. PO is the LSB. Unused inputs should be connected to 
GND. 

Overlay select inputs (ITL compatible). These inputs specify which palette is to be used to 
provide color information, as illustrated in Table 3. When accessing the overlay palette, the PO 
- P7 inputs are ignored. They are latched on the rising edge of CLOCK. OLO is the LSB. Unused 
inputs should be connected to GND. 

Red, green, and blue current outputs. These high impedance current sources are capable of 
directly driving a doubly-terminated 75-ohm coaxial cable (Figure 4). All outputs, whether used 
or not, should have the same output load. 

Sync current output. This high impedance current source is typically connected directly to the 
lOG output (Figure 4), and is used to encode sync information onto the green channel. ISYNC 
does not output any current while SYNC* is a logical zero. The amount of current output while 
SYNC. is a logical one is: 

ISYNC (mA) = 1,728 * VREF (v) I RSET (ohms) 

If sync information is not required on the green channel, this output should be connected to 
GND. 

Full scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full scale video signal (Figure 4). Note that the IRE relationships in Figure 3 
are maintained, regardless of the full scale output current. 

The relationship between RSET and the full scale output current on lOG is (assuming ISYNC is 
connected to lOG): 

RSET (ohms) = 6,047 >10 VREF (v) I lOG (rnA) 

The relationship between RSET and the full scale output current on lOR and lOB is: 

lOR, lOB (mA) = 4,319>10 VREF (v) I RSET (ohms) 
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Pin Descriptions (continued) 

Pin Name 

COMP 

VREF 

VAA 

GND 

CS* 

WR* 

RD.o 

CO, Cl 

00-D7 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 
J.lF ceramic capacitor must be connected between this pin and V AA (Figure 4). The COMP 
capacitor must be as close to the device as possible to keep lead lengths to an absolute 
minimum. 

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 
4, must supply this input with a 1.2v (typical) reference. The Bt453 has an internal pull-up 
resistor between VREF and V AA. As the value of this resistor may vary slightly due to process 
variations, the use of a resistor divider network to generate the reference voltage is not 
recommended. A 0.1 J.lF ceramic capacitor must be used to decouple this input to V AA, as shown 
in Figure 4. The decoupling capacitor must be as close to the device as possible to keep lead 
lengths to an absolute minimum. 

Analog power. All VAA pins must be connected. 

Analog ground. All GND pins must be connected. 

Chip select control input (TTL compatible). This input must be a logical zero to enable data to 
be written to or read from the device. While CS.o is a logical zero, the lOR, lOG, and lOB outputs 
are forced to the black level. Note that the Bt453 will not function correctly while CS·, RD·, 
and WR· are simultaneously a logical zero. 

Write control input (TTL compatible). To write data to the device, both CS.o and WR· must be a 
logical zero. Data is latched on the rising edge of WR * or CS.o, whichever occurs first. See 
Figure 1. 

Read control input (TTL compatible). To read data from the device, both CS· and RD* must be a 
logical zero. See Figure 1. 

Command control inputs (TTL compatible). CO and Cl specify the type of read or write 
operation being performed, as illustrated in Table 1. 

Data bus (TTL compatible). Data is transferred into and out of the device over this eight bit 
bidirectional data bus. 00 is the least significant bit. 
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Pin Descriptions (continued) 

4O-pin DIP Package 

DO PSADJUST 

DI VRIlF 

DZ VAA 
D3 COMP 

D4 lOR lOR 

D! lOG COMP 

D6 ISYNC VAA 
rn lOB VRIlF 

OND GND PSADJUST 

VAA VAA DO 

P7 VAA DI 

P6 VAA DZ 

P5 WR· D3 

1'4 RJ)O D4 

P3 cs· D5 

P2 CI 

PI co 
PO <LOCK 

0L1 SYNC· 

OLO BLANK· 
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44-pin Plastic J-Lead (PLCC) 
Package 

" 
2 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
lit it III lR l!t ;II; III 1:1 It " 111 

... .. . ~ :: ~ = :t =t = t; 
! Ii ~ ~ ~ ~ Ii: 1£ I: if; S! 

,. cs· 
1f1 Ci 

(]) 

<LOCK 

SYNC· 

BLANK· 

OLO 

0L1 

PO 

PI 

P2 



PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Bt453 power and ground lines by shielding the 
digital inputs and providing good decoupling. The 
lead length between groups of V AA and GND pins 
should be minimized so as to minimize inductive 
ringing. 

Ground Planes 

The ground plane should encompass all Bt453 ground 
pins, voltage reference circuitry, power supply 
bypass circuitry for the Bt453, the analog output 
traces, any output amplifiers, and all the digital signal 
traces leading up to the Bt453. 

Power Planes 

The Bt453 and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane (VeC) at a single point 
through a ferrite bead, as illustrated in Figure 4. This 
bead should be located within three inches of the 
Bt453. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all B t453 power pins, 
voltage reference circuitry, and any output amplifiers. 

It is important that portions of the regular peB power 
and ground planes do not overlay portions of the 
analog power plane, unless they can be arranged such 
that the plane-to-plane noise is common mode. This 
will reduce plane-to-plane noise coupling. 
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Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 

For the best performance, a 0.1 JlF ceramic capacitor 
should be used to decouple each of the three groups of 
V AA pins to GND. These capacitors should be placed 
as close as possible to the device. 

It is important to note that while the Bt453 contains 
circuitry to reject power supply noise, this rejection 
decreases with frequency. If a switching power supply 
is used, the designer should pay close attention to 
reducing power supply noise and consider using a 
three terminal voltage regulator for supplying power 
to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Bt453 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog power plane. 

Due to the high clock rates involved, long clock lines 
to the B t453 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power plane 
(Vee), and not the analog power plane. 

Analog Signal Interconnect 

The Bt453 should be located as close as possible to 
the output connectors to minimize noise pickup and 
reflections due to impedance mismatch. 

The video output signals should overlay the ground 
plane, and not the analog power plane, to maximize 
the high frequency power supply rejection. 

For maximum performance, the analog outputs should 
each have a 75-ohm load resistor connected to GND. 
The connection between the current output and GND 
should be as close as possible to the Bt453 to 
minimize reflections. 

• 
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PC Board Layout Considerations (continued) 

COMP 

&a 
ANALOG POWER PLANE 

VAA 

\ == CS 

L1 

= i= C2.C4 ~ +SV(VCC) 

VREF 

r.; ~Zl = 
Bt4S3 

pel = i=C1 

GND/ GROUND 

RSIlT$ ~ ~ ~ 
<i Rl R2 R3 

FSADJUST -- , 
lOR 

TO 
lOG VIDEO 

~ CONNECTOR 
ISYNC 

lOB 

Location Description Vendor PartNwnber 

CI-C6 0.1 J.lF ceramic capacitor Erie RPEII2Z5UI04M50V 
C7 10 J.lF tantalwn capacitor Mallory CSRI3G106KM 
L1 ferrite bead Fair-Rite 2743001111 

Rl, R2, R3 75-ohm 1 % metal fihn resistor Dale CMF-55C 
RSEr 280-ohm 1 % metal fllm resistor Dale CMF-55C 

ZI L2v voltage reference National Semiconductor LM385BZ-L2 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt453. 

Figure 4. Typical Connection Diagram and Parts List. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VM 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA 0 +70 °C. 
Output Load RL 37.5 Oluns 
Reference Voltage VREF 1.14 1.235 1.26 Volts 
FS ADJUST Resistor RSET 280 Oluns 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 Volts 

Voltage on any Digital Pin GND-0.5 VAA+O.S Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 °C. 
Storage Temperature TS - 65 + 150 °C. 
Junction Temperature TJ 

Ceraruic Package + 175 °C. 
Plastic Package + 150 °C. 

Soldering Temperature TSOL 260 °C. 
(5 seconds, 1/4" from pin) 

Vapor Phase Soldering TVSOL 220 °C. 
(1 minute) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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Bt453 Broddree® 
D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 8 8 8 Bits 
Accuracy (each DAC) 

Integral Linearity Error IL ±1 LSB 
Differential Linearity Error IL ±1 LSB 
Gray Scale Error ±5 % GrayScale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage VlH 2.0 VAA+0.5 Volts 
Input Low Voltage VlL GND-O.5 0.8 Volts 
Input High Current (Vin = 2.4v) llH 1 IIA 
Input Low Current (Vin = 0.4v) IlL - 1 IIA 
Input Capacitance C1N 10 pF 

(f = 1 MHz. Vin = 2.4v) 

Digital Outputs 
Output High Voltage VOH 2.4 Volts 

(lOH = -400 IIA) 
Output Low Voltage VOL 0.4 Volts 

(lOL = 3.2 rnA) 
3-State Current ICJl 10 IIA 
Output Capacitance COOUT 20 pF 

Analog Outputs 
Gray Scale Current Range 15 22 rnA 
Output Current 

White Level Relative to Blank 17.69 19.05 20.40 rnA 
White Level Relative to Black 16.74 17.62 18.50 rnA 
Black Level Relative to Blank 0.95 1.44 1.90 rnA 
Blank Level on lOR. lOB 0 5 50 IIA 
Blank Level on lOG 6.29 7.62 8.96 rnA 
Sync Level on lOG 0 5 50 IIA 
LSB Size 69.1 IIA 

DAC to DAC Matching (25°_ 70· C.) 2 5 % 
Output Compliance vex:: - 1.0 +1.4 Volts 
Output Impedance RAOUT 10 Kohms 
Output Capacitance CAOUT 30 pF 

(f = 1 MHz. lOUT = 0 rnA) 

Voltage Reference Input Current !REF 10 IIA 

Power Supply Rejection Ratio PSRR 0.12 0.5 %/%6.VAA 
(COMP = O.II1F. f = 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 280 ohms. 
VREF = 1.235v. ISYNC connected to lOG. As the above parameters are guaranteed over the full temperature 
range. temperature coefficients are not specified or required. 
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A.C. Characteristics 

66 MHz Devices 40 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 66 40 MHz 

CS*, CO, Cl Setup Time 1 35 35 ns 
CS*, CO, C1 Hold Time 2 35 35 ns 

RD*, WR* High Time 3 25 25 ns 
RD* Asserted to Data Bus Driven 4 5 5 ns 
RD* Asserted to Data Valid 5 100 100 ns 
RD* Negated to Data Bus 3-Stated 6 15 15 ns 

WR*LowTime 7 50 50 ns 
Write Data Setup Time 8 35 35 ns 
Write Data Hold Time 9 5 5 ns 

Pixel and Control Setup Time 10 5 7 ns 
Pixel and Control Hold Time 11 2 3 ns 

Clock Cycle Time 12 15 25 ns 
Clock Pulse Width High Time 13 5 7 ns 
Clock Pulse Width Low Time 14 5 7 ns 

Analog Output Delay 15 20 30 20 30 ns 
Analog Output Rise/Fall Time 16 3 3 ns 
Analog Output Settling Time* 17 25 25 ns 
Clock and Data Feedthrough* -48 -48 dB 
Glitch Impulse* 50 50 pV - sec 
DAC to DAC Crosstalk - 22 - 22 dB 
Analog Output Skew 1 2 1 2 ns 

Pipeline Delay 18 2 2 2 2 2 2 Clocks 

V AA Supply Current** IAA 220 275 190 250 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 280 ohms, VREF = 
1.235v, ISYNC connected to lOG. TTL input values are 0 to 3 volts, with input rise/fall times S 3 ns, measured between 
the 10% and 90% points. Timing reference points at 50% for inputs and outputs. Analog output load S 10 pF, DO - D7 
output load S 50 pF. See timing notes in Figure 6. As the above parameters are guaranteed over the full temperature 
range, temperature coefficients are not specified or required. 

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, 
the digital inputs have a lk-ohm resistor to ground and are driven by 74HC logic. Settling time does not include clock 
and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth = 2x clock rate. 

**At Fmax. lAA (typ) at VAA = 5.Ov. IAA (max) at VAA = 5.25v. 
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Timing Waveforms 

CS', Ol, CI 

RD·, WR. 

DO - D7 (RBAD) 

DO - D7 (WRlI'B) 

PO - PI, OLO, OLI, 
SYNC', BLANK' 

lOR, lOG, lOB, 
!sYNC 

L I 1_ .~ ---..1 
~ VALID X 

7 

3 

5 }-6 I 

r--L-t -
DATA OlIT (RD'. 0) 

t DATAIN(_'=O) 

8 

- t-- 9 

Figure 5. MPU Read/Write Timing. 

11 18 

11 ~ 
-----------------------------------------~--(l__16 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale transition, 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within ± 1 LSB, 

Note 3: Output rise/faIl time measured between the 10% and 90% points of full scale transition. 

Figure 6. Video Input/Output Timing. 
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Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt453KP66 66 MHz 40-pin 0.6" 0" 10 +70· C. 
Plastic DIP 

Bt453KPJ66 66 MHz 44-pin Plastic 0" 10 +70· C. 
J-Lead 

Bt453KC66 66 MHz 40-pin 0.6" 0" 10 +70· C. 
CERDIP 

Bt453KC 40 MHz 40-pin 0.6" 0" 10 +70· C. 
CERDIP 

Bt453KP 40 MHz 40-pin 0.6" 0" 10 +70· C. 
Plastic DIP • 

Bt453KPJ 40 MHz 44-pin Plastic 0" 10 +70· C. 
J-Lead 
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Device Circuit Data 

r-~--~------------~--~---VAA 

-r-tt---TODACS 

PSADJUST 
IPIlIlDBACK 

Figure 7. Equivalent Circuit of the Reference Amplifier. 

Bt453 

VAA 

GO-G7 

lOG 

-30pF RL 
SYNC· BLANK· T Q:11ny+1ood) 

(lOG ONLY) 

Figure 8. Equivalent Circuit of the Current Output (lOG). 
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Distinguishing Features 

• 170, 110 MHz Operation 
• 4: 1 Multiplexed TIL Pixel Ports 
• Triple 4-bit D/A Converters 
• 16 x 12 Dual Port Color Palette 
• 1 x 12 Dual Port Overlay Palette 
• RS-343A Compatible Outputs 
• Standard MPU Interface 
• +5v CMOS Monolithic Construction 
• 44-pin PLeC Package 
• Typical Power Dissipation: 1 W 

Functional Block Diagram 

PO-P3 
(A-D) 

OL(A-D) 

SYNC" 

a.ocJt. CLOCK VAA GND 

B~' -'~ __ r-~ __ ~ 

CD' R/W co C1 

Brooktree Corporation _ 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
IA54001 Rev_ E 

Applications 

• High Resolution Color Graphics 
• CAE/CAD/CAM Applications 
• Image Processing 
• Video Reconstruction 
• Desktop Publishing 

Related Products 

• Bt451 

PSAD/IlST 

lOR 

lOG 

lOB 

IlO-D3 
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Bt454 
170 MHz 

Monolithic CMOS 

16 x 12 Color Palette 

RAMDAC™ 

Product Description 

The Bt454 is a triple 4-bit video RAMDAC, 
designed specifically for high performance, 
high resolution color graphics_ The 
architecture enables the display of 1600 x 
1200 bit mapped color graphics (up to 4 bits 
per pixel plus one bit of overlay 
information), minimizing the use of costly 
EeL interfacing, as most of the high speed 
(pixel clock) logic is contained on chip_ The 
mUltiple pixel ports and internal 
multiplexing enables TTL compatible 
interfacing (up to 42_5 MHz) to the frame 
buffer, while maintaining the 170 MHz video 
data rates required for sophisticated color 
graphics_ 

The Bt454 supports up to 17 simultaneous 
colors from a 4096 color palette_ On chip 
features include a temperature compensated 
precision voltage reference, divide by four of 
the clock for load generation, color overlay 
capability, and a dual-port color palette 
RAM_ 

The Bt454 generates RS-343A compatible 
red, green, and blue video signals, and is 
capable of driving doubly-terminated 
75-ohrn coax directly, without requiring 
external buffering_ Both the differential and 
integral linearity errors of the D/ A 
converters are guaranteed to be a maximum of 
± 1/4 LSB over the full temperature range_ 
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Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt454 supports a standard MPU bus interface, 
allowing the MPU direct access to the internal control 
registers and color/overlay palettes. The dual-port 
color palette RAM and overlay register allow color 
updating without contention with the display refresh 
process. 

As shown in Table I, the CO and Cl control inputs, in 
conjunction with the internal address register, specify 
which color palette RAM entry or overlay register 
will be accessed by the MPU. The address register is 
used to address the internal RAM, eliminating the 
requirement for externa1 address multiplexers. ADDRO 
corresponds to DO and is the least significant bit. 

To write color data to the color palette RAM, the MPU 
loads the address register with the desired RAM 
location to be modified. The MPU performs three 
successive write cycles (4 bits each of red, green, and 
blue), using CO and C 1 to select the color palette 
RAM. Following the blue write cycle, the address 
register increments to the next location which the 
MPU may modify by simply writing another sequence 
of red, green, and blue data. 

To read color data from the color palette RAM, the 
MPU loads the address register with the desired RAM 
location to be read. The MPU performs three 
successive read cycles (4 bits each of red, green, and 
blue), using CO and Cl to select the color palette 
RAM. Following the blue read cycle, the address 
register increments to the next location which the 
MPU may read by simply reading another sequence of 
red, green, and blue data. 
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When accessing the color palette RAM, the address 
register resets to $0 following the blue read or write 
cycle to location $F. 

To read from or write to the overlay register, the MPU, 
using CO and Cl to select the overlay register, 
performs three successive read or write cycles (4 bits 
each of red, green, and blue). ADDRO - 3 are not used. 

To keep track of the red, green, and blue read/write 
cycles, the address register has two additional bits 
(ADDRa, ADDRb) that count modulo three, as shown 
in Table 1. They are reset to zero when the MPU reads 
or writes to the address register. The MPU does not 
have access to these bits. The other four bits of the 
address register (ADDRO - 3) are accessible to the 
MPU, and are used to address the color palette RAM 
locations. 

When reading or writing the color values, the RAM or 
overlay register is accessed each time a 4-bit color 
value is read or written. 

Although the color palette RAM and overlay register 
are dual-ported, if the pixel and overlay data is 
addressing the same palette entry being written to by 
the MPU, it is possible for one or more of the pixels 
on the display screen to be disturbed. 

Figure 1 illustrates the MPU readfwrite timing when 
accessing the device. 
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Circuit Description (continued) 

Value Cl co CEo RJW Addressed by MPU 

ADDRa, b (counts modulo 3) 00 1 red value 
01 1 green value 
10 1 blue value 

ADDRO - 3 (counts binary) $x 0 0 0 0 write to address register 
$0 - $F 0 1 0 0 write to color palette RAM 

$x 1 0 0 0 DO - D3 ignored, 0 --> ADDRa, b 
$x 1 1 0 0 write to overlay register 

$x 0 0 0 1 read address register 
$0 - $F 0 1 0 1 read color palette RAM 

$x 1 0 0 I o --> DO - D3. 0 --> ADDRa, b 
$x 1 1 0 1 read overlay register 

$x x x 1 x 3-state DO - D3 

Table 1. Address Register (ADDR) Operation. 

WW,rn,cI ====><~ __ V_AL_ID __ ~)(~ ____________________________________________ __ 

CE' \'-------~/ 
DO - D3 (READ) --------------------« DATA our (RIW = I) )>-----

DO - D3 (WRTI1l) ______________________ ...J)( DATA IN (RJW = 0) x'--___ _ 

Figure 1. MPU Read/Write Timing. 
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Circuit Description (continued) 

Frame Buffer Interface 

To enable pixel data to be transferred from the frame 
buffer at reasonable data rates (up to 42.5 MHz), the 
Bt454 incorporates internal latches and multiplexers. 
As illustrated in Figure 2, the SYNC"', BLANK*, PO
P3 {A - D}, and OL {A - D} inputs are latched on the 
rising edge of LDOUT. Note that with this 
configuration, the sync and blank timing will be 
recognized only with four pixel resolution. Typically, 
the LooUT signal is used to clock external circuitry to 
generate the basic video timing and to clock the video 
DRAMs of the frame buffer. 

The overlay inputs may have pixel timing, 
facilitating the use of an additional bit plane in the 
frame buffer to control overlay selection on a pixel 
basis, or they may be controlled by external character 
or cursor generation logic. 

po.P3 {A·DI. 

OL{A·DI. 
SYNC-, BLANK-

lOR. lOG. lOB 

CLOCK 

The Bt454 generates the LDOUT signal internally by 
dividing the clock by four. LDOUT is the setup and 
hold time reference for the pixel, overlay, sync, and 
blank inputs. It is recommended that LDOUT be 
buffered to clock the shift registers of the video 
DRAMs. 

Once the pixel and overlay data are latched by LooUT, 
they are internally multiplexed at the pixel clock rate. 
On each clock cycle, the Bt454 outputs color 
information based on the {A} inputs, followed by the 
{B} inputs, etc., until all four pixels have been 
output, at which point the cycle repeats. 

Figure 2. Video Input/Output Timing. 
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Circuit Description (continued) 

Video Generation 

Each clock cycle, four bits of color information (PO -
P3) and one bit of overlay information (OL) for each 
pixel are used to determine whether a color palette 
entry in the RAM or whether the overlay register is to 
provide color information. Note that PO is the LSB 
when addressing the color palette RAM. Table 2 
illustrates the truth table used for color selection. 

Every clock cycle, the selected 12 bits of color 
information (4 bits each of red, green, and blue) are 
presented to the three 4-bit D/A converters. 

The SYNC" and BLANK" inputs, pipelined to 
maintain synchronization with the pixel data, add 
appropriately weighted currents to the analog outputs, 
producing the specific output levels required for video 
applications, as illustrated in Figure 3. 

The varying output current from each of the D/A 
converters produces a corresponding voltage level, 
which is used to drive the color CRT monitor. Note 
that only the green output (l00) contains sync 
information. Table 3 details how the SYNC" and 
BLANK" inputs modify the output levels. 

<L PO -P3 

0 $0 
0 $1 
: : 
0 $F 
1 $x 

Bt454 

The D/A converters on the Bt454 use a segmented 
architecture in which bit currents are routed to either 
the current output or OND by a sophisticated decoding 
scheme. This architecture eliminates the need for 
precision component ratios and greatly reduces the 
switching transients associated with turning current 
sources on or off. Monotonicity and low glitch are 
guaranteed by using identical current sources and 
current steering their outputs. An on-chip operational 
amplifier stabilizes the full scale output current 
against temperature and power supply variations. 

CRT Monitor Inter/ace 

The analog outputs are capable of directly driving a 
37.5-ohm load, such as a doubly-terminated 75-ohm 
coaxial cable, when soldered directly to a PC board. 
When the device is socketed, it is recommended that 
only a singly-terminated 75-ohm load be used (unless 
air flow or heat sinking are available). Note that 
when driving a singly-terminated 75-ohm load, the 
RSET value must be adjusted. 

Addressed by frame buffer 

color palette entry $0 
color palette entry $1 

: 
color palette entry $F 

overlay color 

Table 2. Palette and Overlay Select Truth Table. 
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Circuit Description (continued) 

RED. BLUR ClRIlI!N 

MA V MA V 

19.05 0.714 2Ii.61 1.000 .,...--~~-------------:=---- WHITB LBVEL 

1,44 0_ 9.05 0.340 -r-----~~------~----------BU~UWL 

7.5 IRE 
0.00 0.000 7.61 0.186 -r-----~~-r-,-~--------mANKUWL 

40 IRE 

0.00 0.000 
-L-______ ~~ __________ SYNCUWL 

Note: 75-ohm doubly-terminated load, RSET = 523 ohms. RS-343A levels and tolerances assumed on 
all levels. 

Figure 3. Composite Video Output Waveforms. 

Description 100 lOR, lOB SYNC* BLANK* DAC 
(rnA) (rnA) Input Data 

WHIlE 26.67 19.05 1 1 $F 
DATA data + 9.05 data + 1.44 1 1 data 
DATA-SYNC data + 1.44 data + 1.44 0 1 data 
BlACK 9.05 1.44 1 1 $0 
BlACK-SYNC 1.44 1.44 0 1 $0 
BLANK 7.62 0 1 0 $x 
SYNC 0 0 0 0 $x 

Note: Typical with full scale lOG = 26.67 rnA. RSET = 523 ohms. 

Table 3. Video Output Truth Table. 
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Pin Descriptions 

Pin Name 

BLANK· 

SYNC* 

PO-P3 
{A-D} 

OL{A-D} 

IOR,IOG,IOB 

GND 

VAA 

FSADJUST 

Description 

Composite blank control input (ITL compatible). A logic zero drives the analog outputs to the 
blanking level, as illustrated in Table 3. It is latched on the rising edge of LDOUT. When 
BLANK. is a logical zero, the pixel and overlay inputs are ignored. 

Composite sync control input (ITL compatible). A logical zero on this input switches off a 40 
IRE current source on the lOG output (see Figure 3). SYNC· does not ovenide any other control 
or data input, as shown in Table 3; therefore, it should be asserted only during the blanking 
interval. It is latched on the rising edge of LDOUT. If sync information is not to be generated 
on the lOG output, this pin should be connected to OND. 

Load control output ('ITL compatible). The PO - P3 {A - D}, OL {A - D}, BLANK·, and SYNC· 
inputs are latched on the rising edge of LDOUT. LDOUT is internally generated by dividing the 
clock by four. 

Pixel select inputs (TTL compatible). These inputs are used to specify, on a pixel basis, which 
one of the 16 entries in the color palette RAM is to be used to provide color information. Four 
consecutive pixels (up to four bits per pixel) are input through this port. They are latched on the 
rising edge of LDOUT. PO is the LSB. Unused inputs should be connected to OND. 

Note that the {A} pixel is output ftrst, followed by the (B} pixel, etc., until all four pixels have 
been output, at which point the cycle repeats. 

Overlay select inputs (ITL compatible). These control inputs are latched on the rising edge of 
LDOUT, specify which palette is to be used for color information. A logical zero indicates the 
color palette RAM is to provide color information, while a logical one indicates the overlay 
register is to provide color information. When accessing the overlay palette, the PO - P3 (A -
D} inputs are ignored. Unused inputs should be connected to OND. 

Red, green. and blue video current outputs. These high impedance current sources are capable of 
directly driving a doubly-terminated 75-ohm coaxial cable (Figure 4). All outputs, whether used 
or not, should have the same output load. 

Analog ground. All OND pins must be connected. 

Analog power. All VAA pins must be connected. 

Full scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full scale video signal (Figure 4). Note that the IRE relationships in Figure 3 
are maintained, regardless of the full scale output current. 

The relationship between RSET and the full scale output current on lOG is: 

RSET (ohms) = 13,9411 lOG (rnA) 

The full scale output current on lOR and lOB for a given RSET is: 

lOR, lOB (rnA) = 9,9631 RSET (ohms) 
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Pin Descriptions (continued) 

Pin Name 

COMP 

CLOCK, 
CLOCK* 

CE* 

CO, Cl 

DO-ill 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 
I1F ceramic capacitor must be connected between this pin and the adjacent V AA pin (Figure 4). 
Connecting the capacitor to V AA rather than to GND provides the highest possible low 
frequency power supply noise rejection. The COMP capacitor must be as close to the device as 
possible to keep lead lengths to an absolute minimum. 

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured 
for single supply (+5 volt) operation. The clock rate is typically the pixel clock rate of the 
system. 

Chip enable control input (TTL compatible). This input must be a logical zero to enable data to 
be written to or read from the device. During write operations, data is internally latched on the 
rising edge of CE* (Figure 1). Care should be taken to avoid glitches on this edge triggered 
input. 

Read/write control input (TTL compatible). To write data to the device, both CE* and R/W must 
be a logical zero. To read data from the device, CE* must be a logical zero and R/W must be a 
logical one. R/W is latched on the falling edge of CE*. See Figure 1. 

Command control inputs (TTL compatible). CO and Cl specify the type of read or write 
operation being performed, as illustrated in Table 1. They are latched on the falling edge of 
CE*. 

Data bus (TTL compatible). Data is transferred into and out of the device over this four bit 
bidirectional data bus. DO is the least significant bit. 

DO 

01 

02 

03 

CE" 

R/W 
CD 

CI 

lOR 

100 

lOB 

.... 0-

~ ~ 
... ... 
> 

Ia ... :l \:l ;!; ~ 

~ ~ ~ 
.. ... 
S! S! 

Q 
~ 

5 -74 

~ ~ t; 

~ ~ ~ 

28 POA 

'¥I POB 

U POC 

25 POO 

14 BLANK" 

SYNC· 

PIA 

21 PIB 

PIC 

l' P10 

18 P2A 



PC Board Layout Considerations 

PC Board Considerations 

It is recommended that a four layer PC board be used 
with the Bt454. The layout should be optimized for 
lowest noise on the Bt454 power and ground lines by 
shielding the digital inputs and providing good 
decoupling. The lead length between groups of V AA 
and GND pins should be minimized so as to minimize 
inductive ringing. 

Ground Planes 

The ground plane area should encompass all Bt454 
ground pins, power supply bypass circuitry for the 
Bt454, the analog output traces, any output 
amplifiers, and all the digital signal traces leading up 
to the Bt454. 

Power Planes 

The Bt454 and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane (VCC) at a single point 
through a ferrite bead, as illustrated in Figure 4. This 
bead should be located within three inches of the 
Bt454. 

The regular PCB power plane should provide power to 
all digital logic on the PC board, and the analog 
power plane should provide power to all Bt454 power 
pins and any output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power plane, unless they can be arranged such 
that the plane-to-plane noise is common mode. This 
will reduce plane-to-plane noise coupling. 

Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 
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For the best performance, a 0.1 IJ.F ceramic capacitor 
in parallel with a 0.01 IJ.F chip capacitor should be 
used to decouple each of the two groups of V AA pins 
(pins 35, 36; 9) to GND. These capacitors should be 
placed as close as possible to the device. If chip 
capacitors are not feasible, radial lead ceramic 
capacitors may be used. 

It is important to note that while the Bt454 contains 
circuitry to reject power supply noise, this rejection 
decreases with frequency. If a switching power supply 
is used, the designer should pay close attention to 
reducing power supply noise and consider using a 
three terminal voltage regulator for supplying power 
to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Bt454 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog power plane. 

Due to the high clock rates involved, long clock lines 
to the B t454 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power plane 
(VCC), and not the analog power plane. 

Analog Signal Interconnect 

The Bt454 should be located as close as possible to 
the output connectors to minimize noise pickup and 
reflections due to impedance mismatch. 

The video output signals should overlay the ground 
plane, and not the analog power plane, to maximize 
the high frequency power supply rejection. 

For maximum performance, the analog outputs should 
each have a 75-ohm load resistor connected to GND. 
The connection between the current output and GND 
should be as close as possible to the Bt454 to 
minimize reflections. 
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PC Board Layout Considerations (continued) 

COMP j=C6 
ANALOG POWER FLANE 

VAA 

\ 
C2-CS L1 

=1= rVV'n 
+sv(VCC) 

= =CS = i:!=c:/ = = Cl 

Bt454 

/ 
GND GROUND 

RSBT :? ~ ~? 
Rl R2 R3 

PSADIUST 

lOR 

TO 

100 
VIDBO 

CONNECTOR 

lOB 

Location Description Vendor Part Number 

C1, C7 10 IlF tantalum capacitor Mallory CSR13G106KM 
C2, C3, C6, C8 0.1 IlF ceramic capacitor Erie RPE110ZSU104M50V 

C4,C5 0.01 IlF ceramic chip capacitor Johanson Dielectrics X7R500S41W103KP 
L1 ferrite bead Fair-Rite 2743001111 

R1, R2, R3 75-oJun 1 % metal film resistor Dale CMF-55C 
RSEf 523-oJun 1% metal film resistor Dale CMF-55C 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the perfonnance of the Bt454. 

Figure 4. Typical Connection Diagram and Parts List. 
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Application Information 

LDOUT Termination 

To reduce reflections on the LDOUT signal. it should 
be terminated at the point furthest from the Bt454. A 
330-ohm resistor to VCC and a 470-ohm resistor to 
GND should work in most cases. 

TTL Clock Interfacing 

Figure 5 illustrates interfacing the Bt454 to a TIL 
clock. The MClOH116 is operated from a single +5v 
supply. The resistor network attenuates the TIL 
levels to MECL input levels. Although not shown. 
both the CLOCK and CLOCK* lines require 
termination resistors (220-ohm resistor to VCC and 
330-ohm resistor to GND). located as close as 
possible to the Bt454. 

+5V 

Bt454 

ECL Clock Generation 

Due to the high clock rates at which the Bt454 may 
operate. it is designed to accept differential clock 
signals (CLOCK and CLOCK*). These clock inputs are 
designed to be generated by ECL logic operating at +5 
volts. Note that the CLOCK and CLOCK* inputs 
require termination resistors (220-ohm resistor to 
VCC and 330-ohm resistor to GND). located as close 
as possible to the Bt454. 

The CLOCK and CLOCK* inputs must be differential 
signals due to the noise margins of the CMOS 
process. The Bt454 will not function using a 
single-ended CLOCK with CLOCK* connected to 
ground. 

A 10K or 10KH ECL crystal oscillator that generates 
differential outputs. operating between +5v and 
ground. may be interfaced directly to the B454. as 
shown in Figure 6. If the crystal oscillator generates 
only a single-ended output, a MClOHl16 may be used 
to generate the differential clock signals. as 
illustrated in Figure 7. If the MClOH116 is not 
readily available. a MCIOHIOI. MCIOHI05. or 
MClOH107 may be used. 

Although ECL works well using a single +5 volt 
supply. care must be taken to isolate the TIL power 
supply lines from the ECL power supply. Further 
information on ECL design may be obtained in the 
MECL Device Data Catalog and the MECL System 
Design Handbook. by Motorola. 

t---------1 ........ ::-----CLOCK· 
4 ..... -6------CLOCK 

Tn. 

CLOCK 

Figure 5. Interfacing the Bt454 to a TTL Clock. 
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Application Information (continued) 

+5V 

220 

t-:-------------..... --1CLOCK 

330 
+5V 

Bt454 

1--__ .... ____ -1 CLOCK. 

Figure 6. Interfacing to a Differential ECL Oscillator. 

+5V 
+5V 

220 
14 +5V +5V 

.---------1.--lCLOCK 
MONITOR 

220 
PRODUcrs 

330 

970E Bt454 

7 
330 

'-----e------lCLOCK· 

Figure 7. Interfacing to a Single-Ended ECL Oscillator. 
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Broddree® Bt454 

Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA 0 +70 ·C. 
Output Load RL 37.5 Ohms 
FS ADJUST Resistor RSEf 523 Ohms 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GNO) 7.0 Volts 

Voltage on any Digital Pin GNO-0.5 VAA + 0.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature 1'5 - 65 + 150 ·C. 
Junction Temperature TJ + 150 ·C. 

Vapor Phase Soldering TVSOL 220 ·C. 
(1 minute) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 4 4 4 Bits 
Accuracy (each DAC) 

Integral Linearity Error n. ± 1/4 LSB 
Differential Linearity Error rL ± 1/4 LSB 
Gray Scale Error ± 10 % Gray Scale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
(except CLOCK, CLOCK*) 
Input High Voltage VIH 2.0 VAA + 0.5 Volts 
Input Low Voltage VIL GND-O.5 0.8 Volts 
Input High Current (Vin = 2.4v) IllI 1 IIA 
Input Low Current (Vin = O.4v) lll.. - 1 IIA 
Input Capacitance CIN 10 pF 

(f = 1 MHz, Vin = 2.4v) 

Clock Inputs (CLOCK, CLOCK*) 
Input High Voltage VKlH VAA-1.0 VAA+O.5 Volts 
Input Low Voltage VKll.. GND-O.5 VAA-1.6 Volts 
Input High Current (Vin = 4.2v) IKlH 1 IIA 
Input Low Current (Vin = 3.2v) IKll.. - 1 IIA 
Input Capacitance CKIN 10 pF 

(f = 1 MHz, Vin = 4.2v) 

Digital Outputs 
Output High Voltage VOH 

DO - D3 (lOH = 400 !LA) 2.4 Volts 
LOOUT (lOH = -12 rnA) 2.4 Volts 

Output Low Voltage VOL 
DO - D3 (lOL = 3.2 rnA) 0.4 Volts 
LOOUT (lOL = 24 rnA) 0.5 Volts 

3-state Current (DO - D3) IOZ 10 IIA 
Output Capacitance COOUf 10 pF 

See test conditions on next page. 
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D.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Output Current 

White Level Relative to Blank 16.81 19.05 21.30 rnA 
White Level Relative to Black 15.86 17.62 19.40 rnA 
Black Level Relative to Blank 0.95 1.44 1.90 rnA 
Blank Level on lOR. lOB 0 5 50 IIA 
Blank Level on lOG 6.29 7.62 8.96 rnA 
Sync Level on lOG 0 5 50 IIA 
LSBSize 1.175 rnA 

DAC to DAC Matching 5 % 
Output Compliance VOC - 1.0 +1.4 Volts 
Output Impedance RAOUf 50 Kohms 
Output Capacitance CAOUf 20 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Internal Reference Voltage VREF 1.18 1.22 1.26 Volts 

Power Supply Rejection Ratio PSRR 0.5 %/%AVAA 
(COMP = 0.11JF. f = 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 ohms. 
As the above parameters are guaranteed over the full temperature range, temperature coefficients are not specifled 
or required. 
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A.C. Characteristics 

170 MHz Devices 110 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 170 110 MHz 

RIW, CO, Cl Setup Time 1 0 0 ns 
RIW, CO, Cl Hold Time 2 15 15 ns 

CE*LowTime 3 50 50 ns 
CE* High Time 4 25 25 ns 
CE* Asserted to Data Bus Driven 5 10 10 ns 
CE* Asserted to Data Va1id 6 75 75 ns 
CE* Negated to Data Bus 

3-Stated 7 15 15 ns 

Write Data Setup Time 8 35 35 ns 
Write Data Hold Tune 9 10 10 ns 

LDOUT Pulse Width High 10 9 13 ns 
LDOUT Pulse Width Low 11 9 13 ns 
Clock to LDOUT 12 4 7.5 14.3 4 7.5 14.3 ns 

Pixel and Control Setup Time 13 0 0 ns 
Pixel and Control Hold Time 14 3 5 ns 

Clock Cycle Time 15 5.88 9 ns 
Clock Pulse Width High 16 2 3.6 ns 
Clock Pulse Width Low 17 2 3.6 ns 

Analog Output Delay 18 20 20 ns 
Analog Output Rise/Fall Time 19 2 2 ns 
Analog Output Settling Time* 20 6 9 ns 
Clock and Data Feedthrough* 70 70 pV -sec 
Glitch Impulse* 50 50 pV -sec 
Analog Output Skew 0 2 0 2 ns 

Pipeline Delay 6 6 6 6 6 6 Clocks 

V AA Supply Current** IAA 200 120 200 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 ohms. TIL input 
values are 0 to 3 volts. with input rise/fall times S 3 ns, measured between the 10% and 90% points. EeL input values are 
3.2 to 4.2 volts, with input rise/fall times S 2 ns, measured between 20% and 80% points. Timing reference points at 
50% for inputs and outputs. Analog output load S 10 pF, DO - D3 output load S 40 pF. See timing notes in Figure 9. As 
the above parameters are guaranteed over the full temperature range. temperature coefficients are not specified or required. 

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, 
the TTL digital inputs have a lk-ohm resistor to ground and are driven by 74HC logic. Settling time does not include 
clock and data feedthrough. Glitch impulse includes clock and data feedthrough. -3 dB test bandwidth = 2x clock rate. 

**atFmax. IAA (typ) atVAA= 5.Ov, TA =20· C. IAA (max) atVAA = 5.25v, TA=O· C. 
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Timing Waveforms 

RIW. CO. C1 

DO - D3 (RBAD) 

DO- D3 (WRll1l) 

IJ)OUT 

PO-P3 (A- DI. 
OL(A-DI. 

SYNC'. BLANK. 

lOR, lOG. lOB 

Note 1: 

Note 2: 

Note 3: 

I 1 
.2.-

VALID 

3 

4 1 
6 I 

5 I R V DATA OUT (RIW = 1) 
....... ./ 

t DATAJN(RIW=O) 

8 
( r-!-

Figure 8. MPU Read/Write Timing. 

11 

14 18 20 

12 19 

CLOCK 

17 

Output delay time measured from 50% point of the rising clock edge to 50% point of full 
scale transition_ 

Output settling time measured from 50% point of full scale transition to output settling 
within ± 1/4 LSB_ 

Output rise/fall time measured between 10% and 90% points of full scale transition. 

Figure 9. Video Input/Output Timing. 
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Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt454KPJ 110 MHz 44-pin Plastic o· to +70· C. 
J-Lead 

Bt454KPJ170 170 MHz 44-pin Plastic O· to +70· C. 
J-Lead 

Device Circuit Data 

r-~~------------~--~--YM 

>--H---TO DACS 

IFEEDBACK 

L-_>----_---+-- GND 

Figure 10. Equivalent Circuit of the Reference Amplifier. 

Bt454 

YM 

GO-G1 

lOG 

SYNC" BLANK' T-1OPF 
RL C(stray + load) 

(lOG ONLY) 

Figure 11. Equivalent Circuit of the Current Output (lOG). 
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Preliminary Information 

This document contains information on a new product. The parametric 
information, although not fully characterized, is the result of testing 
initial devices. 

Distinguishing Features Applications 

135, 110,80 MHz Operation High Resolution Color Graphics 
1:1,4:1, or 5:1 Multiplexed Pixel Ports 
256 x 24 Color Palette RAM 
16 x 24 Overlay Color Palette 
Ix to 16x Integer Zoom Support 
I, 2, 4, or 8 Bits per Pixel 

o Frame Buffer Interleave Support 
o Pixel Panning Support 
o On-Chip User-Defmable 64 x 64 Cursor 
o RS-343A Compatible Outputs 

Programmable Setup (0 or 7.5 IRE) 
X-windows Support for Overlays/Cursor 
Standard MPU Interface 

o 132-pin PGA Package 

Functional Block Diagram 

po.P7 
(A·E) 

OLD·OL3 
(A·B) 

OLB(A-E) 

SYNC· 
BLANK· 

CLOCK· CLOCK VAA GND 

CEO R/W co Cl 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
lA59001 Rev. F 

o CAE/CADfCAM Applications 
o Image Processing 

Video Reconstruction 

Related Products 

o Bt438, Bt439 
o Bt460, Bt461, Bt468 

FS ADJUST VREP 

00-D7 
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lOR 

100 

lOB 

I'LL 

Bt459 
135 MHz 

Monolithic CMOS 

256 x 24 Color Palette 

RAMDAC™ 

Product Description 

The Bt459 triple 8-bit RAMOAC is designed 
specifically for high performance, high 
resolution color graphics. The multiple 
pixel ports and internal multiplexing 
enables TTL compatible interfacing to the 
frame buffer, while maintaining the 135 MHz 
video data rates required for sophisticated 
color graphics. 

On chip features include a 256 x 24 color 
palette RAM, 16 x 24 overlay color palette 
RAM, programmable 1:1, 4:1, or 5:1 input 
mUltiplexing of the pixel and overlay ports, 
bit plane masking and blinking, 
programmable setup (0 or 7.5 IRE), pixel 
panning support, and Ix to 16x integer 
zoom support. 

Pixel data may be input as I, 2, 4, or 8 bits 
per pixel. Overlay and cursor information 
may optionally be enabled on a 
pixel-by-pixel basis for X-windows support. 

The B t459 has an on-chip three-color 64 x 
64 pixel cursor and a three-color full screen 
(or full window) cross hair cursor. 

The PLL current output enables the 
synchronization of multiple devices with 
sub-pixel resolution. 

The Bt459 generates RS-343A compatible 
red, green, and blue video signals, and is 
capable of driving doubly-terminated 
75-ohm coax directly, without requiring 
external buffering. The differential and 
integral linearity errors of the Of A 
converters are guaranteed to be a maximum of 
± 1 LSB over the full temperature range. 



Bt459 

Circuit Description 

MPU I"terface 

As illustrated in the functional block diagram, the 
Bt459 supports a standard MPU bus interface, 
allowing the MPU direct access to the internal control 
registers and color palettes. The dual-port color 
palette RAMs and dual-port overlay RAM allow color 
updating without contention with the display refresh 
process. 

As illustrated in Table I, the CO and Cl control 
inputs, in conjunction with the internal address 
register, specify which control register or color 
palette location will be accessed by the MPU. The 
16-bit address register eliminates the requirement for 
external address multiplexers. ADDRO is the least 
significant bit. 

To write color data, the MPU loads the address register 
with the address of the primary color palette RAM, 
overlay RAM, or cursor color register location to be 
modified. The MPU performs three successive write 
cycles (8 bits each of red, green, and blue), using CO 
and Cl to select either the primary color palette RAM, 
overlay RAM, or cursor color registers. After the blue 
write cycle, the address register then increments to the 
next location which the MPU may modify by simply 
writing another sequence of red, green, and blue data. 
Reading color data is similar to writing, except the 
MPU executes read cycles. 

When accessing the color palette RAM, overlay 
RAM, or cursor color registers, the address register 
increments after each blue read or write cycle. To keep 
track of the red, green, and blue read/write cycles, the 
address register have two additional bits (ADDRa, 
ADDRb) that count modulo three. They are reset to 
zero when the MPU reads or writes to the address 
register. The MPU does not have access to these bits. 
The other 12 bitS of the address register (ADDRO - 11) 
are accessible to the MPU. ADDR12 - ADDR15 sre 
always a logical zero. ADDRO and ADDR8 correspond 
to DO. 

The only time the address register resets to $0000 is 
after accessing location $OFFF (due to wrapsround). 

ADDRO-15 Cl, CO Addressed by MPU 

$xxxx 00 address register (ADDRO - 7) 
$xxxx 01 address register (ADDR8 - 15) 

$0000 - $OOFF 10 reserved 
$0100 10 overlay color 0* 

: 10 : 
$010F 10 overlay color 15* 

$0181 10 cursor color register 1 * 
: : cursor color register 2* 

$0183 10 cursor color register 3* 

$0200 10 ID register ($4A) 
$0201 10 command register 0 
$0202 10 command register 1 
$0203 10 command register 2 
$0204 10 pixel read mask register 
$0205 10 reserved ($00) 
$0206 10 pixel blink mask register 
$0207 10 reserved ($00) 
$0208 10 overlay read mask register 
$0209 10 overlay blink mask register 
$020A 10 interleave register 
$020B 10 test register 
$020C 10 red signature register 
$020D 10 green signature register 
$020E 10 blue signature register 

$0300 10 cursor command registec 
$0301 10 cursor (x) low register 
$0302 10 cursor (x) high register 
$0303 10 cursor (y) low register 
$0304 10 cursor (y) high register 
$0305 10 window (x) low 
$0306 10 window (x) high 
$0307 10 window (y) low 
$0308 10 window (y) high 
$0309 10 window width low register 
$030A 10 window width high register 
$030B 10 window height low register 
$03OC 10 window height high register 

$0400 - $07FF 10 cursor RAM 

$0000 - $OOFF 11 color palette RAM* 

"'Indicates requires three read/write cycles -- ROB. 

Table 1. Address Register (ADDR) Operatio". 
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Circuit Description (continued) 

Although the color palette RAM, overlay RAM, and 
cursor color registers are dual-ported, if the pixel and 
overlay data is addressing the same palette entry 
being written to by the MPU during the write cycle, it 
is possible for one or more of the pixels on the 
display screen to be disturbed. A maximum of one 
pixel is disturbed if the write data from the MPU is 
valid during the entire chip enable time. 

Accessing the control registers and cursor RAM is 
also done through the address register in conjunction 
with the CO and C 1 inputs, as shown in Table 1. All 
control registers may be written to or read by the MPU 
at any time. When accessing the control registers and 
cursor RAM, the address register increments 
following a read or write cycle. 

Bt459 

Note that if an invalid address is loaded into the 
address register, data written to the device will be 
ignored and invalid data will be read by the MPU. 

Figure 1 illustrates the MPU read/write timing of the 
Bt459. 

RIW.Ol.Cl ==x VMm )(~ ________________________________ _ 

\ / 
DO· D7 (READ) -----------« DATAOlIT(JIJWd) )>------

DO· D7 (WRlI1!) ____________ -1)( DATAm(JIJW=~ )(--------

Figure 1. MPU Read/Write Timing. 
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Circuit Description (continued) 

Frame Buffer 'nterface 

To enable pixel data to be transferred from the frame 
buffer at TIL data rates, the Bt459 incorporates 
internal latches and multiplexers. As illustrated in 
Figure 2, on the rising edge of LD*, sync and blank 
information, color, and overlay information, for 
either one, four, or five consecutive pixels, are 
latched into the device. Note that with this 
configuration, the sync and blank timing will be 
recognized only with one, four, or five pixel 
resolution. Typically, the LD* signal is used to clock 
external circuitry to generate the basic video timing 
and to clock the video DRAMs. 

For 4:1 or 5:1 input multiplexing, the Bt459 outputs 
color information each clock cycle based on the (A} 
inputs, followed by the (B} inputs, etc., until all four 
or five pixels have been output, at which point the 
cycle repeats. In the 1: 1 input multiplexing mode, 
the (B}, (C}, (D}, and (E} inputs are ignored. 

The overlay inputs may have pixel timing, 
facilitating the use of additional bit planes in the 
frame buffer to control overlay selection on a pixel 
basis, or they may be controlled by external circuitry. 

po.P7 (A· B), OLB (A·B) 
0L0.0!.3 (A·B). 
SYNC·, BLANK.. 

JOR. 100. lOB, PIL 

To simplify the frame buffer interface timing, LD· 
may be phase shifted, in any amount, relative to 
CLOCK. This enables the LD* signal to be derived by 
externally dividing CLOCK by four or five, 
independent of the propagation delays of the LD* 
generation logic. As a result, the pixel and overlay 
data are latched on the rising edge of LD·, 
independent of the clock phase. 

Internal logic maintains an internal LOAD signal, 
synchronous to CLOCK, and is guaranteed to follow 
the LD* signal by at least one, but not more than 
three, clock cycles. This LOAD signal transfers the 
latched pixel and overlay data into a second set of 
latches, which are then internally multiplexed at the 
pixel clock rate. 

If 4: 1 multiplexing is specified, only one rising edge 
of LD* should occur every four clock cycles. If 5:1 
multiplexing is specified, only one rising edge of 
LD* should occur every five clock cycles. Otherwise, 
the internal LOAD generation circuitry assumes it is 
not locked onto the LD· signal, and will continuously 
attempt to resynchronize itself to LD*. 

Figure 2. Video 'nput/Output Timing. 
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Circuit Description (continued) 

If 1:1 multiplexing is specified, LO* is also used for 
clocking the Bt459 (at a maximum of 66 MHz). The 
rising edge of LO* still latches the PO - P7 (AI, OLO -
0L3 (AI, OLE (AI, SYNC*, and BLANK* inputs. 
However, analog information is output following the 
rising edge of LO* rather than CLOCK. Note that 
CLOCK must still run, but is ignored. 

Read and Blink Masking 

Each clock cycle, 8 bits of color information (PO - P7) 
and four bits of overlay information (OLO - 0L3) for 
each pixel are processed by the read mask, blink 
mask, and command registers. Through the use of the 
control registers, individual pixel and overlay inputs 
may be enabled or disabled for display, and/or blinked 
at one of four blink rates and duty cycles. 

To ensure that a color change due to blinking does not 
occur during the active display time (Le. in the middle 
of the screen), the Bt459 monitors the BLANK. input 
to determine vertical retrace intervals. 

The processed pixel data is then used to select which 
color palette entry or overlay register is to provide 
color information. Note that PO is the LSB when 
addressing the color palette RAMs, and OLO is the 
LSB when addressing the overlay palette RAM. Table 
4 illustrates the truth table used for color selection. 

Bits per Pixels per Pixels per 
Pixel lD* lD* 

Bt459 

Pixel Panning 

To support pixel panning, command registerl 
specifies by how many clock cycles to pan. Only the 
pixel inputs and underlays are panned, overlays are 
not. Panning is done by delaying SYNC* and 
BLANK*, an additional 1, 2, 3, or 4 clock cycles. 

If 0 pixel panning is specified, pixel (A I is output 
first, followed by pixel {B I, etc., until all four or five 
pixels have been output, at which point the cycle 
repeats (note that this assumes the interleave select is 
pixel {Al). 

If 1 pixel panning is specified, pixel (B I will be first, 
followed by pixel (CI, etc. Pixel {AI will have been 
processed during the last clock cycle of the blanking 
interval, and will not be seen on the display screen. 
At the end of the active display line, pixel {A I will be 
output. Pixels {Bl, {C), (01, and {EI will be output 
during the blanking interval, and will not be seen on 
the display screen. 

The process is similar for panning by 2, 3, or 4 
pixels. 

Note that when a panning value other than 0 pixels is 
specified, valid pixel data must be loaded into the 
Bt459 during the first LO* cycle that BLANK* is a 
logical zero. 

In the 1:1 multiplex mode, 0 pixel panning should be 
specified. 

Note that the cursor position does not change relative 
to the edge of the display screen during panning. 

Pixels per Colors 
LD* Displayed 

(1:1 muxing) (4:1 muxing) (5:1 muxing) 

1 8 32 40 1 
2 4 16 20 4 
4 2 8 10 16 
8 1 4 5 256 

Table 2. Block Mode Operation. 
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Circuit Description (continued) 

Pixel Zoom 

The Bt4S9 supports Ix to 16x integer zoom through 
the use of pixel replication. Only the PO - P7 inputs 
are zoomed. 

If 2x zooming is specified, the {A I pixel is output for 
two clock cycles, followed by the {B I pixel for two 
clock cycles, etc. 3x zooming is similar, except each 
pixel is output for 3 clock cycles. For 1: I 
multiplexing, only the {AI pixel is output. 

Note that LO* must always be the pixel clock (1:1 
multiplex mode) or 1/4 or l/S the CLOCK rate. 
Regardless of the zoom factor, PO - P1 data is latched 
every LO* cycle. 

Ouring 2x zoom, new PO - P7 data must be presented 
every two LO* cycles. Ouring 3x zoom, new PO - P1 
data must be presented every three LO* cycles. The 
pixel data must be held at the PO - P1 (A - E I inputs for 
the appropriate number of LO* cycles until new PO -

1 Bit per Pixel 2 Bits per Pixel 4 Bits per Pixel 

(RA1 - RA1 = 0) (RA2 - RA1 = 0) (RA4 - RA1 = 0) 

RAO= RAl,RAO= RA3-RAO= 

P7A P1A,P6A P1A, P6A, PSA, P4A 

P6A PSA,P4A P3A, P2A, PIA, POA 

P1 information is needed. OLO - OL3, OLE, SYNC*, 
and BLANK* information are still latched every LO* 
cycle. 

Note that in the 1:1 multiplex mode, Ix zoom must be 
specified. Also, while in the block mode (1, 2, or 4 
bits pixel), Ix zoom must be specified. 

Figure 3 illustrates the zoom timing. 

Block Mode Operation 

The Bt4S9 supports loading of pixel data at I, 2, 4, or 
8 bits per pixel. Only the PO - P7 inputs are affected. 

Note that LO* must always be the pixel clock (1:1 
multiplex mode) or 1/4 or l/S the CLOCK rate, 
regardless of the block mode. Regardless of the block 
mode, PO - P1 data is latched every LO* cycle. 

8 Bits per Pixel 
RA1-RAO= 

P1A, P6A, PSA, P4A, P3A, P2A, PIA, POA 
P1B, P6B, PSB, P4B, P3B, P2B, PIB, POB (4:1) 

: P3A,P2A P1B, P6B, PSB, P4B (4:1) P7C, P6C, PSC, P4C, P3C, P2C, PIC, POC (4:1) 

POA P1A,POA P3B, P2B, PIB, POB (4:1) P70, P60, PSO, P40, P30, P20, PlO, POO (4:1) 

P7B (4:1) P1B, P6B (4:1) P1C, P6C, PSC, P4C (4:1) P1E, P6E, PSE, P4E, P3E, P2E, PIE, POE (S:I) 

P6B (4:1) PSB, P4B (4:1) P3C, P2C, PIC, POC (4:1) 

: P3B, P2B (4:1) P10, P60, PSO, P40 (4:1) 

POB (4:1) PIB, POB (4:1) P30, P20, PlO, POO (4:1) 

P1C (4:1) P1C, P6C (4:1) P7E, P6E, PSE, P4E (S:I) 

P6C (4:1) PSC, P4C (4:1) P3E, P2E, PIE, POE (S:I) 

: P3C, P2C (4:1) 

POC (4:1) PIC, POC (4:1) 

P10 (4:1) P70, P60 (4:1) 

P60 (4:1) PSO, P40 (4:1) 

: P30, P20 (4:1) 

POO (4:1) PlO, POO (4:1) 

P7E (S:l) P7E, P6E (S:l) 

P6E (S:I) PSE, P4E (S:l) 

: P3E, P2E (S:l) 

POE (S:I) PIE, POE (S:I) 

Note: Each line represents one pixel clock cycle. A column represents one LO* cycle loading new PO - P7 data. All entries 
with "4: I" descriptor are also valid for S: 1 mode. 

Table 3, Block Mode Operation (RA Color Palette RAM Address). 
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Circuit Description (continued) 

For 8 bits per pixel, new PO - P7 information must be 
presented every LD* cycle. For 4 bits per pixel, new 
PO - P7 information must be presented every two LD* 
cycles. For 2 bits per pixel, new PO - P7 infonnation 
must be presented every four LD* cycles. For 1 bit per 
pixel, new PO - P7 infonnation must be presented 
every eight LD* cycles. 

The pixel data must be held at the PO - P7 inputs for 
the appropriate number of LD* cycles until new PO -
P7 information is needed. OLO - OL3, OLE, SYNC·, 
and BLANK* information are still latched every LD* 
cycle. 

Bt459 

Tables 2 and 3 show the block mode operation, and 
the addressing of the color palette RAM. 

Figure 4 illustrates the block mode timing (4 bits per 
pixel). 

Note that in the 1: 1 multiplex mode, 8 bits per pixel 
must be specified. Also, for block modes other than 8 
bits per pixel, a 0 pixel interleave must be selected. 

OLO·0L3(A·E}. 
SYNC·, BI..ANJc:., 

OLE (A-E) 
__ ~x~ ____ ~x~ ____ ~x~ ____ ~x~ __ _ 

PO-P7 (A-E) 

OLO-0L3 (A-B). 
SYNe·, BLANK·, 

ou!(A-E} 

PO-P7(A·E} 

__ ~x~ ______________ ~x~ __________ __ 
A A B B C C D D = 0IITPIlT SBQIJENCII 

-----/ 
Figure 3. Zoom Input Timing. 

(8 Bits per Pixel, 2x Zoom, 4:1 Multiplexing) 

__ ~x~ ____ ~x~ ____ ~x~ ____ ~x~ __ __ 
__ ~x~ ____________ ~x~ __________ _ 
-----/ 

UA LA UB LB UC LC UD lD, a 0IITFIlT SI!QIlIlN(1! 

UA_P4_P7 (A): LA_PO·PJ (A) 
UB _P4_P7 (H): LB _PO_PJ (H) 
UCaP4-P7 (CI: LC_PO_PJ (C) 
UD_P4_P7 (D): lD_PO·PJ (D) 

Figure 4. Block Mode Input Timing. 
(4 Bits per Pixel, Ix Zoom, 4:1 Multiplexing) 

5 - 91 



Bt459 

Circuit Description (continued) 

On-Chip Cursor Operation 

The Bt459 has an on-chip three-color 64 x 64 pixel 
user-definable cursor. The cursor operates only with a 
noninterlaced video system. 

The pattern for the cursor is provided by the cursor 
RAM, which may be accessed by the MPU at any time. 
Cursor positioning is done via the cursor (x,y) 
register. Note that the Bt459 expects (x) to increase 
going right, and (y) to increase going down, as seen 
on the display screen. The cursor (x) position is 
relative to the first rising edge of Ln· following the 
falling edge of SYNC·. The cursor (y) position is 
relative to the second sync pulse during vertical 
blanking. 

Three Color 64 x 64 Cursor 

The 64 x 64 x 2 cursor RAM provides two bits of 
cursor information every clock cycle during the 64 x 
64 cursor window, selecting the appropriate cursor 
color register as follows: 

plane 1 planeO cursor color 

0 0 cursor not displayed 
0 1 cursor color register 1 
1 0 cursor color register 2 
1 1 cursor color register 3 

(0,0) enables the color palette RAM and overlay RAM 
to be selected as normal. Bach "plane" of cursor 
information may also be independently enabled or 
disabled for display via the cursor command register 
(bits CR47 and CR46). 

The cursor pattern and color may be changed by 
changing the contents of the cursor RAM. 

The cursor is centered about the value specified by the 
cursor (x,y) register. Thus, the cursor (x) register 
specifies the location of the 31st column of the 64 x 
64 array (assuming the columns start with 0 for the 
left-most pixel and increment to 63). Similarly, the 
cursor (y) register specifies the location of the 31st 
row of the 64 x 64 array (assuming the rows start with 
o for the top-most pixel and increment to 63). 

sYNC·~ , --r 
t-"- x-, I , 

==t:i IV 
~R~~ __ ~~ ____________ ~-l 

...... ~ L_~_~_AA __ Y ______________ ~ 
Figure 5. Cursor Positioning. 
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Circuit Description (continued) 

Cross Hair Cursor 

Cursor positioning for the three-color cross hair 
cursor is also done through the cursor (x,y) register. 
The intersection of the cross hair cursor is specified 
by the cursor (x,y) register. If the thickness of the 
cross hair cursor is greater than one pixel, the center 
of the intersection is the reference position. 

During times that cross hair cursor information is to 
be displayed, the cursor command register (bits CR45 
and CR44) is used to specify the color of the cross 
hair cursor. 

CR45 CR44 cross hair color 

0 0 cross hair not displayed 
0 1 cursor color register 1 
1 0 cursor color register 2 
1 1 cursor color register 3 

Bt459 

The cross hair cursor is limited to being displayed 
within the cross hair window, which is specified by 
the window (x,y), window width, and window height 
registers. Since the cursor (x,y) register must specify 
a point within the window boundaries, It is the 
responsibility of the software to ensure 
that the cursor (x,y) register does not 
specify a point outside of the cross hair 
cursor window. 

If a full screen cross hair cursor is desired, the window 
(x,y) registers should contain $0000 and the window 
width and height registers should contain $OFFF. 

Again, the cursor (x) position is relative to the first 
rising edge of LD" following the falling edge of 
SYNC". The cursor (y) position is relative to the 
second sync pulse during vertical blanking. 

CROSS HAIR 
SYNC" ~ CURSOR-. 

r--X I 

CURSOR(){,y) 

REGISTER 

r---~--~L-----~ 

DISPLAY 
SCREEN 

CROSS HAIR 

WINDOW 

Y 

Figure 6. Cross Hair Cursor Positioning 
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Circuit Description (continued) 

Dual Cursor Positioning 

Both the user-defmable cursor and the cross hair 
cursor may be enabled for display simultaneously. 
enabling the generation of custom cross hair cursors. 

As previously mentioned. the cursor (x.y) register 
specifies the location of bit (31. 31) of the cursor 
RAM. As the user-defmable cursor contains an even 
number of pixel in the horizontal and vertical 
direction. there will be a one pixel offset from being 
truly centered about the cross hair cursor. 

Figure 7 illustrates displaying the dual cursors. 

During the 64 x 64 pixel area in which the 
user-defmable cursor would be displayed. each plane 
of the 64 x 64 cursor may be individually logically 
ORed or exclusive-ORed with the cross hair cursor 
information. Thus. the color of the displayed cursor 
will be dependent on the cursor pattern. whether they 
are logically ORed or XORed, and the individual cursor 
display enable and blink enable bits. 

Figure 8 shows the equivalent cursor generation 
circuitry. 

X-Windows Cursor Mode 

In the X-windows mode. plane 1 of the cursor RAM is 
a cursor display enable and planeO of the cursor RAM 
selects either cursor color 2 or 3. The operation is as 
follows: 

plane 1 planeO Selection 

0 0 no cursor 
0 1 no cursor 
1 0 cursor color 2 
1 1 cursor color 3 

Refer to Figure 12 as to the organization of the cursor 
RAM while in the X-windows mode. 

CROSS HAIR 
SYNC-~ aJRSOR ~ r--- x I 

aJRSOR (X.YJ 
RBOIS11lR 

64.64 
CURSOR 

AREA 

.-----+----7~------_, Y 

1-=====tt:I-...c.........r ........ _................ .J 

DISPLAY 
SCREEN 

CROSS HAIR 

WINDOW 

Figure 7. Dual Cursor Positioning. 
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Circuit Description (continued) 

Overlay I Underlay Operation 

The overlay inputs (OLO - 0L3 and OLE) may operate 
in three modes: normal overlays. X-windows 
overlays. or provide an underlay. as shown in Tables 
4 andS. 

Overlay and underlay information may be displayed 
on a pixel basis. Note that overlays and underlay may 
both be used_ If using X-windows overlays. the 
underlay is not available. 

Cursorl. CR30 CR22 OlE CROS OLO-OL3 
CursorO 

11 x x x x $x 
10 x x x x $x 
01 x x x x $x 

00 0 0 x x $F 
: : : : : : 

00 0 0 x x $1 
00 0 0 x 1 $0 

00 0 0 x 0 $0 
00 0 0 x 0 $0 
: : : : : : 

00 0 0 x 0 $0 

00 x 1 1 x $F 
: : : : : : 

00 x 1 1 x $1 
00 x 1 1 x $0 

00 x 1 0 0 $x 
00 x 1 0 0 $x 
: : : : : : 

00 x 1 0 0 $x 

00 1 0 x x $F 
: : : : : : 

00 1 0 x x $1 
00 1 0 1 x $0 

00 1 0 0 0 $x 
00 1 0 x 0 $x 
: ; : : : : 

00 1 0 x 0 $x 

The priority of display operation is: 

cursor 
overlays 
pixel data 
underlays 

po- P7 Addressed by frame buffer 

$xx cursor color 3 
$xx cursor color 2 
$xx cursor color I 

$xx overlay color 15 
: : 

$xx overlay color 1 
$xx overlay color 0 

$00 RAM location $00 
$01 RAM location $01 

: : 
$FF RAM location $FF 

$xx overlay color 15 
: : 

$xx overlay color 1 
$xx overlay color 0 

$00 RAM location $00 
$01 RAM location $01 

: : 
$FF RAM location $FF 

$xx overlay color 15 
: : 

$xx overlay color 1 
$00 overlay color 0 (underlay) 

$00 RAM location $00 
$01 RAM location $01 

: : 
$FF RAM location $FF 

Note: Refer to Figure 8 for generation of Cursor 1 and CursorO control bits. 

Table 4. Palette and Overlay Select Truth Table. 
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Circuit Description (continued) 

In nonnaI overlay mode, the overlay enable inputs, 
OLE (A - E) are ignored, and typically only 15 
overlays are available. Graphics infonnation (PO -
P7) would be displayed only when no overlay 
infonnation is present (OLO - OL3 = 00(0). 

In the X-windows overlay mode, the overlay enable 
inputs specify whether overlay infonnation is present 
(OLE = 1) or not (OLE = 0). If OLE = I, overlay 
infonnation is displayed as determined by OLO - OL3. 
If OLE = 0, the OLO - OL3 inputs are ignored and PO -
P1 pixel data is displayed. 

In the underlay mode (CR30 = I), if OLE = 0, pixel 
data is displayed. If OLE = I, the underlay is displayed 
if PO - P7 = 0; if PO - P7 '" 0, then pixel data is 
displayed. Note that overlay color 0 is used for 
underlay color infonnation. 

PO - P7 Pixel Inputs 

1:1 Mux Block Interleave Panning Zooming Overlays Underlay 
Mode 

Block Mode no - yes yes nls n/a n/a 

Interleave nls yes - yes yes yes yes 

Panning nls yes yes - yes n/a yes 

Zooming nls nls yes yes - n/a n/a 

Overlays yes yes yes n/a n/a - yes 

Underlay yes yes yes yes n/a yes -
Cursor nla n/a n/a n/a n/a n/a n/a 

n/s: functions not supported together. 
n/a: functions operate together, but do not affect each other. 

Table 5. Features and Function Compatibility Table. 
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Circuit Description (continued) 

Video Generation 

Every clock cycle. the selected 24 bits of color 
information are presented to the three 8-bit D/A 
converters. 

The SYNC· and BLANK· inputs, pipelined to 
maintain synchronization .with the pixel data, add 
appropriately weighted currents to the analog outputs, 
producing the specific output levels required for video 
applications, as illustrated in Figures 9 and 10. 
Command register2 specifies whether a 0 IRE or 7.5 
IRE blanking pedestal is to be generated, and whether 
or not sync information is to be encoded on the video 
output. A 0 IRE pedestal will force the black level and 
the blank level to be the same. 

The varying output current from the D/A converters 
produces a corresponding voltage level, which is used 
to drive the CRT monitor. Tables 6 and 7 detail how 
the SYNC· and BLANK· inputs modify the output 
levels. 

I14XII4X2 

aJRSORRAM 

I'LANBI 

CR47 

CROSS 
HAIR 

Bt459 

The D/A converters on the Bt459 use a segmented 
architecture in which bit currents are routed to either 
the current output or GND by a sophisticated decoding 
scheme. This architecture eliminates the need for 
precision component ratios and greatly reduces the 
switching transients associated with turning current 
sources on or off. Monotonicity and low glitch are 
guaranteed by using identical current sources and 
current steering their outputs. An on-chip operational 
amplifier stabilizes the full scale output current 
against temperature and power supply variations. 

CIJRSORI 

CIlRSORO 

~ ------------------------~ 

mmK----~r;~----------------------~~ 

am ------------------------------------~ 

Figure 8. Cursor Control Circuitry. 
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Circuit Description (continued) 

RBD.BLllB GRIlBN 

MA V MA V 

19.115 0.714 26.61 1.000 -r---"",-------------=--- WHm! LBVBL 

1M 0_ ,.M 0340 ~-----~---~~-------B~LBVBL 

7.51RB 
0.00 0.000 un. Il.2II6 ~------L-r_,_~--------~KU~ 

401RB 

0.00 0.000 
-L _______ ~~ _________ SYNCLBVBL 

Note: 75-ohm doubly-terminated load, RSET = 523 ohms, VREF = 1.235v. Blank pedestal = 7.5 IRE. RS-343A 
levels and tolerances assumed on all levels. 

Figure 9. Composite Video Output Waveform (SETUP = 7.5 IRE). 

Description lOG IOR,IOB SYNC· BLANK* DAC 
(rnA) (rnA) Input Data 

WHlI'E 26.67 19.05 1 1 $FF 
DATA data +9.05 data + 1.44 1 1 data 
DATA-SYNC data + 1.44 data + 1.44 0 1 data 
BLACK 9.05 1.44 1 1 $00 
BLACK-SYNC 1.44 1.44 0 1 $00 
BLANK 7.62 0 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with full scale lOG = 26.67 rnA. RSET = 523 ohms, VREF = 1.235v. Blank pedestal = 
7.5 IRE. 

Table 6. Video Output Truth Table (SETUP = 7.5 IRE). 
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Circuit Description (continued) 

RED,BUlE GREEN 

MA V MA V 

18.60 Q.698 26.67 1.000 -.----~~--------------------~------wmmL~ 

0.00 0.000 8.0S 0.302 -r-----------L--r-,-~~--------------BU~~L~ 

431RB 

0.00 0.000 
-L ______________ L-~ __________________ SYNCUML 

Note: 75-oJun doubly-terminated load, RSET = 495 ohms, VREF = 1.235v. Blank pedestal = 0 IRE. RS-343A levels 
and tolerances assumed on all levels. 

Figure 10. Composite Video Output Waveform (SETUP o IRE), 

Description 100 IOR,IOB SYNC* BLANK* DAC 
(rnA) (rnA) Input Data 

WHITE 26.67 18.60 1 1 $FF 
DATA data + 8.05 data 1 1 data 
DATA-SYNC data data 0 1 data 
BLACK 8.05 0 1 1 $00 
BLACK-SYNC 0 0 0 1 $00 
BLANK 8.05 0 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with full scale lOG = 26.67 rnA. RSET = 495 ohms, VREF = 1.235v. Blank pedestal = 
o IRE. 

Table 7. Video Output Truth Table (SETUP = 0 IRE). 
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Internal Registers 

Command RegisterO 

This register may be written to or read by the MPU at any time and is not initialized. CROO corresponds to data bus 
bit DO. 

CR07, CR06 

CR05 

CR04 

CR03, CR02 

CROl, CROO 

Multiplex select 

(00) reserved 
(01) 4:1 mUltiplexing 
(10) 1:1 mUltiplexing 
(11) 5:1 multiplexing 

Overlay 0 enable 

(0) use color palette RAM 
(1) use overlay color 0 

reserved (logical zero) 

Blink rate selection 

(00) 16 on, 48 off (25{75) 
(01) 16 on, 16 off (50/50) 
(10) 32 on, 32 off (50/50) 
(11) 64 on, 64 off (50/50) 

Block mode 

(00) 8 bits per pixel 
(01) 4 bits per pixel 
(10) 2 bits per pixel 
(11) 1 bit per pixel 

These bits specify whether 1:1, 4:1, or 5:1 
multiplexing is to be used for the pixel and overlay 
inputs. If 4:1 is specified, the (E) pixel and overlay 
inputs are ignored and should be connected to GND, and 
the LD* input should be 1/4 the CLOCK rate. If 5: 1 is 
specified, all of the pixel and overlay inputs are used, 
and the LD* input should be 1/5 the CLOCK rate. If 1: 1 
is specified, the (B), {C}, (D), and (E) inputs are 
ignored. 

Note that in the 1:1 multiplex mode, the maximum 
clock rate is 66 MHz. LD* is used for the pixel clock. 
Although CLOCK is ignored in the 1:1 mode, is must 
remain running. 

Note that it is possible to reset the pipeline delay of the 
Bt459 to a fixed 8 clock cycles. In this instance, each 
time the input multiplexing is changed, the Bt459 must 
again be reset to a fixed pipeline delay. 

When in the normal overlay mode, this bit specifies 
whether to use the color palette RAM or overlay color 0 
to provide color information when the overlay inputs 
are $0. See Table 4. 

These two bits specify the blink rate cycle time and duty 
cycle, and are specified as the number of vertical retrace 
intervals. The numbers in parentheses specify the duty 
cycle (% on/off). The counters that determine the blink 
rate are reset when command registerO is written to. 

These bits specify whether the pixel data is input as I, 
2, 4, or 8 bits per pixel. Note that only the PO - P7 
inputs are affected. 
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Internal Registers (continued) 

Command Register1 

This register may be written to or read by the MPU at any time and is not initialized. CRI0 corresponds to data bus 
bit DO. 

CR17 - CR15 

CR14 

CR13 - CRIO 

Pan select 

(000) o pixels {pixel Al 
(001) 1 pixel {pixel B I 
(010) 2 pixels {pixel C} 
(011) 3 pixels {pixel DI 
(100) 4 pixels {pixel EI 
(101) reserved 
(110) reserved 
(111) reserved 

reserved (logical zero) 

Zoom factor 

(0000) Ix 
(0001) 2x 

(1111) 16x 

These bits specify the number of pixels to be panned. 
These bits are typically modified only during the 
vertical retrace interval, and should be set to 000 in the 
1:1 multiplex mode. The {pixel Al indicates pixel A 
will be output first following the blanking interval, 
{pixel B I indicates pixel B will be output first, etc. 

Note that only pixel and underlay information is 
panned. Overlay information is not panned. 

In the 1: 1 multiplex mode, 0 pixels should be specified. 

These bits specify the amount of zooming to 
implement. For 2x zoom, pixel {A I is output for two 
clock cycles, followed by pixel {B I for two clock 
cycles, etc. For 3x zoom, pixel {AI is output for three 
clock cycles. etc. 

In the 1:1 mUltiplex mode, only the {AI pixels are 
output, and Ix zoom should be selected. 

Note that only PO - P7 are zoomed. 
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Internal Registers (continued) 

Command Register2 

This register may be written to or read by the MPU at any time and is not initialized. CR20 corresponds to data bus 
bit DO. 

CR27 

CR26 

CR25, CR24 

CR23 

CR22 

CR21 

CR20 

Sync enable 

(0) disable sync 
(1) enable sync 

Pedestal enable 

(0) 0 IRE pedestal 
(1) 7.5 IRE pedestal 

Load palette RAM select 

(00) normal 
(01) redRAMDAC 
(10) greenRAMDAC 
(11) blueRAMDAC 

PLLselect 

(0) SYNC* 
(1) BLANK* 

X-windows overlay select 

(0) normal overlays 
(1) X-windows overlays 

X-windows cursor select 

(0) normal cursor 
(1) X-windows cursor 

Test mode select 

(0) signature analysis test 
(1) data strobe test 

This bit specifies whether sync information is to be 
output onto lOG (logical one) or not (logical zero). 

This bit specifies whether a 0 or 7.5 IRE blanking 
pedestal is to be generated on the video outputs. 0 IRE 
specifies that the black and blank levels are the same. 

If (00) is specified, color data is loaded into the Bt459 
using three write cycles (red, green, and blue), and color 
data is output using three read cycles (red, green, and 
blue). 

Modes (01), (10), and (11) enable the Bt459 to emulate 
a single-channel RAMDAC using only the green 
channel. The Bt459 expects color data be to input and 
output using (red, green, blue) cycles. The exact value 
indicates during which one of the three color cycles it is 
to load or output color information. The value is loaded 
into or read from the green color palette RAM. 

This bit specifies whether the PLL output uses SYNC* or 
BLANK* for generating PLL information. 

This bit specifies whether the overlays are to operate 
normally (logical zero) or in an X-window environment 
(logical one). 

This bit specifies whether the cursor is to operate 
normally (logical zero) or in an X-window compatible 
mode (logical one). 

This bit determines the method of high-speed test used. 
The signature analysis registers are used to hold the test 
result for both test methods. 
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Internal Registers (continued) 

Interleave Register 

This register may be written to or read by the MPU at any time and is not initialized. CR30 corresponds to data bus 
bit DO. The interleave register is for support of frame buffer systems configured for interleave operation. 

CR37 - CR35 

CR34 - CR32 

CR31 

CR30 

Interleave select 

(000) 0 pixels 
(001) 1 pixel 
(010) 2 pixels 
(011) 3 pixels 
(100) 4 pixels 
(101) reserved 
(110) reserved 
(111 ) reserved 

First pixel select 

(000) pixel {A} 
(001) pixel {B} 
(010) pixel {C} 
(011) pixel {D} 
(100) pixel {E) 
(101) reserved 
(11 0) reserved 
(111 ) reserved 

Overlay interleave enable 

(0) interleaving disabled 
(1) interleave enabled 

Underlay enable 

(0) underlay disabled 
(1) underlay enabled 

These bits specify the order in which the pixels are to be 
output. as shown in Table 8. The order is repeated every 
LD" cycle for a given scan line. Thus. if the output 
sequence is DABC. it is that sequence for all pixels on 
that scan line. 

The phrase "repeats every x" in table 8 means that the 
output sequence repeats every X scan lines. Thus. for 4: 1 
multiplexing and a 1 pixel interleave select, ABCD 
would be repeated every 4th scan line. 

In the 1: 1 input multiplex mode. a value of 0 pixels 
(000) must be specified. 

These bits are used to support panning in the Y direction 
with an interleaved frame buffer. Due to the interleave 
capability. it is necessary to specify the value of the 
first pixel on the first scan line following a vertical 
retrace. The pixel {E) selection is only used in the 5:1 
multiplex mode. 

These bits are ignored in the 1:1 multiplex mode. 

This bit specifies whether or not OLO - au and OLE are 
to be interleaving or not. If interleaving is enabled. the 
interleave factor and first pixel selection are the same as 
for PO - P7. If interleaving is disabled, pixel {A} is 
always output first and no interleaving occurs. 

If command bit CR22 is a logical zero. this bit is used to 
enable or disable the underlay from being displayed. If 
CR22 is a logical one. this bit is ignored. 

If the underlay is enabled (and CR22 is a logical zero). 
the OLE inputs function as follows: If OLE = O. PO - P7 
data is displayed. If OLE = 1. the underlay is displayed if 
PO - P7 = 0, if PO - P7 ~ 0 then normal pixel data is 
displayed. The underlay uses overlay color 0 to provide 
underlay color information. 
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Internal Registers (continued) 

Interleave Register (continued) 

5: I multiplexing 4: I mUltiplexing 

interleave output scan line output scan line 
select sequence number sequence nwnber 

0 ABCDE each line ABCD each line 

1 ABCDE n ABCD n 
BCDEA n+l BCDA n+l 
CDEAB n+2 CDAB n+2 
DEABC n+3 DABC n+3 
EABCD n+4 (repeats every 4) 

(repeats every 5) 

2 ABCDE n ABCD n 
CDEAB n+l CDAB n+l 
EABCD n+2 ABCD n+2 
BCDEA n+3 CDAB n+3 
DEABC n+4 (repeats every 2) 

(repeats every 5) 

3 ABCDE n ABCD n 
DEABC n+1 DABC n+1 
BCDEA n+2 CDAB n+2 
EABCD n+3 BCDA n+3 
CDEAB n+4 (repeats every 4) 

(repeats every 5) 

4 ABCDE n invalid invalid 
EABCD n+1 
DEABC n+2 
CDEAB n+3 
BCDEA n+4 

(repeats every 5) 

Table 8. Interleave Operation (First Pixel Select Pixel A). 
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Internal Registers (continued) 

Interleave Zoom Enable 

If zooming while interleaving, the IZE* input pin 
indicates when to change the interleave sequence. 

For example, while interleaving with 3x zoom, the 
IZE* pin should be a logical zero during the blanking 
interval of every third scan line (as shown in Figure 
11). IZE* may be asserted coincident with the falling 
edge ofBLANK*, but must must remain low at least 16 
LD* cycles after the falling edge of BLANK*. 

Bt459 

If no zooming is done (Ix zoom), the IZE* should 
always be a logical zero or connected directly to GND. 

Figure II. Interleave and Zoom Operation (3x Zoom Example). 
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Internal Registers (continued) 

ID Register 

This 8-bit register may be read by the MPU to determine the type of RAMDAC being used in the system. The value is 
different for each RAMDAC. For the Bt459. the value read by the MPU will be $4A. Data written to this register is 
ignored. 

Pixel Read Mask Register 

The 8-bit pixel read mask register is used to enable (logical one) or disable (logical zero) a bit plane from addressing 
the color palette RAM. Each register bit is logically ANDed with the corresponding bit plane input. This register 
may be written to or read by the MPU at any time and is not initialized. DO corresponds to PO. 

Pixel Blink Mask Register 

The 8-bit pixel blink mask register is used to enable (logical one) or disable (logical zero) a bit plane from blinking 
at the blink rate and duty cycle specified by command registerO. This register may be written to or read by the MPU at 
any time and is not initialized. DO corresponds to PO. 

Overlay Read Mask Register 

The 8-bit overlay read mask register is used to enable (logical one) or disable (logical zero) an overlay plane from 
addressing the overlay palette RAM. DO corresponds to overlay plane 0 (OLO {A - E)) and D3 corresponds to overlay 
plane 3 (OL3 {A - E)). Bits DO - D3 are logically ANDed with the corresponding overlay plane input. D4 - D7 are 
always a logical zero. 

This register may be written to or read by the MPU at any time and is not initialized. 

Overlay Blink Mask Register 

The 8-bit overlay blink mask register is used to enable (logical one) or disable (logical zero) a overlay plane from 
blinking at the blink rate and duty cycle specified by command registerO. DO corresponds to overlay plane 0 (OLO {A 
- E}) and D3 corresponds to overlay plane 3 (OL3 {A - E}). In order for a overlay plane to blink. the corresponding bit 
in the overlay read mask register must be a logical one. D4 - D7 are always a logical zero. 

This register may be written to or read by the MPU at any time and is not initialized. 
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Internal Registers (continued) 

Red, Green, and Blue Signature Registers 

Signature Operation 

These three 8-bit signature registers may be read by the MPU while BLANK* is a logical zero. While BLANK· is a 
logical one, the signatures are being acquired. The MPU may write to the signature registers while BLANK· is a 
logical zero to load the seed value. 

By loading a test display into the frame buffer, a given value for the red, green, and blue signatures registers will be 
returned if all circuitry is working properly. 

Data Strobe Operation 

If command bit CR20 selects "data strobe testing", the operation of the signature registers changes slightly. Rather 
than determining the signature, they capture red, green, and blue data being presented to the three DACs. 

Each LD* cycle, the three signature registers capture the color values being presented to the DACs. As only one of 
the (A - E) pixels can be captured each LD* cycle, DO - D2 of the test register are used to specify which pixel (A - E) is 
to be captured. 
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Internal Registers (continued) 

Test Register 

This 8-bit register is used for testing the Bt459. If 1:1 pixel multiplexing is specified, signature analysis is done on 
every pixel; if 4: 1 pixel multiplexing is specified, signature analysis is done on every fourth pixel; if 5: I pixel 
multiplexing is specified, signature analysis is done on every fifth pixel. DO - D2 are used for 4:1 and 5:1 
multiplexing to specify whether to use the A. B, C, D, or E pixel inputs, as follows: 

D2-DO Selection 

000 pixel A 
001 pixel B 
010 pixel C 
011 pixel D 
100 pixel E 
101 reserved 
110 reserved 
111 reserved 

In 1: 1 multiplexing mode, DO - D2 should select pixel A. 

D3 - D7 are used to compare the analog ROB outputs to each other and to a 145 mY reference. This enables the MPU 
to determine whether the CRT monitor is connected to the analog ROB outputs or not, and whether the DACs are 
functional. 

D1 D6 D5 D4 D3 
D1.D6 

DS. D4 

red green blue 145 mY ref. result 
select select select select 

CURSOR ------' 

D7-D4 IfD3 = 1 IfD3=O 

0000 normal operation - -
1010 red DAC compared to blue DAC red> blue blue> red 
1001 red OAC compared to 145 mY reference red> 145 mY red < 145 mY 
0110 green OAC compared to blue OAC green> blue blue> green 
0101 green DAC compared to 145 mY reference green> 145 mY green < 145 mY 

The above table lists the valid comparison combinations. A logical one enables that function to be compared; the 
result is D3. The comparison result is strobed into 03 on the left edge of the 64 x 64 cursor area. The output levels of 
the DACs should be constant for 5 ItS before the left edge of the cursor. 

For normal operation, D3 - 07 must be a logical zero. 
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Internal Registers (continued) 

Cursor Command Register 

This command register is used to control various cursor functions of the Bt459. It is not initialized, and may be 
written to or read by the MPU at any time. CR40 corresponds to data bus bit DO. 

CR47 

CR46 

CR45 

CR44 

CR43 

CR42, CR41 

CR40 

64 x 64 cursor planel display enable 

(0) disable planel 
(1) enable planel 

64 x 64 cursor planeO display enable 

(0) disable planeO 
(I) enable planeO 

Specifies whether planel of the 64 x 64 cursor is to be 
displayed (logical one) or not (logical zero). 

Specifies whether planeO of the 64 x 64 cursor is to be 
displayed (logical one) or not (logical zero). 

cross hair cursor planel display enable Specifies whether planel of the cross hair cursor is to be 
displayed (logical one) or not (logical zero). 

(0) disable planel 
(1) enable planel 

cross hair cursor planeO display enable Specifies whether planeO of the cross hair cursor is to be 
displayed (logical one) or not (logical zero). Note that 
planeO and planel contain the same information. (0) disable planeO 

(I) enable planeO 

Cursor format 

(0) XOR 
(1) OR 

Cross hair thickness 

(00) I pixel 
(01) 3 pixels 
(10) 5 pixels 
(11) 7 pixels 

Cursor blink enable 

(0) blinking disabled 
(1) blinking enabled 

If both the 64 x 64 cursor and the cross hair cursor are 
enabled for display, this bit specifies whether the 
contents of the cursor RAM are to be logically 
exclusive-ORed (logical zero) or ORed (logical one) 
with the cross hair cursor. 

This bit specifies whether the vertical and horizontal 
thickness of the cross hair is one, three, five, or seven 
pixels. The segments are centered about the value in the 
cursor (x,y) register. 

This bit specifies whether the cursor is to blink (logical 
one) or not (logical zero). If both cursors are displayed, 
both will blink. The blink rate and duty cycle are as 
specified by command registerO. 
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Internal Registers (continued) 

Cursor (x,y) Registers 

These registers are used to specify the (x,y) coordinate of the center of the 64 x 64 pixel cursor window, or the 
intersection of the cross hair cursor. The cursor (x) register is made up of the cursor (x) low register (CXLR) and the 
cursor (x) high register (CXHR); the cursor (y) register is made up of the cursor (y) low register (CYLR) and the cursor 
(y) high register (CYHR). They are not initialized and may be written to or read by the MPU at any time. The cursor 
position is not updated until the vertical retrace interval after CYHR has been written to by the MPU. 

CXLR and CXHR are cascaded to form a 12-bit cursor (x) register. Similarly, CYLR and CYHR are cascaded to form a 
12-bit cursor (y) register. Bits D4 - D7 of CXHR and CYHR are always a logical zero. 

Cursor (x) High Cursor (x) Low 
(CXHR) (CXLR) 

Data Bit D3 D2 D1 DO D7 D6 OS D4 D3 D2 

X Address Xl1 X10 X9 X8 X7 X6 X5 X4 X3 X2 

Cursor (y) High Cursor (y) Low 
(CYHR) (CYLR) 

Data Bit D3 D2 D1 DO D7 D6 OS D4 D3 D2 

Y Address Yl1 Y10 Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 

The cursor (x) value to be written is calculated as follows: 

Cx = desired display screen (x) position + H - P 

where 

P = 37 if 1:1 input multiplexing, 52 if 4:1 input multiplexing, 57 if 5:1 input multiplexing 
H = number of pixels between the first rising edge of LD* following the falling edge of SYNC* 

to active video. 

Values from $0000 to $OFFF may be written into the cursor (x) register. 

The cursor (y) value to be written is calculated as follows: 

Cy = desired display screen (y) position + V - 32 

where 

V = number of scan lines from the second sync pulse during vertical blanking to active video. 

! 

D1 DO 

Xl XO 

D1 DO 

Y1 YO 

Values from $OFCO (-64) to $OFBF (+4031) may be loaded into the cursor (y) register. The negative values ($OFCO to 
$OFFF) are used in situations where V < 32, and the cursor must be moved off the top of the screen. 
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Internal Registers (continued) 

Window (x,y) Registers 

These registers are used to specify the (x,y) coordinate of the upper left corner of the cross hair cursor window. The 
window (x) register is made up of the window (x) low register (WXLR) and the window (x) high register (WXHR); the 
window (y) register is made up of the window (y) low register (WYLR) and the window (y) high register (WYHR). They 
are not initialized and may be written to or read by the MPU at any time. The window position is not updated until the 
vertical retrace interval after WYHR has been written to by the MPU. 

WXLR and WXHR are cascaded to form a 12-bit window (x) register. Similarly, WYLR and WYHR are cascaded to form 
a 12-bit window (y) register. Bits D4 - D7 of WXHR and WYHR are always a logical zero. 

Window (x) High Window (x) Low 
(WXHR) (WXlR) 

Data Bit D3 D2 D1 DO D1 D6 D5 D4 D3 D2 D1 

X Address X11 X10 X9 X8 X7 X6 X5 X4 X3 X2 Xl 

Window (y) High Window (y) Low 
(WYHR) (WYLR) 

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 

Y Address Y11 Y10 Y9 Y8 Y1 Y6 Y5 Y4 Y3 Y2 Y1 

The window (x) value to be written is calculated as follows: 

Wx = desired display screen (x) position + H - P 

where 

P = 5 if 1:1 input multiplexing, 20 if 4:1 input multiplexing, 25 if 5:1 input multiplexing 
H = number of pixels between the flIst rising edge of LD* following the falling edge of HSYNC· 

to active video. 

The window (y) value to be written is calculated as follows: 

Wy = desired display screen (y) position + V 

where 

V = number of scan lines from the second sync pulse during vertical blanking to active video. 

DO 

XO 

DO 

YO 

Values from $0000 to $OFFF may be written to the window (x) and window (y) registers. A full screen cross hair is 
implemented by loading the window (x,y) registers with $0000 and the window width and height registers with 
$OFFF. 
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Internal Registers (continued) 

Window Width and Height Registers 

These registers are used to specify the width and height (in pixels) of the cross hair cursor window. The window width 
register is made up of the window width low register (WWLR) and the window width high register (WWHR); the 
window height register is made up of the window height low register (WHLR) and the window height high register 
(WHHR). They are not initialized and may be written to or read by the MPU at any time. The window width and height 
are not updated until the vertical retrace interval after WHHR has been written to by the MPU. 

WWLR and WWHR are cascaded to form a 12-bit window width register. Similarly, WHLR and WHHR are cascaded to 

form a 12-bit window height register. Bits D4 - D7 of WWHR and WHHR are always a logical zero. 

Window Width High 
(WWHR) 

Data Bit D3 D2 D1 DO D1 

X Address XlI XI0 X9 X8 X7 

Window Height High 
1\lIUU1)\ 
,·· .. ~ ....... I 

Data Bit D3 D2 D1 DO D7 

Y Address Yll YI0 Y9 Y8 Y1 

D6 D5 

X6 X5 

D6 OS 

Y6 Y5 

Window Width Low 
(WWLR) 

D4 D3 

X4 X3 

Window Height Low 
fWUTR\ , .. __ ., 

D4 D3 

Y4 Y3 

• 

D2 D1 DO 

X2 Xl XO 

D2 D1 DO 

Y2 YI YO 

The actual window width is 2, 8, or 10 pixels more than the value specified by the window width register, depending 
on whether 1:1, 4:1, or 5:1 input multiplexing is specified. The actual window height is 2 pixels more than the value 
specified by the window height register. Therefore, the minimum window width is 2, 8, or 10 pixels, for 1:1,4:1, and 
5:1 multiplexing, respectively, and the minimum window height is two pixels. 

Values from $0000 to $OFFF may be written to the window width and height registers. 
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Internal Registers (continued) 

Cursor RAM 

This 64 ,x 64 x 2 RAM is used to defme the pixel pattern within the 64 x 64 pixel cursor window. It is not initialized, 
and may be written to or read by the MPU at any time. As MPU accesses to the cursor RAM have priority over the 
cursor display process, the cursor RAM should not be accessed during the horizontal sync intervals to minimize 
contention of the cursor updating and displaying processes. 

During MPU accesses to the cursor RAM, the address pointer register is used to address the cursor RAM. Figure 12 
illustrates the internal format of the cursor RAM, as it appears on the display screen. 

Note that in the X-windows mode, plane 1 serves as a cursor display enable while planeO selects one of two cursor 
colors (if enabled). 

Note: in both modes of operation, plane 1 = 07, OS, 03, 01; planeO = 06, 04, 02, 00. 

UPI'IlRLBFI" CORNER AS 
OISPLA YEO ON SCREllN 

I 
64 

PIXELS 

1 

, 64 

PIXELS 

BYTI!$400 BYTI!S401 BYTI!$4OP 

BYTI!S410 BYTI!S411 BYTI!S4IF 

BYTI!$7FO BYTI!$7F1 BYTI!S7FF 

/ 4 PIXELS ~ 
Im.D61 D5.04103,D21 OI,DOI 

Nonna! Mode: 

()() = color palette or overlay RAM 
01 = CUISor color 1 
10 - cursor color 2 
11 = C\lnIor color 3 

X-Window. Mode: 

()() = color palette or overlay RAM 
01 - color palette or overlay RAM 
10 = CIlnIOr color 2 
l1-cursorcolor3 

Figure 12. Cursor RAM as Displayed on the Screen. 
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Pin Descriptions 

Pin Name 

BLANK· 

SYNC* 

PO-P7 
{A-E} 

010- 01.3 
{A-E} 

OLE {A-E} 

lOR, lOG, lOB 

PIL 

IZE" 

VAA 

GND 

Description 

Composite blank control input (TTL compatible). A logical zero drives the analog output to the 
blanking level, as illustrated in Tables 6 and 7. It is latched on the rising edge of LD". When 
BLANK" is a logical zero, the pixel and overlay inputs are ignored. 

Composite sync control inputs (TTL compatible). A logical zero typically switches off a 40 
IRE current source on the lOG output (see Figures 9 and 10). SYNC" does not override any other 
control or data input, as shown in Tables 6 and 7; therefore, it should be asserted only during the 
blanking interval. SYNC* is latched on the rising edge of LD*. 

Load control input (TTL compatible). The PO - P1 (A - E}, 010 - 01.3 {A - E}, OLE (A - E}, 
BLANK*, and SYNC* inputs are latched on the rising edge of LD*. LD*, while it is the output 
clock (1:1 multiplex mode) or is 1/4 or lIS of CLOCK, may be phase independent of the CLOCK 
and CLOCK" inputs. LD* may have any duty cycle, within the limits specified by the A.C. 
Characteristics section. 

Pixel select inputs (TTL compatible). These inputs are used to specify, on a pixel basis, which 
location of the color palette RAM is to be used to provide color information (see Table 4). 
Either one, four, or five consecutive pixels (up to eight bits per pixel) are input through this 
porl They are latched on the rising edge of LD*. Unused inputs should be connected to GND. 
Note that typically the {A} pixel is output first, followed by the {B} pixel, etc., until all one, 
four, or five pixels have been output, at which point the cycle repeats. 

Overlay select inputs (TTL compatible). These inputs are latched on the rising edge of LD", and 
in conjunction with CROS in command registerO, specify which palette is to be used for color 
information, as illustrated in Table 4. When accessing the overlay palette RAM, the PO - P7 {A 
- E} inputs are ignored. Overlay information (up to four bits per pixel) for either one, four, or 
five consecutive pixels are input through this port. Unused inputs should be connected to GND. 

Overlay enable inputs (TTL compatible). In the X-windows mode for overlays, a logical one 
indicates overlay information is to be displayed. A logical zero indicates to display PO - P7 
information. In the normal mode for overlays, these inputs are ignored. They are latched on the 
rising edge of LD". Unused inputs should be connected to GND. 

Red, green, and blue current outputs. These high impedance current sources are capable of 
directly driving a doubly-terminated 7S-ohm coaxial cable (Figure 13). All outputs, whether 
used or not, should have the same output load. 

Phase lock loop output current. This high-impedance current source is used to enable mUltiple 
Bt4S9s to be synchronized with sub-pixel resolution when used with an external PLL. A logical 
one for SYNC* or BLANK" (as specified by CR23 in command register2) results in no current 
being output onto this pin, while a logical zero results in the following current being output: 

PLL (mA) = 3,227 * VREF (v) I RSET (ohms) 

If sub-pixel synchronization of multiple devices is not required, this output should be connected 
to GND (either directly or through a resistor up to ISO ohms). 

Interleave zoom enable input (TTL compatible). This input should be a logical zero for a 
minimum of 16 LD* cycles after the falling edge of BLANK* during scan lines that require an 
interleave shift. If zoom while interleaving is not supported, this pin may be connected directly 
toGND. 

Analog power. All VAA pins must be connected. 

Analog ground. All GND pins must be connected. 
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Pin Descriptions (continued) 

Pin Name 

COMP 

FSADJUST 

VREF 

CLOCK, 
CLOCK· 

CE· 

R/W 

CO,Cl 

DO-D7 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 
J1F ceramic capacitor must be connected between this pin and V AA (Figure 13). Connecting the 
capacitor to V AA rather than to GND provides the highest possible power supply noise 
rejection. The COMP capacitor must be as close to the device as possible to keep lead lengths 
to an absolute minimum. 

Full scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full scale video signal (Figure 13). Note that the IRE relationships in Figures 9 
and 10 are maintained, regardless of the full scale output current 

The relationship between RSET and the full scale oulput current on lOG is: 

RSET(ohms) =Kl· VREF (v) I lOG (rnA) 

The full scale oUlput current on lOR and lOB for a given RSET is: 

lOR, lOB (rnA) = K2. VREF (v) I RSET (ohms) 

where Kl and K2 are defined as: 

Setup lOG lOR, lOB 

7.5 IRE Kl = 11,294 K2 = 8,067 

o IRE Kl = 10,684 K2= 7,457 

Voltage reference input An external voltage reference circuit, such as the one shown in Figure 
13, must supply this input with a 1.235v (typical) reference. The use of a resistor network to 
generate the reference is not recommended, as any low frequency power supply noise on VREF 
will be directly coupled onto the analog outputs. A 0.1 J1F ceramic capacitor must be used to 
decouple this input to V AA, as shown in Figure 13. The decoupling capacitor must be as close 
to the device as possible to keep lead lengths to an absolute minimum. 

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured 
for single supply (+5 volt) operation. The clock rate is typically the pixel clock rate of the 
system. 

Chip enable control input (TTL compatible). This input must be a logical zero to enable data to 
be written to or read from the device. During write operations, data is internally latched on the 
rising edge of CE*. Care should be taken to avoid glitches on this edge triggered input 

Readlwrite control input (TTL compatible). To write data to the device, both CE* and R/W must 
be a logical zero. To read data from the device, CE* must be a logical zero and R/W must be a 
logical one. R/W is latched on the falling edge of CE* . 

Command control inputs (TTL compatible). CO and Cl specify the type of read or write 
operation being performed, as illustrated in Table 1. They are latched on the falling edge of 
CE*. 

Data bus (TTL compatible). Data is transferred into and out of the device over this eight bit 
bidirectional data bus. DO is the least significant bit. 
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Bt459 Bnxj{tree® 
Pin Descriptions (continued) 

Signal Pin Signal Pin Signal Pin 
Number Number Number 

BLANK· Ll OIDA E1 GND H1 
SYNC· K3 OIDB F2 GND H2 

LD* AS OIDe F1 GND H3 
CLCXX K1 OIDD G3 GND C7 
CLOCK· K2 OIDE 02 GND 012 

IZE* B5 GND MS 
OLlA M1 GND M7 

POA E3 OLlB L2 GND N7 
POB D2 OLlC N1 
POC D1 OLlO 1.3 l.UMP NY 
POD E2 OLlE M2 FSADJUST M10 
POE F3 VREF P9 

0L2A M3 
P1A A1 OUB N2 CE* P13 
P1B D3 0L2C P1 RJW N12 
P1C C2 0I.2D P2 C1 P12 
PlO B1 0L2E N3 CO Mll 
P1E C1 

O1.3A M4 DO Ll3 
P2.A A3 OLIB P3 Dl ivi14 
P2B B3 01.3C N4 D2 L12 
P2C A2 01.3D P4 D3 M13 
P2D C3 01.3E M5 D4 N14 
P2E B2 OS P14 

OlEA N5 D6 N13 
P3A AS OLEB P5 D7 M12 
P3B A7 OLEC M6 
P3C B7 0lID N6 reserved 014 
P3D A6 0l.EE P6 reserved 013 
P3E B6 reserved F14 

100 P10 reserved F13 
P4A C9 lOB Pll reserved E14 
P4B B9 lOR N10 reserved 113 
P4C A9 PlL Nll reserved 114 
P4D C8 reserved H12 
P4E B8 VM 11 reserved H13 

VM J2 reserved H14 
PSA Bll VM J3 reserved CS 
P5B All VM C6 reserved A4 
PSC C10 VM F12 reserved B4 
PSD B10 VM M9 reserved C4 
PSE A10 VM P7 reserved C14 

VM P8 reserved C13 
P6A A14 VM N8 reserved Bl4 
P6B A13 reserved Cl2 
P6C B12 reserved B13 
P6D Cll reserved L14 
P6E A12 reserved Kl2 

reserved 112 
P7A E13 reserved Kl4 
P7B E12 reserved K13 
P7C 014 
P7D D13 
P7E D12 
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Pin Descriptions (continued) 

alignment 
marker 
(on top) 

14 D4 D5 

13 

12 P/W C1 

11 PSB P5A. PID CD RL IlB 

10 PSB PlD PSC FS AD! lOR IX! 

Bt459 VAA (XlM' VRBP 

GND VAA VAA 

P.IB P.IC GND GND GND VAA 

(TOP VIEW) 
PoD P.lB VAA 

4 IL1A 0lJC <L1D 

P2A PlII I'D PlB PM _ aID GND VAA 511NC· (11J) II.2A 0L3! tI3II 

2 PJC P2B PIC FOB RD CUll OLII! GND VAA ax· 0LlB 0LlB OL'IB CUD 

6 Pm PlB I'OC aDA OLIJC NIC GND VAA ax BIJt· ILIA OUC 0L'lC 

A B C D B p o H K L M N p 

14 D5 D4 m 

13 D3 DO 

12 C1 m 

11 IlB RL PID P5A. PSB 

10 IX! lOR FS AD! PSC PlD PSB 

VRBP CXlM' VAA PIA PlB PIC 

VAA VAA GND (BOTTOM VIEW) 
GND P.IC P.IB 

WlI! lIED 0UlC VAA PSB PoD 

0UlB IIJ!A CL'lI! 

0l.3Il 0L3! II.2A 0LlD S1INC· VAA GND aID _ PM PlB I'D PlII P2A 

CUD OL'IB 0LlB OUB ax· VAA OND OLII! CUll RD FOB PIC P2B PJC 

0L'lC OUC ILIA BIJt· ax VAA GND NIC OLIJC aDA I'OC PlB Pm B 
p N M L K H o p B D C B A 
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Bt459 

PC Board Layout Considerations 

PC Board Considerations 

It is recommended that a four layer PC board be used 
with the Bt459. The layout should be optimized for 
lowest noise on the Bt459 power and ground lines by 
shielding the digital inputs and providing good 
decoupling. The lead length between groups of V AA 
and aND pins should be minimized so as to minimize 
inductive ringing. 

Ground Planes 

The ground plane area should encompass all Bt459 
ground pins, voltage reference circuitry, power supply 
bypass circuitry for the Bt459, the analog output 
traces, any output amplifiers, and all the digital signal 
traces leading up to the B t459. 

Power Planes 

The Bt459 and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular peB power plane (Vee) at a single point 
through a ferrite bead, as illustrated in Figure 13. This 
bead should be located within three inches of the 
Bt459. 

The peB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all Bt459 power pins, 
voltage reference circuitry, and any output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power plane, unless they can be arranged such 
that the plane-to-plane noise is common mode. This 
will reduce plane-to-plane noise coupling. 

Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 
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For the best performance, three 0.1 IlF ceramic 
capacitors in parallel with three 0.01 IlF chip 
capacitors should be used to decouple the V AA pins to 
aND. These capacitors should be placed as close as 
possible to the device. If chip capacitors are not 
feasible, radial lead ceramic capacitors may be used. 

It is important to note that while the Bt459 contains 
circuitry to reject power supply noise, this rejection 
decreases with frequency. If a switching power supply 
is used, the designer should pay close attention to 
reducing power supply noise and consider using a 
lIllee lerrnmw vonage regulaLOI lor supplymg power 
to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Bt459 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground plane. 

Due to the high ciock rates invoived, iong ciock iines 
to the B t459 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power plane 
(Vee), and not the analog power plane. 

Analog Signal Interconnect 

The Bt459 should be located as close as possible to 
the output connector to minimize noise pickup and 
reflections due to impedance mismatch. Also, the 
external voltage reference circuitry should be as close 
as possible to the Bt459 to avoid noise pickup. 

The video output signals should overlay the ground 
plane, and not the analog power plane, to maximize 
the high frequency power supply rejection. 

For maximum performance, the analog outputs should 
each have a 75-ohm load resistor connected to aND. 
The connection between the current output and GND 
should be as close as possible to the B t459 to 
minimize reflections. 
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PC Board Layout Considerations (continued) 

0-04 C5-CI L1 

=1= =1= ~ 
"' __ J"Tl ~rn. __ ,.. __ +5V(VCC) 

Bt4S!J 

vww~~----4---------~ 

"~Zl =i!:: CIO == CI 

PS AIlIll5T�_------....I 

1~r-----------~--4---r-----------

IDGr---------------~--I_----------

1081------------------___< ....... ----------

Location Description 

TO 
VIDEO 

CONNECrOR 

Vendor Part Number 

Cl - C4, C8, C9 0_1 J.LF ceramic capacitor Erie RPE110Z5U104MSOV 
CS-C7 0.01 IlF ceramic chip capacitor AVX 12102TI03QAI018 

CI0 33 IlF tantalum capacitor Mallory CSRI3F336KM 
L1 ferrite bead Fair-Rite 2743001111 

Rl, R2, R3 7S-ohm 1% metal film resistor Dale CMF-SSC 
R4 lOOO-ohm 1% metal film resistor Dale CMF-SSC 

RSEr S23-ohm 1% metal film resistor Dale CMF-SSC 
ZI 1.2v voltage reference National Semiconductor LM38SZ-1.2 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt4S9. 

Figure 13. Typical Connection Diagram and Parts List. 
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Application Information 

Clock Inter/acing 

Due to the high clock rates at which the Bt459 may 
operate, it is designed to accept differential clock 
signals (CLOCK and CLOCK·). These clock inputs 
are designed to be generated by ECL logic operating at 
+5 volts. Note that the CLOCK and CLOCK· inputs 
require termination resistors (220-ohm resistor to 
VCC and a 330-ohm resistor to GND). The 
termination resistors should be as close as possible to 
the Bt459. 

"."ne l.:UX;~ anc1l.:UX;~. inputs must be differential 
signals due to the noise margins of the CMOS 
process. The Bt459 will not function using a 
single-ended clock with CLOCK· connected to 
ground. 

Typically, LD* is generated by dividing CLOCK by 
four or five (depending on whether 4:1 or 5:1 
multiplexing was specified) and translating it to TIL 
levels. As LD· may be phase shifted relative to 
CLOCK, i.hc ucsigner need noi wOlry aboUI 
propagation delays in deriving the LD· signal. LD· 
may be used as the shift clock for the video DRAMs 
and to generate the fundamental video timing of the 
system (SYNC·, BLANK., etc.). 

For display applications where a single Bt459 is 
being used, is recommended that the Bt438 Clock 
Generator Chip be used to generate the clock and load 
signals. It supports the 4:1 and 5: 1 input 
multiplexing of the Bl459, and will also optionally 

t+5V 

14 

MONn"OR 
PRODUCfS 

!mil 

r 

set the pipeline delay of the B t459 to eight clock 
cycles. The Bt438 may also be used to interface the 
Bt459 to a TIL clock. Figure 14 illustrates using the 
Bt438 with the Bt459. 

When using a single Bt459, the PLL output is ignored 
and should be connected to GND (either directly or 
through a resistor up to ISO ohms). 

Using Multiple Bt4S9s 

For display applications where up to four Bt459s are 
oemg usea, It IS recommenaea tnat me Ht4-'Y 1..1OCK 

Generator Chip be used to generate the clock and load 
signals. It supports the 4:1 and 5:1 input 
multiplexing of the Bt459, synchronizes them to 
sub-pixel resolution, and will also optionally set the 
pipeline delay of the B t459 to eight clock cycles. The 
Bt439 may also be used to interface the Bt459 to a 
TIL clock. Figure 14 illustrates using the Bt439 with 
the Bt459. 

~ __ 1... _! __ , ____ 1.. ___ ~ __ .. ! __ ! _____ -.6_..1 __ !_ .. 1..._ nT T 

~UU-}'.lA"'.l B1U" .. UU.lU£AUUII. .lD DU}'}'U.lU;;;U • .1& Ul.~ .I" &.dJ 

output. Essentially, PLL provides a signal to indicate 
the amount of analog output delay of the Bt459, 
relative to CLOCK. The Bt439 compares the phase of 
the PLL signals generated by up to four Bt459s, and 
adjusts the phase each of the CLOCK and CLOCK· 
signals to the Bt459s to minimize the PLL phase 
difference. 

LDA 1---------1 LDO 

Figure 14. Generating the BUS9 Clock Signals. 
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Application Information (continued) 

If sub-pixel synchronization of multiple Bt459s is 
not necessary. the Bt438 Clock Generator Chip may 
be used instead of the B t439. In this instance. the 
CLOCK, CLOCK·. and LD· inputs of up to four 
B t459s are connected together and driven by a single 
Bt438 (with distributed branch termination on each 
clock). The VREF inputs of the Bt459s must still be 
isolated by lK-ohm resistors. as shown in Figure 15. 
and have a 0.1 ILF bypass capacitor to V AA. The 
designer must take care to minimize skew on the 
CLOCK and CLOCK· lines. The PLL outputs of the 
Bt459s would not be used and should be connected to 
GND (either directly or through a resistor up to 150 
ohms). 

=r. I. 
MONITOR 
I'KODUCI'S 

f7CE 

r v +5V 

f FROM 
BT459 

330 ~
+5V WJ+5 

2N3!I04 

~9 150 

50 

Bt459 

If located close together on the ssme PC board. 
multiple Bt459s may be connected to a single analog 
power plane. In addition. a single voltage reference 
may drive multiple devices. Each Bt459 must still 
have it's individual RSET resistor. lOUT termination 
resistor. power supply bypass capacitors. and COMP 
capacitor. 

PILO R2 I'LL 

CLOCKO ~ a.ocx 

CLOCXI)' -@- a.ocxo 

w' Bt4S9 VIlA 
-::t:' 

It. .. D.l'j' #1 
v 

lit 

I'LLI R2 I'LL 

a.ocKl -@- a.ocx 

a.ocK!' -@- a.ocx' 

LD' 
VIlA Bt4S9 

Bt439 OJT #2 
It. It. VRBP 'Y 

lit 

PILl R2 I'LL 

CLOCK2 ~ a.ocx 

CLOCK2' -@- a.ocxo 

LD w' 
VIlA Bt4S9 

It. 
D.lT #3 

VRBP ., VRBP 

lit 

Figure 15. Generating the Clock Signals for Multiple Bt459s. 
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Bt459 

Application Information (continued) 

Setting the Pipeline Delay 

The pipeline delay of the Bt459, although fixed after a 
power-up condition, may be anywhere from six to ten 
clock cycles. The Bt459 contains additional circuitry 
enabling the pipeline delay to be fixed at eight clock 
cycles. The Bt438 and Bt439 Clock Generator Chips 
support this mode of operation when used with the 
Bt459. 

To reset the Bt459, it should be powered up, with 
LD·, CLOCK, and CLOCK· running. Stop the 
CLUCK. and CLUCK.· signals with CWCK. high and 
CLOCK· low for at least three rising edges of LD*. 
There is no upper limit on how long the device can be 
held with CLOCK and CLOCK· stopped. 

Restart CLOCK and CLOCK* so that the first edge of 
the signals is as close as possible to the rising edge 
of LD* (the falling edge of CLOCK leads the rising 
edge of LD· by no more than 1 clock cycle or follows 
the rising edge of LD* by no more than 1.5 clock 
CYCleS). .."hen reslaning me ciocks, care mUSl be 
taken to ensure that the minimum clock pulse width is 
not violated. 

The resetting of the B t459 to an eight clock cycle 
pipeline delay does not reset the blink counter 
circuitry. Therefore, if the multiple Bt459s are used in 
parallel, the on-chip blink counters may not be 
synchronized. In this instance, the blink mask 
register should be $00 and the overlay blink enable 
bits a logical zero. Blinking may be done under 
software control via the read mask register and 
overlay display enable bits. 

Scan Line Output Sequence 

0 ABCDABCD ... 
1 DABCDABC ... 
2 CDABCDAB ... 
3 BCDABCDA ... 
4 ABCDABCD ... 
5 DABCDABC ... 
6 CDABCDAB ... 
7 BCDABCDA. .. 
: : 

Table 9. Interleave Example. 
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Interleave Operation 

To support interleaved frame buffers, the Bt459 may 
be configured for various interleave factors, as shown 
in Table 8. Table 9 shows an example of interleave 
operation for 4: 1 multiplexing, an interleave select of 
3, and starting with pixel {A}. Table 10 shows the 
same operation with pixel {B} selected as the starting 
pixel (the display has been panned down 3 scan 
lines). 

Scan line number 0 corresponds to the top of the 
display screen and is the first displayed scan line after 
a vertical blanking interval. The output sequence is 
shown starting at the left-most displayed pixel. 

Scan Line Output Sequence 

0 BCDABCDA ... 
1 ABCDABCD ... 
2 DABCDABC ... 
3 CDABCDAB ... 
4 BCDABCDA. .. 
5 ABCDABCD ... 
6 DABCDABC ... 
7 CDABCDAB ... 
: : 

Table 10. Interleave Example. 



Application Information (continued) 

Initializ;ing the Bt459 

Following a power-on sequence, the Bt459 must be 
initialized. This sequence will configure the Bt459 as 
follows: 

4:1 multiplexed operation 
no overlays, no blinking, no interleave 
64 x 64 block cursor, no cross hair cursor 
8 bits per pixel, no panning, no zoom 
sync enabled on 100, 7.5 IRE blanking pedestal 

Cont,.ol Regillte,. Initialization C1, CO 

Write $01 to address register low 00 
Write $02 to address register high 01 
Write $40 to command register 0 10 
Write $00 to command register 1 10 
Write $CO to command register 2 10 
Write $FF to pixel read mask register 10 
Write $00 to reserved location 10 
Write $00 to pixel blink mask register 10 
Write $00 to reserved location 10 
Write $00 to overlay read mask register 10 
Write $00 to overlay blink mask register 10 
Write $00 to interleave register 10 
Write $00 to test register 10 

Write $00 to address register low 00 
Write $03 to address register high 01 
Write $CO to cursor command register 10 
Write $00 to cursor (x) low register 10 
Write $00 to cursor (x) high register 10 
Write $00 to cursor (y) low register 10 
Write $00 to cursor (y) high register 10 
Write $00 to window (x) low register 10 
Write $00 to window (x) high register 10 
Write $00 to window (y) low register 10 
Write $00 to window (y) high register 10 
Write $00 to window width low register 10 
Write $00 to window width high register 10 
Write $00 to window height low register 10 
Write $00 to window height high register 10 
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Load CU,.so,. RAM Patte,.n 

Write $00 to address register low 00 
Write $04 to address register high 01 
Write $FF to cursor RAM (location $000) 10 
Write $FF to cursor RAM (location $001) 10 

Write $FF to cursor RAM (location $3FF) 10 

Colo,. Palette RAM Initialization 

Write $00 to address register low 00 
Write $00 to address register high 01 
Write red data to RAM (location $00) 11 
Write green data to RAM (location $00) 11 
Write blue data to RAM (location $00) 11 
Write red data to RAM (location $01) 11 
Write green data to RAM (location $01) 11 
Write blue data to RAM (location SOl) 11 • Write red data to RAM (location $FF) 11 
Write green data to RAM (location $FF) 11 
Write blue data to RAM (location $FF) 11 

O~e,,'ay Colo,. Palette Initialization 

Write $00 to address register low 00 
Write $01 to address register high 01 
Write red data to overlay (location $0) 10 
Write green data to overlay (location $0) 10 
Write blue data to overlay (location SO) 10 
Write red data to overlay (location $1) 10 
Write green data to overlay (location $1) 10 
Write blue data to overlay (location $1) 10 

Write red data to overlay (location $F) 10 
Write green data to overlay (location $F) 10 
Write blue data to overlay (location $F) 10 

CU,.so,. Colo,. Palette Initialization 

Write $81 to address register low 00 
Write $01 to address register high 01 
Write red data to cursor (location SO) 10 
Write green data to cursor (location $0) 10 
Write blue data to cursor (location SO) 10 
Write red data to cursor (location $1) 10 
Write green data to cursor (location $1) 10 
Write blue data to cursor (location $1) 10 
Write red data to cursor (location $2) 10 
Write green data to cursor (location $2) 10 
Write blue data to cursor (location $2) 10 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA 0 +70 °C. 
OulpUtLoad RL 37.5 Ohms 
Reference Voltage VREF 1.20 1.235 1.26 Volts 
FS ADJUST Resistor RSEI' 523 Ohms 

Absolute Maximum Ratings 

CGlAlU..-l,I;;l ~lJ11UU.l .lYllJ1 'II' .lY.lGA VU.lLD 

V AA (measmed to GND) 7.0 Volts 

Voltage on any Digital Pin GND-0.5 VAA+O.5 Volts 

Analog Ou1put Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 °C. 
Storage Temperature 1'8 - 65 + 150 °C. 
Junction Temperature 11 + 175 °C. 

Soldering Temperature TS<L 260 °C. 
(5 seconds. 1/4" from pin) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Resolution (each OAC) 8 8 8 Bits 
Accuracy (each OAC) 

Integral Linearity Error lL ±1 LSB 
Differential Linearity Error IL ±1 LSB 

Gray Scale Error ±5 % GrayScale 
Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
(except CLOCK, CLOCK*) 
Input High Voltage vrn 2.0 VAA + 0.5 Volts 
Input Low Voltage VlL GND-0.5 0.8 Volts 
Input High Current (Vin = 2.4v) llH 1 ItA 
Input Low Current (Vin = O.4v) IlL - 1 ItA 
Input Capacitance CIN 4 10 pF 

(f = 1 MHz, Vin = 2.4v) • 
Clock Inputs (CLOCK, CLOCK*) 

Input High Voltage VKlH VAA-1.0 VAA+O.5 Volts 
Input Low Voltage VKlL GND-0.5 VAA-1.6 Volts 
Input High Current (Vin = 4.Ov) lKlH 1 ItA 
Input Low Current (Vin = O.4v) lKlL -1 ItA 
Input Capacitance CKIN 4 10 pF 

(f = 1 MHz, Vin = 4.Ov) 

Digital Outputs (DO - 07) 
Output High Voltage vrn 2.4 Volts 

(lOH = -400 jlA) 
Output Low Voltage VOL 0.4 Volts 

(lOL = 3.2 rnA) 
3-state Current IOZ 10 ItA 
Output Capacitance COOUT 10 pF 

See test conditions on next page. 
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D.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Output Current 

White Level Relative to Blank 17.69 19.05 20.40 rnA 
White Level Relative to Black 16.74 17.62 18.50 rnA 
Black Level Relative to Blank 

SETUP = 7.5 IRE 0.95 1.44 1.90 rnA 
SETUP = o IRE 0 5 50 IIA 

Blank Level on 100 6.29 7.62 8.96 rnA 
Blank Level on lOR, lOB 0 5 50 IIA 
Sync Level on 100 0 5 50 uA 
LSB Size 69.1 IIA 

DAC to DAC Matching 2 5 % 
Output Compliance VOC - 0.5 + 1.2 Volts 
Output Impedance RAOUT 50 Ko1uns 
Output Capacitance CAOUT 13 20 pF 

(f = 1 MHz, lOUT = 0 rnA) 

PLL Analog Output PI.L 
Output Current 

SYNC*/BLANK* = 0 6.00 7.62 9.00 rnA 
SINC·/BLAN1(· = 1 0 5 50 IIA 

Output Compliance - 1.0 + 2.5 Volts 
Output Impedance 50 K 01uns 
Output Capacitance 8 15 pF 

(f= 1 MHz,PLL=OrnA) 

Voltage Reference Input Current IREF 500 IIA 

Power Supply Rejection Ratio PSRR 0.5 %/%!:NAA 
(COMP =0.111F, f= 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 ohms, 
VREF = 1.235v. SETUP = 7.5 IRE. As the above parameters are guaranteed over the full temperature range, 
temperature coefficients are not specified or required. 
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A.C. Characteristics 

Parameter Symbol Min.{fyp/ 135 110 80 Units 
Max MHz MHz MHz 

Clock Rate Fmax max 135 110 80 MHz 
LD*Rate LOmax 

1: 1 multiplexing max tbd 50 50 MHz 
4: 1 multiplexing max 33.75 27.5 20 MHz 
5:1 multiplexing max 27 22 16 MHz 

RIW, CO, Cl Setup Time 1 min 0 0 0 ns 
RIW, CO, Cl Hold Time 2 min 15 15 15 ns 

CE*LowTime 3 min 50 50 50 ns 
CE* High Time 4 min 25 25 25 ns 
CE* Asserted to Data Bus Driven 5 min 10 10 10 ns 
CE* Asserted to Data Valid 6 max 75 75 75 ns 
CE* Negated to Data Bus 3-Stated 7 max 15 15 15 ns 

Write Data Setup Time 8 min 35 35 35 ns • Write Data Hold Time 9 min 3 3 3 ns 

Pixel and Control Setup Time 10 min 3 3 3 ns 
Pixel and Control Hold Time 11 min 2 2 2 ns 

Clock Cycle Time 12 min 7.4 9.09 12.5 ns 
Clock Pulse Width High Time 13 min 3.2 4 5 ns 
Clock Pulse Width Low Time 14 min 3.2 4 5 ns 

ID* Cycle Time 15 
1: 1 multiplexing min 15.15 20 20 ns 
4: 1 multiplexing min 29.63 36.36 50 ns 
5: 1 multiplexing min 37.04 45.45 62.5 ns 

ID* Pulse Width High Time 16 
1: 1 multiplexing min 6 7 7 ns 
4: 1 or 5: 1 multiplexing min 12 15 20 ns 

LD* Pulse Width Low Time 17 
1: I multiplexing min 6 7 7 ns 
4:1 or 5:1 multiplexing min 12 15 20 ns 

See test conditions on next page. 
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A.C. Characteristics (continued) 

Parameter Symbol Min/Typ/ 135 110 80 Units 
Max MHz MHz MHz 

Analog Output Delay 18 typ 12 12 12 ns 
Analog Output Rise/FaIl Time 19 typ 1.5 1.5 2 ns 
Anslog Output Settling Time 20 max 8 8 12 ns 
Clock and Data Feedtbrough· typ tbd tbd tbd dB 
Glitch Impulse· typ 50 50 50 pV -sec 
DAC to DAC Crosstalk typ tbd tbd tbd dB 
Anslog Output Skew typ 0 0 0 ns 

max 2 2 2 ns 

_ . .. - . -. 
rlpelUlC .ueJay mm 0 0 0 \..JOC'&S 

max 10 10 10 Clocks 

V AA Supply Current*· IAA typ 240 220 200 rnA 
max 300 300 300 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 ohms, 
VREF = 1.235v. TTL input vslues are 0 to 3 volts, with input rise/fsll times s 3 ns, measured between the 10% 
and 90% points. EeL input vslues are V AA - 0.8 to V AA - 1.8 volts, with input rise/fsll times :S 2 ns, measured 
between the 20% and 80% points. Timing reference points at 50% for inputs and outputs. Analog output load :S 
1n _'C 'rW'\ n'7 _ .......... 1_ ... ...1' An _D ~ ...... ..:_: ____ ...... :- D:.-. ...... 1.., A ............. "'""' .............. __ ._ ....... _ ~ ... __ ..... .....:I _ •• _ 
.. - r a , -- _. ""-~- • ...... _ .... """TV 1'&' ..,- -..· ...... ·6 &&v..- .... a ..... 0 ................... _a ................. y-_ ...... _ ............. 6 ........... - ~.-

the full temperature range, temperature coefficients are not specified or required. 

·Clock and data feedtbrough is a function of the amount of overshoot and undershoot on the digital inputs. For 
this test, the TTL digital inputs have a lk-ohm resistor to GND and are driven by 74HC logic. Settling time does 
not include clock and data feedthrough. Glitch impulse includes clock and data feedtbrouglt, -3 dB test bandwidth 
= 2x clock rate. 

··atFmax. IAA (typ) at VAA =5.Ov, TA = 20· C. IAA (max) atV AA= 5.2Sv, TA=O· C. 

Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt459KGl35 135 MHz 132-pin Ceramic o· to +70· C. 
roA 

Bt459KG110 110 MHz 132-pin Ceramic o· to +70· C. 
roA 

Bt459KG80 80 MHz 132-pin Ceramic O· to +70· C. 
lUA 

5 -128 



Bt459 

Timing Waveforms 

RIW, co, C1 

DO - D7 (READ) 

DO -D7 (WIUI'B) 

LD" 

PO-P7 {A-B}, OLE (A-B), 
01.O-0L3 {A-B}, 
SYN~. BLANK· 

I I 
-2-

VALID 

3 

4 ~ 
6 I 

~ I :::j 
1......- DATA our (RJW.1) 

"-

t DATA IN (RJW. 0) 

8 
I --L 

Figure 16. MPU Read/Write Timing. 

1~ 

16 17 

11 

lOR, 100, lOB, I'lL 

Note 1: 

Note 2: 

Note 3: 

11 

C10CK 

14 

Output delay time measured from 50% point of the rising clock edge to 50% point of full 
scale transition, 

Output settling time measured from 50% point of full scale transition to output settling 
within ± 1 LSB, 

Output rise/fall time measured between 10% and 90% points of full scale transition, 

Figure 17. Video Input/Output Timing. 
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Advance Information 

This document contains information on a product under development. The 
parametric information are target parameters and are subject to change. 

Distinguishing Features Applications 

• 135, 110, 80 MHz Operation , High Resolution Color Graphics 
• 1:1, 4:1, or 5:1 Multiplexed Pixel Ports 
• 512 x 24 Color Palette RAM 
• 16 x 24 Overlay Color Palette 
• Ix to 16x Integer Zoom Support 
• 1, 2, 4, 8, or 9 Bits per Pixel 
• Frame Buffer Interleave Support 
• Pixel Panning Support 
• On·Chip User-Definable 64 x 64 Cursor 
• RS·343A Compatible Outputs 
• Programmable Setup (0 or 7.5 IRE) 
• X-windows Support for Overlays/Cursor 

Standard MPU Interface 
• 132-pin PGA Package 

Functional Block Diagram 

ID' -i-T-ool 

FO·P8 
(A·1l1 

01.0·01.3 
(A· III 

OLIl(A· B) 

SYNC" 

BLANK' 

VAA GND 

CI!' R/W co Cl 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
lA60001 Rev. A 

• CAE/CAD/CAM Applications 
• Image Processing 
• Video Reconstruction 

Related Products 

• Bt438, Bt439 
, Bt459, Bt461, Bt468 

FS ADJUST VRI!P 

L_--1?1r-rCOMP 
[OR 

[00 

lOB 

I'lL 

00·D7 
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Bt460 
135 MHz 

Monolithic CMOS 

512 x 24 Color Palette 

RAMDAC™ 

Product Description 

The Bt460 triple 8-bit RAMDAC is designed 
specifically for high performance, high 
resolution color graphics. The mUltiple 
pixel ports and internal multiplexing 
enables TIL compatible interfacing to the 
frame buffer, while maintaining the 135 MHz 
video data rates required for sophisticated 
color graphics. 

On chip features include a 512 x 24 color 
palette RAM, 16 x 24 overlay color palette 
RAM, programmable 1:1, 4:1, or 5:1 input 
multiplexing of the pixel and overlay ports, 
bit plane masking and blinking, 
programmable setup (0 or 7.5 IRE), pixel 
panning support, and Ix to 16x integer 
zoom support. 

Pixel data may be input as either 9 bits per 
pixel or as 8 bits per pixel. For 8 bits per 
pixel, the cursor clip window uses the ninth 
bit to select the lower or upper 256 entries in 
the palette. Overlay and cursor information 
may optionally be enabled on a 
pixel-by-pixel basis for X-windows support. 

The Bt460 has an on-chip three-color 64 x 
64 pixel cursor and a three-color full screen 
(or full window) cross hair cursor. 

The PLL current output enables the 
synchronization of mUltiple devices with 
sub-pixel resolution. 

The Bt460 generates RS-343A compatible 
red, green, and blue video signals, and is 
capable of driving doubly -terminated 
75-ohm coax directly, without requiring 
external buffering. The differential and 
integral linearity errors of the D/ A 
converters are guaranteed to be a maximum of 
± 1 LSB over the full temperature range. 

• 



Bt460 

5 - 132 



Preliminary Information 

This document contains infonnation on a new product. The parametric 
infonnation. although not fully characterize9. is the result of testing 
initial devices. 

Distinguishing Features Applications 

• 170. 135. 110. 80 MHz Operation High Resolution Color Graphics 
• Multiplexed TTL Pixel Ports 

Single 8-bit D/A Converter 
1024 x 8 Primary Color Palette RAM 
256 x 8 Alternate Color Palette RAM 

• 32 x 8 Overlay Color Palette RAM 
• RS-343A Compatible Output 
• Pixel Panning Support 
• Programmable Setup (0 or 7.5 IRE) 

Bit Plane Read and Blink Masks 
• Two Load Color Palette Modes 

Standard MPU Interface 
• 132-pin PGA Package 
• +5v CMOS Monolithic Construction 

Functional Block Diagram 

FO·P9 
(A-E) 

ALT 
(A·Ej 

ow-ou 
(A-E) 

Q.OCK* CLOCK VAA OND 

(]i. R/W co C1 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego. CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L461001 Rev_ E 

• True Color Graphics Systems 
• CAE/CAD/CAM Applications 
• Image Processing 
• Video Reconstruction 

Related Products 

Bt431. Bt439 
Bt459. Bt460. Bt468 

FS ADlUST VREF 

L_-!?T-r- COMP 

lOur 

DO-D7 
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Bt461 
170 MHz 

Monolithic CMOS 

1024 x 8 Color Palette 

RAMDAC™ 

Product Description 

The Bt461 is a single channel RAMDAC 
designed specifically for high perfonnance. 
high resolution color graphics. The multiple 
pixel ports and internal multiplexing 
enables TTL compatible interfacing (up to 45 
MHz) to the frame buffer. while maintaining 
the 170 MHz video data rates required for 
sophisticated color graphics. 

On chip features include a 1024 x 8 dual-port 
color palette RAM. a 256 x 8 dual-port 
alternate color palette RAM. 32 x 8 overlay 
color palette RAM. programmable 3:1. 4:1. 
or 5:1 input mUltiplexing of the pixel and 
overlay ports. bit plane masking and 
blinking. programmable setup (0 or 7.5 
IRE). and pixel panning support_ 

Color data may be written to and read from 
the Bt461 by the MPU each cycle or using 
red. green. blue cycles. The MPU interface 
operates asynchronously to the pixel data. 
simplifying system design. 

The PLL current output enables the 
synchronization of multiple Bt461s with 
sub-pixel resolution. 

The Bt461 generates a RS-343A compatible 
video signal. and is capable of driving 
doubly-terminated 75-ohrn coax directly. 
without requiring external buffering_ The 
differential and integral linearity errors of 
the D/ A converter are guaranteed to be a 
maximum of ± 1 LSB over the full 
temperature range. 

• 
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Circuit Description 

MPU Inter/ace 

As illustrated in the functional block diagram, the 
B t461 supports a standard MPU bus interface, 
allowing the MPU direct access to the internal control 
registers and color palettes. The dual-port color 
palette RAMs and dual-port overlay RAM allow color 
updating without contention with the display refresh 
process. 

As illustrated in Table I, the CO and Cl control 
inputs, in conjunction with the internal address 
register, specify which control register or color 
palette location will be accessed by the MPU. The 
lO-bit address register eliminates the requirement for 
external address multiplexers. ADDRO is the least 
significant bit. 

There are two ways of reading and writing color data to 
the device, as controlled by command registerO. The 
first mode (normal mode), loads color data into the 
device each write cycle, and outputs color data from 
the (!evice each read cycle. The second mode ~RGB 
mode) loads color data into the device using red, 
green, blue write cycles, and output data from the 
device using red, green, blue read cycles. The device 
is configured to respond only to the color cycle 
specified by the command register. 

Reading/Writing Color Data 
(Normal Mode) 

To write color data, the MPU loads the address register 
with the address of the primary color palette RAM, 
alternate color palette RAM, or overlay RAM location 
to be modified. The MPU performs a color write 
cycle, using CO and C 1 to select either the primary 
color palette RAM, alternate color palette RAM, or 
the overlay palette RAM. The address register then 
increments to the next location which the MPU may 
modifv bv simDlv writinl! another color. Readinl! 
color data is similar to writing, except the MPU 
executes read cycles. 

This mode is useful if a 24-bit data bus is available, as 
24 bits of color information (eight bits each of red, 
green, blue) may be read or written to three B t461 s in 
a single MPU cycle. In this application, the CE* 
inputs of all three Bt461s are connected together. If 
only an 8-bit data bus is available, the CE* inputs 
must be individually selected during the appropriate 
color write cycle (red CE* during red write cycle, blue 
CE * during blue write cycle, etc.). 

When accessing the primary color palette RAM, the 
address register resets to $0000 after a read or write 
cycle to location $03FF. When accessing the color 
palette RAMs or the overlay RAM, the address 
register increments after each read or write cycle. 

ADDRO-9 Cl CO Addressed by MPU 

$xxxx 0 0 address register low (ADDRO - 7) 
$OOOX 0 1 address register high (ADDR8 - 9) 

$0000 - $OOFF 1 0 alternate color palette RAM 
$0100 1 0 overlay color 0 

: : : : 
$OllF 1 0 overlay color 31 
$0200 1 0 ID register 
$0201 1 0 command register 0 
$0202 1 0 command register 1 
$0203 1 0 command register 2 
$0204 1 0 pixel read mask register low 
$0205 1 0 pixel read mask register high 
$0206 1 0 pixel blink mask register low 
$0207 1 0 pixel blink mask register high 
$0208 1 0 overlay read mask register 
$0209 1 0 overlay blink mask register 
$020C 1 0 test register 

$0000 - $03FF 1 1 primary color palette RAM 

Table I. Address Register (ADDR) Operation. 
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Circuit Description (continued) 

Reading/Writing Color Data 
(RGB Mode) 

To write color data, the MPU loads the address register 
with the address of the primary color palette RAM, 
alternate color palette RAM, or overlay RAM location 
to be modified. The MPU performs three successive 
write cycles (8 bits each of red, green, and blue), using 
CO and Cl to select either the primary color palette 
RAM, alternate color palette RAM, or overlay RAM. 
After the blue write cycle, the address register then 
increments to the next location which the MPU may 
modify by simply writing another sequence of red, 
green, and blue data. Reading color data is similar to 
writing, except the MPU executes read cycles. 

This mode is useful if only an 8-bit data bus is 
available. Each Bt461 is programmed to be a red, 
green, or blue RAMDAC, and will respond only to the 
assigned color read or write cycle.' In this 
application, the Bt461s share a common 8-bit data 
bus. The CE" inputs of all three Bt461s must be 
asserted simultaneously only during color read/write 
cycles and address register write cycles. 

When accessing the primary color palette RAM, the 
address register resets to $0000 after a blue read or 
write cycle to location $03FF. When accessing the 
color palette RAMs or the overlay RAM, the address 
register increments after each blue read or write cycle. 
To keep track of the red, green, and blue read/write 
cycles, the address register have two additional bits 
(ADDRa, ADDRb) that count modulo three. They are 
reset to zero when the MPU reads or writes to the 
address register. The MPU does not have access to 
these bits. The other 10 bits of the address register 
(ADDRO - 9) are accessible to the MPU. 

Bt461 

Command registerO is used to specify whether the 
device loads or outputs data during the red. green, or 
blue cycle. This mode is useful if only an 8-bit data 
bus is available, and the software drivers are written 
for RGB operation. 

Note that CE" must be a logical zero during each of 
the red, green, blue read/write cycles. 

Additional In/ormation 

Although the color palette RAMs and overlay RAM 
are dual-ported, if the pixel and overlay data is 
addressing the same palette entry being written to by 
the MPU during the write cycle, it is possible for one 
or more of the pixels on the display screen to be 
disturbed. A maximum of one pixel is disturbed if the 
write data from the MPU is valid during the entire chip 
enable time. 

Accessing the control registers is also done through 
the address register in conjunction with the CO and C 1 
inputs, as shown in Table 1. All control registers 
may be written to or read by the MPU at any time. The 
address register does not increment following read or 
write cycles to the control registers, facilitating 
read-modify-write operations. ADDRO and ADDR8 
correspond to 00. ADDRIO - ADDRl5 are always a 
logical zero. 

Note that if an invalid address is loaded into the 
address register, data written to the device will be 
ignored and invalid data will be read by the MPU. 

Figure 1 illustrates the MPU read/write timing of the 
Bt461. 

R/W. CO. CI =x VALID )(~ ________________________________________________ _ 

\ I 
DO· D7 (READ) ---------------------« DATA OIIT(R/W = I) )>-----

DO· D7 (WRITE) ___________________________ )( DATA IN (R/W =0) x'--___ _ 

Figure I. MPU Read/Write Timing. 
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Circuit Description (continued) 

Frome Buffer InteT/oce 

To enable pixel data to be transferred from the frame 
buffer at TIL data rates, the B t461 incorporates 
internal latches and multiplexers. As illustrated in 
Figure 2, on the rising edge of LD*, sync and blank 
information, color, and overlay information, for 
either three, four, or five consecutive pixels, are 
latched into the device. Note that with this 
configuration, the sync and blank timing will be 
recognized only with three, four, or five pixel 
resolution. Tvoicallv. the LD* silUlal is used to clock 
external circuitry to generate the basic video timing 
and to clock the video DRAMs. 

Typically, the {A} pixel is output firSt, followed by 
the {B} pixeL etc, until all three, four, or five pixels 
have been output, at which point the cycle repeats. 

The overlay inputs may have pixel timing, 
facilitating the use of additional bit planes in the 
frame buffer to control overlay selection on a pixel 
basis, or they may be controlled by external circuitry. 

1'0.1'9 {A·B}. ALT {A·B} 
OLO·OlA {A· B}. 

SYNC-. BLANK" 

lOUT. I'lL 

To simplify the frame buffer interface timing, LD* 
may be phase shifted, in any amount, relative to 
CLOCK. This enables the LD* signal to be derived by 
externally dividing CLOCK by three, four, or five, 
independent of the propagation delays of the LD* 
generation logic. As a result, the pixel and overlay 
data are latched on the rising edge of LD*, 
independent of the clock phase. 

Internal logic maintains an internal LOAD signal, 
synchronous to CLOCK, and is guaranteed to tOllOW 

the LD* signal by at least one, but not more than 
three, clock cycles. This LOAD signal transfers the 
latched pixel and overlay data into a second set of 
latches, which are then internally multiplexed at the 
pixel clock rate. 

If 3: 1 multiplexing is specified, only one rising edge 
of LD* should occur every three clock cycles. If 4:1 
multiplexing is specified, only one rising edge of 
.... _.0- ~ .... ".. t • TL" ~ 11 

J..,U'" snOUIQ occur every luur CIUCA cycu;::.~ • .11 ..,:.1 
mUltiplexing is specified, only one rising edge of 
LD* should occur every five clock cycles. Otherwise, 
the internal LOAD generation circuitry assumes it is 
not locked onto the LD* signal, and will continuously 
attempt to resynchronize itself to LD*. 

Note that 3:1 multiplexing may not be 
used at the 170 MHz pixel clock rate. 

Figure 2. Video Input/Output Timing. 
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Circuit Description (continued) 

Read and Blink Masking 

Each clock cycle, 10 bits of color information (PO -
P9, ALT) and five bits of overlay information (OLO -
OlA) for each pixel are processed by the read mask, 
blink mask, and command registers. Through the use 
of the control registers, individual pixel and overlay 
inputs may be enabled or disabled for display, and/or 
blinked at one of four blink rates and duty cycles. 

To ensure that a color change due to blinking does not 
occur during the active display time (i.e. in the middle 
of the screen), the Bt461 monitors the BLANK* input 
to determine vertical retrace intervals. A vertical 
retrace interv al is recognized by determining that 
BLANK* has been a logical zero for at least 256 LD* 
cycles. 

The processed pixel data is then used to select which 
color palette entry or overlay register is to provide 
color information. Note that PO is the LSB when 
addressing the color palette RAMs, and OLO is the 
LSB when addressing the overlay palette RAM. Table 
2 illustrates the truth table used for color selection. 

CR04 ALT CR05 OLO-OlA 

x x x $lF 
: : : : 
x x x $01 
x x 1 $00 

0 x 0 $00 
0 x 0 $00 
: : : : 
0 x 0 $00 

1 1 0 $00 
: : : : 
1 1 0 $00 

Bt461 

Alternate Color Palette RAM 

Note that the pixel read mask and blink mask registers 
can also be used when the pixel inputs are addressing 
the alternate color palette RAM. 

If the ALT enable bit in command registerO is a 
logical one, the alternate color palette RAM may be 
accessed on a pixel basis. A logical one on an AL T (A 
- E} input forces the PO - P7 (A - E} inputs to address 
the alternate color palette RAM. P8 and P9 (A - E} are 
ignored in this instance. If the ALT enable bit in 
command registerO is a logical zero, the ALT (A - E} 
inputs are ignored, as shown below in Table 2. 

Pixel bypassing of the primary color palette RAM 
may be implemented by using the ALT inputs. In this 
instance, the alternate color palette RAM should be 
loaded so that each byte contains its corresponding 
address ($00 - $FF), or with a gamma correction 
factor. The ALT inputs would then specify, on a pixel 
basis, whether or not to bypass the primary color 
palette RAM. 

PO-P9 Addtessed by frame buffer 

$xxx overlay color 31 
: : 

$xxx overlay color 1 
$xxx overlay color 0 

$000 primary RAM location $000 
$001 primary RAM location $001 

: : 
$3FF primary RAM location $3FF 

$xOO alternate RAM location $00 
: : 

$xFF alternate RAM location $FF 

Table 2. Palette and Overlay Select Truth Table. 
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Circuit Description (continued) 

Pixel Panning 

To support pixel panning, command registerl 
specifiea by how many clock cycles to pan. 

H 0 pixel panning is specified, pixel (A) is output 
fust, followed by pixel (B), etc., until all three, four, 
or five pixels have been output, at which point the 
cycle repeats. 

H 1 pixel panning is specified, pixel (B) will be fust, 
followed by pixel (C), etc. Pixel (A) will have been 
processed during the last clock cycle of the blanking 
interval, and will not be seen on the display screen. 
At the end of the active display line, pixel (A) will be 
output. Pixels (B), (C), (D), and (E) will be output 
during the blanking interval, and will not be seen on 
the display screen. 

The process is similar for panning by 2, 3, or 4 
pixels. 

Note that when a panning vaiue other than ii pixeis is 
specified, valid pixel data must be loaded into the 
Bt461 during the first LD· cycle that BLANK. is a 
logical zero. 

The pixel, overlay, and ALT inputs are all panned. 
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Video Generation 

Every clock cycle, the selected 8 bits of color 
information are presented to the 8-bit D/ A converter. 

The SYNC· and BLANK. inputs, pipelined to 
maintain synchronization with the pixel data, add 
appropristely weighted currents to the analog outputs, 
producing the specific output levels required for video 
applications, as illustrated in Figures 3 and 4. 
Command register2 specifies whether a 0 IRE or 7.5 
IRE blsnking pedestal is to be generated, and whether 
or not sync wormanon IS to DC encooea on tile vi<ieo 
output. A 0 IRE pedestal will force the black level and 
the blank level to be the same. 

The varying output current from the D/A converter 
produces a corresponding voltage level, which is used 
to drive the CRT monitor. Tables 3 and 4 detail how 
the SYNC· and BLANK· inputs modify the output 
levels. 

architecture in which bit currents are routed to either 
the current output or GND by a sophisticated decoding 
scheme. This architecture eliminates the need for 
precision component ratios and greatly reduces the 
switching transients associated with turning current 
sources on or off. Monotonicity and low glitch are 
guaranteed by using identical current sources and 
current steering their outputs. An on-chip operational 
amplifier stabilizes the full scale output current 
against temperature and power supply variations. 
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Circuit Description (continued) 

CU7.0 C1Uh1 

MA V MA V 

1US 0.714 '146/ 1.000 ........ --....,..,..-----------=---- WIllI1I LBVBL 

1.44 0_ '-05 0.340 +------t-----I'--------- BLACK UIYBL 

0.00 0.000 7.62 0.286 +-------'--r--r-.....L-------- IILAIIK UIYBL 

0.00 0.000 ~-------~~---------S~LBVBL 

Note: 75-ohm doubly-terminated load, RSET = 523 ohms, VREF = 1.235v. Blank pedestal = 7.5 IRE. RS-343A 
levels and tolerances assumed on all levels. 

Figure 3. Composite Video Output Waveform (SETUP = 7.5 IRE). 

Description lOur (rnA) lOur (rnA) SYNC· BLANK· DAC 
(CR27 = 1) (CR27=O) Input Data 

WHITE 26.67 19.05 1 1 $FF 
DATA data +9.05 data + 1.44 1 1 data 
DATA-SYNC data + 1.44 data + 1.44 0 1 data 
BlACK. 9.05 1.44 1 1 $00 
BLACK-SYNC 1.44 1.44 0 1 $00 
BLANK 7.62 0 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with full scale lOur = 26.67 rnA. RSET = 523 ohms, VREF = 1.235v. Blank pedestal 
= 7.5 IRE. 

Table 3. Video Output Truth Table (SETUP = 7.5 IRE). 
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Circuit Description (continued) 

==0 CR27-1 

MA V MA V 

18.60 0_ 2f>.~ 1.000 

I~~~ r 
WHfIll lJlVBL 

0.00 0.000 8.05 0.302 

0.00 0.000 

leu 
\ I BLACK/BLANK: LEVa 

II SYNC LEVEL 

Note: 75-oiun doubly-terminated load, RSET = 495 oiuns, VREF = 1.235v. Blank pedestal = 0 IRE. RS-343A levels 
and tolerances assumed on a1llevels. 

Figure 4. Composite Video Output Waveform (SETUP o IRE). 

Description IOUT(mA) IOUT(mA) SYNC* BLANK* DAC 
(CR27 = 1) (CR27 = 0) Input Data 

WHITE 26.67 18.60 1 1 $FF 
DATA data + 8.05 data 1 1 data 
DATA-SYNC data data 0 1 data 
BLACK 8.05 0 I 1 $00 
BLACK-SYNC 0 0 0 1 $00 
BLANK 8.05 0 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with full scale lOUT = 26.67 rnA. RSET = 495 oiuns, VREF = 1.235v. Blank pedestal 
= o IRE. 

Table 4. Video Output Truth Table (SETUP o IRE). 
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Internal Registers 

Command RegisterO 

This register may be written to or read by the MPU at any time and is not initialized. CROO corresponds to data bus 
bit DO. 

CR07, CR06 

CR05 

CR04 

CR03, CR02 

CROI 

CROO 

Multiplex select 

(00) 3: 1 multiplexing 
(01) 4: 1 mUltiplexing 
(10) reserved 
(11) 5: 1 multiplexing 

Overlay 0 enable 

(0) use color palette RAMs 
(1) use overlay color 0 

ALTenable 

(0) disable alternate palette 
(1) enable alternate palette 

Blink rate selection 

(00) 16 on, 48 off (25(75) 
(01) 16 on, 16 off (SO/50) 
(10) 32 on, 32 off (SO/50) 
(11) 64 on, 64 off (SO/50) 

reserved (logical zero) 

resetved (logical zero) 

These bits specify whether 3:1, 4:1, or 5:1 
multiplexing is to be used for the pixel and overlay 
inputs. If 3:1 is specified, the {D} and {E} pixel and 
overlay inputs are ignored and should be connected to 
OND, and the LD* input should be 1/3 the CLOCK rate. 
If 4:1 is specified, the {E} pixel and overlay inputs are 
ignored and should be connected to OND, and the LD* 
input should be 1/4 the CLOCK rate. If 5:1 is specified, 
all of the pixel and overlay inputs are used, and the LD* 
input should be 1/5 the CLOCK rate. 

Note that it is possible to reset the pipeline delay of the 
Bt461 to a fixed 8 clock cycles. In this instance, each 
time the input multiplexing is changed, the Bt461 must 
again be reset to a fixed pipeline delay. 

Note that 3:1 multiplexing may not be used 
at the 170 MHz pixel clock rate. 

When the overlay bits are $00, this bit specifies 
whether to use the color palette RAMs or overlay color 
o to provide color information. 

This bit specifies whether the alternate color palette 
RAM is enabled (logical one) or disabled (logical zero) 
from being addressed by the ALT {A - E} and PO - P7 {A
E} inputs. 

These two bits specify the blink rate cycle time and duty 
cycle, and are specified as the number of vertical retrace 
intervals. The numbers in parentheses specify the duty 
cycle (% on/off). 
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Bt461 Broddree® 
Internal Registers (continued) 

Command Registerl 

This register may be written to or read by the MPU at any time and is not initialized. CR10 corresponds to data bus 
bit DO. 

CR17 - CR15 Pan select 

(000) o pixels {pixel A} 
(001) 1 pixel {pixel B} 
(010) 2 pixels (pixel C) 
\V.lJ.) ,lc:n;;;.lYICU 

(100) 3 pixels {pixel D} 
(101) 4 pixels {pixel E} 
(110) reserved 
(111) reserved 

CR14 - CR10 reserved (logical zero) 

These bits specify the number of pixels to be panned. 
The {pixel A} indicates pixel A will be output first 
following the blanking interval, {pixel B} indicates 
pixel B will be output frrst, etc. These bits are typically 
modified only during the vertical retrace interval. 

Note that the pixel, overlay, and ALT inputs are all 
panned. 
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Internal Registers (continued) 

Command Register2 

This register may be written to or read by the MPU at any time and is not initialized. CR20 corresponds to data bus 
bit DO. 

CR27 

CR26 

CR25, CR24 

CR23 

CR22 

CR21 

CR20 

Sync enable 

(0) disable sync 
(1) enable sync 

Pedestal enable 

(0) 0 IRE pedestal 
(1) 7.5 IRE pedestal 

Load palette RAM select 

(00) normal 
(01) redRAMDAC 
(10) green RAMDAC 
(11) blueRAMDAC 

PLLselect 

(0) SYNC· 
(1) BLANK* 

reserved (logical zero) 

reserved (logical zero) 

Test enable 

(0) disable test register 
(1) enable test register 

This bit specifies whether sync information is to be 
output onto the video waveform (logical one) or not 
(logical zero). 

This bit specifies whether a 0 or 7.5 IRE blanking 
pedestal is to be generated on the video waveform. 0 
IRE specifies that the black and blank levels are the 
same. 

If (00) is specified, color data is loaded into the Bt461 
each write cycle, and color data is output each read cycle. 
If (01), (10), or (11) is specified, the Bt461 expects 
color data be to input and output using (red, green, blue) 
cycles. The exact value indicates during which one of 
the three color cycles it is to load or output color 
information. 

This bit specifies whether the PLL output uses the 
SYNC* or BLANK* input for generating PLL 
information. 

A logical one enables the P9 (A - E) inputs to serve as a 
trigger for the test register. A logical zero enables 
normal operation. 
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Internal Registers (continued) 

ID Register 

This 8-bit register may be read by the MPU to determine the type of RAMDAC being used in the system. The value is 
different for each RAMOAC. For the Bt461, the value read by the MPU will be $40. Oata written to this register is 
ignored. 

Pixel Read Mask Register 

The 16-bit pixel read mask register is configured as two 8-bit registers (pixel read mask low and pixel read mask 
high), and is used to enable (logical one) or disable (logical zero) a bit plane from addressing the color palette RAM. 

--

pixel read mask register high pixel read mask register low 

D7 D6 05 D4 D3 D2 D1 DO D7 D6 05 D4 D3 D2 D1 DO 

0 0 0 0 0 0 P9 P8 P7 P6 P5 P4 P3 P2 PI PO 

Each register bit is logically ANDed with the corresponding bit plane input. This register may be written to or read 
by the MPU at any time and is not initialized. 

Pixel Blink Mask Register 

The 16-bit pixel blink mask register is configured as two 8-bit registers (pixel blink mask low and pixel blink mask 
high), and is used to enable (logical one) or disable (logical zero) a bit plane from blinking at the blink rate and duty 
cycle specified by command registerO. 

pixel blink mask register high pixel blink mask register low 

D7 D6 05 D4 03 D2 D1 DO 07 D6 D5 D4 D3 D2 D1 DO 

0 0 0 0 0 0 P9 P8 P7 P6 P5 P4 P3 P2 PI PO 

In order for a bit plane to blink, the corresponding bit in the pixel read mask register must be a logical one. This 
register may be written to or read by the MPU at any time and is not initialized. 
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Internal Registers (continued) 

Overlay Read Mask Register 

The 8-bit overlay read mask register is used to enable (logical one) or disable (logical zero) an overlay plane from 
addressing the overlay palette RAM. DO corresponds to overlay plane 0 (OLO (A - E)) and D4 corresponds to overlay 
plane 4 (alA (A - E}). Each register bit is logically ANOed with the corresponding overlay plane input. Bits 05 - 07 
are always a logical zero. This register may be written to or read by the MPU at any time and is not initialized. 

Overlay Blink Mask Register 

The 8-bit overlay blink mask register is used to enable (logical one) or disable (logical zero) a overlay plane from 
blinking at the blink rate and duty cycle specified by command registerO. DO corresponds to overlay plane 0 (OLO (A 
- E)) and D4 corresponds to overlay plane 4 (alA (A - E). In order for a overlay plane to blink. the corresponding bit 
in the overlay read mask register must be a logical one. Bits 05 - 07 are always a logical zero. This register may be 
written to or read by the MPU at any time and is not initialized. 

Test Register 

The test register enables the MPU to verify that the pixel and overlay ports are addressing the color palette RAM and 
overlay registers correctly at full speed. 

P9 (A - E) is the fast port trigger when CR20 is a logical one. PO - P8 (A - E). ALT (A - E). and OLO - alA (A - E) 
address the primary color palette RAM. alternate palette RAM. and overlay registers. A logical one on P9A latches 
the (A) color data into the test register as it is passes from the color palette to the O/A converter. A logical one on 
P9B latches the (B) color data into the test register as it is passes from the color palette to the O/A converter. etc. 

To test the entire color palette. bit 01 in the pixel read mask register high (P9) must be a logical zero to test the lower 
512 entries. Next. bit 01 in the pixel read mask register high (P9) must be a logical one to test the higher 512 
entries. There should be only a single "one" on the P9 inputs per test read cycle. 

A recommended test read cycle is four LO* cycles long. The test register may be written whenever the test mode is 
disabled or while in the test mode when no "ones" are present on the P9 inputs. The test registers are not initialized. 

5 - 145 



Bt461 

Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

LD* 

PO-P9 
{A-E} 

OLO- OlA 
{A-E} 

ALT{A-E} 

lOur 

PlL 

Description 

Composite blank control input (TTL compatible). A logical zero drives the analog output to the 
blanking level. as illustrated in Tables 3 and 4. It is latched on the rising edge of LD*. When 
BLANK* is a logical zero. the pixel and overlay inputs are ignored. 

Composite sync control input (TI'L compatible). A logical zero on this input typically 
switches off a 40 IRE current source on the lOUT output (see Figures 3 and 4). SYNC* does not 
override any other control or data input. as shown in Tables 3 and 4; therefore. it should be 
asserted only during the blanking interval. It is latched on the rising edge of LD*. 

Load control inDut CITL comDatible). The PO - P9 fA - El. OLO - OlA {A - E}. BLANK*. and 
SYNC* inputs are latched on the rising edge of LD*. LD*. while it is either 1/3. 1/4. or 1/5 the 
CLOCK rate. may be phase independent of the CLOCK and CLOCK* inputs. LD* may have any 
duty cycle. within the limits specified by the A.C. Characteristics section. 

Pixel select inputs (TI'L compatible). These inputs are used to specify. on a pixel basis. which 
location of the primary or alternate color palette RAMs is to be used to provide color 
information (see Table 2). Either three. four. or five consecutive pixels (up to ten bits per pixel) 
are input through this port. They are latched on the rising edge of LD*. Unused inputs should be 
connected to GND. Note that typically the {A} pixel is output first, followed by the {B} pixel, 
etc .• until all three. four. or five pixels have been output, at which point the cycle repeats. 

Overlay select inputs (TTL compatible). These inputs are latched on the rising edge of LD*. and 
in conjunction with CR05 in command registerO. specify which palette is to be used for color 
information. as illustrated in Table 2. When accessing the overlay palette RAM. the PO - P9 {A 
- E} and ALT {A - E} inputs are ignored. Overlay information bits (up to five bits per pixel) for 
either three. four. or five consecutive pixels are input through this port. Unused inputs should be 
connected to GND. 

Palette select inputs (TI'L compatible). These inputs are latched on the rising edge of LD* and 
specify which color palette RAM is to be used for color information, as illustrated in Table 2. 
When accessing the alternate color palette RAM. the P8 - P9 {A - E} inputs are ignored. Unused 
inputs should be connected to GND. 

Analog current output. This high impedance current source is capable of directly driving a 
doubly-terminated 75-ohm coaxial cable (Figure 5). 

Phase lock loop output current. This high-impedance current source is used to enable multiple 
Bt461s to be synchronized with sub-pixel resolution when used with an external PLL. A logical 
one on the SYNC* or BLANK* input (as specified by CR23 in command register2) results in no 
current being output onto this pin. while a logical zero results in the following current being 
output: 

PLL (rnA) = 3.227 * VREF (v) / RSET (ohms) 

If sub-pixel synchronization of multiple devices is not required, this output should be connected 
to GND (either directly or through a resistor up to 150 ohms). 
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Pin Descriptions (continued) 

Pin Name 

VM 

GND 

COMP 

FSADJUST 

VREF 

CLOCK, 
CLOCK* 

CE* 

R/W 

CO, Cl 

DO-D7 

Description 

Analog power. All V AA pins must be connected. 

Analog ground. All GND pins must be connected. 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 
IlF ceramic capacitor must be connected between this pin and V AA (Figure 5). Connecting the 
capacitor to V AA rather than to GND provides the highest possible power supply noise 
rejection. The COMP capacitor must be as close to the device as possible to keep lead lengths 
to an absolute minimum. 

Full scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full scale video signal (Figure 5). Note that the IRE relationships in Figures 3 
and 4 are maintained, regardless of the full scale output current. 

The relationship between RSET and the full scale output current on lOUT for a 7.5 IRE blanking 
pedes tal is: 

RSET (ohms) = 11,294 * VREF (v)! lOUT (rnA) 

The relationship between RSET and the full scale output current on lOUT for a 0 IRE blanking 
pedestal is: 

RSET (ohms) = 10,684 * VREF (v) !IOUT (rnA) 

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 
5, must supply this input with a 1.235v (typical) reference. The use of a resistor network to 
generate the reference is not recommended, as any low frequency power supply noise on VREF 
will be directly coupled onto the analog outputs. A 0.1 IlF ceramic capacitor must be used to 
decouple this input to V AA, as shown in Figure 5. The decoupling capacitor must be as close to 
the device as possible to keep lead lengths to an absolute minimum. 

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured 
for single supply (+5 volt) operation. The clock rate is typically the pixel clock rate of the 
system. 

Chip enable control input (TTL compatible). This input must be a logical zero to enable data to 
be written to or read from the device. During write operations, data is internally latched on the 
rising edge of CE* (Figure 1). Care should be taken to avoid glitches on this edge triggered 
input. 

Readlwrite control input (TTL compatible). To write data to the device, both CE* and R/W must 
be a logical zero. To read data from the device, CE* must be a logical zero and R/W must be a 
logical one. R/W is latched on the falling edge of CE*. See Figure 1. 

Command control inputs (TTL compatible). CO and Cl specify the type of read or write 
operation being performed, as illustrated in Table 1. T'ney are latched un the falling edge of 
CE*. 

Data bus (TTL compatible). Data is transferred into and out of the device over this eight bit 
bidirectional data bus. DO is the least significant bit. 
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Pin Descriptions (continued) 

Signal Pin Signal Pin Signal Pin 
Number Number Number 

BLANK* LI P8A 014 VAA J1 
SYNC* K3 P8B G13 VAA J2 

LD* A5 P8C FI4 VAA 13 
CLOCK KI P8D FI3 VAA C6 
CLOCK* K2 P8E EI4 VAA FI2 

VAA M9 
POA E3 P9A 113 
POB D2 P9B 114 GND HI 
POC DI P9C HI2 GND H2 
POD E2 P9D H13 liNU ill 

POE F3 P9E HI4 GND C7 
GND GI2 

PIA Al ALTA LI4 GND M8 
PIB D3 AL1B KI2 
PIC C2 ALTC K13 COMP N9 
PlO BI ALID Kl4 FSADJUST MI0 
PIE CI ALTE 112 VREF P9 

P2A A3 OUlA EI CE* P13 
P2B B3 OLOB F2 R/,,;'; l"ll.l.L 

P2C A2 OUlC FI CI Pl2 
P2D C3 OUlD G3 CO MIl 
P2E B2 OUlE G2 

DO L13 
P3A AS OLiA MI DI Ml4 
P3B A7 OLiB L2 D2 Ll2 
P3C B7 OLiC NI D3 Ml3 
P3D A6 OLiD L3 D4 Nl4 
P3E B6 OLIE M2 D5 P14 

D6 Nl3 
P4A C9 OL2A M3 D7 Ml2 
P4B B9 OUB N2 
P4C A9 Ol2C PI reserved Gl 
P4D C8 Ol2D P2 reserved Nll 
P4E B8 OL2E N3 reserved M7 

reserved N7 
P5A Bll OL3A M4 reserved P7 
P5B All OL3B P3 reserved P8 
P5C CI0 OL3C N4 reserved N8 
P5D BIO OL3D P4 
P5E AIO OL3E M5 reserved B5 

reserved C5 
P6A Al4 OLAA N5 reserved A4 
P6B Al3 OLAB P5 reserved B4 
P6C BI2 OlAC M6 reserved C4 
P6D Cll OLAD N6 
P6E Al2 OLAE P6 reserved Cl4 

reserved C13 
P7A E13 lOur PI0 reserved Bl4 
P7B El2 reserved Pll reserved Cl2 
P7C DI4 PLL NI0 reserved Bl3 
P7D D13 
P7E DI2 
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Pin Descriptions (continued) 

alignment 
marker 
(on top) 

14 D4 D5 

13 D6 

12 C1 

11 PSB P.5I\ AID 

10 PSI! PlD PSC FS AD! RL lOUl" 

l'IC P4B I'4A Bt461 VAA CXItoF VRBP 

P.!A P4B I'D 

P3B P3C GND 

(TOP VIEW) 
P.D P3B VAA <XAC ClAD aAII 

2 PJC P21I PIC POD lID CUll ILII! GND VAA CLK· CUB CUB 0L3I lIZ 

a P1D PlB AX: aJlA 0UlC NIC GND VAA CLK BLI!:· CUA CUC 0L2C 

A B C D B p G H K L M N p 

14 D5 D4 

13 D6 

12 C1 RI'N r:n m ALTB AL11I P9C GND VAA PlB P7B NIC P6C Ml 

AID P.5I\ PSB 

10 rour RL FS AD! PSC PlD P5B 

VRBP CQMP VAA I'4A P4B l'IC 

(BOTTOM VIEW) I'D P4B P.IA 

a.AB ClAD <XAC VAA P3B P.D 

OIAB ILIA <L'lB 

4 

0l3B 0LlB (I2A CUD SYNC· VAA GND (1(1) POO ~ PlB P3) P2B P1A 

lIZ 0l2B CUB CUB CLK· VAA GND ILII! CUll RD POD PIC P21I PJC 

0L1IC CUC CUA BLK· CLK VAA GND NIC 0UlC aJlA AX: PlB P1D El 
p N M L K H G p B D C B A 
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PC Board Layout Considerations 

PC Board Considerations 

It is recommended that a four layer PC board be used 
with the Bt461. The layout should be optimized for 
lowest noise on the Bt461 power and ground lines by 
shielding the digital inputs and providing good 
decoupling. The lead length between groups of V AA 
and GND pins should be minimized so as to minimize 
inductive ringing. 

Ground Planes 

The ground plane area should encompass all Bt461 
ground pins, voltage reference circuitry, power supply 
bypass circuitry for the Bt461, the analog output 
traces, any output amplifiers, and all the digital signal 
traces leading up to the Bt461. 

Power Planes 

The Bt461 and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane (VCC) at a single point 
through a ferrite bead, as illustrated in Figure 5. This 
bead should be located within three inches of the 
Bt461. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all Bt461 power pins, 
voltage reference circuitry, and any output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power plane, unless they can be arranged such 
that the plane-to-plane noise is common mode. This 
will reduce plane-to-plane noise coupling. 

Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 

5 - 150 

For the best performance, three 0.1 J.1F ceramic 
capacitors in parallel with three 0.01 J.1F chip 
capacitors should be used to decouple the V AA pins to 
GND. These capacitors should be placed as close as 
possible to the device. If chip capacitors are not 
feasible, radial lead ceramic capacitors may be used. 

It is important to note that while the Bt461 contains 
circuitry to reject power supply noise, this rejection 
decreases with frequency. If a switching power supply 
is used, the designer should pay close attention to 
reducing power supply noise and consider using a 
truee termmlll voltage regUlaror lOr supplymg power 
to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Bt461 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground plane. 

Due to the high ciock rates invoived, iong ciock iines 
to the Bt461 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power plane 
(VCC), and not the analog power plane. 

Analog Signal Interconnect 

The Bt461 should be located as close as possible to 
the output connector to minimize noise pickup and 
reflections due to impedance mismatch. Also, the 
external voltage reference circuitry should be as close 
as possible to the Bt461 to ,avoid noise pickup. 

The video output signal should overlay the ground 
plane, and not the analog power plane, to maximize 
the high frequency power supply rejection. 

For maximum performance, the analog output should 
have a 75-ohm load resistor connected to GND. The 
connection between the current output and GND 
should be as close as possible to the Bt461 to 
minimize reflections. 



PC Board Layout Considerations (continued) 

C9 

IOIIT!-----...... ----------

PLL!--------------_ 

Location Description 

Cl - C4, C8, C9 0.1 ILF ceramic capacitor 
C5 -C7 0.01 ILF ceramic chip capacitor 

CI0 33 ILF tantalum capacitor 
L1 ferrite bead 
Rl 75-ohm 1% metal film resistor 
R2 l000-ohm 1 % metal film resistor 

RSEr 523-ohm 1 % metal film resistor 
ZI 1.2v voltage reference 

+ ClO 

TO 
VIDEO 

CONNECfOR 

TOPLL 
CIRCUTIRY 
(0F'l10NAL) 

Ll 

Cl 

Vendor Part Nwnber 

Erie RPEllOZ5UI04M50V 
AVX 12102T103QAI018 
Mallory CSR13F336KM 
Fair-Rite 2743001111 
Dale CMF-55C 
Dale CMF-55C 
Dale CMF-55C 

Bt461 

+5V(VCC) 

GROUND 

National Semiconductor LM385Z-1.2 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt461. 

Figure 5. Typical Connection Diagram and Parts List. 
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Application Information 

Non-Video Applications 

The Bt461 may be used in non-video applications by 
disabling the video-specific control signals. Set bits 
CR26 and CR27 in command register2 to a zero 
(disabling the BLANK· and SYNC· inputs). SYNC* 
should be a logical zero and BLANK* should be a 
logical one. 

The relationship between RSET and the full scale 
output current (lout) in this configuration is as 
follows: 

RSET (ohms) = 7,457 • VREF (v) I lout (rnA) 

Using Multiple Bt461s 

If located close together on the same PC board, 
multiple Bt461s may be connected to a single analog 
power plane. In addition, a single voltage reference 
may drive multiple devices. 

Each Bt461 must still have it's individual RSET 
resistor, lOUT termination resistor (Rl in Figure 5), 
power supply bypass capacitors (C2 - C7 in Figure 5) 
and CaMP capacitor (C8 in Figure 5). 
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Clock Interfacing 

Due to the high clock rates at which the Bt461 may 
operate, it is designed to accept differential clock 
signals (CLOCK and CLOCK*). These clock inputs are 
designed to be generated by ECL logic operating at +5 
volts. Note that the CLOCK and CLOCK* inputs 
require termination resistors (220-ohm resistor to 
vec and a 330-ohm resistor to OND). The 
termination resistors should be as close as possible to 
the Bt461. 

Ine 1..-LU\..1\. ana I..-LUI..-1\.- mpulS must oe OlIIerenUIl1 
signals due to the noise margins of the CMOS 
process. The Bt461 will not function using a 
single-ended clock with CLOCK* connected to 
ground. 

Typically, LD* is generated by dividing CWCK by 
three, four, or five (depending on whether 3:1, 4:1, or 
5:1 multiplexing was specified) and translating it to 
TTL levels. As LD* may be phase shifted relative to 
,...T n"v .. 'L_ .:I __ ! _______ ...:I __ ........ _ •• _'L ...... 
.......... v ...... .n., .. 11 .... "' .... ".l5u ... J. u ...... u "IVI. "VolJ.;Y Q.uvu," 

propagation delays in deriving the LD* signal. LD* 
may be used as the shift clock for the video DRAMs 
and to generate the fundamental video timing of the 
system (SYNC·, BLANK*, etc.). 



Application Information (continued) 

Setting the Pipeline Delay 

The pipeline delay of the Bt461, although fixed after a 
power-up condition, may be anywhere from six to ten 

clock cycles. The Bt461 contains additional circuitry 
enabling the pipeline delay to be fixed at eight clock 
cycles. The Bt438 and Bt439 Clock Generator Chips 
support this mode of operation when used with the 
Bt461. 

To reset the Bt461, it should be powered up, with 
LD·, CLOCK. and CLOCK· running. Stop the 
CLOCK and CLOCK· signals with CLOCK high and 
CLOCK· low for at least three rising edges of LD*. 
There is no upper limit on how long the device can be 
held with CLOCK and CLOCK· stopped. 

Restart CLOCK and CLOCK· so that the first edge of 
the signals is as close as possible to the rising edge 
of LD· (the falling edge of CLOCK leads the rising 
edge of LD· by no more than 1 clock cycle or follows 
the rising edge of LD· by no more than 1.5 clock 
cycles). When restarting the clocks, care must be 
taken to ensure that the minimum clock pulse width is 
not violated. 

Bt461 

The resetting of the Bt461 to an eight clock cycle 
pipeline delay also resets the blink counter circuitry. 
If the Bt461 is periodically reset (i.e .• every vertical 
sync interval), the on-chip blink counter will not 
function correctly. In this instance, the blink mask 
register should be $00 and the overlay blink enable 
bits a logical zero. Blinking may be done under 
software control via the read mask register and 
overlay display enable bits. 

In standard operation, the B t461 need be reset only 
following a power-up or reset condition. Under these 
circumstances the on-chip blink circuitry may be 
used. 

Monochrome Display Applications 

For monochrome display applications where a single 
Bt461 is being used, it is recommended that the Bt438 
Clock Generator Chip be used to generate the clock 
and load signals. It supports the 3:1, 4:1, and 5:1 
input multiplexing of the Bt461, and will also 
optionally set the pipeline delay of the Bt461 to 
seven clock cycles. The Bt438 may also be used to 
interface the Bt461 to a TTL clock. Figure 6 illustrates 
using the Bt438 with the Bt461. 

In applications using a single Bt461, the PLL output 
is ignored and should be connected to GND (either 
directly or through a resistor up to 150 ohms). 

+5V 

.- ~----------~ t+5V 

,. ~$ 
cuxx~------------~~cuxx 

330 ~ *' .., 
MONlI'OR 
PROIlucrs 

!1111! 

r ~~ 
a.ocK'~-------+------~a.ocK' 

Bt438 330 ~ 

lDA.t-----------------i lD' 
VM 

A o.l"f' 
~~--~--~~Ay~--~~ 

lK 

Bt461 

Figure 6. Genemting the Bt461 Clock Signals (Monochrome Application). 
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Application Information (continued) 

Color Display Applications 

For color display applications where up to four 
Bt461s are being used, it is recommended that the 
Bt439 Clock Generator Chip be used to generate the 
clock and load signals. It supports the 3:1, 4:1, and 
5:1 input multiplexing of the Bt461, synchronizes 
them to sub-pixel resolution, and will also optionally 
set the pipeline delay of the Bt461 to eight clock 
cycles. The Bt439 may also be used to interface the 
Bt461 to a TIL clock. Figure 7 illustrates using the 
Bt439 with the Bt461. 

1 I. 
MONITOR 

PRODUcrs 

970R 

+SV +sv r .sv 

f FROM 
BT461 

330 

Sub-pixel synchronization is supported via the PLL 
output. Essentially, PLL provides a signal to indicate 
the amount of analog output delay of the Bt461, 
relative to CLOCK. The Bt439 compares the phase of 
the PLL signals generated by up to four Bt461s, and 
adjusts the phase of the CWCK and CWCK* signals 
to each Bt461 to minimize the PLL phase difference. 

If sub-pixel synchronization of mUltiple Bt461s is 
not necessary, the Bt438 Clock Generator Chip may 
be used instead of the Bt439. In this instance, the 
CLOCK, CLOCK*, and LD* inputs of up to four 

~ ~ 4 ... .. ... 

nl.£+U,l:!J me t,;UiU1Cl;LCU LUg'CUlCi, GUU Ul1VCU uy 4 :'U'i;J.C 

Bt438 (with distributed branch termination on each 
clock). The VREF inputs of the Bt461s must still be 
isolated by lK-ohm resistors, as shown in Figure 7, 
and have a 0.1 I1F bypass capacitor to V AA. The 
designer must take care to minimize skew on the 
CWCK and CWCK* lines. The PLL outputs would 
not be used and should be connected to GND (either 
directly or through a resistor up to 150 ohms). 

I'LLO R2 I'LL 

CLOCKO -e-- a.ocK 

a.DCKO· @- a.DCK' 

W' 
VAA 8t461 

O.l""f 
A 

#1 
'IV VREF 

lK 

I'LL! R2 I'LL 

CLOCKI €)--- a.DCK 

anCK1· €)--- a.DCK' 

W' 
VAA 8t461 

8t439 -::c- #2 AA O.l'f 

V VRBF 

lK 

I'LL2 R2 I'LL 

CLOCK2 -e-- a.DCK 

a..oCK2· -@- a.DCK' 

ill W' 
VAA 8t461 

o.if #3 
VREF AA VREF 'V 

lK 

Figure 7. Generating the Bt461 Clock Signals (Color Application). 

5 - 154 



Application Information (continued) 

Initializing the Bt461 (Monochrome) 

Following a power-on sequence, the Bt461 must be 
initialized. This sequence will configure the Bt461 as 
follows: 

4:1 multiplexed operation 
no overlays 
no pixel masking, no blinking, no panning 
color data written/read every cycle 
sync enabled on lOUT, 7.5 IRE blanking pedestal 

Control Register Initialization 

Write $01 to address register low 
Write $02 to address register high 
Write $40 to command register 0 
Write $02 to address register low 
Write $00 to command register 1 
Write $03 to address register low 
Write $eO to command register 2 
Write $04 to address register low 
Write $FF to pixel read mask low 
Write $05 to address register low 
Write $03 to pixel read mask high 
Write $06 to address register low 
Write $00 to pixel blink mask low 
Write $07 to address register low 
Write $00 to pixel blink mask high 
Write $08 to address register low 
Write $00 to overlay read mask 
Write $09 to address register low 
Write $00 to overlay blink mask 

Color Palette RAM Initialization 

Cl, CO 

00 
01 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 

Write $00 to address register low 00 
Write $00 to address register high 01 
Write data to RAM (location $000) 11 
Write data to RAM (location $001) 11 

Write data to RA¥ (location $3FF) 11 
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O~erlay Color Palette Initialization 

Write $00 to address register low 00 
Write $01 to address register high 01 
Write data to overlay (location $00) 10 
Write data to overlay (location $01) 10 

Write data to overlay (location $IF) 10 

Alternate Color Palette Initialization 

Write $00 to address register low 00 
Write $00 to address register high 01 
Write data to alternate (location $00) 10 
Write data to alternate (location $01) 10 

Write data to alternate (location $FF) 10 

Initializing the Bt461 (Color) 
24·bit MPU Data Bus 

In this example, three Bt461s are being used in 
parallel to generate true color. A 24-bit MPU data bus 
is available for accessing all three Bt461s in parallel. 

The operation and initialization is the same as for the 
Bt461 being used in a monochrome application. 

• 
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Application Information (continued) 

Initializing the Bt461 (Color) 
8·bit MPU Data Bus 

In this example, three Bt461s are being used in 
parallel to generate true color. An 8-bit MPU data bus 
is available for accessing the Bt461s. 

Note that while accessing the command, read mask, 
blink mask, and control/test, and address register, 
each Bt461 must be accessed individually. While 
accessing the color palette RAM, alternate RAM, or 
overlay registers, all three Bt461s may be accessed 
sImultaneously. 

Following a power-on sequence, the Bt461s must be 
initialized. This sequence will configure the B t461s 
as follows: 

4:1 multiplexed operation 
no overlays 
no blinking, no panning 
initialize each Bt461 as a red, green, or blue device 
z.yllc un all uuipuis, i.j :iRE bia.niUnS pcUebUU 

Control Register Initialization 

Red Bt461 

Write $01 to address register low 
Write $02 to address register high 
Write $40 to command register 0 
Write $02 to address register low 
Write $00 to command register 1 
Write $03 to address register low 
Write $00 to command register 2 
Write $04 to address register low 
Write $FF to pixel read mask low 
Write $05 to address register low 
Write $03 to pixel read mask high 
Write $06 to address register low 
Write $00 to pixel blink mask low 
Write $07 to address register low 
Write $00 to pixel blink mask high 
Write $08 to address register low 
Write $00 to overlay read mask 
Write $09 to address register low 
Write $00 to overlay blink mask 

Cl, CO 

00 
01 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 

5 - 156 

Green Bt461 

Write $01 to address register low 
Write $02 to address register high 
Write $40 to command register 0 
Write $02 to address register low 
Write $00 to command register 1 
Write $03 to address register low 
Write $00 to command register 2 
Write $04 to address register low 
Write $FF to pixel read mask low 
Write $05 to address register low .. .. .... 
"Ino 'l)\J~ W ,lJlAOl .IGiIU Jlum>.a.. 111511 

Write $06 to address register low 
Write $00 to pixel blink mask low 
Write $07 to address register low 
Write $00 to pixel blink mask high 
Write $08 to address register low 
Write $00 to overlay read mask 
Write $09 to address register low 
Write $00 to overlay blink mask 

Write $01 to address register low 
Write $02 to address register high 
Write $40 to command register 0 
Write $02 to address register low 
Write $00 to command register 1 
Write $03 to address register low 
Write $FO to command register 2 
Write $04 to address register low 
Write $FF to pixel read mask low 
Write $05 to address register low 
Write $03 to pixel read mask high 
Write $06 to address register low 
Write $00 to pixel blink mask low 
Write $07 to address register low 
Write $00 to pixel blink mask high 
Write $08 to address register low 
Write $00 to overlay read mask 
Write $09 to address register low 
Write $00 to overlay blink mask 

00 
01 
10 
00 
10 
00 
10 
00 
10 
00 

00 
10 
00 
10 
00 
10 
00 
10 

00 
01 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 
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Application Information (continued) 

Color Palette RAM Initialization 

Write $00 to all three address low registers 00 
Write $00 to all three address high registers 01 
Write red data to RAM (location $000) 11 
Write green data to RAM (location $000) 11 
Write blue data to RAM (location $000) 11 
Write red data to RAM (location $(01) 11 
Write green data to RAM (location $(01) 11 
Write blue data to RAM (location $(01) 11 

Write red data to RAM (location $3FF) 
Write green data to RAM (location $3FF) 
Write blue data to RAM (location $3FF) 

Alternate Color Palette Initialization 

11 
11 
11 

Write $00 to all three address low registers 00 
Write $00 to all three address high registers 01 
Write red data to alternate (location $(0) 10 
Write green data to alternate (location $(0) 10 
Write blue data to alternate (location $(0) 10 
Write red data to alternate (location $01) 10 
Write green data to alternate (location $01) 10 
Write blue data to alternate (location $01) 10 

Write red data to alternate (location $FF) 10 
Write green data to alternate (location $FF) 10 
Write blue data to alternate (location $FF) 10 
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Overlay Color Palette Initialization 

Write $00 to all three address low registers 00 
Write $01 to all three address high registers 00 
Write red data to overlay (location $(0) 10 
Write green data to overlay (location $(0) 10 
Write blue data to overlay (location $(0) 10 
Write red data to overlay (location $01) 10 
Write green data to overlay (location $01) 10 
Write blue data to overlay (location $01) 10 

Write red data to overlay (location $IF) 10 
Write green data to overlay (location $IF) 10 
Write blue data to overlay (location $IF) 10 

• 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA 0 +70 ·C. 
Output Load RL 37.5 OIuns 
Reference Voltage VREF 1.20 1.235 1.26 Volts 
FS ADJUST Resistor RSEr 523 OIuns 

Absolute Maximum Ratings 

rararneLer O)ymool Min lyp Max unlls 

V AA (measured to GND) 7.0 Volts 

Voltage on any Digital Pin GND-0.5 VAA + 0.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·C. 
Junction Temperature TJ + 175 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds, 1/4" from pin) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

lOUT Analog Output 
Resolution 8 8 8 Bits 
Accuracy 

Integral Linearity Error IL ±1 LSB 
Differential Linearity Error IL ±1 LSB 

Gray Scale Error ±5 % Gray Scale 
Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
(except CLOCK, CLOCK*) 
Input High Voltage vrn 2.0 VAA+0.5 Volts 
Input Low Voltage VIL GND-O.5 0.8 Volts 
Input High Current (Vin = 2.4v) IIH 1 J.IA 
Input Low Current (Vin = O.4v) IlL - 1 J.IA 
Input Capacitance CIN 4 10 pF 

(f = 1 MHz, Vin = 2.4v) • 
Clock Inputs (CLOCK, CLOCK*) 

Input High Voltage VKlH VAA-1.0 VAA + 0.5 Volts 
Input Low Voltage VKIL GND-O.5 VAA-1.6 Volts 
Input High Current (Vin = 4.Ov) IKIH 1 J.IA 
Input Low Current (Vin = 0.4v) IKIL -1 J.IA 
Input Capacitance CKlN 4 10 pF 

(f = 1 MHz, Vin = 4.Ov) 

Digital Outputs (DO - D7) 
Output High Voltage VOO: 2.4 Volts 

(IOH = -400 11A) 
Output Low Voltage VOL 0.4 Volts 

(IOL = 3.2 rnA) 
3-state Current IOZ 10 J.IA 
Output Capacitance COOUf 10 pF 

See test conditions on next page. 
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D.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

lOUT Analog Output lOUT 
Output Current 

White Level Relative to Blank 17.69 19.05 20.40 rnA 
White Level Relative to Black 16.74 17.62 18.50 rnA 
Black Level Relative to Blank 

SETUP = 7.5 IRE 0.95 1.44 1.90 rnA 
SETUP = o IRE 0 5 50 ~ 

Blank Level 6.29 7.62 8.96 rnA 
Sync Level 0 5 50 ~ 
LSB Size 69.1 llA 

Output Compliance VOC - 1.0 + 1.2 Volts 
Output Impedance RAOUT 50 Kohms 
Output Capacitance CAOUT 13 20 pF 

(f = 1 MHz, lOUT = 0 mAl 

PLL Analog Output PI.L 
Output Current 

SYNC*/BLANK* = 0 6.00 7.62 9.00 rnA 
SYNC*/BLANK* = 1 0 5 50 ~ 

Output Compliance - 1.0 + 2.5 Volts 
Output Impedance 50 Kohms 
Output Capacitance 15 pF 

(f= 1 MHz,PLL=OmA) 

Voltage Reference Input Current IREF 10 ~ 

Power Supply Rejection Ratio PSRR 0.5 %I%~VAA 
(COMP = 0.1 !J.F, f = 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 ohms, 
VREF = 1.235v. SETUP = 7.5 IRE. As the above parameters are guaranteed over the full temperature range, 
temperature coefficients are not specified or required. 
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A.C. Characteristics 

170 MHz Devices 135 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 170 135 MHz 
lD*Rate LOmax 42.5 45 MHz 

RIW, CO, C1 SebJp Time 1 0 0 ns 
RIW, CO, C1 Hold Time 2 15 15 ns 

CE*LowTime 3 50 50 ns 
CE* High Time 4 25 25 ns 
CE* Asserted to Data Bus Driven 5 10 10 ns 
CE* Asserted to Data Valid 6 75 75 ns 
CE* Negated to Data Bus 3-Stated 7 15 15 ns 

Write Data Setup Time 8 35 35 ns 
Write Data Hold Time 9 0 0 ns • 
Pixel and Control SebJp Time 10 3 3 ns 
Pixel and Control Hold Time 11 2 2 ns 

Clock Cycle Time 12 5.88 7.4 ns 
Clock Pulse Width High Time 13 2 3.2 ns 
Clock Pulse Width Low Time 14 2 3.2 ns 

LD* Cycle Time 15 23.5 22.2 ns 
LD* Pulse Width High Time 16 8 8 ns 
LD* Pulse Width Low Time 17 8 8 ns 

Analog Output Delay 18 12 12 ns 
Analog Output RiseIFall Time 19 2 2 ns 
Analog Output Setding Time 20 6 8 ns 
Clock and Data Feedthrough* tbd tbd dB 
Glitch Impulse* 50 50 pV - sec 

Pipeline Delay 6 10 6 10 Clocks 

V AA Supply Current** IAA 400 tbd 360 400 rnA 

See test conditions on next page. 
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A.C. Characteristics (continued) 

11 0 MHz Devices 80 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 110 80 MHz 
LD* Rate LOmax 36.7 26.7 MHz 

R/W. CO, Cl Setup Time 1 0 0 ns 
R/W, CO. Cl Hold Time 2 15 15 ns 

CR* l.ow Time 1 ~O 'i0 ns 
CE* High Time 4 25 25 ns 
CE* Asserted to Data Bus Driven 5 10 10 ns 
CE* Asserted to Data Valid 6 75 100 ns 
CE* Negated to Data Bus 3-Stated 7 15 15 ns 

Write Data Setup Time 8 35 50 ns 
Write Data Hold Time 9 0 0 ns 

Pixel and Control Setup Time 10 3 4 ns 
Pixel and Control Hold Time 11 2 2 ns 

Clock Cycle Time 12 9.09 12.5 ns 
Clock Pulse Width High Time 13 4 5 ns 
Clock Pulse Width Low Time 14 4 5 ns 

LD* Cycle Time 15 27.27 37.5 ns 
LD* Pulse Width High Time 16 10 12 ns 
LD* Pulse Width Low Time 17 10 12 ns 

Analog Output Delay 18 12 12 ns 
Analog Output Rise/Fall Time 19 2 3 ns 
Analog Output Settling Time 20 8 12 ns 
Clock and Data Feedthrough* tbd tbd dB 
Glitch Impulse* 50 50 pV -sec 

Pipeline Delay 6 10 6 10 Clocks 

V AA Supply Current** IAA 340 380 310 340 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 ohms, VREF = 
1.235v. TTL input values are 0 to 3 volts, with input rise/fall times:>; 3 ns, measured between the 10% and 90% points. 
ECL input values are V AA - 0.8 to V AA - 1.8 volts, with input rise/fall times:>; 2 ns, measured between the 20% and 80% 
points. Timing reference points at 50% for inputs and outputs. Analog output load:>; 10 pF, DO - D7 output load:>; 40 pF. 
See timing notes in Figure 9. As the above parameters are guaranteed over the full temperature range, temperature 
coefficients are not specified or required. 

"Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, 
the TTL digital inputs have a lk-ohm resistor to GND and are driven by 74HC logic. Settling time does not include clock 
and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth = 2x clock rate. 

**atFmax. IAA (typ) at VAA = 5.Ov, TA = 20° C. IAA (max) atV AA= 5.25v, TA = 0° C. 
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Timing Waveforms 

RIW, co, Cl 

DO - D7 (READ) 

DO - D7 (WRlfB) 

PO-PI {A-HI, ALT{A-Hl 
OLO-OU{A-El, 
SYN~. BLANK· 

lOUT, P1L 

Note 1: 

Note 2: 

Note 3: 

I 1 
-2-. 

VALID 

3 

4 1--
6 

I 

s r :=:j 1/ DATAOIIT(R/W.l) 

" 

f DATAIN(RIW=O) 

8 
r --2-

Figure 8. MPU Read/Write Timing. 

16 17 

DATA 

10 

11 18 

19 

12 

a.OCK 

14 

Output delay time measured from 50% point of the rising clock edge to 50% point of full 
scale transition. 

Output settling time measured from 50% point of full scale transition to output settling 
within ± 1 LSB. 

Output rise/fall time measured between 10% and 90% points of full scale transition, 

Figure 9. Video Input/Output Timing. 
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Ordering Information 

Model Number Speed 

Bt461KG170 170 MHz 

Bt461KG135 135 MHz 

D.A£1Vr'111{\ 111\ ,,6U_ 

Bt461KG80 80 MHz 

Device Circuit Data 

Bt461 

VAA 

00·D7 

SYNC· BLANK" T-ISPP 

Package 

132-pin Ceramic 
PGA 

132-pin Ceramic 
PGA 

1'11") _!_ f"'I .... _ ......... ! .... 

PGA 

132-pin Ceramic 
PGA 

lOUT 

RL 

Ambient 
Temperature 

Range 

O· to +70· C. 

00 to +700 C. 

no ...... .,no r 

00 to +700 C. 

C(""Y' load) 

Figure 10. Equivalent Circuit of the Current Output. 
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Advance Information 

This document contains information on a product \DIder development. The 
parametric information are target parameters and are subject to change. 

Distinguishing Features 

• 200, 170 MHz Operation 
• 8: 1 Multiplexed Pixel Ports 
• 256 x 24 Color Palette RAM 
• 16 x 24 Overlay Color Palette 

Pixel Panning Support 
• On-Chip User-Defmable Cursor 
• RS-343A Compatible Outputs 

Programmable Setup (0 or 7.5 IRE) 
• X-windows Support for Overlays/Cursor 
• Standard MPU Interface 
• 144-pin PGA Package 
• +5v CMOS Monolithic Construction 

Functional Block Diagram 

a.oat" CLOCK VAA GND 

LO" --+-.,-..j 

po.P7 
(A-II) 

01.0-01.3 
(A-II) 

OLB(A-II) 

SYNC" 

BLANK' 

CI' R/W CD CI 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
LA6800l Rev. A 

Applications 

• High Resolution Color Graphics 
" CAE/CAD/CAM Applications 
" Image Processing 
" Video Reconstruction 

Related Products 

" Bt438, Bt439 

PS ADJUST VRIlI' 

L_-!/l-t-coMP 

lOR 

lOG 

lOB 

I'LL 

!SYNC 

DO·D7 
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Bt468 
200 MHz 

Monolithic CMOS 

256 x 24 Color Palette 

RAMDAC™ 

Product Description 

The Bt468 triple 8-bit RAMDAC is designed 
specifically for high performance, high 
resolution color graphics. The mUltiple 
pixel ports and internal multiplexing 
enables TIL compatible interfacing to the 
frame buffer, while maintaining the 200 MHz 
video data rates required for sophisticated 
color graphics. 

On chip features include a 256 x 24 color 
palette RAM, 16 x 24 overlay color palette 
RAM, bit plane masking and blinking, 
programmable setup (0 or 7.5 IRE), and pixel 
panning support. 

Overlay and cursor information may 
optionally be enabled on a pixel-by-pixel 
basis for X-windows support. 

The Bt468 has an on-chip three-color 64 x 
64 pixel cursor and a three-color full screen 
(or full window) cross hair cursor. 

The PLL current output enables the 
synchronization of multiple devices with 
sub-pixel resolution. The ISYNC current 
output enables separate sync generation for 
those monitors requiring separate sync. 

The Bt468 generates RS-343A compatible 
red, green, and blue video signals, and is 
capable of driving doubly-terminated 
50-ohm or 75-ohm coax directly, without 
requiring external buffering. The differential 
and integral linearity errors of the D/ A 
converters are guaranteed to be a maximum of 
± 1 LSB over the full temperature range. 
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Distinguishing Features 

• Personal System/2® Compatible 
• 80, 66, 50, 35 MHz Operation 
• Triple 6-bit or 8-bit D/ A Converters 
• 256 Word Color Palette RAM 
• RS-343A/RS-170 Compatible Outputs 
• 15 Overlay Registers (Bt471/478) 
• Sync on all Three Channels (Bt471/478) 
• Programmable Pedestal (Bt471/478) 
• External Voltage or Current Reference 
• Standard MPU Interface 
• +5v CMOS Monolithic Construction 
• 44-pin PLCC or 28-pin DIP Package 

Functional Block Diagram 

VAA OND 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
lA78001 Rev. M 

DO·m 

Applications 

• High Resolution Color Graphics 
• CAE/CAD/CAM Applications 
• Image Processing 
• Instrumentation 
• Desktop Publishing 

Related Products 

• Bt473, Bt479 

IRIlP VRBF 

RD- WR- RIO RBI RS2 
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Bt471 Bt476 
Bt478 

80 MHz 

256 Color Palette 

Personal Systeml2@ 

RAMDAC™ 

Product Description 

The Bt471/476/478 are pin-compatible and 
software-compatible RAMDACs designed 
specifically for Personal System/2® 
compatible color graphics. The Bt476 is 
also available in a 28-pin DIP package that 
is pin compatible with the IMSG176. 

The Bt471 has a 256 x 18 color lookup table 
with triple 6-bit video D/A converters. The 
Bt478 has a 256 x 24 color lookup table 
with triple 8-bit video D/A converters. It 
may be configured for either 6-bit or 8-bit 
D/A converter operation. The Bt476 is 
similar to the Bt471, but has no overlays or 
sync information on the analog outputs. 

Additional features on the Bt471 and Bt478 
include 15 overlay registers to provide for 
overlaying cursors, grids, menus, EGA 
emulation, etc. Also supported is sync 
generation on all three channels, a 
programmable pedestal (0 or 7.5 IRE), and 
use of either an external voltage or current 
reference. 

The Bt471/476/478 generates RS-343A 
compatible video signals into a 
doubly-terminated 75-ohm load, and RS-170 
compatible video signals into a 
singly-terminated 75-ohm load, without 
requiring external buffering. 

®Personal Systern/2 and PS/2 are registered 
trademarks of mM. 

• 



Bt471/476/478 

Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt471/476/478 supports a standard MPU bus 
interface, allowing the MPU direct access to the color 
palette RAM and overlay color registers. 

The RSO - RS2 select inputs specify whether the MPU 
is accessing the address register, color palette RAM, 
overlay registers, or read mask register, as shown in 
Table 1. The 8-bit address register is used to address 
thp l'.nlnr nalp.ttp. RAM anil overlay registers. 

eliminating -the requirement for exte~al ~ddress 
multiplexers. ADDRO corresponds to DO and is the 
least significant bit. 

Writing Color Palette RAM Data 

To write color data, the MPU writes the address 
register (RAM write mode) with the address of the 
color palette RAM location to be modified. The MPU 
performs three successive write cycles (6 or 8 bits 
each of red, green, and blue), using RSO - RS2 to 
select the color palette RAM. After the blue write 
cycle, the three bytes of color information are 
concatenated into a 24-bit word (18-bit word for the 
Bt471/476) and written to the location specified by 
the address register. The address register then 
increments to the next location which the MPU may 
modify by simply writing another sequence of red, 
green, and blue data. A block of color values in 
consecutive locations may be written to by writing 
the start address and performing continuous R,O,B 
write cycles until the entire block has been written. 

RS2 RSI RSO 

0 0 0 
0 I I 
0 0 I 
0 1 0 

1 0 0 
1 1 1 
1 0 1 
1 1 0 

BroddreeQO 

Reading Color Palette RAM Data 

To read color palette RAM data, the MPU loads the 
address register (RAM read mode) with the address of 
the color palette RAM location to be read. The 
contents of the color palette RAM at the specified 
address are copied into the ROB registers and the 
address register is incremented to the next RAM 
location. The MPU performs three successive read 
cycles (6 or 8 bits each of red, green, and blue), using 
RSO - RS2 to select the color palette RAM. Following 
the blue read cycle, the contents of the color palette 
RAM at the address specified by the address register 
are copied into the ROB registers and the address 
register again increments. A block of color values in 
consecutive locations may be read by writing the start 
address and performing continuous R,O,B read cycles 
until the entire block has been read. 

Writing Overlay Color Data 

To write overlay color data, the MPU writes the 
address register (overlay write mode) with the address 
of the overlay location to be modified. The MPU 
performs three successive write cycles (6 or 8 bits 
each of red, green, and blue), using RSO - RS2 to 
select the overlay registers. After the blue write cycle, 
the three bytes of color information are concatenated 
into a 24-bit word (18-bit word for the Bt471/476) 
and written to the overlay location specified by the 
address register. The address register then increments 
to the next location which the MPU may modify by 
simply writing another sequence of red, green, and 
blue data. A block of color values in consecutive 
locations may be written to by writing the start 
address and performing continuous R,O,B write cycles 
until the entire block has been written. 

Addressed by MPU 

address register (RAM write mode) 
address register (RAM read mode) 

color palette RAM 
pixel read mask register 

address register (overlay write mode) 
address register (overlay read mode) 

overlay registers 
reserved 

Table I, Control Input Truth Table. 
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Circuit Description (continued) 

Reading Overlay Color Data 

To read overlay color data. the MPU loads the address 
register (overlay read mode) with the address of the 
overlay location to be read. The contents of the 
overlay register at the specified address are copied 
into the ROB registers and the address register is 
incremented to the next overlay location. The MPU 
perfonns three successive read cycles (6 or 8 bits each 
of red, green, and blue), using RSO - RS2 to select the 
overlay registers. Following the blue read cycle, the 
contents of the overlay location at the address 
specified by the address register are copied into the 
ROB registers and the address register again 
increments. A block of color values in consecutive 
locations may be read by writing the start address and 
perfonning continuous R,O,B read cycles until the 
entire block has been read. 

Additional In/ormation 

When accessing the color palette RAM, the address 
register resets to $00 following a blue read or write 
cycle to RAM location $FF. While accessing the 
overlay color registers, the four most significant bits 
of the address register (ADDR4 - 7) are ignored. 

Value RS2 

ADDRa, b (counts modulo 3) 00 
01 
10 

ADDRO - 7 (counts binary) $00 - $FF 0 
xxxx 0000 1 
xxxxOOOI 1 

: : 
xxxx 1111 1 

Bt471/476/478 

The MPU interface operates asynchronously to the 
pixel clock. Data transfers between the color palette 
RAM/overlay registers and the color registers (R, 0, 
and B in the block diagram) are synchronized by 
internal logic, and occur in the period between MPU 
accesses. Occasional accesses to the color palette 
RAM can be made without noticable disturbance on 
the display screen; however, operations requiring 
frequent access to the color palette (i.e. block fills of 
the color palette) should be done during the blanking 
interval. 

To keep track of the red, green, and blue read/write 
cycles, the address register has two additional bits 
(ADDRa, ADDRb) that count modulo three, as shown 
in Table 2. They are reset to zero when the MPU 
writes to the address register, and are not reset to zero 
when the MPU reads the address register. The MPU 
does not have access to these bits. The other eight 
bits of the address register, incremented following a 
blue read or write cycle, (ADDRO - 7) are accessible to 
the MPU, and are used to address color palette RAM 
locations and overlay registers, as shown in Table 2. 
The MPU may read the address register at any time 
without modifying its contents or the existing 
read/write mode. 

RSI RSO Addressed by MPU 

red value 
green value 
blue value 

0 1 color palette RAM 
0 1 reserved 
0 1 overlay color 1 
: : : 
0 1 overlay color 15 

Table 2. Address Register (ADDR) Operation. 
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Bt471/476/478 

Circuit Description (continued) 

Bt4711476 Data Bus Interface 

Color data is contained on the lower six bits of the 
data bus, with DO being the LSB and 05 the MSB of 
color data. When writing color data, 06 and 07 are 
ignored. Ouring color read cycles, 06 and 07 will be a 
logical zero. 

Bt478 Data Bus Interface 

On the Bt478, the 8/6* control input is used to 
o:necifv whether the MPU is readine and writine 8-bits 
(8/6* = logical one) or 6-bits (8/6* = logical zero) of 
color information each cycle. 

For 8-bit operation, DO is the LSB and 07 is the MSB 
of color data. 

For 6-bit operation (and also when using the 
Bt471/476), color data is contained on the lower six 
bits of the data bus, with DO being the LSB and 05 the 
MSB of color data. When writing color data, 06 and 
07 are ignored. During color read cycles, 06 and 07 
will be a logical zero. 

Note that in the 6-bit mode, the Bt478's full scale 
output current will be about 1.5% lower than when in 
the 8-bit mode. This is due to the 2 LSBs of each 8-bit 
OAC always being a logical zero in the 6-bit mode. 

OLO-OL3 PO-P? 

$0 $00 
$0 $01 
: : 

$0 $FF 
$1 $xx 
: $xx 

$F $xx 

Frame Buffer Interface 

The PO - P? and OLO - 0L3 inputs are used to address 
the color palette RAM and overlay registers, as shown 
in Table 3. The contents of the pixel read mask 
register, which may be accessed by the MPU at any 
time, are bit-wise logically ANDed with the PO - P7 
inputs. Bit 00 of the pixel read mask register 
corresponds to pixel input PO. The addressed location 
provides 24 bits (18 bits for the Bt471/476) of color 
information to the three O/A converters. 

The SYNC· and HLANK" mputs, alSO latcnea on me 
rising edge of CLOCK to maintain synchronization 
with the color data, add appropriately weighted 
currents to the analog outputs, producing the specific 
output levels required for video applications, as 
illustrated in Figures 1 and 2. Tables 4 and 5 detail 
how the SYNC* and BLANK* inputs modify the 
output levels. 

The SETUP input is used to specify whether a 0 IRE 
tSETUP = GNu) or 7.5 IRE (SETUF = V AA) bianking 
pedestal is to be used. Note that the Bt476 generates 
only a 0 IRE blanking pedestal (Figure 2). 

The analog outputs of the Bt471/476/478 are capable 
of directly driving a 37.5-ohm load, such as a 
doubly-terminated 75-ohm coaxial cable. 

Addressed by frame buffer 

color palette RAM location $00 
color palette RAM location $01 

: 
color palette RAM location $FF 

overlay color 1 
: 

overlay color 15 

Table 3. Pixel and Overlay Control Truth Table. 
(Pixel Read Mask Register = $FF) 
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Broddree~ Bt471/476/478 

Circuit Description (continued) 

BT471/471 BT471/471 

WIOSYNC wrm 
SYNC 

).fA V ).fA V 

19.05 0.714 '»61 1.000 ""T"--~~----------=--- WHIT1I LBVBL 

1,44 0.054 9.05 CI.34O +------+------1'--------- BlACK LBVBL 

0.00 0.000 7.62 Cl.286 +-----~-r_,_~--------B~UNa 

401RB 

0.00 0.000 
~ _______ L_~ _________ SYNCLBVBL 

Note: 75-ohm doubly-terminated load, SETUP = V AA. VREF = 1.235v, RSET = 147 ohms. RS-343A levels and 
tolerances assumed on all levels. 

Figure 1. Composite Video Output Waveforms (SETUP = VAA). 

Bt471/478 

Description lout SYNC· BLANK· DAC 
(rnA) Input Data 

WHlI'E 26.67 1 1 $FF 
DATA data + 9.05 1 1 data 
DATA-SYNC data + 1.44 0 1 data 
BLACK 9.05 1 1 $00 
BLACK-SYNC 1.44 0 1 $00 
BlANK 7.62 1 0 $xx 
SYNC 0 0 0 $xx 

Note: 75-ohm doubly-tenninated load, SETUP = V AA. VREF = 1.235v, RSET = 147 ohms. 

Table 4. Video Output Truth Table (SETUP = VAA). 
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Bt471/476/478 

Circuit Description (continued) 

BT476 OR BT471/478 
BT471/478 wrrn 
W,oSYNC SYNC 

MA V MA V 

17m. 0JiIII) 25.:M Q.!l50 

Im_~ r 
WHmI LBVEL 

0.00 0.000 7.6Z 0.2116 

Ion 
\ / JlLACJr/BLANX LIlVEL 

II SYNC LIlVEL 0.00 0.000 0.00 0.000 

Nuie: i5-oiun cioubiy-tenninated iollll, ShfUI' = GND. VREF = 1.235v. RSET = 147 ohms. RS-343A levels and 
tolerances assumed on all levels. 

Figure 2. Composite Video Output Waveforms (SETUP = GND). 

Bt476 Bt471/478 

Description lout lout SYNC· BLANK· DAC 
(rnA) (rnA) Input Data 

WHITE 17.62 25.24 1 1 $FF 
DATA data data + 7.62 1 1 data 
DATA-SYNC data data 0 1 data 
BLACK 0 7.62 1 1 $00 
BLACK-SYNC 0 0 0 1 $00 
BLANK 0 7.62 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: 75-ohm doubly-terminated losd. SETUP = GND. VREF = 1.235v. RSET = 147 ohms. 

Table 5. Video Output Truth Table (SETUP = GND). 
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Bt471/476/478 

Pin Descriptions 

Pin Name 

BLANK" 

SErUP 

SYNC" 

CLOCK 

PO-P7 

OLO-OL3 

IREF 

Description 

Composite blank control input (TfL compatible). A logic zero drives the analog outputs to the 
blanking level, as illustrated in Tables 4 and 5. It is latched on the rising edge of CLOCK. When 
BLANK" is a logical zero, the pixel and overlay inputs are ignored. 

Setup control input. Used to specify either a 0 IRE (SETUP = GND) or 7.5 IRE (SETUP = V AA) 
blanking pedestal. 

Composite sync control input (TfL compatible). A logical zero on this input switches off a 40 
IRE current source on the analog outputs (see Figures 1 and 2). SYNC" does not override any 
other control or data input, as shown in Tables 4 and 5; therefore, it should be asserted only 
during the blanking interval. It is latched on the rising edge of CLOCK. If sync information is 
not to be generated on the analog outputs, this pin should be connected to GND. 

Clock input (TfL compatible). The rising edge of CLOCK latches the PO - P7, OLO - OL3, 
SYNC", and BLANK" inputs. It is typically the pixel clock rate of the video system. It is 
recommended that CLOCK by driven by a dedicated TTL buffer. 

Pixel select inputs (TfL compatible). These inputs specify, on a pixel basis, which one of the 
256 entries in the color palette RAM is to be used to provide color information. They are 
latched on the rising edge of CLOCK. PO is the LSB. Unused inputs should be connected to 
GND. 

Overlay select inputs (TfL compatible). These inputs specify which palette is to be used to 
provide color information, as illustrated in Table 3. When accessing the overlay palette, the PO 
- P7 inputs are ignored. They are latched on the rising edge of CLOCK. OLO is the LSB. Unused 
inputs should be connected to GND. 

Full scale adjust control. Note that the IRE relationships in Figures 1 and 2 are maintained, 
regardless of the full scale output current. 

When using an external voltage reference (Figure 3), a resistor (RSET) connected between this 
pin and GND controls the magnitude of the full scale video signal. The relationship between 
RSET and the full scale output current on each output is: 

RSET (ohms) = K .. 1,000 .. VREF (v) I lout (rnA) 

K is defmed in the table below for doubly-terminated 75-ohm loads. It is recommended that a 
147-<>hm RSET resistor be used. 

When using an external current reference (Figures 4 and 5), the relationship between IREF and 
the full scale output current on each output is: 

IREF (mA) = lout (mA) I K 

Part Mode Pedestal K 

Bt478 6-bit 7.5 IRE 3.170 
8-bit 7.5 IRE 3.195 
6-bit o IRE 3.000 
8-bit o IRE 3.025 

Bt471 (6-bit) 7.5 IRE 3.170 
o IRE 3.000 

Bt476 (6-bit) o IRE 2.100 
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Bt471/476/478 

Pin Descriptions (continued) 

Pin Name 

lOR,loo, 
lOB 

COMP 

VREF 

OPA 

VM 

GND 

WR* 

RD* 

RSO, RS1, RS2 

DO-D7 

8/6* 

Description 

Red, green, and blue current outputs. These high impedance current sources are capable of 
directly driving a doubly-terminated 75-ohm coaxial cable (Figures 3 and 4). 

Compensation pin. If an external voltage reference is used (Figure 3), this pin should be 
connected to OPA. If an external current reference is used (Figure 4), this pin should be 
connected to lREF. A 0.1 J.lF ceramic capacitor must always be used to bypass this pin to VAA. 
The COMP capacitor must be as close to the device as possible to keep lead lengths to an 
absolute minimum. 

Volta~e reference input. If an external voltage reference is used (Figure 3), it must supply this 
input with a 1.2v (typical) reference. If an external current reference is used (Figure 4), this pin 
should be left floating, except for the bypass capacitor. A 0.1 J.lF ceramic capacitor must always 
be used to decouple this input to V AA, as shown in Figures 3 and 4. The decoupling capacitor 
must be as close to the device as possible to keep lead lengths to an absolute minimum. 

Reference amplifier output. If an external voltage reference is used (Figure 3), this pin must be 
connected to COMPo When using an external current reference (Figure 4), this pin should be left 
floating. 

Analog power. All V AA pins must be connected. 

Analog ground. All GND pins must be connected. 

Write control input (TTL compatible). DO - D7 data is latched on the rising edge of WR*, and 
RSO - RS2 are latched on the falling edge of WR * during MPU write operations. 

Read control input (TTL compatible). To read data from the device, RD* must be a logical zero. 
RSO - RS2 are latched on the falling edge of RD* during MPU read operations. 

Register select inputs (TTL compatible). RSO - RS2 specify the type of read or write operation 
being performed, as illustrated in Tables 1 and 2. 

Data bus (TTL compatible). Data is transferred into and out of the device over this eight bit 
bidirectional data bus. DO is the least significant bit. 

8-bit/6-bit select input (TTL compatible). This bit specifies whether the MPU is reading and 
writing 8-bits (logical one) or 6-bits (logical zero) of color information each cycle. For 8-bit 
operation, D7 is the most significant data bit during color read/write cycles. For 6-bit 
operation, D5 is the most significant data bit during color read/write cycles (D6 and D7 are 
ignored during color write cycles and a logical zero during color read cycles). Note: this pin 
should be connected to GND when using the Bt476. 
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Bt471/476/478 

Pin Descriptions (continued) -- 44-Pin Plastic J-Lead (PLCC) 

Ii: If l5! it s:: Ii! 5: i ~ ~ ~ Ii: If l5! it s:: Ii! 5: i ~ ~ ~ 
~ ~ I:; ~ ;111;1:1 I'l ;:: lit 111 ~ ~ Ii; ~ ;I 11\ f;l f;\ ;:: {ill III 

a.OCK !REP CLOCK 28 !REF 

OLD lOB aND 1:1 lOB 

OLi 100 GND 2fi 100 

01.2 lOR GND ~ lOR 

OLl Bt471/478 GND GND Bt476 )I GND 

N/C SE1llP N/C .23 GND 

(N/C) 8/6' VAA GND VAA 
GND VAA GND VAA 
VAA VAA VAA VAA 

SYNC· RS2 GND i9 GND 

RD' RSI RD' 11 RSI 

"'" ... '0\ g = t: !l !i ~ ~ t:; .... .. ~~:::~~~~ ~ t4 

! 8 Q a IS is is inq~ to 8 Q a IS is is is B ~ ~ 
~ 
'" 

Names in parentheses are pin names for the Bt471. 
N/C pins may be left unconnected without affecting the performance of the Bt471/476/478. 

Pin Descriptions -- 2S-Pin DIP 

lOR vee 
100 RSI 

lOB RSO 

!REP WR' 

PO D7 

PI D6 

P2 05 

P3 D4 

P4 03 

P5 02 

P6 DI 

P7 DO 

CLOCK BLANK' 

GND RD' 
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Bt471/476/478 

PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Bt471/476/478 power and ground lines by 
shielding the digital inputs and providing good 
decoupling. The lead length between groups of V AA 
and aND pins should be minimized so as to minimize 
inductive ringing. 

Ground Planes 

The ground plane should encompass all 
Bt471/476/478 ground pins, current/voltage 
reference circuitry, power supply bypass circuitry for 
the Bt471/476/478, the analog output traces, and all 
the digital signal traces leading up to the 
Bt471/476/478. 

Power Planes 

The Bt471/476/478 and any associated analog 
circuitry should have its own power plane, referred to 
as the analog power plane. This power plane should 
be connected to the regular PCB power plane (VCC) at 
a single point through a ferrite bead, as illustrated in 
Figures 3, 4, and 5. This bead should be located within 
three inches of the Bt471/476/478. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all Bt471/476/478 
power pins and current/voltage reference circuitry. 

Plane-to-plane noise coupling can be reduced by 
ensuring that portions of the regular PCB power and 
ground planes do not overlay portions of the analog 
power plane, unless they can be arranged such that the 
plane-to-plane noise is common mode. 

Supply Decoupling 

For optimum performance, bypass capacitors should 
be installed using the shortest leads possible, 
consistent with reliable operation, to reduce the lead 
inductance. 
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Best performance is obtained with a 0.1 ILF ceramic 
capacitor decoupling each of the two groups of V AA 
pins to aND. These capacitors should be placed as 
close as possible to the device. 

It is important to note that while the Bt471/476/478 
contains circuitry to reject power supply noise, this 
rejection decreases with frequency. If a 
high-frequency switching power supply is used, the 
designer should pay close attention to reducing power 
supply noise and consider using a three terminal 
voltage regulator for supplying power to the analog 
power plane. 

Digital Signal Interconnect 

The digital inputs to the Bt471/476/478 should be 
isolated as much as possible from the analog outputs 
and other analog circuitry. Also, these input signals 
should not overlay the analog power plane. 

Due to the high clock rates involved, long clock lines 
to the Bt471/476/478 should be avoided to reduce 
noise pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power plane 
(VeC), and not the analog power plane. 

Analog Signal Interconnect 

The Bt471/476/478 should be located as close as 
possible to the output connectors to minimize noise 
pickup and reflections due to impedance mismatch. 

The video output signals should overlay the ground 
plane, and not the analog power plane, to maximize 
the high frequency power supply rejection. 

For maximum performance, the analog outputs should 
each have a 75-ohm load resistor connected to aND. 
The connection between the current output and aND 
should be as close as possible to the Bt471/476/478 
to minimize reflections. 



Bt471/476/478 

PC Board Layout Considerations (continued) 44-Pin Plastic J-Lead (PLCC) 

VAA~ ________ AN_~ ___ ro~~ ___ ~ __ ~ ______ ... 

~ 
COM!' --+ ='- CZ-C3 = = C5 :> R4 

OPA - r-

L1 

.., ____ JTl ~'Tl..._III!r_--- +sv(VCC) 

~r------+----~~---' 

8t471/4761478 
r,;~Zl =i= Cl 

I~r----~--r-t--------
TO 

roor------~-t----------- YmBO 

CONNBCTOR 

lOB r---------------i----------

Location Description Vendor Part Nmnber 

CI-CS 0_1 IJ.F ceramic capacitor Erie RPEl12Z5U104M50V 
C6 10 IJ.F tantalum capacitor Mallory CSR13GI06KM 
Ll ferrite bead Fair-Rite 2743001111 

Rl, R2, R3 75-ohm 1% metal film resistor Dale CMF-55C 
R4 lk-ohm 5% resistor 

RSEr 147-ohm 1% metal film resistor Dale CMF-55C 
ZI 1.2v voltage reference National Semiconductor LM385BZ-l_2 

Note: The above listed vendor numbers are listed only as a guide_ Substitution of devices with similar 
characteristics will not affect the performance of the Bt471/476/478_ 

Figure 3. Typical Connection Diagram and Parts List. 
(External Voltage Reference) 
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Bt471/476/478 

PC Board Layout Considerations (continued) -- 44-Pin Plastic J-Lead (PLCC) 

Bt471/476/478 

Location 

CI-CS 
C6 
C7 
C8 
L1 

Rl, R2, R3 
ZI 

RSEI' 

RSET = 1.22/1RBP 

L1 

~--.JfYYY\'--tI"'-c.I - + sv (Vee) 

~ .. ___ ~_~~~~~ _____ .. _____ .. _... GROillID 

RI R2 R3 

lOR 1-_____ -1--1------
TO 

1001------__ -1------ VIDEO 
CONNECTOR 

IOBI-------_~~-----

Description Vendor Part Number 

0.1 J.lF ceramic capacitor Erie RPE112Z5U104MSOV 
10 IlF tantalum capacitor Mallory CSR13GI06KM 

47 IlF capacitor Mallory CSR13F476KM 
1 IlF capacitor Mallory CSR13G10SKM 

ferrite bead Fair-Rite 2743001111 
7S-ohm 1 % metal film resistor Dale CMF-SSC 

adjustable regulator National Semiconductor LM337LZ 
1 % metal film resistor Dale CMF-SSC 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt4711476/478. 

Figure 4. Typical Connection Diagram and Parts List. 
(External Current Reference) 
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Bt471/476/478 

PC Board Layout Considerations (continued) 28-Pin DIP 

VM~~ ...... ~.~ ... ro.~ .. ~KMm .......... ... 

Bt476 ~P'C4 
(28-plo DIP) = F C.C3 

IREP I"V---oH-----. RSBT.l.22/IRBF 

l ~A vour ADJ 

Ll 

..... _J NVV'\T .. ,rT1_""""I~"" • 5V(VCC) 

Location 

C1-C4 
CS 
C6 
C7 
L1 

R1, R2, R3 
Zl 

RSEf 

=:!:cs =~Cl 

~ V:=f v: 
mm~ ...... ~ .. ~ .. ~~~ .................... ~ .... G~ 

I~r----~-~-r_-------

roor------~-r_-------

IOBr-------__ -----

Description 

0.1 JIF ceramic capacitor 
10 JIF capacitor 
47 JIF ca,pacilOr 
1 I1F capacitor 

ferrite bead 
7S·ohm 1% metal film. resistor 

adjuslable regulalOr 
1 % metal film. resistor 

TO 

VIDEO 
CONNBCIOR 

Vendor Part Nwnber 

Erie RPE112Z5U104MSOV 
Mallory CSR13G106KM 
Mallory CSR13F476KM 
Mallory CSR13G10SKM 
Fair·Rite 2743001111 
Dale CMF·SSC 
National SemiconduclOr LM337l.Z 
Dale CMF-SSC 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the perfonnance of the Bt476. 

Figure S. Typical Connection Diagram and Parts List. 
(External Current Reference) 
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Bt471/476/478 

Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 
80, 66 MHz Parts 4.75 5.00 5.25 Volts 
50, 35 MHz Parts 4.5 5.00 5.5 Volts 

Ambient Operating Temperature TA 0 +70 °C. 
Output Load RL 37.5 Ohms 
Voltage Reference Configuration 

Reference Voltage VREF 1.14 1.235 1.26 Volts 
Current Reference Configuration 

IREF Current IREF 
". 1 non ........... "- ~ o ~" ." -, 
PS/2 Compatible -3 - 8.88 -10 rnA 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 Volts 

Voltage on any Digital Pin GND-O.5 VAA+0.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 °C. 
Storage Temperature TS - 65 + 150 °C. 
Junction Temperature TJ + 150 °C. 

Soldering Temperature TSOL 260 °C. 
(5 seconds, 1/4" from pin) 

Vapor Phase Soldering TVSOL 220 °C. 
(1 minute) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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Bt471/476/478 

D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 
Bt478 8 8 8 Bits 
Bt471/476 6 6 6 Bits 

Accuracy (each DAC) 
Integral Linearity Error lL 

Bt478 ±1 LSB 
Bt476 ±1/2 LSB 
Bt471 ± 1/4 LSB 

Differential Linearity Error IL 
Bt478 ±1 LSB 
Bt476 ±1/2 LSB 
Bt471 ± 1/4 LSB 

Gray Scale Error ±S % GrayScale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs • Input High Voltage VlH 2.0 VAA + O.S Volts 
Input Low Voltage VlL GND-O.S 0.8 Volts 
Input High Current (Vin = 2.4v) llH 1 j.IA 
Input Low Current (Vin = O.4v) IlL - 1 j.IA 
Input Capacitance CIN 7 pF 

(f = 1 MHz, Vin = 2.4v) 

Digital Outputs 
Output High Voltage VOO: 2.4 Volts 

(IOH = -400 ~) 
Output Low Voltage VOL 0.4 Volts 

(IOL = 3.2 rnA) 
3-State Current IOl SO j.IA 
Output Capacitance COOUT 7 pF 

See test conditions on next page. 

S - 181 



Bt471/476/478 Broddree® 
D.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Gray Scale Current Range 20 rnA 
Output Current (Standard RS-343A) 

White Level Relative to Black* 16.74 17.62 18.50 rnA 
Black Level Relative to Blank 

Bt471/478 
SETUP=VAA 0.95 1.44 1.90 rnA 
SETUP = GND 0 5 50 IlA 

Bt476 0 0 0 IlA 
Blank Level 

Ht471/478 6.29 7.62 8.96 rnA 
Bt476 0 5 50 IlA 

Sync Level (Bt471/478 only) 0 5 50 IlA 
LSB Size 

Bt478 (8/6* = logical one) 69.1 IlA 
Bt471/476 279.68 IlA 

DAC to DAC Matching 2 5 % 
Output Compliance Va::: - 1.0 + 1.5 Volts 
Output Impedance RAOUT 10 Kohms 
Output Capacitance CAOUT 30 pF 

(f= 1 MHz, lOUT = OmA) 

Voltage Reference Input Current IVREF 10 IlA 

Power Supply Rejection Ratio PSRR 0.5 %/%!NAA 
(COMP = 0.1 J.LF', f = 1 KHz) 

Test conditions to generate RS-343A standard video signals (unless otherwise specified): "Recommended 
Operating Conditions" using external voltage reference with RSET = 147 ohms, VREF = 1.235v, SETUP = V AA, 
8/6* = logical one. For 28-pin DIP version of the Bt476, IREF = -8.39 rnA. As the above parameters are 
guaranteed over the full temperature range, temperature coefficients are not specified or required. 

*Since the Bt471 and Bt476 have 6-bit DACs (and the Bt478 in the 6-bit mode), the output levels are 
approximately 1.5% lower than these values. 

Analog Output Levels -- PS/2 Compatibility 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Output Current 

White Level Relative to Black 18.00 18.65 20.00 rnA 
Black Level Relative to Blank 

Bt471/478 
SETUP=VAA 1.01 1.51 2.0 rnA 
SETUP=GND 0 5 50 IlA 

Bt476 0 5 50 IlA 
Blank Level 

Bt471/478 6.6 8 9.4 rnA 
Bt476 0 5 50 IlA 

Sync Level (Bt471/478 only) 0 5 50 IlA 

Test conditions to generate PS/2 compatible video signals (unless otherwise specified): "Recommended 
Operating Conditions" using external voltage reference with RSET = 140 ohms, VREF = 1.235v, SETUP = VAA, 
8/6* = logical one. For 28-pin DIP version of the Bt476, IREF = -8.88 mAo 
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Broddreefl Bt471/476/478 

A.C. Characteristics 

80 MHz Devices 66 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 80 66 MHz 

RSO - RS2 Setup Time 1 10 10 ns 
RSO - RS2 Hold Time 2 10 10 ns 

RD* Asserted to Data Bus Driven 3 5 5 ns 
RD* Asserted to Data Valid 4 40 40 ns 
RD* Negated to Data Bus 3-Stated 5 20 20 ns 
Read Data Hold lime 6 5 5 ns 

Write Data Setup Time 7 10 10 ns 
Write Data Hold Time 8 10 10 ns 

RD*. WR * Pulse Width Low 9 50 50 ns • RD*. WR* Pulse Width High 10 4*p13 4*p13 ns 

Pixel and Control Setup Time 11 3 3 ns 
Pixel and Control Hold Time 12 3 3 ns 

Clock Cycle Time (P13) 13 12.5 15.15 ns 
Clock Pulse Width High Time 14 4 5 ns 
Clock Pulse Width Low Time 15 4 5 ns 

Analog Output Delay 16 30 30 ns 
Analog Output Rise/Fall Time 17 3 3 ns 
Analog Output Settling Time* 18 13 13 ns 
Clock and Data Feedthrough* - 30 -30 dB 
Glitch Impulse* 75 75 pV - sec 
DAC to DAC Crosstalk - 23 -23 dB 
Analog Output Skew 2 2 ns 

Pipeline Delay 4 4 4 4 4 4 Clocks 

V AA Supply Current** IAA 180 220 180 220 rnA 

See test conditions on next page. 
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Bt471/476/478 

A.C. Characteristics (continued) 

50 MHz Devices 35 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 50 35 MHz 

RSO - RS2 Semp Time 1 10 10 ns 
RSO - RS2 Hold Time 2 10 10 ns 

RD· Asserted to Data Bus Driven 3 5 5 ns 
Rn. A.oerted tn nata Valid 4 40 40 ns 

RD'" Negated to Data Bus 3-Stated 5 20 20 ns 
Resd Data Hold Tune 6 5 5 ns 

Write Data Semp Time 7 10 10 ns 
Write Data Hold Tune 8 10 10 ns 

RD., WR'" Pulse Width Low 9 50 50 ns 
RD·, WR· Pulse Width High 10 4*p13 4*p13 ns 

Pixel and Control Semp Time 11 3 3 ns 
Pixel and Control Hold Time 12 3 3 ns 

Clock Cycle Time (P13) 13 20 28 ns 
Clock Pulse Width High Time 14 6 7 ns 
Clock Pulse Width Low Time 15 6 9 ns 

Analog ,Output Delay 16 30 30 ns 
Analog Output Rise/Fall Time 17 3 3 ns 
Analog Output Setding Time* 18 20 28 ns 
Clock and Data Feedthrough· -30 -30 dB 
Glitch Impulse. 75 75 pV - sec 
DAC to DAC Crosstalk -23 -23 dB 
Analog Output Skew 2 2 ns 

Pipeline Delay 4 4 4 4 4 4 Clocks 

Average V AA Supply Current"'· IAA 180 220 180 220 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" using external voltage reference 
with RSET = 147 ohms, VREF = 1.235v, SETUP = VAA, 8/6* = logical one. For 28-pin DIP version of the Bt476, IREF 
= -8.39 mAo TTL input values are 0 to 3 volts, with input rise/fall times S 3 ns, measured between the 10% and 90% 
points. Timing reference points at 50% for inputs and outputs. Analog output load S 10 pF, DO - D7 output load S 50 pF. 
See timing notes in Figure 7. As the above parameters are guaranteed over the full temperature range, temperature 
coefficients are not specified or required. 

"'Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, 
the digital inputs have a lk-ohm resistor to ground and are driven by 74HC logic. Setding time does not include clock 
and data feedthrough. Glitch impulse includes clock and data feedthrough. -3 dB test bandwidth = 2x clock rate. 

·*at Fmax. IAA (typ) at V AA = 5.Ov. IAA (max) at V AA (max). 
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Timing Waveforms 

RSo, RSl, RSl 

DO· D7 (Rl!AD) 

DO· D7 (WRIl1!) 

Figure 6. MPU Read/Write Timing. 

lOR, lOG, lOB 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale 1ransition, 

Note 2: Settling time measured from the 50% point of full scale 1ransition to the output remaining 
within ± 1 LSB (Bt478). ± 1/4 LSB (Bt471). or ± 1/2 LSB (Bt476), 

Note 3: Output rise/fBll time measured between the 10% and 90% points of full scale 1ransition. 

Figure 7. Video Input/Output Timing, 
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Bt471/476/478 

Ordering Information 

Color Overlay Sync Ambient 
Model Number Palette Palette Generation Speed Package Temperature 

RAM Range 

Bt471KPI80 256 x 18 15 x 18 yes 80 MHz 44-pin Plastic O· to +70· C. 
I-Lead 

Bt471KPI66 256 x 18 15 x 18 yes 66 MHz 44-pin Plastic O· to +70· C. 
I-Lead 

..... ~-~ ................. '" --- -- .- .. .. - - .... - .. -. .- --- -

.LI1.,.'J,.J.'-.l.l.JV "'..IV A .LO .1J A .LO Y'" JV1YIOL. ...."'t-pUl ClCU!oLl" V WT/V \,.,. 

I-Lead 

Bt471KPJ35 256 x 18 15 x 18 yes 35 MHz 44-pin Plastic O· to +70· C. 
I-Lead 

Bt476KPI66 256 x 18 - no 66 MHz 44-pin Plastic O· to +70· C. 
I-Lead 

Bt476KPI50 256 x 18 - no 50 MHz 44-pin Plastic O· to +70· C. 
I-Lead 

Bt476KPI35 256 x 18 - no 35 MHz 44-pin Plastic O· to +70· C. 
I-Lead 

Bt476KP66 256 x 18 - no 66 MHz 28-pin 0.6" O· to +70· C. 
Plastic DIP 

Bt476KP50 256 x 18 - no 50 MHz 28-pin 0.6" O· to +70·C. 
Plastic DIP 

Bt476KP35 256 x 18 - no 35 MHz 28-pin 0.6" O· to +70· C. 
Plastic DIP 

Bt478KPI80 256 x 24 15 x 24 yes 80 MHz 44-pin Plastic O· to +70· C. 
I-Lead 

Bt478KPI66 256 x 24 15 x 24 yes 66 MHz 44-pin Plastic O· to +70· C. 
J-Lead 

Bt478KPJ50 256x24 15 x 24 yes 50 MHz 44-pin Plastic O· to +70· C. 
I-Lead 

Bt478KPJ35 256 x 24 15 x 24 yes 35 MHz 44-pin Plastic O· to +70· C. 
J-Lead 
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Preliminary Information 

This document contains information on a new product. The parametric 
information, although not fully characterized, is the result of testing 
initial devices. 

Distinguishing Features Applications 

• Bt471!478 Software Compatible • High Resolution Color Graphics 
• 80, 66, 50, 35 MHz Operation • CAE/CAD/CAM Applications 
• Triple 8-bit D/A Converters • Image Processing 
• Three 256 x 8 Color Palette RAMs • Instrumentation 
• Three 15 x 8 Overlay Registers • Desktop Publishing 

RS-343A/RS-170 Compatible Outputs 
• Sync on all Three Channels 
• Programmable Pedestal (0 or 7.5lRB) 
• On-Chip Voltage Reference 
• Standard MPU Interface 
• +5v CMOS Monolithic Construction 
• 68-pin PLCC Package 
• Typical Power Dissipation: 900 m W 

Functional Block Diagram 

VAA OND VRBP our IRBP VRBP 

a.ocJ< 

RO-R7 

00-07 
L 

BO-B7 A 
T so. 91 C 
H 

SYNC" 

1lLO-
0L3 

BLANK' 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
lA73001 Rev. E 

CPA 

COMP 

JIlIl 

lOG 

lOB 

COO-CR3 
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Bt473 
80 MHz 

Monolithic CMOS 

Triple 8-Bit 

True-Color RAMDAC™ 

Product Description 

The Bt473 true-color RAMDAC is designed 
specifically for true-color computer 
graphics. It has three 256 x 8 color lookup 
tables with triple 8-bit video D/ A converters 
to support 24-bit true-color operation. In 
addition, 8-bit pseudo-color 8-hlt true color, 
and 15-bit true color operations are 
supported. 

Features include a programmable pedestal (0 
or 7.5 IRE) and optional on-chip voltage 
reference. 15 overlay registers provide for 
overlaying cursors, grids, menus, EGA 
emulation, etc. Also supported is a pixel 
read mask register and sync generation on all 
three channels. 

Either an external current reference, an 
external voltage reference, or the internal 
voltage reference may be used. 

The Bt473 generates RS-343A compatible 
video signals into a doubly-terminated 
75-ohm load, and RS-170 compatible video 
signals into a singly-terminated 75-ohm 
load, without requiring external buffering. 
Differential and integral linearity errors are 
guaranteed to be a maximum of ± 1 LSB over 
the full temperature range. 

• 



Bt473 

Circuit Description 

MPU Inter/ace 

AB illustrated in the functional block diagram. the 
Bt473 supports a standard MPU bus interface. 
allowing the MPU direct access to the color palette 
RAM and overlay color registers. 

The RSO - RS2 select inputs specify whether the MPU 
is accessing the address register. color palette RAM. 
overlay registers. or read mask register. as shown in 
Table 1. The 8-bit address register is used to address 
the color palette RAM and overlay registers. 
G~i.I1.iJla. .. iU5 ..11';:; U;"lUilGIUGUL lUI t;;ALGU1Al iluun.bD 

multiplexers. ADDRO corresponds to DO and is the 
least significant bit. 

Writing Color Palette RAM Data 

To write color data, the MPU writes the address 
register (RAM write mode) with the address of the 
color palette RAM location to be modified. The MPU 
performs three successive write cycles (8 bits each of 
red. green, and blue). using RSO - RS2 to select the 
color palette RAM. After the blue write cycle. the 
three bytes of color information are concatenated into 
a 24-bit word and written to the location specified by 
the address register. The address register then 
increments to the next location which the MPU may 
modify by simply writing another sequence of red. 
green. and blue data. A block of color values in 
consecutive locations may be written to by writing 
the start address and performing continuous R.O.B 
write cycles until the entire block has been written. 

Reading Color Palette RAM Data 

To read color palette RAM data, the MPU loads the 
address register (RAM read mode) with the address of 
the color palette RAM location to be read. The 
contents of the color palette RAM at the specified 

RS2 RSI RSO 

0 0 0 
0 1 1 
0 0 1 
0 1 0 

1 0 0 
1 1 1 
1 0 1 
1 1 0 

address are copied into the ROB registers and the 
address register is incremented to the next RAM 
location. The MPU performs three successive read 
cycles (8 bits each of red, green, and blue). using RSO 
- RS2 to select the color palette RAM. Following the 
blue read cycle. the contents of the color palette RAM 
at the address specified by the address register are 
copied into the ROB registers and the address register 
again increments. A block of color values in 
consecutive locations may be read by writing the start 
address and performing continuous R.O.B read cycles 
until the entire block has been read. 

Writing Overlay Color Data 

To write overlay color data, the MPU writes the 
address register (overlay write mode) with the address 
of the overlay location to be modified. The MPU 
performs three successive write cycles (8 bits each of 
red. green. and blue). using RSO - RS2 to select the 
overlay registers. After the blue write cycle. the three 
bytes of color information are concatenated into a 
24-bit word and written to the overlay location 
specified by the address register. The address register 
then increments to the next location which the MPU 
may modify by simply writing another sequence of 
red, green, and blue data. A block of color values in 
consecutive locations may be written to by writing 
the start address and performing continuous R.O.B 
write cycles until the entire block has been written. 

Reading Overlay Color Data 

To read overlay color data, the MPU loads the address 
register (overlay read mode) with the address of the 
overlay location to be read. The contents of the 
overlay register at the specified address are copied 
into the ROB registers and the address register is 
incremented to the next overlay location. The MPU 
performs three successive read cycles (8 bits each of 

Addressed by MPU 

address register (RAM write mode) 
address register (RAM read mode) 

color palette RAMs 
pixel read mask register 

address register (overlay write mode) 
address register (overlay read mode) 

overlay registers 
command register 

Table 1. Control Input Truth Table. 
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Circuit Description (continued) 

red, green, and blue), using RSO - RS2 to select the 
overlay registers. Following the blue read cycle, the 
contents of the overlay location at the address 
specified by the address register are copied into the 
ROB registers and the address register again 
increments. A block of color values in consecutive 
locations may be read by writing the start address and 
performing continuous R,O,B read cycles until the 
entire block has been read. 

Additional Information 

When accessing the color palette RAM, the address 
register resets to $00 following a blue read or write 
cycle to RAM location $FF. While accessing the 
overlay color registers, the four most significant bits 
of the address register (ADDR4 - 7) are ignored. 

The MPU interface operates asynchronously to the 
pixel clock. Data transfers between the color palette 
RAM/overlay registers and the color registers (R, 0, 
and B in the block diagram) are synchronized by 
internal logic, and occur in the period between MPU 
accesses. Occasional accesses to the color palette 
RAM can be made without noticable disturbance on 
the display screen; however, operations requiring 
frequent access to the color palette (i.e. block fills of 
the color palette) should be done during the blanking 
interval. 

To keep track of the red, green, and blue read/write 
cycles, the address register has two additional bits 
(ADDRa, ADDRb) that count modulo three, as shown 
in Table 2. They are reset to zero when the MPU 
writes to the address register, and are not reset to zero 
when the MPU reads the address register. The MPU 
does not have access to these bits. The other eight 

Value RS2 

ADDRa, b (counts modulo 3) 00 x 
01 x 
10 x 

ADDRO -7 (counts binary) $00 - $FF 0 
xxxx 0000 1 
xxxx 0001 1 

: : 
xxxx 1111 1 

Bt473 

bits of the address register, incremented following a 
blue read or write cycle, (ADDRO - 7) are accessible to 
the MPU, and are used to address color palette RAM 
locations and overlay registers, as shown in Table 2. 
The MPU may read the address register at any time 
without modifying its contents or the existing 
read/write mode. 

8-Bit I 6-Bit Operation 

The command register specifies whether the MPU is 
reading and writing 8 bits or 6 bits of color 
information each cycle. 

For 8-bit operation, DO is the LSB and D7 is the MSB 
of color data. 

For 6-bit operation, color data is contained on the 
lower six bits of the data bus, with DO being the LSB 
and D5 the MSB of color data. When writing color 
data, D6 and D7 are ignored. During color read cycles, 
D6 and D7 will be a logical zero. Note that in the 
6-bit mode, the Bt473's full scale output current will 
be about 1.5% lower than when in the 8-bit mode. 
Tbis is due to the 2 LSBs of each 8-bit DAC always 
being a logical zero in the 6-bit mode. 

Color Modes 

Four color modes are supported by the Bt473: 24-bit 
true-color, 15-bit true-color, 8-bit true-color, and 
8-bit pseudo-color. The mode of operation is 
determined by the SO and SI inputs, in conjunction 
with CR7 and CR6 of the command register. SO and 
S 1 are pipelined to maintain synchronization with the 
RO - R7, 00 - 07, BO - B7, and OLO - 01.3 pixel and 
overlay data inputs. 

Table 3 lists the modes of operation. 

RSI RSO Addressed by MPU 

0 1 red value 
0 1 green value 
0 1 blue value 

0 1 color palette RAMs 
0 1 reserved 
0 1 overlay color 1 
: : : 
0 1 overlay color 15 

Table 2. Address Register (ADDR) Operation. 
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Circuit Description (continued) 

OL3-0LO SI, so CR7, CR6 Mode R7-RO G7-GO B7 -BO 

1111 xx xx overlay color 15 $xx $xx $xx 
: : : : : : : 

0001 xx xx overlay color 1 $xx $xx $xx 

0000 00 00 24-bit true-color R7-RO G7-GO B7 -BO 
""' ...... n. -- -- .... ~ . -- -- -- -- -- --vvvv vv V. ~""-U1L U uC;-,",U.lU.l "'" - AV V/-UV ill -.au 

0000 00 10 24-bit true-color R7-RO G7-GO B7 -BO 
0000 00 11 reserved reserved reserved reserved 

0000 01 00 24-bit true-color bypass R7-RO G7-GO B7 -BO 
0000 01 01 24-bit true-color bypass R7-RO G7-GO B7 -BO 
0000 01 10 24-bit true-color bypass R7-RO G7-GO B7 -BO 
0000 01 11 reserved reserved reserved reserved 

0000 10 00 8-bit pseudo-color (red) P7 - PO ignored ignored 
0000 10 01 8-bit pseudo-color (green) ignored P7 -PO ignored 
0000 10 10 8-bit pseudo-color (blue) ignored ignored P7 -PO 
0000 10 11 reserved reserved reserved reserved 

0000 11 00 8-bit true-color bypass (red) rrrgggbb ignored ignored 
0000 11 01 8-bit true-color bypass (green) ignored rrrgggbb ignored 
0000 11 10 8-bit true-color bypass (blue) ignored ignored rrrgggbb 
0000 11 11 IS-bit true color Orrrrrgg gggbbbbb ignored 

Table 3. Color Operation Modes. 

RSO, RSI, RS2 =:=>< VALID )(~ ______________________________________________ __ 

\ / 
DO-D7(READ) ---------------------« DATA OUT (RD' = 0) )>-------

DO - D7 (WRITE) ________________________ -.Jx DATA IN (WR' = 0) )('------

Figure 1. MPU Read/Write Timing. 
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Circuit Description (continued) 

24-Bit True-Color Mode 

24 bits of ROB color information may be input into 
the Bt473 every clock cycle. The 24 bits of pixel 
information are input via the RO - R7, GO - 07, and BO 
- B7 inputs. RO - R7 address the red color palette 
RAM, 00 - 07 address the green color palette RAM, 
and BO - B7 address the blue color palette RAM. Each 
RAM provides eight bits of color information to the 
corresponding D/A converter. The pixel read mask 
register is used in this mode. 

24-Bit True-Color Bypass Mode 

24 bits of pixel information may be input into the 
Bt473 every clock cycle. The 24 bits of pixel 
information are input via the RO - R7, GO - 07, and BO 
- B7 inputs. RO - R7 drive the red DAC directly, 00-
07 drive the green DAC directly, and BO - B7 drive the 
blue DAC directly. The color palette RAMs and pixel 
read mask register are bypassed. 

8-Bit Pseudo-Color Mode 

8 bits of pixel information may be input into the 
Bt473 every clock cycle. The 8 bits of pixel 
information (PO - P7) are input via the RO - R7, GO -
07 or BO - B7 inputs, as specified by CR7 and CR6. 
All three color palette RAMs are addressed by the 
same eight bits of pixel data (PO - P7). Each RAM 
provides eight bits of color information to the 
corresponding D/A converter. The pixel read mask 
register is used in this mode. 

8-Bit True-Color Mode 

8 bits of pixel information may be input into the 
Bt473 every clock cycle. The 8 bits of pixel 
information are input via the RO - R7, GO - 07 or BO -
B7 inputs, as specified by CR7 and CR6: 

RO-R7 GO-07 BO-B7 Input 
Inputs Inputs Inputs Format 

Selected Selected Selected 

R7 07 B7 R7 
R6 G6 B6 R6 
R5 OS B5 R5 
R4 G4 B4 07 
R3 G3 B3 G6 
R2 02 B2 05 
Rl G1 Bl B7 
RO GO BO B6 
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As seen in the table, three bits of red, three bits of 
green, and two bits of blue data are input. The three 
MSBs of the red and green DACs are driven directly by 
the inputs, while the two MSBs of the blue DAC are 
driven directly. The five LSBs for the red and green 
DACs, and the six LSBs for the blue DAC, are a 
logical zero. The color palette RAMs and pixel read 
mask register are bypassed. 

IS-Bit True-Color Mode 

15 bits of pixel information may be input into the 
Bt473 every clock cycle. The 15 bits of pixel 
information (5 bits of red, 5 bits of green, and 5 bits 
of blue) are input via the RO - R7 and 00 - 07 inputs: 

Pixel Input 
Inputs Format 

R7 0 
R6 R7 
R5 R6 
R4 R5 
R3 R4 
R2 R3 
R1 07 
RO G6 

G7 05 
06 G4 
05 G3 
G4 B7 
03 B6 
02 B5 
G1 B4 
GO B3 

The 5 MSBs of the red, green, and blue DACs are 
driven directly by the inputs. The three LSBs are a 
logical zero. The color palette RAMs and pixel read 
mask register are bypassed. 

Overlays 

The overlay inputs, OLO - OL3, have priority 
regardless of the color mode, as shown in Table 3. 
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Circuit Description (continued) 

Pixel Read Mask Register 

The 8-bit pixel read mask register is implemented as 
three 8-bit pixel read mask registers, one each for the 
RO - R7, GO - G7, and BO - B7 inputs. When writing 
to the pixel read mask register, the same data is 
written to all three registers. The read mask registers 
are located just before the color palette RAMs. Thus, 
they are used only in the 24-bit true-color and 8-bit 
pseudo-color modes since these are the only modes 
that use the color palette RAMs. 

1 ne conrelllS 01 me plXel reaa masK reglsrer, WIDen 
may be accessed by the MPU at any time, are bit-wise 
logically ANDed with the 8-bit inputs prior to 
addressing the color palette RAMs. Bit DO of the 
pixel read mask register corresponds to pixel input PO 
(RO, GO, or BO depending on the mode). Bit DO also 
corresponds to data bus bit DO. 

RO·R7. 00·07. 80·87. 
OLO· 01.3. so. SI. DATA 
SYNC·. BLANK" 

lOR, lOG. lOB 

Programmable Setup 

The command register specifies whether a 0 IRE or 7.S 
IRE blanking pedestal is to be used. 

Video Generation 

The SYNC* and BLANK* inputs, also latched on the 
rising edge of CLOCK to maintain synchronization 
with the color data, add appropriately weighted 
currents to the analog outputs, producing the specific 
output levels required for video applications, as 
illustrated in Figures 3 and 4. Tables 4 and S detail 
how the SYNC· and BLANK· inputs modify the 
output levels. 

The analog outputs of the Bt473 are capable of 
directly driving a 37.S-ohm load, such as a 
doubly-terminated 7S-ohm coaxial cable. 

Figure 2. Video Input/Output Timing. 
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Circuit Description (continued) 

MA V 

'1Mi1 1.000 -.----~~--------------------~-------wmmffi~ 

9.05 0.340 BLACK LIlVEL 

7.51RB 
7,1;2 0.286 BLANK lJ!VEL 

401RB 

0.00 0.000 SYNC LBVEL 

Note: 75-ohm doubly-terminated load, SETUP = 7.5 IRE, VREF = 1.235v, RSET = 140 ohms. RS-343A levels and 
tolerances assumed on all levels. 

Figure 3. Composite Video Output Waveforms (SETUP = 7.5 IRE). 

Description lout SYNC" BLANK" DAC 
(mA) Input Data 

WHIlE 26.67 1 1 $FF 
DATA data + 9.05 1 1 data 
DATA-SYNC data + 1.44 0 1 data 
BlACK 9.05 1 1 $00 
BlACK-SYNC 1.44 0 1 $00 
BLANK 7.62 1 0 $xx 
SYNC 0 0 0 $xx 

Note: Typical with full scale lOR, lOG, lOB = 26.67 rnA, SETUP = 7.5 IRE, VREF = 1.235v, RSET = 
140 ohms. 

Table 4. Video Output Truth Table (SETUP 7.5 IRE). 

5 - 193 

• 



Bt473 Broddree~ 

Circuit Description (continued) 

MA V 

25.24 0.950 

I'·E~ r 
WHITB LEVEL 

7.62 0.286 !.~ \ / 
BLACI\IlILANK LEVEL 

I I 0.00 0.000 SYNC LEVEL 

Note: 75-ohm doubly-terminated load, SETUP = 0 IRE, VREF = 1.235v, RSET = 140 ohms. RS-343A levels and 
tolerances assumed on all levels. 

Figure 4. Composite Video Output Waveforms (SETUP o IRE). 

Description lout SYNC" BlANK'" DAC 
(rnA) Input Data 

WHITE 25.24 1 1 $FF 
DATA data + 7.62 1 1 data 
DATA-SYNC data 0 1 data 
BLACK 7.62 l' 1 $00 
BLACK-SYNC 0 0 1 $00 
BlANK 7.62 1 0 $xx 
SYNC 0 0 0 $xx 

Note: Typical with full scale lOR, 100, lOB = 25.24 rnA, SETUP = 0 IRE, VREF = 1.235v, RSET = 140 
ohms. 

Table 5. Video Output Truth Table (SETUP = 0 IRE). 
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Internal Registers 

Command Register 

The command register may be written to or read by the MPU at any time, and is not initialized. CRO is the least 
significant bit and corresponds to 00. 

CR7, CR6 

CRS 

CR4 

CR3 -CRO 

Color mode select 

Setup select 

(0) OIRE 
(I) 7.5 IRE 

8-bit I 6-bit color select 

(0) 6-bit 
(1) 8-bit 

CR3 - CRO outputs 

These bits are used to control the various color modes, 
as shown in Table 3. 

Used to specify either a 0 IRE (logical zero) or 7.5 IRE 
(logical one) blanking pedestal. 

This bit specifies whether the MPU is reading and 
writing 8 bits (logical one) or 6 bits (logical zero) of 
color information each cycle. For 8-bit operation, 07 
is the most significant data bit during color read/write 
cycles. For 6-bit operation, 05 is the most significant 
data bit during color read/write cycles (06 and 07 are 
ignored during color write cycles and a logical zero 
during color read cycles). 

These bits are output onto the CR3 - CRO pins. 
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Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

CLOCK 

RO - R7, 
GO-07, 
BO-B7 

SO, S1 

OLO-OL3 

lOR, lOG, lOB 

IREF 

Description 

Composite blank control input (TIL compatible). A logic zero drives the analog outputs to the 
blanking level, as illustrated in Tables 4 and 5. It is latched on the rising edge of CLOCK. When 
BLANK* is a logical zero, the pixel and overlay inputs are ignored. 

Composite sync control input (TIL compatible). A logical zero on this input switches off a 40 
IRE current source on the analog outputs (see Figures 3 and 4). SYNC* does not override any 
other control or data input, as shown in Tables 4 and 5; therefore, it should be asserted only 
during the blanking interval. It is latched on the rising edge of CLOCK. If sync information is 
not to be generated on the analog outputs, this pin should be connected to GND. 

Clock input (TIL compatible). The rising edge of CLOCK latches the RO - R7, GO - G7, BO - B7, 
SO, S1, OLO - OL3, SYNC*, and BLANK* inputs. It is typically the pixel clock rate of the video 
system. It is recommended that CLOCK by driven by a dedicated TTL buffer. 

Red, green, and blue pixel select inputs (TTL compatible). These inputs specify, on a pixel 
basis, which one of the 256 entries in the red, green, and blue color palette RAMs is to be used 
to provide color information. They are latched on the rising edge of CLOCK. RO, GO, and BO 
are the LSBs. Unused inputs should be connected to GND. 

Color mode select inputs (TIL compatible). These inputs specify the mode of operation as 
shown in Table 3. They are latched on the rising edge of CLOCK. 

Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to 
provide color information, as illustrated in Table 3. When accessing the overlay palette, the RO 
- R7, GO - G7, BO - B7, SO, and S1 inputs are ignored. They are latched on the rising edge of 
CLOCK. OLO is the LSB. Unused inputs should be connected to GND. 

Red, green, and blue current outputs. These high impedance current sources are capable of 
directly driving a doubly-terminated 75-ohm coaxial cable (Figures 5, 6, and 7). 

When using a voltage reference (Figures 5 and 6), a resistor (RSET) connected between this pin 
and GND controls the magnitude of the full scale video signal. The relationship between RSET 
and the full scale output current on each output is: 

for SETUP = 7.5 IRE: RSET (ohms) = 3,195 * VREF (v) / lout (rnA) 

for SETUP = 0 IRE: RSET (ohms) = 3,025 * VREF (v) / lout (rnA) 

When using an external current reference (Figure 7), the relationship between IREF and the full 
scale output current on each output is: 

for SETUP = 7.5 IRE: IREF (rnA) = lout (rnA) /3.195 

for SETUP = 0 IRE: IREF (rnA) = lout (rnA) /3.025 
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Pin Descriptions (continued) 

Pin Name 

COMP 

VREF 

OPA 

VREFour 

VAA 

GND 

WR* 

RD* 

RSO, RS1, RS2 

DO-D1 

CRO-CR3 

Description 

Compensation pin. If an external voltage reference is used (Figures 5 and 6), this pin should be 
connected to OPA. If an external current reference is used (Figure 7), this pin should be 
connected to IREF. A 0.1 ~F ceramic capacitor must always be used to bypass this pin to VAA. 
The COMP capacitor must be as close to the device as possible to keep lead lengths to an 
absolute minimum. 

Voltage reference input. If a voltage reference is used (Figures 5 and 6), it must supply this input 
with a 1.2v (typical) reference. If an external current reference is used (Figure 7), this pin should 
be left floating, except for the bypass capacitor. A 0.1 ~ ceramic capacitor must always be 
used to decouple this input to V AA, as shown in Figures 5, 6, and 7. The decoupling capacitor 
must be as close to the device as possible to keep lead lengths to an absolute minimum. 

Reference amplifier output. If a voltage reference is used (Figures 5 and 6), this pin must be 
connected to COMP. When using an external current reference (Figure 7), this pin should be left 
floating. 

Voltage reference output. This output provides a 1.2v (typical) reference, and may be connected 
directly to the VREF pin. If the on-chip reference is not used, this pin may be left floating. See 
Figures 5 and 6. Up to four Bt473s may be driven by this output. 

Analog power. All VAA pins must be connected. 

Analog ground. All GND pins must be connected. 

Write control input (TTL compatible). DO - 07 data is latched on the rising edge of WR*, and 
RSO - RS2 are latched on the falling edge ofWR* during MPU write operations. See Figure 1. 

Read control input (TTL compatible). To read data from the device, RD* must be a logical zero. 
RSO - RS2 are latched on the falling edge of RD* during MPU read operations. See Figure 1. 

Register select inputs (TTL compatible). RSO - RS2 specify the type of read or write operation 
being performed, as illustrated in Tables 1 and 2. 

Data bus (TTL compatible). Data is transferred into and out of the device over this eight bit 
bidirectional data bus. DO is the least significant bit. 

Control outputs (TTL compatible). These outputs are used to control application-specific 
features. The output values are determined by the command register. 
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Pin Descriptions (continued) 

BO 

B1 

B2 

B4 

B5 

B6 

B7 

VAA 

VAA 

OND 

OND 

so 
51 

BlANK' 

SYNC· 

CLOCK 

~ 
s ~ B ! 6 S a 8 ~ ~ ~ ~ ~ ~ ~ ~ ~ 
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II OND 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Bt473 power and ground lines by shielding the 
digital inputs and providing good decoupling. The 
lead length between groups of V AA and GND pins 
should be minimized so as to minimize inductive 
ringing. 

Ground Planes 

The ground plane should encompass all Bt473 ground 
pins, any voltage reference circuitry, power supply 
bypass circuitry for the Bt473, the analog output 
traces, and all the digital signal traces leading up to 
the Bt473. 

Power Planes 

The Bt473 and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane (VeC) at a single point 
through a ferrite bead, as illustrated in Figures 5, 6, 
and 7. This bead should be located within three inches 
of the Bt473. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all Bt473 power pins 
and any current/Voltage reference circuitry. 

Plane-to-plane noise coupling can be reduced by 
ensuring that portions of the regular PCB power and 
ground planes do not overlay portions of the analog 
power plane, unless they can be arranged such that the 
plane-to-plane noise is common mode. 

Supply Decoupling 

For optimum performance, bypass capacitors should 
be installed using the shortest leads possible, 
consistent with reliable operation, to reduce the lead 
inductance. 
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Best performance is obtained with a 0.1 J1F ceramic 
capacitor decoupling each of the two groups of V AA 
pins to GND. These capacitors should be placed as 
close as possible to the device. 

It is important to note that while the Bt473 contains 
circuitry to reject power supply noise, this rejection 
decreases with frequency. If a high-frequency 
switching power supply is used, the designer should 
pay close attention to reducing power supply noise 
and consider using a three terminal voltage regulator 
for supplying power to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Bt473 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog power plane. 

Due to the high clock rates involved, long clock lines 
to the Bt473 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power plane 
(Vee), and not the analog power plane. 

Analog Signal Interconnect 

The Bt473 should be located as close as possible to 
the output connectors to minimize noise pickup and 
reflections due to impedance mismatch. 

The video output signals should overlay the ground 
plane, and not the analog power plane, to maximize 
the high frequency power supply rejection. 

For maximum performance, the analog outputs should 
each have a 7S-ohm load resistor connected to GND. 
The connection between the current output and GND 
should be as close as possible to the Bt473 to 
minimize reflections. 
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PC Board Layout Considerations (continued) 

ANALOG POWERPLANR 

Bt473 
L1 

C2.C3 cs 1......., .... -_. +5V(VCC) 

VRBFOur~ 
GND 

I I 
GROIJND 

RSIrr~ ~. <><; 
R1 R2 R3 

!REP r-
lOR 

TO 

100 VIDEO 
CONNBCfOR 

lOB 

Location Description Vendor Part Nwnber 

CI-CS 0.1 j1F ceramic capacitor Erie RPEl12Z5UI04MSOV 
C6 1 0 ~F tantalwn capacitor Mallory CSRI3G106KM 
L1 ferrite bead Fair·Rite 2743001111 

Rl, R2, R3 7S·ohm 1% metal film resistor Dale CMF-SSC 
RSET 140-ohm 1% metal fIlm resistor Dale CMF-SSC 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt473. 

Figure s. Typical Connection Diagram and Parts List. 
(Internal Voltage Reference) 
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PC Board Layout Considerations (continued) 

OOMP-< 

OPA-

= i= CZ-C3 =i= C5 

BWn vmw~-----+----~ 

lOR 1------4---+-+------

1001-------4-+------
1081---------+--____ _ 

Location Description 

CI-CS 0-1 JlF ceramic capacitor 
C6 10 I1F tantalum capacitor 
LI ferrite bead 

RI, R2, R3 7S-ohm I % metal film resistor 
R4 lOOO-ohm lk-ohm 1% resistor 

RSET 140-ohm I % metal film resistor 
ZI L2v voltage reference 

Bt473 

L1 

L..o"'P'"-- + 5V (VCC) 

=~ C6 

TO 
VIDHO 

CONNBCfOR 

=r= Cl 

Vendor Part Number 

Erie RPEl12ZSUl04MSOV 
Mallory CSR13G106KM 
Fair-Rite 2743001111 
Dale CMF-SSC 
Dale CMF-SSC 
Dale CMF-SSC 
National Semiconductor LM38SBZ-I_2 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt473. 

Figure 6. Typical Connection Diagram and Parts List. 
(External Voltage Reference) 
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PC Board Layout Considerations (continued) 

8t473 

RSET = 1.22/1RBF , .r--a;-...JrYrn'-tI""'-c-l - +sv(VCC) 

~ .. _ .. _~_~~~~ .. _ ........ ~ .... _ .. _ .. _... aROUND 

TO 
VIDEO 

IOGI-------~--f------
CONNECTOR 

IOBI---_____ -<~-----

Location Description Vendor Part Number 

CI-CS 0.1 I1F ceramic capacitor Erie RPE112Z5U104MSOV 
C6 10 I1F tantalum capacitor Mallory CSR13GI06KM 
C7 47 I1P capacitor Mallory CSR13F476KM 
C8 II1F capacitor Mallory CSR13G10SKM 
L1 ferrite bead Fair-Rite 2743001111 

Rl, R2, R3 7S-ohm 1 % metal film resistor Dale CMF-SSC 
ZI adjustable regulator National Semiconductor LM331LZ 

RSET 1 % metal film resistor Dale CMF-SSC 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will n<.t affect the performance of the Bt413. 

Figure 7. Typical Connection Diagram and Parts List. 
(External Current Reference) 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VM 
80, 66 MHz Parts 4.75 5.00 5.25 Volts 
50, 35 MHz Parts 4.5 5.00 5.5 Volts 

Ambient Operating Temperature TA 0 +70 °C. 
Output Load RL 37.5 Oluns 
Voltage Reference Configuration 

Reference Voltage VREF 1.14 1.235 1.26 Volts 
Current Reference Configuration 

IREF Current IREF 
Standard RS-343A -3 - 8.39 - 10 rnA 
PS/2 Compatible -3 - 8.88 - 10 rnA 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 Volts 

Voltage on any Digital Pin GND-O.5 VAA+0.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 °C. 
Storage Temperature 'IS - 65 + 150 °C. 
Junction Temperature TJ + 150 °C. 

Vapor Phase Soldering TVSOL 220 °C. 
(1 minute) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 8 8 8 Bits 
Accuracy (each DAC) 

Integral Linearity Error IL ±1 LSB 
Differential Linearity Error IL ±1 LSB 
Gray Scale Error 

Using External Reference ±5 % GrayScale 
Using Internal Reference ±10 % Gray Sca1e 

Monotonicity guaranteed 
Coding Binary 

DigitaIlnputs 
Input High Voltage VlH 2.0 VAA+OS Volts 
Input Low Voltage VIL OND-O.S 0.8 Volts 
Input High Current (Vin = 2.4v) ill! 1 ~ 
Input Low Current (Vin = 0.4v) 1IL -1 ~ 
Input Capacitance ClN 7 pF 

(f = 1 MHz, Vin = 2.4v) 

Digital Outputs 
Output High Voltage VOH 2.4 Volts 

(I0H = -400 ILA) 
Output Low Voltage VOL 0.4 Volts 

(I0L= 3.2 mA) 
3-State Current (DO - D7) IaZ 50 ~ 
Output Capacitance COOUf 7 pF 

See test conditions on next page. 
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D.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Gray Scale Current Range 20 rnA 
Output Current (Standard RS-343A) 

White Level Relative to Black 16.74 17.62 18.50 rnA 
Black Level Relative to Blank 

SETUP = 7.s IRE 0.95 1.44 1.90 rnA 
SETUP = 0 IRE 0 5 50 IJA 

Blank Level 6.29 7.62 8.96 rnA 
Sync Level 0 5 50 IJA 
LSBSize 69.1 IJA 

DAC to DAC Matching 2 5 % 
Output Compliance VOC - 1.0 + 1.5 Volts 
Output Impedance RAour 10 Kohms 
Output Capacitance CAOUT 30 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Reference Input Current IREFIN 10 IJA 
Reference Output Voltage VREFOUT 1.08 1.2 1.32 Volts 
Reference Output Current IREFOUT 100 IJA 

Power Supply Rejection Ratio PSRR 0.5 %/%AVAA 
(COMP = 0.1j1F, f = 1 KHz) 

Test conditions to generate RS-343A standard video signals (unless otherwise specified): "Recommended 
Operating Conditions" using external voltage reference with RSET = 140 ohms, VREF = 1.235v. As the above 
parameters are guaranteed over the full temperature range, temperature coefficients are not specified or required. 

Note: When using the internal voltage reference, RSET may need to be adjusted to meet these limits. Also, the 
"gray-scale" output current (white level relative to black) will have a typical tolerance of ± 10% rather than the ± 
5% specified above. 

Analog Output Levels -- PS/2 Compatibility 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Output Current 

White Level Relative to Black 18.00 18.65 20.00 rnA 
Black Level Relative to Blank 

SETUP = 7.s IRE 1.01 1.51 2.0 rnA 
SETUP = 0 IRE 0 5 50 IJA 

Blank Level 6.6 8 9.4 rnA 
Sync Level 0 5 50 IJA 

Test conditions to generate PS/2 compatible video signals (unless otherwise specified): "Recommended 
Operating Conditions" using external voltage reference with RSET = 140 ohms, VREF = 1.235v or external 
current reference with IREF = -8.88 rnA. 
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A.C. Characteristics 

80 MHz Devices 66 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 80 66 MHz 

RSO - RS2 Setup Time 1 10 10 ns 
RSO - RS2 Hold Time 2 10 10 ns 

RD* Asserted to Data Bus Driven 3 5 5 ns 
1\.U· nDZtQU;:;U LV IJGL4 't' AUU ~ . - n" An 

RD· Negated to Data Bus 3-Stated 5 20 20 ns 
Read Data Hold Time 6 5 5 ns 

Write Data Setup Time 7 10 10 ns 
Write Data Hold Time 8 10 10 ns 
CRO - CR3 Output Delay 9 100 100 ns 

RD*. WR * Pulse Width Low 10 50 50 ns 
RD*. WR* Pulse Width High 11 4*p14 4·p14 ns 

Pixel and Control Setup Time 12 3 3 ns 
Pixel and Control Hold Time 13 3 3 ns 

Clock Cycle Time (P14) 14 12.5 15.15 ns 
Clock Pulse Width High Time 15 4 5 ns 
Clock Pulse Width Low Time 16 4 5 ns 

Analog Output Delay 17 30 30 ns 
Analog Output Rise/Fall Time 18 3 3 ns 
Analog Output Settling Time· 19 13 13 ns 
Clock and Data Feedthrough* -30 -30 dB 
Glitch Impulse· 150 150 pV -sec 
DAC to DAC Crosstalk -23 -23 dB 
Analog Output Skew 0 2 0 2 ns 

Pipeline Delay 4 4 4 4 4 4 Clocks 

V AA Supply CUlTent .... IAA 180 220 180 220 rnA 

See test conditions on next page. 
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A.C. Characteristics (continued) 

50 MHz Devices 35 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 50 35 MHz 

RSO - RS2 Setup Time 1 10 10 ns 
RSO - RS2 Hold Time 2 10 10 ns 

RD· Asserted to Data Bus Driven 3 5 5 ns 
RD* Asserted to Data Valid 4 40 40 ns 
RD· Negated to Data Bus 3-Stated 5 20 20 ns 
Read Data Hold TJIIle 6 5 5 ns 

Write Data Setup Time 7 10 10 ns 
Write Data Hold TlDle 8 10 10 ns 
CRO - CR3 Output Delay 9 100 100 ns 

RD*, WR* Pulse Width Low 10 50 50 ns 
RD·, WR* Pulse Width High 11 4*p14 4·p14 ns 

Pixel and Control Setup Time 12 3 3 ns 
Pixel and Control Hold Time 13 3 3 ns 

Clock Cycle Time (P14) 14 20 28 ns 
Clock Pulse Width High Time 15 6 7 ns 
Clock Pulse Width Low Time 16 6 9 ns 

Analog Output Delay 17 30 30 ns 
Analog Output Rise/Fall Time 18 3 3 ns 
Analog Output Settling Time* 19 13 13 ns 
Clock and Data Feedthrough* -30 - 30 dB 
Glitch Impulse* 150 150 pV -sec 
DAC to DAC Crosstalk -23 -23 dB 
Analog Output Skew 0 2 0 2 ns 

Pipeline Delay 4 4 4 4 4 4 Clocks 

V AA Supply Current" 1M 180 220 180 220 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" using external voltage reference 
with RSET = 140 ohms, VREF = 1.235v. TTL input values are 0 to 3 volts, with input rise/fall times s 3 ns, measured 
between the 10% and 90% points. Timing reference points at 50% for inputs and outputs. Analog output load S 10 pF, DO 
- D7 output load S 50 pF. See timing notes in Figure 9. As the above parameters are guaranteed over the full temperature 
range, temperature coefficients are not specified or required. 

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, 
the digital inputs have a 1k-ohm resistor to ground and are driven by 74HC logic. Settling time does not include clock 
and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth = 2x clock rate. 

··at Fmax. IAA (typ) at V AA = 5.Ov. IAA (max) at V AA (max). 
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Timing Waveforms 

RSO, RS1, RS2 

RD"', WR'" 

DO-D7(RBAD) 

DO - D7 (WRlTIl) 

CRO-CRJ 

RO-R7, 00-07, 80- B7, 
OLO- OL3, so, 51, 

SYNC". BLANK'" 

lOR, lOG, lOB 

10 

- ,- -

t DATA IN CWR'" =0) 

7 

I-- 8 

- t-9 
Figure 8, MPU Read/Write Timing, 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale transition. 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within ± 1 LSB. 

Note 3: Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 9, Video Input/Output Timing, 
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Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt473KPJ80 80 MHz 68-pin Plastic O· to +70· C. 
J-Lead 

Bt473KPJ66 66 MHz 68-pin Plastic O· to +70· C. 
J-Lead 

Bt473KPJ50 50 MHz 68-pin Plastic O· to +70· C. 
J-Lead 

Bt473KPJ35 35 MHz 68-pin Plastic O· to +70· C. 
J-Lead 
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Advance Information 

This document contains information on a product under development. The 
parametric information are target parameters and are subject to change. 

Distinguishing Features 

• Personal System/2i!!1 Compatible 
• Bt471/476/478 Pin Compatible 
• 80, 66, 50, 35 MHz Operation 
• Triple 8-bit D/A Converters 

1024 x 24 Color Palette RAM 
• 16 Window Priority Encoder 
• RS-343A!RS-170 Compatible Outputs 
• 15 Overlay Registers 
• Sync Enable!Disable for Each Channel 
• Programmable Pedestal 
• External Voltage or Current Reference 
• Standard MPU Interface 

44-pin PLCC Package 

Functional Block Diagram 

Applications 

High Resolution Color Graphics 
• CAE/CAD/CAM Applications 

Image Processing 
• Instrumentation 
• Desktop Publishing 

VAA GND PS ADJUST VREF 

<l..OCK 

po.P7 

SYNC' 

BLANK' 

0I..0-0L3 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L479001 Rev. A 

00-07 

OPA 

COMP 

lOR 

lOG 

lOB 

SJmJP 

RD· WR.. RSO RS! RS2 ""'. 
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Bt479 
80 MHz 

1024 X 24 Color Palette 

Personal System/2@ 

RAMDAC™ 

Product Description 

The Bt479 RAMDAC is designed specifically 
for Personal System/2i!!1 compatible color 
graphics. 

It supports up to 1,024 simultaneous colors 
out of a 16.8 million color palette through 
the lK x 24 color palette RAM and triple 
8-bit 0/ A converters. 

The Bt479 may also be configured to display 
up to 16 windows (Plus background) using 
four unique 256 color palettes. An on-chip 
16 window priority encoder provides window 
display priority, color palette selection, and 
window placement (with pixel resolution). 

The 8/6* pin enables the Bt479 to emulate 
the Bt471 RAMDAC, including being 
software-compatible and pin-compatible 
with the Bt471. 

Additional features include up to 15 overlay 
registers to provide for overlaying cursors, 
grids, menus, EGA emulation, etc. Also 
supported is sync generation on all three 
channels (with each channel independently 
enabled or disabled), a programmable 
pedestal (0 or 7.5 IRE) and use of either an 
external voltage or current reference. 

The Bt479 generates RS-343A compatible 
video signals into a doubly-terminated 
75-ohm load, and RS-170 compatible video 
signals into a singly-terminated 75-ohm 
load, without requiring external buffering_ 

i!!IPersonal System!2 and PS/2 are registered 
trademarks of mM. 

• 
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Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt479 supports a standard MPU bus interface, 
allowing the MPU direct access to the color palette 
RAM and overlay color registers. 

The RSO - RS2 select inputs specify whether the MPU 
is accessing the address register, color palette RAM, 
overlay registers, or read mask register, as shown in 
Tables 1 and 2. The 8-bit address register is used to 
!:J,..fA ... ~C"C" thl'lo ... ,,In .... !,<.Il""tt'" V I:J.. U aonil ""IlOTlaou """"0"1C"t,.. ... C" 

eliminating the requirement for extern""al ;ddress 
multiplexers. Four additional bits in the command 
register are used to specify which one of the four 
256-color palettes are being accessed by the MPU as 
shown in Table 2. ADDRO corresponds to DO and is 
the least significant bit. 

Writing Color Palette RAM Data 

To write color data, the MPU writes the address 
register (RAM write mode) and optionally the 
command register with the address of the color palette 
RAM location to be modified. The MPU performs 
three successive write cycles (8 bits each of red, 
green, and blue), using RSO - RS2 to select the color 
palette RAM. After the blue write cycle, the three 
bytes of color information are concatenated into a 
24-bit word and written to the location specified by 
the address register. The address register (ADDRO -
ADDR7) then increments to the next location which 
the MPU may modify by simply writing another 
sequence of red, green, and blue data. A block of color 
values in consecutive locations may be written to by 
writing the start address and performing continuous 
R,O,B write cycles until the entire block has been 
written. 

Reading Color Palette RAM Data 

To read color palette RAM data, the MPU loads the 
address register (RAM read mode) and optionally the 
command register with the address of the color palette 
RAM location to be read. The contents of the color 
palette RAM at the specified address are copied into 
the ROB registers and the address register (ADDRO -
ADDR7) is incremented to the next RAM location. 
The MPU performs three successive read cycles (8 bits 
each of red, green, and blue), using RSO - RS2 to 
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select the color palette RAM. Following the blue read 
cycle, the contents of the color palette RAM at the 
address specified by the address register are copied 
into the ROB registers and the address register again 
increments. A block of color values in consecutive 
locations may be read by writing the start address and 
performing continuous R,O,B read cycles until the 
entire block has been read. 

Writing Overlay Color Data 

To write overlav color data. the MPU writes the 
address register (overlay write mode) with the address 
of the overlay location to be modified. The MPU 
performs three successive write cycles (8 bits each of 
red, green, and blue), using RSO - RS2 to select the 
overlay registers. After the blue write cycle, the three 
bytes of color information are concatenated into a 
24-bit word and written to the overlay location 
specified by the address register. The address register 
(ADDRO - ADDR7) then increments to the next 
location which the MPU may modify by simply 
writing another sequence of red, green, and blue data. 
A block of color values in consecutive locations may 
be written to by writing the start address and 
performing continuous R,O,B write cycles until the 
entire block has been written. 

Reading Overlay Color Data 

To read overlay color data, the MPU loads the address 
register (overlay read mode) with the address of the 
overlay location to be read. The contents of the 
overlay register at the specified address are copied 
into the ROB registers and the address register 
(ADDRO - ADDR7) is incremented to the next overlay 
location. The MPU performs three successive read 
cycles (8 bits each of red, green, and blue), using RSO 
- RS2 to select the overlay registers. Following the 
blue read cycle, the contents of the overlay location at 
the address specified by the address register are copied 
into the ROB registers and the address register again 
increments. A block of color values in consecutive 
locations may be read by writing the start address and 
performing continuous R,O,B read cycles until the 
entire block has been read. 



Circuit Description (continued) 

Additional Information 

When accessing the color palette RAM, the address 
register resets to $00 following a blue read or write 
cycle to RAM location $FF. While accessing the 
overlay color registers, the four most significant bits 
of the address register (ADDR4 - 7) are ignored. 

The MPU interface operates asynchronously to the 
pixel clock. Data transfers between the color palette 
RAM/overlay registers and the color registers (R, G, 
and B in the block diagram) are synchronized by 
internal logic, and occur in the period between MPU 
accesses. Occasional accesses to the color palette 
RAM can be made without noticable disturbance on 
the display screen; however, operations requiring 
frequent access to the color palette (i.e. block fills of 
the color palette) should be done during the blanking 
interval. 

To keep track of the red, green, and blue read/write 
cycles, the address register has two additional bits 
(ADDRa, ADDRb) that count modulo three, as shown 
in Table 2. They are reset to zero when the MPU 
writes to the address register, and are not reset to zero 
when the MPU reads the address register. The MPU 
does not have access to these bits. The other eight 
bits of the address register, incremented following a 
blue read or write cycle, (ADDRO - 7) are accessible to 
the MPU, and are used to address color palette RAM 
locations and overlay registers, as shown in Table 2. 
The MPU may read the address register at any time 
without modifying its contents or the existing 
read/write mode. 

6-Bit Mode 

The Bt479 is configured as a Bt471 RAMDAC if 8/6* 
is a logical zero. In this mode, only color palette 
RAM_O is used, in addition to allIS overlay colors. 
The operation of the pixel and overlay inputs are 
shown in Table 3. Six bits of color information are 
input and output each write/read cycle, with D5 being 
the MSB and DO the LSB. D6 and D7 are ignored 
during write cycles, and are a logical zero during read 
cycles. 
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Note that in the 6-bit mode, the Bt479's full scale 
output current will be about 1.5% lower than when in 
the 8-bit mode. This is due to the 2 LSBs of each 8-bit 
DAC always being a logical zero in the 6-bit mode. 

Pixel Read Mask Register 

The contents of the pixel read mask register, which 
may be accessed by the MPU at any time, are bit-wise 
logically ANDed with the PO - P7 inputs. Bit DO of the 
pixel read mask register corresponds to pixel input 
PO. The contents of the overlay read mask bits in the 
command register are bit-wise logically ANDed with 
the OLO - OL3 inputs. The addressed RAM/overlay 
location provides 24 bits of color information to the 
three D/ A converters. 

Window Priority Encoder 

If 8/6* and W/C* are both a logical one, up to 16 
prioritized windows are available. Each window may 
use one of the four 256-color palettes. The operation 
of the pixel and overlay inputs in this mode are shown 
in Table 4. 

Each window is controlled by the four window control 
registers. The location of each window is specified by 
it's top/left and bottom/right (x,y) coordinates. 
Which one of the four 256-color palettes to use is also 
specified. To arbitrate overlapping windows, the 
priority of the window is the window number, with 
window_O having the highest priority, window_IS 
the lowest priority. 

The Bt479 monitors the SYNC· input to determine 
the current display position (with pixel resolution). 
The window positions and sizes are compared to the 
current display position to determine which windows 
are being displayed. The window being displayed 
with the highest priority selects which one of the four 
256-color palettes is used. PO - P7 then select which 
one of the 256 entries in the color palette is 
displayed. 

If no window is being displayed for the current pixel, 
color palette RAM_O is used. 
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Circuit Description (continued) 

Contiguous IK Color Palette RAM 

If 8/6* is a logical one and W /C* is a logical zero, the 
window priority encoder is disabled and the entire I K 
color palette RAM may be addressed directly by the 
frame buffer. The operation of the pixel and overlay 
inputs in this mode are shown in Table 5. 

OL2 and 013 select which one of the four 256 color 
palettes to use while PO - P7 select the entry within 
the 256 color palette. OLO and OLl select one of 
three overlay colors. 

The contents of the pixel read mask register, which 
may be accessed by the MPU at any time, are bit-wise 
logically ANDed with the PO - P7 inputs. Bit DO of the 
pixel read mask register corresponds to pixel input 
PO. The contents of the overlay read mask bits in the 
command register are bit-wise logically ANDed with 
the OLO - 013 inputs. The addressed RAM/overlay 
location provides 24 bits of color information to the 
three D/A converters. 

RS2 RSI RSO 

Frame Buffer Interface 

The SYNC* and BLANK* inputs, also latched on the 
rising edge of CLOCK to maintain synchronization 
with the color data, add appropriately weighted 
currents to the analog outputs, producing the specific 
output levels required for video applications, as 
illustrated in Figures I and 2. Tables 6 and 7 detail 
how the SYNC* and BLANK* inputs modify the 
output levels. 

The SETUP input is used to specify whether a 0 IRE 
(SETUP = GND) or 7.:5lR~ (S~TUP = V AA) blankmg 
pedestal is to be used. 

The analog outputs of the Bt479 are capable of 
directly driving a 37.5-ohm load, such as a 
doubly-terminated 75-ohm coaxial cable. 

Addressed by MPU 

0 0 0 address register low (RAM write mode) 
0 I I address register low (RAM read mode) 
0 0 I color palette RAM 
0 I 0 pixel read mask register 

I 0 0 address register low (overlay write mode) 
I I I address register low (overlay read mode) 
I 0 I overlay registers 
I I 0 control registers 

Table I. Control Input Truth Table. 

5 - 214 



Bt479 

Circuit Description (continued) 

Value CR07 -CR04 RS2 RSI RSO Addressed by MPU 

ADDRa, b (counts modulo 3) 00 x 0 1 red value 
01 x 0 1 green value 
10 x 0 1 blue value 

ADDRO - 7 (counts binary) $00 - $FF 0000 0 0 1 color palette RAM_O * 
$00 - $FF 0001 0 0 1 color palette RAM_l * 
$00 - $FF 0010 0 0 1 color palette RAM_2 * 
$00 - $FF 0011 0 0 1 color palette RAM_3 * 

$xO xxxx 1 0 1 flood color* 
$xl xxxx 1 0 1 overlay color 1 * 

: : : : : : 
$xF xxxx 1 0 1 overlay color 15 * 

$00 xxxx 1 1 0 window(O) xl low 
$01 xxxx 1 1 0 window(O) xl high • $02 xxxx 1 1 0 window(O) x2 low 
$03 xxxx 1 1 0 window(O) x2 high 
$04 xxxx 1 1 0 window(O) yllow 
$05 xxxx 1 1 0 window(O) yl high 
$06 xxxx 1 1 0 window(O) y2 low 
$07 xxxx 1 1 0 window(O) y2 high 
$08 xxxx 1 1 0 window(l) xl low 
$09 xxxx 1 1 0 window( 1) xl high 
$OA xxxx 1 1 0 window(1) x2low 
SOB xxxx 1 1 0 window(l) x2 high 
SOC xxxx 1 1 0 window(l) yllow 
SOD xxxx 1 1 0 window(1) yl high 
$OE xxxx 1 1 0 window(1) y2 low 
$OF xxxx 1 1 0 window(l) y2 high 

: : : : : : 
$78 xxxx 1 1 0 window(15) x2 low 
$79 xxxx 1 1 0 window(15) x2 high 
$7A xxxx 1 1 0 window(15) x2low 
$7B xxxx 1 1 0 window(15) x2 high 
$7C xxxx 1 1 0 window(15) y2 low 
$7D xxxx 1 1 0 window(15) y2 high 
$7E xxxx 1 1 0 window(15) y2 low 
$7F xxxx 1 1 0 window(15) y2 high 

$80 xxxx 1 1 0 vertical count low 
$81 xxxx 1 1 0 vertical count high 
$82 xxxx 1 1 0 command register_O 
$83 xxxx I 1 0 command register_l 
$84 xxxx 1 1 0 flood register low 
$85 xxxx 1 1 G flood register high 

*Indicates requires three read/write cycles -- R, G, B. CR07 - CR04 are command register_O bits D7 - 04. 

Table 2. Address Register (ADDR) Operation (816* = Logical One). 
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Circuit Description (continued) 

OL3-0u) PO-P7 Addressed by frame buffer 

0000 $00 color palette RAM_O location $00 
0000 $01 color palette RAM_O location $01 

: : : 
0000 $FF color palette RAM_O location $FF 

0001 $xx overlay color 1 
0010 $xx overlay color 2 

: : : ........ ,,- _____ , _____ , __ 1.c' 

Table 3. Pixel and Overlay Control Truth Table. 
(8/6* = Logical Zero) 

OLl,Ou) OL3,OL2 PO-P7 Addressed by frame buffer 

00 00 $00 color palette RAM_O location $00 
00 00 $01 color palette RAM_O location $01 
: : : : 

00 00 $FF color palette RAM_O location $FF 

00 01 $00 color palette RAM_1 location $00 
00 01 $01 color palette RAM_1 location $01 
: : : : 

00 01 $FF color palette RAM_1 location $FF 

00 10 $00 color palette RAM_2 location $00 
00 10 $01 color palette RAM_2 location $01 
: : : : 

00 10 $FF color palette RAM_2 location $FF 

00 11 $00 color palette RAM_3 location $00 
00 11 $01 color palette RAM_3 location $01 
: : : : 

00 11 $FF color palette RAM_3 location $FF 

01 xx $xx overlay color 1 
10 xx $xx overlay color 2 
11 xx $xx overlay color 3 

Table 4. Pixel and Overlay Control Truth Table. 
(8/6* = Logical One, lK x 24 Color Palette) 
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Circuit Description (continued) 

• 
OL3-0Ul Palette* PO- P1 Addressed by frame buffer 

0000 0 $00 color palette RAM_O location $00 
0000 0 $01 color palette RAM_O location $01 

: : : : 
0000 0 $FF color palette RAM_O location $FF 

0000 1 $00 color palette RAM_l location $00 
0000 1 $01 color palette RAM_l location $01 

: : : : 
0000 1 $FF color palette RAM_l location $FF 

0000 2 $00 color palette RAM_2 location $00 
0000 2 $01 color palette RAM_2 location $01 

: : : : 
0000 2 $FF color palette RAM_2 location $FF 

0000 3 $00 color palette RAM_3 location $00 
0000 3 $01 color palette RAM_3 location $01 

: : : : 
0000 3 $FF color palette RAM_3 location $FF 

0001 x $xx overlay color 1 
0010 x $xx overlay color 2 

: : : : 
1111 x $xx overlay color 15 

* As determined by the window priority encoder. 

Table 5. Pixel and Overlay Control Truth Table. 
(8/6* = Logical One, Four Prioritized 256 x 24 Color Palettes) 
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Circuit Description (continued) 

NO SYNC SYNC 

MA V MA V 

19.05 0.714 UGI 1.000 

1.44 0.054 9.05 0.340 +--------lr------+-------- BLACK UlVEL 

7..5lRE 
0.00 0.000 7.62 0.286 +-----~~_r~-~--------B~UlVEL 

40lRE 

0.00 0.000 
~ _______ ~~ __________ SYNCUlVEL 

Note: 75-ohm doubly-terminated load, SETUP = VAA. VREF = 1.235v, RSET = 147 ohms. RS-343A levels and 
tolerances assumed on a1llevels. 

Figure 1. Composite Video Output Waveforms (SETUP VAA). 

Sync Sync 
Disabled Enabled 

Description SYNC* BLANK* DAC 
lout (rnA) lout (mA) Input Data 

WHITE 19.05 26.67 1 I $FF 
DATA data + 1.44 data + 9.05 1 1 data 
DATA-SYNC data + 1.44 data + 1.44 0 1 data 
BlACK 1.44 9.05 1 I $00 
BlACK-SYNC 1.44 1.44 0 1 $00 
BLANK 0 7.62 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: 75-ohm doubly-terminated load, SETUP = V AA. VREF = 1.235v, RSET = 147 ohms. 

Table 6. Video Output Truth Table (SETUP VAA). 
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Circuit Description (continued) 

NO SYNC SYNC 

MA V MA V 

17.62 0.660 25.24 0.950 -r--......,..----------------:=---- WHml LEVEL 

0.00 0.000 7.62 0.286 -r-----~~_r_,--~--------BU~~W~ 

4300 

0.00 0.000 0.00 0.000 ~-------~~----------SYNCLmrnL 

Note: 7S-ohm doubly-terminated load, SETUP = GND. VREF = 1.235v, RSET = 147 ohms. RS-343A levels and 
tolerances assumed on all levels. 

Figure 2. Composite Video Output Waveforms (SETUP GND). 

Sync Sync 
Disabled Enabled 

Description SYNC* BlANK* DAC 
Iout(mA) Iout(mA) Input Data 

WHIlE 17.62 25.24 1 1 $FF 
DATA data data + 7.62 1 1 data 
DATA-SYNC data data 0 1 data 
BLACK 0 7.62 1 1 $00 
BLACK-SYNC 0 0 0 1 $00 
BlANK 0 7.62 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: 75-ohm doubly-tenninated load, SETUP = GND. VREF = 1.235v, RSET = 147 ohms. 

Table 7. Video Output Truth Table (SETUP GND). 
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Internal Registers 

Window_O - Window_IS xl and x2 Registers 

The 16-bit (xl) and (x2) registers are used to specify the left and right sides of each window, by specifying the number 
of clock cycles from the falling edge of SYNC* to the left or right side of the window. The lower value of (xl) or (x2) 
specifies the left side, the higher value of (xl) or (x2) specifies the right side. IT (xl) and (x2) are equal, the window 
is not displayed. These registers are ignored if 8/6* is a logical zero. 

The window (xl) register is made up of the window (xl) low register (WXlLR) and the window (xl) high register 
(WXIHR); the window (x2) register is made up of the window (x2) low register (WX2LR) and the window (x2) high 
register (WX2HR). They are not initialized and may be written to or read by the MPU at any time. 

WXlLR and WXlHR are cascaded to form a 12-bit window (xl) register. Similarly, WX2LR and WX2HR are cascaded 
LU J.UUIl it. J..L.-UlL WUIUUW \A.L.) H~gThLC;:::I. 

Window (xl) High Window (xl) Low 
(WXlHR) (WXlLR) 

OataBit D3 D2 D1 DO 07 D6 05 04 D3 D2 D1 DO 

X Address XU XlO X9 X8 X7 X6 X5 X4 X3 X2 Xl XO 

Window (x2) High Window (x2) Low 
(WX2HR) (WX2LR) 

OataBit D3 D2 D1 DO 07 D6 05 04 D3 D2 D1 DO 

Y Address XU XlO X9 X8 X7 X6 X5 X4 X3 X2 Xl XO 

04 - 07 of window (xl) high register specifies which color palette to use for the corresponding window: 

07-04 Palette 

0000 color palette RAM_O 
0001 color palette RAM_l 
0010 color palette RAM_2 
0011 color palette RAM_3 
0100 reserved 

: : 
1111 reserved 

04 - 07 of window (x2) high register are always a logical zero. 

Values from $0000 to $OFFF may be written into the xl and x2 registers. 

For both (xl) and (x2), the MPU must write 8 bits to the low register, followed by 8 bits to the high register. During 
the high register write cycle, the 12 bits of (x) information are loaded into the registers. 
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Internal Registers (continued) 

Window_O • Window_IS yl and y2 Registers 

The 16-bit (yl) and (y2) registers are used to specify the top and bottom of each window, by specifying the number of 
scan lines from a vertical sync being detected on SYNC· to the top or bottom of the window. The lower value of (yl) 
or (y2) specifies the top, the higher value of (yl) or (y2) specifies the bottom. If (yl) and (y2) are equal, the window 
is not displayed. These registers are ignored if 8/6· is a logical zero. 

The window (yl) register is made up of the window (yl) low register (WYILR) and the window (yl) high register 
(wylHR); the window (y2) register is made up of the window (y2) low register (WY2LR) and the window (y2) high 
register (wy2HR). They are not initialized and may be written to or read by the MPU at any time. 

WYILR and WYIHR are cascaded to form a 12-bit window (yl) register. Similarly, WY2LR and WY2HR are cascaded 
to form a 12-bit window (y2) register. 

Window (yl) High Window (yl) Low 
(WYIHR) (wyILR) 

OataBit D3 D2 D1 DO D7 D6 05 D4 D3 D2 01 DO 

X Address Yll YIO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 Yl YO 

Window (y2) High Window (y2) Low 
(WY28R) (WY2LR) 

OataBit D3 D2 D1 DO D7 D6 OS D4 D3 D2 D1 DO 

Y Address Yll YIO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 YI YO 

D4 - 07 of window (y2) high and (yl) high registers are always a logical zero. 

Values from $0000 to $OFFF may be written into the yl and y2 registers. 

For both (yl) and (y2), the MPU must write 8 bits to the low register, followed by 8 bits to the high register. During 
the high register write cycle, the 12 bits of (y) information are loaded into the registers. 

Vertical Count Register 

This 16-bit vertical count register specifies the number of clock cycles SYNC· must be a logical zero for it to be 
recognized by the Bt479 to be a vertical sync interval. Values from $0000 (I) to $OFFF (256) may be specified. 

The 8-bit vertical count low and high registers are cascaded to form the 16-bit vertical count register. The MPU must 
write 8 bits to the low register, followed by 8 bits to the high register. ~uring the high register write cycle, the 12 
bits of vertical count information are loaded into the registers. D4 - 07 of the vertical high count register are always a 
logical zero. 

These registers may be written to or read by the MPU at any time and are not initialized. They are ignored if 8/6· is a 
logical zero. 
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Internal Registers (continued) 

Pixel Read Mask Register 

This 8-bit register is bit-wise logically ANDed with the PO - P7 inputs prior to addressing the overlay and color 
palettes. DO corresponds to PO and 07 corresponds to P7. This register may be written to or read by the MPU at any 
time and is not initialized. 

Command Register_O 

This 8-bit register may be written to or read by the MPU at any time and is not initialized. It is ignored if 8/6* is a 
logical zero. 

UU - u,) are ott-wise logicallY ANuea wnn me ULU - UL,) mpuIS prIOr to aaaress me ovenay ana cOlor pweues. Uu 
corresponds to OLO and 03 corresponds to OL3. 04 - 07 are used to specify which one of the four color palette RAMs 
are to be accessed by the MPU as follows: 

07-04 Color Palette 

0000 color palette RAM_O 
0001 color palette RAM_l 
0010 color palette RAM_2 
0011 color palette RAM_3 
0100 reserved 

: : 
1111 reserved 

Command Register_1 

This 8-bit register may be written to or read by the MPU at any time and is not initialized. It is ignored if 8/6* is a 
logical zero. 

00 specifies whether to configure the color palette RAM as lK x 24 (logical zero) or a four unique 256 x 24 color 
palette RAMs (logical one). 

01 specifies whether 6-bit (logical zero) or 8-bit (logical one) color data is written or read from the Bt479. This 
enables each color palette RAM_O, color palette RAM_I, color palette RAM_2, color palette RAM_3, and the 
overlay registers to contain either 6-bit or 8-bit color data. For 6-bit operation, six bits of color information are 
input and output each write/read cycle, with 05 being the MSB and 00 the LSB. 06 and 07 are ignored during write 
cycles, and are a logical zero during read cycles. For 8-bit operation, eight bits of color information are input and out 
each write/read cycle, with 07 being the MSB and DO the LSB. 

02, 03. and 04 are sync enable bits for the red (02), green (03). and blue (04) channels. A logical one enables sync 
information to be output on the video channel, and a logical zero disables sync information from being output This 
enables the Bt479 to be used in applications where sync information is not present in the output video (since the 
window priority encoder requires sync information to determine window placement). 

05 - 07 are always a logical zero. 
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Internal Registers (continued) 

Flood Registers 

The two 8-bit flood registers low and high are used to fill a window (or windows) with the color in the flood color 
register. Setting a bit to a logical one fills the corresponding window with the flood color. 

Flood Corresponding 
Register Window Number 

Low 

DO 0 
D1 1 
D2 2 
D3 3 
D4 4 
D5 5 
D6 6 
D7 7 

Flood 
Register 

High 

DO 8 
D1 9 
D2 10 
D3 11 
D4 12 
D5 13 
D6 14 
D7 15 

These registers may be written to or read by the MPU at any time and are not initialized. 

These registers are typically used when moving windows. The old window position is filled with the flood color wtil 
the system has had time to move the graphics information from the old window location to the new window location. 
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Pin Descriptions 

Pin Name 

BlANK· 

SEfUP 

SYNC· 

CLOCK 

PO - P7, 
OLO-OL3 

IREF 

IOR,Ioo, 
lOB 

COMP 

Description 

Composite blank control input (TfL compatible). A logic zero drives the analog outputs to the 
blanking level, as illustrated in Tables 6 and 7. It is latched on the rising edge of CWCK. When 
BLANK· is a logical zero, the pixel and overlay inputs are ignored. 

Setup control input. Used to specify either a 0 IRE (SETUP = GND) or 7.5 IRE (SETUP = V AA) 
blanking pedestal. 

Composite sync control input (TTL compatible). A logical zero on this input optionally 
switches off a 40 IRE current source on the analog outputs (see Figures 1 and 2). SYNC· does 
not override any other control or data input, as shown in Tables 6 and 7; therefore, it should be 
a.;,.,,,,u~ VJ.l.~.Y ~UL'; . .ul) ...;,u;; -;"'~aJ~ll!) i.tlLt'l v ai. i .. i~ ~al.\';llt;U. un UII; ll~Ulg t::ugt:: UI \...LV\....I\... 

Clock input (TfL compatible). The rising edge of CLOCK latches the PO - P7, OLO - OL3, 
SYNC·, and BLANK· inputs. It is typically the pixel clock rate of the video system. It is 
recommended that CLOCK by driven by a dedicated TTL buffer. 

Pixel and overlay select inputs (TTL compatible). These inputs specify, on a pixel basis, which 
one of the 1024 entries in the color palette RAM or 15 overlay registers is to be used to provide 
color information. They are latched on the rising edge of CLOCK. PO and OLO are the LSBs. 
Unused inputs should be connected to GND. 

Full scale adjust control. Note that the IRE relationships in Figures 1 and 2 are maintained, 
regardless of the full scale output current. 

When using an external voltage reference (Figure 3), a resistor (RSET) connected between this 
pin and GND controls the magnitude of the full scale video signal. The relationship between 
RSET and the full scale output current on each output is: 

RSET (ohms) = K • 1,000 * VREF (v) I lout (rnA) 

When using an external current reference (Figure 4), the relationship between IREF and the full 
scale output current on each output is: 

IREF (rnA) = lout (rnA) I K 

K is dermed in the table below along with corresponding RSET values for doubly-terminated 
75-ohm loads. 

Sync Enabled Sync Disabled 

Setup o IRE 7.5 IRE o IRE 7.5 IRE 

K= 3.025 3.195 3.000 3.170 

Red, green, and blue current outputs. These high impedance current sources are capable of 
directly driving a doubly-terminated 75-ohm coaxial cable (Figures 3 and 4). 

Compensation pin. If an external voltage reference is used (Figure 3), this pin should be 
connected to OPA. If an external current reference is used (Figure 4), this pin should be 
connected to IREF. A 0.1 IlF ceramic capacitor must always be used to bypass this pin to V AA. 
The COMP capacitor must be as close to the device as possible to keep lead lengths to an 
absolute minimum. 
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Pin Descriptions (continued) 

Pin Name 

OPA 

VAA 

GND 

WR* 

RD* 

RSO. RSI. RS2 

DO-D7 

8/6* 

Description 

Reference amplifier output. If an external voltage reference is used (Figure 3), this pin must be 
connected to COMPo When using an external current reference (Figure 4). this pin should be left 
floating. 

Voltage reference input. If an external voltage reference is used (Figure 3). it must supply this 
input with a l.2v (typical) reference. If an external current reference is used (Figure 4). this pin 
should be left floating. except for the bypass capacitor. A 0.1 I1F ceramic capacitor must always 
be used to decouple this input to V AA. as shown in Figures 3 and 4. The decoup1ing capacitor 
must be as close to the device as possible to keep lead lengths to an absolute minimum. 

Analog power. All V AA pins must be connected. 

Analog ground. All OND pins must be connected. 

Write control input (TTL compatible). DO - D7 data is latched on the rising edge of WR*. and 
RSO - RS2 are latched on the fa1ling edge of WR* during MPU write operations. 

Read control input (TTL compatible). To read data from the device, RD* must be a logical zero. 
RSO - RS2 are latched on the falling edge of RD· during MPU read operations. 

Register select inputs (TTL compatible). RSO - RS2 specify the type of read or write operation 
being performed, as illustrated in Tables 1 and 2. 

Data bus (TTL compatible). Data is transferred into and out of the device over this eight bit 
bidirectional data bus. DO is the least significant bit. 

8-bitl6-bit select input (TTL compatible). A logical zero forces the Bt479 to function as a 
Bt471 RAMDAC. DS is the most significant data bit during color read/write cycles (D6 and D7 
are ignored during color write cycles and a logical zero during color read cycles). A logical one 
enables the Bt479 to input and output 8-bit color data (07 is the most significant data bit during 
color readlwrite cycles) and access the additional color palette RAM and windowing functions. 

a.ocx lREP 

~ IDa 
01.1 lOG 

0L2 lOR 

0L3 aND 

N/C SETIlP 

W VM 

aND VM 

VM VM 

SYNCO RS2 

RD- RSl 

~ • ~ ! = ~ ~ S ~ = C 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Bt479 power and ground lines by shielding the 
digital inputs and providing good decoupling. The 
lead length between groups of V AA and GND pins 
should by minimized so as to minimize inductive 
ringing. 

Ground Planes 

The ground plane should encompass all Bt479 ground 
pms, current/voltage reterence ClICUlUY, power 
supply bypass circuitry for the Bt479, the analog 
output traces, and all the digital signal traces leading 
up to the Bt479. 

Power Planes 

The Bt479 and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane (VeC) at a single point 
through a ferrite bead, as illustrated in Figures 3 and 4. 
This bead should be located within three inches of the 
Bt479. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all Bt479 power pins 
and current/voltage reference circuitry. 

Plane-to-plane noise coupling can be reduced by 
ensuring that portions of the regular PCB power and 
ground planes do not overlay portions of the analog 
power plane, unless they can be arranged such that the 
plane-to-plane noise is common mode. 

Supply Decoupling 

For optimum performance, bypass capacitors should 
be installed using the shortest leads possible, 
consistent with reliable operation, to reduce the lead 
inductance. 
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Best performance is obtained with a 0.1 I1F ceramic 
capacitor decoupling each of the two groups of V AA 
pins to GND. These capacitors should be placed as 
close as possible to the device. 

It is important to note that while the Bt479 contains 
circuitry to reject power supply noise, this rejection 
decreases with frequency. If a high-frequency 
switching power supply is used, the designer should 
pay close attention to reducing power supply noise 
and consider using a three terminal voltage regulator 
for supplying power to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Bt479 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog power plane. 

Due to the high clock rates involved, long clock lines 
to the B t479 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power plane 
(Vee), and not the analog power plane. 

Analog Signal Interconnect 

The B1479 should be located as close as possible to 
the output connectors to minimize noise pickup and 
reflections due to impedance mismatch. 

The video output signals should overlay the ground 
plane, and not the analog power plane, to maximize 
the high frequency power supply rejection. 

For maximum performance, the analog outputs should 
each have a 75-ohm load resistor connected to GND. 
The connection between the current output and GND 
should be as close as possible to the Bt479 to 
minimize reflections. 
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PC Board Layout Considerations (continued) 

VAA~~ ....... AN.~ ... ro~WER .. ~ .. ~~ ........... 

~ 
COMP -4 = =cz- C3 = F cs -j; R4 

OPA --J 

Ll 
.. ,.. __ rn~Tl.._ ...... _ +SV(VCC) 

8t479 

Location 

CI-CS 
C6 
L1 

Rl, R2, R3 
R4 

RSEr 
ZI 

~r-------t-----~~----i 

'='F'ZI =::!: a; == Cl 

~ GNDIIIiii--I,.. ............ -I .. -Ir-.......... ..I. ................ - GROUND 

RSBT~ ~ ~ ~ 
Rl R2 R3 

IORr---------<_--t--I-----------

lOG r--------------<---I-----------
IDBr---------------~~-----------

Description 

0_1 IJ.F ceramic capacitor 
10 IJ.F tantalum capacitor 

ferrite bead 
7S-ohm 1 % metal film resistor 

lk-ohm S% resistor 
1 % metal film resistor 
L2v voltage reference 

TO 

VIDOO 

CONNBCTOR 

Vendor Part Number 

Erie RPEl12Z5U104MSOV 
Mallory CSRI3G106KM 
Fair-Rite 2743001111 
Dale CMF-SSC 

Dale CMF-SSC 
National Semiconductor LM38S8Z-L2 

Note: The above listed vendor numbers are listed only as a guide_ Substitution of devices with similar 
characteristics will not affect the performance of the Bt479_ 

Figure 3. Typical Connection Diagram and Parts List. 
(External Voltage Reference) 
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PC Board Layout Considerations (continued) 

Bt479 

Location 

CI-C5 
C6 
C7 
C8 
L1 

Rl. R2. R3 
ZI 

RSEr 

ANALOG POWBRPLANB 

+ TC7 
RSET = 1.22/ JRBF 

ADJ 

'---'\)'\,-_-+-< Zl 

VIN 

Ll 

+SV(VCC) 

GND~""""~"~~"~r-"""""""""""""'" GROmm 

Rl R2 R3 

roRr-------~~--t--1-------------
TO 

VIDEO 
lOGr-----------~~-1-------------

CONNECTOR 

roBr---------------~~-----------

Description Vendor Part Nwnber 

0.1 IiF ceramic capacitor Erie RPE112Z5UI04M50V 
10 IiF tantalum capacitor Mallory CSR13G106KM 

47 IiF capacitor Mallory CSR13F476KM 
1 IiF capacitor Mallory CSRI3G105KM 

ferrite bead Fair-Rite 2743001111 
75-ohm 1 % metal film resistor Dale CMF-55C 

adjustable regulator National Semiconductor LM337LZ 
1 % metal film resistor Dale CMF-5SC 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt479. 

Figure 4. Typical Connection Diagram and Parts List. 
(External Current Reference) 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VM 
80, 66 MHz Parts 4.75 5.00 5.25 Volts 
50, 35 MHz Parts 4.5 5.00 5.5 Volts 

Ambient Operating Temperature TA 0 +70 ·C. 
Output Load RL 37.5 Ohms 
Voltage Reference Configuration 

Reference Voltage VREF 1.14 1.235 1.26 Volts 
Current Reference Configuration 

lREF Current !REF 
Standard RS-343A -3 - 8.39 -10 rnA 
PS/2 Compatible -3 - 8.88 - 10 rnA 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 Volts 

Voltage on any Digital Pin GND-O.5 VAA+0.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·C. 
Junction Temperature TJ + 150 ·C. 

Vapor Phase Soldering TVSOL tbd ·C. 
(2 minutes) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 8 8 8 Bits 
Accuracy (each DAC) 

Integral Linearity Error IL ±1 LSB 
Differential Linearity Error IL ±1 LSB 
Gray Scale Error ±5 % Gray Scale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
- - . --- - - .... . ~ - ... mpm nlgn v oHage un .L.U 'Yr1L"\,TV.,J TVI.~ 

Input Low Voltage VIL GND-0.5 0.8 Volts 
Input High Current (Vin = 2.4v) 1lH 1 J.tA 
Input Low Current (Vin = 0.4v) IlL -1 J.tA 
Input Capacitance CIN 7 pF 

(f = 1 MHz, Vin = 2.4v) 

Digital Outputs 
Output High Voltage VOO 2.4 Volts 

(IOH = -400 j.1A) 
Output Low Voltage VOL 0.4 Volts 

(IOL = 3.2 rnA) 
3-State Current IOZ 50 J.tA 
Output Capacitance CDOUI' 7 pF 

See test conditions on next page. 
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D.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Gray Scale Current Range 20 rnA 
Output Current (Standard RS-343A) 

White Level Relative to Black 16.74 17.62 18.50 rnA 
Black Level Relative to Blank 

SETUP=VAA 0.95 1.44 1.90 rnA 
SETUP = GND 0 5 50 J.IA 

Blank Level 6.29 7.62 8.96 rnA 
Sync Level 0 5 50 J.IA 
LSB Size 69.1 J.IA 

DAC to DAC Matching 2 5 % 
Output Compliance VOC - 1.0 + 1.5 Volts 
Output Impedance RAOUT 10 Kohms 
Output Capacitance CAOUT 30 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Voltage Reference Input Current IREFIN 10 J.IA 

Power Supply Rejection Ratio PSRR 0.5 %/%tNAA 
(COMP = 0.1 ~F, f = 1 KHz) 

Test conditions to generate RS-343A standard video signals (unless otherwise specified): "Recommended 
Operating Conditions" using external voltage reference with RSET = 147 ohms, VREF = 1.235v. As the above 
parameters are guaranteed over the full temperature range, temperature coefficients are not specified or required. 

Analog Output Levels -- PS/2 Compatibility 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Output Current 

White Level Relative to Black 18.00 18.65 20.00 rnA 
Black Level Relative to Blank 

SETUP = VAA 1.01 1.51 2.0 rnA 
SETUP=GND 0 5 50 J.IA 

Blank Level 6.6 8 9.4 rnA 
Sync Level 0 5 50 J.IA 

.... ~...-.......-

Test conditions to generate PS/2 compatible video signals (unless otherwise specified): "Recommended 
Operating Conditions" using external voltage reference with RSET = 140 ohms, VREF = 1.235v or external 
current reference with IREF = -8.88 rnA. 
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A.C. Characteristics 

80 MHz Devices 66 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 80 66 MHz 

RSO - RS2 Setop Time 1 10 10 ns 
RSO - RS2 Hold Time 2 10 10 ns 

RD* Asserted to Data Bus Driven 3 5 5 ns 
KU· ASserteQ to uata vaua 'I '+u <tv u. 
RD* Negated to Data Bus 3-Stated 5 20 20 ns 
Read Data Hold Time 6 5 5 ns 

Write Data Setop Time 7 10 10 ns 
Write Data Hold Time 8 10 10 ns 

RD*. WR * Pulse Width Low 9 50 50 ns 
RD*. WR * Pulse Width High 10 4*p13 4*p13 ns 

Pixel and Control Setop Time 11 3 3 ns 
Pixel and Control Hold Time 12 3 3 ns 

Clock Cycle Time (P13) 13 12.5 15.15 ns 
Clock Pulse Width High Time 14 4 5 ns 
Clock Pulse Width Low Time 15 4 5 ns 

Analog Output Delay 16 30 30 ns 
Analog Output Rise/Fall Time 17 3 3 ns 
Analog Output Settling Time* 18 13 13 ns 
Clock and Data Feedthrough* - 30 - 30 dB 
Glitch Impulse* 75 75 pV - sec 
DAC to DAC Crosstalk - 23 - 23 dB 
Analog Output Skew 2 2 ns 

Pipeline Delay 4 4 4 4 4 4 Clocks 

V AA Supply Current** IAA tbd tbd tbd tbd rnA 

See test conditions on next page. 
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A.C. Characteristics (continued) 

50 MHz Devices 35 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 50 35 MHz 

RSO - RS2 Setup Time 1 10 10 ns 
RSO - RS2 Hold Time 2 10 10 ns 

RD* Asserted to Data Bus Driven 3 5 5 ns 
RD* Asserted to Data Valid 4 40 40 ns 
RD* Negated to Data Bus 3-Stated 5 20 20 ns 
Read Data Hold Time 6 5 5 ns 

Write Data Setup Time 7 10 10 ns 
Write Data Hold Time 8 10 10 ns 

RD*, WR * Pulse Width Low 9 50 50 ns 
RD*, WR * Pulse Width High 10 4*p13 4*p13 ns 

Pixel and Control Setup Time 11 3 3 ns 
Pixel and Control Hold Time 12 3 3 ns 

Clock Cycle Time (p13) 13 20 28 ns 
Clock Pulse Width High Time 14 6 7 ns 
Clock Pulse Width Low Time 15 6 9 ns 

Analog Output Delay 16 30 30 ns 
Analog Output Rise/Fall Time 17 3 3 ns 
Analog Output Settling Time* 18 20 28 ns 
Clock and Data Feedthrough* - 30 - 30 dB 
Glitch Impulse* 75 75 pV - sec 
DAC to DAC Crosstalk -23 - 23 dB 
Analog Output Skew 2 2 ns 

Pipeline Delay 4 4 4 4 4 4 Clocks 

V AA Supply Current** IAA tbd tbd tbd tbd rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" using external voltage reference 
with RSET = 147 ohms, VREF = 1.235v, SETUP = V AA, 8/6* = logical one. TTL input values are 0 to 3 volts, with input 
rise/fall times ~ 3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and outputs. 
Analog output load ~ 10 pF, DO - D7 output load $ 50 pF. See timing notes in Figure 6. As the above parameters are 
guaranteed over the full temperature range, temperature coefficients are not specified or required. 

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, 
the digital inputs have a lk-ohm resistor to ground and axe driven by 74HC logic. Settling time does not include clock 
and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth = 2x clock rate. 

**at Fmax. IAA (typ) at VAA = 5.Ov. IAA (max) at VAA (max). 
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Timing Waveforms 

RSo, RSI, RS2 

DO-D7(READ) 

DO - D7 (WItrI1l) 

CLOCK 

PO-Pl,OLO-OL3, 
SYNC·. BLANK-

lOR, JOG, lOB 

Broddree® 

Figure 5, MPU Read/Write Timing, 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale transition. 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within ± 1 LSB. 

Note 3: Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 6, Video Input/Output Timing. 
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Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt479KPJ80 80 MHz 44-pin Plastic 00 to +700 c. 
I-Lead 

Bt479KPI66 66 MHz 44-pin Plastic 00 to +700 c. 
J-Lead 

Bt479KPI50 50 MHz 44-pin Plastic 00 to +700 c. 
I-Lead 

Bt479KPJ35 35 MHz 44-pin Plastic 00 to +700 c. 
J-Lead 
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Preliminary Information 

This document contains information on a new product. The parametric 
information, although not fully characterized, is the result of testing 
initial devices. 

Distinguishing Features 

• 360 MHz Pipelined Operation 
256 x 8 Color Palette RAM 
16 x 8 Overlay RAM 
350 ps Typical Rise/Fall Time 
RS-343A Compatible Output 

• 0 or 7.5 IRE Blanking Pedestal 
Drives Iv Into 25-0hm Output Loads 
lOOK ECL Compatible Pixel Inputs 
+2 of Clock for Load Generation 
TTL Compatible MPU Interface 
68-pin Ceramic PGA Package with 

Heatsink and Alignment Pin 
Typical Power Dissipation: 3.5 W 

Functional Block Diagram 

m. 1TL Ba. BeL 

Applications 

Graphics Terminals 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Desktop Publishing 

Related Products 

• Bt424 

vee GND VEE vee VREP our FS ADJUST VREP IN 

CLOCK, C[.ocx· 
BLANK 

>,.--+-- roMP 
'-----1/ 

PAfJ-PA1 -=t~i~~~~"";';r-----l 
OLA -

PIlO.PB1-LLf~ 
OIB 

D1V20ur-

DIV20UT 

DlV2IN DIV2IN'" 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L492001 Rev. D 

'--__'"-,-- lour' 

VB. 

00·07 
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Bt492 
360 MHz 

lOOK ECL Compatible 

256 x 8 Color Palette 

RAMDAC™ 

Product Description 

The Bt492 is an 8-bit RAMDAC, designed 
specifically for high performance, high 
resolution color graphics. 

The 2: 1 multiplexed pixel inputs enable 
interfacing to 180 MHz pixel data, 
simplifying interfacing to the frame buffer. 
On-chip divide by 2 of the clock is provided, 
generating the 180 MHz differential load 
clocks. The pixel, DIV2IN, and blank 
inputs, and the DIV20UT and DIV20UT* 
outputs, are lOOK ECL compatible. The 
blanking signal is pipelined to maintain 
synchronization with the pixel data. 

The MPU interface signals (DO - D7, CS*, 
RDA*, RDB*, and WR*) are TTL compatible. 
During MPU accesses to the RAM, the 
address is input through the pixel ports (P AO 
- PA7, PBO - PB7). 

An on-chip voltage reference is available or 
an external reference may be used. A single 
external resistor controls the full scale 
output currenl 

The Bt492 generates an RS-343A compatible 
video signal, and is capable of driving either 
doubly-terminated 75-ohm or 50-ohm coax 
directly, without requiring external 
buffering. Both the differential and integral 
linearity errors of the D/A converters are 
guaranteed to be a maximum of ± 1/2 LSB 
over the full temperature range. 



Bt492 

Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt492 has two 256 x 8 RAMs, a 2:1 multiplexer, a 
single 8-bit DAC, and MPU interface. 

MPU data is input and output via the DO - 07 data 
lines. During MPU accesses to the color palette 
RAMs, the RAMs are addressed via the PAx, PBx, and 
OLx inputs and the internal pipeline registers are 
transparent. During MPU write cycles (WR* = 0), data 
is written to both RAMs. The MPU may read either 
RAM via the RDA* and RDB* control inputs. 

BLANK should be asserted during MPU accesses to 
prevent the data values associated with the MPU 
address from appearing at the analog outputs. 
Following an MPU cycle, BLANK should be asserted 
for at least one valid pixel cycle before the PAx and 
PBx inputs can be properly routed to the analog 
outputs. 

Frame Buffer Interface 

Pixel data on the PAO - PA7 and OLA inputs (even 
data) and PBO - PB7 and OLB inputs (odd data) are 
latched on the falling edge of DIV20UT*, as 
illustrated in Figure 2. 

The OLx inputs determine whether the PxO - Px7 
inputs address the 256 x 8 color palette RAM (OLx = 
0) or the 16 x 8 overlay palette RAM (OLx = 1). When 
addressing the overlay RAM, Px4 - Px7 are ignored. 
The outputs of the RAMs are then multiplexed at the 
pixel clock rate and drive the 8-bit video D/A 
converter. 

DIV2lN is defined to be 1/2 the CLOCK rate. To 
simplify system design, the Bt492 outputs a 
DIV20UT" signal, which when connected to the 
DIV2IN pin, generates a clock equal to 1/2 the CLOCK 
rate. For a color system requiring three Bt492s, the 
DIV20UT signals may be synchronized by 
connecting the DIV20UT* signal on one of the 
devices to the DIV2IN pins of all three devices. Care 
should be taken to keep signal paths short and equal 
for each connection. The unused DIV20UT signals 
from the remaining Bt492s can be used to clock the 
shift registers driving the Bt492 pixel inputs. 
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The BLANK input is also latched on the falling edge 
of DIV20UT" and overrides the PAO - PA 7, OLA, PBO 
- PB7, and OLB inputs. Blanking information is 
output synchronously with the even pixel data. 

Full scale output current is set by an external resistor 
(RSET) between the FS ADJUST pin and ECL VCe. 
RSET has a typical value of 1092 ohms for generation 
of RS-343A video into a 37.5-ohm load, or 729 ohms 
for generation of RS-343A video into a 25-ohm load. 
The on-chip voltage reference (VREF OUT) may be 
used to provide the reference for the VREF IN pins of 
up to tnree .l:H4'LS, or an external reierence I1H1Y lJt;:. 

used. 

Both sides of the differential current outputs should 
have the same output load. A single-ended video 
signal may be generated by connecting the lOUT 
output through a 25-ohm resistor to ECL VCC 
(assuming a doubly-terminated 50-ohm load). The 
IOUT* output is used to generate the positive video 
signal. 

The D/A converter on the Bt492 uses a segmented 
architecture in which bit currents are routed to either 
lOUT or lOUT" by a sophisticated decoding scheme. 
This architecture eliminates the need for precision 
component ratios and greatly reduces the switching 
transients associated with turning sources on or off. 
Monotonicity and low glitch are guaranteed by using 
identical current sources and current steering their 
outputs. An on-chip operational amplifier stabilizes 
the fuJI-scale output current against temperature and 
power supply variations. 

The analog outputs of the Bt492 are capable of 
directly driving either a 37.5-ohm or 25-ohm load, 
such as a doubly-terminated 75-ohm or 50-ohm 
coaxial cable. 
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Circuit Description (continued) 

CS"',PAO-PA7, 

PBO·PB7, OLA, OLB 

RDAoIo, ROB·, WR'" 

==:x _____________ V_~_ID ____________ ~X~ __________ __ 

\'---------/ 

READ (DO· D7) < DATAOlIT(RDA" OR RDB"=O) )>--------

WRITB(DO·D7) X DATA IN (WR" =0) X'-______ _ 

DN20Uf* 

PAO·PA7, PBO·PB7, 

OLA, OLB, BLANK 

CLOCK 

lOUT'" 

Figure 1. MPU Read/Write Timing. 

.~ P~:I'J.l?, (V'
________________ ~fP~~~7,~ 

Figure 2. Video Input/Output Timing. 
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Circuit Description (continued) 

MA MA V 

RSET= RSET= 
729 1092 

00.00 00.00 0.000 WHlI1! LBVEL 

·26.40 ·17.60 ·0_ BLACK LEVEL 

.28.56 ·19.05 ·0.714 BLANK LBVBL 

Note: RSET = 729 ohms (50-ohm doubly-terminated load) or 1092 ohms (75-ohm doubly-terminated 
load), VREF IN = -1.2v. RS-343A levels and tolerances assumed on all levels. 

Figure 3. Composite Video Output Waveforms (lOUT·). 

RSET= RSET= 
729 ohms 1092 ohms 

Description IOUT* IOUT* BlANK DAC 
(rnA) (rnA) Input Data 

WHITE 0 0 0 $FF 
DATA data data 0 data 
BLACK - 26.40 - 17.62 0 $00 
BlANK 1 $xx 

SE'lUP = ECL VCC - 26.40 - 17.62 
SETUP = float - 28.56 - 19.05 

Note: Typical with VREF IN = -1.2v. 

Table I. Video Output Truth Table. 
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Pin Descriptions 

Pin Name 

BLANK 

PAO-PA7. 
PBO-PB7 

OLA,OLB 

CLOCK, 
CLOCK" 

DIV2IN. 
DIV2IN" 

DIV20UT". 
DIV20ur 

lOur. 
IOur* 

COMP 

SEfUP 

FSADJUST 

Description 

Composite blank control input (ECL compatible). A logic one drives the analog output to the 
blanking level. as illustrated in Table 1. It is latched on the falling edge of DIV20ur". When 
BLANK is a logical one. the PAO - PA7. PBO - PB7. OLA. and OLB inputs are ignored. Blanking 
information is output synchronously with the even pixel data. 

Even and odd pixel data inputs (ECL compatible). DO is the least significant data bit. They are 
latched on the falling edge of DIV20UT* while CS* is a logical one. PAx represent the even 
pixel data, and PBx represent the odd pixel data. Even data represents the first (leftmost) pixel 
on the display screen. Coding is binary. PAO and PBO are the LSBs. 

Even and odd overlay data inputs (ECL compatible). When OLA or OLB are a logical one, the 4 
MSBs of the corresponding pixel inputs (px4 - Px7) are ignored and the 4 LSBs are used to select 
one of 16 available data words in the overlay palette. They are latched on the falling edge of 
DIV20ur" while CS" is a logical one. If left floating, they will pull themselves to DVEE. 

Differential clock inputs (ECL compatible). They are typically the pixel clock rate of the video 
system. 

Differential CLOCK/2 inputs (ECL compatible). These clocks must be 1/2 the CLOCK rate. 
They may be configured for single-ended operation by connecting DIV2IN" to VBB. 

CLOCK/2 differential outputs (ECL compatible). When DIV20ur" is connected to the DIV2IN 
pin. these outputs are 1/2 the CLOCK rate. When not connected to DIV2IN, they generate a 
signal that is DIV2IN synchronized to CLOCK and inverted. 

Differential video current outputs. These high impedance current sources are capable of directly 
driving either a doubly-terminated 50-ohm or 75-ohm coaxial cable (Figures 4 and 5). Both 
outputs, whether used or not, should have the same output load for best settling time. 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 
0.01 f.LF ceramic chip capacitor and a 0.001 f.LF ceramic chip capacitor must be connected 
between this pin and A VEE (Figures 4 and 5). The COMP capacitors must be aa close to the 
device as possible to keep lead inductance to an absolute minimum. 

Pedestal control input. If connected to ECL VCC, the blanking pedestal on the output is 
disabled. making the black and blanking levels the same (0 IRE). If left floating. the 7.5 IRE 
blanking pedestal is enabled. See Figure 3. 

Full scale adjust control. A resistor (RSET) connected between this pin and ECL vee controls 
the magnitude of the full scale video signal (Figures 4 and 5). Note that the IRE relationships in 
Figure 3 are maintained, regardless of the full scale output current 

The relationship between RSET and the full scale output current is: 

RSET (ohms) = K" VREFIN (v) I lOur (mA) 

where K = 17.205 if SETUP = float or 15.915 if SETUP = ECL VCC. 

Note: The RSET value may need to be adjusted to generate the specified video levels due to 
variations in processing and depending on whether the internal or an extcrna1 reference is used. 
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Pin Descriptions (continued) 

Pin Name 

VREFOur 

VREFIN 

CS* 

RDA*.RDB* 

WR* 

DO-07 

VBB 

TILVCC 

TILGND 

ECLVCC 

DVEE 

AVEE 

Aligrunent Pin 

Description 

Voltage reference output. This output provides a -1.2v (typical) reference. and may be connected 
to the VREF IN inputs of up to three Bt492s_ When driving multiple Bt492s. use 100-ohm 
interconnect resistance to minimize noise pick-up. If it is not used to provide a voltage 
reference. it should remain floating. 

Voltage reference input. An external voltage reference. such as the one shown in Figure 6. or 
the VREF our pin must supply this input with a -1.2v (typical) reference. A O.OlIJ,F ceramic 
chip capacitor in parallel with a 0.001 IJ,F ceramic chip capacitor must be connected between 
this pin and ECL VCC. as shown in Figures 4 and 5. The decoupling capacitors must be as close 
to the device as oossible to keeo lead inductance to an absolute minimum. 

Chip select control input (TTL compatible). This input must be a logical zero to enable MPU 
data to be written to or read from the device. When it is a logical one. DO - D7 are three-stated. 
While CS* is a logical zero. the PAO - PA7. PBO - PB7. OLA. and OLB inputs are used to address 
the color palette RAM and overlay RAM. and the internal pipeline registers are configured to be 
transparent. 

Read control input (TTL compatible). To read data from RAM A. both CS* and RDA* must be a 
logical zero. To read data from RAM B. both CS* and RDB* must be a logical zero. MPU 
addressing on PAx. PBx. and OLx must be valid while RDA* or RDB* is a logical zero. CS*. 
RDA*. and RDB* must not be a logical zero simultaneously. 

Write control input (TTL compatible). To write data to the device. both CS* and WR* must be a 
logical zero. MPU addresses on PAx and PBx are accepted on the falling edge of WR* or CS*. 
whichever occurs first. Data is accepted on the rising edge of WR* or CS*. whichever occurs 
first. MPU addressing on PAx. PBx. and OLx must be valid while WR* is a logical zero. RDx* 
and WR* must not be a logical zero simultaneously. 

Data bus (TTL compatible). Data is transferred into and out of the device over this eight bit 
bidirectional data bus. DO is the least significant bit. 

-1.3voutput. A 0.01 IJ,F decoupling capacitor to ECL vec reduces threshold jitter. 

TTL power. All TTL VCC pins must be connccted together. 

TTL ground. All TTL GND pins must be connected together. 

ECL ground. All ECL VCC pins must be connected together. See Figures 4 and 5. 

ECL digital power. All DVEE pins must be connected together. See Figures 4 and 5. 

ECL analog power. All A VEE pins must be connected together. See Figures 4 and 5. 

Warning: It is important that a ferrite bead be used to connect the AVEE 
power pins to the analog power plane as illustrated in Figures 4 and S. 

The aligrunent pin is connected to the metallic cavity lid which is electrically isolated. 
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Pin Descriptions (continued) 

Signal Pin Signal Pin Signal Pin 
Number Number Number 

CLOCK HI DO EIO VBB C2 
CUX::K* 02 01 011 

D2 010 TILVCC Fll 
D1V2IN 01 D3 Cll 
D1V2IN* D2 D4 CIO TILGND FlO 

D1V20UT E2 D5 Bll TILGND Ell 
D1V20UT* EI D6 AIO TILGND A9 

D7 BIO TILGND B9 
BLANK H2 

CS* B7 ECLVCC A6 
PAO 12 RDA* A7 ECLVCC FI 
PAl KI RDB* B8 ECLVCC L6 
PA2 L2 WR* A8 ECLVCC KIO 
PA3 L3 ECLVCC Kll • PA4 K3 lOur 110, 111 
PAS lA IOUT* HIO, Hll DVEE AS 
PA6 K4 DVEE B6 
PA7 1.5 SEfUP K7 DVEE F2 
OI.A K5 COMP L8 DVEE 01 

VREFIN Kg DVEE K6 
PBO CI VREFOur K9 DVEE L7 
PBI B2 FSADJUST L9 
PB2 BI AVEE 010 
PB3 A2 N/C K2 AVEE 011 
PB4 B3 N/C 11 
PB5 A3 N/C LtO alignment C3 
PB6 B4 pin (LID) 
PB7 A4 
OlB B5 
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Pin Descriptions (continued) 

11 os OJ Dl TGND lVa:: AVEE lOUT' lOur EVa:: 

10 D6 IJ7 D4 D2 DO TGND AVEE lOUT'" lOur EVa:: N/C 

TGND TGND VREI'O FSAD] 

WR' ROB' VRFPl roM' 

ROA' a;' Bt492 SImJP DVEE 

EVa:: DVEE DVEE EVa:: 

DVEE <Ill <IA PA7 

(TUP VIEW) 
PB7 PB6 PM PAS 

PBS PB4 PM PAl 

PB3 PBI VBB DIV21'" DIV:1O DVEE CLK' BLANK PAG N/C PA2 

D PB2 PRO DIV21 DN20* EVa:: DVEE CLK N/C PAl 

A B C D E G H K L 

alignment marker (on top) 

11 EVa:: lOur IOill' AVEE lVa:: TGND Dl OJ os 

10 N/C EVa:: lOUT lDill' AVEE TGND DO D2 D4 IJ7 D6 

!'SAD] VREI'O TGND TGND 

COMP VREPI ROB' WR' 
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DVEE EVa:: 

PA7 (]A <Ill DVEB 
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PAl PM 0 PB4 PBS 

PA2 N/C PAG BLANK CLK' DVEE DIV:1O DIV2I'" VBB PBl PB3 

PAl N/C CLK DVEE EVCC DIV20'" DIV21 PBO PB2 0 
L K H G F E D C B A 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the B t492 power and ground lines by shielding the 
digital inputs and providing good decoupling. The 
lead length between groups of A VEE and ECL VCC 
pins should be minimized so as to minimize inductive 
ringing. 

Sockets 

Only flush mount sockets should be used, such as the 
Advanced Interconnect KS06985TG. 

Ground Planes 

The ground plane should encompass all Bt492 ground 
pins, any voltage reference circuitry, power supply 
bypass circuitry for the Bt492, the analog output 
traces, and all the digital signal traces leading up to 
the Bt492. 

Power Planes 

The Bt492 and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane at a single point thtough 
a ferrite bead, as illustrated in Figures 4 and 5. This 
bead should be located within three inches of the 
Bt492. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all Bt492 power pins, 
any external voltage reference circuitry, and any 
output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power or ground planes, unless they can be 
arranged such that the plane-to-plane noise is 
common mode. This will reduce plane-to-plane noise 
coupling. 
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Supply Decoupling 

In addition to the ferrite beads between the analog and 
regular PCB power and ground planes, an additional 
ferrite bead must be installed between the A VEE power 
pins and the analog power plane, as illustrated in 
Figures 4 and 5. The ferrite bead must be located as 
close as possible to the A VEE pins. 

For the best performance, three chip capacitors in 
parallel (0.1 ~F, 0.01 ~F, and 0.001 ~F) should be 
placed as close as possible to each power pin for 
power supply bypassing. These capacitors should be 
connected on the analog power plane side of the 
ferrite bead for the AVEE pins as illustrated in Figures 
4 and 5. 

Digital Signal Interconnect 

The digital inputs to the Bt492 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground and power planes. 

Stripline or microstrip techniques should be used for 
the ECL interfacing. In addition, all ECL inputs 
should be terminated as closely as possible to the 
device to reduce ringing. crosstalk, and reflections. 

Any termination resistors for the digital inputs should 
be connected to the regular PCB power or termination 
and ground planes. 

Analog Signal Interconnect 

The video output signals should overlay the analog 
ground plane, and not the analog power plane, to 
maximize the high frequency power supply rejection. 

It is important that the analog transmission lines 
have matched impedance throughout, including 
connectors and transitions between printed circuitry 
wiring and coaxial cable. 

• 
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PC Board Layout Considerations (continued) 

TILVCC~""""""""""""""""""""""""". +~ 

Bt4!n 
LI 

fYYY\ 

ICI 

·4.5V 

GROUND 

FSADJUST 

lOUT 
TO 

IOU)'''' VIDEO 
CONNBCrOR 

Location Description Vendor Part Nwnber 

Cl 0.1 I1F ceramic capacitor Mallory CK05BXI04K 
C2. C3 0.1 I1F ceramic chip capacitor Johanson Dielectrics X7R-500S41WI04KP 
C4-C7 0.01 I1F ceramic chip capacitor Johanson Dielectrics X7R-500S41WI03KP 

C8 - Cll 0.001 I1F ceramic chip capacitor Johanson Dielectrics NP0-500S41NI02JP 
C12 10 I1F capacitor Mallory CSR13GI06KM 

Ll.L2 ferrite bead Fair-Rite 2743001111 
Rl 24.9-ohrn 1 % metal film resistor Dale CMF-55C 
R2 49.9-ohrn 1% metal film resistor Dale CMF-55C 

RSEI' 732-ohrn 1 % metal film resistor Dale CMF-55C 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt492. Rl. R2. and RSET values assume 
doubly-terminated 50-ohrn load on IOUT*. 

Figure 4. Typical Connection Diagram and Parts List. 
(Dual Supply Operation) 
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PC Board Layout Considerations (continued) 

TILGND~""""""""""""""""""""""""""" GROUND 

TILVCC~""""""""""""""""""""""""""" +SV 

L2 

Bt492 C2,C4,a 

Location 

Cl 
C2.C3 
C4-C7 
C8 - C11 

C12 
Ll.L2 

Rl 
R2 

RSEI' 

L1 

GROUND 

Cl 

+SV 

IOIITi-----.J 

IO~r---------~--------~ 

TO 

VIDEO 

CONNECTOR 

Description Vendor Part Nwnber 

0.1 ~F ceramic capacitor Mallory CK05BXI04K 
0.1 ~F ceramic chip capacitor Johanson Dielectrics X7R-500S41 WI04KP 

0.01 ~F ceramic chip capacitor Johanson Dielectrics X7R-500S41WI03KP 
0.001 ~F ceramic chip capacitor Johanson Dielectrics NPO-500S41NI02JP 

1 0 ~F capacitor Mallory CSR13G106KM 
ferrite bead Fair-Rite 2743001111 

24.9-ohm 1 % metal film resistor Dale CMF-55e 
49.9-ohm 1% metal film resistor Dale CMF-55C 
732-ohm 1 % metal film resistor Dale CMF-55C 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt492. Rl. R2. and RSET values assume 
doubly-terminated 50-ohm load on IOUT*. 

Figure 5. Typical Connection Diagram and Parts List. 
(Single Supply Operation) 
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Application Information 

Terminated EeL Inputs 

All BCL inputs of the Bt492 should be terminated 
using normal BeL termination practices. In addition, 
all of the BCL digital inputs have internal pull-down 
junctions. Thus, if an BCL digital input is left 
floating, it asswnes the logical zero state. 

External Voltage Reference 

An external voltage reference may be used with the 
Bt492, as shown in Figure 6. In this instance, the 
v K.t.t' UU I pm ShOUlI1 De len I1oanng. 

Note that the VRBF IN pin still requires bypass 
capacitors to BeL VCC. 

Single Supply Operation 

The Bt492 may be operated from a single +5v supply 
by connecting the power supply pins as shown: 

TILVCC= +5v 
TILGND=Ov 
BeLVCC= +5v 
OVEE, A VBB= Ov 

The current mirror on the analog output is required to 
reference the video signal to ground rather than +5v. 

DVEE 

Using Multiple Bt492s 

For color applications, three Bt492s may be used, as 
illustrated in Figure 7. This example generates 256 
simultaneous colors from a 16.8 million color palette 
and supports a 2k x 2k pixel resolution. 

Both the even and odd pixel data require separate shift 
registers (Bt424s). The MPU TIL address bus is also 
interfaced to the Bt492 pixel inputs via the Bt424s. 

Note the DIV20UT - DIV2IN connections, generating 
~~~: i~ d.ll~ alllowullS ~lC Ull~ D,H.;.u,. UP;ld.IN ill " 

synchronous fashion. When analyzing the timing 
window for OlV2IN, be sure to include the 
propagation delay of the CLOCK and DIV20UT 
signals through the transmission lines of the 
physical layout on the PC board. 

The Bt492s may share the voltage reference and 
analog power/ground planes, but each Bt492 must 
have its own power supply decoupling, COMP 
decoupling, VRBF IN decoupling, A VEE ferrite bead, 
RSBT resistor, and lOUT termination resistors. 

Optimum layout should minimize CLOCK and DIV2 
line length. Low dielectric stripline is recommended, 
and the propagation delays between CLOCK and OIV2 
should match as closely as possible. 

VREFIN ----... 

LM38SBZ-1.2 

ECLVCC 

Figure 6. External Voltage Reference. 
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Application Information (continued) 

MPU ADDRESS BUS ('lTL) 

CLOCK Q.OCK'" 

(2) 

so .----,''--+---.".---------1 PAO - PA7 

so 

t--"7''--+---.-----+-I PAO-PA7 
t--r'------+--I PBO -PB7 

...--+----I D1V1OtIT 

DIV20UT'" 

so 

PAO-PA7 

CLOCK/2 
PBO-PB7 

DIV10tIT 

DlV20lTT'" 
a.oex."/2 OIV2IN'" 

DIV2IN 
so VBB 

-2V 

Figure 7. Using Multiple Bt492s. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

ECL Power Supply DVEE,AVEE - 4.2 - 4.5 - 5.5 Volts 
ECLGround ECLVCC 0 Volts 
TTL Power Supply TTLVCC 4.75 5 5.25 Volts 
TTL Ground TILGND 0 Volts 
Ambient Operating Temperature TA 0 +70 ·C. 
Output Load RL 25 Ohms 
Reference Voltage VREFIN - 1.17 - 1.23 - 1.29 Volts 
FS ADJUST Resistor RSET 729 Ohms 

Note: Inermal equ1l1onum IS estaOllsnea oy applymg power ror at least" mmutes wnue mamtammg a 
transverse air flow of 400 linear feet per minute over the device either mounted in the test socket or on the 
printed circuit board. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

ECLSupply DVEE,AVEE - 6.5 Volts 
(measured to ECL VCC) 

TIL Supply (measured to GND) TILVCC + 7.0 Volts 

Voltage on any ECL Input Pin ECLVCC DVEE Volts 

Voltage on any TIL Pin TILGND TILVOC Volts 
- 0.5 +0.5 

Analog Output Short Circuit 
Duration to any Common indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature 'IS - 65 + 150 ·C. 
Junction Temperature TJ + 175 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds, 1/4 inch from pin) 

Junction-to-Ambient 

Still Air 28 ·C./W 

400LFM 13 ·C./W 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution 8 8 8 Bits 
Accuracy 

Integral Linearity Error IL ± 1/2 LSB 
Differential Linearity Error IL ± 1/2 LSB 
Gray Scale Error 

Internal Reference ± 10 % Gray Scale 
External Reference ±5 % GrayScale 

Monotonicity guaranteed 
Coding Binary 

TTL Digital Inputs 
Input High Voltage Vlli 2.0 TTLVCC Volts 

+0.5 
Input Low Voltage VJL TTLGND 0.8 Volts 

- 0.5 
Input High Current (Vin = 2Av) IIH 70 ~ 
Input Low Current (Vin = OAv) IlL - 700 ~ • Input Capacitance ON 6 pF 

(f = 1 MHz, Vin = 2Av) 

TTL Digital Outputs 
Output High Voltage VOH 2.4 Volts 

(lOH=-2mA) 
Output Low Voltage VOL 0.4 Volts 

(lOL=20mA) 
3-State Current IOZ - 50 50 ~ 
Output Capacitance CDOUT 8 pF 

ECL Digital Inputs 
Input High Voltage VIH - 1165 - 880 mV 
Input Low Voltage VIL - 1810 - 1475 mV 
Input High Current IIH 220 ~ 
Input Low Current IlL 0.5 ~ 
Input Capacitance ON 6 pF 

(f = 1 MHz, Vin = VlHmax) 

CLOCK, CLOCK* Differential ±400 mV 
Input Voltage 

ECL Digital Outputs 
Output High Voltage VOH - 1025 - 880 mV 
Output Low Voltage VOL - 1810 - 1620 mV 
Output Capacitance CDOUT 7 pF 

See test conditions on next page. 
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D.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Analog Output 
Gray Scale Current Range - 10 -40 rnA 
Output Current* 

White Level 0 -5 - 50 J1A 
Black Level Relative 10 White - 25.08 - 26.40 - 27.72 rnA 
Blank Level Relative 10 Black 

SETUP = EeL vee 0 0 0 rnA 
SETUP = float - 2.05 - 2.16 - 2.28 rnA 

Blank Level Relative 10 White - 27.13 - 28.56 - 30 rnA 
LSB Size - 103.5 J1A 

Output Compliance VOC - 1.2 + 1.5 Volts 
Output Impedance Rour 10 Kohms 
Output Capacitance cour 9 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Reference Input Current IREFIN 10 J1A 
Reference Output Voltage VREFOUT - 1.175 - 1.235 - 1.295 Volts 
Reference Output Current IREFOUT - 200 J1A 
VREF OUTTempco ±75 ppm 

VBB Output Voltage VBB - 1260 -1320 - 1380 mV 
(load = 500 JJA) 

Power Supply Rejection Ratio PSRR 0.1 %[% 
(COMP = 0.001 IJ.F II O.01I1F, AAVEE 
f= 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET adjusted for 
-28.56 rnA full scale output current, VREF IN = -1.21v, SETUP = float. All ECL inputs have 50 ohms 10 -2.Ov. 
Thermal equilibrium is established by applying power for at least 2 minutes while maintaining a transverse air 
flow of 400 linear feet per minute over the device either mounted in the test socket or on the printed circuit board. 

"When using internal reference, RSET may need 10 be adjusted 10 meet these limits. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 360 MHz 

CS* and Address Setup Time 1 10 ns 
CS* and Address Hold Time 2 20 ns 

RDx* Asserted to Data Bus Driven 3 10 ns 
RDx" Asserted to Data Valid 4 30 ns 
RDx" Negated to Data Bus 3-Stated 5 10 ns 

WR* Pulse Width Low 6 75 ns 
Write Data Setup Time 7 45 ns 
Write Data Hold Time 8 10 ns 

Pixcl and Control Setup Time 9 0 ns 
Pixel and Control Hold Time 10 1 ns 

Clock Cycle Time 11 2.8 ns 
Clock Pulse Width High 12 1 ns 
Clock Pulse Width Low 13 1 ns 

DIV20UT Delay** 14 0.5 1.5 ns 
DIV2IN Setup Tnne 15 0.5 ns 

(to rising edge of CLOCK) 
DIV2IN Hold Time 16 0.5 ns 

(to rising edge of CLOCK) 

Analog Output Delay 17 4 ns 
Analog Output Rise/Fall Time 1 ns 
Analog Output Settling Time 18 3 5 ns 
Clock and Data Feedthrough* tbd dB 
Glitch Impulse* 5 LSB -ns 

Pipeline Delay 3 3 3 Clocks 

DVEE + AVEE Supply Current lEE 635 rnA 
TTL VCC Supply Current ICC 65 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET adjusted for 
-28.56 rnA full scale output current, VREF IN = -1.21v, SETUP = float. ECL input values are -0.95 to -1.69 volts, 
with input rise/fall times Sins, measured between the 20% and 80% points. TTL input values are 0 to 3 volts, 
with input rise/fall times S 3 ns, measured between the 10% and 90% points. Timing reference points at 50% for 
inputs and outputs. All ECL inputs have 50 ohms to -2.Ov, unless other specified. Analog output load S 10 pF. 
See timing notes in Figure 10. 

*Settling time does not include clock and data feedthrough. -3 dB test bandwidth = 720 MHz. 

**Tested with three ECL loads. 
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Timing Waveforms 

CS·, PAO- PA7, 

PBO - PB7. OLA, OLB 

RBAD (DO - D7) 

CS"', PAO-PA7, 
PBO - PB7. OLA, OLB 

WR· 

WRITE (DO - 07) 

Broddree~ 

~ ~ 2-1~ _=*--+-j _VALI_D ---t--Jt ~'--------

_ G ~ 9 =.= J=~ __ s ____ _ 

Figure 8. MPU Read Timing. 

I 1 2_ t: ~ VALID 

6 

t DATA IN 

7 

- I-- 8 

Figure 9. MPU Write Timing. 
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Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt492KG360 360 MHz 68-pin Ceramic O' to +70' C. 
PGAwith 

Alignment Pin 
and Heatsink 

Timing Waveforms (continued) 

DlV2IN 

DIV2OUT" 

PAD·PA7, PBO·PB7. 
OLA, OLD, BLANK 

CLOCK 

17 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale transition. 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within ± 1%. 

Note 3: Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 10, Video Input/Output Timing, 
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Distinguishing Features 

• 250 MHz Operation 
• Overlay Support 
• TIL Pixel Inputs 
• TIL MPU Address Interface 
• ECL Shift Register Outputs 
• Shift Enable and Output Enable Controls 
• Optional Single +5v Operation 
• 68-pin PGA Package with Alignment Pin 
• Typical Power Dissipation: 1.25 W 

Functional Block Diagram 

TIL vee 

TILGND 

BCLVBB 

Ba.vee 

DO-D3~ 
(TJ'L) 

Customer Benefits 

• Flexible Power Supply 
• Reduced Component Count 
• Simplifies PCB Layout 
• Reduces PCB Interconnect 
• Low Bus Loading 
• Increases System Reliability 

Possible Configurations 

• One 4O-bit Shift Register 
• Two 16-bit or 20-bit Shift Registers 
• Five 8-bit Shift Registers 
• Four lO-bit Shift Registers 

QO (ECL) 

QI (BCL) 

Q2 (ECL) 

Q3 (BCL) 

Q4 (ECL) 

OB· (Ea.) 

un· SIN SID- AO - A4 ABN· 
(TIL) (Ea.) (BeL) (1TL) (TIL) 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L424001 Rev. F 6-5 

Bt424 
250 MHz 

40·bit Multi.Tap 

TTL/ECL Compatible 

Video Shift Register 

Product Description 

The Bt424 is a 40-bit multi-tap shift 
register. It is designed specifically for 
high-resolution graphics systems. 

TTL pixel data from the frame buffer is 
typically loaded at either 1/8 or 1/1 0 the 
clock rate (up to about 32 MHz) using the 
TTL compatible LLO* signal. Data is then 
transferred from the input latch to the shift 
register using the ECL compatible load 
signal (SLD*). The double-buffering of 
incoming pixel data simplifies system 
timing. 

The shift register is clocked by the ECL 
compatible CLOCK and CLOCK· inputs, and 
features ECL compatible serial input (SIN) 
and shift enable (SEN*) controls. 

The Bt424 performs TIL to ECL translation 
of the MPU address (AO - A4), eliminating 
external address translators. The MPU 
address interface enables the MPU address(AO 
- A4) to be output onto the QO - Q4 pins, 
overriding the shift register data. This 
interface is controlled by the TTL compatible 
address enable (AEN*) signal. 

The Bt424 has separate TTL and ECL supply 
pins, enabling operation from a single +5v 
supply, or a +5v and -5.2v supply. 
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Circuit Description 

As illustrated in the functional block diagram, the 
Bt424 contains a 40-bit input latch, a 40-bit shift 
register, and control logic. 

General Shift Register Operation 

The 40-bit shift register has multiple taps, as 
illustrated in the functional block diagram. As 
illustrated in Figure 3, on the rising edge of LLD*, 00 
- 039 are latched into the input latch. Oata is 
transferred from the input latch to the shift register 
<Y""hrnnoll<ly on the Ti.in~ edge of CLOCK while 
SLO* is a logical zero. Note that while LLO* is a 
logical zero, the input latch is transparent, as 
illustrated in Figure 4. 

The multiplexers select one of two taps from the 
40-bit shift register or a MPU address input. The 
output of the multiplexers are registered 
synchronously to CLOCK and output onto the QO - Q4 
pins. 

The SEN* input may be used to synchronously enable 
(logical zero) or disable (logical one) the shift 
register from clocking. This is useful for 
implementing hardware zooming in a graphics 
application. Figure 5 shows the shift timing and 
SEN* timing. 

The OE* input is used to enable (logical zero) or 
disable (logical one) the outputs asynchronously to 
CLOCK, as shown in Figure 6. 

Single 40-blt Shift Register Operation 

When used as a 40-bit shift register, only the QO 
output is used, and the QI - Q4 outputs are ignored. 00 
is the first bit output, followed by 01, etc. SLO* and 
LLO* should occur once every 40 clock cycles. The 
state of the SO and S I inputs are not important, and 
may be connected to TTL GND. 

Note that single shift registers of any length (up to 
40-bits) may be implemented by simply loading the 
parallel data at the appropriate time. For example, a 
32-bit shift register may be implemented by loading 
parallel data once every 32 clock cycles. 
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Dual 20-blt Shift Register Operation 

When used as a dual 20-bit shift register, only the QO 
and Q2 outputs are used, and the QI, Q3, and Q4 
outputs are ignored. For QO, DO is the first bit output, 
followed by 01, etc. For Q2, 020 is the fust bit 
output, followed by 021, etc. SLO* and LLO* should 
occur once every 20 clock cycles. SO and SI must 
configure the Bt424 as four 10-bit shift registers. 

Dual t6-blt Shift Register Operation 

When used as a dual 16-bit shift register, only the QO 
and Q2 outputs are used, and the QI, Q3, and Q4 
outputs are ignored. For QO, DO is the fust bit output, 
followed by 01, etc. For Q2, 016 is the fust bit 
output, followed by 017, etc. SLO* and LLO* should 
occur once every 16 clock cycles. SO and SI must 
configure the Bt424 as five 8-bit shift registers. 

Quad to-hit Shift Register Operation 

When used as a quad 10-bit shift register, all output 
except Q4 are used (which is ignored). For QO, 00 is 
the first bit output, followed by Dl, etc. For QI, DlO 
is the first bit output, followed by 011, etc. For Q2, 
020 is the first bit output, followed by 021, etc. For 
Q3, 030 is the fust bit output, followed by 031, etc. 
SLO* and LLO* should occur once every 10 clock 
cycles. SO and SI must configure the Bt424 as four 
10-bit shift registers. 

Quint 8-blt Shift Register Operation 

When used as a quint 8-bit shift register, all outputs 
are used. For QO, 00 is the first bit output, followed 
by 01, etc. For QI, 08 is the first bit output, 
followed by 09, etc. For Q2, 016 is the first bit 
output, followed by 017, etc. For Q3, 024 is the fust 
bit output, followed by 025, etc. For Q4, 032 is the 
first bit output, followed by 033, etc. SLO* and LLO* 
should occur once every 8 clock cycles. SO and S 1 
must configure the Bt424 as five 8-bit shift registers. 



Circuit Description (continued) 

MPU Address Interface 

The Bt424 accepts TIL compatible MPU addresses(AO 
- A4) and translates them to ECL compatible levels, 
eliminating the need for external TIL/ECL translators 
along the address path. 

While AEN'" is a logical one, pixel data from the shift 
register is output onto the QO - Q4 pins. While AEN'" 
is a logical zero, AO - A4 are output onto the QO - Q4 
pins. Figure 7 illustrates the MPU address timing. 
Note that QO - Q4 are always output following the 
rising edge of CLOCK regardless of the value of 
AEN"'. 

SO, SI Select Inputs 

so and S 1 specify the configuration of the Bt424 as 
follows: 

Sl SO Function 

0 0 quad 10-bit 
x 1 quint 8-bit 
1 0 quad 8-bit, 8-bit overlay port 

Table 1. SO, SI Control Inputs. 

Figure 1 shows using the Bt424 in a typical graphics 
system. In this instance, the RAMOAC has separate 
(nonmultiplexed) pixel and overlay data inputs. 
Therefore. all three Bt424s are configured for the same 
mode of operation (either quad 10-bit or quint 8-bit 
depending on the specific application). 

Figure 2 shows a basic configuration using the Bt424 
with a RAMOAC that has multiplexed pixel and 
overlay inputs. The OL input of the RAMOAC 
specifies whether pixel (OL = 0) or overlay (OL = 1) 
data is present on PO - P7. 

The Bt424s interfaced to bit planes 0 - 7 are 
configured to support overlays (Sl = 1, SO = 0). 00 -
07, 08 - 015, 016 - 023, and 024 - 031 are 
configured as four 8-bit pixel input ports, while 032 -
039 are configured as an 8-bit overlay active input 
porL IT D32 - 039 contain a logical one on any bit, 
the QO - Q3 outputs are disabled and forced to a logical 
zero, enabling overlay information to be wire-ORed 
onto the QO - Q3 outputs. 
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The Bt424 interfaced to the overlay bit planes is 
configured as a quint 8-bit shifter, and serializes the 
overlay information. The QO - Q3 outputs are 
wire-ORed onto the pixel data bus to the RAMOAC. 
The 032 - 039 inputs are serialized to generate the 
overlay enable (OL) control signal for the RAMOAC. 
Note that if no overlay information is being 
displayed, the QO - Q4 outputs are a logical zero, 
allowing normal pixel data to be displayed. 

Eight 4-input TIL OR gates are required to generate 
the overlay active signals to the Bt424s. DO, D8, 
016, and 024 are ORed together to generate 032, etc. 

Power Supply Operation 

The Bt424 may operate from a +5v and -5.2v power 
supply or from a single +5v power supply, as 
illustrated below: 

Nominal Voltages Applied 

Supply Pin Single Supply Dual Supply 
System System 

TTLVCC + 5.Ov + 5.Ov 
TILGND Ov Ov 
ECLVCC + 5.Ov Ov 
ECLVEE Ov - 5.2v 

Table 2. Power Supply Operation. 

Inputs and outputs are temperature and voltage 
compensated. 
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Bt424 BroddreeGD 

FRAMIl BUFFER 

OVllRLA Y PLANE 0 DO-D7 QO OLO 

OVllRLA Y PLANE 1 D8-D15 Q1 OL1 

OVllRLA Y PLANE Z D16-023 QZ OLZ 

OVllRLA Y PLANE 3 D24-D31 Bt424 Q3 OL3 

51=X,50=1 

RAMDAC 

BIT PLANE 0 DO-D7 Bt424 QO PO .. _ ......... ,.., . no T'l1C m PI ')<I;;l'"f'IlI nR 11 AU 

BIT PLANE Z D16-DZ3 
51=X,50_1 

QZ PZ 150VllRLA Y5 

BIT PLANE 3 D24-D31 Q3 P3 

BIT PLANE 4 DO-07 QO 1'4 

BIT PLANE 5 D8-D15 Bt424 Q1 P5 
BIT PLANE 6 D16-023 QZ P6 

BIT PLANE 7 D24-D31 
51=X,50=1 

Q3 P7 

Figure I, Using the Bt424 with Separate Pixel and Overlay Inputs. 
(256 Colors, 15 Overlays) 

FRAMIl BUFFER 

OVllRLA Y PLANE 0 DO-07 QO 
OVllRLA Y PLANE 1 DB-D15 Q1 
OVllRLA Y PLANE Z D16-D23 

Bt424 
Qzr--

OVllRLA Y PLANE 3 

LW~3)-~ 
D24-D31 Q31--

Sl=X,SO=l 
D3Z-D39 Q4 OL 

8 4-1NPIlT OR:OATBS RAMDAC 
BIT PLANE 0 DO-07 Bt424 QO PO 
BIT PLANE 1 DB-D15 Q1 P1 256COLORRAM, 
BIT PLANE Z D16-DZ3 

51=1,50=0 QZ PZ 150VllRLAY5 

BIT PLANE 3 D24-D31 Q3 P3 

~ 03Z-D39 
BIT PLANE 4 DO-07 QO 1'4 
BIT PLANE 5 DB-DIS Bt424 Q1 P5 
BIT PLANE 6 D16-D23 QZ P6 
BIT PLANE 7 D24-D31 

51=1,50=0 
Q3 1'1 

'-- D3Z-D39 

Figure 2. Using the Bt424 with Multiplexed Pixel/Overlay Inputs. 
(256 Colors, 15 Overlays) 
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Pin Descriptions 

Pin Name 

00-039 

SIN 

SEN* 

SLD* 

CLOCK, 
CLOCK* 

QO-Q4 

OE* 

SO,SI 

AO-A4 

AEN* 

TILVCC 

TILGND 

ECLVEE 

ECLVCC 

Bt424 

Description 

Parallel data inputs (TIL compatible). These inputs are latched into the input latch on the 
rising edge of LLD*, asynchronous to CLOCK. 

Shift data input (ECL compatible). This input is latched on the rising edge of CLOCK, and 
may be used to serially load the shift register. If not used, it should be connected to ECL 
GND. 

Shift enable control input (ECL compatible). This input may be used to synchronously 
start or stop the shift register from clocking. A logical zero enables shifting, a logical one 
disables shifting. 

Input latch load control input (TTL compatible). The rising edge of LLD* is used to latch 
DO - D39 into the input latch. While LLD* is a logical zero, the input latch is transparent. 

Shift register load control input (ECL compatible). SLD* is used to transfer data from the 
input latch to the shift register synchronously to CLOCK. Data is transferred on the rising 
edge of CLOCK while SID* is a logical zero. 

Differential clock inputs (ECL compatible). The clock rate is typically the pixel clock rate 
of the video system. The Bt424 may be used with a single ended clock by connecting 
CLOCK* to VBB (-1.3v) 

Shift register outputs (ECL compatible). These pins output either 00 - D39 data (AEN* = 
logical one) or AO - A4 data (AEN* = logical zero). Data is output following the rising edge 
of CLOCK. 

Output enable control input (ECL compatible). A logical one forces the QO - Q4 outputs to 
a logical zero, while a logical zero enables data to be output onto QO - Q4. The QO - Q4 
outputs are enabled and disabled asynchronously to CLOCK. 

Select control inputs (TIL compatible). These inputs control the operation of the device as 
specified in Table 1. 

Address inputs (TIL compatible). These are typically address inputs from the MPU, used to 
address the color palette RAM during MPU read/write cycles to the color palette RAM. 

Address enable control input (TIL compatible). While AEN* is a logical zero, AO - A4 are 
output onto QO - Q4 following the rising edge of CLOCK. If AEN* is a logical one, AO - A4 
are ignored. 

Power supply pins for the TTL compatible circuitry. 

Ground pins for the TTL compatible circuitry. 

Power supply pins for the ECL compatible circuitry. 

Ground pins for the ECL compatible circuitry. 

6-9 
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Bt424 Bnddree® 
Pin Descriptions (continued) 

Signal Pin Signal Pin Signal Pin 
Number Number Number 

aDCK AS DO 110 02S B2 
CLOCK· B8 01 Hll 026 C1 

02 H10 027 C2 
UD* A2 03 Gll 028 01 
SlD* B3 D4 G10 029 02 
SEN* A7 
SIN K4 OS Fll 030 E1 
SO K2 D6 FlO 031 E2 
Sl 13 D7 Ell 032 F2 

D8 ElO U]] lil 
AEN* K3 D9 011 034 HI 

AO K9 
Al L10 010 010 03S H2 
A2 K11 011 Cl1 036 11 
A3 K10 012 C10 037 12 
A4 Jl1 013 Bl1 038 K1 

014 A10 039 1.2 
QO 1.8 
Q1 K7 01S B10 TILvex F1 
Q2 L7 016 B7 
Q3 K6 017 A6 TILGND G1 
Q4 1.6 018 B6 

019 AS ECLVEE B9 
DE· 1.4 ECLVEE L5 

020 BS 
021 A4 ECLVex A9 
022 B4 ECLVex KS 
023 A3 ECLVex K8 
024 B1 ECLVex L9 
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Broddree® Bt424 

Pin Descriptions (continued) 

11 013 D11 D9 D7 DS D3 D1 M A2 

10 014 O1S 012 010 IJ8 D6 ])I D2 DO A3 AI 

I!VCC EYEIl All EVa: 

CLK CLK' EVa: QO 

SI!N' D16 Bt424 Q1 Q2 

017 018 Q3 Q4 

D19 = I!VCC EYEIl 

(TOP VIEW) 
D21 D22 SIN (E' 

DZl SID' AEN' SI 

1LD' D2S DZI D29 D31 D32 D33 D3S 037 so 039 

D D14 D26 D28 030 1Va: TGND D34 D36 D38 

A B C D E F G H K L 

alignment marker (on top) 

11 A2 M 01 D3 DS D7 D9 D11 013 

10 AI A3 DO D2 ])I D6 IJ8 010 012 O1S 014 

EVa: All EYEIl I!VCC 

QO I!VCC CLK' CLK 

Q2 Q1 016 SEN' 

Q4 Q3 
(BOTTOM VIEW) 

018 017 

EYEIl I!VCC D;!) 019 

<E' SIN AliGNMENT PlN D22 D21 

(ONBOITOM) 
SI AEN' 0 Sill' OZl 

D39 so D37 D3S 033 032 031 D29 DZI 02S 1lD' 

D38 036 034 TGND 1Va: 030 028 026 024 D 
L K H G F E 0 C B A 
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Bt424 

Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

TIL Device Ground TILGND 0 0 0 Volts 
EeL Device Ground ECLVee 0 0 0 Volts 
TIL Power Supply TIL vee +4.75 +5.0 + 5.25 Volts 
EeL Power Supply ECLVFE - 4.9 - 5.2 - 5.5 Volts 
Ambient Operating Temperature TA 0 +70 ·C. 

Note: Thermal equilibrium is established by applying power for at least 2 minutes while maintaining a 
transverse air flow of 400 linear feet per minute over the device either mounted in the test socket or on the 
prmted ClrCUlt bOartt. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

ECL VEE (measured to EeL Vee) - 8.0 Volts 
TIL vee (measured to TIL GND) +7.0 Volts 

Voltage on any EeL Pin 0 ECLVEE Volts 

Voltage on any TIL Pin TILGND TILVee 
- 0.5 + 0.5 Volts 

QO - Q4 Output Current - 30 rnA 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature 1S - 65 + 150 ·C. 
Junction Temperature TJ + 175 ·C. 

Soldering Temperature TS<L 260 ·C. 
(5 seconds, 1/4" from pin) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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Bt424 

ECL D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Input High Voltage" Vll:I - 1165 - 880 mV 
Input Low Voltage* VIL - 1810 - 1475 mV 

Output High Voltage" VOH - 1025 - 880 mV 
Output Low Voltage· VOL - 1810 - 1620 mV 

Input High Current llH 500 IlA 
(Yin = VIHmax) 

Control 500 IlA 
(SID, SlN, SEN) 

Clock SO IlA 
(Clock, Clock·) 

Input Low Current llL 400 IlA 
(Vin = VILmin) 

Control 400 IlA 
(SID, SlN, SEN) 

Clock 15 IlA 
(Clock, Clock") 

EeL VEE Supply Current lEE 240 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with QO - Q4 loading of 
SO ohms to -2.0v. 

·Relative to EeL VCC. 

The specified limits shown can be met only after thermal equilibrium has been established. Thermal equilibrium 
is established by applying power for at least 2 minutes while maintaining a transverse air flow of 400 linear feet 
per minute over the device either mounted in the-test socket or on the printed circuit board. 

TTL D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Input High Voltage" Vll:I 2.0 TILVCC Volts 
+ 0.5 

Input Low Voltage" VIL TILGND 0.8 Volts 
- 0.5 

Input High Current llH 70 IlA 
(Vin = 2.4v) 

Input Low Current llL - 0.7 rnA 
(Vin = 0.4v) 

TIL VCC Supply Current ICC 75 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with QO - Q4 loading of 
SO ohms to -2.Ov. 

*Relative to TIL GND. 
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Bt424 

A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 250 MHz 

Clock Cycle Time 1 4 ns 
Clock Pulse Width High Time 2 1.5 ns 
Clock Pulse Width Low Time 3 1.5 ns 

LLO* Pulse Width Low Time 4 7 ns 
LLD* Setup Time 5 8 ns 

~. :; Y.I.J_ u",~u.t" • uu"'" 2 ns 
SLD Hold Time 7 0 ns 

DO - 039 Setup Time to LLO* 8 10 ns 
DO - 039 Setup Time to Clock 9 15 ns 
DO - 039 Hold Time to LLD* 10 0 ns 
DO - 039 Hold Time to Clock 11 0 ns 

QO - Q4 Output Delay 12 1.5 4 ns 

SEN* Setup Time 13 2 ns 
SEN* Hold Time 14 0 ns 

SIN Setup Time 15 1.5 ns 
SIN Hold Time 16 0.5 ns 

OE* Pulse Width Low Time 17 4 ns 
OE* Enable Time 18 3.5 ns 
OE* Disable Time 19 4 ns 

AO - A4 Setup Time 20 12 ns 
AO - A4 Hold Time 21 0 ns 
AEN* Setup Time 22 5 ns 
AEN* Hold Time 23 0 ns 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with QO - Q4 loading of 
50 ohms to -2.0v. TTL input values are 0 to 3 volts, with input rise/fall times S 3 ns, measured between the 10% 
and 90% points. ECL input values are -0.89 to -1.69 volts, with input rise/fall times S 2 ns, measured between 
the 20% and 80% points. Timing reference points at 50% for inputs and outputs. 

Ordering Information 

Ambient 
Model Number Package Temperature 

Range 

Bt424KG 68-pin Ceramic O· to +70· C. 
PGAwith 

Alignment Pin 
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Broddree~ Bt424 

Timing Waveforms 

DO-D3~ 

LID· 

SID· 

a.OCK 

QO-Q4 

Figure 3. Load Latch and Register Timing. 

DO-D~ VALID 

11 

SID" 

CLOCK 

--~ 
~ QO-Q4 

Figure 4. Transparent Latch Timing (LLD* = Logical Zero). 
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Bt424 

Timing Waveforms (continued) 

SIN VALID 

IS 16 

CLOCK 

QO-Q4 

Figure 5. Shift Timing (SLD* Logical One). 

QO-Q4 

~ f" Jf " 
DATA our 

Figure 6. Output Enable Timing. 

AO-A4 VALID 

20 21 

AEN' 

a.OCK 

QO-Q4 

Figure 7. Address Enable Timing. 
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Distinguishing Features 

• 64 x 64 Pixel User Defmable Cursor 
• Ful1 Screen!Window Cross Hair Cursor 

Pixel Positioning of Cursors 
Supports Pixel Rates up to 175 MHz 

• 1:1, 4:1, and 5:1 Output MUltiplexing 
• TIL Compatible Inputs/Outputs 
• Standard MPU Interface 

+5v CMOS Monolithic Construction 
• 24-pin 0.3" DIP or 28-pin PLCC Package 
• Typical Power Dissipation: 450 m W 

Functional Block Diagram 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L431001 Rev. F 

DO-D7 

Applications 

High Resolution Color Graphics 
Image Processing 

Customer Benefits 

Reduces Component Count 
Reduces PCB Area Requirements 

• Simplifies Cursor Implementation 
• Al10ws Fast Cursor Movement 
• Simplifies Software Interface 

Bt431 
Monolithic CMOS 

64 x 64 Pixel 

Cursor Generator 

Product Description 

The Bt431 cursor generator provides a 64 x 
64 pixel user-defmable cursor and a cross 
hair cursor for high resolution, 
noninterlaced, monochrome or color 
graphics systems. The cross hair cursor may 
be implemented as a full screen or full 
window cross hair cursor. Both cursors may 
be displayed simultaneously, with logical 
OR and exclusive-OR operations supported. 
Either cursor may be moved off the top, 
bottom, left, or right side of the display 
without wrap-around. 

The cursors may be positioned with pixel 
resolution, and may be individually enabled 
or disabled from being displayed. A standard 
MPU bus interface is supported, simplifying 
system design. 

The Bt431 may be programmed to output 
cursor information for one, four, or five 
horizontal1y consecutive pixels, enabling it 
to be interfaced to either the multiplexed or 

CUll (A-B) nonmultiplexed overlay inputs of Brooktree 

CE' R/W m Cl 

6 - 17 

CE' RAMDACs. 

An external shift register may be used with 
the Bt431 to support pixel rates up to 175 
MHz. 
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Bt431 

Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
B t431 supports a standard MPU bus interface, 
allowing the MPU direct access to the internal control 
registers and cursor RAM. 

The MPU interface signals consist of DO • D7, CE*, 
R/W, CO, and Cl. Table 1 illustrates the truth table 
for the control inputs, and Figure 1 illustrates the 
MPU read/write timing of the device. 

Two 8·bit address registers (address registerO and 
address registerl), cascaded to form a 16·bit address 
pointer register, are used to address the internal 
control registers and cursor RAM, as illustrated in 
Table 2. During read/write cycles to the cursor RAM, 
the 9 least significant bits of the address pointer 
register (ADDRO . ADDR8) are incremented following 
each read or write cycle to the cursor RAM. Thus, the 
MPU may load the address pointer register with the 
desired starting cursor RAM address, and burst load 
new cursor RAM data by writing up to 512 bytes of 
data to the device. FolIowing a read or write cycle to 
RAM location $OIFF, the address pointer register 
resets to $0000. 

During accesses to the control registers, ADDRO . 
ADDR8 are incremented after any read or write cycle to 
a register. While accessing the control registers, the 
address pointer register will reset to $0000 only 
folIowing a write cycle to location $OIFF. The 
address register is not incremented when read or 
written to. 

Broddree® 

RAMDAC Interface 

The Bt431 is designed to generate cursor information 
using the overlay input ports of Brooktree 
RAMDACs. 

The Bt431 may be interfaced directly to RAMDACs 
with 4: 1 or 5: 1 multiplexed overlay ports, supporting 
display resolutions up to 1280 x 1024 pixels. In this 
instance, the CUR (A . E) outputs of the Bt431 would 
connect directly to the overlay inputs of the 
RAMDAC, and the CLOCK input of the Bt431 would 
typically be connected directly to the LD* or LDOUT 
pin of the RAMDAC. The Bt431 must be programmed 
to output either four or five horizontally consecutive 
pixels of cursor information each CLOCK cycle. This 
enables the Bt431 to output cursor information at an 
effective 125 MHz rate. 

To support RAMDACs with nonmultiplexed overlay 
inputs, the Bt431 may be programmed to output a 
single pixel of cursor information each CLOCK cycle. 
In this configuration, the CURA output of the Bt431 

would connect directly to the one of the overlay 
inputs of the RAMDAC. This configuration limits the 
cursor information to an effective 35 MHz rate. The 
CLOCK input of the Bt431 is typically connected 
directly to the CLOCK input of the RAMDAC. 

The Bt431 may be configured for 4:1 or 5:1 output 
multiplexing, and an external shift register used (with 
appropriate control logic) to interface to RAMDACs 
whose input pixel rate is greater than 35 MHz. In this 
configuration, the CLOCK must be driven at 1/4 or 
1/5 the pixel clock rate. Pixel rates up to 175 MHz 
may be supported using this technique. 

WW.C~CI ====><~_V_AL_ID_--J)(~ _________________________ __ 

CEO \'---------/ 
DO· D7 (READ) ------------« DATA our (RJW = I) )>------

DO· D7 (WRITE) ____________ --'x DATA IN (RIW = 0) )(\.-----

Figure 1. MPU Read/Write Timing. 
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Bt431 

Circuit Description (continued) 

R/W C1 co 

0 0 0 write address registerO 
0 0 1 write address register1 
0 1 0 write to RAM location specified by address pointer register 
0 1 1 write to control register specified by address pointer register 

1 0 0 read address registerO 
1 0 1 read address register1 
1 1 0 read RAM location specified by address pointer register 
1 1 1 read control register specified by address pointer register 

Table 1. MPU Control Truth Table. 

Address Pointer • Register 
(ADDR1S - ADDRO) 

Address Address 
CO Register1 RegisterO RegisterJRAM location 

(07 -DO) (07 -DO) addressed 

0 0000 0000 0000 0000 cursor RAM location $000 
0 0000 0000 0000 0001 cursor RAM location $001 
: : : : 
0 00000000 1111 1111 cursor RAM location $OFF 
0 0000 0001 0000 0001 cursor RAM location $100 
0 0000 0001 0000 0001 cursor RAM location $101 
: : : : 
0 0000 0001 1111 1111 cursor RAM location $lFF 

1 xxxx xxxx xxxx 0000 conunand register 
1 xxxx xxxx xxxx 0001 cursor (x) low register 
1 xxxx xxxx xxxx 0010 cursor (x) high register 
1 xxxx xxxx xxxx 0011 cursor (y) low register 
1 xxxx xxxx xxxx 0100 cursor (y) high register 
1 xxxx xxxx xxxx 0101 window (x) low register 
1 xxxx xxxx xxxx 0110 window (x) high register 
1 xxxx xxxx xxxx 0111 window (y) low register 
1 xxxx xxxx xxxx 1000 window (y) high register 
1 xxxx xxxx xxxx 1001 window width low register 
1 xxxx xxxx xxxx 1010 window width high register 
1 xxxx xxxx xxxx 1011 window height low register 
1 xxxx xxxx xxxx 1100 window height high register 

Table 2. AddresB Pointer RegiBter. 
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Bt431 

Circuit Description (continued) 

64 x 64 Cursor Positioning 

When the cursor RAM is being displayed, the 
contents of the cursor RAM are output onto the CUR 
(A - E) outputs. A logical one in the cursor RAM 
results in a logical one being output onto the 
appropriate CUR (A - E) output during the appropriate 
clock cycle. The cursor pattern may be changed by 
changing the contents of the cursor RAM. 

The 64 x 64 cursor is centered about the value 
specified by the cursor (x,y) register. Thus, the cursor 
(x) register specifies the location of the 31st column 
of the 64 x 64 RAM (assuming the columns start with 
o for the left-most pixel and increment to 63). 
Similarly, the cursor (y) register specifies the 
location of the 31st row of the 64 x 64 RAM 
(assuming the rows start with 0 for the top-most pixel 
and increment to 63). 

Note that the Bt431 expects (x) to increase going 
right, and (y) to increase going down, as seen on the 
display screen. 

The cursor (x) position is relative to the first rising 
edge of CLOCK following the falling edge of 
HSYNC.. The software must take into account the 
internal pipeline delays, the amount of skew between 
the output cursor data and external pixel data, and 
whether 1:1, 4:1, or 5:1 output multiplexing is being 
done. 

The cursor (y) position is relative to the first falling 
edge of HSYNC· that is at two or more clock cycles 
after the falling edge of VSYNC". 

~ 
~ 

IISYNCO ~ ---r .• 
J--- x I 

r-----t--------------, Y 

aJRSOR(X.Y) _--+--"1:<' .. __ .. __ .. _ .. -. __ .-_ .. -... J 
REGISTER 

64.64 
aJRSORARBA 

Figure 2. 

DISPLAY 
SCRJ3I!N 

64 x 64 Cursor Positioning. 
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Circuit Description (continued) 

Cross Hair Cursor Positioning 

Cursor positioning for the cross hair cursor is also 
done through the cursor (x,y) register. 

The intersection of the cross hair cursor is specified 
by the cursor (x,y) register. If the thickness of the 
cross hair cursor is greater than one pixel, the center 
of the intersection is the reference position. 

During times that cross hair cursor information is to 
be displayed, a logical one is output onto the 
appropriate CUR (A - E) output during the appropriate 
clock cycle. 

The cross hair cursor is limited to being displayed 
within the cross hair window, which is specified by 
the window (x,y), window width, and window height 
registers. Since the cursor (x,y) register must specify 
a point within the window boundaries, It Is the 
responsibility of the software to ensure 
that the cursor (x,y) register does not 
specify a point outside of the cross hair 
cursor window. 

Bt431 

If a full screen cross hair cursor is desired, the window 
(x,y) registers should contain $0000 and the window 
width and height registers should contain $OFFF. 

Again, the cursor (x) position is relative to the first 
rising edge of CLOCK following the falling edge of 
HSYNC.. The software must take into account the 
internal pipeline delays, the amount of skew between 
the output cursor data and the external pixel data, and 
whether 1:1, 4:1, or 5:1 output multiplexing is being 
done. 

The cursor (y) position is relative to the first falling 
edge of HSYNC· that is two or more clock cycles after 
the falling edge of VSYNC·. 

~ 
CltoSSHAIR ~ 

HSYNC' ~ ClJRSOR ---yo" 
t--- X I 

ClJRSOR (X, y) 

REGISTER 

r-----+----,~--------, Y 

----,;::ool--L..-..;.: ........ -................. _1 

DISPLAY 
SCREEN 

CROSS HAIR 
WINDOW 

Figure 3. Cross Hair Cursor Positioning 
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Bt431 

Circuit Description (continued) 

Dual Cursor Positioning 

Bolh Ihe 64 x 64 cursor and Ihe cross hair cursor may 
be enabled for display simultaneously, enabling Ihe 
generation of custom cross hair cursors. 

During the 64 x 64 pixel area in which the 
user-definable cursor would be displayed, Ihe contents 
of the cursor RAM may be logically ORed or 
exclusive-ORed with the cross hair cursor 
information. 

CURSOR (X.V) 

RBGISTBR 

61.61 
aJRSORAREA 

As previously mentioned, Ihe cursor (x,y) register 
specifies Ihe location of bit (31,31) of Ihe cursor 
RAM. As the user-definable cursor contains an even 
number of pixel in Ihe horizontal and vertical 
direction, Ihere will be a one pixel offset from being 
truly centered about Ihe cross hair cursor. 

Figure 4 illustrates displaying Ihe dual cursors, and 
Figure 5 illustrates Ihe video input/output timing of 
Ihe Bt431. 

CROSS HAIR 
CURSOR 

CROSS HAIR 

WINDOW 

Figure 4. Dual Cursor Positioning. 

=~ 
HSYNC". VSYNC" 

aJR(A·B) _x=:=)---« _____ O 
OB· \~--

Figure 5. Video Input/Output Timing. 
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Broddree~ Bt431 

Internal Registers 

Cursor (x,y) Register 

These registers are used to specify the (x,y) coordinate of the center of the 64 x 64 pixel cursor window, or the 
intersection of the cross hair cursor. The cursor (x) register is made up of the cursor (x) low register (CXLR) and the 
cursor (x) high register (CXHR); the cursor (y) register is made up of the cursor (y) low register (CYLR) and the cursor 
(y) high register (CYHR). They are not initialized and may be written to or read by the MPU at any time. 

CXLR and CXHR are cascaded to form a l2-bit cursor (x) register. Similarly, CYLR and CYHR are cascaded to form a 
l2-bit cursor (y) register. Bits D4 - D7 of CXHR and CYHR are always a logical zero. 

Cursor (x) High Cursor (x) Low 
(CXHR) (CXLR) 

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 

X Address XU XlO X9 X8 X7 X6 X5 X4 X3 X2 

Cursor (y) High Cursor (y) Low 
(CYHR) (CYLR) 

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 

Y Address Yll YlO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 

The cursor (x) value to be written is calculated as follows: 

Cx = desired display screen (x) position + D + H - P 

where 

P = 37 if 1:1 output multiplexing, 52 if 4:1 output multiplexing, 57 if 5:1 output multiplexing 
D = skew (in pixels) between the output cursor data and external pixel data 

D1 

Xl 

D1 

Yl 

H = number of pixels between the first rising edge of CLOCK following the falling edge of HSYNC· 
to active video. 

DO 

XO 

DO 

YO 

The P value is 1/2 cursor RAM width + (internal pipeline delay in clock cycles • I, 4, or 5 depending on multiplex 
selection) 

Values from $0000 to $OFFF may be written into the cursor (x) register. 
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Bt431 

Internal Registers (continued) 

The cursor (y) value to be written is calculated as follows: 

where 

Cy = desired display screen (y) position + V - 32 

V = number of scan lines from the first falling edge of HSYNC* that is two or more clock cycles 
after the falling edge of VSYNC* to active video. 

Values from $OFCO (-64) to $OFBF (+4031) may be loaded into the cursor (y) register. The negative values ($OFCO to 

$OFFF) are used in situations where V < 32, and the cursor must be moved off the top of the screen. 

The cursor (x,y) registers should be written to only during the vertical retrace interval. Note that a falling edge of 
VSYNC* should not occur between the time the MPU writes the first byte of (x,y) and the last (fourth) byte of (x,y) 
information. Otherwise, temporary "tearing" of the cursor may occur. 
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Internal Registers (continued) 

Cursor RAM 

This 64 x 64 RAM is used to derme the pixel pattern within the 64 x 64 pixel cursor window. It is not initialized, and 
may be written to or read by the MPU at any time. As MPU accesses to the cursor RAM have priority over the cursor 
display process, the cursor RAM should not be accessed during the horizontal sync intervals to minimize contention 
of the cursor updating and displaying processes. 

During MPU accesses to the cursor RAM, the address pointer register is used to address the cursor RAM, as illustrated 
below. Figure 6 illustrates the internal format of the cursor RAM, as it appears on the display screen. 

Address Pointer Address RAM 
Register Value Location 

$0000 byte $000 
$0001 byte $001 

: : 
$OIFF byte $IFF 

As shown below, bit D7 is the left-most pixel within a segment of eight pixels. This enables the software generation 
of cursor patterns without bit swapping to obtain the desired pattern. 

UPPIlR LEFT CORNER AS 
DISPLA YEO ON SCREEN 

I 
64 

PIXELS 

I 

PIXELS 

BYI1l$OOO BYI1l$OOl BYI1l$OO7 

BYI1l$OO8 BYI1l $009 BYI1l$O(F 

BYI1l$lF8 BYI1l $11'9 BYI1l$lFP 

/' ~ 
107 D6 os D4 03 0201 DOl 

Figure 6. Cursor RAM as Displayed on the Screen, 
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Internal Registers (continued) 

Window (x,y) Register 

These registers are used to specify the (x,y) coordinate of the upper left comer of the cross hair cursor window. The 
window (x) register is made up of the window (x) low register (WXLR) and the window (x) high register(WXHR); the 
window (y) register is made up of the window (y) low register (WYLR) and the window (y) high register (wyHR). They 
are not initialized and may be written to or read by the MPU at any time. 

WXLR and WXHR are cascaded to form a l2-bit window (x) register. Similarly, WYLR and WYHR are cascaded to form 
a l2-bit window (y) register. Bits D4 - D7 of WXHR and WYHR are always a logical zero. 

Window (x) High Window (x) Low 
(WXHR) (WXl.R) 

Data Bit D3 D2 D1 DO D7 D6 OS D4 D3 D2 

X Address Xli XlO X9 X8 X7 X6 X5 X4 X3 X2 

Window (y) High Window (y) Low 
(WYHR) (WYLR) 

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 

Y Address Yll YlO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 

The window (x) value to be written is calculated as follows: 

Wx = desired display screen (x) position + D + H - P 

where 

P = 5 if 1:1 output multiplexing, 20 if 4:1 output multiplexing, 2S if 5:1 output multiplexing 
D = skew (in pixels) between the output cursor data and external pixel data 

D1 

Xl 

D1 

Yl 

H = number of pixels between the fust rising edge of CLOCK following the falling edge of HSYNC· 
to active video. 

The P value is the number of internal pipeline delays times I, 4, or 5 depending on the multiplex selection. 

The window (y) value to be written is calculated as follows: 

Wy = desired display screen (y) position + V 

where 

DO 

XO 

DO 

YO 

V = number of scan lines from the fust falling edge of HSYNC· that is two or more clock cycles 
after the falling edge of VSYNC· to active video. 

Values from $0000 to $OFFF may be written to the window (x) and window (y) registers. A full screen cross hair is 
implemented by loading the window (x,y) registers with $0000 and the window width and height registers with 
$OFFF. 

The window (x,y) registers should be written to only during the vertical retrace interval. Note that a falling edge of 
VSYNC· should not occur between the time the MPU writes the first byte of (x,y) and the last (fourth) byte of (x,y) 
information. Otherwise, temporary repositioning of the cross bait cursor may occur. 
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Internal Registers (continued) 

Window Width and Height Registers 

These registers are used to specify the width and height (in pixels) of the cross hair cursor window. The window width 
register is made up of the window width low register (WWLR) and the window width high register (WWHR); the 
window height register is made up of the window height low register (WHLR) and the window height high register 
(WHHR). They are not initialized and may be written to or read by the MPU at any time. 

WWLR and WWHR are cascaded to form a 12-hit window width register. Similarly, WHLR and WHHR are cascaded to 
form a 12-bit window height register. Bits D4 - D7 of WWHR and WHHR are always a logical zero. 

Window Width High Window Width Low 
(WWHR) (WWLR) 

Data Bit D3 D2 D1 DO D7 D6 OS D4 D3 D2 Dl DO 

X Address Xll X10 X9 X8 X7 X6 X5 X4 X3 X2 Xl XO 

Window Height High Window Height Low 
(WHHR) (WHU) 

Data Bit D3 D2 D1 DO D7 D6 OS D4 D3 D2 D1 DO 

Y Address Yll Y10 Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO 

The actual window width is 2, 8, or 10 pixels more than the value specified by the window width register, depending 
on whether 1:1, 4:1, or 5:1 output multiplexing is specified. The actual window height is 2 pixels more than the 
value specified by the window height register. Therefore, the minimum window width is 2, 8, or 10 pixels, for 1:1, 
4:1, and 5:1 mUltiplexing, respectively, and the minimum window height is two pixels. 

Values from $0000 to $OFFF may be written to the window width and height registers. 

The window width and height registers should be written to only during the vertical retrace interval. Note that a 
falling edge of VSYNC* should not occur between the time the MPU writes the first byte and the last (fourth) byte of 
information. Otherwise, temporary "resizing" of the cross hair cursor may occur. 
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Internal Registers (continued) 

Command Register 

The command register is used to control various functions of the Bt431. It is not initialized, and may be written to or 
read by the MPU at any time. 

D7 

D6 

D5 

D4 

D3,D2 

Dl,DO 

Reserved. This bit should always be a logical zero. 

64 x 64 cursor enable. A logical one enables the contents of the cursor RAM to be oulput during 
times that user-defmable cursor information is to be displayed. A logical zero disables the cursor 
RAM information from being output. 

Cross hair cursor enable. A logical one enables cross hair cursor information to be output. A 
logical zero disables the cross hair cursor information from being oulput. 

Cursor format control. If both the 64 x 64 cursor and the cross hair cursor are enabled for display, 
this bit specifies whether the contents of the cursor RAM are to be logically exclusive-ORed 
(logical zero) or ORed (logical one) with the cross hair cursor. 

Multiplex control. These two bits specify whether one, four, or five bits of cursor information 
are output every clock cycle, as follows: 

(00) 1: 1 multiplexing 
(01) 4: 1 multiplexing 
(10) 5:1 multiplexing 
(11) reserved 

Cross hair cursor thickness. These two bits specify whether the horizontal and vertical thickness 
of the cross hair is one, three, five, or seven pixels, as follows: 

(00) 1 pixel 
(01) 3 pixels 
(10) 5 pixels 
(11) 7 pixels 

The horizontal and vertical segments are centered about the value in the cursor (x,y) register. 
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Pin Descriptions 

Pin Name 

VSYNC* 

HSYNC* 

CLOCK 

CUR (A-E) 

OE* 

R/W 

CE* 

CO, Cl 

DO-D7 

vee 

GND 

Description 

Vertical sync control input (TfL compatible). A logical zero indicates that the display is 
currently in the vertical sync interval. It is latched on the rising edge of CLOCK. 

Horizontal sync control input (TfL compatible). A logical zero indicates that the display is 
currently in the horizontal sync interval. It is latched on the rising edge of CLOCK. 

Clock input (TfL compatible). The rising edge of CLOCK is used to latch the VSYNC* and 
HSYNC* inputs, and to output cursor information onto the CUR (A - E) outputs. It is 
recommended that the CLOCK input be driven by a dedicated TIL buffer. If programmed for 1:1 
output multiplexing, CLOCK should be the pixel clock rate. When programmed for 4:1 or 5:1 
output multiplexing, CLOCK should be 1/4 or 115 the pixel clock rate, respectively. 

Cursor outputs (TTL compatible). During the pixel times that cursor information is to be 
displayed, either cross hair cursor information or the contents of the cursor RAM are output onto 
these pins. If programmed for 4: I output multiplexing, the CURE output will always be a 
logical zero. If programmed for 1:1 output multiplexing, the CURB, CURC, CURD, and CURE 
outputs will always be a logical zero. 

When programmed for 4:1 or 5:1 multiplexing, CURA corresponds to the left-most pixel, 
followed by CURB, etc., repeating every four or five pixels. 

Output enable control input (TfL compatible). A logical one asynchronously three-states the 
CUR (A - E) outputs, and a logical zero asynchronously enables cursor data to be output on the 
cursor outputs. 

Read/write control input (TTL compatible). A logical zero indicates that the MPU is writing data 
to the device and a logical one indicates that the MPU is reading data from the device. See Figure 
1. 

Chip enable control input (TIL compatible). This input must be a logical zero to enable data to 
be written to or read from the device. During write operations, data is internally latched on the 
rising edge of CE*. See Figure 1. 

Control inputs (TfL compatible). These inputs specify the operation the MPU is performing. 
See Tables 1 and 2. 

Data bus (TTL compatible). Data is transferred into and out of the device over this eight bit 
bidirectional data bus. DO is the least significant bit. 

Power. 

Ground. 
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Pin Descriptions (continued) 

24-pin DIP Package 

CLOCK vee 
VSYNC· Ol!' 

HSYNC· OND 

DO CURA 

Dl CURB 

D2 CURC 

D3 CURD 

D4 CURl! 

DS CI 

D6 co 
D7 R/W 

OND C1!' 

GND 

OIl' 

vee 
Q.OCK 

VSYNC' 

HSYNC' 

DO 

28-pin Plastic I-Lead 
(PLCe) Package 

Note: N/C pins may be left floating without affecting the perfonnance of the Bt431. 
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Application Information 

Power-up Initialization 

Following a power-up sequence, the Bt43l must be 
initialized. The following sequence is recommended: 

1. Write $0000 to address pointer register 
2. Do 13 write cycles to control registers 
3 . Write $0000 to address pointer register 
4 . Do 512 write cycles to the cursor RAM 

Prior to the above sequence, the MPU may perform 
diagnostic checks on the device, such as checking 
that the RAM and control registers may be written to 
and read back. 

Loading the cursor RAM 

When changing the cursor pattern, it is recommended 
that the following sequence be used to load the cursor 
RAM: 

1. Write $0000 to address pointer register 
2 . Do 512 write cycles to the cursor RAM 

Moving the Cursor: 

It is recommended that the following sequence be used 
to update the cursor (x,y) register: 

1. Write $0001 to address pointer register 
2. Read cursor (x) low 
3. Read cursor (x) high 
4. Read cursor (y) low 
5. Read cursor (y) high 
6. Calculate new (x,y) value 
7. Write $000 1 to address pointer register 
8. Write new cursor (x) low 
9. Write new cursor (x) high 
10. Write new cursor (y) low 
11. Write new cursor (y) high 

The above sequence also applies to updating the 
window (x,y) register, except $0005 should be written 
to the address pointer register. 
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Changing the Window Size 

To change the size of the cross hair window, it is 
recommended that the following sequence be used: 

1. Write $0009 to address pointer register 
2. Read window width low 
3. Read window width high 
4. Read window height low 
5 . Read window height high 
6. Calculate new window width/height 
7. Write $0009 to address pointer register 
8. Write new window width low 
9. Write new window width high 
10. Write new window height low 
11. Write new window height high 

Using Multiple Devices 

Multiple Bt431's may be used to generate more than 
one cursor, or to generate a multi-color cursor. 

If using multiple devices to generate more than one 
cursor, the cursor outputs may be logically gated 
together, or each Bt43l may interface to a separate 
overlay input of the RAMDAC. If separate overlay 
inputs are used, the cursors will be automatically 
prioritized depending on which overlay is used for 
each cursor. 

To generate a multi-color cursor (for example, using 
two Bt431s to generate a three color cursor), each 
Bt431 must interface to a separate overlay input of the 
RAMDAC. Either a separate cursor (x,y) calculation 
for each Bt43l may be performed, or the same cursor 
(x,y) calculation used with the cursor information 
appropriately offset in the cursor RAM. 

Inter/acing to the Bt453 and Bt458 

Figure 7 illustrates interfacing a single Bt43l to the 
B t453 RAMDAC and Figure 8 illustrates interfacing 
to the Bt458 RAMDAC. 

Interfacing to the Bt45l, Bt454, Bt457, and Bt46l 
RAMDACs are similar to interfacing to the Bt458, due 
to the multiplexed overlay inputs of these devices. 
When interfacing to the B t454, the CLOCK pin of the 
Bt431 should be connected to the LDOUT pin of the 
Bt454, and the Bt431 configured for 4:1 output 
multiplexing. Interfacing to the Bt450, Bt473, and 
Bt471/476/478 RAMDACs is similar to interfacing 
to the Bt453. 
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Application Information (continued) 

VIDEO 

TIMING 
LOGIC 

MPUDATABUS 

MPU ADDRESS BUS 

MPU CONTROL BUS 

VIDEO 

TIMING 

LOGIC 

t 
CLOCK 

GIlNBRATION I 
LOGIC I 

MPU DATA BUS 

MPU ADDRESS BUS 

MPU CONTROL BUS 

I VSYNCO 

PlXELDATAFROM 
PRAMB BUFI'IlR 

I I 

HSYNCO CLOCK 

Bt431 

I 

PO-PI 

01.0 

BLANK" 

SYNC· 

Bt453 

CLOCK 

I 
OLi 

C!lRA 

I 

Figure 7. Interfacing to the Bt4S3. 

I VSYNC* 

PIXEL DATA FROM 
FRAMIIBllFI'IIR 

I I 

HSYNCO CLOCK 

Bt431 

I 

PO-PltA-B) 
01.0 (A-B) 

BLANK" 

SYNCO 

Bt458 

LD" 

CLOCK 

CLOCK" 

I 
OLi (A-B) 

C\lR(A-B) I 

Figure 8. Interfacing to the Bt4S8. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply vee 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA 0 +70 ·C. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

vce (measured to GNO) 7.0 Volts 

Voltage on any Pin GNO-0.5 VCC +0.5 Volts 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·e. 
Junction Temperature TJ 

Ceramic Package + 175 ·C. 
Plastic Package + 150 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds. 1/4" from pin) 

Vapor Phase Soldering TYSOL 220 ·C. 
(1 minute) 

Note: Stresses above mose listed under "Absolute Maximum Ratings" may cause permanent damage to Ihe 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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Bt431 Bmddree® 
D.C. Characteristics 

,-; Parameter Symbol Min Typ Max Units 

Digital Inputs 
<Input High Voltage V1H 2.0 VCC+O.S Volts 
tput Low Voltage V1L GNO-O.S 0.8 Volts 
~ put High Current (Vin = 2.4v) 11H 1 J.IA. 
\Jnput Low Current (Vin = O.4v) IlL - 1 J.IA. 
Input Capacitance CIN pF 

(f = 1 MHz, Vin = 2.4v) 7 

Digital Outputs (DO - D7) 
Output High Voltage VOH 2.4 Volts 

(lOH = -400 IJ.A) 
Output Low Voltage VeL 0.4 Volts 

(lOL = 3.2 rnA) 
3-state Current IOZ SO J.IA. 
Output Capacitance COUT 20 pF 

Digital Outputs (CURA - CURE) 
Output High Voltage VOH 2.4 Volts 

(lOH = -400 IJ.A) 
Output Low Voltage VeL 0.4 Volts 

(lOL = 1.6 mAl 
3-state Current IOZ 100 J.IA. 
Output Capacitance COUT 20 pF 

Test conditions (unless otherwise specified): "Recommended Operating Conditions". 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 35 MHz 
(per I, 4, or 5 Pixels) 

CO, Cl, R/W Setup Time 1 10 ns 
CO, Cl, R/W Hold Time 2 15 ns 

CE*LowTime 3 50 ns 
CE" High Time 4 25 ns 
CE* Asserted to Data Bus Driven 5 10 ns 
CE" Asserted to Data Valid 6 100 ns 
CE* Negated to Data Bus 3-Stated 7 15 ns 

Write Data Setup Time 8 35 ns 
Write Data Hold Time 9 4 2.5 ns 

VSYNC", HSYNC" Setup Time 10 10 ns 
VSYNC*, HSYNC" Hold Time 11 5 ns 
VSYNC*, HSYNC" Low Time 4 Clocks 
VSYNC", HSYNC" High Time 4 Clocks 

Clock Cycle Time 12 28.6 ns 
Clock Pulse Width High 13 10 ns 
Clock Pulse Width Low 14 10 ns 

Pipeline Delay 15 5 Clocks 
Output Delay 16 20 ns 
Three-State Disable Time 17 15 ns 
Three-State Enable Time 18 15 ns 

VCC Supply Current" ICC 100 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions". TTL input values are 0 to 
3 volts, with input rise/fall times S 3 ns, measured between the 10% and 90% points. Timing reference points at 
50% for inputs and outputs. CURA - CURE output load S 10 pF, DO - 07 output load S 130 pF. 

* At Fmax. ICC (typ) at V AA = 5.Ov. ICC (max) at V AA = 5.2Sv. 

Ordering Information 

Ambient 
Model Number Package Temperature 

Range 

Bt431KC 24-pin 0.3" O' to +70" C. 
CERDIP 

Bt431KPI 28-pin Plastic O' to +70" C. 
I-Lead 
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Timing Waveforms 

I 

RIW, co, CI 

CE' 

DO· D1 (READ) 

DO· D1 (WRITE) 

CUR (A· E) 

OE' 

I 
...2-

VALlO 

3 

4 ~ 
6 I 

5 I R V DATA OUT (RJW = I) 
........ 

f DATA IN (RJW= 0) 
J 

8 
I j-L 

Figure 9. MPU Read/Write Timing. 

15 

u~ =y C'----O DATA 

Figure 10. Video Input/Output Timing. 
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Preliminary Information 

This document contains information on a new product. The parametric 
information, although not fully characterized, is the result of testing 
initial devices. 

Distinguishing Features 

• 250 MHz Operation 
• Differential ECL Clock Generation 
• Divide by 3, 4, 5, or 8 of the Clock 
• Divide by 2 and 4 of the Load 

Resets Pipeline Delay of the RAMDAC 
• 1.2v Voltage Reference Output 
• Single +5v Power Supply 
• 20-pin DIP or 28-pin PLeC Package 

Typical Power Dissipation: 325 mW 

Functional Block Diagram 

VREF vee GND 

Customer Benefits 

• Reduces PC Board Area 
• Simplifies RAMDAC Design 
• Cost Reduction over Discretes 

Increases System Reliability 

Related Products 

• Bt451, Bt457, Bt458, Bt459 
Bt461, Bt468 

RESET" 

U.OCK 
a..OCK* 

osc r---l1=~~~~~===± ~LDB 
osc' 

Brooktree Corporation 
9950 Bames Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L438001 Rev. G 

DIVO. DIVI 

~=+LD/4 
LDC, LDD 

ENABLE ENABLE 
(s) (A) 
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Bt438 
250 MHz 

Clock Generator Chip 

for CMOS RAMDACs™ 

Product Description 

The Bt438 is a clock generator for the high 
speed Brooktree CMOS RAMDACs. It 
interfaces a 10KH ECL oscillator operating 
from a single +5v supply to the RAMDAC, 
generating the necessary clock and control 
signals. 

The clock output may be divided by 3, 4, 5, 
or 8 to generate the load signal. The load 
signal is also divided by two and four for 
clocking video timing logic, etc. 

A second load signal may be synchronously 
or asynchronously controlled to enable 
starting and stopping the clocking of the 
video DRAMs. 

The Bt438 also optionally configures the 
pipeline delay of the RAMDAC to a fixed 
pipeline delay. 

An on-chip 1.2v voltage reference is also 
provided, and may be used to provide the 
reference voltage for up to four RAMDACs. 



Bt438 

Circuit Description 

The Bt438 is designed to interface to a lOKH ECL 
crystal oscillator and generate the clock signals 
required by the RAMDACs. The OSC and OSC* inputs 
are designed to interface to a lOKH ECL oscillator 
operating from a single +5v power supply. 

The CLOCK and CLOCK" outputs are designed to 
interface directly to the CLOCK and CLOCK* inputs 
of the RAMDACs. The output levels are compatible 
with lOKH ECL logic operating from a single +5v 
power supply. 

DIVO and DIVl are used to specify whether the pixel 
clock is to be divided by 3, 4, 5, or 8 to generate the 
LDA and LDB signals. LDA is also divided by 2 and 4 
to generate the LD/2 and LD/4 signals, respectively. 

ENABLE (S) is internally synchronized to LDA and 
may be used to synchronously start and stop the LDC 
and LDD outputs. While ENABLE (S) is a logical zero, 
LDC and LDD will be a logical zero. 

ENABLE (A) is used to asynchronously start and stop 
the LDC and LDD outputs. While ENABLE (A) is a 
logical zero, the LDC and LDD outputs will remain in 
the state they were when the ENABLE (A) input went 
to a logical zero. 

Note that both ENABLE (A) and ENABLE (S) should 
not be a logical zero simultaneously. If this occurs, 
synchronous control of LDC and LDD, via ENABLE 
(S), is not guaranteed. 

While both ENABLE (S) and ENABLE (A) are a logical 
one, LDC and LDD will be free-running and in phase 
with LDA and LDB. This architecture allows the shift 
registers of the video DRAMs to be optionally 
non-clocked during the retrace intervals. Figure 1 
illustrates the ENABLE implementation within the 
Bt438, while Figure 2 shows the load output timing. 

The RESET* input is designed to enable the Bt438 to 
set the pipeline delay of the RAMDACs to a specified 
number of clock cycles (the exact number is dependent 
on the RAMDAC). Following the first rising edge of 
LD/4 after the rising edge of RESET*, the CLOCK and 
CLOCK* outputs are stopped in the high and low 
states, respectively. At the next rising edge of LD/4, 
the CLOCK and CLOCK* outputs are restarted. Figure 
3 shows the operation of the RESET* input. 

The Bt438 also generates a 1.2v (typical) voltage 
reference, which may be used to drive the VREF input 
of up to four RAMDACs. 

--------~~----------~-------------illA 

I.E D Q LDC. illD 
RNABU!(S) D Q 

RNABI.E(A) ________________ -l~p-------..J 

Figure 1. ENABLE Control Implementation. 
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Circuit Description (continued) 

LDA. LDB 
, 

LDn~ 
i LD/4 ~ ~ 
, 

EN:~~~~ --I:IIL.J...LInT1IIJ-;-II _____ ----I...L..L.JLL.J..J 11111111 

LDC. LDD 

• LDC. LDD 

Figure 2. Load Output Timing. 

CL=_::~; J1MMJlJlJlJ1M 
LD~JLJLJL 

RESEr* II111111111111 

=K J1MDJ LM 
~. lJtruUl rlJU 

Figure 3. RESET· Timing. 
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Pin Descriptions 

Pin Name 

VREF 

asc,asc" 

CLOCK, 
CLOCK* 

DIVO,DIV1 

LDA,LDB 

LDIl 

LD/4 

LDC,LDD 

ENABLE(S) 

ENABLE (A) 

Description 

Voltage reference output This output provides a 1.2v (typical) reference, and may be used to 
drive the VREF input of up to four RAMDACs. 

Differential ECL oscillator inputs. These inputs are designed to interface to a 10KH ECL crystal 
oscillator operating from a single +5v supply. 

Differential clock outputs. These outputs connect directly to the CLOCK and CLOCK* inputs of 
the RAMDAC. The clock rate is equal to the asc rate, and they are capable of driving up to four 
RAMDACs directly. The output levels are equivalent to 10KH ECL logic operating from a single 
+5v supply. 

Divide control inputs ('ITL compatible). These inputs specify the division factor (3, 4, 5, or 8) 
for the generation of the LDA and LDB signals, as specified in below: 

DIV1 DIVO Division Clock Cycles Clock Cycles 
Factor Low High 

0 0 +3 1 2 
0 1 +4 2 2 
1 0 +5 2 3 
1 1 +8 4 4 

Load outputs ('ITL compatible). LDA and LDB are generated by dividing CLOCK by 3, 4, 5, or 8, 
as determined by the DIVO and DIV1 inputs. Each output may drive up to 20 video DRAMs 
without external buffering. 

Load output ('ITL compatible). LD/2 is generated by dividing LDA by two. This output may 
drive up to 20 video DRAMs without external buffering. 

Load output ('ITL compatible). LD/4 is generated by dividing LDA by four. This output may 
drive up to 20 video DRAMs without external buffering. 

Load outputs ('ITL compatible). When both ENABLE inputs are a logical one, these outputs 
have the same timing as the LDA and LDB outputs. Each output may drive up to 20 video 
DRAMs without external buffering. 

Synchronous load enable control input (TTL compatible). ENABLE (S) is internally 
synchronized to LDA and is used to synchronously start and stop the LDC and LDD outputs. 
While ENABLE (S) is a logical zero, LDC and LDD will be a logical zero. While both ENABLE 
(A) and ENABLE (S) are a logical one, LDC and LDD are free-running and in phase with the LDA 
and LDB outputs. 

Asynchronous load enable control input (TTL compatible). ENABLE (A) is used to 
asynchronously start and stop the LDC and LDD outputs. While ENABLE (A) is a logical zero, 
the LDC and LDD outputs will remain in the state they were when the ENABLE (A) input went to 
a logical zero. While both ENABLE (A) and ENABLE (S) are a logical one, LDC and LDD are 
free-running and in phase with the LDA and LDB outputs. Care should be taken to avoid glitches 
on this asynchronous input. 
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Pin Descriptions (continued) 

Pin Name 

RESET* 

vee 

GND 

Description 

Reset control input (TTL compatible). Following the first rising edge of LD/4 after the rising 
edge of RESET*, CLOCK and CLOCK* are stopped in the high and low states, respectively. At 
the next rising edge of LD/4, the CLOCK and CLOCK* outputs are set to be free-running. Care 
must be taken to avoid glitches on this edge triggered input. 

Device power. All VCC pins must be connected. 

Device ground. All GND pins must be connected. 

20-pin DIP Package 28-pin Plastic J-Lead 
(PLCC) Package 

DIVO 

DIVI 

VRBP 

RESET" 

vee 
vee 

a.ocK 
a.OCK* 

osc 
osC" 

ENABLE(S) 

BNABLE(A) 

LOA 

LOB 

OND 

GNO 

LDC 

LDD 

LD(2 

LD/4 

ENABLB(A) 

BNABLB(S) 

N/C 

DIVO 

DIVI 

VRBF 

RESET* 

~ 11 \1l !:I 

It1 IC f"-" lilt 

~ '" ~ 
13 LDC 

17 LDD 

16 LD/2 

IS LD/4 

14 osc· 
13 osc 
II a.ocK* 

'" s: :::l 

Note: N/C pins may be left floating without affecting the performance of the Bt438. 
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Application Information 

Interfacing to the RAMDAC 

Figure 4 illustrates interfacing the Bt438 to the 
RAMDAC when using a differential crystal oscillator. 
The Bt438 should be located as close as possible to 
the RAMDAC. The termination resistors for the OSC 
and OSC* inputs should be located as close as 
possible to the Bt438. 

Termination resistors are also required on the CLOCK 
and CLOCK* lines, located as close as possible to the 
RAMDAC. 

Figure 5 illustrates interfacing to a single-ended 
crystal oscillator, while Figure 6 shows interfacing to 
a TTL clock for applications less than 75 MHz. 

The Bt438 may drive the CLOCK and CLOCK* inputs 
of up to four RAMDACs if they are located as close as 
possible to each other. Only one set of 220/330 
termination resistors should be used, and these 
positioned at the RAMDAC furthest away from the 
Bt438. 

Due to the inability to insure proper synchronization 
between Bt438s, multiple devices should not be used 
in applications where mUltiple RAMDACs drive the 
same monitor. 

A lk-ohm (typical) resistor must be used to isolate the 
VREF output of the Bt438 from the VREF input of the 
RAMDAC. This isolates noise from the Bt438 
voltage reference from being coupled onto the 
RAMDAC VREF pin. The VREF input of the 
RAMDAC must still have a decoupling capacitor to 
V AA, as specified in the data sheet. 

NOTE, CLOCK AND Q.OCK' TERMINATION AT > 125 MHz. TYP 220 OHM 

PIllL DOWN ONLY. 

+SV 
CLOCK CLOCK 

14 330 

MONITOR ose +5V RAMDAC 
PRODUCTS 510 220 

970B 
CLOCK' CLOCK' 

Bt438 330 

osc ... 

510 IDA LD' 

IK 

VRBP VRBP 

Figure 4. Interfacing to a Differential Crystal Oscillator. 
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Application Information (continued) 

Nom: CLOCK AND a.OCK' TERMINATION AT > 125 MHz, TYP 220 OHM 
PIlLLDOWNONLY. 

+SV 

+SV a.OCKr---------------.-~CLOCK 

.----t--josc RAMDAC 
MONITOR 220 

970R 
PRODUcrs .... 8 __ -4>---1 CLOCK' r---------.--------~CLOCK' 

330 
Bt438 330 

'-----1r--Iosc' 

IDA r-----------------~ID' 

1K 

Figure 5. Interfacing to a Single-Ended Crystal Oscillator. 

TIL 
CLOCK 

+SV 

Nom: CLOCK AND CLOCK'TERMlNATION AT > 125 MHz, TYP 220 OHM 
PIlLL DOWN ONLY. 

+SV 

a.OCK CLOCK 

330 

OSC 
+SV 

RAMDAC 
220 

CLOCK' CLOCK' 

Bt438 330 

osc· 

IDA ID' 

1K 
VREF VREF 

VAA 

Figure 6. Interfacing to a TTL Clock. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply vee 4.75 5.00 5.25 Volts 

Ambient Operating Temperature TA 0 +70 ·C. 

OSC/OSC* Duty Cycle 40 % 

AbsQlute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VCC (measured to GND) 7.0 Volts 

Voltage on any Pin GND-0.5 VCC+0.5 Volts 

CLOCK, CLOCK'" Output Current 30 rnA 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·C. 
Junction Temperature 1'1 

Ceramic Package + 175 ·C. 
Plastic Package + 150 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds, 1/4" from pin) 

Vapor Phase Soldering TVSOL 220 ·C. 
(1 minute) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

ITLInputs 
Input High Voltage V1H 2.0 VCC+0.5 Volts 
Input Low Voltage V1L GND-0.5 0.8 Volts 
Input High Current (Vin = 2.4v) llH 10 f.IA 
Input Low Current (Vin = O.4v) IlL - 0.7 rnA 
Inpu t Capacitance CIN 4 pF 

(f = 1 MHz, Vin = 2.4v) 

ECL Inputs (at 25° C.) 
Input High Voltage V1H VCC -1.1 VCC -0.8 Volts 
Input Low Voltage V1L GND-0.5 VCC -1.5 Volts 
Input High Current (Vin = 4.0v) llH 15 f.IA 
Input Low Current (Vin = 0.4v) IlL 15 f.IA 
Input Capacitance CIN 4 pF 

(f = 1 MHz, Vin = 4.Ov) 

Load Outputs 
Output High Voltage VOH 2.4 Volts 

(lOH=-2mA) 
Output Low Voltage Va.. 0.8 Volts 

(lOL=20mA) 
Output Capacitance 10 pF 

Clock Outputs (at 25° C.) 
Output High Voltage VOH VCC -1.0 VCC -0.8 Volts 
Output Low Voltage Va.. VCC -2.0 VCC -1.6 Volts 
Output Capacitance cour 7 pF 

Voltage Reference 
Output Voltage VREF 

(Bt438 Rev. B)* 1.25 1.32 1.35 Volts 
(Bt438 Rev. C) 1.2 1.235 1.26 Volts 

Output Current IREF 100 f.IA 

VCC Supply Current** ICC 65 85 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions". CLOCK and CLOCK* 
have 50 ohms to VCC - 2 volts. 

*RSET of the RAMDAC should be adjusted due to the output voltage of the Bt438 Rev. B being higher than the 
recommended VREF for the RAMDAC. lOG (mA) = 11294 VREF, lOG (typ) = 26.7 mAo 

RSET 

**Measured without 50 ohms to VCC - 2 volts on CLOCK and CLOCK*. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

OSC, OSC* Clock Rate Fmax 250 MHz 

LOA Output Delay (note I) 1 4 ns 
LOA, LOB Pulse Width Low (note 3) 5 ns 
LOA to LOB Output Skew (note 2) 0 ns 
LOA to LDC Output Skew (note 2) 1.5 ns 
LDA to LO/2 Output Skew (note 2) 1.5 ns 
LOA to LO/4 Output Skew (note 2) 1.5 ns 
LDC to LOO Output Skew (note 2) 0 ns 

RESEr* Active Low Time 2 15 ns 
RESEr* Setup Time 3 10 ns 

ENABLE (S) Setup Time 4 12 ns 
ENABLE (S) Hold Time 5 -2 ns 
ENABLE (A) Setup Time 6 12 ns 
ENABLE (A) Hold Time 7 -2 ns 

Test conditions (unless otherwise specified): "Recommended Operating Conditions". CLOCK and CLOCK* 
have 50 ohms to VCC - 2 volts. TTL input values are 0 to 3 volts, with input rise/fall times S 3 ns, measured 
between 10% and 90% points. ECL input values are 3.2 to 4.2 volts, with input rise/faIl times Sins, measured 
between 20% and 80% points. Timing reference points at 50% for inputs and outputs. 

Note 1: Output load = 50 pF. 
Note 2: LO outputs equally loaded with 50 pF. Unequal loading may result in additional output skew. 
Note 3: LO outputs not used in + 3 over 200 MHz. 
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Ordering Information 

Ambient 
Model Number Package Temperature 

Range 

Bt438KC 20-pin 0.3" O· to +700 C. 
CERDIP 

Bt438KPI 28-pin Plastic O· to +700 C. 
I-Lead 

Timing Waveforms 

osc 

-l j-f-_l _-----. 
IDA ~ L 

I 
-I f-3 

L 1 J 

5-
4 

BNABIJl(S) - "'\ 
- .../ 
7_ 6 

- ) -
BNABIJl(A) 

Figure 7. Input/Output Timing. 
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Advance Information 

This document contains infonnation on a product under development. The 
parametric infonnation are target parameters and are subject to change. 

Distinguishing Features 

• 200 MHz Operation 
• 4 Differential ECL Clock Outputs 
• Synchronizes Multiple CMOS RAMDACs 
• Divide by 3, 4, 5, or 8 of the Clock 
• Divide by 2 and 4 of the Load 
• Resets Pipeline Delay of the RAMDAC 

Reduces Skew Between Devices to < 2 ns 
1.2v Voltage Reference Output 

• Single +5v Power Supply 
• 28-pin DIP Package 

Functional Block Diagram 

OSC 

ose-

VRBF 

RESET' 

vee 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L439001 Rev. D 

GND 

DIVO, DIVl 

CLK/2 

Customer Benefits 

• Reduces PC Board Area 
• Simplifies RAMDAC Design 
• Cost Reduction over Discretes 
• Increases System Reliability 

Eases Design of True Color 
Systems 

Related Products 

• Bt457, Bt461 

PLL(O·3) 

CLOCKO 
a..OCKO' 

CLOCK CLOCKl 
PHASE a..OCKl* 

SIllFI1NG CL0CK2 
LOGIC a..OCK2* 

CLOCK3 
a..OCIO* 

LD 

LD/2 

LD/4 
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Bt439 
200 MHz 

Clock Generator and 

Synchronizer Chip 

for CMOS RAMDACsThl 

Product Description 

The Bt439 is clock generator chip for the 
high speed Brooktree single-channel CMOS 
RAMDACs. It interfaces a 10KH ECL 
oscillator operating from a single +5v 
supply to the RAMDACs, generating the 
necessary clock and control signals. 

Up to four CMOS RAMDACs may be 
synchronized with sub-pixel resolution. The 
Bt439 accepts a PLL signal from each 
RAMDAC, and adjusts the differential clocks 
to each RAMDAC to minimize the phase 
difference between the PLL signals. 

The clock output may be divided by 3, 4, 5, 
or 8 to generate the load signal. The load 
signal is also divided by two and four for 
clocking video timing logic, etc. 

The Bt439 optionally configures the 
pipeline delay of the RAMDAC to a fixed 
pipeline delay. An on-chip voltage reference 
is provided, and may be used to provide the 
reference voltage for up to four RAMDACs. 

Bndrtree® 
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Circuit Description 

The Bt439 is designed to interface to a 10K ECL 
crystal oscillator and generate the clock signals 
required by up to four CMOS RAMDACs. The OSC and 
OSC* inputs are designed to interlace to a 10K ECL 
oscillator operating from a single +Sv power supply. 

All of the CLOCK and CLOCK* outputs are designed 
to interface directly to the CLOCK and CLOCK· 
inputs of the RAMDACs. The output levels are 
compatible with 10KH ECL logic operating from a 
single +Sv power supply. 

DIVO and DIVI are used to specify whether the pixel 
clock is to be divided by 3, 4, S, or 8 to generate the 
LD signal. LD is also divided by 2 and 4 to generate 
the LD/2 and LIJ/4 signals, respectively. Figure 1 
shows the load output timing of the Bt439. 

, The RESET* input is designed to enable the Bt439 to 
set the pipeline delay of the RAMDACs to a fixed 
pipeline delay of eight clock cycles. Following the 
first rising edge of LD/4 after the rising edge of 
RESET*, the CLOCK and CLOCK* outputs are stopped 
in the high and low states, respectively. At the next 
rising edge of LD/4, the CLOCK and CLOCK* outputs 
are restarted. Figure 2 shows the operation of the 
RESET· input. 

The Bt439 also generates a 1.2v (typical) voltage 
reference, which may be used to drive the VREF input 
of up to four RAMDACs. 

Synchronizing Multiple RAMDACs 

The Bt439 is designed specifically to synchronize 
multiple CMOS RAMDACs that generate a PLL output 
signal. Typically, only single-channel RAMDACs 
will generate the PLL signal. The synchronization is 
necessary due to wide variations in output delays for 
CMOS devices due to the CMOS processing. 

Following a reset input, the Bt439 sets the pipeline 
delay of all the RAMDACs to 8 clock cycles. It then 
monitors the PLL inputs, PLLO - PLL3. On the rising 
edge of the last PLL input to go high, the B t439 
latches the relative time differences between the PLL 
inputs. 

The Bt439 then stops the clocks to all the 
RAMDACs, with CLOCK low and CLOCK* high. The 
time differences between the PLL inputs are used to 
adjust the clock phases by selecting appropriate taps 
from internal delay lines (one set of delay lines for 
each clock signal). The B t439 then restarts the 
clocks. 

6 - SO 

RESET· Timing Sequence 

The following will occur when the RESET* input is 
asserted and remains low for at least ISnS: 

The LD, LD/2, and LD/4 outputs will be forced high 
(CLK/2 low) within 9 nS of the falling edge of 
RESET· and will remain so as long as RESET* is 
active low. Any programmed skew between the CLKx 
outputs will be zeroed at this point (anticipating a 
re-timing sequence), which may result in some 
non-valid CLKx pulses. For this reason, the RESET* 
input should be activated only during the Blanking 
interval to avoid visible timing transients from the 
palette DACs. 

'. 
When RESET* rises outside the prescribed setup/hold 
time before a rising OSC input, the LD output will 
toggle high-to-low after the fourth subsequent rising 
OSC input. 

LD/2 will toggle high-to low coincident with the first 
rising edge of LD. LD/4 will toggle high-to-low on 
the second rising edge of LD. 

On the next rising edge of LD/4 all the ECL CLKx true 
outputs will be forced high (CLKx low) for one cycle 
of the LD/4, and will fall generally (1.S*OSC 
period-6nS) after the following rising LD/4 and 
resume toggling. 

RESET* transitions occurring within the setup/hold 
interval will delay the corresponding response one 
cycle of OSC. In this way correct response to an 
asynchronous RESET* is assured. See Figure 1. 
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Circuit Description (continued) 

Pixel Alignment Sequence 

A RESET" timing sequence must precede each Pixel 
Alignment sequence and should be completed within a 
Blanking interval to avoid corruption of the Pixel 
Alignment sequence which is triggered by the 
beginning of the ensuing active line. A Pixel 
Alignment sequence proceeds as follows: 

The first falling PLLx input after a RESET* timing 
sequence initiates a delay-sampling process for the 
duration of the active (eg non-blanked) interval, 
which terminates with the last rising PLLx input (eg 
beginning of subsequent Blank interval). The CLKx 
outputs maintain minimal delay through the duration 
of this active line, hence any systematic delays 
between the PLL generators will not be corrected 
during this active line. Those applications which call 
for asserting RESET" on a line-by-line basis may 
consider toggling Blank in the back porch interval 
after normal blanking to maintain CLKx alignment 
on each line (at least one LD" clock cycle should 
occur before the fIrSt rising PLL edge). 

RESET" 0 
asc 

CLK/2 

CLOCKO 

CLOCKl 

CLOCK2 

CLOCK3 

LD 

LD/2 

LD/4 

Bt439 

The first rising edge of CLK/2 following the last 
rising PLLx input initiates a Pixel Alignment 
sequence which takes up to 2 periods of CLK/2 to 
complete. During this sequence, the CLKx outputs are 
held low (false) and the TIL outputs are inhibited from 
toggling. No false or short CLKx pulses result 
because of controlled time delays on chip. The proper 
skew compensation for each CLKx channel is latched 
in the internal delay lines. Concluding this sequence, 
the CLKy corresponding to the last (slowest) PLLy 
input will resume toggling with about 2 nS additional 
skew relative to asc while the CLKz associated with 
the fIrSt (fastest) PLLz will resume with up to (A + 
(err» nS extra delay relative to CLKy. The TIL 
outputs resume toggling with a consistent 
relationship relative to' the CLI{, which is consistent 
with the palette DAC pipeline delay preservation 
requirement. Note that this will stretch the low LD 
clock duration by up to 5 pixels wb,ich may 
momentarily affect any dependent synchronization 
timing counters. 

I 

Figure 1. RESET" Timing Sequence 
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Circuit Description (continued) 

The slowest PLLy-CLKy channel defaults to the 
minimum delay setting. If the slowest PLLy input 
lags the other active PLLx inputs by an interval 
exceeding the alignment span of the Bt439. then the 
faster PLLx channels will default to the maximum 
delay setting. Hence. occurrence of any active PLLx 

RESET* 0 
asc 

CLK/2 

input outside the alignment span will render skew 
compensation on the other channels inoperative. 
Unused PLLx inputs are internally pulled high and 
hence are not sampled. leaving their corresponding 
CLKx channel in the minimum delay condition. See 
Figure 2. 

PLLO 0 BLANKING ~ ACITVELINE n BLANKING 
I 

PLLI 0 Ii Ii 
I I 

PLL2 0 II Ii 
I I 

PLL3 0 i i :<I 
i 
I 
I 

CLOCKO 

CLOCK! 

CLOCK2 

CLOCKJ 

LD 

LDIl 

LD/4 0 

Figure 2. Pixel Alignment Sequence 
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Pin Descriptions 

Pin Name 

VREF 

asc.asc* 

CLOCK(O - 3). 
CLOCK(O - 3)* 

DIYO.DIY1 

ill 

LD/2 

LD/4 

Description 

Voltage reference output. This output provides a 1.2v (typical) reference. and may be used to 
drive the VREF input of up to four RAMDACs. 

Differential ECL oscillator inputs (+5v ECL compatible). These inputs are designed to interface 
to a 10K ECL crystal oscillator operating from a single +5v supply. 

Differential clock outputs (+5v ECL compatible). These outputs connect directly to the CLOCK 
and CLOCK* inputs of up to four RAMDACs. The output levels are equivalent to 10K ECL logic 
operating from a single +5v supply. 

Divide control inputs (TIL compatible). These inputs specify the division factor for the 
generation of the LD signal. as specified in below: 

DIYl DIYO Division Clock Cycles Clock Cycles 
Factor Low High 

0 0 +3 1 2 
0 1 +4 2 2 
1 0 +5 2 3 
1 1 +8 4 4 

Load output (TIL compatible). LD is generated by dividing CLOCK by 3. 4. 5. or 8. as 
determined by the DIVO and DIVl inputs. It may drive up to 20 video DRAMs without external 
buffering. 

Load output (TIL compatible). LD/2 is generated by dividing LD by two. This output may drive 
up to 20 video DRAMs without external buffering. 

Load output (TIL compatible). LD/4 is generated by dividing LD by four. This output may drive 
up to 20 video DRAMs without external buffering. 

6 - 53 

• 



Bt439 BnddreeGD 

Pin Descriptions (continued) 

Pin Name 

RESEI'* 

PLLO-Pll3 

CLK/2 

vee 

GND 

Description 

Reset control input ('ITL compatible). See RESBT* Timing Sequence. Care must be taken to 
avoid glitches on this edge triggered input. 

Phase inputs. These inputs are used to determine the relative phases of the RAMDAC outputs. 
Bach RAMDAC to be synchronized must generate a unique PLL signal. Unused PLL inputs 
should be connected to VCC through a lK pullup resistor. 

Clock/2 output (+Sv BeL compatible). The OSC input is divided by two and output onto this 
pin. It may be used as a general purpose clock for external circuitry. 

Device power. All VCC pins must be connected. 

Device ground. All GND pins must be connected. 

DIVO lDI4 

DlVI lD/l 

VRIlF ID 

RBSIIT" GND 

vee GND 

vee GND 

a.ocKO vee 
a.ocKO* am 
CLOCXl osc 

a.ocKI· OSC" 

a.ocxz I'LLO 

a.ocK2' FLLI 

CLOCK3 I'LL2 

a.oao. PLL3 
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Application Information 

Interfacing to the RAMDAC 

Figure 3 illustrates interfacing the Bt439 to a CMOS 
RAMDAC when using a differential crystal oscillator. 
The Bt439 should be located as close as possible to 
the RAMDACs. The termination resistors for the OSC 
and OSC" inputs should be located as close as 
possible to the Bt439. 

Termination resistors are also required on the CLOCK 
and CLOCK" lines, located as close as possible to the 
RAMDAC. For clock lines> 4", pulldowns at the 
B t439 as well as balance lined termination at the 
palette are recommended. For striplines of Zo, 
characteristic impedance separated by > 2d dielectric 
spacing, a balanced termination of 2Zo is 
appropriate. 

r~~~~;~;------------, 

vee 

CLII/Z 
CLII/Z. 

3VP1' 

:U·4nS 
PROPAGATION 

DELAY 
L ________________________ _ 

Bt439 

Figure 4 illustrates interfacing to a single-ended 
crystal oscillator, while Figure 5 shows interfacing to 
a TIL clock for applications less than 75 MHz. 

A lk-ohm (typical) resistor must be used to isolate the 
VREF output of the Bt439 from the VREF input of the 
RAMDAC. This isolates noise from the Bt439 
voltage reference from being coupled onto the 
RAMDAC VREF pin. The VREF input of each 
RAMDAC must still have a decoupling capacitor to 
V AA, as specified in the data sheet. 

Due to the limited drive capability of the PLL output 
of the RAMDACs, the buffer circuitry should be 
located as close as possible to the RAMDAC. 

cuxx~----~--+~ cuxx 
~~ 

r---....,....>----1osc RAMDAC 

" tool 

" cuxx· cuxx· 

Bt439 330 
I'D 

ose· 
~ 

+SV +SV 

SIO W W· 100 

IK 

PIL VREP VREP PIL 

50 OHM TRANSMISSIONUNE IF 12 OR MORE INCHES LONG 

¢ 510 OHM RESISTOR NEEJJ,ko IFTIIHRE ARE NO INTERNAL PlJLLDOWNS IN OSCILLATOR. 

¢¢ OPI'IONAL BALANCED TERMINATION FOR lllGH IMPEDANCE DIFFERENTIALUNES > 4 INCHES; OMIT 220 OHMPlJLL UP IF USED. 

¢¢¢ CLOCK AND CLOCK' TERMINATION AT > 125 MHz. TYP 220 OHM PD ONLY. 

1.0 = UNBALANCED STRIPIJNE IMPEDANCE >1= PD/6. 

Figure 3. Interfacing to a Differential Crystal Oscillator. 
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Application Information (continued) 

+5V 

14 

MONlfOR 
PRODUers 

97lII 
330 

+5V 

~r--------------t~~ 
330 

+5V RAMDAC 
000220 

~. ~------~------~~. 
Bt439 330 

LDA ~--------------~W' 

lit 

PU. VRBP 

+5V +5V 
PU. 

SCi) 

so OHM STRIPIlNB 150 

IF 12 OR MORE INCHES IDNG 

00 0P110NAL BALANCED TERMINATION FOR CLOCK IlNES > 4 INCHES. Zo - UNBALANCED STRIPLINE IMPEDANCE >,.. PD/6 

000 CLOCK AND CLOCK* TERMINATION AT > 125 MHz, TYP 220 OHM PD ONLY. 

TIl. 
a.oat 

<80MIIa 

Figure 4. Inter/acing to a Single-Ended Crystal Oscillator. 

+5V 

~~-------------+~~ 
330 

+5V RAMDAC 

~.~---+----~~. 

330 

WA~-------~W' 

lit 

PU. 
PU. 

VAA 

mGHZo LINE <12"LENGTHPLL 

170 

1 
00 0P110NALBALANCEDTERMINATIONFORCLOCKIlNES>4INCHES. Zo - UNBALANCEDSTRIPIlNBIMPEDANCE >(00 PD/6 

000 CLOCKANDCLOCK*TERMlNATION AT> 125 MHz, TYP2200HMPD ONLY. 

Figure 5. Inter/acing to a TTL Clock < 80 MHz. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply vee 4.75 5.00 5.25 Volts 

Ambient Operating Temperature - TA 0 +70 ·C. 
Still Air 

OSC/OSC* Duty Cycle 40 % 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VCC (measured to GND) 7.0 Volts 

Voltage on any Pin GND-0.5 VCC+0.5 Volts 

CLOCK, CLOCK* Output Current 30 rnA 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·C. 
Junction Temperature TJ + 175 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds. 1/4" from pin) 

Nole: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage 10 u'1e 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

TIL Inputs 
Input High Voltage vrn 2.0 VCC+0.5 Volts 
Input Low Voltage VIL GND-0.5 0.8 Volts 
Input High Current (Vin = 2.4v) IIH 10 IIA 
Input Low Current (Vin = 0.4v) IlL - 0.7 rnA 
Input Capacitance CIN 10 pF 

(f = 1 MHz, Vin = 2.4v) 

EeL Inputs (at 25° C.) 
Input High Voltage vrn VCC -1.1 VCC-0.8 Volts 
Input Low Voltage VIL VCC-2 VCC -1.5 Volts 
Input High Current (Vin = 4.Ov) IIH 4 15 IIA 
Input Low Current (Vin = 0.4v) IlL - 15 0 IIA 
Input Capacitance CIN 10 pF 

(f = 1 MHz, Vin = 4.Ov) 

Load Outputs 
Output High Voltage VOH 2.4 Volts 

(lOH=-2mA) 
Output Low Voltage VeL 0.8 Volts 

(lOL=20mA) 
Output Capacitance 10 pF 

Clock Outputs (at 25° C.) 
Output High Voltage VOH VCC -1.035 VCC -0.8 Volts 
Output Low Voltage VeL VCC -2.0 VCC -1.6 Volts 
Output Capacitance roUT 10 pF 

Voltage Reference 
Output Voltage@ IREF = -100 I1A VREF 1.2 1.235 1.26 Volts 

PLLInputs 
Input High Voltage vrn 1.0 VCC+0.5 Volts 
Input Low Voltage VIL GND-0.5 0.5 Volts 
Input High Current (Vin = 1.2v) IIH 0 10 IIA 
Input Low Current (Vin = 0.5v) IlL -700 - 180 IIA 
Input Capacitance tbd pF 

VCC Supply Current· ICC 300 400 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions". CLOCK, CLOCK*, and 
CLK/2 outputs have 50 ohms to VCC - 2 volts. 

*Measured without 50 ohms to VCC - 2 volts on CLOCK, CLOCK·, and CLKJ2. At VCC = + 5.25 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

asc, asc· Clock Rate (note 1) Fmax 200 MHz 

LD Output Delay (note 2) 1 6 10 12 ns 
LD Pulse Width 2 9 ns 
LO to LO/2 Output Skew (note 3) 0 1.5 3 ns 
LD to LD/4 Output Skew (note 3) 0 1.5 3 ns 
CLK/2 Output Delay 3 2 ns 

RESET· Active Low IIJlle 4 15 ns 
RESET· Setup Time 5 10 ns 

Alignment Span 6 5 ns 
Residual Alignment Enor (note 4) 1.5 2 ns 

Test conditions (unless otherwise specified): "Recommended Operating Conditions". CLOCK, CLOCK·. and CLK/2 
outputs have 50 ohms to VCC - 2 volts. TTL input values are 0 to 3 volts, with input rise/fall times S 3 ns. measured 
between 10% and 90% points. ECL input values are (VCC - 0.9) to (VCC - 1.6) volts, with input rise/fall times SIns • 
measured between 20% and 80% points. Timing reference points at 50% for inputs and outputs. 

Note 1: + 3 Mode LO outputs valid only to 100 MHz without significant distortion. 
Note 2: Output load = 50 pF. Derate 1 ns for each additional 50 pF loading. 
Note 3: Load outputs equally loaded with 50 pF. Unequa1loading may result in additional output skew. 
Note 4: Maximum deviation of any two dependent PLL inputs after alignment sequence (PLL inputs within span 

before alignment) 

ose 

RJ!SIITO 
4 

BARLIEST 
PlLX 

LA11lST 
PlLY 

CLKI2 

ID 

LDI4 X X LDIZ 

Figure 6. Input/Output Timing. 
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Ordering Information 

Ambient 

Model Nwnber Package Temperature 
Range 

Still Air 

Bt439KC 28-pin 0.6" O· to +70· C. 
CERDIP 
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Preliminary Information 

This document contains infonnation on a new product. The parametric 
information, although not fully characterized, is the result of testing 
initial devices. 

Distinguishing Features 

• No Video Amplifier Required 
• ± 1/4 LSB Typical DL Error 
• ± 1/2 LSB Typical IT.. Error 
• External Zero and Clamp Control 
• Overflow Output 
• On-Chip Reference 
• Output Enable Control 
• TIL Compatible 
• +5v CMOS Monolithic Construction 
• 24-pin 0.3" DIP or 28-pin PLCC Package 
• Typical Power Dissipation: 500 m W 

Functional Block Diagram 

VIN --1--...,...--; 
ClAMP --1---11= 
LBVBL _+-_....J 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L208001 Rev. G 

Applications 

• Image Processing 
• Video Digitizing 

Related Products 

• Bt251, Bt253 
• Bt261 

1.2V r---t-- VRBP 

R 
E 
G 
I 
S 
T 
E 
R 

OVERPLOW 

CLOC\[ 

DO·D7 

Oil" 

GND 

VAA 
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Bt208 
18 MSPS 

Monolithic (!MOS 

8·bit Flash 

Video AID Converter 

Product Description 

The Bt208 is an 8-bit flash AID converter 
designed specifically for video digitizing 
applications. A flash converter topology is 
utilized which has 256 high speed 
comparators in parallel to digitize the analog 
input signal. 

Flexible input ranges enable RS-170, 
RS-170A, RS-343A, PAL, and SECAM video 
signals to be digitized without requiring a 
video amplifier. 

The TTL compatible output data and 
OVERFLOW are registered synchronously 
with the clock signal. OE * three-states the 
DO - D7 outputs asynchronously to CLOCK. 

The ZERO input is used to zero the 
comparators, while CLAMP performs DC 
restoration of the video signal (by forcing 
the VIN input to the voltage on the LEVEL 
pin) if AC-coupled to the video signal. 

• 
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Circuit Description 

As illustrated in the functional block diagram, the 
Bt208 contains 256 high-speed comparators, a 255 to 
8 encoder, output register, and a resistor divider 
network. 255 of the comparators are used to digitize 
the analog signal, the additional comparator is used to 
generate the OVERFLOW bit. 

General Operation 

The Bt208 converts an analog signal in the range of 
REF- :5: Vin :5: REF+, generating a binary number from 
$00 to $FF, and an OVERFLOW output (see Table 1). 

The values of REF+ and REF- are flexible to enable 
various video signals to be digitized without requiring 
a video amplifier. Refer to the Recommended 
Operating Conditions and Applications Information 
sections for suggested configurations. 

Figure 1 shows the input/output timing of the Bt208. 
The sample is taken following the falling edge of 
CLOCK. While CLOCK is low, the 255 to 8 encoding 
is performed. The binary data and OVERFLOW are 
registered and output onto the DO - D7 and 
OVERFLOW pins on the next risjng edge of CLOCK. 

CLOCK 

VIN "SAMPLEN! 
SAMPLE 
N+l 

00·07. DATA X DATA 
OVERFLOW N-l N 

Comparator Zeroing 

The ZERO input is used to periodically zero the 
comparators. The comparators have an initial 
threshold mismatch due to manufacturing tolerances. 
Zeroing charges capacitors in the comparators that 
offset this threshold mismatch. Due to capacitor 
discharging, they must be periodically zeroed. 

While ZERO is a logical one, the comparators are 
zeroed. During ZERO cycles, DO - D7 and OVERFLOW 
are not updated. They retain the data loaded before the 
ZERO cycle. 

Input Signal Clamping 

CLAMP and LEVEL are used only in applications 
where the video signal is AC-coupled to VIN. While 
CLAMP is a logical one, the YIN input is forced to the 
voltage level of the LEVEL pin to DC restore the 
video signal. 

In applications where the video signal is DC-coupled 
to VIN, the LEVEL pin should float, be connected to 
VIN, or (only on the 28-pin PLCC package) CLAMP 
should always be a logical zero. 

",. 

X DATA X DATA 
N+l N+2 

Figure I. Input/Output Timing. 
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Pin Descriptions 

Pin Name 

DO-D7 

OE* 

OVERFLOW 

CLOCK 

REF+ 

REF-

VIN 

ZERO 

CLAMP 

lEVFL 

VREF 

VM 

GND 

BIAS 

Description 

Data outputs ('ITL compatible). DO is the least significant data bit. These outputs are latched 
and output following the rising edge of CLOCK. Coding is binary. For optimum performance, 
DO - D7 should have minimal loading. If driving a large capacitive load, an external buffer is 
recommended. 

Output enable control input (TTL compatible). Negating OE* three-states DO - D7 
asynchronously to CLOCK. The OVERFLOW output is not affected by the state of OE·. 

Overflow output ('ITL compatible). OVERFLOW is latched and output following the rising edge 
of CLOCK. OE* does not affect the OVERFLOW output signal. OVERFLOW is not available on 
the DIP package. 

Clock input ('ITL compatible). It is recommended that this pin be driven by a dedicated TTL 
buffer to minimize sampling jitter. 

Top of ladder voltage reference (voltage input). REF+ sets the YIN voltage level that generates 
$FF on the DO - D7 outputs. All REF+ pins must be connected together as close to the device as 
possible. A decoupJing capacitor is NOT recommended on REF+. 

Bottom of ladder voltage reference (voltage input). Typically, this input is connected to GND. 
REF- sets the YIN voltage level that generates $00 on the DO - D7 outputs. All REF- pins must 
be connected together as close to the device as possible. 

Analog signal inputs (voltage input). All VIN pins must be connected together as close to the 
device as possible. 

Zeroing control input ('ITL compatible). While ZERO is a logical one, the comparators are 
zeroed. ZERO is latched on the rising edge of CLOCK. Note that on the 24-pin DIP package, 
ZERO and CLAMP share the same pin; hence, zeroing and clamping occur simultaneously. 

Clamp cOntrol input (TTL compatible). While CLAMP is a logical one, the VIN inputs are 
forced to the voltage level on the LEVEL pin to perform DC restoration of the video signal. 
CLAMP is asynchronous to clock. Note that on the 24-pin DIP package, ZERO and CLAMP 
share the same pin; hence, ZERO and CLAMP are asserted simultaneously. 

Level control input (voltage input). This input is used to specify what voltage level is to be 
used for clamping while CLAMP is a logical one. It is typically connected to GND in 
applications where the video signal is AC-coupled to YIN. In applications where the video 
signal is DC-coupled to YIN, the LEVEL pin should float or be connected to YIN. 

Voltage reference output pin. This pin provides a 1.2v (typical) output. A decoupJing capacitor 
is NOT recommended on VREF. 

+Sv power. All VAA pins must be connected together as close to the device as possible. A 0.1 
IJF ceramic capacitor should be connected between each group of V AA pins and GND, as close to 
the device as possible. 

Ground. All GND pins must be connected together as close to the device as possible. 

Bias control pin. This pin should be left floating. 
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Pin Descriptions (continued) 

I .. 
~ ~ ~ 

g 
8 d !.'i 

VIN 00 

VIN 01 
\Q 1\ ~ tl <'l !Ii ~ 

REF + 02 

VREP 03 02 18 D6 

VAA VAA D1 17 os 

VAA GND DO D4 

GND OB' VIN IS ZERO 

GND CLOCK REF + 14 CLAMP 

BIAS 07 REF + 13 LEVEL 

REF· 06 VREF 12 REF· 

LEVEL OS ~ '" "- S ;:; 

ZERO (CLAMP) 04 

~ ~ ~ ~ ~ ~ ~ > '" 

24-pin 0.3" DIP Package 28-pin Plastic J-Lead (PLCC) 
Package 

Note: N/C pins are reserved and must remain floating. 

Vin* (v) Overflow DO-D7 OE* 

> 0.998 1 $FF 0 
0.996 0 $FF 0 
0.992 0 $FE 0 

: : : : 
0.500 0 $81 0 
0.496 0 $80 0 
0.492 0 $7F 0 

: : : : 
0.004 0 $01 0 

< 0.002 0 $00 0 
3-state 1 

*with REF+ = LOOOv and REF- = O.OOOV. Ideal center values. 1 LSB = 3.9063 mV. 

Table 1. Output Coding. 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Bt208 power and ground lines by shielding the 
digital inputs and providing good decoupling. The 
lead length between groups of V AA and GND pins 
should be minimized so as to minimize inductive 
ringing. 

Ground Planes 

The ground plane area should encompass all Bt208 
ground pins, voltage reference circuitry, power supply 
bypass circuitry for the Bt208, the analog input 
traces, any input amplifiers, and all the digital signal 
traces leading up to the Bt208. 

Power Planes 

The Bt208 and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane (VCC) at a single point 
through a ferrite bead, as illustrated in Figure 2. This 
bead should be located within three inches of the 
Bt208. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all B t208 power pins, 
any voltage reference circuitry, and any input 
amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power plane, unless they can be arranged such 
that the plane-to-plane noise is common mode. This 
will reduce plane-to-plane noise coupling. 
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Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 

For the best performance, a 0.1 /J.F ceramic capacitor 
should be used to decouple each of the two power pin 
groups to GND. These capacitors should be placed as 
close as possible to the device. 

Signal Interconnect 

The digital signals of the Bt208 should be isolated as 
much as possible from the analog inputs and other 
analog circuitry. Also, these digital signals should 
not overlay the analog power plane. 

Any termination resistors for the digital signals 
should be connected to the regular PCB power and 
ground planes. 
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PC Board Layout Considerations (continued) 

+sv(VcC) 

GROUND 

Location 

C1, C2 
C3 
L1 

IF AC-COUPLED TO 
/ VIDEO SIGNAL 

VIDEO ___ -iL._P_AS_S_IVE_LO_W-'l~O.l SO ,...V-IN-----· 
PASSFILTER ~ 

7S0HM 

IMPEDANCll. -
(DC) 

L1 
Bt208 L-_________________________ ~VAA 

+ C3 

Description Vendor Part Number 

0.1 ~ ceramic capacitor Erie RPEl12Z5U104M50V 
10 f.lF capacitor Mallory CSR13G106KM 

ferrite bead Fair-Rite 2743001111 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt208. 

Figure 2. Typical Connection Diagram and Parts List. 
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Application Information 

Using the Internal Reference 

The Bt208 has a 1.2v on-chip reference available 
(VREF). VREF may be divided down and used to drive 
the REF+ input as shown in Figure 3. The 200-obm 
potentiometer serves three purposes: to allow 
adjustment for different video signal levels. to allow 
for video level tolerances. and to adjust for tolerance 
of the internal reference. 

Note that VREF should supply at least 5 rnA of current 
to maintain voltage stability over temperature. Thus. 
VREF should drive a resistive load between 90 and 
2400bms. 

Using An External Reference 

Figure 4 illustrates using a 1.2v LM385 to generate a 
Ov to 1.2v reference. Supply decoupling of the 
op-amp is not shown. Any standard op-amp may be 
used that is capable of operating from a single +5v 
supply. 

As REF+ should be driven by a high AC impedance 
source. a 100-obm resistor should be placed between 
REF+ and the output of the op-amp. as shown in 
Figure 4. 

VREF 

200 
!> 

.? 
REF+ 

Bt208 

GND 

Figure 3. Using the Internal Reference. 
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AC-Coupled Vs. DC-Coupled Input 

The Bt208 may be either AC- or DC-coupled to the 
video signal. as shown in Figures 5 and 6. The 
75-obm resistor to ground provides the typical 
75-obm termination required by video signals. The 
50-obm resistor provides isolation from any clock 
kickback noise on VIN from being coupled onto the 
video signal. 

Zeroing 

As the comparators on the Bt208 must be periodically 
zeroed. it is convenient to assert ZERO during each 
horizontal retrace interv al. 

Note that before using the Bt208 after a power-up 
condition. ZERO must be a logical one for at least 
1000 clock cycles to initialize the comparators to the 
rated linearity. In normal video applications this will 
be transparent due to the number of horizontal scan 
lines that will have occurred before using the Bt208. 

As long as the recommended zeroing interval is 
maintained. the Bt208 will meet linearity 
specifications. The longer between zeroing intervals. 
the more the linearity error increases. 

Video Standard Nominal Worst Case 
Amplitude Amplitudes 

RS-170 wlo sync l.Ov 0.9v - l.1v 

RS-170 w/sync l.4y 1.2v - 1.6y 

RS-170A wlo sync l.Oy 0.9v - 1.lv 

RS-170A w/sync l.4v 1.Ov - 1.8v 

RS-343A wlo sync 0.7y 0.6y - 0.85v 

Table 2. Video Signal Tolerances. 
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Application Information (continued) 

VAA 

Figure 4. Using An External Reference. 

Figure 5. Typical AC-Coupled 
Input Circuitry (No Input Filtering). 
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Figure 6. Typical DC-Coupled 
Input Circuitry (No Input Filtering). 



Application Information (continued) 

Input Ranges 

Table 2 shows some common video signal 
amplitudes. For signals possibly exceeding 1.2v, the 
signal should be attenuated (using a resistor divider 
network) so as not to exceed the 1.2v input range. 

When digitizing with a full scale range less than 0.7v, 
the Bt208's integral linearity errors are constant in 
terms of voltage regardless of the value of the 
reference voltage. Lower reference voltages will 
therefore produce larger integral linearity errors in 
terms of LSBs. 

For example, by setting REF+ equal to 0.6v and REF
equal to Ov, 0.6v video signals may be digitized; 
however the integral linearity (IL) error will increase 
to about ± 1.8 LSB. The SNR will drop to about 40 dB 
(from 43 dB). With REF+ equal to O.5v and REF- equal 
to Ov, O.5v video signals may be digitized with an IL 
error of about ± 2 LSB. The SNR will drop to about 39 
dB (from 43 dB). 

SNR and Error Rate Vs. Clock Timing 

Figure 7 illustrates the error rate vs. clock low time, 
while Figure 8 illustrates the SNR vs. clock high 
time. Below about 17 MHz, the Bt208 performs 
adequately with a 50% duty cycle (30 ns low and 30 ns 
high times). 

Above 17 MHz, by adjusting the clock duty cycle a 
trade-off between error rate and SNR is possible. 

An error is defined as being a sample that is more than 
8 LSBs (out of 255) from the expected value, where 
the previous and following samples are less than (or 
equal to) 8 LSBs from the expected value. 
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Output Noise 

Although the Bt208 does exhibit some output noise 
for a DC input, the output noise remains relatively 
constant for any input bandwidth. Competitive AID 
converters have no noise for a DC input; however, the 
output noise increases greatly as the input bandwidth 
and clock rate increases. 

The output noise of the Bt208 may be reduced by 
adjusting the duty cycle of the clock -- this is 
especially true above 10 MHz clock operation. Note 
that uncorrelated noise less than 1% peak-to-peak will 
be perceived with the same quality as that of a 
consumer 1/2" VCR. 

PC Board Sockets 

It is recommended that the Bt208 not be used with a 
socket, and have a 0.15" standoff. Use of a socket 
increases the output noise due to digital output 
ringing. 
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Application Information (continued) 

Error Rate (ppm) 

100 \-j- -- -+ -+ -+--
80 -.it--+ ... L 

I 

; 
! - ····r·- .... 

25 26 27 28 29 30 

Clock Low Time (ns) 

Figure 7. Error Rate vs. Clock Low 
Time. 
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43 

41 

39 

37 

35 

33 

i I 

i- t -- -d .. ~ .. 
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Clock High Time (ns) 

Figure 8. SNR vs. Clock High Time. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VM 4.5 5.00 5.5 Volts 
Voltage References 

Top REP+ 0.7 1 2.0 Volts 
Bottom REP- 0 0 1.3 Volts 
Difference (Top - Bottom) 0.7 1 1.2 Volts 

Analog Input Amplitude YIN 0.7 1 1.2 Volts 
Analog Input Range YIN REF- Volts 

toREP+ 

LEVEL Input Voltage GND-O.3 REF- REP+ Volts 
Time Between Zeroing Interv als 60 150 J.1S 
Ambient Operating Temperature TA 0 +70 ·C. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 Volts 

Voltage on any Digital Pin GND-O.5 VAA+O.5 Volts 

Analog Input Voltage YIN GND-O.3 VAA+0.5 Volts 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·C. 
Junction Temperature TJ + 150 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds, 1/4" from pin) 

Vapor Phase Soldering TVSOL 220 ·C. 
(1 minute) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution 8 8 8 Bits 
Accureq 

Integral Linearity Error (note 1) 1L ± 0.5 ±1 LSB 
Differential Linearity Error [L ± 0.25 ±1 LSB 
Output Noise (note 2) ±1 LSB 

Offset Error 
Top tbd mV 
Bottom tbd mV 
Tempco tbd mV/oC. 

Coding Binary 
No Missing Codes guaranteed 

YIN Analog Inputs (note 3) 
CLAMP = 0 

Input Impedance RIN 10 M ohms 
Input Current m 1 IIA 
Input Capac;itance CAIN 15 pF 

CLAMP = 1 
Input Impedance RIN 50 Oluns 

REP+ Reference Input 
Input Current IREP+ 1 rnA 
Input Impedance RREF+ I Kohms 

Digital Inputs 
Input High Voltage Vll:I 2.0 Volts 
Input Low Voltage VIL 0.8 Volts 
Input High Current (Vin = 2.4v) IIH I IIA 
Input Low Current (Vin = 0.4v) IlL -1 IIA 
Input Capacitance CIN 10 pF 

See test conditions on next page. 
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D.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Clock Kickback (note 4) 160 pV -sec 

Digital Outputs 
Output High Voltage VOO 2.4 Volts 

(IOH = -50 J.1A) 
Output Low Voltage VOL 0.4 Volts 

(IOL = 1.6 rnA) 
T1uee-S tate Current I<JZ 10 J.1A 
Output Capacitance cour 10 pF 

Internal Voltage Reference YREF 1.2 Volts 
Regulation (at 6 rnA) 5 mV 
Output Current IREF 15 rnA 

Power Supply Rejection Ratio PSRR 0.004 %/% 
(not including reference) I1VAA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with REF+ = Iv and REF
= GND. REF- S Vin s REF+. LEVEL = float, BIAS = float. 

Note 1: Using best-fit linearity. Averaged value evaluated using a closed loop system. 
Note 2: Clock duty cycle adjusted for minimum output noise for a DC input. For a DC input, output noise 

may increase if clock duty cycle is not adjusted. 
Note 3: LEVEL=GND. 
Note 4: Measurement of noise coupled onto VIN due to clocking (Rs = 75 ohms). Typically occurs over a 5 ns 

interval. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Conversion Rate Fs 18 MHz 

Clock Cycle Time 1 55.5 ns 
Clock Low Time 2 35 ns 
Clock High Time 3 20 ns 
Data Output Delay 4 25 ns 

OE* Asserted to DO - D7 Valid 5 25 ns 
OE'" Negated to DO - D7 3-Stated 6 25 ns 

ZERO Setop Time 7 tbd ns 
ZERO Hold Time 8 tbd ns 
ZERO, CLAMP High Time (note 1) 1 Clock 

Aperture Delay 9 10 ns 
Aperture Jitter 50 ps 
Full Power Input Bandwidth BW 6 MHz 

Transient Response (note 2) 1 Clock 
Overload Recovery (note 3) 1 Clock 
Zero Recovery Time (note 4) 1 Clock 

RMS Signal to Noise Ratio SNR 
Fin = 4.2 MHz, Fs = 10.7 MHz 43 dB 
Fin = 4.2 MHz, Fs = 14.32 MHz 42 dB 
Fin = 2.75 MHz, Fs = 6.75 MHz 44 dB 
Fin = 5.75 MHz, Fs = 13.5 MHz 41 dB 
Fin = 4.2 MHz, Fs = 17.72 MHz 41 dB 

Differential Gain Error (note 5) !Xl 2 % 
Differential Phase Error (note 5) DP 1 Degree 

Supply Current (note 6) IAA 100 tbd rnA 
(Excluding IREF+) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with REF+ = Iv and REF
= GND. REF- ~ Vin ~ REF+, LEVEL = float, BIAS = float. TTL input values are 0 to 3 volts, with input rise/fall 
times ~ 3 ns, measured between the 10% and 90% points. Timing reference points at 50% for digital inputs and 
outputs. DO - D7 and OVERFLOW output load ~ 25 pF. 

Note 1: Number of clock cycles ZERO is a logical one does not affect linearity. For best performance, ZERO 
should be a logical one for an odd number of clock cycles. 

Note 2: For full-scale step input, full accuracy attained in specified time. 
Note 3: Time to recover to full accuracy after a > 1.2v input signal. 
Note 4: Time to recover to full accuracy following a zero cycle. 
Note 5: 4x NTSC subcarrier, unlocked. 
Note 6: IAA (typ) at VAA = 5.0v, Fin = 4.2 MHz, Fs = 14.32 MHz. 

IAA (max) at VAA = 5.5v, Fin = 6 MHz, Fs = 18 MHz. 
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Ordering Information 

Model Number 

Bt208KP 

Bt208KPI 

Timing Waveforms 

ZERO 

CLOCK 

YIN 

00-07, 

OVERFLOW 

OE' 

Maximum 
Clock Package 
Rate 

18 MSPS 24-pin 0.3" 
Plastic DIP 

18 MSPS 28-pin Plastic 
I-Lead 

Figure 9. Input/Output Timing. 
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Ambient 
Temperature 

Range 

O· to +70· C, 

O· to +70· C_ 
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Linearity Test Circuit 

Procedure: For I = 1 to 254: 

1 . Set threshold select value to O. 
2. Measure Yin at integrator output. 
3. Repeat steps 1 and 2 for codes 1 - 254. 
4. Plot linearity as: 

( YOLT(I) - YOLT(I - I) 1) 
DL(l) = 100* YOLT(254) _ YOLT(O) - 254 

For I = 1 to 253: 

( I VOLT(l) - YOLT(O) ) 
IL(l) = 100* 254 - YOLT(254) - YOLT(O) 

+5V 

74LS04 

TC' f-;---j ZBROOPBT208 

CLOCK 

+5V 

(1)A>8 (1)A<8 (I)A=8 

DO 80 AO 10 

D1 81 74LS85 
Al 11 

D2 82 A2 12 
03 83 A3 13 

(0)A>8 (0)A<8 (0)A=8 

FROM THRESHOlD 
8T208 SELECf 

--_---jCP 

,-_7_4~F269 __ ~...J ,__, ~ 
0=; t OK I I : 

1 1 
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Preliminary Information 

This document contains information on a new product. The parametric 
information, although not fully characterized, is the result of testing 
initial devices. 

Distinguishing Features 

4 Software Selectable Analog Inputs 
DC- or AC-Coupled Video Inputs 
Optional MPU Adjustment of Gain and Offset 
Composite Sync Detection 

• 8-bit Flash AID Converter 
256 x 8 Lookup Table 
Genlock Externally Implemented 
Standard MPU Interface 
TIL Compatible 
+5v CMOS Monolithic Construction 

• 44-pin PLCC Package 
• Typical Power Dissipation: 750 mW 

Functional Block Diagram 

Applications 

• Image Processing 
Image Capture 
Desktop Publishing 

• Graphic Art Systems 

Related Products 

Bt208, Bt253 
• Bt261 

,-,---t- MET 
CSYNC"' 

louro 

CEXT2 -t-------....J 
loon 

CEXTI ~_----~ 

~~::::::::::::ttlj 
~'-4-------L+- r------------f-VmIT 
VID'~--------------~~ ~ 

--4------~ 

TIN-4------~ 
OB' 

= =t=====--1 1-7''---1- PO· P1 

mw.-t------------~ 
ZIlRO a.ocK 

DO-D7 IlD'" WR· AD Al 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L251001 Rev. D 7 - 21 

Bt251 
15 MSPS 

Monolithic CMOS 

Single Channel 

8-Bit Image Digitizer 

Product Description 

The B t251 Image Digitizer is designed to 
digitize standard video signals (RS-170, 
RS-170A, RS-343A, RS-330, PAL, or 
SECAM). The architecture of the Bt251 
enables the addition of external circuitry for 
filtering, gain, etc., along the signal path. A 
standard MPU interface is provided for 
accessing various control functions. 

Four analog inputs are supported, selectable 
under MPU control. The MPU may select 
from which input to detect sync information 
for external genlocking independently of the 
video input being digitized. A 
TIL-compatible composite sync signal is 
output to interface to the genlock circuitry. 

The output of the 8-bit AID converter 
addresses a 256 x 8 lookup table RAM, 
enabling real-time image manipulation prior 
to data storage, including thresholding, 
contrast enhancement, etc. The digitized data 
outputs may be three-stated synchronously 
to clock via the OE* control. 

Optional MPU controlled adjustment of gain 
and offset is supported by the ability to 
program the levels of the REF+ and REF
inputs to the AID. Zeroing and clamping 
signals are available to control the AID 
timing for application specific designs. The 
clamping level is externally set via the 
LEVEL pin. 
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Circuit Description 

MPU Interface 

As shown in the functional block diagram, the Bt2S1 
supports a standard MPU interface (DO - D7, RD*, 
WR*, AO, and AI). MPU operations are 
asynchronous to the clock. 

An internal 8-bit address register, in conjunction with 
AO and AI, is used to specify which control register or 
RAM location the MPU is accessing, as shown in 
Table 1. All registers and RAM locations may be 
written to or read by the MPU at any time; however, 
while digitizing a video signal, the MPU should not 
access the RAM as this will corrupt the digitized data. 

The address register increments after each MPU read or 
write cycle. After writing to location $FF, the address 
register resets to $00. ADDRO corresponds to DO and 
is the least significant bit. 

Flash AID Converter 

The Bt2S1 uses an 8-bit flash AID converter to 
digitize the video signal. The AID digitizes analog 
signals in the range of REP- S Yin S REP+. The 
output will be a binary number from $00 (Vin S REP -) 
to $PP (Vin ~ REP+). 

VIN may be either DC- or AC-coupled to the video 
signal. If AC-coupled, the CLAMP and LEVEL 
controls may be used to DC restore the video signal. 

Al AO ADDR7 - ADDRO 

0 0 xxxx xxxx 
0 I 0000 0000 
0 1 0000 001 
: : : 
0 I 1111 1111 
1 0 xxxx xxOO 
1 0 xxxx xxOl 
1 0 xxxx xxl0 
1 0 xxxx xxll 
1 1 xxxx xxxx 

Analog Input Selection 

The B t2S1 supports four analo g input sources, VIDO -
VID3. The MPU specifies which one is to be digitized 
via the command register. Any required gain to 
standard video levels should be done prior to driving 
the VIDx inputs to ensure reliable sync detection. 

The selected video signal is output onto VOUT. VOUT 
may be connected directly to VIN if no filtering or 
gain of the video signal is required. 

If digitizing a video signal containing color 
subcarrier information, such as RS-170A, PAL, or 
SECAM, a filter should be used to remove the 
subcarrier information to avoid possible artifacts on 
the display screen. A low pass filter, notch filter, or 
comb filter may be used to remove the chroma 
information. 

Note that sync information (if present) will still be 
present on VOUT. 

The multiplexers are not a break-before-make design. 
Therefore, during the multiplexer switching time it is 
possible for the input video signals to be connected 
together through the equivalent of 200 ohms. 

Addressed by MPU 

address register 
RAM location $00 
RAM location $01 

: 
RAM location $PP 
command register 

IOUTO data register 
lOUT! data register 

reserved 
reserved 

Table I. Address Register Operation. 
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Circuit Description (continued) 

AID Reference Generation 

Typically, REF+ is connected to a 0.7v to 1.2v 
reference, while REF- is connected to GND, as shown 
in Figure 1. This mode of operation may be used when 
the only operation is to digitize video signals with an 
amplitude of 0.7v to 1.2v with no adjustment of gain 
or offset. 

The gain and offset of the video signal may 
effectively be done via the MPU adjustable outputs 
rOUTO and rOUTI, as shown in Figure 2. This mode 
of operation allows top and bottom reference 
adjustments so that different video signals may be 
digitized or operations such as contrast enhancement 
or level adjustments may be implemented. 

roUTO and lOUT 1 are current outputs (0 to 1 rnA) 
generated by two 6-bit D/A converters. A 1200-ohm 
RSET resistor generates a 1 rnA full scale output 
current. lOOO-ohm resistors to GND generate a Ov to 
Iv level that drive the REF+ and REF- inputs through 
voltage followers. The top and bottom references may 
thus be adjusted with 16 mV resolution. 

AID Zeroing 

The ZERO input is used to zero the comparators, and 
must be asserted sometime during each horizontal 
blanking interval. While ZERO is a logical one, the 
comparators are zeroed. During ZERO cycles, the PO -
P1 outputs are not updated. They retain the data loaded 
before the ZERO cycle. 

AID Input Clamping 

If YIN is AC-coupled to the video signal, the CLAMP 
and LEVEL controls may be used to DC restore the 
video signal. While CLAMP is a logical one, the 
video signal is clamped to the voltage level present 
on the LEVEL pin. Typically, LEVEL should be 
connected to GND. 

If YIN is DC-coupled to the video signal, LEVEL 
should float or CLAMP should always be a logical 
zero. 
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Lookup Table RAM 

A 256 x 8 lookup table RAM is provided on-chip to 
implement simple imaging operations such as gamma 
manipulation, simple contrast enhancement, 
inverting of data, or a non-linear transfer function of 
the AID converter. Data from the AID is used to 
address the RAM; the addressed data is output onto PO 
- P1. 

The RAM may be effectively bypassed by loading 
each location with it's corresponding address. As the 
lookup table RAM is not dual-ported, MPU accesses 
have priority over digitized data passing through the 
RAM. During MPU accesses to the RAM, PO - P1 are 
undefined. 

Sync Detect Circuitry 

The Bt2S1 performs composite sync detection from 
the analog input specified by the command register. 
Thus, sync information may be recovered from one 
analog input while another input is being digitized. 
The composite sync signal (CSYNC*) contains any 
serration and equalization pulses the video signal may 
contain. Note that CSYNC* is output asynchronously 
to the clock and there are no pipeline delays. 

The MPU specifies from which analog input to detect 
sync. The selected video signal is output on CEXTI. 
A 0.1 I1F capacitor between CEXTI and CEXT2 
AC-couples the video signal to the sync detection 
circuit. The MPU selects one of four levels of sync 
threshold by selecting how many millivolts above 
the sync tip to use for sync detection. If the sync tip 
on CEXT2 is below the selected threshold, CSYNC* 
will be a logical zero. 

• 



Bt2S1 

Circuit Description (continued) 

VAA 

1.2K 

RSBT 
CLOCK 

1M CSYNC· 

CBXT2 
ZERO 

CEXTI 
CLAMP 

10UTO 
LEVEL 

(OND) 

10UTI 

po.P7 

REP· 

Bt251 

REP. 

VOUT 

VIDO 

VIDI 
VIDEO 

IN 

VID2 

VID3 
VIN 

Figure 1. Typical Bt251 External Circuitry. 
(Fixed Top and Bottom References) 
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Circuit Description (continued) 

1.2K 

1M 

1K 

1K 

GND 

VIDBO 
IN 

RSBT 
CLOCK 

CSYNC· 

CIlXT2 
:lJlRO 

CIlXTI 
CLAMP 

IOurO 
LEVEL 

(GND) 

IOurl 

PO-PI 

REF-

Bt251 
, REF+ , 
I , 
I LM358 • 
'T------r----' vour 

-SV +SV 

----------~~V~ 

----+-----~~VIDI 

----+-----~~VID2 

----+-----~~VID3 

Figure 2. Typical Bt251 External Circuitry. 
(Variable Top and Bottom References) 
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Internal Registers 

Command Register 

The command register may be written to or read by the MPU at any time, and is not initialized. DO is the least 
significant bit. 

D7,D6 

D5,D4 

D3,D2 

Dl,DO 

Digitize select 

(00) VlDO 
(01) VIDl 
(10) VID2 
(11) VID3 

Sync strip select 

(00) VlDO 
(01) VIDl 
(10) VID2 
(11) VID3 

Sync detect level select 

(00) 50mV 
(01) 75 mV 
(10) l00mV 
(11) 125 mV 

reserved (logical zero) 

lOUT Data Registers 

These bits specify which analog input is to be digitized. 
The selected signal is output onto VOUT. 

These bits specify from which analog input sync 
information is to be detected. The selected signal is 
output onto CEXTI. It is converted to TIL levels and 
output onto CSYNC*. 

These bits specify how much above the sync tip to slice 
CEXT2 for sync detection. 

These two 8·bit registers specify the output current on the IOUTO and IOUTl outputs, from 0 rnA ($00) to 1 mA ($FC). 
The six MSBs of data are used to drive the DACs. DO and Dl (the two LSBs) must be programmed to be a logical zero. 

These registers may be written to or read by the MPU at any time, and are not initialized. DO is the least significant 
bit. 
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Pin Descriptions 

Pin Name Description 

General Reference Functions 

RSEf 

IOUTO, IOUTI 

CEXTl, CEXTl 

AID Functions 

REF+ 

REF-

ZERO 

CLAMP 

lEVEL 

Input Selection 

YIN 

VIDO- VID3, 
your 

Full scale adjust control. An external 1200-ohm resistor must be connected between this pin 
and GND. It is used to provide reference information to the internal D/A converters. See Figures 
1 and 2. 

Current outputs. The amount of output current is specified by the lOUT data registers. External 
lOOO-ohm resistors are typically connected between each pin and GND. See Figures 1 and 2. The 
relationship between full-scale lOUT and RSET is: 

lOUT (mA) = 1,200/ RSET (ohms) 

External capacitor pins. A 0.1 IiF capacitor must be connected between CEXTI and CEXT2 to 
AC-couple the video signal to the sync detect circuitry. A 1M-ohm resistor must also be 
connected between CEXT2 and GND. See Figures I and 2. 

Top of resistor ladder (voltage input). REF+ sets the VIN voltage level that generates $FF from 
the AID converter. A decoupJing capacitor is NOT recommended on REF+. 

Bottom of resistor ladder (voltage input). REF- sets the YIN voltage level that generates $00 
from the AID converter. 

Zeroing control input (TTL compatible). While ZERO is a logical one, the comparators of the 
AID are zeroed. ZERO is latched on the rising edge of CLOCK. During zeroing cycles, PO - P7 
are not updated; they retain the data loaded before the zeroing cycle. 

Clamp control input (TTL compatible). While CLAMP is a logical one, the VIN input is forced 
to the voltage level on the LEVEL pin to perform DC restoration of the video signal. CLAMP is 
asynchronous to clock. In applications where VIN is DC-coupled to the video signal, LEVEL 
should float or be connected to VIN, or CLAMP should always be a logical zero. 

Level control input (voltage input). This input is used to specify what voltage level is to be for 
DC restoration while CLAMP is a logical one. In applications where VIN is DC-coupled to the 
video signal, LEVEL should float or be connected to YIN, or CLAMP should be a logical zero. 

Functions 

AID converter input. The analog signal to be digitized should be connected to this analog input 
pin. It may be either DC- or AC-coupled to the video signal being digitized. 

Analog inputs and analog output. VIDO - VID3 are connected to the video signals to be 
digitized. The signal selected to be digitized is output onto VOUT. 

Timing Functions 

CLOCK Clock input (TTL compatible). CLOCK should be driven by a dedicated TTL buffer to minimize 
sampling jitter. 

CSYNC* Recovered composite sync output (TTL compatible). Sync information is detected on the VIDO -
VID3 input specified by the command register, converted to TTL levels, and output onto this 
pin. It is output asynchronously to the clock and there are no pipeline delays. 
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Pin Descriptions (continued) 

Pin Name Description 

Digital Control Functions 

PO-P1 

OE" 

RD" 

WR* 

DO-D7 

AO,Al 

Digitized video data outputs (ITL compatible). Digitized video data is output onto these pins 
following the rising edge of CLOCK. PO is the least significant bit. They are three-stated if 
OE" is a logical one. 

Output enable control input (TIL compatible). A logical one three-states the PO - P1 outputs 
asynchronously to CLOCK. 

Read control input (ITL compatible). If RD" is a logical zero, data is output onto DO - D7. RD" 
and WR· should not be asserted simultaneously. 

Write control input (TIL compatible). If WR* is a logical zero, data is written into the device 
via DO - D7. Data is latched on the rising edge of WR·. RD" and WR" should not be asserted 
simultaneously. 

Bidirectional data bus (TIL compatible). MPU data is transferred into and out of the device over 
this 8-bit data bus. DO is the least significant bit. 

Address control inputs (ITL compatible). AO and Al are used to specify the operation the MPU 
is performing as indicated in Table 1. They are latched on the falling edge of either RD* or 
WR·. 

Power Ilnd Ground 

VAA 

GND 

+5v power. All V AA pins must be connected together as close to the device as possible. A 0.1 
!IF ceramic capacitor should be connected between each group of V AA pins and GND, as close to 
the device as possible. 

Ground. All GND pins must be connected. 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Bt251 power and ground lines by shielding the 
digital inputs/outputs and providing good decoupling. 
The lead length between groups of V AA and GND pins 
should be minimized so as to minimize inductive 
ringing. 

Ground Planes 

The ground plane area should encompass all Bt251 
ground pins, voltage reference circuitry, power supply 
bypass circuitry for the Bt251, the analog input 
traces, any input amplifiers, and all the digital signal 
traces leading up to the Bt251. 

Power Planes 

The Bt251 and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane (VCC) at a single point 
through a ferrite bead, as illustrated in Figure 3. This 
bead should be located within three inches of the 
Bt251. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all Bt251 power pins, 
any voltage reference circuitry, and any input 
amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power plane, unless they can be arranged such 
that the plane-to-plane noise is common mode. This 
will reduce plane-to-plane noise coupling. 

7 - 29 

Bt251 

Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 

Each group of V AA pins should have a 0.1 IJ.F ceramic 
bypass capacitor to GND, located as close as possible 
to the device. 

Signal Interconnect 

The digital signals of the Bt251 should be isolated as 
much as possible from the analog inputs and other 
analog circuitry. Also, these digital signals should 
not overlay the analog power plane. 

Any termination resistors for the digital signals 
should be connected to the regular PCB power and 
ground planes. 

• 
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PC Board Layout Considerations (continued) 

Bt251 

Ll 

+ sv (VCC) -~~---' L-________________ ~~~"VAA 

C3 

GROillID __ ~ ________________ ~~~GND 

Location Description Vendor Part Nwnber 

Cl, C2 0.1 J.lF' ceramic capacitor Erie RPEl12Z5Ul04M50V 
C3 10 JlF tantalwn capacitor Mallory CSR13G106KM 
11 ferrite bead Fair-Rite 2743001111 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt25l. 

Figure 3. Typical Connection Diagram and Parts List. 
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Application Information 

Zeroing 

As the comparators on the B t251 must be periodically 
zeroed, it is convenient to assert ZERO during each 
horizontal retrace interv al. 

Note that before using the Bt251 after a power-up 
condition, ZERO must be a logical one for at least 
1000 clock cycles to initialize the comparators to the 
rated linearity. In normal video applications this will 
be transparent due to the number of horizontal scan 
lines that will have occurred before using the Bt251. 

As long as the recommended zeroing interval is 
maintained, the Bt251 will meet linearity 
specifications. The longer between zeroing intervals, 
the more the linearity error increases. 

AC-Coupled Vs. DC-Coupled VIN 

VIN may be either AC- or DC-coupled to the video 
signal, as shown in Figures I and 2. The 50-ohm 
resistor provides isolation from any clock kickback 
noise on Yin from being coupled onto the video 
signal. The 75-ohm resistors to ground provide the 
typical 75-ohm termination required by video 
signals. 

Video Standard Nominal Worst Case 
Amplitude Amplitudes 

RS-170 wlo sync 1.0v O.9v - l.lv 

RS-170 wlsync 1.4v 1.2v - 1.6v 

RS-170A wlo sync 1.0v O.9v - 1.lv 

RS-170A wlsync 1.4v 1.Ov - 1.8v 

RS-343A wlo sync 0.7v 0.6v - 0.85v 

Table 2. Video Signal Tolerances. 
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Increasing the Resolution of DACs 

With a 1000-ohm resistor connected between each 
DAC output (IOUTO, lOUT!) and GND, the resolution 
of the ladder adjustment is 16 mY. The resolution of 
the top of the resistor ladder (REF+) adjustment may 
be increased by biasing the DAC outputs and using the 
DAC outputs to adjust the voltage over a smaller range 
with fmer resolution. 

Figure 4 shows a circuit that allows adjustment of the 
REF+ inputs from 0.714v to Iv with 4.5 mV 
resolution. With the DAC data = $00, 0.714v is 
output; if the DAC data = $FC, Iv is output. 

As the recommended maximum DAC output is 1 rnA, if 
a 0.286v adjustable range is desired, RI II R2 must 
equal 286 ohms. The minimum output voltage desired 
determines the ratio of R I and R2: 

Vrnin = VREF * (R21 (RI + R2» 

The bottom of the resistor ladder (REF-) may be 
adjusted from Ov to 0.287v with 4.5 m V resolution by 
using a 287 -ohm resistor to ground rather than a 
1000-ohm resistor. As long as the minimum range is 
Ov, the resistor to ground may be used to adjust the 
total range, and thus the resolution. 

VRBF~2.SV 

Rl =1000 

[OUTO 

RZ-400 

TOVOLTAGB 
FOLLOWER 

Figure 4. Increasing DAC Output 
Resolution. 
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Application Information (continued) 

Driving REF+ and REF-

As REF+ and REF- should be driven by a high AC 
impedance source, a 100-ohm resistor should be 
placed between REF+ and the output of the voltage 
follower and between REF- and the output of the 
voltage follower, as shown in Figure 2. 

Input Ranges 

Table 2 shows some common video signal 
amplitudes. For signals possibly exceeding 1.2v, the 
signal should be attenuated (using a resistor divider 
network) so as not to exceed the 1.2v input range. 

When digitizing with a full scale range less than 0.7v, 
the Bt251's integral linearity errors are constant in 
terms of voltage regardless of the value of the 
reference voltage. Lower reference voltages will 
therefore produce larger integral linearity errors in 
terms of LSBs. 

For example, by setting REF+ equal to 0.6v and REF
equal to Ov, 0.6v video signals may be digitized; 
however the integral linearity error will increase to 
about ± 1.8 LSB. The SNR will decrease by about 3 
dB. With REF+ equal to 0.5v and REF- equal to Ov, 
O.5v video signals may be digitized with an lL error of 
about ± 2 LSB. The SNR will decrease by about 4 dB. 
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Output Noise (DC vs. SNR) 

Measurement of AID output noise under DC input 
conditions is not indicative of performance under 
video operating conditions. The SNR measurement 
more truly reflects device performance in video 
applications. 

Uncorrelated noise less than 1 % peak-to-peak will be 
perceived with the same quality as that of a consumer 
1/2" VCR. 

PC Board Sockets 

It is recommended that the Bt251 not be used with a 
socket, and have a 0.15" standoff. Use of a socket 
increases the output noise due to digital output 
ringing. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Voltage References 

Top REF+ 0.7 1 2.0 Volts 
Bottom REF- 0 0 1.3 Volts 
Difference (Top - Bottom) 0.7 I 1.2 Volts 

VIDO - VlD3 Input Amplitude 0.7 Volts 

VIN Input Amplitude 0.7 1 1.2 Volts 
VIN Input Range REF- Volts 

toREF+ 

LEVEL Input Voltage GND-O.3 REF- REF+ Volts 
Zeroing Interv al 60 ISO lIS 
Ambient Operating Temperature TA 0 +70 DC. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 Volts 

Voltage on any Digital Pin GND-0.5 VAA+0.5 Volts 

Analog Input Voltage VIN GND-O.3 VAA+O.5 Volts 

Ambient Operating Temperature TA - 55 + 125 DC. 
Storage Temperature TS - 65 + 150 DC. 
Junction Temperature TJ + 150 DC. 

Vapor Phase Soldering TVSOL 220 DC. 
(1 minute) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

NO Resolution 8 8 8 Bits 
NO Accuracy 

Integral Linearity Error (note 1) IL ±1 LSB 
Differential Linearity Error IL ±1 LSB 

NO Offset Error 
Top tbd mV 
Bottom tbd mV 
Tempco tbd mV / ·C. 

NO Coding Binary 
No Missing Codes guaranteed 

VlN Analog Input (note 2) 
CLAMP=O 

Input Impedance RlN 10 M oluns 
Input Current m 1 ~ 
Input Capacitance CAIN 15 pF 

CLAMP = 1 
Input Impedance RlN 50 Ohms 

VIDO - VID3 Analog Inputs (note 3) 
Input Impedance to VOUT 

Input Selected 100 Ohms 
Input Deselected 10 M oluns 

Input Capacitance tbd pF 

REF+ Reference Input 
Input Current 1 rnA 
Input Impedance 1 Koluns 

Clock Kickback (note 4) tbd pV -sec 

Digital Inputs 
Input High Voltage VlH 2.0 Volts 
Input Low Voltage VIL 0.8 Volts 
Input High Current (Vin = 2.4v) IIH 1 ~ 
Input Low Current (Vin = O.4v) IlL - 1 ~ 
Input Capacitance C1N 10 pF 

See test conditions on next page. 
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D.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Digital Outputs 
Output High Voltage VOO 2.4 Volts 

(lOH = -50 IlA) 
Output Low Voltage VOL O.S Volts 

(lOL = 1.6 rnA) 
Three-State Current IOZ 1 J.1A 
Output Capacitance rour 10 pF 

IOurO and IOurl Outputs 
DAC Output Current 0 1 rnA 
DAC Output Impedance 100 Kohms 
DAC Output Capacitance 20 pF 
DAC Output Compliance - 1 +2 Volts 

Power Supply Rejection Ratio PSRR tbd %/% 
(not including reference) l!.VAA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with REF+ = Iv and REF
= GND. REF- S Vin S REF+. LEVEL = float. 

Note 1: Best-fit linearity. Averaged value evaluated using a closed loop system (see Bt20S linearity test 
circuit). Linearity is tested with RAM transparent. 

Note 2: LEVEL = GND. 
Note 3: vour connected to GND. 
Note 4: Measurement of noise coupled onto VIN due to clocking (Rs = 75 ohms). Typically occurs over a 5 ns 

interval. 

Vin* (v) PO-P1 OE* 

> 0.996 $FF 0 
0.992 $FE 0 

: : : 
0.500 $Sl 0 
0.496 $SO 0 
0.492 $7F 0 

: : : 
0.004 $01 0 

< 0.002 $00 0 
3-state 1 

*with REF+ = 1.000v and REF- = 0.000v. Ideal center values. 1 LSB = 3.9063 mV. RAM 
transparent. 

Table 3. AID Coding. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Conversion Rate (note 1) Fs 15 MHz 

Multiplexer Switching Time Tmux 100 ns 

Clock Cycle Time 1 66.7 ns 
Clock Low Time 2 35 ns 
Clock High Time 3 20 ns 

PO - P7 Output Delay 4 tbd ns 
OE* Asserted to PO - P7 Valid 5 tbd ns 
OE* Negated to PO - P7 3-Stated 6 tbd ns 

ZERO Setup Time 7 tbd ns 
ZERO Hold Time 8 tbd ns 
ZERO, CLAMP High Time (note 2) 1 Clock 

Aperture Delay 9 10 ns 
Aperture Jitter 50 ps 
Full Power Input Bandwidth BW 6 MHz 

Transient Response (note 3) 1 Clock 
Overload Recovery (note 4) 1 Clock 
Zero Recovery Time (note 5) 1 Clock 

RMS Signal to Noise Ratio SNR 
Fin = 4.2 MHz, Fs = 10.7 MHz 43 dB 
Fin = 4.2 MHz, Fs = 14.32 MHz 42 dB 
Fin = 2.75 MHz, Fs = 6.75 MHz 44 dB 
Fin = 5.75 MHz, Fs = 13.5 MHz 41 dB 

Analog MUltiplexer Crosstalk 
All Hostile Crosstalk tbd dB 
Single Channel Crosstalk tbd dB 
Adjacent Input Crosstalk tbd dB 

IOUTO, IOUT1 Settling Time 100 ns 
to± 1 LSB 

Differential Gain Error (note 6) 00 2 % 
Differential Phase Error (note 6) DP 1 Degree 

Supply Current (note 7) IAA 150 tbd rnA 
(Excluding REF+ ) 

See test conditions on next page. 
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A.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

AO, Al Setup Time 10 tbd ns 
AO, Al Hold Time 11 tbd ns 

RD*, WR * High Time 12 tbd ns 
RD* Asserted to Data Bus Driven 13 tbd ns 
RD'" Asserted to Data Valid 14 tbd ns 
RD'" Negated to Data Bus 3-Stated 15 tbd ns 

WR*LowTime 16 tbd ns 
Write Data Setup Time 17 tbd ns 
Write Data Hold Time 18 tbd ns 

Pipeline Delay 2 2 2 Clocks 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with REF+ = Iv and REF
= GND. REF- $ Yin $ REF+, LEVEL = float. TTL input values are 0 to 3 volts, with input rise/fall times $ 3 ns, 
measured between the 10% and 90% points. Timing reference points at 50% for digital inputs and outputs. DO
D7, PO - P7, CSYNC* output load $ 50 pF. VOUT, IOUTO, lOUT! output load $ 25 pF. 

Note 1: Typical error rate of 10-6 at 15 MHz. 
Note 2: Number of clock cycles ZERO is a logical one does not affect linearity. For best performance, ZERO 

should be a logical one for an odd number of clock cycles. 
Note 3: For full-scale step input, full accuracy attained in specified time. 
Note 4: Time to recover to full accuracy after a> 1.2v input signal. 
Note 5: Time to recover to full accuracy following a zero cycle. 
Note 6: 4x NTSC subcarrier, unlocked. 
Note 7: IAA (typ) at VAA = 5.0v, Fin = 4.2 MHz, Fs = 14.32 MHz. 

IAA (max) at VAA = 5.25v, Fin = 7.5 MHz, Fs = 15 MHz . 

• 

7 - 37 

• 



Bt2S1 

Timing Waveforms 

l 10 11 J 

AO, Al =Y VALID * 16 

RD·, WR'" 
12 

14 LIS I 

~ -
DATA OUT (RD· = 0) 

/' 
DO - 07 (READ) 

DO - 07 (WRl11l) X DATA IN (WR' =0) 

'I 17 

- I--- 18 

Figure 5. MPU Read/Write Timing. 

ZERO 

CLOCK 

VlN 

PO-p] 

OE' 

Figure 6. Video Input/Output Timing. 
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Test Circuits 

10M 

r-----iVlDO vour !---'V..::our=-=--"I!\,_-. 

75 

0.4V-1.4V 

5 MHZ 
(75 OHMS) 

VIN 

VIOl 

VI02 

VI03 

1. VlDO SElECTED 

2. lITALK=20LOO(VOur/VIN) 

Figure 7. All Hostile Crosstalk 
Test Circuit. 

O.4V-I.4V 

5 MHZ 
(75 OHMS) 

VIN 

Bt251 

10M 
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VIOl 

VI02 

VI03 

1. VIDO SHLEC1ED 

2. lIT ALK = AVERAGE VALUE OF 20 LOG (your / VIN) 

SCANNED SEQUENTIALLY PROM SI TO S3 

Figure 8. Single Channel Crosstalk 
Test Circuit. 

10M 
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VIOl 

VI02 

VI03 

1. VI03 SElECTED 
2. lITALK=20LOO(YOur/VIN) 

Figure 9. Adjacent Input Crosstalk Test Circuit. 
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Ordering Information 

Model Number 

Bt251KPJ 

Analog Multiplexer Circuit 
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'9' 

..J< 
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Y 

VIDI 

..J< -... 

,b- :,.. 
y ~ 

VlD2 

..1<::'" 

.6-
Y 

VID3 

.-<:'" 

f 

Ambient 
Package Temperature 

Range 

44-pin Plastic o· to +70· c. 
J-Lead 

SELO 

SELO" 

SELl 

SELl" 

~ VOUf/CEXTI 

SEL2 

SELZ" 

SEL3 

SEL3" 

-+ 
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CMOS TRANSMISSION GAlE: 

ON=500HMS 
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Advance Information 

This document contains information on a product under development. The 
paramettic information are target parameters and are subject to change. 

Distinguishing Features Applications 

• Three 8-bit Video AID Converters • Image Processing 
2 Sets Software Selectable Analog Inputs • Image Capture 

Desktop Publishing • Optional MPU Adjustment of Gain and Offset 
Composite Sync Detection • Graphic Art Systems 
Genlock Externally Implemented 

• Standard MPU Interface 
TIL Compatible 

• +5v CMOS Monolithic Construction 
• 84-pin PLeC Package 

Typical Power Dissipation: 1 W 

Functional Block Diagram 

<:SYNC" 

Cl!Xf1 

CI!Xf, 

SYNC>-'. SYNCI-

RVlDO. RVlDl 
OVIOO, OVIDI 

BVlDO, BVIDI 

(R,G,B)REF+ 

RIN 

GIN 

BIN 

ZERO 

<l.AMP 
(R.G,B)LEVEL 

(R.G,B) REF-

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L253001 Rev. C 

'·BIT 
FLASH 

AID 

I-BIT 
FLASH 

AID 

I·BIT 
FLASH 

AID 

(3) 

1-1 

M 
U 
X 

Related Products 

• Bt208, Bt251 
Bt261 

louro - lOUTS 

1-------+ ROUT 
I--'------_t_ GOUT 
I----------+OOUT 

001'P11r 

PORMAT 

LOGIC 

1--7"-'---1- RIJ·R7 

1--'-7"-'---1- 00·1]7 

1--'-7"-'---1- BO - 87 

RCLOCK 

OCLOCK 

BCLOCK 
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Bt253 
15 MSPS 

Monolithic CMOS 

Triple Channel 

8-Bit Image Digitizer 

Product Description 

The Bt253 Image Digitizer is designed to 
digitize three channels of video signals, such 
as RGB, YIQ, YUV, etc., generating up to 24 
bits of color pixel information. The 
architecture also supports single channel 
digitization of RS-343A, NTSC, PAL, and 
SECAM video signals, generating 8 bits of 
gray-scale pixel information. 

24-bit true-color, 15-bit true-color, 8-bit 
true-color, and 8-bit pseudo-color modes are 
supported. A standard MPU interface is 
provided for accessing various control 
functions. 

Six analog inputs (2 for each AID) are 
supported, selectable under MPU control. 
The MPU may select from which input to 
detect sync information for external 
genlocking. A TIL-compatible composite 
sync signal is output to interface to genlock 
circuitry. Two additional sync inputs are 
also provided to support red, green, blue, 
sync video interfaces. 

Optional MPU controlled adjustment of gain 
and offset is supported by the ability to 
program the levels of the REF+ and REF
inputs to the AID converters. Zeroing and 
clamping signals are available to control the 
ND timing for application specific timing. 
The clamping levels are externally set via 
the red, green, and blue LEVEL pins. 

Each AID converter has its own clock input, 
top!bottom references, and LEVEL pin. 



Bt253 

Circuit Description 

MPU Interface 

As shown in the functional block diagram, the Bt253 
supports a standard MPU interface (DO - 07, RD*, 
WR*, and AO - A2). MPU operations are 
asynchronous to the clocks. 

AO - A2 address the internal registers, as shown in 
Table 1. 

Flash AID Converters 

The Bt253 uses three 8-bit flash AID converters to 
digitize the video signals. Each NO digitizes analog 
signals in the range of REF- S Yin S REF+. The output 
will be a binary number from $00 (Vin S REF-) to $FF 
(Vin ~ REF+). 

Each AID converter has it's own top and bottom 
reference: RREF+ and RREF- for the red AID, GREF+ 
and GREF- for the green NO, and BREF+ and BREF
for the blue NO. Each NO converter also has it's own 
clock input: RCLOCK for the red NO, GCLOCK for 
the green NO, and BCLOCK for the blue NO. 

RIN, GIN, and BIN may be either DC- or AC-coupled 
to the video signals. If AC-coupled, the CLAMP and 
(R,G,B) LEVEL controls may be used to DC restore the 
video signals. 

Figure 1 shows the internal NO architecture in detail. 

A2, AI, AO 

000 
001 
010 
011 
100 
101 
110 
111 

Brodrtree® 

Analog Signal Selection 

The B t253 supports two analog input sources for each 
NO converter: RVIDO and RVID1, GVIDO and GVID1, 
and BVIOO and BVID1. The MPU specifies which 
ones are to be digitized via the command register. Any 
required gain to standard video levels should be done 
prior to driving the xVlDO and xVlOl inputs to ensure 
reliable sync detection. 

The selected video signals are output onto ROUT, 
GOUT, and BOUT. ROUT, GOUT, and BOUT may be 
connected directly to RIN, GIN, and BIN, 
respectively, if no filtering or gain of the video 
signal is required. 

If digitizing a video signal containing color 
subcarrier information (such as RS-170A, PAL, or 
SECAM) to generate 8 bits of gray-scale information, 
the green AID converter should be used and the Bt253 
configured for the pseudo-color mode. A ftlter should 
be used to remove the subcarrier information to avoid 
possible artifacts on the display screen. A lowpass 
filter, notch filter, or comb filter may be used to 
remove the cbroma information. 

Note that sync information (if present) will still be 
present on ROUT, GOUT, and BOUT. 

The multiplexers are not a break-before-make design. 
Therefore, during the multiplexer switching time it is 
possible for the input video signals to be connected 
together through the equivalent of 200 ohms. 

Addressed by MPU 

command register 
10UTO data register 
10UTl data register 
IOUT2 data register 
10 UT3 data register 
lOUT 4 data register 
10 UT5 data register 

reserved 

Table I. Register Addressing. 
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Circuit Description (continued) 

ZIlRO • CLAMP 

Ra.DCK 

RRBF+ 

RIN 

RUlVEL 

RREP· 

Ga.DCK 

GRBF+ 

GIN 

GLBVBL 

GRBF· 

Ba.DCK 

BRBF+ 

BIN BLUE 

AID 
BLBVEL 

BRBF· 

Figure 1. Internal AID Architecture. 
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Circuit Description (continued) 

AID Reference Generation 

Typically, RREF+, GREF+, and BREF+ are connected 
to a 0.7v to 1.2v reference, while RREF-, GREF-, and 
BREF- are connected to GND, as shown in Figure 2. 
This mode of operation may be used when the only 
operation is to digitize video signals with an 
amplitude of 0.7v to 1.2v with no adjustment of gain 
or offset. 

The gain and offset of the video signals may 
effectively be done via the MPU adjustable outputs 
IOUTO - lOUTS, as shown in Figure 3. This mode of 
operation allows top and bottom reference 
adjustments so that different video signals may be 
digitized or operations such as contrast enhancement 
or level adjustments may be implemented. 

IOUTO - lOUTS are current outputs (0 to I rnA) 
generated by six 6-bit DIA converters. lOOO-ohm 
resistors to GND generate a Ov to I v level that drives 
the (R,G,B)REF+ and (R,G,B)REF- inputs through 
voltage-followers. The top and bottom references 
may thus be adjusted with 16 mV resolution. 

AID Zeroing 

The ZERO input is used to zero the comparators, and 
must be asserted sometime during each horizontal 
blanking interval. While ZERO is a logical one, the 
comparators are zeroed. During ZERO cycles, the RO -
R7, GO - G7, and BO - B7 outputs are not updated. 
They retain the data loaded before the ZERO cycle. 

Note that each AID converter uses its own clock to 
latch the ZERO signal. Thus, ZERO must be asserted 
for at least one clock cycle of the slowest clock. 

AID Input Clamping 

If RIN, GIN, and BIN are AC-coupled to the video 
signals, the CLAMP and (R,G,B) LEVEL controls may 
be used to DC restore the video signals. While 
CLAMP is a logical one, the video signals are 
clamped to the voltage level present on the (R,G,B) 
LEVEL pins. 
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If RIN, GIN, and BIN are DC-coupled to the video 
signals, all three LEVEL pins should float or CLAMP 
should always be a logical zero. 

Sync Detect Circuitry 

The Bt2S3 performs composite sync detection from 
the analog input specified by the command register. 
Thus, sync information may be recovered from one 
analog input while another input is being digitized. 
The composite sync signal (CSYNC*) contains any 
serration and equalization pulses the video signal may 
contain. Note that CSYNC* is output asynchronously 
to the clocks and there are no pipeline delays. 

The MPU specifies from which input to detect sync. 
The selected video signal is output on CEXTl. A 0.1 
IJ.F capacitor between CEXTI and CEXT2 AC-couples 
the video signal to the sync detection circuit. The 
MPU selects how many millivolts above the sync tip 
to use for sync detection. If the sync tip on CEXT2 is 
below the selected threshold, CSYNC* will be a 
logical zero. 

Two additional sync inputs are provided (SYNCO* and 
SYNCI *) to support red, green, blue, sync systems. 
SYNCO* and SYNC 1 * may be either TTL or normal 
video signal levels. 

Color Output Modes 

The Bt2S3 outputs several modes of color 
information, as shown in Table 2. 

RO - R7, GO - G7, and BO - B7 are three-stated while 
OE* is a logical one. 
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Circuit Description (continued) 

VAA 

GND 

1.2K 
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Figure 2. Typical Bt253 External Circuitry. 
(Fixed Top and Bottom References) 
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Circuit Description (continued) 
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Brodrtree® 
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Figure 3, Typical Bt253 External Circuitry, 
(Variable Top and Bottom References) 
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Internal Registers 

Command Register 

The command register may be written to or read by the MPU at any time, and is not initialized. DO is the least 
significant bit. 

D7 

D6-04 

O3,D2 

D1 

DO 

Digitize select 

(0) xVIDO 
(I) xVIDI 

Sync select 

(000) RVIDO 
(001) RVIDI 
(010) GVIDO 
(011) GVIDI 
(100) BVIDO 
(101) BVIDI 
(110) SYNCO* 
(111) SYNC 1* 

Color output select 

(00) 24-bit true-color 
(01) 15-bit true-color 
(10) 8-bit true-color 
(11) 8-bit pseudo-color 

reserved (logical zero) 

Sync detect level select 

(0) 50mY 
(I) 125 mY 
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This bit specifies which analog input is to be digitized. 
The selected signals are output onto ROUT, GOUT, and 
BOUT. 

Composite sync information detected on the selected 
input is output onto CSYNC*. 

Color output mode select. See Table 2. In. mode (11), 
the red and blue NO converters are ignored. 

A logical zero must be written to this bit when writing 
to the command register. 

This bit specifies how much above the sync tip to slice 
CEXT2 for sync detection. 
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Internal Registers (continued) 

lOUT Data Registers 

These six 8-bit registers specify the output current on the lOUTO - lOUTS outputs, from 0 rnA ($00) to 1 mA ($FC). 
The six MSBs of data are used to drive the DACs. DO and D1 (the two LSBs) must programmed to be a logical zero. 

These registers may be written to or read by the MPU at any time, and are not initialized. DO is the least significant 
bit. 

24-Bit IS-Bit 8-Bit 8-Bit 
True True True Pseudo 

Color Color Color Color 

Output Mode Mode Mode Mode 
Pins (00) (01) (10) (11) 

R7 R7 0 R7 07 
R6 R6 R7 R6 G6 
RS RS R6 RS 05 
R4 R4 RS 07 G4 
R3 R3 R4 06 03 
R2 R2 R3 05 02 
R1 R1 G7 B7 G1 
RO RO G6 B6 GO 

07 G7 05 R7 07 
06 G6 G4 R6 06 
05 05 G3 RS 05 
G4 G4 B7 07 G4 
03 G3 B6 06 G3 
02 02 BS 05 02 
01 G1 B4 B7 G1 
GO GO B3 B6 GO 

B7 B7 0 R7 07 
B6 B6 0 R6 G6 
BS BS 0 RS OS 
B4 B4 0 07 G4 
B3 B3 0 06 03 
B2 B2 0 05 02 
B1 B1 0 B7 01 
BO BO 0 B6 GO 

Table 2. Color Output Configurations. 
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Pin Descriptions 

Pin Name Description 

General Reference Functions 

RSET 

IOuro - lOurS 

CEXT1, CEXT2 

AID Functions 

RREF+, GREF+, 
BREF+ 

RREF-, GREF-, 
BREF-

ZERO 

CLAMP 

RLEVEL, 
GLEVEL, 
BLEVEL 

Input Selection 

RIN,GIN, 
BIN 

RVIDO, RVID1, 
ROUT 

GVIDO, GVID1, 
GOur 

Full scale adjust contro!' An external 1200-ohm resistor must be connected between this pin 
and GND. It is used to provide reference information to the internal D/ A converters. See Figures 
2 and 3. 

Current outputs. The amount of output current is specified by the lOUT data registers. External 
lOOO-ohm resistors are typically connected between these pins and GND. See Figures 2 and 3. 
The relationship between full scale lOur and RSET is: 

lOur (rnA) = 1,200/ RSET (ohms) 

External capacitor pins. A 0.1 f.LF capacitor must be connected between CEXTI and CEXT2 to 
AC-couple the video signal to the sync detect circuitry. A 1M-ohm resistor must also be 
connected between CEXT2 and GND. 

Red, green, and blue top of resistor ladder (voltage input). These set the Yin voltage level that 
generates $FF from the appropriate AID converter. Decoupling capacitors are NOT 
recommended for the REF+ pins. 

Red, green, and blue bottom of resistor ladder (voltage input). These set the Yin voltage level 
that generates $00 from the appropriate AID converter. 

Zeroing control input (TTL compatible). While ZERO is a logical one, the comparators of the 
AID are zeroed. The red AID latches ZERO on the rising edge of RCLOCK, the green AID latches 
ZERO on the rising edge of GCLOCK, and the blue AID latches ZERO on the rising edge of 
BCLOCK. During zeroing cycles, RO - R7, GO - G7, and BO - B7 are not updated; they retain the 
data loaded before the zeroing cycle. 

Clamp control input (TTL compatible). While CLAMP is a logical one, the RIN, GIN, and BIN 
inputs are forced to the voltage level on the (R, G, B) LEVEL pins to perform DC restoration of 
the video signals. In applications where RIN, GIN, and BIN are DC-coupled to the video 
signals, the LEVEL pins should float or CLAMP should always be a logical zero. CLAMP is 
asynchronous to the clocks. 

Red, green and blue level control inputs (voltage inputs). These inputs are used to specify what 
voltage level is to be used for DC restoration while CLAMP is a logical one. In applications 
where RIN, GIN, and BIN are DC-coupled to the signals, the LEVEL pins should float or CLAMP 
should always be a logical zero. 

Functions 

AID converter inputs. The analog signals to be digitized should be connected to these analog 
input pins. 

Red channel analog inputs and analog output. RVIDO and RVIDI are connected to the video 
signals to be digitized. The signal selected to be digitized is output onto ROUT. 

Green channel analog inputs and analog output. GVlDO and GVIDI are connected to the video 
signals to be digitized. The signal selected to be digitized is output onto GOUT. 
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Pin Descriptions (continued) 

Pin Name 

BVIDO, BVID1, 
BOUT 

Description 

Blue ch81U\el analog inputs and analog output. BVIDO and BVID1 are connected to the video 
signals to be digitized. The signal selected to be digitized is output onto BOUT. 

Timing Functions 

RCLOCK, 
GCLOCK, 
BCLOCK 

CSYNC* 

SYNCO*, 
SYNC1* 

Clock inputs (TTL compatible). Each clock input should be driven by a dedicated TTL buffer to 
minimize sampling jitter. The clock signals, if not the same clock rate, should be synchronous 
and a multiple of each other. 

Recovered composite sync output (TTL compatible). Sync information is detected on the xVIDO 
or xVID1 input (as specified by the command register), converted to TTL levels, and output onto 
this pin. SYNCO* or SYNC 1 * may also be selected to be output onto this pin. It is output 
asynchronously to the clocks and there are no pipeline delays. 

Sync inputs. Sync information may be input via these pins and output onto CSYNC". SYNCO* 
and SYNC1 * may be either TTL or normal video signal levels. 

Digital Control Functions 

RO - R7, 
GO-07, 
BO-B7 

OE* 

WR* 

DO-D7 

AO-A2 

Digitized video data outputs (TTL compatible). RO - R7 are output following the rising edge of 
RCLOCK, GO - G7 are output following the rising edge of GCLOCK, and BO - B7 are output 
following the rising edge of BCLOCK. They are three-stated if OE* is a logical one. RO, GO, 
and BO are the least significant bits. 

Output enable control input (TTL compatible). A logical one three-states RO - R7, GO - G7, and 
BO - B7 asynchronously to the clocks. 

Read control input (TTL compatible). If RD* is a logical zero, data is output onto DO - D7. RD" 
and WR" should not be asserted simultaneously. 

Write control input (TTL compatible). If WR * is a logical zero, data is written into the device 
via DO - D7. Data is latched on the rising edge of WR*. RD* and WR* should not be asserted 
simultaneously. 

Bidirectional data bus (TTL compatible). MPU data is transferred into and out of the device over 
this 8-bit data bus. DO is the least significant bit. 

Address control inputs (TTL compatible). AO - A2 address the internal registers as shown in 
Table 1. They are latched on the falling edge of RD" or WR*. 

Power and Ground 

VAA 

GND 

+5v power. All VAA pins must be connected together as close to the device as possible. A 0.1 
J.l.F ceramic capacitor should be connected between each group of V AA pins and GND, as close to 
the device as possible. 

Ground. All GND pins must be connected as close to the device as possible. 

7 - 50 



Pin Descriptions (continued) 

7 - S1 

R3 

R4 

RS 

R6 

R7 

GO 

Gl 

02 

G3 

G4 

VAA 

VAA 

OND 

OND 

OS 

G6 

G7 

DO 

D1 

D2 

D3 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the B t253 power and ground lines by shielding the 
digital inputs/outputs and providing good decoupling. 
The lead length between groups of V AA and GND pins 
should be minimized so as to minimize inductive 
ringing. 

Ground Planes 

The ground plane area should encompass all Bt253 
ground pins, voltage reference circuitry, power supply 
bypass circuitry for the Bt253, the analog input 
traces, any input amplifiers, and all the digital signal 
traces leading up to the Bt253. 

Power Planes 

The Bt253 and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane (VCC) at a single point 
through a ferrite bead, as illustrated in Figure 4. This 
bead should be located within three inches of the 
Bt253. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all Bt253 power pins, 
any voltage reference circuitry, and any input 
amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power plane, unless they can be arranged such 
that the plane-to-plane noise is common mode. This 
will reduce plane-to-plane noise coupling. 
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Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. These 
capacitors should also be placed as close as possible 
to the device. 

Each group of V AA pins should have a 0.1 ~F ceramic 
bypass capacitor to GND, located as close as possible 
to the device. 

Signal Interconnect 

The digital signals of the Bt253 should be isolated as 
much as possible from the analog inputs and other 
analog circuitry. Also, these digital signals should 
not overlay the analog power plane. 

Any termination resistors for the digital signals 
should be connected to the regular PCB power and 
ground planes. 
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PC Board Layout Considerations (continued) 

Bt253 

U 

+sv(VCC) VAA ....-----
~C3 

Cl C2 

= = f: == 

'""'-
GROUND '""""'"'- GND 

Location Description Vendor Part Nmnber 

Cl. C2 0.1 IlF' ceramic capacitor Erie RPEl12Z5U104M50V 
C3 10 IlF' tantalmn capacitor Mallory CSRI3G106KM 
Ll ferrite bead Fair-Rite 2743001111 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the B t253. 

Figure 4. Typical Connection Diagram and Parts List. 
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Application Information 

Zeroing 

As the comparators on the Bt2S3 must be periodically 
zeroed, it is convenient to assert ZERO during each 
horizontal retrace interval. 

Note that before using the Bt253 after a power-up 
condition, ZERO must be a logical one for at least 
1000 clock cycles to initialize the comparators to the 
rated linearity. In normal video applications this will 
be transparent due to the number of horizontal scan 
lines that will have occurred before using the Bt253. 

As long as the recommended zeroing interval is 
maintained, the B t253 will meet linearity 
specifications. The longer between zeroing intervals, 
the more the linearity error increases. 

AC-Coupled Vs. DC-Coupled Inputs 

RlN, GIN, and BIN may be either AC- or DC-coupled 
to the video signal, as shown in Figures 2 and 3. The 
50-ohm resistors provide isolation from any clock 
kickback noise on RIN, GIN, and BIN from being 
coupled onto the video signal. The 75-ohm resistors 
to ground provide the typical 75-ohm termination 
required by video signals. 

Video Standard Nominal Worst Case 
Amplitude Amplitudes 

RS-170 wlo sync 1.0v 0.9v - l.1v 

RS-170 w/sync 1.4v 1.2v - 1.6v 

RS-170A wlo sync 1.0v 0.9v - l.1v 

RS-170A wlsync 1.4v 1.0v - 1.8v 

RS-343A wlo sync 0.7v 0.6v - 0.85v 

Table 3. Video Signal Tolerances. 
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Increasing the Resolution oj DACs 

With a 1000-ohm resistor connected between each 
DAC output (IOUTx) and GND, the resolution of the 
ladder adjustment is 16 mY. The resolution of the top 
of the resistor ladder (REF+) adjustment may be 
increased by biasing the DAC outputs and using the 
DAC outputs to adjust the voltage over a smaller range 
with finer resolution. 

Figure 5 shows a circuit that allows adjustment of the 
REF+ inputs from 0.714v to Iv with 4.5 mV 
resolution. With the DAC data = $00, 0.714v is 
output; if the DAC data = $FC, Iv is output. 

As the maximum DAC output is I rnA, if a 0.286v 
adjustable range is desired, RI II R2 must equal 286 
ohms. The minimum output voltage desired 
determines the ratio of R I and R2: 

Vmin = VREF * (R2 I (Rl + R2» 

The bottom of the resistor ladder (REF -) may be 
adjusted from Ov to 0.287v with 4.5 m V resolution by 
using a 287 -ohm resistor to ground rather than a 
lOOO-ohm resistor. As long as the minimum range is 
Ov, the resistor to ground may be used to adjust the 
total range, and thus the resolution. 

VREF= 2.SV 

Rl = 1000 

(ouro 

R2=400 

TO VOLTAGE 

FOLWWER 

Figure 5. Increasing DAC Output 
Resolution. 



Application Information (continued) 

Driving REF+ and REF-

As (R,G,B)REF+ and (R,G,B)REF- should be driven by 
a high AC impedance source, a l00-ohm resistor 
should be placed between REF+ and the oUlput of the 
voltage follower and between REF- and the oUlpUt of 
the voltage follower, as shown in Figure 3. 

Input Ranges 

Table 2 shows some common video signal 
amplitudes. For signals possibly exceeding 1.2v, the 
signal should be attenuated (using a resistor divider 
network) so as not to exceed the 1.2v input range. 

When digitizing with a full scale range less than 0.7v, 
the Bt253's integral linearity errors are constant in 
terms of voltage regardless of the value of the 
reference voltage. Lower reference voltages will 
therefore produce larger integral linearity errors in 
terms of LSBs. 

For example, by setting REF+ equal to 0.6v and REF
equal to Ov, 0.6v video signals may be digitized; 
however the integral linearity error will increase to 
about ± 1.8 LSB. The SNR will decrease by about 3 
dB. With REF+ equal to O.5v and REF- equal to Ov, 
0.5v video signals may be digitized with an IL error of 
about ± 2 LSB. The SNR will decrease by about 4 dB. 
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Bt253 

Output Noise (DC vs. SNR) 

Measurement of AID oUlput noise under DC input 
conditions is not indicative of performance under 
video operating conditions. The SNR measurement 
more truly reflects device performance in video 
applications. 

Uncorrelated noise less than 1% peak-to-peak will be 
perceived with the same quality as that of a consumer 
1/2" VCR. 

PC Board Sockets 

It is recommended that the Bt253 not be used with a 
socket, and have a 0.15" standoff. Use of a socket 
increases the oUlput noise due to digital output 
ringing. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VM 4.75 5.00 5.25 Volts 
Voltage References 

Top xREF+ 0.7 1 2.0 Volts 
Bottom xREF- 0 0 1.3 Volts 
Difference (Top - Bottom) 0.7 1 1.2 Volts 

VIDO - VID3 Input Amplitude 0.7 Volts 

(R,G,B) IN Input Amplitude 0.7 1 1.2 Volts 
(R,G,B) IN Input Range REF- Volts 

toREF+ 

(R,G,B) LEVEL Input Voltage GND-O.3 REF- REF+ Volts 
Zeroing Interval 60 150 ).IS 
Ambient Operating Temperature TA 0 +70 ·C. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 Volts 

Voltage on any Digital Pin GND-0.5 VAA+0.5 Volts 

Analog Input Voltage RIN,GIN, GND -0.3 VAA + 0.5 Volts 
BIN 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature 1S - 65 + 150 ·C. 
Junction Temperature TJ + 150 ·C. 

Vapor Phase Soldering TVSOL 220 ·C. 
(1 minute) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

NO Resolution 8 8 8 Bits 
NO Accuracy 

Integral Linearity Error (note 1) IL ±1 LSB 
Differential Linearity Error IL ±1 LSB 

NO Offset Error 
Top tbd mV 
Bottom tbd mV 
Tempco tbd mV/oC. 

NO to ND Matching tbd % 
NDCoding Binary 
No Missing Codes guaranteed 

(R,G,B) IN Inputs (note 2) 
CLAMP=O 

Input Impedance RIN 10 Mohms 
Input Current 1B 1 IIA 
Input Capacitance CAIN 15 pF 

CLAMP = 1 
Input Impedance RIN 50 Ohms 

(R,G,B) VIDO,I Inputs (note 3) 
Input Impedance to (R,G,B) OUT 

Input Selected 100 Ohms 
Input Deselected 10 Mohms • Input Capacitance tbd pF 

(R,G,B) REF+ Reference Inputs 
Input Current 1 rnA 
Input Impedance 1 Kohms 

Clock Kickback (note 4) tbd pV - sec 

Digital Inputs 
Input High Voltage VIH 2.0 Volts 
Input Low Voltage VIL 0.8 Volts 
Input High Current (Vin = 2.4v) IIH 1 IIA 
Input Low Current (Vin = 0.4v) IlL - 1 IIA 
Input Capacitance CIN 10 pF 

See test conditions on next page. 
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D.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Digital Outputs 
Output High Voltage VOH 2.4 Volts 

(lOH = -50 1lA) 
Output Low Voltage VOL 0.8 Volts 

(lOL = 1.6 rnA) 1 
Three-State Current JOl - 1 J.IA 
Output Capacitance cour 10 pF 

IOUTO - lOUTS Outputs 
DAC Output Current 0 1 rnA 
DAC Output Impedance 100 Kohms 
DAC Output Capacitance 20 pF 
DAC to DAC Matching tbd % 
DAC Output Compliance - 1.0 +2 Volts 

Power Supply Rejection Ratio PSRR tbd %/% 
(f= 1 KHz) AVAA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with (R,G,B)REF+ = Iv 
and (R,G,B)REF- = GND. REF- S Vin S REF+, (R,G,B) LEVEL = float 

Note 1: Best-fit linearity. Averaged value evaluated using a closed loop system (see Bt20S linearity test 
circuit). 

Note 2: (R,G,B)LEVEL = GND. 
Note 3: ROUT, GOUT, BOUT connected to GND. 
Note 4: Measurement of noise coupled onto RlN, GIN, and BIN due to clocking (Rs = 75 ohms). Typically 

occurs over as ns interval. 

Vin'" (v) (R,G,B) 0-7 OE'" 

> 0.996 $FF 0 
0.992 $FE 0 

: : : 
0.500 $81 0 
0.496 $80 0 
0.492 $7F 0 

: : : 
0.004 $01 0 

< 0.002 $00 0 
3-state 1 

"'with (R,G,B)REF+ = 1.000v and (R,G,B)REF- = 0.000v. Ideal center values. 
1 LSB = 3.9063 mV. 

Table 4_ AID Coding_ 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Conversion Rate (note I) Fs IS MHz 

Multiplexer Switching Time Tmux 100 ns 

Clock Cycle Time 1 66.7 ns 
Clock Low Time 2 35 ns 
Clock High Time 3 20 ns 

R,G,B(O - 7) Output Delay 4 tbd ns 
OE* Asserted to Pixel Data Valid 5 tbd ns 
OE* Negated to Pixel Data 3-Stated 6 tbd ns 

ZERO Setup Time 7 tbd ns 
ZERO Hold Time 8 tbd ns 
ZERO, CLAMP High Time (note 2) 1 Clock 

Aperture Delay 9 tbd ns 
Aperture Jitter tbd ps 
Full Power Input Bandwidth BW 6 MHz 

Transient Response (note 3) 1 Clock 
Overload Recovery (note 4) 1 Clock 
Zero Recovery Time (note 5) 1 Clock • RMS Signal to Noise Ratio SNR 

Fin = 4.2 MHz, Fs = 10.7 MHz tbd dB 
Fin = 4.2 MHz, Fs = 14.32 MHz tbd dB 
Fin = 2.75 MHz, Fs = 6.75 MHz tbd dB 
Fin = 5.75 MHz, Fs = 13.5 MHz tbd dB 

Analog Multiplexer Crosstalk 
All Hostile Crosstalk tbd dB 
Single Channel Crosstalk tbd dB 
Adjacent Input Crosstalk tbd dB 

IOUTO - lOUTS Settling Time 100 ns 
to± 1 LSB 

Differential Gain Error (note 6) CO 2 % 
Differential Phase Error (note 6) DP 1 Degree 

Supply Current (note 7) IAA tbd tbd rnA 
(Excluding REF+) 

See test conditions on next page. 

7 - 59 



Bt253 

A.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

AO - A2 Setup Time 10 tbd ns 
AO - A2 Hold Time 11 tbd ns 

RD*, WR * High Time 12 tbd ns 
RD* Asserted to Data Bus Driven 13 tbd ns 
RD* Asserted to Data Valid 14 tbd ns 
RD* Negated to Data Bus 3-Stated 15 tbd ns 

WR*LowTime 16 tbd ns 
Write Data Setup Time 17 tbd ns 
Write Data Hold Time 18 tbd ns 

Pipeline Delay 1 1 1 Clock 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with (R,G,B)REF+ = Iv 
and (R,G,B)REF- = GND. REF- ~ Yin ~ REF+, (R,G,B) LEVEL = float. TTL input values are 0 to 3 volts, with 
input rise/fall times ~ 3 ns, measured between the 10% and 90% points. Timing reference points at 50% for 
digital inputs and outputs. DO - D7 output load ~ 50 pF. CSYNC*, RO - R7, GO - 07, and BO - B7 output load ~ 
20 pF. ROUT, GOUT, BOUT, IOUTO - IOUT5 output load ~ 25 pF. 

Note 1: 
Note 2: 

Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 

Typical error rate of 10-6 at 15 MHz. 
Number of clock cycles ZERO is a logical one does not affect linearity. 

should be a logical one for an odd number of clock cycles. 
For full-scale step input, full accuracy attained in specified time. 
Time to recover to full accuracy after a> 1.2v input signal. 
Time to recover to full accuracy following a zero cycle. 
4x NTSC subcarrier, unlocked. 
IAA (typ) at V AA = 5.0v, Fin = 4.2 MHz, Fs = 14.32 MHz. 
IAA (max) at VAA = 5.25v, Fin = 7.5 MHz, Fs = 15 MHz. 
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For best performance, ZERO 



Timing Waveforms 

AO-A2 

RD"'. WR'" 

DO - D7 (READ) 

DO - D7 (WRm!) 

ZERO 

RCLOCK, OCLOCK, 

BCLOCK 

RIN, GIN, 

BIN 

RO-R7, GO-07, 

BO-B7 

Oil· 

L 

Bt253 

10 II J 
VALID * 16 

12 

14 r 15 

I 

f----!L-L, -
DATA our (RD. z 0) ..... /' 

X DATA IN(WR. zO) 

I 17 

- I-- 18 

Figure 6. MPU Read/Write Timing. 

• 

Figure 7. Video Input/Output Timing. 
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Test Circuits 

75 

RVIDO ROUT 
VOUT 

75 OVIDO 

BVIDO 
75 

RVIDI GOUT 

GVIDI 
75 

BVIDI BOUT 

VIN 
OV-IV 

5 MHZ 1. RVIDO SELECTED 

(75 OHMS) 2. XTALK=2OLOG(VOUT/VIN) 

Figure 8. All Hostile Crosstalk 
Test Circuit. 

OV-IV 

5 MHZ 

(75 OHMS) 

OV-IV 

5 MHZ 

(75 OHMS) 

SI 

S2 

S3 

S4 

S5 

75 

RVIDO ROUT 
VOUT 

GVIDO 

BVIDO 
75 

RVIDI GOUT 

GVIDI 
75 

BVIDI BOUT 

1. RVIDO SELECTED 

2. XT ALK = AVERAGE V AWE OF 20 LOG (VOUT / VIN) 

SCANNED SEQUENTIALLY FROM SI TO S5 

Figure 9. Single Channel Crosstalk 
Test Circuit. 

75 

RYIDO ROUT 

GVIDO 

BVlDO 

75 

RVIDI GOUT 

GVIDl 
75 

RVIDI BOUT 

1. RVIDI SELECTED 

2. XTALK = 20 LOG (VOUT/VIN) 

Figure 10. Adjacent Input Crosstalk Test Circuit. 
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Ordering Information 

Ambient 
Model Number Package Temperature 

Range 

Bt253KPJ 84-pin Plastic 00 to +700 c. 
J-Lead 

Analog Multiplexer Circuit 

RVIDO/ 

GVIDO/ --O<Hr~~{x}------, 
BVIDO 

.....,r--+--4~ SELO* 

ROUT/GOUT/BOUT 

RVIDI/ 

GVIDI/ 
BVIDI 

r-<I>-----<io__ SELl 

'--I-+-~~ SELl' 

+ 
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CMOS TRANSMISSION GATE: 

ON=500HMS 
OFF = !OM OHMS 

Bt253 

• 
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Advance Information 

This document contains infonnation on a product under development. The 
parametric infonnation are target parameters and are subject to change. 

Distinguishing Features 

• Programmable Video Timing 
• Flexbile Configurations 
• Programmable Sync Noise Gating 

External VCO Support 
• Standard MPU Interface 
• TTL Compatible 

+ 5v Monolithic CMOS 
28-pin PLCC Package 
Typical Power Dissipation: 500 m W 

Functional Block Diagram 

Applications 

• Image Processing 
• Video Digitizing 
• Desktop Publishing 
• Graphic Art Systems 

Related Products 

• Bt208, Bt251, Bt253 

poour 

osa>, 
OSQ>O 

OSCI 
ascI' 

~--T-----4---------~~--~ 

VlDl!O 

r:::~l-------------------+---v~ r--------------------r-- RaD 

L-=======-------------------+-__ a~ 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L261001 Rev. A 7 - 65 

Bt261 
30 MHz Pixel Clock 

Monolithic CMOS 

HSYNC Genlock 

Controller 

Product Description 

The Bt261 HSYNC Genlock Controller is 
designed specifically for image capture 
applications. 

Either composite video or TTL composite 
sync infonnation is input via VIDEO. An 
internal sync separator separates horizontal 
and vertical sync information. 
Programmable horizontal and vertical video 
timing enables recovery of both standard and 
non-standard timing infonnation. 

A high speed clock (OSC) is divided down to 
generate the pixel clock. CLOCK is 
synchronized to the falling edge of each 
recovered horizontal sync. The OSC inputs 
may be configured to be either TTL or ECL 
compatible. Thus, four TTL clocks may be 
used, two TTL clocks and one differential 
ECL clock, or two differential ECL clocks. 
The ECL clock inputs are designed to be 
driven by 10KH ECL using a single +5v 
supply. The higher the OSC clock rate, the 
lower the pixel clock jitter. 

Alternately, an external VCO may be used in 
conjunction with the on-chip phase 
comparator for implementation of PLL-based 
genlock designs. 

The CLAMP and ZERO outputs are 
programmed by the MPU for DC restoration 
of the video signal and zeroing the Image 
Digitizer or AID converter at the appropriate 
time. 
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Advance Information 

This document contains information on a product under development. 
Specifications are subject to change without notice. 

Distinguishing Features 

• Provides CCITI Recommendation T.4 and T.6 Decompression Modes 
60M bps Decompression Rate using the CCITI Standard Documents 

• On-Chip Cropping of Decompressed Images 
• 1:2 Scale-up and 2: 1 Scale Down of Resultant Images 
• Dual Port Device with Full DMA Master Interface 
• Direct Pin Interface to 256K, 1M, and 4M to Standard and Video DRAMs 
• BitBlt on Output for Interface Directly to Frame Buffers 

l00-pin Quad Plastic Flat Pack 

Applications 

• Raster Image Displays for Document Storage and Retrieval Systems. 
• Laser Printers Which Handle CCITI Compressed Images. 

Functional Block Diagram 

ADDRESS 

DATA 

MUX 
CONTROL 

BUS 

CONTROL 

aus 
ARlIIl1<ATION 

VDRAM 

CONTROL 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L701001 Rev. A 7 - 67 

ADDRESS 

DATA 

MUX 

CONTROL 

BUS 
CONTROL 

BUS 
ARBl"IRAl1ON 

VIlRAM 
CONTROL 

Bt701 
CCITT T.4 and T.6 

High Speed Bi-Level 

Image Decompression 

Accelerator 

Product Description 

The Bt701 is a single-chip implementation 
of Brooktree's proprietary flow-through 
CCITT image decompressor architecture 
combined with two high performance bus 
interfaces and post-processing functions. 
The Bt701 is ideal for applications requiring 
high speed image decompression such as 
high-speed printers and displays for 
document storage and retrieval systems. The 
Bt701 is designed to increase the 
performance and reduce the cost of display 
and printer subsystems which employ CCITI 
Group 3 and Group 4 data compression and 
decompression. 

The Bt701's dual ports can function as full 
DMA masters allowing the Bt701 to read 
coded image data and to write resultant raster 
image data without MPU intervention. Since 
the B t70 1 is a dual port device, the source 
and destination for data transfers can occur 
on separate buses which optimizes the 
devices throughput. 

The B t70 1 provides post processing 
functions such as cropping the decompressed 
image to user specified boundaries and image 
scaling. The decompressed image can be 
scaled up by a factor of 1:2 or scaled down by 
a factor of 2: 1. 

The Bt701 can create decompressed image 
data at an average rate of 60 
megabits-per-second- This speed makes the 
Bt701 ideal for interactive systems which 
demand fast user response times. 

• 
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Application Note AN-! 

Getting the Best Performance From 

Video Digital-to-Analog Converters 

When using high speed analog and digital logic, 
proper component selection, hardware, and printed 
circuit board layout becomes paramount in obtaining 
stable and noise-free performance. 

Because VIDEODACs and RAMDACs contain part 
digital and part analog circuitry, the analog output 
signal is subject to degradation from power supply 
noise, ground loops, radiated pickup, and magnetic 
coupling. The mixture of digital and analog circuitry 
often requires some unique solutions due to the 
harmonic content of the waveforms. This application 
note will provide guidelines for both the design 
engineer and the printed circuit board designer to 
obtain the best performance from a VIDEODAC or 
RAMDAC. 

For additional and more detailed product-specific 
layout considerations, refer to the specific product 
datasheet. 

Ground Planes 

In designing a board with high speed TTL logic, one 
should always use a ground plane under digital signal 
traces to minimize radiated noise and crosstalk. 

Best performance from VIDEODACs is obtained by 
separating this ground plane into two separate areas, 
which are designated as digital ground and analog 
ground, with at least a 1/8" gap between the areas. The 
digital ground plane should encompass the area under 
all the digital logic including signal traces leading up 
to the DAC but excluding any ground pins on the 
DAC. The analog ground plane area should include all 
ground pins on the DAC, all reference circuitry 
(external reference if used, current setting resistors, 
etc.), the output traces and output connector(s). 

Brooktree Corporation 
9950 Bames Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Rev. C 8-5 

The digital and analog ground plane areas should be 
connected at the lowest impedance source. For highly 
integrated devices, such as RAMDACs, it is 
recommended a common ground plane be used for both 
the digital and analog circuitry. 

Power Planes 

It is good design practice for dense PCB layout with 
high speed logic to include a power plane layer to 
minimize voltage drops, aid power supply 
decoupling, and improve noise margins. 

For best DAC performance, the power plane should be 
separated into two areas, designated as analog and 
digital power, which lay on top of the analog and 
digital ground planes, respectively. The digital power 
plane will supply power to all digital logic on the 
board and the analog power plane will supply all 
power pins of the DAC, together with power for any 
reference circuitry. 

It is important that portions of the digital power 
plane area do not overlay portions of the analog 
ground plane area and that portions of the analog 
power plane area do not overlap portions of the 
digital ground plane. This will prevent PCB 
plane-to-plane noise coupling. Finally, as with the 
ground planes, the analog and digital power plane 
areas should be tied together at a single point with a 
wire through a ferrite bead (such as Fair-Rite part no. 
2743001111). 

Power and ground return connections from the board 
to an external power supply should be made to the 
digital power and ground areas to minimize the DC 
current flowing through the ferrite beads connecting 
the analog and digital areas together. 
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Supply Decoupling 
Printed Circuit Boards 

A four layer sandwich structure, with power and ground 
planes inside the board and signals on the trip and 
bottom of the board, provides good high frequency 
decoupling by virtue of the distributed capacitance 
between the power and ground planes. 

The addition of O.lIlF ceramic capacitors at a density 
of one cap per one or two square inches is usually 
enough for lower frequency decoupling. For best DAC 
performance, a 0.1 IlF ceramic capacitor should be 
placed as close to each DAC power pin as possible for 
bypassing the analog power and ground plane areas. 
For operation beyond 75 MHz, a 0.1 IlF ceramic 
capacitor paralleled with a 0.001 IlF chip capacitor is 
recommended. 

If the display has "ghosting" problems, additional 
capacitance in parallel with the power supply and 
COMP capacitors may fix the problem. 

Breadboards 

In breadboards with a ground plane and point to point 
wiring for power, best DAC performance is achieved 
with chip capacitors in the 0.01 IlF to 0.1 IlF range 
connected between the power pins and ground (see 
discussion about sockets on next page). Also, in 
breadboards with point to point power wiring, a 
ferrite choke such as Ferroxcube part no. 
VK20019/4B should be placed between the DAC 
power pins and the power source for the digital logic. 
Breadboards with a prefabricated ground plane should 
have this plane cut into analog and digital areas as 
indicated in the earlier discussion on ground planes 
with a single point ferrite bead connection. 

Signal Interconnect 
Digital Inputs 

The digital input signals to the DAC should be kept 
isolated as possible from the analog output(s) and 
other analog reference inputs to the DAC. Also, the 
digital input signals should run over the digital 
ground and power plane areas of the board (see earlier 
discussion on power and ground planes). 
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To minimize data undershoot, ringing, and resultant 
data feedthrough noise, interconnect distances should 
be kept as short as possible to the DAC inputs (less 
than 3 inches). Data feedthrough noise is also 
proportional to edge speed, so in lower speed 
applications, use of lower speed logic will reduce data 
related noise on the DAC output. Also one should 
avoid running long clock lines to the DAC since this 
is another source of noise pickup. 

Finally, in some applications, use of parallel 
termination resistors at the DAC inputs can reduce 
digital noise. The terminating resistors, if used, 
should be the low inductance film type, and should be 
connected to the digital ground and power planes. 

Analog Inputs 

The DAC should be located as close as possible to its 
output connector(s) to minimize noise pickup on the 
analog output traces. Also it is usually more difficult 
to control the characteristic impedance on boards and 
minimizing the output line length will minimize 
reflections due to impedance mismatch. DAC reference 
circuitry should be kept close to the DAC to avoid 
stray pickup. DAC output signals should overlay the 
analog ground plane and not the analog power plane 
to maximize high frequency power supply rejection. 

It is important to note that while DACs contain 
circuitry to reject power supply noise, this rejection 
decreases with increasing frequency. As an example, 
with a 0.01 IlF compensation capacitor the power 
supply rejection on CMOS DACs flattens out to 20 dB 
at frequencies around 1 KHz. This means that if the 
user powers the DAC from a 20 KHz switching power 
supply with 100 mv of noise at 20 KHz and 
harmonics, that about 10m V of this supply noise will 
be on the DAC output. If the designer does not use 
linear supplies, close attention should be paid to 
reducing supply noise and consider using a three 
terminal regulator for DAC power. 



Bypass Capacitors 

Probably the single most important external 
components which affect the noise performance of a 
DAC are the capacitors used to bypass the power 
supplies. 

It is important to realize that at the frequencies 
generated by the logic that one wishes to bypass, 
most capacitors look like inductors. For example a 
0.1 J.l.F capacitor with 1/4 inch of lead length will self 
resonate at around 10 MHz and beyond this frequency 
will look inductive. Therefore the criterion for 
measuring the effectiveness of a given bypass 
capacitor is to note its lead inductance. In addition, 
bypass capacitors should be installed in printed 
circuit boards with the very shortest leads possible 
consistent with reliable operation. 

Probably the most effective capacitor is the 
distributed capacitance between power and ground 
planes. However this capacitance is usually too small 
to sustain large current surges without excessive 
voltage change. Ceramic chip capacitors are the next 
most effective for bypassing applications and are 
highly recommended. The drawback of using chip 
capacitors in PCB applications are their tendency to 
crack in high shock and wide temperature ranges. 

The third most effective capacitor type is the radial 
lead ceramic capacitor. Although they tend to be 5x 
to lOx larger then chip capacitors, they can still be 
acceptable when used in conjunction with ground and 
power planes. Capacitors which will not be effective 
for DAC bypassing include electrolytic and axial lead 
types. 

In summary, there is no one right answer to 
bypassing which will suit all applications. However, 
the principle to keep in mind is that bypassing 
capacitors in conjunction with the distributed power 
supply plane inductance will determine the 
effectiveness of the decoupling. 

Avoiding Latch-Up 

Latch-up is a common concern with CMOS devices, 
where power supply differentials or sequences can 
induce the CMOS device to draw excessive current. 
Observe the following precautions to avoid latch-up 
in CMOS devices: 

1. Tie all V AA pins together at the package pins. 
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2. Hold alliogic inputs low until power to the device 
has settled to the specified tolerance. Avoid DAC 
power decoupling networks with large time constants 
which could ring indefmitely upon power. 

Attenuation Beads 

Ferrite beads are recommended to suppress 
interference due to the fast switching times of the 
DACs and decoupling noise on the power plane from 
getting to the DAC output. Some recommended 
attenuation beads are Ferroxcube part no. 
VK200l9-4B, Fair-Rite part no. 2743001111, and 
Phillips part no. 431202036690. Figures 1 and 2 
are the impedance and typical damping curves for 
several Ferroxcube brand wide band chokes. 
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Figure 1. Impedance Curves of 
Wide-Band Chokes. 
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Note: The purpose of attenuator beads in the DAC 
ground path is to isolate DAC currents from high 
frequency system logic ground noise. The DAC must 
still have a low impedance return path to system 
ground to minimize logic threshold uncertainty and 
electromagnetic radiation. Bypassing the analog 
output sheaths to chassis ground is one method of 
accomplishing this. 

Analog Output Protection 

CMOS VIDEODACs and RAMDACs hav~ no intrinsic 
protection on the analog outputs against high energy 
discharges, such as those from monitor arc-over or 
from "hot-switching" AC-coupled monitors. 

The diode protection circuit shown in Figure 3 can 
prevent latch-up under severe discharge conditions 
without adversely degrading analog transition times. 
The IN4148/9 are low capacitance, fast switching 
diodes, which are also available in multiple-device 
packages (FSA250X or FSA270X) or 
surface-mountable pairs (BAV99 or MMBD7001). 
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Video DAC Essentials 

A raster based graphics display terminal is comprised of a graphics controller. a frame buffer to hold the refresh data, 
optional color lookup tables. video DACs. and a CRT monitor. The video DAC subsystem has special requirements 
and performance parameters that will derme the overall quality of the graphics presentation. 

A simplified block diagram of a color graphics 
terminal using a color lookup table and three video 
DACs is shown in Figure 1. A monochrome or black 
and white monitor will use one lookup table and one 
video DAC. The interface to the computer system is 
the graphics display controller. The graphics 
controllers generates all the timing and interrace 
signals to the video RAM. the color lookup tables. 
the video DACs and the deflection circuitry for the 
CRT. 

CONTROL 

TYPICAL 
GRAPlnCS 

CONTROW!R 
CHIP 

256.8 
RAM 

2StiX8 
RAM 

256X8 
RAM 

aJRSOR 
SYNCO 

BLANK" 
a.ocK 

The new generation of monolithic integrated circuits 
includes the color lookup RAM and the DAC. either as 
a single group or as a triple RAM and DAC 
combination (RAMDAC). The video amplifiers in the 
CRT block diagram are used to amplify the DAC 
output levels to the 40 to 200 volt levels required for 
the grids of the cathode ray tube. The deflection 
circuit block is used for the horizontal scanning and 
retrace portion of the video signal. 

FRAME BtIPFER MEMORY 

SE1UAUZED 
VIDBODATA 

RO·R7 
lOR RED 

BO-B7 100 <lRI!IlN 

IIlB BUlB 
00-07 

BI101 
VIDEODAC 

RBPWIm1! 
SYNC" 
BLANK" 
Q.OCK 

Figure 1. Simplified Block Diagram of a Color Graphics Terminal. 
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Video Waveform 

As raster scan video monitors are commonly used for 
computer graphics, a standard input signal (EIA 
standard RS-343A) has been defined. This standard 
dermes the voltage level for each component of the 
video signal, as illustrated below in Figure 2. Note 
that the entire video signal is divided into three 
segments: sync, setup, and intensity information. A 
color CRT monitor requires three of these signals, one 
each for red, green, and blue. 

In a color graphics system, the green video signal has 
a peak-to-peak amplitude of 1.0 volts. The red and 
blue video signals have a peak-to-peak amplitude of 
either 1.0 volts or 0.714 volts, depending on whether 
they have sync information present or not. Typically, 
sync information is present only on the green 
channel. 

Sync information is dermed to be 0.286v ± O.OSv, or 
40+ IRE units. Sync is used to provide horizontal and 
vertical synchronization information to the CRT 
monitor. Separate sync monitors will have a fourth 
channel dedicated just to sync information. 

The setup, which is the difference between the blank 
level and the reference black level, is dermed as 7.5 ± 
2.5 IRE units, or 0.054 ± 0.018 volts. At this level 
the CRT beam is visibly shut off, allowing it to 
retrace across the screen at the blank level to begin 
the next scan line. 

RED. BLUE GRBBN 

MA v MA v 

DAC DAC Color 
Bits Output Steps Palette 

1 2 8 
2 4 64 
3 8 512 
4 16 4096 
5 32 32,768 
6 64 262,144 
7 128 2,097,152 
8 256 16,777,216 

Table 1. 

Intensity information, the interval between reference 
black and reference white, is assigned 92.5 ± 2.5 IRE 
units, or 0.660 ± 0.018 volts. It is typically 
composed of 16 discrete levels when 4-bit DACs are 
used, or 256 discrete levels when 8-bit DACs are used. 

Thus, the DACs ultimately determine the number of 
colors available. Although many current systems use 
4-bit DACs, most new designs are using 6- or 8-bit 
DACs to increase the number of available colors. 

Table 1 illustrates the total number of available colors 
(color palette) for various DAC resolutions when used 
in a color graphics system. To substantially reduce 
system costs, most systems, compress data through 
the use of lookup table RAMs, allowing the user to 
display typically only 16 or 256 simultaneous colors 
of the total available color palette. 

19.1lS 0.714 'JIj.67 1.000 -r---...-------------.""""--- WIIrrB LRVBL 

1.44 0.054 9.05 0.340 -r------t-----1r--------- BLACKLRVBL 

7.sIRE 
0.00 0.000 7.61. 0.286 ~------~~~,_~~-------- ~LRVBL 

40JRB 

0.00 0.000 
-L _______ ~~~ __________ SYNCLRVBL 

Figure 2. Standard Voltage Levels of RS-343A. 
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Video DAC 

The video DAC converts the digital information to 
analog signals for the color guns in the CRT. A video 
DAC has several important parameters that will 
determine the overall performance of the display 
system. The update rate of the DAC sets the speed at 
which the pixels or dots can be displayed across the 
screen. The overall system speed is determined by the 
time it takes to scan across the screen and the time the 
monitor is blanked for retrace. Table 2 illustrates 
some of the common graphics resolutions and their 
video line rates. 

Resolution Video Rate 

512 x 512 20 MHz 
640 x 400 20 MHz 
640 x 480 25 MHz 
768 x 576 35 MHz 

1024 x 800 75 MHz 
1024 x 1024 95 MHz 
1152 x 900 95 MHz 
1280 x 1024 110 MHz 
1600 x 1200 165 MHz 
2048 x 1536 250 MHz 
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Logic Interface 

The type of logic interface can determine the overall 
system speed and the number of power supplies 
required. For a TIL type of system, the Schottky S 
series or the FAST series of logic must be used to 
obtain speeds up to 75 MHz. The regular Schottky 
families, such as LS or ALS, can be used in most cases 
up to 40 MHz. If the DAC is also compatible with 
CMOS logic levels, the 74HC series of gates can be 
used to 40 MHz. For speeds higher than 80 MHz, ECL 
logic is typically used. Either the 10K, 10KH, or 
lOOK series will perform up to 125, 250, and 300 
MHz respectively. 

Line Rate # of 256K 
RAMs per 
Bit Plane 

31.5 KHz 1 
24KHz 1 

31.5 KHz 2 
37KHz 2 
52KHz 4 
63KHz 4 
58KHz 4 
65KHz 5 
75KHz 8 
100KHz 12 

Table 2. Common Graphics Resolutions and Line Rates. 
(60 Hz Non-Interlaced Refresh Rate) 

DAC Resolution 

DAC resolution is a measure of how many individual 
steps there are between end points and a measure of 
how accurate each step relates to the next one. A 4-bit 
DAC output will have 16 discrete levels at 41.2 m V 
intervals, while an 8-bit DAC will have 256 discrete 
levels at 2.5 m V intervals (assuming 0.66 volts of 
color information). A typical video DAC will have a 
differential non-linearity of ±1 LSB or ±2.51 mV 
which determines the width of each step. The end 
result is a higher resolution and a smaller differential 
non-linearity value, which produces a more accurate 
control over the CRT beam intensity and the color 
quality. 

In a TIL and CMOS system, only a single 5 volt 
power supply will be required. An ECL system will 
require a termination plane and a -5.2 volt power 
supply, while an ECL-TIL system will need a +5 volt, 
a VT, and -5.2 volt power supply. 
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DAC Termination 

The video DACs output signal must interface properly 
with a video monitor and be able to drive a 75 ohm 
coax (the standard input impedance for the video 
monitors). Since the DAC is a current source, and the 
relation V = IR determines the signal level, the output 
is terminated into a 75 ohm load to develop the output 
voltage levels. As speeds increase, ringing and 
reflections in the cable may distort the waveform 
causing the termination at the monitor to be 
insufficient in maintaining the signal quality. 

If termination is at the source and at the load, some 
video DACs will allow double termination. In such 
an instance, a 75-ohm resistor is placed near the 
output pin of the DAC to ground and the terminating 
impedance of the monitor serves as the load resistor. 
A diagram of the connections are shown in Figure 3. 
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Figure 3. Typical Connection Circuit. 

Glitch Impulse 

Glitch impulse is a term used to defme the area under 
the voltage-time curve of a single DAC step until the 
level has settled out to within the specified error band 
of the fmal value (the linearity error). Glitch impulse 
is important where subtle code changes can produce 
significant level changes, and is different from 
settling impulse which involves large amplitude 
changes. 

RATED ERROR BAND 

Depending on the type of internal logic design in the 
DAC, the glitch energy can be very low « 50 pV-sec) 
for a segmented architecture to as much as 250 p V -sec 
for a R-2R network. For many DACs, maximum 
glitch energy will occur when a transition is made 
between segments (which have the worst switching 
skew), where the count goes from 0111 1111 to 1000 
0000. This is where all the internal registers will 
change and the current sources are turning on and off. 
Low glitch energy is necessary to avoid pixel color 
change or blurred pixels across the CRT. Figure 4 
shows a typical DAC output glitCh. 

Figure 4. DAC Output Glitch. 
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In. a video system, if the glitch energy is sufficiently 
low and repetitively consistent across all codes, it 
will be integrated over a period of time and will have 
no effect on the CRT screen. Other glitches generated 
by the DAC, such as data feedthrough and 
DAC-to-DAC noise may have a cumulative effect since 
the waveforms may not be repetitive. Therefore, good 
design practices in PC board design, power supply 
decoupling, and avoiding running digital signal lines 
near the DAC analog circuitry and output to the 
monitor should be observed. A suggested component 
placement is shown in Figure 5. 

DAC-to-DAC skews greater than 1/4 pixel interval 
results in perceived color shift and resolution loss. 

Rise/Fall Times 

How fast a DAC output can switch from one voltage 
step to the next voltage step is measured from the 
10% to 90% transition of the output waveform. In 
video applications, the faster the DAC the smaller 
this number will be. For a 30 MHz DAC, 3 to 10 ns 
would be typical, while for a 125 MHz DAC, 1 to 3 ns 
would be common. For very high speed DACs in the 
250 MHz or greater speed range, rise and fall times 
under 1 ns are necessary. The output voltage slew rate 
is also a function of the load capacitance/termination 
and the addition of small values of capacitance can 
some times be used to reduce overshoot and ringing 
when very fast DACs are used. 

50% --------# 
10% -------1 
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Figure 5. Typical Evaluation Module. 

Settling Time 

Settling time is a measurement of how fast a DAC 
output voltage from the mid-transition, settles to the 
desired value within an error band (e), typically ± 1/2 
LSB. 

In video applications, settling time is of moderate 
importance, since the CRT phosphors are being 
excited and the eye will not respond to the very small 
differences in light intensity of the pixel on the 
screen. Settling times greater than a pixel interval 
result in loss of color rendition or palette resolution. 

Settling time is an important parameter if the DAC is 
being used in an instrumentation environment where 
it is necessary to have very accurate voltages as the 
input code is changed. Figure 6 describes both 
rise/fall time and settling measurements. 

SETILING 
TIME 

RISElFAIL 
TIME 

RATED SETTILING 
BAND 

Figure 6. Rise/Fall Time and Settling Measurements. 
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D3 D2 Dl DO 

-VEE 

Figure 7. Typical R·2R DAC Network (4·Bit DAC). 

DAC Internal Architecture 

To generate the individual current steps, the simplest 
form of a DAC will use a R-2R summing resistor 
network. For an 8-bit DAC, eight current sources are 
used in a binary fashion to generate 256 output steps. 
While minimal components, the weaknesses of this 
design are: 1) the resistor ladder tolerances are 
critical, 2) the individual current steps range from 
large to small values, and 3) the temperature tracking 
of resistor pairs. Due to device tolerances, in order to 
obtain less than ± 1 LSB integral linearity error and ± 
1 LSB of differential linearity error, it is necessary to 
match the resistors by laser trimming resistor links. 

Figure 7 illustrates a typical R-2R DAC network. An 
improved type of circuit architecture, called a segmented 
DAC, offers low glitch energy and no trimming of resistors 
to obtain the needed accuracy. The segmented DAC utilizes 
the fact that monolithic transistors and resistors of the 
same geometry can match closely to each other and that 
cumulative geometry errors can be effectively averaged over 
the monolithic device area. 

Some segmented DACs may use 256 individual current 
source transistors or a combination of segmentation for the 
higher order bits and a R-2R network for the lower order bits 
where speed, tolerance, and area determines the partition. 
Figure 8 shows a fully segmented DAC circuit topology. 

Dl DO 

SEGMENT DECODER 

lOUT" 

lOUT 

Figure 8. Segmented DAC Topology (2·Bit DAC). 
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Comparison of 

NTSC, PAL and SECAM 

Video 

There are several international standards for 
specifying the amplitude and video components of a 
waveform for use with television and video monitors 
which use a subcarrier for color or chrominance 
information. 

In North America and Japan, the NTSC format is the 
standard, while PAL and SECAM video formats are 
used in Europe. A comparison of the various video 
levels is shown in Table I for reference, and Figure I 
is a drawing of a composite video waveform. The 
newer international standards specify a voltage 
amplitude of 0.714 volts between the blanking level 
and the white level for the video portion of the 
waveform (blanked video signal) and is defined as 

Formats 

having 100 IRE units. The black to blank: level 
(typically referred to as the setup) is used to shut off 
the beam during the retrace time and varies between 
the formats. The total amplitude is about 140 IRE 
units (143 IRE units for PAL and SECAM) from sync 
tips to reference white for monochrome, with a 
saturated subcarrier. 

An older standard known as RS 170A is also used in 
the United States and differs from RS343A level for 
the voltage level from blank to white. The RS170A 
blanked video level is 1.00 volts as compared to the 
RS343A, PAL, and SECAM levels of 0.714 volts. 

~------~------------------------~~------- WHITEW~ 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Rev. C 

---------l--------1~----------------- BLACK W~ 

-+-------------"--,--,r-....... ------------------- BLANK W~ 

..L ________________ -1.......IL-_____________________ SYNC WVEL 

Figure 1. Composite Video Waveform. 

8 - 15 



AN-3 

The monochrome version of the RS-170A standard 
(RS-170) does not have a subcarrier for color or 
chrominance information. 

The sync levels (40 IRE units for NTSC and 43 IRE 
units for PAL and SECAM) are sufficiently close 
enough in tolerance that the 40 IRE levels of the 
Brooktree VIDEODACs and RAMDACs will meet the 
PAL and SECAM tolerance. 

The RS-343A standard is commonly used for computer 
graphics, and of the four standards previously 
mentioned, it and RS-170 are the only ones that do 
not use a subcarrier for color or chrominance 

Video Output IRE Units 
Levels 

NTSC Blank to White 100 IRE 
RS-343A* Blank to Black 7.5±5IRE 

Blank Level 
Blank to Sync typo 40 IRE 

NTSC Blank to White 100 IRE 
RS-170* Blank to Black 7.5 ± 2.5 IRE 

Blank Level 
Blank to Sync 4O±5IRE 

NTSC Blank to White 100 IRE 
RS-170A** Blank to Black 7.5 ± 2.5 IRE 

Blank Level 
Blank to Sync 40±5IRE 

PAL** Blank to White 100 IRE 
Blank to Black o IRE 

Blank Level 
Blank to Sync typo 43 IRE 

SECAM** Blank to White 100 IRE 
Blank to Black Oto 7IRE 

Blank Level 
Blank to Sync typ.43 IRE 

information. Rather, three separate signals (red, 
green, and blue) are generated, each containing 
intensity and blanking information. Typically, only 
the green channel contains sync information. 

To assist users who need to determine the output 
current when terminated into 75 ohm and 37.5 ohm 
(doubly-terminated 75-ohm) loads, a comparison 
chart is shown in Table 1. Brooktree DACs are 
specified to drive doubly-terminated 75-ohm loads, 
while many competitor DACs can only drive a 
singly-terminated 75-ohm load and develop the 
proper video output voltage level. 

Volts rnA (typ.) rnA (typ.) 
(75-ohm load) (37.5-ohm load) 

0.714 ± 0.1 9.52 19.04 
typo 0.054 0.714 1.43 

0 0 0 
- 0.286 ± 0.05 - 3.81 - 7.62 

1.0 ± 0.05 13.33 26.67 
typo 0.075 1 2 

0 0 0 
typ. - 0.4 - 5.33 - 10.67 

1.0 ± 0.05 13.33 26.67 
typo 0.075 1 2 

0 0 0 
typ. - 0.4 - 5.33 - 10.67 

typo 0.714 9.52 19.04 
Ov 0 0 
Ov 0 0 

typo - 0.307 - 4.09 - 8.19 

typo 0.714 9.52 19.04 
o to 0.049 0 0 

0 0 0 
typo - 0.307 - 4.09 - 8.19 

*no color or chrominance subcarrier -- requires three channels for ROB. 
**uses color or chrominance subcarrier -- Btl02 is suggested VIDEODAC. 

Table 1. Comparison Of Video Formats. 
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Other items of interest when comparing the various video formats are the number of lines per frame. field frequency. 
and normal video bandwidth: 

RS-170A PAL SECAM 

Number of lines per frame 525 625 625 

Field frequency 60 50 50 

Luminance Bandwidth (MHz) 4.2 5 6 

Chrominance Subcarrier (MHz) 3.58 4.43 4.3 to 4.4 

Chrominance Bandwidth (MHz) 0.5 to 1.5 1.3 1.3 

Table 2. Comparison of Video Formats. 

Since chrominance subcarrier formats generate output 
levels between blank and sync levels (to generate 
color burst information during the back porch time). 
the sync and blank control inputs to most DACs 
cannot be used in such applications. The 20 IRE gap 
between sync and the most negative color burst level 
represents a 15% loss in gray scale range just to 
encode the sync. 

DAC 

SYNC· 
(TIL) 

75 

lK 

-...Iv\r---.... 
MBOOI 

This can be improved by asserting sync information 
through an external current sink rather than through 
the DAC data bits. Figure 2 shows a circuit using a 
transistor array (3227) biased off a negative supply 
voltage. The delay through the external sync switch 
should roughly match that through the DAC including 
any pipeline delays. Fast CMOS switches (4316 
type) can perform the same function using resistor 
summing (rather than current summing). with some 
attendant degradation in output impedance match or 
return loss (3% or 30 dB is common for industrial 
grade. while 10% or 20 dB suffices for consumer 
applications ). 

Figure 2. External Sync Circuit for NTSC RS-170A, PAL, and SECAM. 
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Component Analog Video Formats 

In recent years, the trend has been toward component 
analog video (CA V) formats, much like the ROB 
format of most computer graphics systems. 

The major video equipment CA V formats currently in 
use are summarized in Table 3 at a standard color 
saturation level of 75%, which is the common "legal" 
limit to the chrominance subcarrier's amplitude range 
in the NTSC format. 

OBR is the matrix decoded version of NTSC with sync 
added to all three channels, which may be extended to 
700 mV gray scale at 100% saturation with a PLUOE 
offset for monitor black/white adjust. Reversal of the 
non-complex ROB to OBR format is consistent with 
the green signal corresponding to the Y or luminance 
signal in the other color difference (B - Y and R - Y) 
formats. 

Format Video Output 
Function 

ORB O,R,B 
Sync 

BetaCam* Y 
Sync 

R-Y.B-Y 

BetaCam* Y 
Sync 

CTDMR-Y 
CTDMB-Y 

Sync 

MIlt Y 
Sync 
R-Y 
B-Y 

MIlt Y 
Sync 

CTCMR-Y 
CTCMB-Y 

Sync 

SMPTE Y 
Sync 
PB 
PR 

*Trademark of Sony Corporation. 
tTrademark of Matsushita Corporation. 

Signal Amplitude 
(Volts) 

+ 0.700 
- 0.300 

+ 0.714 
- 0.286 
± 0.350 

+ 0.714 
- 0.286 
± 0.350 
± 0.350 
- 0.630 

+ 0.700 
- 0.300 
± 0.324 
± 0.324 

+ 0.700 
- 0.300 
± 0.350 
± 0.250 
- 0.650 

+ 0.700 
- 0.300 
± 0.350 
± 0.350 

The BetaCam and MIl are the popular Sony and 
Matsushita formats respectively, each of which come 
in 3 or 2 wire versions and involve the Component 
Time Division Multiplexed (CTDM or CTCM) 
nomenclature in the latter case. 

The Society for Motion Picture and Television 
Engineers (SMPTE) and the European Broadcasting 
Union (EBU) have adopted their own color difference 
formats in order to remove brand name association. 
Most CA V formats sample the color difference 
components at half the rate or bandwidth of the 
luminance signal (the common 4:2:2 hierarchy, not 
to be confused with the RS-422 interface). Most CAY 
formats have no use for the 7.5 IRE setup used in 
NTSC, which represents a 7.5% loss in dynamic 
range. Hence, the newer CA V standards (ORB and 
SMPTE/EBU) call for no setup pedestal. 

Comments 

at 100% saturation, 0% setup 
three wire = (0 + sync), (R + sync), (B + sync) 

at 75% saturation. 7.5% setup on Y only 
three wire = (Y + sync). (R - Y). (B - Y) 

at 100% saturation. 7.5% setup on Y only 
two wire = (y + sync), 

CTDM [(R - Y). (B - Y +sync)] 

at 100% saturation, 7.5% setup on Y only 
three wire = (Y + sync). (R - Y), (B - Y) 

at 75% saturation. 7.5% setup on Yonly 
two wire = (Y + sync). 

CTCM [(R - y), (B - Y +sync)] 

at 100% saturation. 0% setup 
three wire = (Y + sync). PB. PR 

Table 3. Popular Component Analog Video Output Formats. 
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Using the Overlay Palettes 

on Brooktree RAMDACs 

What are Overlay Palettes? 

Brooktree RAMDACs usually include an overlay 
palette, consisting of one or more registers, in 
addition to the normal color palette RAM. For triple 
RAMDACs, each overlay register contains 12 or 24 
bits of color information (for triple 4-bit or triple 
8-bit D/A ~onverters, respectively). For single 
RAMDACs, each overlay register contains 8 bits of 
color information (assuming an 8-bit D/A converter). 

To support the overlay palette, besides the normal 
pixel input ports, the RAMDACs have palette 
selection inputs, OLx. These inputs specify, on a 
pixel basis, whether color information is to be 
provided by the color palette RAM or one of the 
overlay registers. 

Why are Overlays Useful? 

In many instances, the graphics application software 
is primarily concerned with the generation and 
manipulation of images in the frame buffer. The 
system software, on the other hand, is usually 
responsible for cursor movement, menu insertion and 
deletion, and user messages, with minimal concern 
about the graphics image. 

The use of one or two additional bit planes for 
overlays enables the system software to control user 
interface graphics independently of the graphics 
image. Graphics performance is improved, as the 
image in the frame buffer need not be modified each 
time the cursor is moved or a menu is displayed or 
removed. The problem of cursor avoidance during the 
image drawing process is also solved by 
implementing the cursor using an overlay approach. 

Brooktree Corporation 
9950 Bames Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Rev.B 8 - 19 

Generating Overlay Information 

Overlay information may be generated by using 
additional bit planes in the frame buffer, which would 
be interfaced directly to the overlay inputs of the 
RAMDAC. Thus, the designer is able to keep the 
graphics data and overlay data in separate memory, 
simplifying software and increasing graphics 
performance. 

If a VLSI graphics processor is used, the cursor output 
may be connected to the one of the overlay inputs of 
the RAMDAC. Thus, whenever the graphics 
controller outputs cursor information, the appropriate 
overlay register is automatically selected. Additional 
bit planes or external hardware may still be used for 
menus, grids, alphanumeric overlays, etc., by using 
any other overlay inputs of the RAMDAC. 

Some high performance graphics systems implement 
hardware cursors using discrete or VLSI logic. Again, 
the cursor information may interface directly to one of 
the overlay inputs of the RAMDAC. Additional bit 
planes or hardware, connected to the other overlay 
inputs may be used for any additional overlay 
functions. Four bits of overlay can emulate an 
enhanced graphic adaptor window atop the main 
graphics image. 

Summary 

Overlays provide a means of simplifying the 
implementation of user interface mechanisms such as 
cursors, menus, and any type of graphics or text 
information that is to be displayed independent of the 
main graphics image. 

The separation of system user interface software and 
graphics generation software will usually increase 
graphics performance and simplify software 
interfacing to the graphics system. 

• 
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Expanding 

With 

System/2® 

Bt471/476/478 

Graphics 

Family 

Personal 

the 

The new IBM Personal System/2 introduces more 
graphics display versatility to personal computer 
software and calls for more versatile digital-to-analog 
converters to take advantage of the greater software 
power. The Bt471/476/478 family of pin compatible 
RAMDACs support the basic capabilities of the mM 
hardware as well as several added performance features 
which help differentiate board-level products in the 
compatible PC and expansion board markets. 

The Bt471/476/478 family features more palette 
colors, higher speeds, overlay planes, simultaneous 
composite video and read-back, and surface mount 
packaging. These features afford the board designer 
flexibility and component savings for positioning 
his product in a dynamic marketplace. 

Performance Features 

Enhancements to the mM hardware implementation 
(based on their Video Graphics Array) include: 

A. Programmable choice of 262K or 16.7 million 
color palette. On the Bt478, a single pin programs 
the length of the palette word to be either 6 or 8 bits 
per color channel. For business graphics or false 
color renderings 6 bits is adequate, but for pleasing 
pictures of subtly shaded objects, 8 bits per channel is 
now standard on most Computer Aided Engineering 
(CAE) workstations and in the new Apple Macintosh 
II. More precise color segmentation can compensate 
for monitor inconsistencies (such as gamma effect) 
and reduce the "cartoon" appearance of color-limited 
palettes. 

B. A 4-bit overlay port on the Bt471 and Bt478 
makes special effects, such as cursors, borders, or 
even full EGA windows easy to implement on 
pixel-by-pixel boundaries, without the additional 
microprocessor burden of updating the pixel read 
mask for special effects. 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
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C. A fully synchronous read-mask feature eliminates 
the need to externally synchronize the MPU write 
strobe to the pixel clock. 

D. Support of both sync and MPU read-back on the 
Bt471 and Bt478 provides direct compatibility with 
RS-343 monitors without sacrificing future software 
system or self testing capabilities. The IMSG 171 
device offers one or the other of these features, but not 
both, in one unit. Selectable setup levels (0 or 7.5 
IRE) allow the user to optimize the retrace intensity 
for each monitor assuring international hardware 
compatibility. 

E. The Bt471/476/478 family also offers a choice 
of more stable voltage references, or a cheaper current 
reference that is 100% compatible with the existing 
PS!2® hardware. 

F. More robust output capability for driving doubly 
terminated cables greater distances (or looped thru 
more monitors) with crisper transitions and lower 
reflection "ghosts". Brooktree guarantees linearity in 
terms of peak errors (not RMS) under 
doubly-terminated conditions. The coaxial medium 
between the DAC output and the monitor input calls 
for superior pulse fidelity to reduce amplitude ringing 
and monitor mistermination which can make pixels 
appear fuzzy. jittery or to have shadows. 

G. Att efficient 44-pin PLCC surface mount package 
occupies less board area than the 28-pin DIP 
counterpart. The lower PLeC profIle improves power 
supply feedthrough and grounding as well by lowering 
package inductance 50%. 

H. The Bt476 offers a pin-compatible solution to 
the IMSG 176, and is available in both the 44-pin 
PLeC and the 28-pin DIP package. 

• 
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Implementing Enhanced Graphic 
Overlays 

The new PS/2 graphics format is distinguished by its 
higher vertical resolution, variable frame rate, and its 
8-bit pixel architecture. To take advantage of 
multi-frequency monitors, the mM 8514A resorts to 
interlacing at higher resolutions to provide near 
megapixel displays at a reasonable price, supporting 
interlaced 1024 x 768 resolution at a 43.5 Hz refresh 
rate. Since interlacing compromises display 
phosphor response to reduce flicker, faster pixel rates 
are desirable to achieve 60 Hz refresh rates without 
flicker or smearing. Non-interlaced 60 Hz formats of 
1024 x 768 or 1024 x 1024 can be supported by the 
80 MHz Bt471/478. 

The non-interlaced formats keep the full 640 pixel 
horizontal resolution of the previous CGA, EGA and 
PGC formats while giving the preferred 4:3 aspect 
with 480 vertical lines at a frame rate of 60 to 70 hertz 
(320 x 200 with pixel replication). The 8-bit pixel 
word size provides for 256 simultaneous colors from a 
palette of 262K colors (6 bits per channel) or 16.7 
million colors (8 bits per channel with the Bt478). 

As the power of the VGA to do complex graphic 
operations in real time becomes fully supported by 
the software industry, it will be possible to mix 
various formats on screen to create sophisticated 
windows, cursors and overlays. The independent 
palette access provided by the overlay ports on the 
Bt471/478 will enable parallel generation of graphic 
effects without imposing additional MPU limitations. 

VAA 

Broddree® 

The use of a read mask in the IMSG 171 to generate 
special effects is fully supported (internally 
synchronous) in the Bt471/476/478, but it's update 
rate is limited by the MPU write cycle time of 3 to 4 
pixel clocks. This means that the mask effect will 
appear no fmer than several pixels on the screen. This 
may save palette RAM size but prohibits high 
resolution overlays such as an EGA style window over 
a large part of the viewing screen. In simations where 
pixel frequency must be agile and independent of the 
MPU clock, the synchronous buffering of the 
Bt471/476/478 prevents corruption of the palette 
contents, something that can occur with 
asynchronous IMSGI71s when the pixel clock is not 
locked to the MPU clock. 

The four overlay inputs to the color palette can be 
loaded and invoked in the same manner as the standard 
palette. An additional register select pin(RS2) is 
provided for loading and reading back the overlay 
values. In the read mode the overlay inputs override 
the PO - P7 pixel inputs, so any unused pixel and 
overlay inputs should be tied low. This parallel 
palette access simplifies cursor or cross hair 
generation to where a single chip (such as the Bt431) 
can manage this function with direct connection to 
the overlay inputs of the Bt47l or the Bt478. 

With proper synchronization and raster scaling 
through the feature connector common on EGA cards, 
direct superposition of an EGA image over a VGA 
display is possible without burdening the VGA 
interface. This multi-path approach to high 
resolution windows is inherently faster and more 
interactive than software driven techniques and 
compares with hardware window feallires found on the 
more sophisticated graphics systems processors. This 
technique can be done on a pixel-by-pixel or. 
bit-by-bit basis so that the full resolution capability 
of the multi-frequency monitor can be used. 

OPA 

.-------+--i1REF 

1L431C 
(S-pin so pocIoogo) 

Figure I. 

COMP 

VRBP 

VAA 

Bt471/476/478 

External Current Reference. 
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Suitable References 

The quality of the image produced by the DAC can 
depend on the stability and regulation of it's 
reference. The Bt471/476/478 family offers the user a 
choice of current or voltage references so that either 
drop-in compatibility or optimum performance can be 
provided. The 28-pin DIP version of the Bt476 
supports the only current reference. 

The Bt47l/476/478 family uses the voltage reference 
in a closed feedback loop control circuit which 
provides each individual current cell with a stable 
voltage reference. This common voltage reference can 
be externally decoupled at the compensation pin to 
minimize noise disturbance due to current switching. 
The combination of closed-loop stability, direct 
reference decoupling, and compatibility with low 
temperature coefficient voltage references gives the 
Bt471/476/478 superior amplitude stability and noise 
immunity. This results cleaner images on the 
graphics display monitor. 

Figure 1 shows a typical current reference circuit for 
the Bt471/476/478. All these components are 
available in surface mount packages, but you will note 
the current reference approach requires 2 or 3 
additional passive components. The simplest 4 mA 
current reference available, a Motorola MCL1304 or 
Siliconix CR430 type JFET device, offers only ±15% 
to ±25% accuracy, which would only be tolerable in 
analog-EGA applications or where the monitor 
contrast adjustment could compensate. 

Setup and Sync 

While the mM-pc graphics standards have always 
provided for separate TTL synchronization lines, 
traditional analog monitors work with composite 
synchronization super-imposed on the green video 
channel. The Bt471/478 devices provide composite 
sync on all channels by asserting a low pulse on the 
SYNC· pin, which turns off an internal 40 IRE 
pedestal on each video channel. 

Blank assertion in the composite format is more 
reliable (form a noise standpoint) if a 7 j IRE pedestal 
distinguishes the black and blank voltage levels. This 
setup level provides for blacker-than-b1ack CRT beam 
retraces which reduce visible retrace lines on hright 
displays. For this reason a selectable setup pedestal 
is provided to optimize the sync and blank interface 
for most multi-frequency analog monitors and various 
international raster video formats (NTSC, PAL, 
SECAM, CCIR, etc). 
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Optimum Termination 

The analog interface between the RAMDAC and the 
display monitor must have transmission line 
properties to assure proper pixel definition on the 
display. Where TTL monitors can tolerate pulse 
ringing and cable echoes due to their binary nature, 
analog displays must settle to within 1 % amplitude 
accuracy well within the pixel duration to render 6- or 
8-bit color values faithfully. Double termination of 
the coaxial cable with the characteristic impedance of 
the cable is desirable in that it lowers the lumped 
time-constant at the DAC node and attenuates signal 
reflections from the monitor (or loop through nodes), 
which can produce pixel smearing or ghosting with 
cables longer than 2 meters. 

A lower termination resistance at the DAC node 
neutralizes the connector and cable capacitance but 
forces the DAC to put out as much as 30 milliamps to 
produce 1 v peak to peak at the monitor input. A lower 
time constant produces faster transitions and settling, 
which means crisper pixels on the display with truer 
color rendition. 

Figures 2 and 3 depict the 64 code steps of the 
IMSG17l and Bt47l driving a 75-ohm 
doubly-terminated load. A Tektronix 2465 scope was 
used in the expanded sweep mode to highlight the 
mid-scale glitch that occurs during the binary 31 to 32 
code transition. The characteristic 1/4 - 1/2 - 3/4 
scale glitches of the IMSG 171 are evident on the 700 
m V amplitude waveform. 

The expanded scale is calibrated to give graticle square 
areas of 500 pV-sec (100 mV • 5 ns). The mid-scale 
glitch of the IMSG171 consists of clock feedthrough 
with an approximate impulse area approaching 200 
pV -sec, while the Bt471 mid-scale glitch area is less 
than 50 p V -sec. Clock feedthrough has no visible 
aberration on the monitor since it represents an equal 
amount of energy every pixel. However, glitch 
impulse may be visible since it occurs only on 
specific code ti'ansitions. 

Resolution 

The Bt478 offers an upgrade path to 8 bits of 
resolution in the same pin compatible package as the 
Bt47 I and Bt476. Figures 4 and 5 show a 
comparison between 6 bits and 8 bits of resolution for 
a 3D solid model. 

• 
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The gray scale shading can been seen limited and 
annoying to the eye on the 6-bit rendering offering 
only 64 shades, while the 8-bit image offers 256 gray 

Broddree® 

shades and fine shading. The 8-bit photo clearly 
shows the smooth shading required for 3D modeling 
or professional slide presentations. 

Figure 2. IMSGl71 Output Waveform. 

Figure 3. Bt4711478 Output Waveform. 
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Figure 4. 6·Bit Resolution Example. • 

Figure S. 8·Bit Resolution Eample. 
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Packaging 

The IMSG171 is photographed side by side with the 
Bt471/478 in Figure 6. The Bt471/478 is shown in 
the ceramic 44-pin package and occupies considerably 
less area than the IMSGI71 in the 28-pin DIP. 

Note the internal chip capacitor in the 
specially-tooled 28-pin DIP package of the IMSG171. 
The chip capacitor mounted in the cavity serves to 
compensate for the DIP package inductance. This is 
less effective in terms of glitch suppression than the 
inherently lower inductanc~ of the 44-pin PLCC 
package. 

Figure 6. Packaging Comparison. 

PC Board Layout Tips 

Printed wiring board design consic;ierations for analog 
output devices can be more critical than for pure 
digital. Four-<lr-more layer boards are better for lower 
power and ground noise as well as for segregating the 
analog outputs and reference from the digital inputs. 
This becomes even more important as speed 
migration from 25 MHz to 75 MHz dictates faster 
devices which generate more power supply spikes and 
radiation. Migrating from 6 bits per channel to 8 bit 
quantization compounds the need for low inc;luctance 
power and ground returns if true color rendition and 
low electromagnetic emissions are to be achieved. 

The effect of supply and ground noise and digital 
edges on the palette DAC is to produce 
image-dependent artifacts on the display which are 
especially perceptible when images are superimposed. 
Even the best CMOS DACs couple about 10% of any 
supply noise to the analog output. Care should be 
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taken to limit supply noise at the DAC (in the 
bandwidth of the analog channel, typically the pixel 
rate) to 10 times the amplitude of the least significant 
bit. 

Multiple ground planes make it possible to isolate the 
DAC current retorn to the system supply from other 
digital circuitry while maintaining low plane-plane 
potentials which affect the digital noise margins and 
contribute to electromagnetic emissions. It is 
desirable to reduce DAC ground noise to less than 10 
m V during the active display line for clean looking 
6-and 8-bit displays. 
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Performance Comparision Chart 
of 

Bt471/476/478 vs IMSG171 

Bt471 Bt476 Bt478 IMSG171 

mM PS/2 Compatible YFS YFS YFS TIS 

Number of Displayable Colors 256 + 15 256 256 + 15 256 

Maximum Number of Bit Planes 12(8+4) 8 12 (8 +4) 8 

Total Palette Size 256K 256K 256Kor 16M 256K 

Frequency (MHz) 35/50/66/80 35/50/66 35/50/66/80 35/50 

Palette Read-Back YFS YFS YFS TIS 

On-Board Sync YFS ID YFS ID 

Full Scale Reference Voltage + Current Voltage + Current Voltage + Current Current 

RS-343A and CCIR Standards YFS YFS YFS ID 

Integral Linearity 0.25 LSB (0.5%) 0.5 LSB (1%) 1 LSB (0.5%) 0.5LSB (1%) 

Differential Linearity 0.25 LSB (0.5%) 0.5 LSB (1%) 1 LSB (0.5%) monotonic 

Glitch Impulse 75 pV-sec 75 pV-sec 75 pV-sec 200 pV-sec 

Overlay Capability YFS ID YFS ID 

Rise/Fall Time 3ns 3ns 3 ns 8 ns·· 

Memory Technology Fully Static Fully Static Fully Static Req. Constant Clock*·* 

Compatible Family YFS YFS YFS Almost· 

Monolithic YFS TIS YFS On Board Chip Cap 

Surface Mountable YFS YES YFS ID 

Package 44-pin PLCC 44-pinPLCC 44-pin PLCC 28-pin DIP 

or 28-pin DIP 

• Due to limited number of pins in the INMOS pin-{)ut, trade-{)ffs have been made between products. For example. the pin that 
allows the color palette to be read in the IMSG171/3/6 is used for SYNC in the IMSG170/2/4 thereby inhibiting the ability to 
read back the color palette on the later parts. Also. the 6-bit data used in the IMSG170/1/2/3 can not be used directly with the 
8-bit IMSG174/6 because the 6 bits are located in the LSBs and would result in an output 1/4 the brightness. Brooktree has a 
6/8-bit pin that allows 6-bit code written for either the Bt471/476 or the IMSG170/l/2 to run on the 8 bit Bt478. 

**single 75-ohm termination 
***psuedo-static RAM cell 

NarE: Comparisons are based on the Brooktree Bt471/476/478 specification sheet L478001 Rev. L and the IMSGl71 
specification sheet 42-1008-00 dated April 1987. 

Personal System!2 and PS/2 are registered trademarks of mM. Macintosh is a licensed trademark of Apple Computer. Inc. 
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Troubleshooting Your Brooktree 

CMOS VIDEODAC or RAMDAC 

Power Supply Considerations 

The noise on the power pins must be kept to a 
mmlmum. Brooktree devices offer some power 
supply rejection, however, this noise rejection 
decreases with frequency. In particular, about 10% of 
any frequency components over about 1 MHz will be 
coupled onto the output. The VREF and COMP pins 
should be checked to assure noise is minintized. This 
can be accomplished by keeping PCB and lead lengths 
to decoupling capacitors short and wide. Decoupling 
VREF and COMP pins to V AA is vital to reducing 
switching noise and overshoot on the DAC output. 

Another useful technique is to mount a three terminal 
regulator close to the power supply pins to provide 
intmunity to power supply transients, and use the fact 
that the regulator will provide excellent power supply 
ripple rejection. When operating from a switching 
supply with greater than 100m V of noise, a two stage 
V AA decoupling filter is advisable. A CLC pie filter 
combination ahead of the attenuator bead should have 
a time constant value much less than the switching 
frequency to be effective. With a V AA filter approach, 
care should be taken to assure V AA power is applied 
before the inputs to prevcnt latch-up. 

Always probe the power supply signals with an 
oscilloscope probe at the device pins. The DAC can 
have significantly more noise than is seen on the 
supply bus. Probe ground (AC coupled) less than one 
inch on DAC ground. Measure VREF noise relative to 
VAA 

Decoupling Capacitors 

One of the most common problems is choosing the 
proper power supply decoupling capacitors and 
keeping the leads short enough. Refer to 
recommended capacitor types in individual datasheels. 
All capacitors exhibit a self-resonant point at which 
they no longer look "like capacitors, but inductors. 

Brooktree Corporation 
9950 Bames Canyon Rd. 
San Diego, CA 92121 
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This resonant point is a function of frequency, 
capacitor material, lead length, and the PCB trace 
length of the power and ground traces where the 
capacitor is soldered into. Above self resonance, a 
capacitor looks like a series resonant inductOr (with 
approximately 1 nH per 0.1 inch of lead length). 

For example, a 0.1 ~F ceramic radial lead capacitor 
with 1/4 inch leads generally resonates around 10 
MHz. A 0.01 ~F ceramic radial lead may resonate 
around 40 to 60 MHz while a om ~F ceramic chip 
capacitor may resonant around 400 MHz. 

As power supply transient frequencies approach the 
resonant point, the capacitor offers less effective 
filtering. At resonance, it is neither a capacitor nor 
inductor. Past resonance, it becomes an inductor, and 
may exhibit transmission line effects. 

To overcome these problems, the parallel connection 
of a 0.1, 0.01, and 0.001 ~F capacitors will generally 
overcome the most difficult transients. For the lower 
frequencies, a 10 ~F tantalum capacitor is the best 
choice, mounted near the power and ground pins. 

Attenuator Beads 

The purpose of the ferrite attenuator beads is two-fold. 
First, they isolate fast transients (i.e., less than 1 ns) 

on the regular PCB power and ground planes from the 
device. They will reduce any fast transients and act as 
increasing AC resistance with frequency. These 
frequency vs. impedance characteristics are diagramed 
in Application Note 1. Therefore a decoupling 
capacitor close to the bead and the DAC power pin for 
long lead length is needed. Second, the ferrite beads 
also isolate high-frequency noise generated by the 
VIDEODAC or RAMDAC from being coupled back 
onto the main PCB power and ground planes. 

• 
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Experience has found that the ferrite beads are usually 
not required where the video bandwidth is less than 
one tenth the time constant of the logic. As an 
approximation, if the clock rate is less than 10 MHz 
beads are usually not necessary, but become 
increasingly important for frequencies above 50 MHz. 

Many of Brooktree devices have signal edges on the 
order of 2 or 3 ns, which produces harmonic 
components in the 300 MHz to 500 MHz range. The 
beads attenuate these components from the PCB 
supply planes. 

When using Surface Mount Technology (SMT) beads, 
watch the current rating. Bipolar DACs may use 
ferrite breads on their power pins for stability, while 
CMOS DACs are for noise rejection. Attenuator beads 
in the DAC ground return must have tens of ohms 
resistance at high frequency to be an effective 
attenuator. However, this can produce ground 
potentials of greater than the intrinsic noise margin 
when DAC currents are greater than 100 mA. Therefore 
ground beads are not recommended for DACs with 
dynamic currents of greater than 100 mAo 

Digital Input Considerations 

Some of the newer TTL logic families have very fast 
rise/fall times. It is possible for these fast transients 
to couple onto the analog outputs, resulting in 
excessively noisy analog signals. 

Possible solutions are to put a 33 to 100 ohm 
limiting resistor in series with the digital inputs at 
their source, or use a resistor terminating network 
(220/330 ohm) at the expense of additional power. A 
slower logic family, such as ALS, LS, may be used if 
possible to reduce the input rise/fall times where pixel 
rates are less than 25 MHz. Noise on three-state lines 
should be avoided through termination. 

ESD and Latchup Considerations 

Correct ESD handling procedures are required to 
prevent damage which can produce symptoms of 
catastrophic failure or an erratic device behavior with 
somewhat leaky inputs. 

Latchup can be prevented by assuring all power pins 
are at the same potential, that V AA is applied before 
the inputs voltage (power-up sequencing), and that 
there is no overshoot/undershoot on the input/outputs 
(schottky clamping diodes can limit these 
excursions). 
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No Video Information 

Verify all power pins should have the correct voltage. 

If a constant DC output is generated, it indicates that 
the DACs are probably not functioning correctly. The 
voltage on the VREF pin should be checked first to 
verify that the external voltage reference (if required) 
is operational. Decoupling of VREF to V AA near the 
DAC is vital to reduce switching noise on the DAC 
output. 

The voltage on FS ADJUST should be very close to 
the VREF voltage. If the device contains an on-chip 
reference, the measured voltage at the FS ADJUST pin 
should be approximately equal to the specified 
internal reference voltage. Offsets of greater than 10 
m V may indicate damage to the internal op-amp. 

The COMP pin must be coupled to V AA through a 
ceramic capacitor and the lead lengths keep to an 
absolute minimum. The voltage on the COMP pin is 
nominally 3v to 4v. A voltage close to Ov or 5v 
indicates a bad COMP capacitor, a COMP trace shorted 
to power or ground, or a bad device. The output traces 
for video information should be checked for shorts to 
power and ground supplies. 

The control, pixel, and overlay input setup and hold 
times should be verified. To ensure reliable operation 
over the full temperature and power supply range, the 
CLOCK input should be buffered by a single dedicated 
buffer that assures fast edges, with glitch free levels. 

Incorrect Analog Output Information 

If sync and blank information are output, but they are 
not the correct levels, verify the RSET resistor value, 
the voltage on VREF and FS ADJUST (they should 
match), and the output load. When looking at the 
voltage levels on the video outputs, the oscilloscope 
probe must have 75-ohm termination, to form the 
other termination of the doubly-terminated 75-ohm 
load. 

If the sync and blank levels are correct, the analog 
section of the device is probably operational, and the 
problem is probably the microprocessor or pixel data 
interface. 



Ensure that all of the control registers and color 
palette RAM are properly initialized following 
power-up. The contents of the control registers and 
RAM may be read back by the MPU to verify their 
contents. The chip select or chip enable input should 
always be a logical one, except when the MPU is 
accessing the device. 

Nonlinear Gray Scale Analog Output 

If the gray scale video appears to be nonlinear or 
compressed at one end of the gray scale, the 
compliance limits of the device are probably being 
exceeded. 

Voltage levels on the analog outputs outside the 
compliance limits forces the DACs to operate in a 
nonlinear fashion. The greater the exceeded voltages, 
the more nonlinear the D/A operation will be. 
Incorrect output loading, a wrong value for the RSET 
resistor, or an incorrect reference voltage are the 
primary causes. 

8 - 33 

AN-6 

Noisy Analog Output 

Excessively noisy analog outputs indicates that either 
the power supply pins, the COMP pin. or the VREF 
input have an excessive amount of power supply 
noise that is not being decoupled, or there is 
excessive undershoot/overshoot on the digital inputs. 

Refer to Application Note 1 or contact the Brooktree 
technical hotline for further assistance at: 

(800) VIDEO IC 

• 
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Initialization 

R 

G 

B 

Data Bus 

Figure 1. Bt458 Ports 

Brooktree RAMDACs need to be initialized through Initialization Procedure 
the microprocessor port after power-on. This 
application note gives step-by-step instructions to 1. Initialize the control registers: 
the software programmer. 

The initialization procedure differs slightly depending 
on how many control registers the RAMDAC 
contains. This application note uses the B t45 8 as an 
example. Figure 1. shows the four Bt458 control 
registers, the pixel port (fast port), MPU port and bus 
control (slow port), and the DAC outputs. The 
microprocessor initializes the Bt458 through the MPU 
port. The following procedure explains a typical 
initialization of the Bt458. 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Rev.A 8 - 35 

• Write 0,0 to C1.CO 

• Put 06H on data bus 

• Pull R/W* low 

• Strobe CE* 

• Write 1.0 to Cl,CO 

• Put 40H on data bus 

• R/W* low. Strobe CE* 

set to write address 
register 
address of command 
register 
write mode 

write address to address 
register 
set to write command 
register 
data to command 
register 
write to command 
register 

Note: 40H in the command register configures the 
device as follows: 

·4:1 mux 
• Enable color palette RAM 
• Blink rate = 16/48 
• Blink disable 
• Forces overlay inputs to logical zero 
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Repeat the control register sequence using the 
following values to initialize the other command 
registers. Set R/W* and strobe CE* after every line. 

Cl,CO Data Bus 

·0,0 
• 1,0 
·0,0 
• 1,0 
·0,0 
• 1,0 

04H 
FfH 
05H 
OOH 
07H 
OOH 

; write read mask address 
; FF hex to read mask register 
; write blink mask address 
; 00 hex to blink mask 
; write test register address 
; 00 hex to test register 

2. Write the color palette starting with location 00 
hex. Set R/W* and strobe CE* after every line. 

Cl,CO Data Bus 

·0,0 
• 0, 1 
• 0, 1 
• 0, 1 

OOH 
trH 
ggH 
bbH 

; write palette address OOH 
; write red value (hex) 
; write green value (hex) 
; write blue value (hex) 

Note: At this point, the palette address pointer 
auto-increments to address 01H. One must rewrite the 
address pointer to access locations other than 01H. 

Cl,CO Data Bus 

• 0, 1 
• 0, 1 
• 0, 1 

rrH 
ggH 
bbH 

; write red value (hex) 
; write green value (hex) 
; write blue value (hex) 

8 - 36 

3. To read back the palette or control registers, use 
the same sequencing but set R/W* high. 

4. To write/read the overlay palette; set Cl,CO to 1,1 
and continue as in step 2. 

Conclusion 

This application note explains a basic program flow 
for initializing a Bt458 RAMDAC. The Brooktree 
databook contains further information concerning 
operation of this and other RAMDACs. 
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Bt4S8 INITIALIZATION PROGRAMMING SEQUENCE 

TABLE OF OPERATIONS 

CE* R/W* Cl co D7 D6 D5 D4 D3 D2 D1 DO COMMENT 

.j" 0 0 0 X X X X X X X X WRITE ADDRESS REGISlER 

l' X X X 0 0 0 0 0 1 1 0 DATA 06H INTO ADDRESS REGISTER 

,j, 0 1 0 X X X X X X X X POINT TO CONIROLREGISlER 

l' X X X 0 1 0 0 0 0 0 0 DATA40H INTO CONTROL REGISlER 

.j" 0 0 0 X X X X X X X X WRITE TO ADDRESS REGISlER 

l' X X X 0 0 0 0 0 1 0 0 DATA 04H TO ADDRESS REGISTER 

.j" 0 1 0 X X X X X X X X POINT TO READ MASK 

l' X X X 1 1 1 1 1 1 1 1 DATA FFHTO READ MASK 

J, 0 0 0 X X X X X X X X WRITE TO ADDRESS REGISlER 

t X X X 0 0 0 0 0 1 0 1 DATA OSH TO ADDRESS REGISTER 

'" 
0 1 0 X X X X X X X X POINT TO BLINK MASK 

t X X X 0 0 0 0 0 0 0 0 DATA OOH TO BLINK MASK 

.j" 0 0 0 X X X X X X X X WRITE TO ADDRESS REGISlER 

l' X X X 0 0 0 0 0 1 1 1 DATA07H TO ADDRESS REGISTER 

.j" 0 1 0 X X X X X X X X POINT TO lEST REGISTER 

l' X X X 0 0 0 0 0 0 0 0 DATA OOH TO TEST REGISlER 

,j, 0 0 0 X X X X X X X X WRITE TO ADDRESS REGISlER 

l' X X X 0 0 0 0 0 0 0 0 DATA OOH TO ADDRESS REGISlER 

.j" 0 0 I X X X X X X X X POINfTOPALETIERED 

t X X X RED VALUE DATATOREDPALETIE 

J, 0 0 1 X X X X X X X X POINfTO PALETIE GREEN 

t X X X GREEN VALUE DATATOGREENPALETIE 

'" 
0 0 1 X X X X X X X X POINTTO PALETIEBLUE 

l' X X X BLUE VALUE DATA TO BLUE PALETIE 

.j" 0 0 0 X X X X X X X X WRITE TO ADDRESS REGISlER 

l' X X X 0 0 0 0 0 0 0 0 DATA OOH TO ADDRESS REGISTER 

,j, 1 I 1 X X X X X X X X POINT TO OVERLAY PALETIEO 

l' X X X RED VALUE RED VALUE AVAILABLE 

,j, 1 1 1 X X X X X X X X POINTTO OVERLAY PALETIE 0 

l' X X X GREEN VALUE GREEN VALUE AVAILABLE 

J, 1 1 1 X X X X X X X X POINT TO OVERLAY PALETIE 0 

t X X X BLUE VALUE BLUE VALUE AVAILABLE 

8 - 37 
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Building a 4K Lookup Table 

with the Bt457 

Palette Applications 

The need for a 4K lookup table for graphics is found in 
such applications as medical imaging, solids 
modeling and electronic publishing. A discrete 
implementation using three Bt457 single channel 
RAMDACs, twenty-four 4K x 4 static rams and 
miscellaneous MSI circuitry is all that is needed to 
implement this application. 

The circuitry for one of the three channels is shown in 
Figure 1. This would be duplicated for each of the Red, 
Green and Blue channels. Each channel interfaces to 
the twelve plane frame buffer with two F374 devices. 
Four sets of 12-bit pixels are supplied to the registers 
from the frame buffer. Since the RGB planes use the 
same address, these registers can be used for all three 
channels. 

The register's outputs are sent to the address inputs of 
the 4K x 4 static rams. Eight of these are needed for 
each of the three channels. The output data is then 
input into another set of F374 registers. The data has 
now been reduced to eight bits, which is used as pixel 
data. Four sets (A-D) of 8-bit pixel data is provided to 
the pixel inputs of the DACs for color generation. 
This provides 4:1 multiplexing of the Bt457 input. 

Mapping the Bt457 internal LUT RAM allows the 
pixel data to be used as 8-bit data for the D/A 
converter, or the Bt457 RAMs can be programmed so 
that gamma correction, image manipulation or window 
palette switching can be performed. 

MPU Interface 

The microprocessor interface to the color palette is 
provided by a 12-bit address bus and an 8-bit data bus 
for each of the channels. 

The address bus is presented to the RAMs by way of 2 
F244 devices. These provide an output enable such 
that during a display, the F374s are always enabled and 
the F244s are disabled. The same address would be 
provided to each of the look-up tables. 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Rev. A 8 - 39 

The MPU data interface is a bit different. First, a 
bidirectional bus is needed so that the data stored in 
the color palette can be read back by the MPU. For 
this reason F245 devices are used. Second, each of the 
RGB channels is provided with it's own 8-bit Data bus. 
By using a 32-bit bus the red, green, and blue palettes 
can be written simultaneously. A counter can be 
included to generate the addresses so that the 4K 
addresses can be auto-incremented. The direction of 
the data bus is determined by the value on the RD* 
line. 8-bits are also needed for the RAMDAC MPU 
interface. 

If direct color generation is needed, the Bt457 palette 
wouldn't be used as a lookup table, and the pixel 
address would be the same as the data. If gamma 
correction, or any other image transformation is 
needed, then the RAMDAC would need to be 
programmed accordingly. 

Performance 

The limiting factor in building the 4K solution 
discretely is the overall performance of the video 
generator. The screen resolution is directly related to 
the speed of the MSI circuitry and the static RAMs. 
The delay of the pipelines is as follows: 

F374 Clock to Q IOns 
Static RAM access(read) 20 ns 
F374 Setup Time 2 ns 
Interconnect delay 4 ns 

Total delay 36 ns 

Because 4: I mUltiplexing is used, the time for each 
pixel generated is 36/4 = 9 ns. This corresponds to a 
clock frequency of III MHz. With this 
implementation a 1280 x 1024 resolution system 
(with 60Hz refresh) can be achieved. To increase the 
performance of the system, use of faster VRAMs (33 
MHz), or a 2:1 multiplexing between the VRAMs and 
LUT is required. 

An 8:1 LUT architecture could also be used. This would 
require multiplexing the output of the LUT to the 
B t457 and also a significant cost increase due to a 
doubling in the amount of SRAMs. 

• 
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Another approach to increase the resolution of the 
system is to use faster RAMs as they become 
available. By using SRAMs with a 15 ns access time, 
the given architecture can achieve a video rate of 129 
MHz. 

True Color Application 

A true color (36 plane) system can be achieved by 
multiplexing data from a frame buffer with the LUT 
output as shown in the diagram. The F374 outputs 
would be disabled via True Color Select, and the true 
color data would be enabled on the red, green, and blue 
channels. 

Summary 

Using the Brooktree Bt457 RAMDAC, a 4K color 
palette system can be created with the use of standard 
MSI products and CMOS Static RAMs. The 4K palette 
provides enough simultaneous color for modeling 
applications and medical imagery. It can be easily 
implemented using the methods described in this 
application note. 

This information is intended for 
stimulating design interest and has not 
been breadboarded. Brooktree accepts no 
liability for designs contained in this 
application note. All users are cautioned 
to verify their own design. 

To 
Bt457 

I 

r-------------------------------------------~------~-LD* From 
Frame Buffer 

I 

PO - Pll (A) 

PO - Pll (B) 

PO - PH (C) 

PO - Pll (D) 

(10)74F374 
(6)74244 
(4)74245 
(8)20 ns 4K x 4 
Static RAMs 

12 

CS* MPU 
ADDR 

(8)CY7CI69 
CYPRESS 

A D 
(2) 4K x4 

RAM 

D 
(2)4K x4 

RAM 

A D 

(2)4Kx4 
RAM 

D 

(2) 4K x 4 
RAM 

MPU 
DATA 

RD* 

Figure 1. 4K Lookup Table Solution using the Bt457 
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Application Note 

Bt471/476/478 Power 

This application note will discuss various circuit 
configurations which will allow significant savings in 
power requirements when used with the 
Bt471/476/478. Laptop computers which support 
VGA graphics capabilities represent an application 
that can benefit from utilizing these power saving 
configurations. When operated from battery power in 
the portable mode, laptops use liquid crystal displays 
which do not require the VGA RAMDAC to be active. 
In such circumstances, the Bt471/476/478 power 
saving modes can be used to reduce supply 
requirements and extend battery life by powering 
down. 

The Bt471/476/478 may be powered down in the 
following ways: 

Power Down Mode 

• VREF - shut down the DACs. 
• IREF - shut down the DACs. 

S top the clock. 

DACON=O 
DACOFF= 1 

Registers/Memory 
Accessible 

Yes 
Yes 
No 

Figure 1. DAC Shutdown Using the COMP Pin. 

Siliconix alternate sources: 
Philips #BS250 
Topaz #VP106 

BS250 Typical Parameters: 
IDSS@VGS=Ov=-0.5mA 
VGS@ID=lrnA=-2.75v 
BVDSS @ VGS = Ov = - 20v 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Rev. A 8 - 41 
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Saving Features 

VREF Power Down Mode 

The VREF implementation provides an order of 
magnitude improvement in amplitude stability and 
noise immunity over an IREF implementation. For 
this reason, using a voltage reference is recommended 
over a current reference. 

To eliminate the full scale output current and 
associated supply current to the DACs, open circuit the 
RSET resistor or pull the COMP pin up to V AA. Figure 
1 shows a circuit for pulling the COMP pin to V AA. 
The 0.1 J.1F capacitor acts as a bypass capacitor 
between the V AA and COMP pins. This capacitor 
should be mounted as close as possible to the 
RAMDAC, with the leads kept short. The P-channel 
MOSFET with the source connected to VAA turns on 
when the gate voltage drops below four volts. The 
output of the 74HC03 open drain NAND gate pulls up 
through a 2K-ohm resistor to VAA. A logical one at 
the input to the NAND gate turns the DACs off. 

Shutting down the DACs typically cuts the supply 
current by forty percent. For the Bt471, each DAC 
outputs three times the current flowing through the 
RSET resistor. To get a DAC output current of 21 mA, 
the current through RSET must be 7 mA (the actual 
value will be slightly less to achieve the 19.05 mA 
value specified in the databook). When the DACs are 
shut off, the total current saved will be 3 x 7 x 3 = 63 
mAo At nominal supply voltage and room 
temperature, the B t4 71/4 76/478 typically requires 
130 rnA. The power down current is therefore 160 - 63 
=97rnA. 

C a u tI 0 n : Brooktree guarantees linearity 
specifications for output voltages up to 1.4 volts and 
for output currents down to one half of full scale. 

• 
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'REF Power Down Mode 

For systems using a reference current (IREF), shut 
down the DACs by open circuiting IREF. Like the 
VREF mode above, the IREF current is proportional to 
the DAC output current. Figure 2 shows a circuit for 
suppiying a constant current to the IREF pin. Drive 
the base of the NPN transistor with a low TTL logic 
signal to turn the DACs off. In the power down mode, 
the RAMDAC is fully register/memory compatible. 

Powering down Bt471/476/478 typically cuts the 
supply current by forty percent and also saves the 
IREF current. For the Bt471 as discussed in the 
previous section the supply current is 160 - 63 - 7 = 90 
mAo 

Stopping the Clock 

This mode is useful in applications where the designer 
does not need register compatibility or active video. 
The Bt471/476/478 static RAM does not require 
clocking to retain memory data. With the DACs on, 
this power down mode saves about 10 mAo Shutting 
off the clocks with the DAC powered down saves 2 to 3 
mAo See Figure 3. 

IREF IN OUT 
0.1 47 LM317 

Bt471/476/478 y TO-92PKG 
ADJ 

1.2V 
VAA RSET = 

Summary 

This application note shows several methods to reduce 
power consumption on Brooktree's Bt471/476/478 
RAMDACs. Designers will fmd these power savings 
useful in laptop computers with VGA graphics 
capabilities. System designers may use the 
Bt471/476/478 power down capabilities to 
differentiate their products and improve performance. 

This information' is intended for 
stimulating design interest. Brooktree 
accepts no liability for designs contained 
in this application note. All users are 
cautioned to verify their own design. 

RSET 
1K 

TIL INPUT 
o =DAC OfF 

';- l=DACON 

IREF 

Figure 2. Open Circuit IREF. 

THREE
STATE 

PIXEL 
CLK 

Bt471/476/478 

CLK 

74AS244 

Figure 3. Clock Stopper Circuit. 
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Support Components 

Brooktree's Technical Hotline has received many requests for assistance in identifying and locating components used 
with Brooktree products. Brooktree's data book and data sheets recommend components that are not always available 
in all areas. The following is a list of suggested manufacturers and components that will assure optimum performance 
of Brooktree products. 

Crystal Oscillators 

Many of the Brooktree CMOS RAMDACs require a positive ECL differential clock. Common 10K and lOOK EeL 
crystal oscillators powered from +5 volts will provide this positive clock. 

The following crystal oscillators come in a 14 pin DIP outline package. Pin 7 is ground, pin 14 is +5V, pin 8 is the 
clock output, and when a complimentary output is available, it is on pin 1. 

Manufacturerl 
Supplier 

Monitor Products 
502 Via Del Monte 
Oceanside, CA 92054 
(619) 433-4510 

Vectron Laboratories, Inc. 
166 Glover Ave. 
Norwalk, CT 06850 
(203) 853-4433 
In tlu! U.K.: 
Lyons Instruments 
(099-24) 67161 

Fox Electronics 
6225 Presidential Court 
Fort Myers, FL 33907 
(813) 482-7212 

Conner-Winfield 
1865 Selmarten Road 
Aurora, IL 60505 
(312) 851-4722 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Rev. A 

ModeJ/Part 
Number Description 

907EA · For 10K ECL clocks to 200 MHz, case floating, 
open emitter output. 

907EA1 · For 10K EeL clocks to 200 MHz, case floating, 
complimentary open emitter outputs. 

907T · For TTL clocks to 80 MHz. 

CO-633 · For ECL clocks to 200 MHz 

CO-450 · For lOOK complimentary ECL clocks from 5- 400 
MHz 

F5L · For lOKH ECL clocks to 200 MHz - Pin 7 (case 
ground) is an option 

FllOO · For TTL clocks to 80 MHz 

ECLA-1 · For 10K, 8-150 MHz, case tied to pin 14 

ECLA-2 · For lOOK, 8-150 MHz, case tied to pin 14 

S15R6 · For TTL, 0° to 70° C, 256 KHz-80 MHz 

S17R6 · For TTL, 55° to 125° C, 256 KHz-80 MHz 
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Ferrite Beads 

Decoupling the power to Brooktree's products through a ferrite bead is recommended to prevent power supply noise 
from being coupled into the video outputs. Use of a ferrite bead is also recommended for suppressing interference 
caused by the fast switching times of the DACs. 

Ferrite beads have a very low impedance at low frequencies which increases at higher frequencies. Refer to AN-1 for a 
typical impedance curve. Beads are selected for their impedance at a standard frequency of 100 MHz, typical. 

Manufacturerl Model/Part 
Supplier Number Description 

Fair-Rite Products 2743001111 • Axial lead, 71 ohms @ 100 MHz 
Corporation 
P.D.Box J 2743021446 • Surface mount, 89 ohms @ 100 MHz 
Wallkill, NY 12589 
(914) 895-2055 
In the U.K.: 
Apex Inductive Devices 
(01) 903-2944 

TDK Corporation CB30-1210 • Surface mount, 52 ohms @ 100 MHz 
4711 West Golf Road #300 
Skokie, IL 60076 BF45-4001 • Axial lead, 85 ohms @ 100 MHz 
(312) 679-8200 

Ferroxcube 5659065-3B • 38 ohms @ 100 MHz 
5083 Kings Hwy 
Saugerties, NY 12477 
(914) 246-2811 
Canada: (416) 561-9311 
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Sockets 

For high speed operations and proper heat dissipation, it is generally recommended that Brooktree products be 
soldered directly to the PC board. However, when prototyping or operating at clock rates less than 50 MHz, sockets 
can be used. The following is a listing of commonly requested sockets. 

The following sockets are recommended for use with Brooktree's PLCC packages: 

Manufacturerl Model/Part 
Supplier Number Description 

AMP Inc. 641444-2 · 28 pin, surface mount 
Harrisburg, P A 17105 641746-2 · 28 pin, solder tail 
(717) 564-0100 
Canada: (416) 475-6222 641343-2 · 44 pin, surface mount 
U.K.: 44-1-954-2356 641747-2 44 pin, solder tail 
W. Germany: 49-6103-7090 
Japan: 81-3-404-7171 643151-2 84 pin, surface mount 

643066-2 · 84 pin, solder tail 

Burndy Corporation QILE28P-410T · 28 pin, solder tail 
P.O. Box 5200 
Richards Ave. QILE44P-41OT · 44 pin, solder tail 
Norwalk, CT 06856 
(203) 838-4444 QILE84P-41OT · 84 pin, solder tail 

QILEXT-1 · PLCC Removal tool 

McKenzie Technology PLCC-28-P-T · 28 pin 
44370 Old Warm Springs Blvd 
Fremont, CA 94538 PLCC-44-P-T · 44 pin 
(415) 651-2700 

PLCC-84-P-T · 84 pin 
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Sockets (continued): 

The following sockets are recommended for use with Brooktree's PGA packages. 

Manufacturerl Model/Part 
Supplier Number Description 

Augat PPS069-2AI130-L · 69 pin PGA, for 68 pin PGA package* 
33 Perry Ave. 
Attleboro, MA 02703 PPS084-2AI212-L · 84 pin PGA* 
(617) 222-2202 
U.K.: (0908) 67665 PPSI32-2AI414-L · 132 pin PGA* 
W. Germany: (089) 576085 *PGA package 10 PC board 
Japan: (03) 465-8457 · 144 pin PGA* standoff distance: 0.166" 

Robinson Nugent, Inc. PGA-068CM3-S-TG · 68 pin PGA* 
800 East Eighth St. 
New Albany, IN 47150 PGA-084AM3-S-TG · 84 pin PGA* 
(812) 945-0211 *PGA package 10 PC board 
Switzerland: (066) 229822 PGA-132AM3-S-TG · 132 pin PGA* standoff distance: 0.175" 

Yamaichi IC93-10803-G4 · 84 pin PGA* 
U.S. Distributers: 
Nepenthe 
2471 East Bayshore Rd. 
Suite 520 
Palo Alto, CA 94303 *PGA package 10 PC board 
(415) 856-9332 standoff distance: 0.236" 

McKenzie Technology PGA69H003Bl- · 69 pin PGA, for 68 pin PGA package* 
44370 Old Warm Springs Blvd 1130T 
Fremont, CA 94538 PGA84H003B I- · 84 pin PGA* 
(415) 651-2700 1212T 

PGAI32H003Bl- · 132 pin PGA* 
1414T 

PGAI45H003Bl- · 144 pin PGA* *PGA package 10 PC board 
1521T standoff distance: 0.165" 
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1.2V Voltage References 

To meet RS170/RS343 tolerances, Brooktree DACs require a voltage reference of 1.2V ± 5%. The following devices 
meet this requirement. 

Manufacturer! Model/Part 
Supplier Number Description 

National Semiconductor LM385Z-1.2 
2900 Semiconductor Drive 
Santa Clara, CA 95051 
(408) 721-5000 

Motorola Semiconductor LM385Z-1.2 
Products 
5005 East McDowell Road 
Phoenix. AZ 85008 
(602) 244-7100 
Japan: (03)440-3311 
Hong Kong: 0-223111 
U.K.: 0296-35252 
W. Germany: (089) 92720 

Maxim Integrated Products ICL8069 
510 North Pastoria 
Sunnyvale, CA 94086 
(408) 737-7600 
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Video Buffers 

Brooktree's DACs are intended to drive transmission line loads, which most monitors are rated as. Transmission line 
cable lengths greater than 10 meters can attenuate and distort high frequency pulses. Booster buffers can compensate 
for some cable distortion but must have 6-12 dB voltage gain into the cable load to be effective. Select buffers with ± 
30 mA drive, 3 - 4 volt output swing, and full power bandwidth greater than that of the monitor. Buffers usually 
require negative supply voltages and thermal considerations. 

Manufacturer! Model/Part 
SuppUer Number DescriptIon 

Elantee EL2003 · 3dB/50 MHz Unity Gain into 50 n 
1996 Tarob Court 
Milpitas, CA 95035 EL2020 · 3dB/50 MHz Gain ~ 1 into 50 n 
(408) 945-1323 
U.K.: 0844-68781 

Harris Semiconductor HA-5033 · 3dB/50 MHz Unity Gain into 50 n 
2401 Palm Bay Road 
Palm Bay, FL 32905 HAI-2542 · 3dB/50 MHz Gain 2 into 150 n 
(305) 724-7418 

Comlinear Corporation CLC400 · 3dB!200 MHz Gain 2 into 100 n 
4800 Wheaton Drive 
P.O. Box 20600 
Fort Collins, CO 80522 
(303) 226-0500 

Other Components 

Metal film resistors are recommended for use with Brooktree's products because of low temperature coefficients and 
low current noise. 

For assistance in locating other components, call the Brooktree Technical Hotline at (800) VIDEO IC. 
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Brooktree Product Evaluation Boards 

Brooktree offers a wide range of Evaluation Module (EVM) and Device Under Test (OUT) boards to assist the designer 
in product evaluation. These boards are available through your sales representative or the Brooktree area sales office. 

EVM boards are complete evaluation modules and include all the logic for initial evaluation of the Brooktree product. 
These boards are designed to offer a functional evaluation with minimal equipment. usually only a power supply and 
an oscilloscope are required. 

OUT boards are a general purpose device test board and contain only the Brooktree product with design emphasis 
placed on the proper operating environment for layout and component placement. These boards will require all 
inputs. clocks. and power to be supplied through an external DIN connector. The power and ground layout on these 
boards has been optimized for best performance. 

Printed circuit artwork for the EVM and OUT boards is available upon request. For further information call the 
Brooktree Technical Hotline at (800) VIDEO IC. 

Device 

Bt101 

B£102 

Bt103 

Btl04/105 

Bt106 

Bt471/478 

Bt604 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego. CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Rev. A 

Board Number 

Bt101 EVM 

Bt102EVM 

Bt103 EVM 

Btl 04/1 05 EVM 

Btl06 EVM 

Bt471/478 EVM 

Bt604 EVM 

8 - 49 

Description 

Includes logic to generate full scale ramp and square 
wave outputs at full rated clock speeds . 

Same as the BtlOl EVM 

Same as the Bt101 EVM 

Does not include logic. Uses a half wide DIN 
connector for power/data and an SMA connector for 
analog video out. 

Same as the BtiOI EVM 

This is an adapter which allows the Bt471/478KPJ to 
be evaluated in a 28-pin socket. Includes circuitry for 
an optional voltage reference. Access to overlay 
input via header. 4 optional jumpers. 

Includes the necessary logic to evaluate the Bt604. 
Requites external trigger and -5.2V. 

• 
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Preliminary Information 

This document contains information on a new product. Parametric 
information, although not fully characterized, is the result of testing 
initial devices. 

Distinguishing Features 

• 125 MHz Maximum Trigger Rate 
• Less than ± I LSB Timing Accuracy 
• 15 ps Delay Resolution (4 ns Span) 
• Extendable Delay Span to 40 ns 
• Differential Trigger Inputs 
• lOKH ECL Compatible 
• Monolithic Construction 
• 28-pin Plastic I-Lead (PLCC) Package 
• Typical Power Dissipation: 910 mW 

Functional Block Diagram 

VBB 

DO· D7 """'h"--l LATCH 

CB' 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L604001 Rev. D 

1 EXT 

Applications 

• Automatic Test Equipment 
• Precision Timing Verniers 
• Arbitrary Waveform Generators 
• Multiple Phase Clock Generators 
• Computer Backplane Timing 

Related Products 

• Bt605, Bt606 

VEE vee 

~--+--Ol1l" 

r-t-+--our 
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Bt604 
125 MHz 

lOKH ECL Compatible 

Dynamically Programmed 

Timing Edge Vernier 

Product Description 

The Bt604 is a Dynamically Programmed 
Timing Edge Vernier, whose time delay is 
dynamically loaded upon each trigger of the 
circuit. In response to a trigger pulse, the 
Bt604 outputs a pulse of fixed width a 
programmable delay time later. 

With the delay span set to 4 ns, the Bt604 
features 15 ps of resolution (255 steps). The 
delay span is externally adjusted and is set in 
the range of 4 ns to 40 ns by IEXT. 

The device is 10KH ECL compatible with 
ECL inpuIs and has a differential ECL input 
trigger and output pulse. 

In applications for Automatic Test 
Equipment (ATE), the Bt604 forms the 
critical component in providing precise 
timing edges having fme resolution and 
excellent edge placement accuracy, and is 
suitable for use in testers featuring "timing 
changes on-the-fly". 

The Bt604 also meets the need for 
programmable time delays in numerous 
electronic instruments that perform signal 
modulation, processing, and generation. 

• 



Bt604 

Circuit Description 

As illustrated in the block diagram, the Bt604 
contains an 8-bit D/A converter, a linear ramp 
generator, and a comparator. 

Functional Operation 

Referring to Figures I and 2, if CE* is a logical zero, 
the differential input trigger (TRIG, TRIG*) initiates a 
linear ramp on the rising edge of TRIG and latches the 
DO - D7 input data which sets the DAC output voltage. 

The comparator detects when the ramp reaches the 
DACs programmed value, whereupon it initiates an 
output pulse of fixed width and resets the ramp. Upon 
resetting the ramp, the input data latch is made 
transparent, enabling DO - D7 to reprogram the DAC 
and permitting another trigger of the Bt604. 

Delay Calculations 

Referring to Figure 2, the output pulse delay consists 
of a minimum output delay (Tmin) and a 
programmable output delay (Tprog). For DO - D7 
equal to $00 the output delay will be Tmin and for $FF 
the output delay will be Tmax. 

The span of the delay range is: 

Tspan = Tmax - Tmin 

The output pulse delays are adjustable and are set by 
!EXT current flow through pin 12. Figure 3 shows the 
relationships Tspan vs. IEXT and Tspan vs. Tmin. 

Referring to Figure 4: 

!EXT = (VEXT + 1.25v) / (REXT + 26 ohms) 

Output Pulse Spacing 

Consecutive output pulses must be spaced no less 
than 8 ns apart 

lRIG 

DO-07, rn* 

OIIT 

Conditions for Optimum Performance 

The timing vernier is a mixed signal device and to 
obtain the maximum accuracy and stability over 
frequency there are specific conditions required to 
achieve maximum performance. The following 
recommendations are for maintaining the lowest 
linearity errors and minimizing the absolute timing 
variations over frequency. 

Do not expect optimum performance when operating 
the dev ice in a socket. Lead inductance, transmission 
line discontinuities and restricted air flow attributable 
to the use of a socket will degrade performance. 

A transverse air flow of 400 linear feet per minute is 
very important when considering error sources in the 
magnitude of tens of picoseconds. 

The ferrite chip bead selected for use with this device 
is critical. Use only the bead recommended. It is very 
important that this bead be mounted as close as 
possible to the VEE(l) power pins connecting the 
device to the power plane as illustrated in Figure 4. 
Connecting the decoupling capacitors directly to the 
VEE(l) pins will result in unstable operation. 

Note that all components must be placed as close to 
the pins as possible, and that all VCC pins must be 
connected together. 

The data set-up time for trigger of the device should be 
extended to Sns for on-the-fly applications. This will 
insure the best dynamic performance when making 
full scale transitions from code $FF to $00 which is 
when the worst case settling time conditions occur. 

A constant trigger pulse width should be maintained 
to achieve the best absolute time performance over 
frequency. A trigger pulse width of Tmin - SOOps is 
required to keep the falling edge of the trigger pulse 
width from occurring during the ramp. 

Figure 1. Input/Output Timing. 
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Broddree(!) Bt604 

Circuit Description (continued) 

VOLTAGE 

min 

output example 
range 
DAC ( 

max ...................................................................................................... . 

~------+--------+--------+----------.--~(m) 

Tmin Tprog 
Tmax 

OUT 

Figure 2. Linear Ramp and Output Pulse Timing. 

Iext(pA) 

~"TT",;"",.~"'" 

zroo+4~r+!4'~r+~r+4-~~~ 
+ .. ·++·t···· ··t·· .. ··t·· .-t-... +. 

2000 
i i ! 

:: .. \ .. : :It.t . =1=.: :~:: t::: =f. 
1400 1 i ! ! 

.+ ... ·++·t···· ··t···· ·t·· .+ ... +. 
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4 12 16 20 24 28 32 36 40 

TSpan(DS) 

Figure 3. 

Tmin(DS) 

10 
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5 

4 
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2~~~~~~~~~~ 
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Tspan(DS) 

Typical Output Delays. 
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Bt604 

Circuit Description (continued) 

Bt604 

so 

with VEXT connected to VCC: 

REXT Tspan 
(ohms) (ns) 

700 5 
1400 10 
2800 20 

maso 

-2V 

m=so so 

-2V 

so 

ALTIlRNA11l0Ull'llTLOADING: 

so 

Cl 

SCOPl! 
INP!IT 

OIIT.OUT" -,~I/'v-C:==D-+--t--
so 

-4V 

GROUND 

Location Description Vendor Part Number 

CI-C4 O.II1F ceramic capacitor Erie RPEll2Z5UI04M50V 
Ll ferrite chip bead TDK301210 

REXT 1 % metal film resistor Dale CMF-55C 

Note: The above listed vendor numbers are listed only as a guide_ Substitution of devices with similar 
characteristics will not affect the performance of the Bt604_ All devices should be as close as possible to the 
Bt604. 

Figure 4. Typical Connection Diagram and Parts List. 

9-8 



Bt604 

Pin Descriptions 

Pin Name 

DO-07 

CE* 

TRIG, TRIG* 

OUT,OUT* 

!EXT 

COMPI, COMP2 

VEE 

vee 

VBB 

Description 

Data input pins (ECL compatible). On the rising edge of TRIG, a ramp is initiated where upon 
DO - D7 are latched into the device. DO is the LSB. These inputs specify the amount of delay 
from the rising edge of TRIG to the output pUlse. See Figure 1. 

Chip enable input (ECL compatible). CE* must be a logical zero on the rising edge of the TRIG 
to enable the device to respond to the trigger. If CE* is floating, the trigger will always be 
enabled. See Figure 1. 

Differential trigger inputs (ECL compatible). The rising edge of TRIG is used to trigger the 
delay cycle if CE* is a logical zero. If CE* is a logical one, no operation occurs. It is 
recommended that triggering is performed using differential inputs. 

Differential outputs (ECL compatible). 

Current reference pin. The amount of current sourced into this pin determines the span of output 
delay. The voltage at IEXT is typically -1.25v. 

Compensation pins. A 0.1 J.1F ceramic capacitor must be connected between COMPI and VEE(O) 
and also COMP2 and VEE(O). See Figure 4. 

Device power. All VEE pins must be connected. 

Warning: It is important that a ferrite chip bead be used to connect the 
VEE (1) power pins to the power plane as illustrated in Figure 4. Connecting 
the decoupUng capacitors directly to the VEE(l) pins will result In unstable 
operation. 

Device ground. All VCC pins must be connected together. 

-1.3v (typical) output. 

DO 

D1 

D2 

D3 

D4 

DS 

D6 

~ ~ ~ 8 ~ tl 
> 

~ (1\ t;l !:t ~ ~ 

~ 

1!l 

18 N/C 

11 COMP2 

16 CE' 
IS COMP! 

14 N/C 

13 VBB 

12 I EXT 

Note: N/C pins may be left floating without affecting the performance of the Bt604. 
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Bt604 

Application Information 

Introduction 

The Bt604 Timing Edge Vernier uses an external 
current source to set and calibrate the time delay span, 
Tspan. This section describes how Tspan may be set 
using external resistors and how an external diode 
may be used to improve, by a factor of approximately 
3:1, the effects of temperature variations. 

In applications where the output time delay may be 
measured, Tspan may be automatically calibrated 
using an external programmable current source. Also 
described is how this can be achieved in a cost 
effective manner using Brooktree's BIlIO CMOS 
Octal 8-bit DAC. 

Tspan Temperature Compensation 

The Bt604 exhibits small changes in Tspan with 
changes in temperature caused by temperature 
coefficient differences between the minimum time 
delay (bnin) and the maximum time delay (Tmax), 
where: 

Tspan = Tmax - Tmin 

VBB 

DO-07 

TRIG 
TRIG" 

CE' 

1 EXT 

Tspan is set with an external current source (usually a 
resistor to a voltage VEXT) as shown in Figure 4. The 
Tspan positive temperature coefficient can be 
partially compensated with an external network 
exhibiting a negative temperature coefficient 
consisting of two resistors and an inexpensive 
IN4148 diode (see Figure 5). Resistors RI and R2 are 
selected from Table I according to the Tspan desired. 
R I and R2 are metal film resistors. R2 is selected or 
trimmed to obtain the desired Tspan. 

The 2 m V I·C decrease in the forward voltage drop 
across the diode provides the necessary small changes 
in current. This network is most effective over a 
temperature range of 40 to 60 ·C. Also shown in 
Table I are the temperature coefficients that can be 
expected over this temperature range for a 10· change 
in temperature. This is not a linear function in all 
cases. For example, with a 5 ns Tspan, Tmin may 
decrease from 40 to 50 ·C. and then increase from 50 
to 60 ·C. As a result, values shown are absolute 
values. 

VEE vee 

OlJT* 

OUT 

COMPt 

COMP2 

RIQR2 
IN4148 

GND 

Figure 5. Typical Temperature Compensation Circuit. 
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Application Information (continued) 

Tspan Calibration Using the Bt110 

The accuracy and stability of the circuit providing the 
reference current (IEXT) directly affects the timing 
span accuracy. Computing values for RI and R2 in 
Figure 5 results in a Tspan accuracy of better than ± 
20%. This may require the adjustment or trimming of 
R2 to set Tspan to the precision required by the 
application. Using the BtllO CMOS Octal 8-bit DAC 
can eliminate the need to trim resistors and provides a 
cost effective, low power solution to Tspan 
calibration. The block diagram of the BtllO is shown 
in Figure 6. 

For example, the Bt604 requires a nominal external 
current of 1780 IlA for a Tspan of 5 ns. When the 
span is set of 5 ns, the Tspan/lEXT ratio is typically 
2.80 pS/IlA. Setting Tspan with resistor values as per 
Table I could result in a Tspan error of ± 20%, or ±I 
ns. To correct for this error would require an 
adjustment of IEXT of ± I ns divided by 0.0028 ns/IlA 
or ± 357 1lA. If this IEXT adjustment is to be supplied 
by a DAC, then the full scale range would need to be 2 
x 357 = 714 IlA. An 8-bit DAC with this range would 
have a calibration resolution of 714 IlA divided by 
255 or 2.8 IlA per bit. This represents a calibration 
resolution of 2.8 IlA times 2.8 ps/1lA or 7.84 ps. 

Tspan RI R2 Tmin Tempco 
(ns) (ohms) (ohms) (ps/oC.) 

5 1000 1154 2.5 
10 2000 2411 2.5 
15 3300 3569 2.5 
20 4700 4590 4.0 

Bt604 

This can be stated more simply as: 

• Setting Tspan with resistors results in an 
error of± x%. 

• The Bt604 has 8 bits of resolution 
• Calibrating with an 8-bit DAC results in 

a calibration resolution of 2x% of I LSB 
of the Bt604 

• For Tspan = 5 ns 
I LSB = 5 ns/255 = 19.6 ns 
Calibration resolution for ± x = ± 20% is 
0.4 x 19.6 = 7.84 ps 

The circuit shown in Figure 7 implements the above 
using the Brooktree BtllO CMOS Octal 8-bit DAC. 
Resistor R5 provides a voltage drop so that the ± I v 
compliance range of the B t11 0 is not exceeded; 
variations in R5 have no effect on IEXT. 

The output range of the BtllO is set by R6: 

Range (1lA) = lOOO*YREF (v) / R6 (ohms) 

where YREF into the BIlIO may be set by the internal 
1.2v reference of the BtllO. Using this internal 
reference, the full scale gain error of the BIlIO is ± 
10%. Table 2 shows resistor values for the circuit in 
Figure 7. 

As the BtllO has eight 8-bit DACs, it is capable of 
calibrating up to eight Bt604s. 

Tmax Tempco Tspan Tempco 
(ps/oC.) (psJOC.) 

2.5 1.0 
2.5 LO 
2.5 2.0 
4.0 2.0 

Table 1. Component Values jor Figure 5. 
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Bt604 

Application Information (continued) 

YRBP 1N' YRBP COMP VltBP our VAA AOND 

IOUI'll lourl 

FSADIllST4 FSAWUSTI 
OOMPO ooMP. 
10111"7 l0UI'2 

IOUI'6 ICXJT3 
FSADJUBn FSAWUST2 

00MP3 00MP2 

10l1I'5 IOUI"4 

Figure 6. Block Diagram of the BtllO Octal a-Bit DAC. 

~lV COMPLIANCB 

/ 

R6 IN4148 R3 
·1.2SV 

/ 
GND _ .... _ .... __ 'VI __ .... ..;IEXT='-! Bt604 

Figure 7. Tspan Calibration Using the BtllO. 

Tspan R3 R4 R5 R6 Nominal Range 
(ns) (ohms) (ohms) (ohms) (ohms) of BtllO DAC (1lA) 

5 1000 1200 2500 1500 800 
10 2000 2700 4500 2660 450 
15 3300 3900 8100 4800 250 
20 4700 4700 17000 10000 120 

Table 2. Component Values for Figure 6. 
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Bt604 

Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Device Ground VCC 0 0 0 Volts 
Power Supply VFE - 4.9 - 5.2 - 5.5 Volts 
Reference Current !EXT 150 2500 IJA 
Ambient Operating Temperature TA 0 +70 ·C. 

Note: Thermal equilibrium is established by applying power for at least 2 minutes while maintaining a 
transverse air flow of 400 linear feet per minute over the device either mounted in the test socket or on the 
printed circuit board. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VEE (measured to VCC) - 8.0 Volts 

Voltage on any Digital Pin 0 VFE Volts 

Output Current - 30 rnA 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature 15 - 65 + 150 ·C. 
Junction Temperature TJ + 150 ·C. 

Vapor Phase Soldering TVSOL 220 ·C. 
(1 minute) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and fimctional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

9 -13 
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Bt604 

D.C. Characteristics 

Parameter Symbol TA("C.) Min Typ Max Units 

0 - 1170 - 840 mV 
Input High Voltage VIH +25 - 1130 - 810 mV 

+70 - 1070 - 735 mV 

0 - 1950 - 1480 mV 
Input Low Voltage vn. +25 - 1950 - 1480 mV 

+70 - 1950 - 1450 mV 

0 - 1020 - 840 mV 
Output High Voltage VOH +25 - 980 - 810 mV 

+70 - 920 -735 mV 

0 - 1950 - 1630 mV 
Output Low Voltage VOL +25 - 1950 - 1630 mV 

+70 - 1950 - 1600 mV 

0 20 IIA 
Input High Current 11H +25 15 IIA 

(Vin = VIHmax) +70 10 IIA 

0 0.5 IIA 
Input Low Current IlL +25 0.5 IIA 

(Vin = Vll.rnin) +70 0.5 IIA 

Output Delay Spans 
Differential Linearity Error Il.. ±05 LSB 
Integral Linearity Error IL ± 1.0 LSB 

VEE Supply Current lEE 175 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions". OUT and OUT* loading 
with 50 ohms to -2.Ov. 

Note: The specified limits shown can be met only after thermal equilibrium has been established. Thermal 
equilibrium is established by applying power for at least 2 minutes while maintaining a transverse air flow of 
400 linear feet per minute over the device either mounted in the test socket or on the printed circuit board. 
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Bt604 

A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Trigger Rate (note 1) Fmax 125 MHz 
Trigger Width High Twi 2 ns 

Output Pulse Width High Time Two 3 ns 
Output Pulse Rise/Fall Time 550 750 ps 
Output Pulse Spacing Ts 8 ns 

Output Delay 
Span Tspan 4 40 ns 
Resolution Tspan / 255 15.7 157 ps 
Tempco (5 ns Span) .1.Tspan/"C. 6 ps / ·C. 
Power Supply Rejection 80 ps/V 

DO - D7 Setup Time Tdsu 2.0 ns 
DO - D7 Hold Time Tdh 1.5 ns 

CE* Setup Time Tsu 2.0 ns 
CE* Hold Time Th 1.0 ns 

Test conditions (unless otherwise specified): "Recommended Operating Conditions". ECL input values are 
-0.89 to -1.69 volts, with input rise/fall times ~ 2 ns, measured between the 20% and 80% points. Timing 
reference points at 50% for inputs and outputs. OUT and OUT* loading with 50 ohms to -2.Ov. 

Note 1: Maximum Trigger Rate: 

Maximum Minimum Trigger Maximum Trigger 
Tspan (ns) Period (ns) Rate (MHz) 

4.0 8 125 
5.5 10 100 
7.5 12.5 80 
9.5 15 67 

13.4 20 50 
17.5 25 40 
21.2 30 33 
29.1 40 25 
37.0 50 20 

Maximum Tspan = «33*Period) - 96) / 42 

9 - 15 
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Bt604 

Ordering Information 

Ambient 
Model Number Package Temperature 

Range 

Bt604KPJ 28-pin Plastic O· to +70· C. 
J-Lead 

Timing Waveforms 

TWI 

r--\ 
TSU TIl 

msu TDH 

DO·D7 DATA 

DELAY TWO I 

OUT 

TS 

Figure 8. Input/Output Timing. 
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Preliminary Information 

This document contains information on a new product. Parametric 
information, although not fully characterized, is the result of testing 
initial devices. 

Distinguishing Features 

• 125 MHz Maximum Trigger Rate 
Less than ± 1 LSB Timing Accuracy 

• 15 ps Delay Resolution (4 ns Span) 
• Extendable Delay Span to 40 ns 
• Differential Trigger Inputs 
• lOKH ECL Compatible 
• Monolithic Construction 
• 28-pin Plastic I-Lead (PLCC) Package 
• Typical Power Dissipation: 910 mW 

Functional Block Diagram 

VBB 

:--1---+ 
00·D7 -j-;' ..... -t IATCH 

1100 
TRIG' 

CE' 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452·1249 
L605001 Rev. 0 

tEXT 

Applications 

• Automatic Test Equipment 
• Precision Timing Verniers 
• Arbitrary Waveform Generators 

Multiple Phase Clock Generators 
Computer Backplane Timing 

Related Products 

• Bt604, Bt606 

VEB vee 

"'q,--~+--olIT" 

r.......Jf--+-- alIT 

COMP! 

eoMP> 
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Bt605 
125 MHz 

10KH ECL Compatible 

Programmable 

Timing Edge Vernier 

Product Description 

The Bt605 is a Programmable Timing Edge 
Vernier, whose time delay is loaded 
independently of triggering the circuit. In 
response to a trigger pulse, the Bt605 
outputs a pulse of fixed width a 
programmable delay time later. 

With the delay span set to 4 ns, the Bt605 
features 15 ps of resolution (255 steps). The 
delay span is externally adjusted and is set in 
the range of 4 ns to 40 ns by IEXT. 

Separate to triggering of the device, a new 
8-bit value of delay is written in parallel (DO 
-07). 

The device is 10KH ECL compatible with 
ECL inputs and has a differential ECL input 
trigger, output pulse, and write input. 

In applications for Automatic Test 
Equipment (ATE), the Bt605 forms the 
critical component in providing precise 
timing edges having fine resolution and 
excellent edge placement accuracy. 

The Bt605 also meets the need for 
programmable time delays in numerous 
electronic instruments that perform signal 
modulation, processing, and generation. 



Bt605 

Circuit Description 

As illustrated in the block diagram, the Bt605 
contains an 8-bit O/A converter, a linear ramp 
generator, and a comparator. 

Functional Operation 

Referring to Figures 1 and 2, the linear ramp 
determines the span of delay and the OAC's output sets 
the delay value. The programmed value of delay is 
written into the OAC input register via 00 - 07 and 
WRITE. 

If CE* is a logical zero, the differential input trigger 
(TRIG, TRIG*) initiates a linear ramp on the rising 
edge of TRIG. The comparator detects when the ramp 
reaches the OACs programmed value, whereupon it 
initiates an output pulse of fixed width and resets the 
ramp. Resetting the ramp permits another trigger of 
the Bt605. 

Delay Calculations 

Referring to Figure 2, the output pulse delay consists 
of a minimum output delay (Tmin) and a 
programmable output delay (Tprog). For 00 - 07 
equal to $00 the output delay will be Tmin and for $FF 
the output delay will be Tmax. 

The span of the delay range is: 

Tspan = Tmax - Tmin 

The output pulse delays are adjustable and are set by 
IEXT current flow through pin 12. Figure 3 shows the 
relationships Tspan vs. IEXT and Tspan vs. Tmin. 

Referring to Figure 4: 

IEXT = (VEXT + l.25v) / (REXT + 26 ohms) 

lRIG 

oUT 

Output Pulse Spacing 

Consecutive output pulses must be spaced no less than 
8 ns apart. 

Conditions for Optimum Performance 

The timing vernier is a mixed signal device and to 
obtain the maximum accuracy and stability over 
frequency there are specific conditions required to 
achieve maximum performance. 

00 not expect optimum performance when operating 
the device in a socket. Lead inductance. transmission 
line discontinuities and restricted air flow attributable 
to the use of a socket will degrade performance. 

A transverse air flow of 400 linear feet per minute is 
very important when considering error sources in the 
magnitude of tens of picoseconds. 

The ferrite chip bead selected for use with this device 
is critical. Use only the bead recommended. It is very 
important that this bead be mounted as close as 
possible to the VEE(I) power pins connecting the 
device to the power plane as illustrated in Figure 4. 
Connecting the decoupling capacitors directly to the 
VEE(l) pins will result in unstable operation. 

Note that all components must be placed as close to 
the pins as possible, and that all VCC pins must be 
connected together. 

A constant trigger pulse width should be maintained 
to achieve the best absolute time performance over 
frequency. A trigger pulse width of Tmin - 500ps is 
required to keep the falling edge of the trigger pulse 
width from occurring during the ramp. 

DELAY 

Figure 1. Delay Timing. 
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Circuit Description (continued) 

VOLTAGE 

min 

output example 
range 
DAC [ 

max ........................................................................................................ . 

~------4---------~------~----------__ -~E(m) 
Tmin Tprog 

Tmax 

OUT 

Figure 2. Linear Ramp and Output Pulse Timing. 

lext (pA) Tmin (os) 

1 i j !. 
2000 

22oo+++H-+-t+H--H-;-t-+-H-H 
+- -.- .++.y .... ··t·· .. "T" .+ ..... -t-. 

:: 1:: ::r:1:t :. ::1::': ::;:: :t:::: ::::: 

1400t+\H-+-H-H+l+++H+l-l .+ .... ·-1--{-·t·· .. "T" .. ··f·· .+ ...... j .. 
1200 

1000 ··f- . ··r·t·+· . ).- . .+. ·t···· .. l.. 
i\i ;! ! ! 

200 ~+-l-i-i-+--I-+...;....j"""";....I-+-I--I~"::;:"'I 
4 12 16 20 24 28 32 36 40 

Tspan(os) 

Figure 3. 

.: ·:·¥r·: ·:·l:· :+.:1-:-:. :'l::t-: :.+.: ·:·t:l·: .::. 
2~~~~~~~~~H 

4 8 12 16 20 24 28 32 36 40 

Tspan(ns) 

Typical Output Delays. 
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Bt605 

Circuit Description (continued) 

Bt60S 

ZO-SO 
WRITE 

-2V 

7.0=50 
so 

WRITE' 

-2V 

so 
ZO=SO 

mIG 

-2V 

TRIG' 

-2V 

so 

with VEXT connected to VCC: 

REXT Tspan 
(ohms) (ns) 

700 S 
1400 10 
2800 20 

L1 
VEE(I)~JYrn_~ _____ ... 

IIDIT 

OIIT 

OIIT' 

RIDIT 

VIDIT 

-2V 

7.0=50 

-2V 

ALTBRNA'IE OUTPUT LOADING: 

50 

OUT,Our* 

-4V 

Cl 

SCOPE 
INPUT 

so 

-5_2V 

GROUND 

Location Description Vendor Part Number 

CI- C4 0_1 fJ.F ceramic capacitor Erie RPE112ZSUI04MSOV 
L1 ferrite chip bead TDK 301210 

REXT I % metal film resistor Dale CMF-SSC 

Note: The above listed vendor numbers are listed only as a guide_ Substitution of devices with similar 
characteristics will not affect the performance of the Bt60S_ All devices should be as close as possible to the 
Bt60S_ 

Figure 4. Typical Connection Diagram and Parts List. 
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Bt605 

Pin Descriptions 

Pin Name 

DO-D7 

WRITE, 
WRITE" 

CE* 

TRIG,TRIG* 

OUT,OUT* 

!EXT 

COMPI, COMP2 

VEE 

vee 

VBB 

Description 

Data input pins (ECL compatible). On the falling edge of WRITE, DO - D7 are latched into the 
DAC input register. DO is the LSB. These inputs specify the amount of delay from the rising 
edge of TRIG to the output pulse. 

Differential write inputs (ECL compatible). These inputs control the parallel data input latch. 
When WRITE is a logical one, the data latch is transparent. Data is latched on the falling edge 
of WRITE. A single-ended write may be used by connecting WRITE" to VBB. 

Chip enable input (ECL compatible). CE* must be a logical zero on the rising edge of TRIG to 
enable the device to respond to the trigger. If CE* is floating, the trigger will always be 
enabled. 

Differential trigger inputs (ECL compatible). The rising edge of TRIG is used to trigger the 
delay cycle if CE* is a logical zero. If CE* is a logical one, no operation occurs. It is 
recommended that triggering is performed using differential inputs. 

Differential outputs (ECL compatible). 

Current reference pin. The amount of current sourced into this pin determines the span of output 
delay. The voltage at IEXT is typically -1.25v. 

Compensation pins. A 0.1 ~F ceramic capacitor must be connected between COMPI and VEE(O) 
and also COMP2 and VEE(O). See Figure 4. 

Device power. All VEE pins must be connected. 

Warning: It is important that a ferrite chip bead be used to connect the 
VEE(l) power pins to the power plane as illustrated in Figure 4. Connecting 
the decoupUng capacitors directly to the VEE(l) pins will result in unstable 
operation. 

Device ground. All VCC pins must be connected together. 

-1.3v (typical) output. 

[j ~ 2 ~ [j ~ ~ > > 

:q 1\ ::l j:j .. $I ~ 

DO I. COMP2 

Dl 17 N/C 

02 14 N/C 

03 15 CE' 

D4 14 COMPI 

05 13 WRITE' 

06 12 VBB 

~ '" .- ~ ~ e ::; 

Note: N/C pins may be left floating without affecting the performance of the Bt605. 
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Bt605 

Application Information 

Introduction 

The Bt605 Timing Edge Vernier uses an external 
current source to set and calibrate the time delay span. 
Tspan. This section describes how Tspan may be set 
using external resistors and how an external diode 
may be used to improve. by a factor of approximately 
3:1. the effects of temperature variations. 

In applications where the output time delay may be 
measured. Tspan may be automatically calibrated 
using an external programmable current source. Also 
described is how this can be achieved in a cost 
effective manner using Brooktree's BtllO CMOS 
Octal 8-bit DAC. 

Tspan Temperature Compensation 

The Bt605 exhibits small changes in Tspan with 
changes in temperature caused by temperature 
coefficient differences between the minimum time 
delay (tmin) and the maximum time delay (Tmax). 
where: 

Tspan = Tmax - Tmin 

VBB 

:-+----1> 
00·D7 -+-~ ..... ~ 

TRIO 
TRIO' 

CE' 

I EXT 

Tspan is set with an external current source (usually a 
resistor to a voltage VEXT) as shown in Figure 4. The 
Tspan positive temperature coefficient can be 
partially compensated with an external network 
exhibiting a negative temperature coefficient 
consisting of two resistors and an inexpensive 
IN4148 diode (see Figure 5). Resistors RI and R2 are 
selected from Table I according to the Tspan desired. 
RI and R2 are metal film resistors. R2 is selected or 
trimmed to obtain the desired Tspan. 

The 2 m V I·C decrease in the forward voltage drop 
across the diode provides the necessary small changes 
in current. This network is most effective over a 
temperature range of 40 to 60 ·C. Also shown in 
Table 1 are the temperature coefficients that can be 
expected over this temperature range for a 10· change 
in temperature. This is not a linear function in all 
cases. For example. with a 5 ns Tspan. Tmin may 
decrease from 40 to 50 ·C. and then increase from 50 
to 60 ·C. As a result. values shown are absolute 
values. 

VEE vee 

'<l;:~--+-- OUT' 

r-+-~f-- OUT 

COMPI 

COMPl 

R10R2 
lN4148 

OND 

Figure 5. Typical Temperature Compensation Circuit. 
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Application Information (continued) 

Tspan Calibration Using the Bt110 

The accuracy and stability of the circuit providing the 
reference current (IEXT) directly affects the timing 
span accuracy. Computing values for RI and R2 in 
Figure 5 results in a Tspan accuracy of better than ± 
20%. This may require the adjustment or trimming of 
R2 to set Tspan to the precision required by the 
application. Using the BtllO CMOS Octal 8-bit DAC 
can eliminate the need to trim resistors and provides a 
cost effective, low power solution to Tspan 
calibration. The block diagram of the BtllO is shown 
in Figure 6. 

For example, the Bt605 requires a nominal external 
current of 1780 /LA for a Tspan of 5 ns. When the 
span is set of 5 ns, the Tspan/lEXT ratio is typically 
2.80 ps//LA. Setting Tspan with resistor values as per 
Table I could result in a Tspan error of ± 20%, or ±I 
ns. To correct for this error would require an 
adjustment of IEXT of ± I ns divided by 0.0028 ns/I.IA 
or ± 357 /LA. If this !EXT adjustment is to be supplied 
by a DAC, then the full scale range would need to be 2 
x 357 = 714/LA. An 8-bit DAC with this range would 
have a calibration resolution of 714 /LA divided by 
255 or 2.8 /LA per bit. This represents a calibration 
resolution of 2.8 /LA times 2.8 ps//LA or 7.84 ps. 

Tspan Rl R2 TminTempco 
(ns) (ohms) (ohms) (ps/·C.) 

5 1000 1154 2.5 
10 2000 2412 2.5 
15 3300 3569 2.5 
20 4700 4590 4.0 

Bt605 

This can be stated more simply as: 

Setting Tspan with resistors results in an 
error of ± x%. 

• The Bt605 has 8 bits of resolution 
• Calibrating with an 8-bit DAC results in 

a calibration resolution of 2x% of I LSB 
of the Bt605 

• For Tspan = 5 ns 
I LSB = 5 ns/255 = 19.6 ns 
Calibration resolution for ± x = ± 20% is 
0.4 x 19.6 = 7.84 ps 

The circuit shown in Figure 7 implements the above 
using the Brooktree BtllO CMOS Octal 8-bit DAC. 
Resistor R5 provides a voltage drop so that the ± Iv 
compliance range of the BtllO is not exceeded; 
variations in R5 have no effect on IEXT. 

The output range of the Btl 10 is set by R6: 

Range (/LA) = lOOO*VREF (v) I R6 (ohms) 

where VREF into the BtllO may be set by the internal 
1.2v reference of the BtllO. Using this internal 
reference, the full scale gain error of the BtllO is ± 
10%. Table 2 shows resistor values for the circuit in 
Figure 7. 

As the BtllO has eight 8-bit DACs, it is capable of 
calibrating up to eight Bt605s. 

TmaxTempco Tspan Tempco 
(ps/"C.) (ps/·C.) 

2.5 1.0 
2.5 1.0 
2.5 2.0 
4.0 2.0 

Table 1. Component Values for Figure 5. 
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Bt605 

Application Information (continued) 

VRBP IN VRBF COMP VREP our VAA AGND 

lotml lour! 

PSADJUST4 PSADruSTl 

COMP< COMP! 

10lTM lotm 

lOUTll lotm 
FSADJUST3 FS ADJUST2 

COMP> COMP2 

lour, lour. 

Figure 6. Block Diagram of the Bt1l0 Octal 8·Bit DAC. 

-1.25V 
R6 IN4148 R3 / 

OND --+--..... --Jlv"v--_-::::IEXT"-'-i Bt605 
R4 

Figure 7. Tspan Calibration Using the Bt1l0. 

Tspan R3 R4 R5 R6 Nominal Range 
(ns) (ohms) (ohms) (ohms) (ohms) of BtllO DAC (J.1A) 

5 1000 1200 2500 1500 800 
10 2000 2700 4500 2660 450 
15 3300 3900 8100 4800 250 
20 4700 4700 17000 10000 120 

Table 2. Component Values for Figure 6. 
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Bt605 

Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Device Ground VCC 0 0 0 Volts 
Power Supply VEE - 4.9 - 5.2 - 5.5 Volts 
Reference Current IFXT 150 2500 ~ 
Ambient Operating Temperature TA 0 +70 °C. 

Note: Thermal equilibrium is established by applying power for at least 2 minutes while maintaining a 
transverse air flow of 400 linear feet per minute over the device either mounted in the test socket or on the 
printed circuit board. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VEE (measured to VCC) - 8.0 Volts 

Voltage on any Digital Pin 0 VEE Volts 

Output Current - 30 rnA 

Ambient Operating Temperature TA - 55 + 125 °C. 
Storage Temperature TS - 65 + 150 °C. 
Junction Temperature TJ + 150 °C. 

Vapor Phase Soldering TVSOL 220 °C. 
(1 minute) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to ihe 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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Bt605 

D.C. Characteristics 

Parameter Symbol TA("C.) Min Typ Max Units 

0 - 1170 - 840 mV 
Input High Voltage vrn +25 - 1130 - 810 mV 

+70 - 1070 - 735 mV 

0 - 1950 - 1480 mV 
Input Low Voltage VIL +25 - 1950 - 1480 mV 

+70 - 1950 - 1450 mV 

0 - 1020 - 840 mV 
Output High Voltage VOH +25 - 980 - 810 mV 

+70 - 920 - 735 mV 

0 - 1950 - 1630 mV 
Output Low Voltage VOL +25 - 1950 - 1630 mV 

+70 - 1950 - 1600 mV 

0 20 J.lA 
Input High Current IIH +25 15 J.lA 

(Vin= VIHmax) +70 10 J.I.A 

0 0.5 J.I.A 
Input Low Current IlL +25 0.5 J.I.A 

(Vin = VILmin) +70 0.5 J.I.A 

Output Delay Spans 
Differential Linearity Error IL ± 0.5 LSB 
Integral Linearity Error 1L ± 1.0 LSB 

VEE Supply Current lEE 175 rnA 

Test conditions (unless otherwise specified): "Reconunended Operating Conditions". OUT and OUT" loading 
with 50 ohms to -2.Ov. 

Note: The specified limits shown can be met only after thermal equilibrium has been established. Thermal 
equilibrium is established by applying power for at least 2 minutes while maintaining a transverse air flow of 
400 linear feet per minute over the device either mounted in the test socket or on the printed circuit board. 
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Bt605 

A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Trigger Rate (note I) Fmax 125 MHz 
Trigger Width High Twi 2 ns 

Output Pulse Width High Time Two 3 ns 
Output Pulse Rise/Fall Time 550 750 ps 
Output Pulse Spacing Ts 8 ns 

Output Delay 
Span Tspan 4 40 ns 
Resolution Tspan /255 15.7 157 ps 
Tempco (5 ns Span) LlTspan/'C 6 ps / ·C. 
Power Supply Rejection 80 ps/V 

CE* Setup Time Tsu 2.0 ns 
CE* Hold Time Th 1.5 ns 

WRITE Pulse Width High Time Twh 2 ns 
DO - D7 Setup Time Tdsu 1 ns 
DO - D7 Hold Time Tdh 1.5 ns 

Test conditions (unless otherwise specified): "Recommended Operating Conditions". ECL input values are 
-0.89 to -1.69 volts, with input rise/fall times:;; 2 ns, measured between the 20% and 80% points. Timing 
reference points at 50% for inputs and outputs. OUT and OUT* loading with 50 ohms to -2.0v. 

Note 1: Maximum Trigger Rate: 

Maximum Minimum Trigger Maximum Trigger 
Tspan (ns) Period (ns) Rate (MHz) 

4.0 8 125 
5.5 10 100 
7.5 12.5 80 
9.5 15 67 

13.4 20 50 
17.5 25 40 
21.2 30 33 
29.1 40 25 
37.0 50 20 

Maximum Tspan = «33*Period) - 96) /42 
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Bt605 

Timing Waveforms 

::: ---------ID-w~m-H---------

Figure 8. Parallel Load Timing. 

1RIG 

TSU TIl 

CE' 

DELAY 

OlIT 

Figure 9. Delay Timing. 

Ordering Information 

Ambient 
Model Number Package Temperature 

Range 

Bt605KPJ 28-pin Plastic 00 to +700 c. 
J-Lead 
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Preliminary Information 

This document contains information on a new product. Parametric 
information, although not fully characterized, is the result of testing 
initial devices. 

Distinguishing Features 

• 20 ns to 200 ns Delay Span Selection 
• Less than ± I LSB Timing Accuracy 
• 30 MHz Maximum Trigger Rate 

Span Programmable Externally 
• Differential Trigger Inputs 
• lOKH ECL Compatible 

Monolithic Construction 
28-pin Plastic J-Lead (PLCC) Package 
Typical Power Dissipation: 910 mW 

Functional Block Diagram 

Applications 

• Automatic Test Equipment 
• Precision Timing Delays 
• Arbitrary Waveform Generators 

Multiple Phase Clock Generators 
Computer Backplane Timing 

Related Products 

• Bt604, Bt605 

WB V~ vee 

=-f---~ 

DO-D7 LATCH 

TRIG 
TRIGO 

CE' 

Brooktree Corporation 
9950 Bames Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L60600 1 Rev. D 

~--+--ollT" 

r-.-l--+--OtlT 

COMP! 

COMP2 

I EXT CEXT 
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Bt606 
20 ns to 200 ns Span 

10KH ECL Compatible 

Programmable 

Timing Edge Delay 

Product Description 

The Bt606 is a Programmable Timing Edge 
Delay, whose time delay is loaded 
independently of triggering the circuit. In 
response to a trigger pulse, the Bt606 
outputs a pulse of fixed width a 
programmable delay time later. 

The minimum output delay span is 20 ns in 
255 steps. The Bt606 is designed to be used 
for spans up to 200 ns, where the delay range 
is set by CEXT and may be further 
programmed and finally adjusted by IEXT. 

Separate to triggering of the device, a new 
8-bit value of delay is written in parallel (DO 
-D7). 

The device is 10KH ECL compatible with 
ECL inputs and has a differential ECL input 
trigger, output pulse, and write input. 

In applications for Automatic Test 
Equipment (ATE), the Bt606 forms the 
critical component in providing precise 
timing edges having fine resolution and 
excellent edge placement accuracy. 

The B t606 also meets the need for 
programmable time delays in numerous 
electronic instruments that perform signal 
modulation, processing, and generation. 



Bt606 

Circuit Description 

As illustrated in the block diagram, the Bt606 
contains an 8-bit D/A converter, a linear ramp 
generator, and a comparator. 

Functional Operation 

Referring to Figures J and 2, the linear ramp 
determines the span of delay and the DAC's output sets 
the delay value. The programmed value of delay is 
written into the DAC input register via DO - D7 and 
WRITE. 

If CE* is a logical zero, the differential input trigger 
(TRIG, TRIG*) initiates a linear ramp on the rising 
edge of TRIG. The comparator detects when the ramp 
reaches the DACs programmed value, whereupon it 
initiates an output pulse of fixed width and resets the 
ramp. Resetting the ramp permits another trigger of 
the Bt606. 

Delay Calculations 

Referring to Figure 2, the output pulse delay consists 
of a minimum output delay (Tmin) and a 
programmable output delay (Tprog). For DO - D7 
equal to $00 the output delay will be Tmin and for $FF 
the output delay will be Tmax. 

The span of the delay range is: 

Tspan = Tmax - Tmin 

The actual output delay range is determined by CEXT. 
The output pulse delays are further adjustable by IEXT. 
Figure 3 shows the relationships Tspan vs. IEXT and 
Tspan vs. Tmin for various values of CEXT. 

Referring to Figure 4: 

IEXT = (VEXT + l.25v) / (REXT + 26 ohms) 

TRIO 

CE' 

oUT 

Conditions for Optimum Performance 

The timing vernier is a mixed signal device and to 
obtain the maximum accuracy and stability over 
frequency there are specific conditions required to 
achieve maximum performance. 

Do not expect optimum performance when operating 
the device in a socket. Lead inductance, transmission 
line discontinuities and restricted air flow attributable 
to the use of a socket will degrade performance. 

A transverse air flow of 400 linear feet per minute is 
very important when considering error sources in the 
magnitude of tens of picoseconds. 

The ferrite chip bead selected for use with this device 
is critical. Use only the bead recommended. It is very 
important that this bead be mounted as close as 
possible to the VEE( 1) power pins connecting the 
device to the power plane as illustrated in Figure 4. 
Connecting the decoupling capacitors directly to the 
VEE(J) pins will result in unstable operation. 

Note that aU components must be placed as close to 
the pins as possible, and that aU VCC pins must be 
connected together. 

A constant trigger pulse width should be maintained 
to achieve the best absolute time performance over 
frequency. A trigger pulse width of Tmin - 500ps is 
required to keep the falling edge of the trigger pulse 
width from occurring during the ramp. 

Figure 1. Delay Timing. 
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Bt606 

Circuit Description (continued) 

VOLTAGE 

DAC [ output 
range 

min 

example --+----+---.....;~ ..... 

max 

1----+-----+----+-------1- TIME (ns) 

Tmin Tprog 
Tmax 

TRIG --1 
OUT 

Figure 2. Linear Ramp and Output Pulse Timing. 

IEXT(PA) Tmin(ns) 

1200 TT..,. ..... --;--.,.-...,--r--r--. 

::~::::::::.::::::E:::t:::I:::::::::::.:::::: 
~ .--r~-'--r-'--r~-' 

i 

1100 

1000 

900 ::::::. ::1:: ::::::~::::::I::::::t:::::: :::::: .:::::: 
800 +-++t--+--i-+-+-+-I 
700 :::::: .f:~ ::::::F:::r:::::C::: .::::: .::::: 

6
5
00
00 

::::::. ::\: tt::::::j::::::t::::= ==:: ::::= 
....... ~::\ ···\biitp·-r-···· ............ . 

1\ i i 

::::::::::::::~14::::::::::::::::: 
200 :::::: :::::: :::!~p.f.W:=~5 
100+-~-+~--r-~~-+~ 

o 50 100 150 200 

40 

30 

20 

10 

o 50 100 

Tspan (os) Tspan (os) 

Figure 3. Typical Output Delays. 
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Bt606 

Circuit Description (continued) 

-5.N 
Cl 

7.0=50 
WRITE 

-N 

7.0=50 
50 GROUND 

WRITE' 

-2V 
7.0=50 

50 OUT 

7.0=50 
-2V TRIG 

-N 7.0=50 

50 OUT 
7.0=50 

, 
TRIG' -2V 

-N 

50 

OlIT,OUf'I' 

i SCOPE 

f'~ roo" , i r-
-4V ' 

ALTERNATE OUTPUT LOADING: 

Location Description Vendor Part Number 

CI-C4 0.1 I-lF ceramic capacitor Erie RPE1l2Z5UI04M50V 
L1 ferrite chip bead TDK 301210 

REXf 1 % metal film resistor Dale CMF-55C 
C5 5 pF to 20 pF ceramic chip capacitor 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt606. All devices should be as close as possible to the 
Bt606. 

Figure 4. Typical Connection Diagram and Parts List. 
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Bt606 

Pin Descriptions 

Pin Name 

DO-D7 

WRIT'E, 
WRITE* 

CE* 

TRIG,TRIG* 

OUT,OUT* 

CEXf 

COMPI, COMP2 

Description 

Data input pins (ECL compatible). On the falling edge of WRITE, DO - D7 are loaded into the 
DAC input register. DO is the LSB. These inputs specify the amount of delay from the rising 
edge of TRIG to the output pulse. 

Differential write inputs (ECL compatible). These inputs control the parallel data input latch. 
When WRITE is a logical one, the data latch is transparent. Data is latched on the falling edge 
of WRITE. A single-ended write may be used by connecting WRITE* to VBB. 

Chip enable input (ECL compatible). CE* must be a logical zero on the rising edge of TRIG to 
enable the device to respond to the trigger. If CE* is floating, the trigger will always be 
enabled. 

Differential trigger inputs (ECL compatible). The rising edge of TRIG is used to trigger the 
delay cycle if CE* is a logical zero. If CE* is a logical one, no operation occurs. It is 
recommended that triggering is performed using differential inputs. 

Differential outputs (ECL compatible). 

Current reference pin. The amount of current sourced into this pin determines the span of output 
delay. The voltage at IEXT is typically -1.25v. 

External capacitor pin. The amount of capacitance between this pin and VCC determines the 
delay range. 

Compensation pins. A 0.1 ~F ceramic capacitor must be connected between COMPI and VEE(O) 
and also COMP2 and VEE(O). See Figure 4. 
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Bt606 

Pin Descriptions (continued) 

Pin Name 

VFE 

vee 

VBB 

Description 

Device power. All VEE pins must be connected. 

Warning: It Is Important that a ferrite chip bead be used to connect the 
VEE(l) power pins to the power plane as Illustrated In Figure 4. Connecting 
the decoupllng capacitors directly to the VEE(l) pins will result In unstable 
operation. 

Device ground. All VCC pins must be connected together. 

-1.3v (typical) output. 

~ ~ g ~ u ~ ~ u 
> > 

:q ~ \1l !'j l::l '11 !!) 

DO 18 COMPZ 

Dl 17 NjC 

oz 16 NjC 

03 15 CE' 

D4 14 COMPI 

os 13 WRITB' 

D6 12 VBB 

'" '" '" S ::: 

S ~~~i§i 

Note: N/C pins may be left floating without affecting the performance of the Bt606. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Device Ground vee 0 0 0 Volts 
Power Supply VEE - 4.9 - 5.2 -5.5 Volts 
Reference Current !EXT 150 2500 J.IA 
Ambient Operating Temperature TA 0 +70 °C. 

Note: Thermal equilibrium is established by applying power for at least 2 minutes while maintaining a 
transverse air flow of 400 linear feet per minute over the device either mounted in the test socket or on the 
printed circuit board. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VEE (measured to VCC) - 8.0 Volts 

Voltage on any Digital Pin 0 VEE Volts 

Output Current - 30 rnA 

Ambient Operating Temperature TA - 55 + 125 °C. 
Storage Temperature TS - 65 + 150 °C. 
Junction Temperature TJ + 150 °C. 

Vapor Phase Soldering TVSOL 220 °C. 
(l minute) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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Bt606 

D.C. Characteristics 

Parameter Symbol TA(OC.) Min Typ Max Units 

0 - 1170 - 840 mV 
Input High Voltage vrn +25 - 1130 - 810 mV 

+70 - 1070 -735 mV 

0 - 1950 - 1480 mV 
Input Low Voltage VIL +25 - 1950 - 1480 mV 

+70 - 1950 - 1450 mV 

0 - 1020 - 840 mV 
Output Higli Voltage VOH +25 - 980 - 810 mV 

+70 - 920 -735 mV 

0 - 1950 - 1630 mV 
Output Low Voltage VOL +25 - 1950 - 1630 mV 

+70 - 1950 - 1600 mV 

0 10 IIA 
Input High Current Ill:I +25 10 IIA 

(Yin = VIHmax) +70 10 IIA 

0 0.5 IIA 
Input Low Current IlL +25 0.5 IIA 

(Vin = VILmin) +70 0.5 IIA 

Output Delay Spans 
Differential Linearity Error IL ± 0.5 LSB 
Integral Linearity Error n. ± 1.0 LSB 

VEE Supply Current lEE 175 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions". OUT and OUT'" loading 
with 50 ohms to -2.Ov. 

Note: The specified limits shown can be met only after thermal equilibrium has been established. Thermal 
equilibpum is established by applying power for at least 2 minutes while maintaining a transverse air flow of 
400 linear feet per minute over the device either mounted in the test socket or on the printed circuit board. 
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Bt606 

A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Trigger Rate (note 1) Fmax 30 MHz 
Trigger Width High Twi 2 ns 

Output Pulse Width High Time Two 3 ns 
Output Pulse RiseIF all Time 550 750 ps 

Output Delay 
Span Tspan 20 200 ns 
Resolution Tspan /255 78.4 784 ps 
Tempco (20 ns Span) t.Tspan/'C tbd ps / ·C. 
Power Supply Rejection 80 ps/V 

CE* Setup Time Tsu 2.0 ns 
CE* Hold Time Th 1.5 ns 

WRITE Pulse Width High Time Twh 2.0 ns 
DO - D7 Setup Time Tdsu 1.0 ns 
DO - D7 Hold Time Tdh 1.5 ns 

Test conditions (unless otherwise specified): "Recommended Operating Conditions". ECL input values are 
-0.89 to -1.69 volts, with input rise/fall times :S 2 ns, measured between the 20% and 80% points. Timing 
reference points at 50% for inputs and outputs. OUT and OUT* loading with 50 ohms to -2.Ov. 

Note 1: Maximum Trigger Rate: 

CEXT Tspan (ns) Maximum Trigger CEXT Tspan (ns) Maximum Trigger 
Rate (MHz) Rate (MHz) 

10 pF 20 30 20pF 75 8 
30 20 100 6 
40 15 125 5 
50 12 150 4.3 
60 10 175 3.7 
80 7.5 200 3.3 

100 6 
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Bt606 

Timing Waveforms 

::: ---------TIOO--~ro-H----------

Figure 5. Parallel Load Timing. 

1RI0 

CE' 

our 

Figure 6. Delay Timing. 

Ordering Information 

Ambient 
Model Number Package Temperature 

Range 

Bt606KPJ 28-pin Plastic 00 to +100 C. 
J-Lead 
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Preliminary Information 

This document contains information on a new product. Parametric 
information, although not fully characterized, is the result of testing 
initial devices. 

Distinguishing Features 

1.8 ns Maximum Propagation Delay 
0.8 ns Latch Setup Time 
0.0 ns Latch Hold Time 
250 MHz Bandwidth 
38 dB Gain at 500 MHz 
± 3.3v Common Mode Range 

, +5v, -5.2v Power Supplies 
10KH ECL Compatible 
16-pin DIP or 20-pin LCC Package 
Typical Power Dissipation: 280 mW 

Functional Block Diagram 

ALB 

·AIN 

Al1!' 

BLB 

• BIN 

• BIN 

BLE' 

Brooktree Corporation 
9950 Bames Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L687oo1 Rev. D 

K 

l' 
K 

-1 
r 1 

vee GND 

> 

> 

Applications 

Automatic Test Equipment 
Instrumentation 

, Window Comparators 
, Line Receivers 
, Threshold Detection 

Related Products 

, Bt688, Bt689 

QA 

QA' 

QB 

QB' 

1 
VEH 
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Bt687 
Ultra Fast 

10KH ECL Compatible 

Dual Comparator 

Product Description 

The Bt687 is an ultra-fast dual comparator, 
compatible to other '687 -type devices. It is 
manufactured with a high performance 
bipolar process and can drive 50-ohm 
terminated transmission lines. 

Each comparator has a latch function, with 
differential inputs, for sampling of input 
waveforms. Outputs are latched when LE is a 
logical zero and LE* is a logical one. 

The Bt687 has the gain and bandwidth to 
track very fast input signals, and offers 
significant improvements in timing accuracy 
over existing comparators . 
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Bt687 

Pin Descriptions 

Pin Name 

AIN+.AIN-. 
BIN+.BIN-

QA.QA*. 
QB.QB* 

ALB.ALE*. 
BLE.BLB* 

GND 

vee 

Description 

Differential analog inputs. AIN+ and BIN+ are noninverting while AIN- and BIN- are inverting. 
If a comparator is not used. the inputs must be at least one diode drop apart (within the 
recommended common mode range) to force the outputs to a fIXed state. the LB* input should be 
connected to GND. the LE input may remain floating. 

Differential outputs (ECL compatible). 

Differential latch enable inputs (ECL compatible). In the compare mode (LE = logical one and 
LE* = logical zero). Q and Q* will track changes at the IN+ and IN- inputs. In the latch mode (LE 
= logical zero and LB* = logical one). Q and Q* will reflect the input state of IN+ and IN- just 
prior to switching to the latch mode. The compare mode may be continuously enabled by 
grounding LE and floating LB*. 

Ground. All GND pins must be connected together as close to the device as possible. 

Positive supply. typically +Sv. 

Negative supply. typically -S.2v. 

16-pin DIP Package 20-pin Ceramic Leadless 
Chip Carrier Package 

~ ~ ~ • B 
~ > QA QB 

QA' QB' 

GND GND 

ALE BLB 
QB' BIN· 

ALB' BLB' 
QB BIN+ 

VBB vee N/C N/C 
QA AIN+ 

·AIN -BIN 
QA' AIN-

+AIN + BIN 

~ ~ ~ ~ ~ 
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Application Information 

Power Supply Decoupling 

Both the VCC and VEE supply pins should be 
separately decoupled to GND with a 0.1 J.LF ceramic 
chip capacitor in parallel with a 0.001 J.LF chip 
capacitor. The bypass capacitors should be as close 
as possible to the device. 

A ground plane is recommended to provide a low 
inductance ground return path. 

ECL Terminations 

The B t687 has open-emitter outputs, thus, they must 
be terminated through 50-ohm resistors to -2v or the 
equivalent. Microstrip layout techniques are 
recommended. The impedance at the inputs should be 
as low as possible, and lead lengths kept to a 
minimum. 

Hysteresis Control 

An alternate use of the latch enable inputs is as a 
hysteresis control. By varying the differential 
voltage between LE and LE*, small variations in the 
hysteresis may be attained. 

For example, there is minimal hysteresis when the 
differential voltage between LE and LE* is large (e.g. 
LE grounded and LE* is floating). With both LE and 
LE* grounded, then a small (less than 10 mV) 
switching hysteresis may be achieved. 
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Bt687 

Delay Dispersion 

Given a constant temperature and voltage 
environment (within the bounds of the Recommended 
Operating Conditions), the dispersion parameter 
(TSD) indicates how much propagation delay time 
variation can be expected for one comparator when 
given a wide range of input conditions. 

The input conditions are defmed in terms of slew rate 
and input threshold. A set of "typical" ECL and TTL 
waveforms were defined and a separate group of 
dispersion parameters measured for each. These sets 
of waveforms are shown in Figures 2 and 3. 

Given any combination of input slew rate and input 
threshold within the bounds described in Figures 2 and 
3, timing characteristics can be described as: 

TNOM±TSD 

where TNOM is the nominal delay or setup time which 
will vary with temperature, voltage, and package 
type, and will vary from part to part. In all 
state-of-the-art Automated Test Equipment 
applications, TNOM is calibrated. TSD includes 
factors which normally are not taken into account 
when doing system calibration. 

• 



Bt687 

Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Positive Power Supply VCC 4.75 5.00 5.25 Volts 
Negative Power Supply WE - 4.90 - 5.20 - 5.50 Volts 
Ground GND 0 Volts 
Ambient Operating Temperature TA -25 +85 ·C. 

Note: Thermal eqUilibrium is established by applying power for at least 2 minutes while maintaining a 
transverse air flow of 400 linear feet per minute over the de~ice either mounted in the test socket or on the 
printed circuit board. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VCC (relative to GND) 7.0 Volts 
VEE (relative to GND) - 8.0 Volts 

Input Voltages 
- A1N, + A1N, - BIN, + BIN WE vee Volts 
ALB. ALE*, BLE, BLE* WE + 1.0 Volts 

Differential Input Voltage ± 6.0 Volts 

Output Current -50 rnA 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·C. 
Junction Temperature TJ + 175 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds, 1/4" from pin) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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Bt687 

D.C. Characteristics 

Parameter Symbol TA(OC.) Min Typ Max Units 

- 25 - 1210 - 870 mV 
Digital Input High Voltage* VIH +25 - 1130 - 810 mV 

+85 - 1060 - 720 mV 

-25 - 1950 - 1510 mV 
Digital Input Low Voltage* VIL +25 - 1950 - 1480 mV 

+85 - 1950 - 1445 mV 

- 25 - 1060 - 870 mV 
Digital Output High Voltage* VOH +25 - 980 - 810 mV 

+ 85 - 910 - 720 mV 

- 25 - 1950 - 1660 mV 
Digital Output Low Voltage* VOL +25 - 1950 - 1630 mV 

+ 85 - 1950 - 1595 mV 

Analog Input Voltage Range* VCM - 3.3 + 3.3 Volts 

Analog Input Offset Voltage** vas ±5 mV 
Tempco** VOSTC 5 Jl.V/oC. 

Analog Input Bias Current ill ±20 IIA 
Analog Input Offset Current lOS ±5 IIA 

Analog Input Resistance RIN 100 Kohms 
Analog Input Capacitance ClN 2 pF 

Digital Input Current UN 70 IIA 
(Vin = VIHmax, VILmin) 

Common Mode Rejection Ratio CMRR 70 dB 

Power Supply Rejection Ratio PSRR 60 dB 

VCC Supply Current ICC 30 45 rnA 
VEE Supply Current lEE 25 38 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with QA, QA*, QB, and 
QB* loading of 50 ohms to -2.Ov. 

*Relative to GND. 

**Rs S 100 ohms. 

The specified limits shown can be met only after thermal equilibrium has been established. Thermal equilibrium 
is established by applying power for at least 2 minutes while maintaining a transverse air flow of 400 linear feet 
per minute over the device either mounted i'l the test socket or on the printed circuit board. 
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Bt687 

A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Propagation Delays (note I) 
Input to Output High TPDt- 1.8 ns 
Input to Output Low TPD- 1.8 ns 

Delay Dispersion (note 2) TSD ±75 ps 

Propagation Delay Tempco 
Input to Output TPDfC 4 pS I ·C. 
Latch Enable to Output 1ENTC 4 pS I ·C. 

Propagation Delay Skew (note 3) 80 ps 

Latch Enable Setup Time TS 0.8 ns 
Latch Enable Hold Time 1H 0 ns 
Latch Enable Pulse Width TPW 1.5 ns 
Latch Enable to Output High TPDt-(E) 1.5 ns 
Latch Enable to Output Low TPD-(E) 1.5 ns 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with TA = 25 ·C. and QA. 
QA*. QB. and QB* loading of 50 ohms to -2.0v. Timing reference points at 50% for Q and Q* outputs and latch 
enable inputs. 

Note 1: Input to Output propagation delays (at standard test levels) specify the delay measured from the time 
the input signal crosses the input offset voltage (VOS) to the 50% point of a HIGH or LOW output 
transition. Vin = 1 volt. Vod = 100' mV. Fin = 10 MHz. Tr and Tf = Ivins measured between the 20% 
and 80% points. 

Note 2: Delay dispersion refers to both TTL and ECL signal dispersion. 

TTL dispersion: Input to output propagation delay dispersion of a given part for 2.5v TTL signals 
(see Figure 2). Input threshold range is between the 20% and 80% points for slew rates between 
0.25v/ns to IvIns for both rising and falling edges. Outputs are measured at the Q and Q* cross point. 

ECL dispersion: Input to output propagation delay dispersion of a given part for Iv ECL signals (see 
Figure 3). Input threshold range is between the 20% and 80% points for §lew rates between 0.25v/ns to 
1 v Ins for both rising and falling edges. Outputs are measured at the Q and Q* cross point. 

Note 3: Comparator A to comparator B delay skew in a given part under the same conditions. with latches 
transparent. 

The specified limits shown can be met only after thermal eqUilibrium has been established. Thermal equilibrium 
is established by applying power for at least 2 minutes while maintaining a transverse air flow of 400 linear feet 
per minute over the device either mounted in the test socket or on the printed circuit board. 
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Bt687 

Timing Waveforms 

OOMPARE 

r--v---LE" v SO'JI, 

LE " "-----'i'-LATCH 
TS 1H TPW(B) 

DIFFERIlNTIAL 

INPUT tVIN \ ~ V 
VOLTAGE VOS 

vont TPD(B) 
TFD 

Q .................................................................................................................................. 1/:: SO'JI, 

Figure 1. Input/Output Timing. 

Ordering Information 

Ambient 
Model Number Package TemperatDre • Range 

Bt687BC 16-pin CERDIP _25 0 to +850 C. 

Bt687BL 20-pin Ceramic _250 to +850 C. 
Leadless Chip 

Carrier 
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Bt687 

Timing Waveforms (continued) 

2.SV------r------~ 
2nV ---r--~~----~~---

THRBSHOIJ) 

RANGB O.2SV INS 

05 V •••••••••••••• 1... .......................... ~~~.~~ .......... . 
OV ____ ...Y 

Note: Test conditions include both rising and falling edges. 

Figure 2. TTL Dispersion Test Input Conditions. 

·O.8V 

·lnV 

·1.6V 

• 1.8 V 

INPIlT 

THRBSHOIJ) 

Note: Test conditions include both rising and falling edges. 

Figure 3. ECL Dispersion Test Input Conditions. 
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Preliminary Information 

This document contains information on a new product. Parametric 
information, although not fully characterized, is the result of testing 
initial devices. 

Distinguishing Features 

• -HI.2v, -2.2v Common Mode Range 
with +8v, -6.2v Supplies 

• Operates down to +5v, -5.2v Supplies 
• Typical Input Bias Current < 211A 
• 2.8 ns Maximum Propagation Delay 
• 1.2 ns Latch Setup Time 
• 0 ns Latch Hold Time 
• 40 dB Gain at 300 MHz 
• 10KH ECL Compatible 
• Bt687 Pin Compatible 
• 16-pin Plastic DIP or 20-pin LCC 

Package 
• Typical Power Dissipation: 250m W to 

365mW depending on Power Supplies 

Functional Block Diagram 

-...l 
> 

l' 

ALB 

·AIN 

_AIN 

'-l 
> 

-1 

BLE 

• BIN 

_BIN 

BUI· 

f f 

Applications 

• Automatic Test Equipment 
• Instrumentation 
• Window Comparators 
• Line Receivers 
• Threshold Detection 

Related Products 

• Bt687 
• Bt689 

QA 

QAO 

QB 

QBO 

f 
vee OND VEE 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L688001 Rev. C 9 -47 

Bt688 
High Speed 

lOKH ECL Compatible 

Wide Input Voltage 

Dual Comparator 

Product Description 

The Bt688 is an extremely fast dual 
comparator, designed with a wide input 
voltage range allowing direct interfacing to 
TTL or ECL input signals. It is manufactured 
with a high performance bipolar process and 
can drive 50-ohm terminated transmission 
lines. 

Each comparator has a latch function, with 
differential inputs, for sampling of input 
waveforms. Outputs are latched when LE is a 
logical zero and LB· is a logical one. 

In the application of Automatic Test 
Equipment (ATE), the Bt688 provides the 
function of the Pin Electronics Comparator, 
having sufficient voltage range and low bias 
current to monitor output from ECL, TTL, and 
CMOS devices under test. The Bt688 
eliminates the need for a buffer amplifier 
between the comparator and the device under 
test. 

As a Pin Electronics Comparator (and in 
similar applications), the Bt688 will be 
more cost effective, faster and have much 
improved timing accuracy than solutions 
requiring a comparator and an additional 
input buffer . 

• 



Bt688 

Pin Descriptions 

Pin Name 

AIN+, AIN-, 
BlN+,BlN-

QA,QA*, 
QB,QB" 

ALE,ALE", 
BLE,BLE* 

GND 

vee 

VFE 

Description 

Differential analog inputs. AIN+ and BlN+ are noninverting while AIN- and BlN- are inverting. 
If a comparator is not used, the inputs must be at least one diode drop apart (within the 
recommended common mode range) to force the outputs to a fixed state, the LE" input should be 
connected to GND, the LE input may remain floating. 

Differential outputs (ECL compatible). 

Differential latch enable inputs (ECL compatible). In the compare mode (LE = logical one and 
LE" = logical zero), Q and Q* will track changes at the IN+ and IN- inputs. In the latch mode (LE 
= logical zero and LE" = logical one), Q and Q* will reflect the input state of IN+ and IN - just 
prior to switching to the latch mode. The compare mode may be continuously enabled by 
floating LE* and connecting LE to any valid ECL input voltage (logical one or zero). 

Ground. All GND pins must be connected together as close to the device as possible. 

Positive supply, typically +8.Ov. 

Negative supply, typically -6.2v. 

Note: The Bt688 may operate over a wide range of power supply voltages. 

16-pin DIP Package 20-pin Ceramic Leadless 
Chip Carrier Package 

~ ~ ~ ~ 
QA QB '" ~ '" > 

QA' QB' 

GND GND 

ALE BLE 
QB' BIN· 

ALE' BLE' 
QB BIN+ 

VEE vee NiC NiC 

QA AIN+ 
·AIN • BIN 

QA' AIN· 
+AIN + BIN 

~ ~ ~ ~ ill 
> 
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Application Information 

Power Supply Decoupling 

Both the VCC and VEE supply pins should be 
separately decoupled to GND with a 0.1 I1F ceramic 
chip capacitor in parallel with a 0.001 I1F chip 
capacitor. The bypass capacitors should be as close 
as possible to the device. 

A ground plane is recommended to provide a low 
inductance ground return path. 

ECL Terminations 

The B t688 has open-emitter outputs, thus, they must 
be terminated through 50-ohm resistors to -2v or the 
equivalent. Microstrip layout techniques are 
recommended. The impedance at the inputs should be 
as low as possible, and lead lengths kept to a 
minimum. 

Hysteresis Control 

An alternate use of the latch enable inputs is as a 
hysteresis control. By varying the differential 
voltage between LB and LE*, small variations in the 
hysteresis may be achieved. For example, there is 
minimal hysteresis when the differential voltage 
between LE and LB· is large (e.g. LB logical I, and 
LE* is at logical zero). With both LB and LE* at the 
same potential, 10m V switching hysteresis may be 
achieved. 

Input Protection 

Figure 1 shows a means for input protection when the 
B t688 is used in the application as a Pin Electronics 
Comparator. The Bt688 inputs have intrinsic diode 
clamps to the VCC and VEE supplies. All that is 

DEVICE IlNDllR 
TBST 

100 

0.01 

Bt688 

needed is the current limiting network as indicated to 
protect the inputs from overvoltage. Such schemes 
may be implemented with the B t688 due to its high 
differential input range. 

Delay Dispersion 

Given a constant temperature and voltage 
environment (within the bounds of the Recommended 
Operating Conditions), the dispersion parameter 
(TSD) indicates how much propagation delay time 
variation can be expected for one comparator when 
given a wide range of input conditions. 

The input conditions are defmed in terms of slew rate 
and input threshold. A set of "typical" ECL and TTL 
waveforms were defined and a separate group of of 
dispersion parameters measured for each. These sets 
of waveforms are shown in Figures 3 and 4. 

Given any combination of input slew rate and input 
threshold within the bounds described in Figures 3 and 
4, timing characteristics can be described as: 

TNOM±TSD 

where TNOM is the nominal delay or setup time which 
will vary with temperature, voltage, and package 
type, and will vary from part to part. In all 
state-of-the-art Automated Test Equipment 
applications, TNOM is calibrated. TSD includes 
factors which normally are not taken into account 
when doing system calibration. 

COMPARE HIGH 

VOLTAGB 

Figure 1. Typical Input Protection Circuit. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Positive Power Supply VCC 4.5 8.0 8.5 Volts 
Negative Power Supply VEE - 4.2 - 6.2 - 6.6 Volts 
Ground GND 0 Volts 
Ambient Operating Temperature TA 0 +70 ·C. 

Note: Thermal equilibrium is established by applying power for at least 2 minutes while maintaining a 
transverse air flow of 400 linear feet per minute over the device either mounted in the test socket or on the 
printed circuit board. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VCC (relative to GND) tbd Volts 
VEE (relative to GND) -tbd Volts 

Input Voltages 
- AIN. + AIN. - BIN. + BIN VEE-O.7 VCC+0.7 Volts 
ALE, ALE*. BLE, BLE* VEE +1.0 Volts 

Differential Input Voltage 
AIN.BIN ± 16.0 Volts 
ALE.BLE ± 6.0 Volts 

Output Current - 50 rnA 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature 15 - 65 + 150 ·C. 
Junction Temperature TJ 

Ceramic Package + 175 ·C. 
Plastic Package + 150 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds. 1/4" from pin) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol TAeC.) Min Typ Max Units 

0 - 1170 - 840 mV 
Digital Input High Voltage* VlH +25 - 1130 - 810 mV 

+70 - 1070 - 735 mV 

0 - 1950 - 1480 mV 
Digital Input Low Voltage* VIL +25 - 1950 - 1480 mV 

+70 - 1950 - 1450 mV 

0 - 1020 - 840 mV 
Digital Output High Voltage* VOH +25 - 980 - 810 mV 

+70 - 920 - 735 mV 

0 - 1950 - 1630 mV 
Digital Output Low Voltage* VOL +25 - 1950 - 1630 mV 

+70 - 1950 - 1600 mV 

Analog Input Voltage Range* VCM VEE + VCC+ Volts 
4.0 0.2 

Analog Input Offset Voltage** VOS ±5 mV 
Tempco** vosrc 5 IlV/ ·C. 

Analog Input Bias Current (note 1) IB 1.8 5 JlA. 
Analog Input Offset Current lOS 2 JlA. 

Analog Input Capacitance CIN 2 pF 

Digital Input Current lIN 20 JlA. 
(Vin = VIHmax, VILmin) 

Common Mode Rejection Ratio CMRR 70 dB 

Power Supply Rejection Ratio PSRR 70 dB 

VCC Supply Current ICC 16 24 rnA 
VEE Supply Current lEE 38 55 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with QA, QA*, QB, and 
QB* loading of 50 ohms to -2.0v. 

*Relative to GND. 

**Rs s 100 ohms. 

Note 1: IB nominal @ 5v differential with one input at Ov and the other input at 5v. Supply condition with 
VCC = 8.Ov and VEE = - 6.2v. 

IB worst case @ 1O.9v differential with one input at 8.7v (Maximum Operating Condition) and the 
other input at - 2.2v. Supply condition with VCC = 8.5v and VEE = - 6.6v. 

The specified limits shown can be met only after thermal equilibrium has been established. Thermal equilibrium 
is established by applying power for at least 2 minutes while maintaining a transverse air flow of 400 linear feet 
per minute over the device either mounted in the test socket or on the printed circuit board. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Propagation Delays (note 1) 
Input to Output High 1'PD+ 2.8 ns 
Input to Output Low TID- 2.8 ns 

Delay Dispersion (note 2) TSD ± 150 ps 

Propagation Delay Tempco 
Input to Output TPIJI'C 7 pS/·C. 
Latch Enable to Output TENfC 7 pS/·C. 

Propagation Delay Skew (note 3) 100 ps 

Latch Enable Setup Time TS 1.2 ns 
Latch Enable Hold Time 1H 0 ns 
Latch Enable Pulse Width TPW 1.5 ns 
Latch Enable to Output High 1'PD+(E) 2.0 ns 
Latch Enable to Output Low TPD-(E) 2.0 ns 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with T A = 25 ·C. and QA, 
QA*, QB, and QB* loading of 50 ohms to -2.Ov. Timing reference points at 50% for Q and Q* outputs and latch 
enable inputs. 

Note 1: Input to Output propagation delays (at standard test levels) specify the delay measured from the time 
the input signal crosses the input offset voltage (VaS) to the 50% point of a HIGH or LOW output 
transition. Yin = 1 volt, Vod = 100 mV, Fin = 10 MHz, Tr and Tf = Iv/ns measured between the 20% 
and 80% points. 

Note 2: Delay dispersion refers to both TTL and ECL signal dispersion. 

TTL dispersion: Input to output propagation delay dispersion of a given part for 2.5v TTL signals 
(see Figure 2). Input threshold range is between the 20% and 80% points for slew rates between 
O.25v/ns to IvIns for both rising and falling edges. Outputs are measured at the Q and Q* cross point. 

ECL dispersion: Input to output propagation delay dispersion of a given part for Iv ECL signals (see 
Figure 3). Input threshold range is between the 20% and 80% points for slew rates between O.25v/ns to 
1 v/ns for both rising and falling edges. Outputs ate measured at the Q and Q* cross point. 

Note 3: Comparator A to comparator B delay skew in a given part under the same conditions, with latches 
transparent. 

The specified limits shown can be met only after thermal equilibrium has been established. Thermal equilibrium 
is established by applying power fix at least 2 minutes while maintaining a transverse air flow of 400 linear feet 
per minute over the device either mounted in the test socket or on the printed circuit board. 
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Timing Waveforms 

COMPARE 
LE" V r-v-
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LB 
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VOLTAGE VOS 
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TID 

Q .................................................................................................................................. Ir SO% 

Figure 2. Input/Output Timing. 

Ordering Information 

Ambient 
Model Number Package Temperature • Range 

Bt688KP 16-pin Plastic 00 to +700 C. 
DIP 

Bt688KL 20-pin Ceramic 00 to +700 C. 
Leadless Chip 

Carrier 
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Timing Waveforms (continued) 

:!.5V 

2.0 V 

o.sV 
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Note: Test conditions include both rising and falling edges. 

Figure 3. TTL Dispersion Test Input Conditions. 
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Note: Test conditions include both rising and falling edges. 

Figure 4. ECL Dispersion Test Input Conditions. 
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Advance Information 

This document contains infonnation on a product under development. The 
parametric information are target parameters and are subject to change. 

Distinguishing Features 

• +8v, -2v Programmable Output Voltage 
• 60 rnA Programmable Output Current 
• Programmable as Pin Electronics Driver 

or Load 
• > 100 MHz Operation 
• 2v Ins Typical Rise/Fall Times 
• Drives 50-Ohrn to 100-Ohrn Lines 
• 10KH ECL Compatible Inputs 
• 32-pin Ceramic Flatpack Package 

with Heatsink 

Functional Block Diagram 

vee GND VEE 

vselN 

VllN 
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EN2· 
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V2lN 

VSKlN 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L689001 Rev. A 

Applications 

• Automatic Test Equipment 
• Instrumentation 

Related Products 

• Bt687, Bt688 

llIe 

VI our 

our 
V20ur 

IlIK 
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Bt689 
Extremely Fast 

lOKH ECL Compatible 

Programmable Pin 

Electronics Driver/Load 

Product Description 

The Bt689 is configurab1e as either a 
programmable Pin Electronics Driver or Pin 
Electronics Load circuit. 

The Bt689 provides programmable source 
(lSC) and sink (lSK) currents (up to 60 rnA) 
and buffered voltage outputs (VI OUT and V2 
OUT) programmable in the range -2v to +8v. 
All current and voltage outputs are set 
independently by voltages into high 
intpedance amplifiers. 

Differential ECL inputs, ENI and EN2, 
switch either or both ISC and ISK on or off. 
The ECL compatible MODE input determines 
the function of ENI and EN2. 

Configured as a Pin Electronics Driver, the 
Bt689 can drive 50- to 100-ohm 
transmission lines, with programmable 
output voltage levels of -2v to +8v. The 
programmable currents permit adjustment of 
current drive up to 60 mA and also permit 
some adjustment of output rise/fall times. 

Configured as a Pin Electronics Load, the 
Bt689 is designed to provide switched, 
programmable source and sink currents (up to 
60 mA). The voltage compliance is 
programmable from -2v to +8v. 

In the application of Automatic Test 
Equipment (ATE). the Bt689 provides the 
ability to construct programmable Pin 
Electronics Drivers and Loads having a wide 
voltage and current range for interfacing to 
ECL. TTL. and CMOS devices under test. The 
speed of the Bt689 allows use in testers that 
have greater than 100 MHz test rates. 

Broddree® 

• 
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Advance Information 

This document contains infonnation on a product under development. The 
parametric infonnation are target parameters and are subject to change. 

Distinguishing Features 

Includes both a Pin Electronics 
Three-State Driver and Comparator 

> 100 MHz Operation 
+8, -2v Programmable Output Voltages 
60 rnA Programmable Output Current 

• Programmable Rise/Fall Times up to 2v/ns 
2.6 ns Comparator Propagation Delay 
+8.2v, -2.2v Input Voltage Range 
Programmable Comparator Hysteresis 

Applications 

Automatic Test Equipment 
Instrumentation 

Related Products 

Bt687, Bt688 
Bt689 

32-pin Ceramic Flatpack Package with Heatsink 

Functional Block Diagram 

vee GND VEE 

DVSC 

DEN -I. __ J ...... 

DEN< 

~'-t-------------t--~~ 

~H-+-------------+--~~ DVRT -+-----, 
DVH 

DHl 

DHL' 

DVL 

DYFf -t-----' 

CMPL -t----------t-""?' 
CMPL'-t-------t---~ 

DVSK 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L698001 Rev. A 

your 

VlNP 

CVL 

ISK 
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Bt698 
Extremely Fast 

lOKH ECL Compatible 

Pin Electronics 

Driver and Comparator 

Product Description 

The Bt698 includes both an extremely fast, 
flexible and programmable Pin Electronics 
Driver and Comparator. 

Using an external diode bridge, the Bt698 
fonns a Pin Electronics Driver which can 
drive 50- to 100-ohm transmission lines. 
The differential ECL input (DHL) switches 
the output (VOUT) between the high (DVH) 
and low (DVL) levels programmable in the 
range of +8v to -2v. The output rise and fall 
times are independently programmed by 
input voltages DVRT and DVFT respectively, 
in the range of 0.2 vlns to 2 v/ns. 
Programmable source (ISC) and sink (ISK) 
output currents (up to 60 rnA) are enabled or 
disabled by the differential ECL input, DEN, 
so as to form a three-statable driver. 

The Bt698 Dual Comparator's wide input 
common mode and high input impedance 
allow direct interfacing to the device under 
test without the need for an external buffer. 
The high (CVH) and low (CVL) compare 
levels are programmable in the range of 
+8.2v to -2.2v. Differential ECL outputs, 
CMPH and CMPL, and can drive 50-Ohm 
transmission lines. Compare hysteresis is 
programmed by VHYS. 

In the application of Automatic Test 
Equipment (ATE), the Bt698's voltage and 
current ranges (power and appropriate 
package) may be selected to provide the 
desired Pin Electronics Driver and 
Comparator for testing ECL, TTL and CMOS 
devices to greater than 100 MHz test rates. 
Brooktree's Bt689 is compatible with the 
Bt698 for applications requiring a Pin 
Electronics Load. 
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Distinguishing Features 

40 ns Maximum Settling Time 
Registered Data Inputs (B t1 05) 
± 1/2 LSB Differential Linearity Error 
± 1 LSB Integral Linearity Error 

• TTL Compatible Inputs 
+5v CMOS Monolithic Construction 
24-pin 0.3" DIP Package 
Typical Power Dissipation: 300 mW 

Functional Block Diagram 

FSADJUST 

Applications 

Vector and Raster Displays 
• Instrumentation 

SAR AID Converters 

CLOCK 

(8tlO5) 

L_...t...'>l,-t-- COMP 

12 12 
DO-Dl1 -I-r---I REGISI1!llI-:,,-_oo-f 

(BTI05j 

DAC 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Ll05001 Rev. E 

VAA AGND 

....--l--IREF 

>--+--IOUT 
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Btl04/105 
40 ns 

Monolithic CMOS 

12-bit 

Di A Converter 

Product Description 

The Btl04 and Btl05 are 12-bit D/A 
converters designed specifically for 
applications requiring accurate and stable 
D/A conversion, while maintaining low 
linearity errors and glitch energy. The 
BtlO4 has nonregistered data inputs and the 
Bt105 has registered data inputs. 

An on-chip voltage reference is available or, 
for greater temperature stability and 
accuracy, an external reference may be used. 
The differential and integral linearity errors 
of the DI A converter are guaranteed to be a 
maximum of ± 1/2 LSB and ± 1 LSB, 
respectively, over the full temperature range. 

II 



Btl04/105 

Circuit Description 

As illustrated in the functional block diagram. the 
Btl04 and Btl05 contain a single 12-bit D/A 
converter. a voltage reference. and a reference 
amplifier. The Btl05 also has a data register before 
the D/A converter. 

Figure 1 illustrates the input/output timing of the 
Btl04. and Figure 2 illustrates the input/output 
timing of the Btl05. 

Note that the output of the Btl04/105 is designed to 

drive into a virtual ground. such as an operational 
amplifier. Driving a resistive load degrades linearity. 

DO· 011 X X 

lOUT 

DATA 

The D/A converter on the Btl04 and Btl05 uses a 
segmented architecture in which bit currents are routed 
to either rOUT or AGND by a sophisticated decoding 
scheme. This architecture eliminates the need for 
precision component ratios and greatly reduces the 
switching transients associated with turning current 
sources on or off. 

Monotonicity and low glitch are guaranteed by using 
identical current sources and current steering their 
outputs. An on-chip voltage reference and 
operational amplifier stabilizes the full scale output 
current against temperature and power supply 
variations. 

X X 

J-
Figure 1. Btl04 Input/Output Timing. 

CLOCK 

00·011 

lOUT 

Figure 2. Btl05 InputfOutput Timing. 
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Btl04/105 

Pin Descriptions 

Pin Name 

DO-D11 

CLOCK(NIC) 

lOur 

VM 

AGND 

FSADJUST 

CaMP 

!REF 

Description 

Data inputs (TTL compatible). DO is the least significant data bit. On the Btl05. these inputs 
are latched on the rising edge of CLOCK. Coding is binary. Unused inputs should be connected 
to either the regular PCB power or ground plane. 

Clock input (TTL compatible). The rising edge of CLOCK latches the DO - 011 inputs on the 
BU05. It is recommended that this pin be driven by a dedicated TIL buffer. This pin is not used 
on the BU04 and may be left floating without affecting the performance of the Btl04. 

Analog current output. This high impedance current source is capable of sourcing up to 40 rnA 
of current. 

Analog power. All VAA pins must be connected. 

Analog ground. All AGND pins must be connected. 

Full scale adjust contro!' If the internal voltage reference is used. a resistor (RSET) connected 
between this pin and AGND controls the magnitude of the full scale output current. If an external 
voltage reference is used, this pin should be connected to V AA. See Figures 3 and 4. 

Compensation pin. A 0.01 J.LF ceramic capacitor must be connected between this pin and the 
adjacent V AA pin. Connecting the capacitor to V AA rather than to AGND provides the highest 
possible power supply noise rejection. See Figures 3 and 4. If an external voltage reference is 
used. this pin is driven by an external circuit such as shown in Figure 4. 

Current reference output. If the internal voltage reference is used. this output is connected to the 
FS ADJUST input. If an external voltage reference is used. IREF is used, in conjunction with 
RSET. to provide feedback to the external reference to servo the reference. See Figures 3 and 4. 

!REP PSADJUST 

COMP VAA 

VAA VAA 

VAA AGND 

AGND <LOCK (NfC) 

10lIT DO 

AGND 01 

011 02 

DID 03 

D9 D4 

08 05 

07 06 
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Btl04/10S 

PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Btl04/l0S power and ground lines by shielding 
the digital inputs and providing good decoupling. The 
lead length between groups of V AA and AGND pins 
should by minimized so as to minimize inductive 
ringing. 

Ground Planes 

The Btl 04/1 OS and any associated analog circuitry 
should have its own ground plane, referred to as the 
analog ground plane. This ground plane should 
connect to the regular PCB ground plane at a single 
point through a ferrite bead, as illustrated in Figures 3 
and 4. This bead should be located within three inches 
of the Btl04/l0S. 

The analog ground plane area should encompass all 
Btl04/l0S ground pins, any external voltage 
reference circuitry, power supply bypass circuitry for 
the Btl04/l0S, the analog output traces, and any 
output amplifiers. 

The regular PCB ground plane area should encompass 
all the digital signal traces (DO - 011 and CLOCK), 
excluding the ground pins, leading up to the 
Btl04/l0S. 

Power Planes 

The Btl04/l0S and any associated analog circuitry 
should have its own power plane, referred to as the 
analog power plane. Tltis power plane should be 
connected to the regular PCB power plane at a single 
point through a ferrite bead, as illustrated in Figures 3 
and 4. Tltis bead should be located within three inches 
of the Btl04/l0S. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all Btl04/10S power 
pins, any external voltage reference circuitry, and any 
output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power or ground planes, unless they can be 
arranged such that the plane-to-plane noise is 
common mode. This will reduce plane-to-plane noise 
coupling. 

10 - 8 

Supply Decoupling 

For the best performance, a 0.01 ~F ceramic chip 
capacitor should be placed under the device to 
decouple the analog power and ground planes. In 
addition, two 0.01 ~F ceramic capacitors should be 
used to decouple the two groups of V AA pins to the 
AGND pins. These capacitors should be placed as 
close as possible to the device. 

It is important to note that while the Btl04/10S 
contains circuitry to reject power supply noise, this 
rejection decreases with frequency. If a switching 
power supply is used, the designer should pay close 
attention to reducing power supply noise and consider 
using a three terminal voltage regulator for supplying 
power to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Btl04/l0S should be isolated 
as much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground and power planes. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power and 
ground planes. 

Analog Signal Interconnect 

If an external output amplifier is used to convert the 
current output of the Btl04/l0S to a voltage level, the 
amplifier should be placed as close as possible to the 
device. The amplifier power and ground pins should 
be connected to the analog power and ground planes. 

When using an external voltage reference, the analog 
power and ground planes should be used to provide 
power and grounding to the reference circuitry. 

The output signal should overlay the analog ground 
plane, and not the analog power plane, to maximize 
the high frequency power supply rejection. 



PC Board Layout Considerations (continued) 

C3 
ANALOOPOWBRPLANB 

Btl04/10S 

PsADJUSTI-----~ 

IRBPI-------' 
lOUTI---------____ --i 

Location Description 

C1 0.1 IJ.F ceramic capacitor 
C2, C3, C4 0.01 JLF ceramic capacitor 

CS 0.01 IJ.F ceramic chip capacitor 
C6,C7 22 JLF tantalum capacitor 

R1 24.9-ohm 1 % metal film resistor 
Ll,L2 ferrite bead 
RSEr 1 % metal mm resistor 

Btl04/105 

L1 
1.......0""1"" ___ + SV (Vee) 

Cl 

Vendor Part Number 

Erie RPEl12Z5U104MSOV 
Erie RPEIlOZSU103MSOV 
Johanson Dielectrics X7RSOOS41 W103KP 
Mallory CSR13G226KM 
Dale CMF-SSC 
Fair-Rite 2743001111 
Dale CMF-SSC 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt104/10S. 

Figure 3. Typical Connection Diagram and Parts List (Internal Reference). 
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Btl04/105 

PC Board Layout Considerations (continued) 

ANALOG POWER PLAN!! 

C3 

IOIITI---------'------; 

Location Description Vendor Part Nwnber 

C1 0.1 IJF ceramic capacitor Erie RPE112Z5U104M50V 
C2, C3, C4 0.01 IJF ceramic capacitor Erie RPE110ZSU103M50V 

C5 0.01 IJF ceramic chip capacitor Johanson Dielectrics X7R500S41W103KP 
C6, C7, C8 22 IJF tantalwn capacitor Mallory CSR13G226KM 

Ll,L2 ferrite bead Fair-Rite 2743001111 
R1 I21-ohm 1 % metal film resistor Dale CMF-55C 
R2 24.9-ohm 1% metal film resistor Dale CMF-55C 
R3 6.81K-ohm 1% metal film resistor Dale CMF-55C 
R4 3.65K-ohm 1% metal film resistor Dale CMF-55C 
R5 3.32K-ohm 1% metal film resistor Dale CMF-55C 

RSET 1 % metal film resistor Dale CMF-55C 
Q1 matched transistor pair Intersil IT131 
Q2 matched transistor pair National Semiconductor LM394 
Zl 1.22V voltage reference National Semiconductor LM313 

Note: The above listed vendor nwnbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Btl04/105. Thermal coupling R2 to RSBT minimizes 
drift. 

Figure 4. Typical Connection Diagram and Parts List (ExterntJI Reference). 
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Application Information 

Using the Internal Reference 

The Btl04/l05 has an internal voltage reference to 
simplify design, as illustrated in Figure 3. The full 
scale output current is determined by the value of the 
RSET resistor. The internal reference (VREF) is 
typically 0.68v, but due to process variations has a 
tolerance of approximately ± 10%. Therefore, there 
will be a ± 10% tolerance from device to device, in the 
full scale output current for a given value of RSET. 

As IREF = lOUT 17.892 and IREF * RSET = VREF, 
assuming zero offset of the internal operational 
amplifier, then: 

RSET (ohms) = 5,367 1 lOUT (rnA) 

Using an External Reference 

As illustrated in Figure 4, an external circuit may be 
used to increase the accuracy and temperature 
stability. This configuration disables the internal 
reference, and allows the use of an external 
temperature compensated reference. In this mode of 
operation, an external voltage reference, current 
mirror, and differential transistor pair servos the 
output current as a function of the IREF current. 

The relationship of lOUT IIREF = 7.892 is internally 
maintained by the Btl04/105, and IREF * RSET = 
VREF, assuming zero offset of the operational 
amplifier. An external reference (VREF) from 0.2v to 
0.8v may be used. The equation for finding RSET is: 

RSET (ohms) = 7,892 * VREF (v) /lOUT (rnA) 

Therefore, the required accuracy may be traded off by 
the accuracy of the voltage reference tolerance, 
resistor tolerance, operational amplifier off tolerance, 
and the temperature tracking between these items. 

The voltage reference should have a temperature 
coefficient of less than 25 ppm/oC, while the 
operational amplifier should have the lowest possible 
offset drift. 
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Btl04/105 

Power Dissipation Considerations 

As the Btl04/l05 is a CMOS device, there is a fairly 
linear relationship between the update rate and the 
power dissipation. 

Estimated maximum V AA supply current (IAA) may be 
calculated as follows: 

IAA (rnA) = 
(1.2 rnA per MHz) + (full scale output current in rnA) 

.. 



Btl04il05 

Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA 0 +70 ·C. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGND) 7.0 Volts 

Voltage on any Digital Pin AGND-O.5 VAA+O.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·C. 
Junction Temperature TJ + 175 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds, 1/4" from pin) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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Btl04/10S 

D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution 12 12 12 Bits 
Accuracy 

Integral Linearity Error* 1L 
Btl04KC, Btl05KC ±1 LSB 
Btl04LC, Btl05LC ±2 LSB 

Differential Linearity Error IL ±1/2 LSB 
Zero Error FZ 1 IlA 
Full Scale (Gain) Error ID 

Using Internal Reference ± 10 %FSR 
Using External Reference ±1 %FSR 

Monotonicity 
Coding guaranteed Binary 

Digital Inputs 
Input High Voltage VIH 2.0 VAA+0.5 Volts 
Input Low Voltage VlL AGND-0.5 0.8 Volts 
Input High CUlJent (Vin = 2.4v) IlH 1 IIA 
Input Low CUlJent (Vin = 0.4v) IlL -1 IIA 
Input Capacitance CIN 10 pF 

(f = 1 MHz, Vin = 2.4v) 

Analog Output 
Output Current lour 10 40 rnA 
Output Compliance Vo.: - 1.0 + 1.0 Volts 
Output Capacitance cour 25 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Internal Reference Voltage VREF 0.68 Volts 

Power Supply Rejection Ratio PSRR 0.5 %/%tNAA 
(COMP = 0.011J,F, f = 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions". As the above parameters 
are guaranteed over the full temperature range, temperature coefficients are not specified or required. 

*Integrallinearity error is measured using a best-fit algorithm, with adjusted offset and gain. 
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Btl04/10S 

A.C. Characteristics 

Bt104 Bt105 

Parameter Symbol Min Typ Max Min Typ Max Units 

Register Clock Rate Fmax 25 MHz 

Data Setup Time 1 10 ns 
Data Hold Time 2 2 ns 

Clock Cycle Time 3 40 ns 
Clock Pulse Width High Time 4 10 ns 
Clock Pulse Width Low Time 5 10 ns 

Analog Output Delay 6 25 25 ns 
Analog Output RiseIFall Time 7 8 8 ns 
Analog Output Settling Time* 8 

Btl04KC, Btl05KC 25 40 25 40 ns 
Btl04LC, Btl05LC 25 40 25 40 ns 

Clock and Data Feedthrough* - 25 -25 dB 
Glitch Impulse* 100 100 pV - sec 
Differential Gain Error 00 1.5 1.5 %FSR 
Differential Phase Error DP 1.5 1.5 Degrees 

Pipeline Delay 1 1 1 Clock 

V AA Supply Current** IAA 68 75 68 75 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 135 ohms. TTL input 
values are 0 to 3 volts, with input rise/fall times ~ 3 ns, measured between the 10% and 90% points. Timing reference 
points at 50% for inputs and outputs. Analog output load 25 ohms and ~ 10 pF. See timing notes in Figures 5 and 6. As 
the above parameters are guaranteed over the full temperature range, temperature coefficients are not specified or required. 

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For these 
tests, the digital inputs have a lk-ohm resistor to the regular PCB ground plane and are driven by 74HC logic. Settling 
time does not include clock and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test 
bandwidth = 50 MHz. 

**at Fmax and 30 rnA output current. IAA (typ) at VAA = 5.Ov. IAA (max) at V AA = 5.25v. 
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Btl04/105 

Timing Waveforms 

DO· 011 DATA 

lOIIT 

Note 1: Output delay measured from valid data to the 50% point of full scale transition. 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within the specified IL error. 

Note 3: Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 5. BI104 Input/Output Timing. 

DO·Dll 

lOur 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale transition. 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within the specified IL error. 

Note 3: Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 6. Btl05 Inpu(/Output Timing. 

10·15 
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Btl04/105 

Ordering Information 

Integral Ambient 
Model Number Linearity Package Temperature 

Error Range 

Btl04KC, Btl05KC ±lLSB 24-pin 0.3" ()O to +70' C. 
Ceramic 

Sidebraze DIP 

Btl04LC, Btl05LC ±2LSB 24-pin 0.3" ()O to +70' C. 
Ceramic 

Sidebraze DIP 

r--1~-,----------,----,------~-VAA 

>~i-----""'-~ TODAC 

~---r---------NmID 

~ LJ--~~---------------------J 

Figure 7. Equivalent Circuit of the Reference Amplifier. 

Btl04/10S 

-----------1~ VAA 

DO·Dll 

T-25 p1' 
RL 

Figure 8. Equivalent Circuit of the Current Output. 
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Distinguishing Features 

Eight 8-bit 0/ A Converters 
100 ns Settling Time to ± 1 LSB 
± 1 LSB Differential Linearity Error 

• ± 1 LSB Integral Linearity Error 
Guaranteed Monotonic 

• Standard MPU Interface 
• +5v CMOS Monolithic Construction 
• 40-pin DIP or 44-pin PLCC Package 

Typical Power Dissipation: 150 mW 

Functional Block Diagram 

VREF IN VREP COMP \'REF our 

lOUl"8 

FSADJUST4 

COMP<! 

Iotm 

l0UT6 
FSAWUSTI 

COMP. 

IOlJT5 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
LllOOOI Rev. F 

Applications 

Instrumentation 
Test Equipment 
Waveform Synthesis 

• Data Aquisition Systems 

VAA AGND 

IOurl 
FSADJUSTI 

COMP! 

IOU1"2 

IOUI"3 

FSADJUST2 

COMP2 

IOU!"' 
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Bt110 
100 ns 

Monolithic CMOS 

Octal 8-bit 

D/ A Converter 

Product Description 

The BtllO is an octal 8-bit D/A converter. It 
provides eight independent D/A converters 
and has a standard MPU interface. 

The 0/ A converters are arranged in pairs, 
with each pair sharing a common reference 
amplifier. This provides excellent matching 
and stability of the paired 0/ A converters. 

An on-chip voltage reference is provided or 
an external reference may be used. 
Differential and integral linearity errors of 
the 0/ A converters are guaranteed to be a 
maximum of ± 1 LSB over the full 
temperature range. 

II 



Bt110 

Circuit Description 

As illustrated in the functional block diagram, the 
Bt110 contains eight 8-bit D/A converters, eight 
nontransparent (D-type) octal data registers, and MPU 
bus interface logic. Also included on chip are four 
reference amplifiers and a voltage reference. 

The BtllO supports a conventional MPU bus interface 
through the use of the CS*, RD*, WR*, DO - D7, and 
AO - A2 pins. AO - A2 specify which one of the eight 
internal data latches the MPU is accessing. These data 
latches may be written to or read by the MPU at any 
time. The input/output timing is illustrated in Figure 
1. 

The data contained in the data latches are presented to 
the associated D/ A converter and used to specify the 
output current level. The MPU may read these data 
latches to determine what data is present at each D/A 
converter. 

The full scale output current of each pair of D/ A 
converters is set by an external resistor (RSET) 
between the FS ADJUST pin and AGND. FS ADJUSTl 
controls the full scale output current of IOUTl and 
IOUT2, FS ADJUST2 controls the full scale output 
current of IOUT3 and IOUT4, FS ADJUSTI controls 
the full scale output current of lOUTS and IOUT6, and 
FS ADJUST4 controls the full scale output current of 
IOUT7 and lOUTS. 

CS*, AO, AI, A2 =x VALID 

RD·, WR* \ 

DO·D7(READ) < 
DO· D7 (WRITB) X 

The on-chip voltage reference (VREF OUT) may be 
used to provide the reference voltage for the VREF IN 
pin or an external reference circuit may be used. The 
on-chip reference should offer adequate performance 
for most applications. 

Better temperature stability may be attainable by 
using an external voltage reference, such as the 
LM38SBZ-1.2. The use of a resistor network to 
generate the reference voltage is not recommended, as 
any low frequency power supply noise on VREF IN 
will be directly coupled onto the analog outputs. 

The D/A converters on the BtllO use a segmented 
architecture in which bit currents are routed to either 
lOUT or AGND by a sophisticated decoding scheme. 
This architecture eliminates the need for precision 
component ratios and greatly reduces the switching 
transients associated with turning current sources on 
or off. Monotonicity and low glitch are guaranteed by 
using identical current sources and current steering 
their outputs. The on.chip operational amplifiers 
stabilize the full-scale output currents against 
temperature and power supply variations. 

X 
/ 

DATA OUT (RD' = 0) > 
DATAIN(WR'=O) X 

10UT(I'8) 
- ____ ---I~ 

Figure 1. Input/Output Timing. 
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,Pin Descriptions 

Pin Name 

FSADJUST 
(I - 4) 

COMP(1-4) 

IOUT(1-8) 

VREFOUT 

VREFIN 

VREFCOMP 

AGND 

VAA 

CS* 

RD* 

Description 

Full scale adjust controls. A resistor (RSET) between each of these pins and AGND controls the 
full scale output currents. FS ADJUSTl controls the full scale output current for IOUTI and 
IOUT2, FS ADJUSTI controls the full scale output current for IOUT3 and IOUT4, FS ADJUST3 
controls the full scale output current for lOUTS and IOUT6, and FS ADJUST4 controls the full 
scale output current for IOUT7 and IOUT8. 

The relationship between the full scale output current of each Df A and RSET is defined as 
follows: 

RSET(ohms) = 1000 * VREFIN (v) flOUT (mA) 

Compensation pins. These pins provide compensation for the internal reference amplifiers. A 
0.1 ~F ceramic capacitor should be connected between each compensation pin and VAA, as 
illustrated in Figure 2. Decoupling the capacitors to V AA rather than to AGND provides the 
highest possible power supply noise rejection. COMPI provides compensation for IOUTI and 
IOUT2, COMP2 provides compensation for IOUT3 and IOUT4, COMP3 provides compensation 
for lOUTS and IOUT6, and COMP4 provides compensation for IOUT7 and IOUTB. 

High impedance current outputs. These current outputs are designed to drive into a virtual 
ground, such as an operational amplifier. 

Voltage reference output. This output provides a 1.2v (typical) reference, and may be directly 
connected to the VREF IN pin. When used to provide a reference voltage to VREF IN, an 
externallOOO-ohm resistor must be connected between VREF OUT and AGND. 

Voltage reference input. Either an external voltage reference circuit or the VREF OUT pin is used 
to supply this input with a 1.2v (typical) reference. A 0.1 J.l.F ceramic capacitor must be 
connected between this pin and VREF COMPo 

VREF IN compensation pin. A 0.1 J.l.F ceramic capacitor must be connected between this pin and 
VREFIN. 

Analog ground. All AGND pins must be connected. 

Analog power. All V AA pins must be connected. 

Chip select control input (TTL compatible). To enable data to be written to or read from the 
device, this input must be a logical zero. While it is a logical one, DO - D7 are three-stated. Note 
that the BtllO will not function correctly while CS*, RD*, and WR* are simultaneously a 
logical zero. 

Read control input (TTL compatible). To enable data to be read from the device, both CS* and 
RD* must be a logical zero. See Figure I. 
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Pin Descriptions (continued) 

Pin Name 

AO, AI, A2 

WR* 

DO-D7 

VREFCOMP 

VAA 

AGND 

WR' 

NiC 

RD' 

00 

01 

02 

D3 

D4 

OS 

06 

07 

NiC 

NiC 

CS' 

AO 

AI 

A2 

Description 

Select control inputs (TTL compatible). These inputs specify which internal D/A latch will be 
written to or read, as follows: 

A2, AI, AO D/AOutput 

000 IOurl 
001 IOlrr2 
010 lOUD 
011 IOur4 
100 lOurS 
101 IOur6 
110 IOUTI 
111 IOUT8 

Write control input (TTL compatible). To enable data to be written to the device, both CS* and 
WR* must be a logical zero. Data is internally latched on the rising edge of WR* or CS*, 
whichever occurs first. See Figure 1. 

Bidirectional data bus (TTL compatible). Data is transferred into and out of the BtllO over this 
eight bit data bus. DO is the least significant bit. 

40-pin DIP Package 

VAA 

AGND 

VREFour 

VREFIN 

IOtrrl 

IOIIT2 VREFour 

IOun AGND 

IOur4 AGND 

lOurS VAA 

IOur6 VAA 

IOlJT7 VREFCOMP 

lOurs VAA 

COMPI VAA 

COMP2 AGND 

COMP3 AGND 

COMP4 WR' 

FSADJUSTI 

FSADJUST2 

FSADJUST3 

FSADJUST4 

44-pin Plastic J-Lead (PLCC) 
Package 

~ 
'" ~ ~ ~ !5 ~ ~ ~ ~ ~ ~ Sl 9 

g: ~ :;; ~ ~ ~ ::: ~ ;;; ~ 

" " .. s ::: ::l ::l :! :l ~ 

~ 
!!l 

i:: 

~ 8 S '" 8 21 lS is S ~ ~ <=l 

2Il 
'EI 

26 

~ 

:l4 

23 

22 

:u 
20 
19 

18 

Note: N/C pins may be left floating without affecting the performance of the BtllO. 
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FS ADJUST! 
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AI 

AO 
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PC Board Layout Considerations 

PC Board Considerations 

The layout for the BtllO should be optimized for 
lowest noise on the Bt110 power and ground lines by 
shielding the digital inputs and providing good 
decoupling. The lead length between groups of V AA 
and AGND pins should be minimized so as to 
minimize inductive ringing. 

Ground Planes 

The BtllO and any associated analog circuitry should 
have its own ground plane, referred to as the analog 
ground plane. This ground plane should connect to the 
regular PCB ground plane at a single point through a 
ferrite bead, as illustrated in Figure 2. This bead 
should be located within three inches of the Bt110. 

The analog ground plane area should encompass all 
Bt110 ground pins, any external voltage reference 
circuitry, power supply bypass circuitry for the 
BtllO, the analog output traces, and any output 
amplifiers . 

The regular PCB ground plane area should encompass 
all the digital signal traces, excluding the ground 
pins, leading up to the B t11 O. 

Power Planes 

The Bt110 and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane at a single point through 
a ferrite bead, as illustrated in Figure 2. This bead 
should be located within three inches of the BtllO. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all BtllO power pins, 
any external voltage reference circuitry, and any 
output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power or ground planes, unless they can be 
arranged. such that the plane-to-plane noise is 
common mode. This will reduce plane-to-plane noise 
coupling. 
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Supply Decoupling 

For the best performance, a 0.1 I1F ceramic capacitor 
should be used to decouple each V AA pin(or group of 
V AA pins if they are adjacent) to the adjacent AGND 
pins. The capacitor should be placed as close as 
possible to the device. 

A 0.1 I1F ceramic capacitor must also be connected 
between each COMP pin (COMPI - COMP4) and V AA. 

These capacitors should be placed as close as 
possible to the device. 

A 0.1 I1F ceramic capacitor must also be connected 
between the VREF COMP pin and the VREF IN pin. 
This capacitor should be placed as close as possible to 
the device. 

It is important to note that while the Btll0 contains 
circuitry to reject power supply noise, this rejection 
decreases with frequency. If a switching power supply 
is used, the designer should pay close attention to 
reducing power supply noise and consider using a 
three terminal voltage regulator for supplying power 
to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Btll 0 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground and power planes. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power and 
ground planes. 

Analog Signal Interconnect 

The BtllO should be located as close as possible to 
the output amplifiers. Also, any external voltage 
reference circuitry should be as close as possible to 
the Bt110 to avoid noise pickup. 

The analog output signals should overlay the analog 
ground plane, and not the analog power plane, to 
maximize the high frequency power supply rejection. 

• 



Bt110 

PC Board Layout Considerations (continued) 

L1 
aJRRENTmVOLTAGBCONVBRTBRS 

+SV __ =-J r····································· .... ············· 
i 

GROUND 

C! 

L2 

: 
: 
i 

IOlIT! 1--+---+---1 

IOlIT2 1--+----------1-
IOIIT3 

IOlIT4 1--+----------1-
i 

IOlITS i······················································· 
IOlIT6 1--+----------1--
IOun ••••••••••••••••.•••••••••••••••••••••••••••••••••••••• 

lOUTS 1--+----------1--
: ...................................................... . 

DO·07 RD'" WR'" CS'" AO-A2 

MPUDATABUS--------------L---+-~I-~----~-------------

MPUCONTROLBUS ------------------4-~~~----~-------------

MPU ADDRESS BUS ----j-----;:::====:;---i----+--------------

Location Description Vendor Part Number 

C1-C8 0.1 J-LF ceramic capacitor Erie RPE112Z5U104M50V 
C9 22 J-LF tantalum capacitor Mallory CSR13G226KM 

Ll.L2 ferrite bead Fair-Rite 2743001111 
Rl lOOO-ohm I % metal film resistor Dale CMF-55C 

RSET(I-4) I % metal film resistors Dale CMF-55C 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Btll O. 

Figure 2. Typical Connection Diagram and Parts List (Internal Reference). 
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Application Information 

External Voltage Reference 

For improved temperature stability, an external 
voltage reference may be used with the BtllO, as 
shown in Figure 3. In this instance, the VREF OUT 
pin should remain floating. The temperature stability 
of the internal reference is equivalent to about 1/4 
LSB. 

VAA 

0.1 

VREF ---~ 

Figure 3. External Voltage Reference. 

VIN 

Dtll0 

Programmable Window Comparator 

The window comparator of Figure 4 is a circuit that 
may be used to determine whether the input voltage 
(Vin) lies within predefmed limits. Using the BtllO, 
up to four programmable window comparators may be 
implemented. 

One DAC of the matched pair is used to set the low 
limit and the other DAC is used to set the high limit. 
Thus, each pair of DACs form a window of 
programmable size. The output will be high while 
Vlow S Yin S Vhigh. 

For a RSET value of 1200 ohms and a VREF IN 
voltage of 1.2v, the Btll 0 outputs a full scale output 
current of approximately 1 rnA onto lOUTI and 
lOUn. The lK-ohm resistor generates a Ov to Iv 
output voltage (for DAC codes $00 to $FF), which is 
amplified to Ov to 5v (5x) by the LM358 dual 
operational amplifier. In this configuration, the 
LM358 is operating from a single +5v power supply. 

The LM319 dual comparator is also operating from a 
single +5v power supply and compares the Vlow and 
Vhigh voltage levels to Yin. The 500-ohm pull-up 
resistor is necessary as the LM319 has open-collector 
outputs. 

+sv 

TIL 0IlTPIIT 
"I" INW1NDOW 

Figure 4. Programmable Window Comparator. 
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Application Information (continued) 

Programmable Power Supply 

The BtllO, when used with an external operational 
amplifier and power transistor, provides a way of 
generating voltages and currents outside of the 
BtllO's normal capability. Figure 5 illustrates a Ov 
to IOv programmable power supply. 

For a RSET value of 1200 ohms and a VREF IN 
voltage of l.2v, the BtllO outputs a full scale output 
current of approximately 1 mA onto IOUTl. The 
1K-ohm resistor is used to generate a Ov to Iv output 
voltage from the Bt110 (for DAC codes $00 to $FF). 
One of the operational amplifiers in the LM358 (AI) 
is used to multiply the voltage at IOUTl by lOx, 
resulting in a Ov to 10v range. In this configuration, 
the LM358 is operating from a single +15v power 
supply. 

The other operational amplifier in the LM358 (A2) is 
used as a buffer and driver for the TIP31 transistor. RS 
is the current limiting resistor to shut down the output 
in case of an overload. The correct value for RS is 
determined as follows: 

RS = 0.7/IOUTmax 

VAA 

For output voltages down to or near Ov, it is necessary 
to use a CMOS operational amplifier with a very low 
saturation voltage, or a plus/minus power supply and 
a bipolar operational amplifier to allow for output 
saturation which is typically 2v to 3v below the 
supply voltage. 

Driving Active Devices 

If the Bt110 is driving an active device whose supply 
is outside the Ov to 5v range, the analog output(s) 
should be clamped to V AA (see Figure 5). 

+lSV 

RS 

~----~IV--+---------~--------VoUT 

Figure 5. Programmable Power Supply. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VM 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA 0 +70 ·C. 
Reference Voltage VREFIN 1.0 1.2 1.3 Volts 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGND) 7.0 Volts 

Voltage on any Digital Pin AGND-O.5 VAA + 0.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·C. 
Junction Temperature TJ 

Ceramic Package + 175 ·C. 
Plastic Package + 150 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds. 1/4" from pin) 

Vapor Phase Soldering TVSOL 220 ·C. 
(1 minute) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) S S S Bits 
Accuracy (each DAC) 

Integral Linearity Error lL ±1 LSB 
Differential Linearity Error IL ±1 LSB 
Full Scale (Gain) Error B3 

Using Internal Reference ± 10 %ofFSR 
Using External Reference ±S %ofFSR 

Zero Error El 5 IJA 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage VlH 2.0 VAA + 0.5 Volts 
Input Low Voltage VlL AGND-0.5 O.S Volts 
Input High Current IIH 1 IJA 

(Yin = 2.4v) 
Input Low Current IlL - 1 IJA 

(Vin = 0.4v) 
Input Capacitance CIN 10 pF 

(f = I MHz, Vin = 2Av) 

Digital Outputs (DO - D7) 
Output High Voltage VOH 2.4 Volts 

(lOH = -SOO IJA) 
Output Low Voltage VOL 0.4 Volts 

(lOL = 6.4 rnA) 
3-state Current IOZ 1 IJA 
Output Capacitance COOUT 10 pF 

Analog Outputs 
Output Current I rnA 
DAC to DAC Matching 2 5 % 
Output Compliance VOC - 1.0 + 1.2 Volts 
Output Impedance RAOUT 125 Kohms 
Output Capacitance CAOur 20 pF 

(lOUTI - lOUTS = 0 rnA) 

Reference Output Voltage VREFOUT 1.05 1.17 1.29 Volts 
Reference Output Current IREFOUT 1.2 rnA 
Reference Input Current IREFlN 10 IJA 

Power Supply Rejection Ratio PSRR 0.3 %/%t.VAA 
(COMP = 0.1 ~, f = 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 1000 ohms, 
VREF IN = I.Ov. As the above parameters are guaranteed over the full temperature range, temperature 
coefficients are not specified or required. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Conversion Rate Tmax 100 ns 

CS*, AO, AI, A2 Setup Time 1 30 ns 
CS*, AO, AI, A2 Hold Time 2 5 ns 

WR*LowTime 3 30 ns 
RD*, WR * High Time 4 20 ns 
RD* Asserted to Data Bus 

Driven 5 10 ns 
RD* Asserted to Data Valid 6 60 ns 
RD* Negated to Data Bus 3-Stated 7 40 ns 

Write Data Setup Time 8 20 ns 
Write Data Hold Time 9 10 ns 

Analog Outputs 
Analog Output Delay 10 15 ns 
Analog Output Rise/Fall Time 11 

into 50 ohms 10 ns 
into lK ohms 350 ns 

Analog Output Settling Time 12 
into 50 ohms 100 ns 
into lK ohms 800 ns 

Data Feedthrough - 30 dB 
Glitch Impulse 75 pV - sec 
DAC to DAC Crosstalk - 25 dB 

V AA Supply Current* IAA 30 38 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 1000 ohms, 
VREF IN = l.Ov. TTL input values are 0 to 3 volts, with input rise/fall times s 3 ns, measured between the 10% 
and 90% points. Timing reference points at 50% for inputs and outputs. Analog output load S 10 pF into a 
virtual ground, DO - D7 output load S 130 pF. See timing notes in Figure 6. As the above parameters are 
guaranteed over the full temperature range, temperature coefficients are not specified or required. 

*IAA (typ) at VAA = 5.Ov. IAA (max) at VAA= 5.25v. 
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Ordering Information 

Ambient 
Model Number Package Temperature 

Range 

Btll0KC 40-pin 0.6" O· to +700 C. 
CERDIP 

BtllOKPI 44-pin Plastic O· to +700 C. 
I-Lead 

Timing Waveforms 

2 

CSO• IJl, AI. A2 VALID 

DO· JY1 (RBAD) 

DO· JY1 (WRD1I) DATA IN (WRO = 0) 

12 

IOUf(I·8) 

Note 1: Output delay measured from the rising edge of WR* to the 50% point of full scale 
transition. 

Note 2: 

Note 3: 

Settling time measured from the 50% point of full scale transition to the output remaining 
within ± 1 LSB. 

Output rise/fall time measured berween the 10% and 90% points of full scale transition. 

Figure 6. Input/Output Timing. 
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Device Circuit Data 

r-~r--------_-_- VAA 

VREFIN 

FSADJUST 

>--H--- TODACS 

lFEEDBACK 

'----<l>---'---+-AGND 

Figure 7. Equivalent Circuit of the Reference Amplifier. 

Btll0 

-----~..- VAA 

DO-07 

IOIIT 

T -20pF f q",.y + load} 

Figure 8. Equivalent Circuit of the Current Outputs. 
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Bmddree® 

This section describes the Brooktree Military 883C 
Program, which was developed for the screening and 
processing of integrated circuits in accordance with 
MIL-STD-883C, Class B. The program is intended to 
provide the user with the ability to procure 
standardized, off-the-shelf integrated circuits from 
Brooktree Corporation that are fully compliant to 
MIL-STD-883C, Class B. 

1.0 Applicable Documents 

The following specifications and standards, of the 
issue in effect on the date of invitation for bids or 
request for proposal, form a part of this specification 
to the extent specified herein. 

1.1 Specifications 

Military 
MIL-M-55565 Microcircuits, Packaging of 
MIL-M-38510 General Specification for 

Microcircui ts 

1.2 Standards 

Military 
MIL-STD-I05 
MIL-STD-883 

Sampling Procedures and Tables 
Test Methods and Procedures for 

Microelectronics 

1.3 Detail Specifications 

The detail specification for a particular 883C 
integrated circuit is the Brooktree Device Test 
Specification (DTS), an example of which is shown in 
Figure 1. The DTS is a detailed listing of the 
parameters, forcing functions, and lower/upper limits 
on the test tapes used to test 883C integrated circuits. 

In the event of conflicting requirements, the order of 
precedence will be the purchase order, the DTS 
specification, and then the reference documents. 

LOOOOOI Rev. D 11 - 5 

Military 883C 

2.0 General Requirements 

The individual requirements are specified herein and in 
accordance with the applicable detail specification. 
The static and dynamic electrical performance 
requirements for the integrated circuit and electrical 
test methods are as specified in the detail 
specification. 

2.1 Process Conditioning, Testing, 
Reliability, and Quality Assurance 
Screening 

Process conditioning, screening, and testing are as 
specified in Section 4.0. Figure 2 illustrates the 
process flow chart for MIL-STD-883C, Class B 
products. 

2.1 .1 Qualification 

The 883C integrated circuits furnished under this 
specification are products which have passed the 
qualification tests specified herein. Successful 
qualification for a given level results in qualification 
approval for that level and all lower product assurance 
levels of that device (reference Appendix E 
MIL-M-3851O). 

2.1.2 Alternate Qualifications 

In lieu of meeting the requirements of 2.1.1, 
Brooktree may establish qualification by performing 
an initial, one time qualification test. Qualification 
testing shall be performed on each generic family 
supplied. Upon successful completion of the 
qualification pro gram, the product shall remain 
qualified for a period not to exceed 12 months. 

2.1.3 Product or Process Change 

Brooktree will not implement any major change to 
the design, materials, construction, configuration, or 
manufacturing process which may affect the 
performance, quality, reliability, or 
interchangeability of the circuit without full or partial 
requalification. 

2.2 Quality Conformance Inspection 

The 883C integrated circuits furnished under this 
specification are products which have been produced 
and tested in conformance with all the provisions of 
this specification for the applicable level. Devices 
which have been accepted as conforming to a given 
product assurance level may be furnished as 
conforming to any other level for which they meet or 
exceed the quality conformance requirements. 

.. 



Table 1 - DX90 Test Program 

""l aQ. Te.til Charactcri.tic Symbol Test Condition. 

I:: .., 
'" 

9000.1 VDD continuity VIS clamp at ±2v (note 4) 

9000.2 VAA continuity VI2 clamp at ±2v (note 4) 

!-' 9000.3 input continuity (digital pins) Vll clamp at ±2v (note 4), forc:e -100 j.IA 
I digital supply current IDD n ... 1 

~ 
~ 

101 
201 

2 analog supply cunmt IAA n"",1 
Q 
..... 
~ 
'" 

3 VREP VREP Dote 2 
4 worst cue bit currmt I1H digitol inpub = VDD 

(V"m = VDD) 
5 worse cue bitClllmllt Ill. digital inputs = Ov 

(Vin= Ov) 

t:I 6 sync voltage level YSYNC blank, sync, ref white low; all DO • D7 

'" '" 1;. 

'" 

high (nole 3) 
7 sync""","" !SYNC blank, ref white low; II)'DC. all DO - D7 

high (ow: 3) wing ISYNC fcmnuia 
8 ISYNC compliaDoo same condition using sync complimce 

..... 
'" '" ... 

(-1.2v to +1.2v) formula 
11 blonk lcvd vol .... (pen) VBIANK bluk,:ref white low; sync, all DO - D7 

high (nOIe 3) 
0'< 12 n:fercnc:e black cunent (green) IB1ACK ICC white, all DO - D7 low; sync, blank 

r" 

"'" '" '" 

high. (note 3) winS mLACK formula 
13.0 foll ocal. cnor (pen) IPS all DO - rn low; ref whhe, sync, blank 

hish (note 3) using FS ERROR fonnuJa 

s 
'" 

13.1 Mratio(pcn) ~ conditions u above using M RATIO 
fommla 

~ ... <S. 
::I 

13.2 M natio error (green) sarnt conditions .. above using M RATIO 
error formula 

14.0 intcrgral linearity (areen) IL mf white loW; sync., blank high (note 3) 
USlDg linearity algorithm 

B 14.1 worst code (g:rccn) code that msuhed ttl highest absolute n. 
.no, 

~ 
15.0 diffcrentialline.nty (green) IL same condibollS as above using liDcarity 

a1gonthm 
15.1 wol'ltcode (g:rccn) code that msulted in higheR absolute DL 

~ 
~ 
~ 

~ 
~ 

• no' 
16 power supply mjcction ratio at PSSR data and control p1DS high; RS at 120 Hz 

120 Ht ( ..... > SOO mY p-p using PSSR algorithm 
17 power supply mjcction ratio at PSSR data and control pins high; RS at 1 KHz 

IKHz( ..... ) SOO mY p-p using PSSR algorithm 
18 complianco, delta n. at 8P, Iv mf white loW; sync., blank hlp (note 3) 

to 1.6v ("....) using data compliana: algorithm 
-

Final LimitsQA CDrr 
Min Max Min Max Delta Unit 

·900 500 ·900 500 mY 
·900 500 ·900 500 mY 
·970 ·25 ·970 ·25 mY 
6.0 49.0 5.0 50.0 1.0 mA 

51.0 84.0 50.0 85.0 1.0 mA 
1.161 1.239 1.16 1.24 0.002 Y 
• OJ 0.8 ·1.0 1.0 0.2 J1A 

·OJ 0.8 ·1.0 1.0 0.2 J1A 

• OJ 0.8 ·1.88 1.88 1.0 mY 

6.8 8.8 6.30 8.96 0.02 mA 

·0.25 0.25 ·03 0.3 0.1 mA 

• OJ 0.8 - 1.88 1.88 1.0 mY 
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Wafer Fabrication 

1 
Precap Visual Inspection 

Method 2010 Cond. B 

I 
Sealing 

I 
Temperature Cycling 

Method 1010 Condo C 

I 
Constant Acceleration, 

Method 2001, YI Orientation Only 

I 
Fine Leak Test 

Method 1014 Condo A or B 

I 
Gross Leak Test 

Method 1014 Condo C 

I 
Interim Electricals at 25° C. per DTS (optional) 

I 
Bum-in Test 

Method 1015 Condo A, B, C, or D 
160 hours at 125° C. 

I 
Interim Electricals at 25° C per DTS 

PDA=5% 

i 
Final Electrical Test per DTS 

DC (includes functional tests) at 125°, 25°, _55° C. 
Switching at 25° C. 

I 
Lot Qualification 

Method 5005, Group A, B, C, D 

I 
External Visual 
Method 2009 

Military 883C 

Figure 2. Product Screening Flow per MIL-STD-883C, Class B. 
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2.3 Marking 

2.3.1 Marking Each Device 

The following marking is placed on each integrated 
circuit: 

a) Index point (see 2.3.4) 
b) Part number (see 2.3.5) 
c) Inspection or Identification code (see 2.3.7) 
d) Manufacturer's identification (see 2.3.8) 
e) Compliance Indicator "c" (see 2.3.9) 
t) Country of Origin (see 2.3.10) 
g) Die Fabrication Date code (see 2.3.11) 

2.3.2 Marking on Initial Container 

All of the marking specified in 2.3.1, except the 
index point, appear on the initial protection or 
wrapping for deliVery. 

2.3.3 Marking Permanence 

Marking is permanent in nature and will remain 
legible after testing. Damage to marking caused by 
mechanical flXturing in Group B, C and D tests are not 
cause for lot rejection. 

2.3.4 Index Point 

The index point indicating the starting point for 
numbering of leads and/or mechanical orientation of 
the integrated circuit may be a tab, color dot, or other 
suitable indicator. 

2.3.5 Part Number 

The part number is the Brooktree generic part number 
with /883 attached at the end. 

2.3.6 Formation of Lots 

Integrated circuits are assembled into inspection lots 
in accordance with MIL-M-385 10. 

2.3.7 Inspection or Identification Code 

Integrated circuits are marked by a 4-digit date code 
indicating the date the lot was sealed, and a 3-digit lot 
identification code. The codes provide for a method of 
traceability of product bistory. 
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2.3.8 Manufacturer's Identification 

These integrated circuits are marked with the name, 
logo, or trademark of Brooktree Corporation. 

2.3.9 Compliance Indicator "c" 

The letter "c" will be marked on the topside of the 
device indicating the product is in compliance with 
MIL-STD-883C, paragraph 1.2.1. 

2.3.10 Country of Origin 

Each device will be marked with the country in which 
the product was assembled. 

2.3.11 Die Fabrication Date Code 

Each device will be marked with a two digit 
Numeric/Alpha code indicating the year and quarter in 
wbich the wafer fabrication process was completed. 

3.0 Conditions and Methods of Test 

Conditions and methods of test are in accordance with 
Method 5004 of MIL-STD-883 and as specified herein 
on a 100% basis. The general requirements of 
MIL-STD-883 apply as applicable. This section 
establishes the stress screening tests and quality 
conformance inspection tests for this program. The 
purpose of these tests is to assure the quality and 
reliability of the product to a particular process level 
commensurate with the product's intended 
application. 

3.1 Internal Visual Inspection (Precap) 

Internal visual inspection is performed per 
MIL-STD-883, Method 2010, Condition B. 

3.2 Temperature Cycling 

Temperature cycling is performed per MIL-STD-883, 
Method 1010, Condition C, 10 cycles, from _65 0 C. 
to +1500 C. 

3.3 Constant Acceleration 

Constant acceleration is performed per 
MIL-STD-883C, Method 2001, YI Orientation only. 
Condition E will be performed unless Condition D is 
allowed. 



3.4 Hermeticity 

Henneticity tests are perfonned per the following: 

3.4.1 Fine Leak Testing 

Fine leak testing is perfonned per MIL-STD-883, 
Method 1014, Condition A or B. The criterion for 
rejection is in accordance with MIL-STD-883. 

3.4.2 Gross Leak Testing 

Gross leak testing is perfonned per MIL-STD-883, 
Method 1014, Condition C. The rejection criterion is 
in accordance with MIL-STD-883. 

3.5 Interim Electrical Parameters 

Interim electrical parameters are the 25° C. DC 
parameters, specified in the detail specification. 
Interim electrical parameters are performed at 
Brooktree's option. 

If interim electrical parameter tests are performed 
prior to burn-in, failures resulting from preburn-in 
screening are excluded from the PDA. If interim 
electrical parameter tests prior to burn-in are omitted, 
all screening failures are included in the PDA. The 
verified failures of Group A, subgroup 1 after burn-in 
in that lot are used to determine the percent defective 
for that lot, and the lot is accepted or rejected based on 
thePDA. 

3.6 Burn-in 

Burn-in is performed per MIL-STD-883, Method 
1015, Conditions A, B, C, or D. Bum-in condition 
varies with product type. Bum-in is performed for 
160 hours at 125° C. 

3.7 Final Electrical Parameters 

Final electrical parameters are as specified in the 
applicable detail specification. DC testing is 
perfonned at 25° C, _55° C. and 125° C. Switching 
testing is performed at 25 °C. The PDA (Percent 
Defective Allowable) shall be 5% maximum and shall 
only apply to DC measurements at 25° C. 

3.8 External Visual Inspection 

All 883C integrated circuits receive external visual 
inspection per MIL-STD-883, Method 2009. 
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4.0 Quality Assurance Provisions 

4.1 Quality Conformance Inspection 

Quality confonnance inspection is in accordance with 
Groups A and B. Inspection lot sampling is in 
accordance with Method 5005 of MIL-STD-883. 
Inspection lots failing to meet quality confonnance 
inspection for a given product assurance level are 
rejected. Sample selection is in accordance with 
MIL-M-38510. 

4.1.1 Group A Inspection 

Group A inspection consists of the electrical 
parameters in the DTS and is perfonned on each lot. If 
an inspection lot is made up of a collection of 
sublots, each sublot is subjected to Group A, as 
specified. Group A may be done in·line. 

4.1.2 Group B Inspection 

Group B inspection consists of construction testing 
and is perfonned on each unique date code lot. This 
sample test sequence includes, resistance to solvents, 
bond strength, and solderability. Group B qualifies 
the inspection sublot from which the sample is 
selected and all devices manufactured within the same 
inspection lot in the same package on the same 
assembly line. Group B may be done in-line. 

4.1.3 Group C Inspection 

Group C inspection consists of die stress testing. 
This sample test sequence includes operating life, and 
end point electricals. Group C qualifies the lot from 
which the sample is selected and all generically 
similar die type for a period of one year. 

III 
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Test Quantity I (accept no.) 

Subgroup 1 
Static tests at 25° C. 116 (0) 

Subgroup 2 
Static tests at maximum rated operating temperature 116 (0) 

Subgroup 3 
Static tests at minimum rated operating temperature 116 (0) 

Subgroup 4 
Dynamic tests at 25° C. 116 (0) 

Subgroup 5 
Dynamic tests at maximum rated operating 116 (0) 
temperature 

Subgroup 6 
Dynamic tests at minimum rated operating temperature 116 (0) 

Subgroup 7 
Functional tests at 25° C. 116 (0) 

Subgroup 8 
Functional tests at maximum and minimum rated 116 (0) 
operating temperature 

Subgroup 9 
Switching tests at 25° C. 116 (0) 

Subgroup 10 
Switching tests at maximum rated operating 116 (0) 
temperature 

Subgroup 11 
Switching tests at minimum rated operating 116 (0) 
temperature 

Table I. Group A Inspection (Electrical Tests). 
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Test Method Conditions Quality / (accept no.) 
orLTPD 

Subgroup 2 
Resistance to solvents 2015 4 (0) 

Subgroup 3 (Note 1) 2003 or 
Solderability 2022 Soldering temperature of 245°C ± 5° C. 10 

Subgroup 5 (Note 2) 
Bond strength 2011 Condition C or D 15 

Note 1: The LTPD for solderability test applies to the number of leads inspected, except no less than 3 devices shall be 
used to provide the number of leads required. 

Note 2: The LTPD for bond strength test is the number of bond pulls selected from a minimum of 4 devices. 

Table II. Group B Inspection. 
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Test Method Conditions L1PD 

Subgroup 1 
Operating life test 1005 Test conditions to be specified 5 

(1,000 hours at 125° C.) 
End point electrical parameters As specified per applicable DTS* 

(subgroup 1 of Group A) 

* Device Test Specification 

Table Ill. Group C Inspection (Die Related Tests). 
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Test Method Conditions Quality I (accept no.) 
orLTPD 

Subgroup 1 
Physical dimensions 2016 15 

Subgroup 2 
Lead integrity 2004 Test conditions B2 (lead fatigue) IS 

Leadless chip camer package Condition D 
Seal (fme and gross) 1014 All applicable 

Subgroup 3 
Thennal shock 1011 Test condition B -- 15 cycles IS 
Temperature cycling 1010 Test condition C -- 100 cycles 
Moisture resistance 1004 
Seal (fine and gross) 1014 All applicable 
Visual examination Criteria per 1004 and 1010 
End point electrical parameters All specified per applicable DTS* 

(subgroup 1 of Group A) 

Subgroup 4 
Mechanical shock 2002 Test condition B 15 
Vibration, variable frequency 2007 Test condition A 
Constant acceleration 2001 Test condition E, Y1 axis 
Seal (fine and gross) 1014 All applicable 
Visual examination Criteria per 1010 

End point electrical parameters All specified per applicable DTS * 
(subgroup 1 of Group A) 

Subgroup 5 
Salt atmosphere 1009 Test condition A 15 
Seal (fine and gross) 1014 As applicable 
Visual examination Criteria per 1009 

Subgroup 6 3 (0) or 
Internal water vapor content 1018 5,000 ppm maximum water content 5 (1) 

at 100· C. III 
Subgroup 7 15 
Adhesion of lead finish 2025 

Subgroup 8 5 (0) 
UdTorque 2024 

* Device Test Specification 

Table IV. Group D Inspection (Package Related Tests). 
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4.1.4 Group D Inspection 

Group D testing further stresses the package and the 
die. The Group D tests include physical dimensions, 
lead integrity, hermeticity, thermal shock, 
temperature cycling, moisture resistance, mechanical 
shock, vibration variable frequency, constant 
acceleration, salt atmosphere, visual examination, 
and end point electricals (see Table IV). Group D 
qualifies the lot from which the sample is selected and 
all generically similar devices built in the same 
package and assembled by the same vendor for a 
period of one year. 

5.0 Data and Reports 

5.1 Certificate of Compliance 

All 883C integrated circuits shipped are accompanied 
by a Certificate of Compliance. 

5.2 Quality Conformance Reports 

Quality conformance data for Group A, B, C, and D 
testing, and the device test specifications, is not 
normally provided, but is retained on file. Copies are 
available at no cost. 

5.3 Traceability 

Traceability is in accordance with MIL-M-385 10. 
Each integrated circuit is traceable to the production 
lot. Reworked or repaired circuits maintain 
traceability . 
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6.0 Packaging 

Packing and packaging are in accordance with 
MIL-M-38510. 

7.0 Custom Marking 

Dual marking is allowable, since the 883C integrated 
circuits are fully compliant with Methods 5004 and 
5005 of MIL-STD-883, and are typically fully 
compliant to Source Control ISpecification Control 
Drawings prepared in accordance with MIL-STD-883. 



Distinguishing Features 

, 30 MHz Pipelined Operation 
, Triple 8-bit D/A Converters 
, ± 1 LSB Differential Linesrity Error 
, ± 1 LSB Integral Linesrity Error 
, Guaranteed Monotonic 
, RS-343AJRS-170 Compatible Outputs 
, +5v CMOS Monolithic Construction 
, 4O-pin Ceramic Sidebraze DIP Package 
, Typical Power Dissipation: 700 mW 

Functional Block Diagram 

FSADJUST 

CLOCK 

VRBP 

Applications 

, High Resolution Color Graphics 
, CAE/CAD/CAM Applications 
, Image Processing 
, Video Reconstruction 
, Instrumentation 

L---':"~r=F-T- COMP 

, 
RO-R7 >---r-" lOR 

R 
E 

GO-G7 G >---r_"100 
I 
S 

B T 
BO-B7 E >---r-" lOB 

R 
SYNC· 

ISYNC 
BLANK' 

REFWHITB 

VAA AOND 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Ll01MOI Rev. E 11 - 15 

Btl0l/883 
MIL-STD-883C, Class B 

Monolithic CMOS 

30 MHz Triple 8-bit 

VIDEODAC"M 

Product Description 

The BtlOI/883 is a triple 8-bit VIDEODAC, 
designed specifically for high performance, 
high resolution color graphics. 

Available control inputs include sync, 
blank, and reference white. The reference 
white input forces the analog outputs to the 
reference white level, regardless of the data 
inputs. 

An external 1.2v voltage reference and a 
single resistor control the full scale output 
current. The sync, blank, and reference white 
inputs are pipe lined to maintain 
synchronization with the digital input 
data. 

The BtlOl/883 generates RS-343A 
compatible video signals into a 
doubly-terminated 75-ohm load, and RS-170 
compatible video signals into a 
singly-terminated 75-ohm load, without 
requiring external buffering. Both the 
differential and integral linearity errors of 
the D/ A converters are guaranteed to be a 
maximum of ± 1 LSB over the full 
temperature range. III 
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Circuit Description 

As illustrated in the functional block diagram, the 
Bt101/883 contains three 8-bit D/A converters, input 
registers, and a reference amplifier. 

On the rising edge of each clock cycle, as shown 
below in Figure 1, 24 bits of color information (RO -
R7, GO - G7, and BO - B7) are latched into the device 
and presented to the three 8-bit D/A converters. The 
REF WHITE input, also latched on the rising edge of 
each clock cycle, forces the inputs of each D/A 
converter to $FF. 

Latched on the rising edge of CLOCK to maintain 
synchronization with the color data, the SYNC* and 
BLANK* inputs add appropriately weighted currents 
to the analog outputs, producing the specific output 
levels required for video applications as illustrated in 
Figure 2. Table 1 details how the SYNC*, BLANK*, 
and REF WHITE inputs modify the output levels. 

The ISYNC current output is typically connected 
directly to the lOG output and is used to encode sync 
information onto the lOG output. If ISYNC is not 
connected to the lOG output, sync information will 
not be encoded on the green channel, and the lOR, 
lOG, and lOB outputs will have the same full scale 
output current. 

RO·R7, oo-G7, BO·B7, 
SYNC·. BLANK·. REF WHITE 

[oR, [00, lOB, [SYNC 

Full scale output current is set by an external resistor 
(RSET) between the FS ADJUST pin and AGND. RSET 
has a typical value of 542 ohms for generation of 
RS-343A video into a 37.5-ohm load. The VREF input 
requires an external 1.2v (typical) reference. For 
maximum performance, the voltage reference should 
be temperature compensated and provide a 
low-impedance output. 

The D/A converters on the Bt101/883 use a segmented 
architecture in which bit currents are routed to either 
the output or AGND by a sophisticated decoding 
scheme. This architecture eliminates the need for 
precision component ratios and greatly reduces the 
switching transients associated with turning current 
sources on or off. Monotonicity and low glitch are 
guaranteed by using identical current sources and 
current steering their outputs. An on-chip operational 
amplifier stabilizes the full-scale output current 
against temperature and power supply variations. 

The analog outputs of the Bt101/883 are capable of 
directly driving a 37.5-ohm load, such as a 
doubly-terminated 75-ohm coaxial cable. 

Figure I, Input/Output Timing, 
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Circuit Description (continued) 

RED. BLUE GREEN 

MA V MA V 

19.05 0.714 26.67 1.000 -r--____ "'-----------____ ~--- WHITE LBVBL 

1.44 0.054 9.05 0.340 -+------+-------jf--------- BLACK LBVBL 

7.5 IRE 

0.00 0.000 7.62 0.286 -+-------1--,,--.---''---------- BLANK LBVBL 

40 IRE 

0.00 0.000 
-!.. _______ --''---'-__________ SYNC LBVBL 

Note: 75-ohm doubly-tenninated load, RSET = 542 ohms, VREF = 1.2v. ISYNC connected to lOG. RS-343A levels 
and tolerances assumed on all levels. 

Figure 2. Composite Video Output Waveforms. 

Description lOG 10R,IOB REF SYNC* BlANK* DAC 
(mA) (mA) WHITE Input Data 

WHITE 26.67 19.05 1 1 1 $xx 
WHITE 26.67 19.05 0 1 1 $FF 
DATA data + 9.05 data + 1.44 0 1 1 data 
DATA-SYNC data + 1.44 data + 1.44 0 0 1 data 
BLACK 9.05 1.44 0 1 1 $00 
BLACK-SYNC 1.44 1.44 0 0 1 $00 
BlANK 7.62 0 x 1 0 $xx 
SYNC 0 0 x 0 0 $xx 

Note: Typical with full scale lOG = 26.67 rnA. RSET = 542 ohms, VREF = 1.2v. ISYNC connected to 
lOG. 

Table 1. Video Output Truth Table. 
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Pin Descriptions 

Pin Name 

BLANK* 

SYNC'" 

REFWHIfE 

RO - R7, 
00-07, 
BO-B7 

CLOCK 

lOR, lOG, lOB 

ISYNC 

FSADJUST 

Description 

Composite blank control input (TIL compatible). A logical zero drives the lOR, 100, and lOB 
outputs to the blanking level, as illustrated in Table 1. It is latched on the rising edge of 
CLOCK. When BLANK* is a logical zero, the RO - R7, 00 - 07, BO - B7, and REF WHITE inputs 
are ignored. 

Composite sync control input (TIL compatible). A logical zero on this input switches off a 40 
IRE current source on the ISYNC output (see Figure 2). SYNC* does not override any other 
control or data input, as shown in Table 1; therefore, it should be asserted only during the 
blanking interval. It is latched on the rising edge of CLOCK. 

Reference white control input (TTL compatible). A logical one on this input forces the lOR, 
100, and lOB outputs to the white level, regardless of the RO - R7, GO - 07, and BO - B7 inputs. 
It is latched on the rising edge of CLOCK. See Table 1. 

Red, green, and blue data inputs (TIL compatible). RO, 00, and BO are the least significant data 
bits. They are latched on the rising edge of CLOCK. Coding is binary. Unused inputs should be 
connected to either the regular PCB power or ground plane. 

Clock input (TIL compatible). The rising edge of CLOCK latches the RO - R7, 00 - 07, BO - B7, 
SYNC*, BLANK*, and REF WHITE inputs. It is typically the pixel clock rate of the video 
system. It is recommended that the CLOCK input be driven by a dedicated TTL buffer. 

Red, green, and blue current outputs. These high impedance current sources are capable of 
directly driving a doubly-terminated 75-ohm coaxial cable (Figure 3). All outputs, whether used 
or not, should have the same output load. 

Sync current output. Typically, this current output is directly wired to the lOG output, and 
enables sync information to be encoded onto the green channel. A logical zero on the SYNC* 
input results in no current being output onto this pin, while a logical one results in the 
following current being output: 

!SYNC (rnA) = 3,442 * VREF (v) I RSET (ohms) 

If sync information is not required on the green channel, this output should be connected to 
AOND. 

Full scale adjust control. A resistor (RSET) connected between this pin and AOND controls the 
magnitude of the full scale video signal (Figure 2). Note that the IRE relationships in Figure 2 
are maintained, regardless of the full scale output current. 

The relationship between RSET and the full scale output current on lOG (assuming ISYNC is 
connected to lOG) is: 

RSET (ohms) = 12,046 * VREF (v) I lOG (rnA) 

The full scale output current on lOR and lOB for a given RSET is defined as: 

lOR, lOB (rnA) = 8,604 * VREF (v) I RSET (ohms) 
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Pin Descriptions (continued) 

Pin Name 

COMP 

VREF 

AGND 

VM 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 
0.01 IlF ceramic capacitor in series with a resistor must be connected between this pin and the 
nearest V AA pin (Figure 3). Connecting the capacitor to V AA rather than to AGND provides the 
highest possible power supply noise rejection. The COMP resistor and capacitor must be as 
close to the device as possible to keep lead lengths to an absolute minimum. 

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 
3, must supply this input with a 1.2v (typical) reference. The use of a resistor network to 
generate the reference is not recommended, as any low frequency power supply noise on VREF 
will be directly coupled onto the analog outputs. A 0.1 f.1F ceramic capacitor must be used to 
decouple this input to V AA, as shown in Figure 3. The decoupling capacitor must be as close to 
the device as possible to keep lead lengths to an absolute minimum. 

Analog ground. All AGND pins must be connected. 

Analog power. All V AA pins must be connected. 

G4 GS 

R7 G6 

R6 G7 

RS BLANK" 

R4 SYNC· 

B7 AGND 

B6 lOB 

BS lOR 

B4 lOG 

VAA ISYNC 

AGND VAA 

BO AGND 

B1 FSADJUST 

B2 VREF 

B3 COMP 

CLOCK RBFWHITB 

RO G3 

Rl G2 

R2 Gl 

R3 GO 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the BtlOl/883 power and ground lines by shielding 
the digital inputs and providing good decoupling. The 
lead length between groups of V AA and AGND pins 
should be minimized so as to minimize inductive 
ringing. 

Ground Planes 

The BtlOl/883 and any associated analog circuitry 
should have it's own ground plane, referred to as the 
analog ground plane. This ground plane should 
connect to the regular PCB ground plane at a single 
point through a ferrite bead, as illustrated in Figure 3. 
This bead should be located within three inches of the 
BtlOl/883. 

The analog ground plane area should encompass all 
BtlOl/883 ground pins, voltage reference circuitry, 
power supply bypass circuitry for the BtlOl/883, the 
analog output traces, and any output amplifiers. 

The regular PCB ground plane area should encompass 
all the digital signal traces, excluding the ground 
pins, leading up to the BtlOl/883. 

Power Planes 

The BtlOl/883 and any associated analog circuitry 
should have it's own power plane, referred to as the 
analog power plane. This power plane should be 
connected to the regular PCB power plane at a single 
point through a ferrite bead, as illustrated in Figure 3. 
This bead should be located within three inches of the 
BtlOl/883. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all BtlOl/883 power 
pins, voltage reference circuitry, and any output 
amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power or ground planes, unless they can be 
arranged such that the plane-to-plane noise is 
common mode. This will reduce plane-to-plane noise 
coupling. 
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Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 

For the best performance, a 0.1 J.1F ceramic capacitor 
should be used to decouple each V AA pin to AGND. 
These capacitors should be placed as close as possible 
to the device. 

It is important to note that while the BtlOl/883 
contains circuitry to reject power supply noise, this 
rejection decreases with frequency. If a switching 
power supply is used, the designer should pay close 
attention to reducing power supply noise and consider 
using a three terminal voltage regulator for supplying 
power to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the BtlOl/883 should be isolated 
as much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground and power planes. 

Due to the high clock rates involved, long clock lines 
to the BtlOI/883 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power and 
ground planes. 

Analog Signal Interconnect 

The BtlOl/883 should be located as close as possible 
to the output connectors to minimize noise pickUp 
and reflections due to impedance mismatch. 

The video output signals should overlay the analog 
ground plane, and not the analog power plane, to 
maximize the high frequency power supply rejection. 

For maximum performance, the analog outputs should 
each have a 75-ohm load resistor connected to AGND. 
The connection between the current output and AGND 
should be as close as possible to the BtlOl/883 to 
minimize reflections. 



PC Board Layout Considerations (continued) 

lOG 1---+----...... -+------ TO 
VIDEO 

CONNECTOR 
ISYNC 

IOBI--________ ~------

Location Description 

CI 33 ~F tantalum capacitor 
C2, C3, C5 0.1 ~F ceramic capacitor 

C4 0.01 ~F ceramic capacitor 
C6 10 ~F tantalum capacitor 

Ll, L2 ferrite bead 
RI, R2, R3 75-ohm I % metal film resistor 

R4 1000-ohm 1 % metal film resistor 
R5 15-ohm 1% metal film resistor 

RSEf 549-ohm 1% metal film resistor 
ZI 1.2v voltage reference 

Figure 3. Typical Connection Diagram and Parts List. 
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Application Information 

RS·170 Video Generation 

For generation of RS-170 compatible video. it is 
recommended that a singly-terminated 75-ohm load be 
used with an RSET value of about 774 ohms. If the 
BtlO1/883 is not driving a large capacitive load. 
there will be negligible difference in video quality 
between doubly-terminated 75-ohm and 
singly-terminated 75-ohm loads. 

If driving a large capacitive load (load RC > 1/ 
(20Fc1t)). it is recommended that an output buffer be 
used to drive a doubly-terminated 75-ohm load. 

COMP Resistor 

To optimize the settling time of the BtlOI/883. a 
resistor may be added in series between the CaMP 
capacitor and CaMP pin. The series resistor damps 
inductive ringing on CaMP. thus improving settling 
time. 

The value of the resistor is typically 15 ohms. 
however. the exact value is dependent on the PC board 
layout. clock rate. etc.. and should be optimized for 
minimal settling time. 

An incorrect resistor value will result in degraded 
output performance. such as excessive ringing of the 
analog outputs or increased settling time. 
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Non· Video Applications 

The BtlOl/883 may be used in non-video 
applications by disabling the video-specific control 
inputs. SYNC" and REF WHITE should be a logical 
zero and BLANK* should be a logical one. ISYNC 
should be connected to AGND. All three outputs will 
have the same full scale output current. 

The relationship between RSET and the full scale 
output current (lout) in this configuration is as 
follows: 

RSET (ohms) = 7.958 * VREF (v) / lout (rnA) 

With the data inputs at $00. there is a DC offset 
current (Imin) defined as follows: 

Imin (rnA) = 650 * VREF (v) / RSET (ohms) 

Therefore. the total full scale output current will be 
lout + Imin. The REF WHITE input may optionally be 
used as a "force to full scale" control. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA - 55 + 125 ·C. 
Output Load RL 37.5 Ohms 
Reference Voltage VREF 1.14 1.20 1.26 Volts 
FS ADJUST Resistor RSEI' 542 Ohms 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGND) 7.0 Volts 

Voltage on any Digital Pin AGND-0.5 VAA+O.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·C. 
Junction Temperature TJ + 185 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds, 1/4" from pin) 

alC 25 ·C./W 

alA 60 ·C./W 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 8 8 8 Bits 
Accuracy (each DAC) 

Integral Linearity Error IL ±1 LSB 
Differential Linearity Error IL ±1 LSB 
Gray Scale Error ±5 % Gray Scale 
Monotonicity** guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage V1H 

CLOCK 3.0 Volts 
Other 2.0 Volts 

Input Low Voltage VIL 0.8 Volts 
Input High Current (Vin = V AA) IIH 1 ~ 
Input Low Current (Vin = Ov) IlL - 1 ~ 
Input Capacitance* CIN 10 pF 

Analog Outputs 
Gray Scale Current Range 20.40 rnA 
Output Current 

White Level Relative to Blank 17.69 19.05 20.40 rnA 
White Level Relative to Black 16.74 17.62 18.50 rnA 
Black Level Relative to Blank 0.95 1.44 1.90 rnA 
Blank Level on lOR, lOB 0 5 50 ~ 
Blank Level on lOG 6.29 7.62 8.96 rnA 
Sync Level on lOG 0 5 50 ~ 
LSB Size· 69.1 ~ 

Output Compliance Vex: +1.4 Volts 
Output Capacitance* COUT 30 pF 

Voltage Reference Input Current IREF 10 ~ 
(VREF = 1.200v) 

Power Supply Rejection Ratio PSRR 0.2 0.5 %/%JlVAA 
(COMP = 0.01 J.l.F, f = 1 KHz) 

Test conditions (unless otherwise specified): 100% tested at VAA = 4.75v and 5.25v, TA = _55°, 25°, and 125° 
C., RSET = 542 ohms ± 0.1%, VREF = 1.200v. ISYNC connected to lOG. 

*Derived from characterization, not tested (T A = 25° C., V AA = 5v ± 5%). 

**Guaranteed by design, not tested. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 30 MHz 

Data and Control Setup Time TSU 10 ns 
Data and Control Hold Time 1H 3 ns 

Clock Cycle Time TCYC 33.3 ns 
Clock Pulse Width Low TCl.KH 10 ns 
Clock Pulse Width High TCLKL 10 ns 

Analog Output Delay IDLY 
TA= _55° C. 31 ns 
TA=25°C. 31 ns 
TA= 125°C. 39 ns 

Analog Output Rise/FaJI Time TVRF 9 ns 
Analog Output Settling Time* TS 12 ns 
Clock and Data Feedthrough* - 28 dB 
Glitch Impulse* 100 pV - sec 
DAC to DAC Crossta1k* - 23 dB 
Analog Output Skew 0 3 ns 

Pipeline Delay 1 1 1 Clock 

V AA Supply Current** IAA 140 175 rnA 

Test conditions (unless otherwise specified): 100% tested at V AA = 4.75v and 5.25v with TA = 25° C. QCI 
sample tested at VAA = 4.75v and 5.25v with TA = _55°, 25°, and 125° C. RSET = 542 ohms ± 0.1%, VREF = 
1.2oov. Input values are 0.4 to 3.5 volts for CLOCK and 0 to 3 volts for all other digital inputs, with input 
rise/fall times ~ 3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. CaMP resistor = 15 ohms. Analog output load - 10 pF with doubly-terminated 50-ohm line. See 
timing notes in Figure 4. 

Note: Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital 
inputs. For this test, the digital inputs have a lk-ohm resistor to the regular PCB ground plane and are driven by 
74HC logic. Settling time does not include clock and data feedthrough. Glitch impulse includes clock and data 
feedthrough, -3 dB test bandwidth = 60 MHz. 

*Derived from characterization, not tested (TA = 25° C, V AA = 5v ± 5%). 

**at Fmax. IAA (typ) at VAA = 5.0v. IAA (max) at VAA = 5.25v. IAA (max) 100% tested at TA = 25° C. IAA 
(typ) based on characterization. 
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Ordering Information 

Ambient 
Model Nurnber MTBF* Package Temperature 

(hours) Range 

Bti0lSC883 1.5 x 106 40-pin 0.6" _55 0 to +1250 C. 
Ceramic 

Sidebraze DIP 

*MTBF is calculated per MIL Handbook 217. 

Timing Waveforms 

CLOCK 

RO·R7. 00·07. BO·B7. 
SYNC". BLANK", REF WHITE 

lOR, 100. lOB. !SYNC 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale transition. 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within ± 1 LSB. 

Note 3: Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 4. InputlOutput Timing. 
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Distinguishing Features 

50 MHz Pipelined Operation 
± 1/2 LSB Differential Linearity Error 
± 3/4 LSB Integral Linearity Error 
RS-343NRS-170 Compatible Output 
0.7. or 10 IRE Programmable Setup 
+5v CMOS Monolithic Construction 
24-pin 0.3" Sidebraze DIP Package 

• Typical Power Dissipation: 550 mW 

Functional Block Diagram 

Applications 

High Resolution Color Graphics 
• CAE/CAD/CAM Applications 

Image Processing 
Instrumentation 
Conventional D/ A Applications 

VREP FS ADJUST 

THRESHOlD 
SET 

CLOCK -+-----.., 

00 - 07 -+--r---.J 

OVmrnffiG~ -+-----~ 

SYNC· -+---~ 

BLANK'" 

REPWHITE* -+-------1 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego. CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Ll02MOI Rev. D 

VAA 

L-------{~--_r----t_--COMP 

)-_+_IOUT 

!RET 

~----~-SETIW 

AGND 
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Btl02/883 
MIL-STD-883C, Class B 

Monolithic CMOS 

50 MHz Single 8-bit 

VIDEODAC™ 

Product Description 

The Btl02/883 is an 8-bit multi-function 
VIDEODAC. designed specifically for color 
graphics and conventional D/A converter 
applications. 

Available control inputs include sync. 
blank. reference white. and 10% overbright. 
Additional features include a threshold set 
input to configure the digital inputs to be 
either TTL or CMOS compatible. and a setup 
input to specify one of three available setups 
in the analog output. 

An external 1.2v voltage reference and a 
single resistor control the full scale output 
current. The sync. blank. reference white. 
and 10% overbright inputs are pipelined to 
maintain synchronization with the input 
data. 

The Btl02/883 generates RS-343A 
compatible video signals into a 
doubly-terminated 75-ohm load. and RS-170 
compatible video signals into a 
singly-terminated 75-ohm load. without 
requiring external buffering. The differential _ 
and integral linearity errors of the D/A .. 
converter are guaranteed to be a maximum of 
± 1/2 LSB and ± 3/4 LSB. respectively. over 
the full temperature range. 
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Circuit Description 

As illustrated in the functional block diagram, the 
Bt102/883 contains a single 8-bit D/A converter, 
input registers, and a reference amplifier. 

The THRESHOLD SET input controls the logic 
thresholds of the digital inputs. If it is left floating, 
the logic thresholds are TTL compatible; if connected 
to VAA, the thresholds are CMOS compatible. 

On the rising edge of each clock cycle, as shown 
below in Figure 1, eight bits of data (DO - D7) are 
latched into the device and presented to the 8-bit D/ A 
converter. The REF WHITE* input, latched on the 
rising edge of CLOCK, forces the inputs of the D/ A 
converter to $FF, regardless of the value of the DO -
D7 inputs. 

Latched on the rising edge of CLOCK to maintain 
synchronization with the data, the SYNC*, BLANK*, 
and 10% OVERBRIGHT* inputs add appropriately 
weighted currents to the analog outputs, producing the 
specific output levels required for video applications, 
as illustrated in Figure 2. Table 1 details how the 
SYNC*, BLANK*, REF WHITE*, and 10% 
OVERBRIGHT* inputs modify the output level. 

The SETUP input is used to control the difference 
between the black and blanking level. Available 
setups include lOIRE (SETUP = V AA), 7 IRE (SETUP 
= float), and 0 IRE (SETUP = AGND). A setup of 0 IRE 
specifies that the blanking level is the same as the 
black level. 

CLOCK 

DO· D7, 10% OVERBRIGHf"', 
SYNC·, BLANK"'. REFWHITE'" 

lOUT 

Full scale output current is set by an external resistor 
(RSET) between the FS ADJUST pin and AGND. The 
VREF input requires an external 1.2v(typical) 
reference. For maximum performance, the voltage 
reference should be temperature compensated and 
provide a low-impedance output. 

The D/A converter on the Btl02/883 uses a segmented 
architecture in which bit currents are routed to either 
the output or IRET by a sophisticated decoding 
scheme. This architecture eliminates the need for 
precision component ratios and greatly reduces the 
switching transients associated with turning current 
sources on or off. Monotonicity and low glitch are 
guaranteed by using identical current sources and 
current steering their outputs. An on-chip operational 
amplifier stabilizes the full-scale output current 
against temperature and power supply variations. 

The analog output of the Btl02/883 is capable of 
directly driving a 37.5-ohm load, such as a 
doubly-terminated 75-ohm coaxial cable. 

Figure 1. Input/Output Timing. 
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Circuit Description (continued) 

RSET::= RSET= 
1130 1110 

SEfUP= SETIJP= 
VAA FLOAT 

IRE MA IRE MA 

28.90 28.74 
9.5 10 

27.01 26.81 

90 92.9 

959 9.09 

10 7.1 

7155 7.72 

39.5 40.5 

0.00 0.00 

RSET= 
1050 

SE11JP= 
AGND 

IRE MA 

10.75 
29.00 

26.97 

100 

8.23 

0 

8.23 

44 

0.00 

10% OVERBRIGHT LEVEL 

WHITE LEVEL 

BLACK LEVEL 

BLANK LEVEL 

SYNC LEVEL 

Note: 75-ohm doubly-terminated load, VREF = 1.235v. RS-343A levels and tolerances assumed on all levels. 

Figure 2. Composite Video Output Waveform. 

Description lOur 10% REF SYNC* BLANK* DAC 
(rnA) OVERBRIGHT* WlllTE* Input Data 

WHITE +10% 28.74 0 1 1 1 $FF 
WHITE 26.81 1 0 1 1 $xx 
WHITE 26.81 1 1 1 1 $FF 
DATA + 10% data + 11.0 0 1 1 1 data 
DATA data + 9.09 1 1 1 1 data 
DATA-SYNC data + 1.37 1 1 0 1 data 
BLACK 9.09 1 1 1 1 $00 
BLACK-SYNC 1.37 1 1 0 1 $00 
BLANK 7.72 x x 1 0 $xx 
SYNC 0 x x 0 0 $xx 

Note: Typical with white level current = 26.81 rnA. RSET = 1110 ohms, VREF = 1.235v, SETUP = float. 

Table 1. Video Output Truth Table. 
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Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

REFWHITE* 

10% 
OVERBRIGHf* 

DO-07 

CLOCK 

SETUP 

1HRESHOlD 
SEf 

lOur 

IRET 

AGND 

VM 

VREF 

Description 

Composite blank control input (TIL/CMOS compatible). A logical zero drives the output to the 
blanking level. as illustrated in Table 1. It is latched on the rising edge of CLOCK. When 
BLANK* is a logical zero. the 00 - 07. REF WHITE*. and 10% OVERBRIGHT* inputs are 
ignored. 

Composite sync control input (TIL/CMOS compatible). A logical zero on this input switches 
off a current source on the output equal to approximately 30% of the full scale current (see Figure 
2). SYNC· does not override any other control or data input. as shown in Table 1; therefore. it 
should be asserted only during the blanking interval. It is latched on the rising edge of CLOCK. 

Reference white control input (TIL/CMOS compatible). A logical zero on this input forces the 
output to the white level. regardless of the 00 - 07 inputs. It is latched on the rising edge of 
CLOCK. See Table 1. 

Overbright control input (TIL/CMOS compatible). A logical zero on this input causes the 
output current to increase by approximately 10 IRE units as shown in Table 1 and Figure 2. It is 
latched on the rising edge of CLOCK. 

Oata inputs (TIL/CMOS compatible). 00 is the least significant data bit. They are latched on 
the rising edge of CLOCK. Coding is binary. 

Clock input (TIL/CMOS compatible). The rising edge of CLOCK latches the DO - 07. SYNC*. 
BLANK*. REF WHITE*. and 10% OVERBRIGHT* inputs. It is typically the pixel clock rate of 
the video system. It is recommended that the CLOCK input be driven by a dedicated TTL or 
CMOS buffer. 

Setup control input. This pin controls the difference between the black level and the blanking 
level. Available setups include 10 IRE units (SETUP = VAA). 7 IRE units (SETUP = float). and 0 
IRE units (SETUP = AGND). 

Threshold control input. This pin controls the logic thresholds of the digital inputs. If 
connected to V AA through a 0.1 ~F ceramic capacitor. the logic thresholds are TTL compatible. 
If connected directly to VAA. the thresholds are CMOS compatible. 

Current output. This high impedance current source is capable of directly driving a 
doubly-terminated 75-ohm coaxial cable (Figure 3). 

Current return. This pin must be connected to AGNO through a ferrite bead. as illustrated in 
Figure 3. 

Analog ground. All AGNO pins must be connected. 

Analog power. All VAA pins must be connected. 

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 
3. must supply this input with a 1.2v (typical) reference. The use of a resistor network to 
generate the reference is not recommended. as any low frequency power supply noise on VREF 
will be directly coupled onto the analog outputs. A 0.1 ~F ceramic capacitor must be used to 
decouple this input to V AA. as shown in Figure 3. The decoupling capacitor must be as close to 

the device as possible to keep lead lengths to an absolute minimum. 
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Pin Descriptions (continued) 

Pin Name 

COMP 

FSADJUST 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 
0.01 ~F ceramic capacitor in series with a resistor must be connected between this pin and the 
adjacent V AA pin (Figure 3). Connecting the capacitor to V AA rather than to AGND provides 
the highest possible power supply noise rejection. The COMP resistor and capacitor must be as 
close to the device as possible to keep lead lengths to an absolute minimum. 

Full scale adjust control. A resistor (RSET) connected between this pin and AGND controls the 
magnitude of the full scale video signal (Figure 3). Note that the IRE relationships in Figure 3 
are maintained regardless of the full scale output current. 

The relationship between RSET and the white level output current is: 

RSET (ohms) = Kl * VREF (v) / lOUT (rnA) 

The amount of additional current generated to achieve the overbright level is: 

lOUT (rnA) = K2 * VREF (v) / RSET (ohms) 

Kl and K2 are defined as follows: 

SETUP 

float VM AGND 

Kl 24,096 24,713 22,930 

K2 1,735 1,729 1,726 

REF WHITE'" VAA 

BLANK'" 10% OVERBRIGHf'" 

D7 SYNC· 

D6 SETUP 

05 lRET 

D4 lOUT 

CLOCK AGND 

03 VAA 

02 COMP 

01 FS ADJUST 

DO VREF 

THRESHOLD SET AGNO 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Btl02/883 power and ground lines by shielding 
the digital inputs and providing good decoupling. The 
lead length between groups of V AA and AGND pins 
should by minimized so as to minimize inductive 
ringing. 

Ground Planes 

The Btl 02/883 and any associated analog circuitry 
should have it's own ground plane, referred to as the 
analog ground plane. This ground plane should 
connect to the regular PCB ground plane at a single 
point through a ferrite bead, as illustrated in Figure 3. 
This bead should be located within three inches of the 
Btl02/883. 

The analog ground plane area should encompass all 
Btl02/883 ground pins, voltage reference circuitry, 
power supply bypass circuitry for the Btl02/883, the 
analog output traces, and any output amplifiers. 

The regular PCB ground plane area should encompass 
all the digital signal traces, excluding the ground 
pins, leading up to the Btl02/883. 

Power Planes 

The Btl02/883 and any associated analog circuitry 
should have it's own power plane, referred to as the 
analog power plane. This power plane should be 
connected to the regular PCB power plane at a single 
point through a ferrite bead, as illustrated in Figure 3. 
This bead should be located within three inches of the 
Btl02/883. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all Btl 02/883 power 
pins, voltage reference circuitry, and any output 
amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power or ground planes, unless they can be 
arranged such that the plane-to-plane noise is 
common mode. This will reduce plane-to-plane noise 
coupling. 
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Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 

For the best performance, a 0.1 IiF ceramic capacitor 
should be used to decouple each V AA pin to AGND. 
These capacitors should be placed as close as possible 
to the device. 

It is important to note that while the Btl02/883 
contains circuitry to reject power supply noise, this 
rejection decreases with frequency. If a switching 
power supply is used, the designer should pay close 
attention to reducing power supply noise and consider 
using a three terminal voltage regulator for supplying 
power to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Bt102/883 should be isolated 
as much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground and power planes. 

Due to the high clock rates involved, long clock lines 
to the Btl02/883 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power and 
ground planes. 

Analog Signal Interconnect 

The Btl02/883 should be located as close as possible 
to the output connector to minimize noise pickup and 
reflections due to impedance mismatch. 

The video output signal should overlay the analog 
ground plane, and not the analog power plane, to 
maximize the high frequency power supply rejection. 

For maximum performance, the analog output should 
have a 75-ohm load resistor connected to AGND. The 
connection between the current output and AGND 
should be as close as possible to the Btl 02/883 to 
minimize reflections. 



PC Board Layout Considerations (continued) 

COMP 

13 

cs 

.,. C6 

ANALOG GROUND PLANE 

TO 
VIDEO 

CONNECTOR 

L1 

L2 

IOUT/-------.... --------

Location Description 

Cl, C2, C3, C5 0.1 !!F ceramic capacitor 
C4 0.01 !!F ceramic capacitor 
C6 lO !!F tantalum capacitor 

Ll, L2, L3 ferrite bead 
Rl 75-ohm 1 % metal film resistor 
R2 1000-ohm 1 % metal film resistor 
R3 27 -ohm 1 % metal film resistor 

RSET 1 % metal film resistor 
Zl 1.2v voltage reference 

Btl02/883 

\...0.., ___ .,.sv 

Cl 

~ ____ GROUND 

Figure 3. Typical Connection Diagram and Parts List. 
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Application Information 

RS-170 Video Generation 

For generation of RS-170 compatible video, it is 
recommended that a singly-terminated 75-ohm load be 
used with the SETUP pin floating and an RSET value 
of about 1594 ohms. If the Btl02/883 is not driving 
a large capacitive load, there will be negligible 
differ~ in video quality between doubly-terminated 
75-ohm and singly-terminated 75-ohm loads. 

If driving a large capacitive load (load RC > 11 
(20Fc1t», it is recommended that an output buffer be 
used to drive a doubly-terminated 75-ohm load. 

Color Applications 

Note that in color applications, sync information is 
typically required only on the green channel. 
Therefore, the SYNC" inputs to the red and blue 
VIDEODACs may always be a logical zero. If SYNC" 
is always a logical zero, the relationship between 
RSET and the full scale output current is: 

lOUT (rnA) =K" VREF (v) I RSET (ohms) 

where K is equal to 17,714; 17,158; or 15,933 for 
SETUP = V AA, float, and AGND, respectively. 

Using Multiple Devices 

If located close together on the same PC board, 
multiple Btl02/883 devices may be connected to a 
single analog power and ground plane. In addition, a 
single voltage reference may be used to drive mUltiple 
devices. 

Each Btl02/883 must still have it's individual RSET 
resistor, lOUT termination resistor (R 1 in Figure 3): 
lRET ferrite bead (L3 in Figure 3), power supply 
bypass capacitors (C2 and C3 in Figure 3), and CaMP 
resistor and capacitor (C4 and R3 in Figure 3). 

At high clock rates, individual ground beads (L2 in 
Figure 3) may be required to maintain TTL thresholds 
due to high current return. 

11 - 34 

Non-Video Applications 

The Btl02/883 may be used in non-video 
applications by disabling the video-specific control 
inputs. SYNC" should be a logical zero, while REF 
WHITE", 10% OVERBRIGHT", and BLANK" should 
be a logical one. SETUP should be connected to 
AGND. The output current will be determined solely 
by the DO - D7 inputs. 

The relationship between RSET and the full scale 
output current in this configuration is as follows: 

RSET (ohms) = 15,933 " VREF (v) I lOUT (rnA) 

The BLANK" input may optionally be used as a "force 
to zero" control, and the REF WHITE" input may 
optionally be used as a "force to full scale" control. 

COMP Resistor 

To optimize the settling time of the Btl02/883, a 
resistor may be added in series between the CaMP 
capacitor and CaMP pin. The series resistor damps 
inductive ringing on CaMP, thus improving settling 
time. 

The value of the resistor is typically 27 ohms, 
however, the exact value is dependent on the PC board 
layout, clock rate, etc., and should be optimized for 
minimal settling time. 

An incorrect resistor value will result in degraded 
output performance, such as excessive ringing of the 
analog outputs or increased settling time. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA - 55 + 125 ·C. 
Output Load RL 37.5 OJuns 
Reference Voltage VREF 1.14 1.235 1.26 Volts 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGND) 7.0 Volts 

Voltage on any Digital Pin AGND-0.5 VAA + 0.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperatore TS - 65 + 150 ·C. 
Junction Temperatore TJ + 185 ·C. 

Soldering Temperatore TSOL 260 ·C. 
(5 seconds, 1/4" from pin) 

aJC 25 ·C./W 

aJA 60 ·C./W 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution 8 8 8 Bits 
Accuracy 

Integral Linearity Error IL 
at -55°C. ± 3/4 LSB 
at +25 and +125 °C. ± 1/2 LSB 

Differential Linearity Error IL ±1/2 LSB 
Gray Scale Error ±5 % Gray Scale 
Monotonicity** guaranteed 

Coding Binary 

Digital Inputs 
TTL Compatible Mode 

Input High Voltage VlH 
CLOCK 3.0 Volts 
Other 2.0 Volts 

Input Low Voltage VIL 0.8 Volts 
Input High Current (Vin = 2.4v) illl - 200 - 1200 J.IA. 
Input Low Current (Vin = 0.4v) TIL - 200 - 1200 J.IA. 
Input Capacitance* CIN 10 pF 

CMOS Compatible Mode 
Input High Voltage VlH 3.5 Volts 
Input Low Voltage VIL 0.8 Volts 
Input High Current (Vin = 3.5v) illl 2 J.IA. 
Input Low Current (Vin = 1.5v) TIL 2 J.IA. 
Input Capacitance* CIN 10 pF 

Voltage Reference Input Current !REF 10 J.IA. 
(VREF = 1.235v) 

Power Supply Rejection Ratio PSRR 0.2 0.5 %/%AVAA 
(CaMP = O,01I!F, f = 1 KHz) 

Test conditions (unless otherwise specified): 100% tested at VAA = 4.75v and 5.25v, TA = _55°, 25°, and 125° 
C., RSET = 1110 ohms ± 0.1%, VREF = 1.235v. 

*Derived from characterization, not tested (TA = 25°C., VAA = 5v ± 5%). 

**Guaranteed by design, not tested. 
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D.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Analog Output 
Gray Scale Current Range 20.50 rnA 

Output Current 
(SETUP = float, RSET = IlIOn) 

Overbright Relative to White 1.60 1.93 2.40 rnA 
White Level Relative to Blank 17.90 19.09 20.31 rnA 
White Level Relative to Black 16.80 17.72 18.61 rnA 
Black Level Relative to Blank 1.10 1.37 1.70 rnA 
Blank Level 7.20 7.72 8.30 rnA 
Sync Level 0 5 50 IlA 
LSB Size" 69.49 IlA 

Output Current 
(SETUP = AGND, RSET = 1050n) 

Overbright Relative to White" 2.03 rnA 
White Level Relative to Blank 17.80 18.74 19.75 rnA 
White Level Relative to Black 17.80 18.74 19.70 rnA 
Black Level Relative to Blank 0 5 50 IlA 
Blank Level 7.70 8.23 9.00 rnA 
Sync Level 0 5 50 IlA 
LSB Size" 73.49 IlA 

Output Current 
(SETUP = V AA, RSET = 1130n) 

Overbright Relative to White* 1.89 rnA 
White Level Relative to Blank 18.00 19.36 20.60 rnA 
White Level Relative to Black 16.50 17.42 18.30 rnA 
Black Level Relative to Blank 1.50 1.94 2.30 rnA 
Blank Level 7.10 7.65 8.30 rnA 
Sync Level 0 5 50 IlA 
LSB Size" 68.31 IlA 

Output Compliance VOC +1.4 Volts 
Output Capacitance" cour 20 pF 

Test conditions (unless otherwise specified); 100% tested at V AA = 4.75v and 5.25v, TA = _55°, 25°, and 125° 
C., VREF = 1.235v, RSET = 1110 ohms ± 0.1 %, THRESHOLD SET = TTL mode. 

"Derived from characterization, not tested (T A = 25° C., V AA = 5v ± 5%). 

""Guaranteed by design, not tested. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 50 MHz 

Data and Control Setup Time TSU 5 ns 
Data and Control Hold Time 1H 2 ns 

Clock Cycle Time TCYC 20 ns 
Clock Pulse Width Low TClKH 7 ns 
Clock Pulse Width High TCLKL 7 ns 

Analog Output Delay IDLY 
TA=-55°C. 22 ns 
TA=25°C. 26 ns 
TA= 125°C. 36 ns 

Analog Output Rise/Fall Time TVRF 6 ns 
Analog Output Settling Time* TS 

to ± 1(2 LSB 20 ns 
to± 1 LSB 15 ns 

Clock and Data Feedthrough* - 20 dB 
Glitch Impulse* 100 pV -sec 

Pipeline Delay 3 3 3 Clocks 

V AA Supply Current** IAA 110 175 rnA 

Test conditions (unless otherwise specified): 100% testing at V AA = 4.75v and 5.25v with TA = 25°C. QCI 
sample tested at VAA = 4.75v and 5.25v with TA = _55°, 25°, and 125°C. RSET = 1110 ohms ± 0.1%, VREF = 
1.235v. THRESHOLD SET = TTL mode, SETUP = float. Input values are 0.4 to 3.5 volts on CLOCK, and 0 to 3 
volts on control and data, with input rise/fall times :s; 3 ns, measured between the 10% and 90% points. Timing 
reference points at 50% for inputs and outputs. COMP resistor = 27 ohms. Analog output load - 10 pF with 
doubly-terminated 50-ohm line. See timing notes in Figure 4. 

Note: Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital 
inputs. For this test, the digital inputs have a Ik-ohm resistor to the regular PCB ground plane and are driven by 
74HC logic. Settling time does not include clock and data feedthrough. Glitch impulse includes clock and data 
feedthrough, -3 dB test bandwidth = 100 MHz. 

*Derived from characterization, not tested (T A = 25° C., V AA = 5v ± 5%). 

**at Fmax. lAA (typ) at V AA = 5.Ov. IAA (max) at VAA = 5.25v. IAA (max) 100% tested at TA = 25° C. lAA 
(typ) based on characterization. 
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Ordering Information 

Model Number MTBF* Package 
(hours) 

Btl02TC883 2.7 x 106 24-pin 0.3" 
Ceramic 

Sidebraze DIP 

*MTBF is calculated per MIL Handbook 217. 

Timing Waveforms 

DO· D7. lQll, OVERBRIGHT·, 

SYNC·, BLANK •• REP 

WHITE' 

lOUT 

Btl02/883 

Ambient 
Temperature 

Range 

_55 0 to +1250 C. 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale transition. • 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within ± Itl LSB or ± 1 LSB. 

Note 3: Output rise/fall time measured between the 20% and 80% points of full scale transition. 

Figure 4. Input/Output Timing. 
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Advance Information 

TIlls document contains infonnation on a product under development. The 
parametric infonnation are target parameters and are subject to change. 

Distinguishing Features 

125 MHz Operation 
• Differential ECL Clock Generation 
• Divide by 3, 4, 5, or 8 of the Clock 

Divide by 2 and 4 of the Load 
Resets Pipeline Delay of the RAMDAC 

• 1.32v Typical Voltage Reference Output 
• Single +5v Power Supply 

20-pin Ceramic Sidebraze DIP Package 
• Typical Power Dissipation: 325 mW 

Functional Block Diagram 

OSC 

OSC* 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L438MOI 

vee GND 

DIVO. DIVI 

Customer Benefits 

• Reduces PC Board Area 
• Simplifies RAMDAC Design 

Cost Reduction over Discretes 
• Increases System Reliability 

Related Products 

• Bt458/883 

RESET" 

~~~~==:1- LD/4 

LDC,LDD 

ENABLE ENABLE 
(s) (A) 
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Bt438/883 
MIL-STD·883C, Class B 

125 MHz 

Clock Generator Chip 

for CMOS RAMDACs™ 

Product Description 

The Bt438/883 is a clock generator for the 
high speed Brooktree CMOS RAMDACs. It 
interfaces a 10KH ECL oscillator operating 
from a single +5v supply to the RAMDAC, 
generating the necessary clock and control 
signals. 

The clock output may be divided by 3, 4, 5, 
or 8 to generate the load signal. The load 
signal is also divided by two and four for 
clocking video timing logic, etc. 

A second load signal may be synchronously 
or asynchronously controlled to enable 
starting and stopping the clocking of the 
video DRAMs. 

The Bt4381883 also optionally configures 
the pipeline delay of the RAMDAC to a fixed 
pipeline delay of 8 clock cycles. 

An on-chip voltage reference is also 
provided, and may be used to provide the 
reference voltage for up to four RAMDACs. 



Bt438/883 
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Distinguishing Features Applications 

• 40 MHz Pipelined Operation • High Resolution Color Graphics 
• Triple 8-bit D/A Converters • CAE/CAD/CAM Applications 
• 256 x 24 Color Palette RAM • Image Processing 
• 3 x 24 Overlay Palette • Instrumentation 
• RS-343A/RS-170 Compatible Outputs • Desktop Publishing 
• Standard MPU Interface 
• +5v CMOS Monolithic Construction 
• 4O-pin Ceramic Sidebraze DIP Package 
• Typical Power Dissipation: 950 mW 

Functional Block Diagram 

VAA aND I'S ADJUST VRBP 

a.oac 
PQ-P7 

SYNC" 

CLO,OLI 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
lA53M01 Rev. B 

,--___ "-; L--:--=Vr==--t-- COMP 

DO-07 

IBYNC 

>--1--100 

>--11--108 
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Bt453/883 
MIL.STD.883C, Class B 

Monolithic CMOS 

256 x 24 Color Palette 

40 MHz RAMDAC™ 

Product Description 

The Bt453/883 RAMDAC is designed 
specifically for high resolution color 
graphics. 

It has a 256 x 24 color lookup table with 
triple 8-bit video D/ A converters, supporting 
up to 259 simultaneous colors from a 16.8 
million color palette. Three overlay 
registers provide for overlaying cursors, 
grids, menus, etc. The MPU bus operates 
asynchronously to the video data, 
simplifying the design interface to the 
system. 

The Bt453/883 generates RS-343A 
compatible video signals into a 
doubly-terminated 75-ohm load, and RS-170 
compatible video signals into a 
singly-terminated 75-ohm load, without 
requiring external buffering. Both the 
differential and linearity errors of the D/ A 
converters are guaranteed to be a maximum of 
± 1 LSB over the full temperature range. 

III 
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Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt453/883 supports a standard MPU bus interface, 
allowing the MPU direct access to the color palette 
RAM and overlay color registers. The MPU interface 
operates asynchronously to the video data, 
simplifying the design interface. 

The CO and CI control inputs specify whether the 
MPU is accessing the address register, color palette 
RAM, or the overlay registers, as shown in Table 1. 
The 8-bit address register is used to address the color 
palette RAM and overlay registers, eliminating the 
requirement for external address multiplexers. ADDRO 
corresponds to DO and is the least significant bit. 

To write color data, the MPU loads the address register 
with the address of the color palette RAM location or 
overlay register to be modified. The MPU performs 
three successive write cycles (red, green, and blue), 
using CO and CI to select either the color palette 
RAM or overlay registers. During the blue write 
cycle, the three bytes of color information are 
concatenated into a 24-bit word and written to the 
location specified by the address register. The address 
register then increments to the next location which 
the MPU may modify by simply writing another 
sequence of red, green, and blue data. 

To read color data, the MPU loads the address register 
with the address of the color palette RAM location or 
overlay register to be read- The MPU performs three 
successive read cycles (red, green, and blue), using CO 
and Cl to select either the color palette RAM or 
overlay registers. Following the blue read cycle, the 
address register increments to the next location which, 
the MPU may read by simply reading another sequence 
of red, green, and blue data. 

Cl CO 

0 0 
0 1 
1 0 
1 1 

Note that anytime the CS* input is a logical zero, the 
video outputs are forced to the black level. When 
accessing the color palette RAM, the address register 
resets to $00 following a blue read or write cycle to 
RAM location $FF. While accessing the overlay 
color registers, the six most significant bits of the 
address register (ADDR2 - 7) are ignored. 

To keep track of the red, green, and blue read/write 
cycles, the address register has two additional bits 
(ADDRa, ADDRb) that cowt modulo three, as shown 
in Table 2. They are reset to zero when the MPU 
writes to the address register, and are not reset to zero 
when the MPU reads the address register. The MPU 
does not have access to these bits. The other eight 
bits of the address register'(ADDRO - 7) are accessible 
to the MPU, and are used to address color palette RAM 
locations and overlay registers, as shown in Table 2. 

Figure 1 illustrates the MPU read/write timing. 

Addressed by MPU 

address register 
color palette RAM 

address register 
overlay registers 

Table I, Control Input Truth Table. 
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Circuit Description (continued) 

Value C1 co Addressed by MPU 

ADDRa, b (counts modulo 3) 00 x 1 red value 
01 x 1 green value 
10 x 1 blue value 

ADDRO - 7 (counts binary) $00 - $FF 0 1 color palette RAM 
xxxx xxOO 1 1 reserved 
xxxx xxOl 1 1 overlay color 1 
xxxx xx10 1 1 overlay color 2 
xxxx xxll 1 1 overlay color 3 

Table 2. Address Register (ADDR) Operation. 

CS·, co, Cl =x VALID X III 
RlV'. WR,- \ / 

READ (DO. D7) < DATAOUf(RD*.O) > 
WRm! (DO. D7) X DATA IN (WR' ~ 0) X 

Figure 1. MPU Read/Write Timing. 
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Circuit Description (continued) 

Frame Buller Interface 

While CS* is a logical one, the PO - P1, OLO, and OLI 
inputs are used to address the color palette RAM and 
overlay registers, as shown in Table 3. The addressed 
location provides 24 bits of color infonnation to the 
three D/A converters. 

The SYNC'" and BLANK* inputs, also latched on the 
rising edge of CLOCK to maintain synchronization 
with the color data, add appropriately weighted 
currents to the analog outputs, producing the specific 
output levels required for video applications, as 
illustrated in Figure 3. Table 4 details how the SYNC'" 
and BLANK" inputs modify the output levels. 

OLl 01.0 PO-P1 

0 0 $00 
0 0 $01 
: : : 
0 0 $FF 
0 1 $xx 
1 0 $xx 
1 1 $xx 

The analog outputs of the Bt453/883 are capable of 
directly driving a 37.5-ohm load, such as a 
doubly-terminated 75-ohm coaxial cable. 

Addressed by frame buffer 

color palette RAM location $00 
color palette RAM location $01 

: 
color palette RAM location $FF 

overlay color 1 
overlay color 2 
overlay color 3 

Table 3. Pixel and Overlay Control Truth Table. 

CLOCK 

po. PI. 01.0, OLI, 
SYNC-, BLANK" 

JOR, lOG, lOB, 
!SYNC 

Figure 2. Video Input/Output Timing. 
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Circuit Description (continued) 

RBD.BLUB GRiII!II 

MA V MA V 

U.Cl5 0.714 'J.6SI 1.1100 ...,...--...,..,.-------------=--- WIIITII LBVI!L 

1M 0_ 9.05 0340 +------t-----t'--------- BLACK LBVBL 

7.!1IRE 
0.00 0.000 7.1iZ Cl.186 ~------L-r_,_~--------B~KLBVI!L 

40 IRE 

0.00 0.000 
~ _______ L_~ _________ S~LBVBL 

Note: 75-ohrn doubly-tenninated load. RSET = 280 ohms, VREF = 1.235v. ISYNC connected to lOG. RS-343A 
levels and tolerances BSsumed on aJJ levels. 

Figure 3. Composite Video Output Waveforms. 

Description lOG IOR,IOB SYNC'" BLANK'" DAC 
(rnA) (rnA) Input Data 

WHIlE 26.67 19.05 1 1 $FF 
DATA data + 9.05 data + 1.44 1 1 data 
DATA-SYNC data + 1.44 data + 1.44 0 1 data 
BlACK 9.05 1.44 1 1 $00 
BlACK-SYNC 1.44 1.44 0 1 $00 
BLANK 7.62 0 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with full scale lOG = 26.67 rnA. RSET = 280 ohms, VREF = 1.235v. ISYNC connected to 
lOG. 

Table 4. Video Output Truth Table. 
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Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

CLOCK 

PO-P7 

OLO,OLl 

lOR, lOG, lOB 

!SYNC 

FSADJUST 

Description 

Composite blank control input (TTL compatible). A logic zero drives the lOR, lOG, and lOB 
outputs to the blanking level, as illustrated in Table 4. It is latched on the rising edge of 
CLOCK. When BLANK" is a logical zero, the pixel and overlay inputs are ignored. 

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40 
IRE current source on the ISYNC output (see Figure 3). SYNC· does not override any other 
control or data input, as shown in Table 4; therefore, it should be asserted only during the 
blanking interval. It is latched on the rising edge of CLOCK. 

Clock input (TTL compatible). The rising edge of CLOCK latches the PO - P7, OLO, OLI, 
SYNC·, and BLANK* inputs. It is typically the pixel clock rate of the video system. It is 
recommended that CLOCK be driven by a dedicated TTL buffer. 

Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the 
256 entries in the color palette RAM is to be used to provide color information. They are 
latched on the rising edge of CLOCK. PO is the LSB. Unused inputs should be connected to 
GND. 

Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to 
provide color information, as illustrated in Table 3. When accessing the overlay palette, the PO 
- P1 inputs are ignored. They are latched on the rising edge of CLOCK. OLO is the LSB. Unused 
inputs should be connected to GND. 

Red, green, and blue current outputs. These high impedance current sources are capable of 
directly driving a doubly-terminated 75-ohm coaxial cable (Figure 4). All outputs, whether used 
or not, should have the same output load. 

Sync current output. This high impedance current source is typically connected directly to the 
lOG output (Figure 4), and is used to encode sync information onto the green channel. ISYNC 
does not output any current while SYNC* is a logical zero. The amount of current output while 
SYNC· is a logical one is: 

ISYNC (mA) = 1,728" VREF (v) I RSET (ohms) 

If sync information is not required on the green channel, this output should be connected to 
GND. 

Full scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full scale video signal (Figure 4). Note that the IRE relationships in Figure 3 
are maintained, regardless of the full scale output current. 

The relationship between RSET and the full scale output current on lOG is (assunting !SYNC is 
connected to lOG): 

RSET (ohms) = 6,047 • VREF (v) I lOG (mA) 

The relationship between RSET and the full scale output current on lOR and lOB is: 

lOR, lOB (mA) = 4,319" VREF (v) I RSET (ohms) 
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Broddree~ Bt453/883 

Pin Descriptions (continued) 

Pin Name 

COMP 

VREF 

VM 

GND 

CS'" 

WR'" 

RD* 

CO,Cl 

DO-D7 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 
I1F ceramic capacitor must be connected between this pin and V AA (Figure 4). The COMP 
capacitor must be as close to the device as possible to keep lead lengths to an absolute 
minimum. 

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 
4, must supply this input with a 1.2v (typical) reference. The Bt453/883 has an internal pull-up 
resistor between VREF and V AA. As the value of this resistor may vary slightly due to process 
variations, the use of a resistor divider network to generate the reference voltage is not 
recommended. A 0.1 I1F ceramic capacitor must be used to decouple this input to V AA, as shown 
in Figure 4. The decoupling capacitor must be as close to the device as possible to keep lead 
lengths to an absolute minimum. 

Analog power. All VAA pins must be connected. 

Analog ground. All GND pins must be connected. 

Chip select control input (lTL compatible). This input must be a logical zero to enable data to 
be written to or read from the device. While CS'" is a logical zero, the lOR, lOG, and lOB outputs 
are forced to the black level. Note that the Bt453/883 will not function correctly while CS*, 
RD"', and WR* are simultaneously a logical zero. 

Write control input (ITL compatible). To write data to the device, both CS'" and WR* must be a 
logical zero. Data is latched on the rising edge of WR'" or CS"', whichever occurs fust. See 
Figure 1. 

Read control input (ITL compatible). To read data from the device, both CS* and RD* must be a 
logical zero. See Figure 1. 

Command control inputs (lTL compatible). CO and Cl specify the type of read or write 
operation being performed, as illustrated in Tables 1 and 2. 

Data bus (lTL compatible). Data is transferred into and out of the device over this eight bit 
bidirectional data bus. DO is the least significant bit. 

DO PSADJUST 

01 VREP 

02 VAA 

03 COMP 

D4 lOR 

05 lOG 

1)6 ISYNC 

D7 lOB 

GND GND 

VAA VAA 

PI VAA 

Ri VAA 

P.5 WR" 

N RD" 

Pl CS" 
P2 Cl 

PI co 
PO a.oCK 

OLI SYNC" 

OLD BLANK" 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Bt453/883 power and ground lines by shielding 
the digital inputs and providing good decoupling. The 
lead length between groups of V AA and OND pins 
should by minimized so as to minimize inductive 
ringing. 

Ground Planes 

The ground plane should encompass all Bt453/883 
ground pins, voltage reference circuitry, power supply 
bypass circuitry for the Bt453/883, the analog output 
traces, any output amplifiers, and all the digital signal 
traces leading up to the Bt453/883. 

Power Planes 

The Bt453/883 and any associated analog circuitry 
should have it's own power plane, referred to as the 
analog power plane. This power plane should be 
connected to the regular PCB power plane (VCC) at a 
single point through a ferrite bead, as illustrated in 
Figure 4. This bead should be located within three 
inches of the B t453/883. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all B t453/883 power 
pins, voltage reference circuitry, and any output 
amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power plane, unless they can be arranged such 
that the plane-to-plane noise is common mode. This 
will reduce plane-to-plane noise coupling. 

11 - 50 

Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 

For the best performance, a 0.1 IlF ceramic capacitor 
should be used to decouple each of the three groups of 
V AA pins to OND. These capacitors should be placed 
as close as possible to the device. 

It is important to note that while the Bt453/883 
contains circuitry to reject power supply noise, this 
rejection decreases with frequency. If a switching 
power supply is used, the designer should pay close 
attention to reducing power supply noise and consider 
using a three terminal voltage regulator for supplying 
power to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Bt453/883 should be isolated 
as much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog power plane. 

Due to the high clock rates involved, long clock lines 
to the Bt453/883 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power plane 
(VCC), and not the analog power plane. 

Analog Signal Interconnect 

The Bt453/883 should be located as close as possible 
to the output connectors to minimize noise pickup 
and reflections due to impedance mismatch. 

The video output signals should overlay the ground 
plane, and not the analog power plane, to maximize 
the high frequency power supply rejection. 

For maximum performance, the analog outputs should 
each have a 75-ohm load resistor connected to OND. 
The connection between the current output and OND 
should be as close as possible to the Bt453/883 to 
minimize reflections. 
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PC Board Layout Considerations (continued) 

L1 

.sv (VcC) 

C1 Cl 

Bt453/883 

~ .... ,. .. ~ .. ~ .. ~ .... ~.............................. GROUND 

Rl R2 R3 
PSADJUST 

IOR~--------JL---L--~--~~~~~ 
IDGr---~--------~---r------------

TO 
VIDEO 

CONNECfOR 
ISYNC 

IOBr-----------------~------------

Location Description 

Cl -C6 0.1 jJ.F ceramic capacitor 
C7 10 jJ.F tantalum capacitor 
L1 ferrite bead 

Rl, R2, R3 75-ohm 1 % metal film resistor 
RSEr 280-ohm 1 % metal film resistor 

ZI 1.2v voltage reference 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt453/883. 

Figure 4. Typical Connection Diagram and Parts List. 

11 - 51 

III 



Bt453/883 

Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.5 5.0 5.5 Volts 
Ambient Operating Temperature TA - 55 + 125 ·C. 
Output Load RL 37.5 Oluns 
Reference Voltage VREF 1.14 1.235 1.26 Volts 
FS ADmST Resistor RSEf 280 Oluns 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 Volts 

Voltage on any Digital Pin GND-O.5 VAA + 0.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature 15 - 65 + 150 ·C. 
Junction Temperature TJ + 175 ·C. 

Soldering Temperature 150L 260 ·C. 
(5 seconds, 1/4" from pin) 

aJC 18 ·C./W 

aJA 28 ·C./W 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 8 8 8 Bits 
Accuracy (each DAC) 

Integral Unearity Error IL ±l LSB 
Differential Linearity Error r.L ±1 LSB 
Gray Scale Error ±5 % Gray ScaJe 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage vrn 

CLOCK 2.4 Volts 
Other 2.0 Volts 

Input Low Voltage VlL 0.8 Volts 
Input High Current (Yin = V AA) IIH 1 ~ 
Input Low Current (Yin = Ov) llL -1 ~ 
Input Capacitance .... aN 10 pF 

Digital Outputs 
Output High Voltage VOO 2.4 Volts 

(lOH = -400 jIA) 
Output Low Voltage VOL 0.4 Volts 

(lOL = 3.2 rnA) 
3-State Current IUl 10 ~ 
Output Capacitance." COOUT 20 pF 

Analog Outputs .... • 
Output Current 

White Level Relative to Blank 17.69 19.05 20.40 rnA 
White Level Relative to Black 16.74 17.62 18.50 rnA 
Black Level Relative to Blank 0.95 1.44 1.90 rnA 
Blank Level on lOR, lOB 0 1 50 ~ 
Blank Level on lOG 6.29 7.62 8.96 rnA 
Sync Level on lOG 0 1 50 ~ 
LSB Size"· 69.1 ~ 

DAC to DAC Matching 3.5 7 % 
Output Compliance VOC - 1.0 + 1.4 Volts 
Output Capacitance·· CAOUT 30 pF 

Test conditions (unless otherwise specified): 100% tested at VAA = 4.5v and 5.5v, TA = -55°,25°, and 125° 
C., RSET = 280 ± 0.1% ohms, VREF = 1.235v. 

""Derived from characterization, not tested (fA = 25° C., VAA = 5v ± 10%). 

·"·lSYNC connected to lOG. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 40 MHz 

CS*, CO, Cl Setup Time 1 35 ns 
CS*, CO, C1 Hold Time 2 35 ns 

RD*, WR· High Time 3 25 ns 
RD" Asserted to Data Bus Driven 4 

TA = 25° C., 125° C. 5 ns 
TA=-55°C. 2 ns 

RD* Asserted to Data Valid 5 100 ns 
RD· Negated to Data Bus 3-Stated 6 15 ns 

WR"LowTime 7 50 ns 
Write Data Setup Time 8 35 ns 
Write Data Hold Time 9 5 ns 

Pixel and Control Setup Time 10 7 ns 
Pixel and Control Hold Time 11 3 ns 

Clock Cycle Time 12 25 ns 
Clock Pulse Width High 13 7 ns 
Clock Pulse Width Low 14 7 ns 

Analog Output Rise/Fall Time 15 8 ns 
Analog Output Settling Time" 16 25 ns 

V AA Supply Current""· 1M 190 300 rnA 

Test conditions (unless otherwise specified): 100% testing at V AA = 4.5v and 5.5v with T A = 25°C. QCI 
sample tested at V AA = 4.5v and 5.5v with TA = -55°,25°, and 125°C. RSET = 280 ohms ± 0.1%, VREF = 
1.235v. Input values are 0.8 to 2.4 volts, with input rise/fall times ~ 3 ns, measured between the 10% and 90% 
points. Timing reference points at 50% for inputs and outputs. Analog output load - 75 pF with 
doubly-terminated 50-ohm line. DO - D7 output load - 75 pF. See timing notes in Figure 6. 

"Derived from characterization, not tested (T A = 25° C., V AA = 5v ± 10%). 

""'at Fmax. IAA (typ) at VAA = 5.Ov. IAA (max) at VAA = 5.5v. IAA (max) 100% tested at TA = 25° C. IAA 
(typ) based on characterization. 
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Timing Waveforms 

CS-, co, Cl 

RD-. WR-

READ (DO - 07) 

WRII1! (DO - 07) 

PO-PI. 01.0. 01.1. 
SYNC-, BLANK-

I 
.I 

Bt453/883 

1 2_ ,~ 
VALID X 

7 

3 

5 J-6 I 

~ -
DATAOITr(RD' .0) 

./ 

t DATAIN(WR'.O) 

8 - -9 

Figure 5. MPU Read/Write Timing. 

12 17 

11 ~ lOR, 100. lOB. 
!SYNC --------------------=l-(l15 

Note 1: Settling time measured from the SO% point of full scale transition to the output remaining 
within ± 1 LSB. 

Note 2: Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 6. Video Input/Output Timing. 
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Bt453/883 

Ordering Information 

Ambient 
Model Number MTBP* Package Temperature 

(hours) Range 

Bt453SC883 0.54 x J06 40-pin 0.6" _55 0 to +125 0 C. 
Ceramic 

Sidebraze DIP 

*MTBP is calculated per MIL Handbook 217. 
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Advance Information 

This document contains information on a product under development. The 
parametric information are target parameters and are subject to change. 

Distinguishing Features Applications 

110 MHz Pipelined Operation • High Resolution Color Graphics 
• Multiplexed TIL Pixel Ports 

Triple 8-bit D/A Converters 
256 x 24 Dual Port Color Palette 
4 x 24 Dual Port Overlay Registers 

• RS-343A Compatible ROB Outputs 
• Bit Plane Read and Blink Masks 

Standard MPU Interface 
+5v CMOS Monolithic Construction 

• 84-pin Ceramic POA Package 
• Typical Power Dissipation: 2 W 

Functional Block Diagram 

ill" 

ro·P7 
(A·E) 

OLO·OLl 
(A·B) 

SYNC· 

BLANK" 

CE" R!W co CI 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L458MOI 

• CAE/CAD/CAM Applications 
• Image Processing 
• Video Reconstruction 

Related Products 

• Bt438/883 

COMP 

lOR 

lOG 

lOB 

DO·D7 
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Bt458/883 
MIL-STD-883C, Class B 

Monolithic CMOS 

256 x 24 Color Palette 

110 MHz RAMDAC™ 

Product Description 

The Bt458/883 is a triple 8-bit RAMDAC 
designed specifically for high performance, 
high resolution color graphics. 

The architecture enables the display of 1280 
x 1024 bit mapped color graphics (up to 8 
bits per pixel plus up to 2 bits of overlay 
information), minimizing the use of costly 
EeL interfacing, as most of the high speed 
(pixel clock) logic is contained on chip. The 
multiple pixel ports and internal 
mUltiplexing enables TTL compatible 
interfacing (up to 28 MHz) to the frame 
buffer, while maintaining the 110 MHz video 
data rates required for sophisticated color 
graphics. 

The Bt458/883 has a 256 x 24 color lookup 
table with triple 8-bit video D/A converters. 
On chip features include programmable blink 
rates, bit plane masking and blinking, color 
overlay capability, and a dual-port color 
palette RAM. 

The Bt458/883 generates RS-343A 
compatible red, green, and blue video 
signals, and is capable of driving 
doubly-terminated 75-ohm coax directly, 
without requiring external buffering. 

III 
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Packaging 

0000023 Rev. B 

Part Numbering System 

optional MIL-STD 883C, Class B processing for the S temperature 
range. 

optional speed gradeout information. For VIDEODACs and 
RAMDACs, specifies MHz. 

package type: 

C CERDIP 
CI ceramic I-lead (CERQUAD) 
D ceramic sidebraze DIP 
F ceramic flatpack (with heats ink) 

IN ceramic flatpack (no heatsink) 
o ceramic PGA 
L ceramic leadless chip carrier 
p plastic DIP 
PI plastic I-lead (PLCC) 
PF plastic Quad flatpack 
S 150 mil SOIC 

SW 300 mil SOIC 

performance gradeout: 

B -25 to+85 ·C. 

K Oto+70·C. 
(0 to + 85 ·C. for lOOK ECL) 

L Oto+70 ·C., Low power 

S - 55 to + 125 ·C. 

For other than standard grades, refer to the individual 
datasheet for letter designation. 

basic model number 

100 - 149 
200 - 249 
250 - 299 
300 - 399 
400 - 449 
450 - 499 
500 - 599 
600 - 699 
700 - 799 
800 - 899 
900 - 999 

12 - 4 

D/A converters 
AID converters 
imaging components 
reserved 
graphics peripherals 
RAMDACs 
general components 
ATE components 
reserved 
reserved 
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Device Marking (Top) 

Bt 
Bt458KG 125 -- part number 

ZZZ YYWW 

L ..... """(YY-.-.ww-.... ...., 
lot number (last three digits) 
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Packaging 

Thermal Resistance Information 

Power Dissipation Calculations 

The maximum power dissipation that an IC can tolerate is determined by the thermal impedance characteristics 
of the package. The equation to find the allowable power dissipation at a given ambient operating temperature 
is: 

PO = (fJ. TA)/9JA 

where: 
PO = power dissipation at ambient operating temperature 
TJ = maximum junction operating temperature (typically 150 ·C. is used) 
TA = maximum ambient operating temperature (free air) 
9 JA = typical thermal resistance of junction to ambient (·C / W) 

Packaging Notes 

1. Unless otherwise indicated, all thermal impedances listed are typical range values or values in static free air 
for the package only. These impedances will vary when additional heat sinking capability is provided through 
PCB solder attachment or air flow. 
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Packaging 

Plastic DIP Packages 

24-Pin 0.3" Plastic DIP 

aJA=70 ·C/W 

0,06 [1.524J R 

0,290-0,330 
[7,37-8,38J 

g 
0,009-0,015 ~ 

[0,228-0,381JL-j 

0,350 [8,89J 
NOM 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: :xxx ± 0.005 [0.127] 

1.210 [30,73J 

0,200 MAX 
[ 0.D15 [0,381J MIN I [5,08J 

T~O'''[3m Il J L---I 0,07;I~1.905J 
0,014-0,028 ---I 0,100 TYP 
[0,36-0,58J [2,54J 

3. Pins are intended for insertion in hole rows on 0.300 [7.62] centers. 

28-Pin 0.6" Plastic DIP 

aJA= 60 ·C/W 

OPTIONAL EJECTOR PIN 

0,009-0,015 

[0,228-0,381J 

0,06 [1.524J R 

I-- 0,610-0,650 --I 
[15.49-16,51] 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 

--$ 0,530-0,560 

[13.46-14,22J 

0,200 MAX 

[~"O" 
r 0,125 [3.175J 

Il J L--l O,07~I~1.905J 
0,014-0,028 --I 0,100 TYP 
[0,36-0,58J [2,54J 

TYP 

3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 
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Packaging 

Plastic DIP Packages (continued) 

40-Pin 0.6" Plastic DIP 

8JA=50 'C/W 

1-----2,070 [52,578] I 
Il40lnr MAX 

0,06 [1.524] R ~::::::::::::::::::: I~~;:::n 
0,009-0,015 

0600-0620 
[15240 15748] 

[l5.49-16,511 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xxx ± 0.005 [0.127] 

0,015-0,021 -II.
[0,381-0,533] 

3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 
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0,125-0,135 
[3.175 3.429] 

J 
[2,54] 

TYP 

0,125 [3.175] 
MIN 

0,075 [1,905] 



16-Pin 0.3" CERDIP 

9 JA = 90 to 95 ·C I W 

[9.40-10,671 

20-Pin 0.3" CERDIP 

9 JA = 85 to 90 ·C I W 

CERDIP Packages 

0,750-0,785 

I" [) 9,05-19,939) 1 

00<' """ , 1:::::::15~~::' 
0,051-0,061 

[1.295-1.549) 

0,025 [0,635J 

LJ ~ 
[1.524) 

0,100 TYP 
[2,54J 

0290-0320 0053-0059 II [7 366-8 128J [1346-1 499J 
0,200 [5,080J MAX 

Packaging 

0,125 
[3.175J 

MIN 

1s:::ID I TYP 

!FfFl{ ,: :::: ~~~::::: ~;~:::;:::;:~:~;:~:~;:~;:~;:~~r= -:r-----'--+ 
~--r 
I DEG I 86-94 DEG JL I 

0,125 
[3,175J 

MIN 

~O 420 I TYP 0013-001:2 I 
[940-10,67J [0,330-0482J --I 

TYP 

NOTES - Unless otherwise specified: 
1 . Dimensions are in inches [millimeters]. 
2. Tolerances are: .xxx ± 0.005 [0.127] 
3. Pins are intended for insertion in hole rows on 0.300 [7.62] centers. 
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0090-0,110 
[2,29-2,79J 

TYP 
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Packaging 

CERDIP Packages (continued) 

24·Pin 0.3" CERDIP 

9 JA = 75 to 80 ·C I W 

0,025 [0,635] 

0053-0059 0290-0,320 Q [7366-8,128] [13_4_6_-_1_.4_9_9_] -++-__ 0_'2_0_0_[_5_'0_8,O_]_M-,
AX
/-t-

~c: :ii:!!:~:;se 
0,125 

[3,175] 
MIN 

DEG 86-94 DEG 

[9,40-10,671 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolei"aiices are: .XXX ± 0.005 [0.127J 

0,013-0,019 --H-J 
[0,330-0.482] 

3. Pins are intended for insertion in hole rows on 0.300 [7.62] centers. 

24·Pin 0.6" CERDIP 

9 JA = 55 to 60 ·C I W 

r-- 1.270 [32,258] 

il24lnl 

0,025 [0,635] R 

0,060 MAX 
[1,524] 

MAX -----j 
Inlt3lii 

0,200 

0,515-0,530 
[13,081 13.462] 

0,590-0,620 ~ 0,055-0,065 
1714,986-15,748] 

~I L II ~ [~~~~=~:~~~o ] ~;:;;~;~;:;;~b:;;~~;:;;:~;:;;]--;--r 
~ . . - 0,008-0,012 

[0,203-0,305] I 0,125 [3,175] 

L 90-100 DEG J j J MIN 86-94 DEG I 
0,635-0,720 0,016-0,020 I--
[16,13 18,29] [0,406-0,508] 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: XXX ± 0.005 [0.127] 
3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 
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Packaging 

CERDIP Packages (continued) 

28·Pin 0.6" CERDIP 

9JA=55to60 ·C/W 

0,025 [0,635J R 

0,590-0620 

1.490 [37,846J MAX 

0,515-0,530 
[13,081-13.462J 

0,200 [5,080J MAX 1c14,986-15748~ [1.397-1.651J 

k: II ~ [~"~~~=~'~;~~~~~ 
I-( :.r-; 000'-0'" :rJ 
L ~06-:~~0,~~: J [0'203-0~~~~4 

[16,764-18,034J 

40·Pin 0.6" CERDIP 

9 JA = 50 to 55 ·C / W 

[2,54J 
TYP 

0.125 [3175J 
MlN 

0,060-0,100 
[1.524-12,54J 

I· 2,060 [52,324J 1 

OM m,," ,~:::::::::::::::::]~~;:~, 
0,008-0,012 

[0,203-0,305] 

[17,02-18,29] 

NOTES - Unless otherwise specified: 
1 . Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 

DEG 

0,055-0,065 

0,016-0,020 --H-
[0.406-0,508] 

3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 
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Packaging Broddree~ 

Ceramic Sidebraze DIP Packages 

16-Pin 0.3" Ceramic Sidebraze DIP 

eJA=95 ·C/W 

0.485 
0.054 

[1.371J 
TYP r[123i9J1 0165 

t f'; ':':'0 "" 
0008-0015 rr1I 

[0.203-0.381lr ~ L 
[762J 

REF 

0.005 

[0127l j MIN 

[~:~~~J ~Il 
0015-0023 j 

[0.381-0.584J 

20-Pin 0.3" Ceramic Sidebraze DIP 

e JA = 85 to 90 ·c /W 

0.008-0.015 n 
[0.203-0.381l~.300 l-

[7.62J 
REF 

NOTES - Unless otherwise specified: 

[0.381-0.584J 

1. Dimensions are in inches [millimeters}. 
2. Tolerances are: .xxx ± 0.005 [0.127} 

0090-0.110 
[2.29-2.79J 

[2.29-2.79J 

3. Pins are intended for insertion in hole rows on 0.300 [7.62} centers. 
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0020-0060 
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Packaging 

Ceramic Sidebraze DIP Packages (continued) 

24-Pin 0.3" Ceramic Sidebraze DIP 

9JA=60to6S ·C/W 

PIN NO, 1 

0.008-00t5 Fl 
[o'203-0,381]~,300 ~ 

[7,62] 
REF 

0,054 l t 0,600 

[1:?;~] Ir[15'24]1~~II~;] 
~ 0.125 MIN 

[3.175] 

0,020-0,060 
[0,508-1.524] 

[0,381-0,584] 
0,090-0.110 
[2,29-2,79] 

NOTES - Unless otherwise specified: 
1 . Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 
3 . Pins are intended for insertion in hole rows on 0.300 [7.62] centers. 

24-Pin 0.6" Ceramic Side braze DIP 

9JA= 55 to 60 ·C/W 

1.230 <31.242) ----i 
lnrml 

PIN NO, 1 !DENT 

0.125 0,050 

0,008-0.015 ( I I I ~ 
(0,203-0,38DT ~ 

I. 0,590-0,620·1 0,098 
<14,99-15,75) (2.489) 

REF 

I I I 0,090-0,110 II 0,015-0,023 
I-- ---I I-- (2,29-2,79) ---11--(0,381-0,584) 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xxx ± 0.005 [0.127] 
3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 
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Packaging Broddree® 
Ceramic Sidebraze DIP Packages (continued) 

28·Pin 0.6" Ceramic Sidebraze DIP 

9 JA = 55 to 60 ·C / W 

PIN NO. 1 IDENT 

( [[ ~ 
(~.~~~=~~18~)-i- ~ 

h 0.590-0.620 _I 
(14.99-15.75) 

REF 

1.430 (36.322) 

0.598 
(15189) 

005~0-J~'020-0060 
~ mco~,,,,, 

0.165 
(4191) 

=r2 0.090-0.~ --I I-- 0.015-0.023 --If- ~~ MIN 
(2.29-2.79) (0.381-0.584) (3.175) 

40·Pin 0.6" Ceramic Sidebraze DIP 

9JA=50to55 ·C/W 

0.008-0ms 
(0.203-0.38D 

PIN NO. 1 [DENT 

NOTES - Unless otherwise specified: 

0.605 
(15.37) 

0.040-0.060 

~
O~ (1.016-1.524) 

~ 
0.200 
<5:68) 

-l' 
LEADS VERTICAL ~ ~ 0.090-0.110 II 0.016-0.020 (~1;7S5) MIN 
TO 15 DEG. MAX (2.29-2.79) ---II-- (0 406-0 508) . 
DUTVIARD TYP . . 

1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .XXX ± 0.005 [0.127] 
3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 
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Ceramic Cavity Down DIP Packages 

40-Pin 0.6" Ceramic Cavity Down DIP 

9 JA = 30 to 40°C I W 

c---- 2050 [5207] -:=J 
0.525 [13.33] 

0075 

[1905i L ---.£ 0 140 [3556] 

0400 

f4 

Packaging 

0.015 LID 

[0.381] ~r 
0048 [1218] TYP 

LF T ~----JC~~h 
0100 r- 0200 [5.0B] 0.070 

[1.778] 

[254] -I L QJQQ TYP 0015-0020 JL ,- ~ 10° 

[254] [0.3Bl-0.50B] 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 
3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 
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0.600-0.660 

[15.2H6.76] 

-1-- 0.008-0.012 

[0.203-0.305] 
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Packaging 

Plastic J-Lead (PLCC) Packages 

28-Pin Plastic J-Lead 

9 JA = 75 to 80 ·C I W 

PIN NO 1 

44-Pin Plastic J-Lead 

9 JA = 42 to 48 ·C I W 

0.045,45 DEG 

[1.143] 

PIN NO.1 

PIN NO 1 IDENT 

0165-0180 

[419-457] 

0100-0110 

[254-279] 

PIN NO. 1 IDENT 

0.690 

[17.526] 

SQ 0.654 -a--
[16.612] 

SQ 

+--s-

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: XXX ± 0.005 [0.127] 

~ 
0.390-0.430 
[9.91-10.92] 

tJ 
[0.406] 

PIN NO.1 IDENT 

3. PLeC packages are intended for surface mounting on solder lands on 0.050 [1.27] centers. 
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Brocktree~ 

Plastic J-Lead (PLCC) Packages (continued) 

68-Pin Plastic J-Lead 

9JA=42to48 ·C/W 

0048 --! L 
[1.219] -I 1-

11f) 

0.016 

[0.406] 

Packaging 

0029 

[0736] 

~ 
DETAIL A 

0.175 --j 
[ 4.445J 

t om 
[2.87] 

I 

NOTES - Unless otherwise specified: 
1 . Dimensions are in inches [millimeters]. 
2. Tolerances are: .xxx ± 0.005 [0.127] 
3. PLCC packages are intended for surface mounting on solder lands on 0.050 [1.27] centers. 
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Packaging 

Plastic J-Lead (PLCC) Packages (continued) 

84-Pin Plastic J-Lead 

eJA=42to48 ·C/W 

o 
[1 

.045 

.143] 

1 
f 

~~~ [30.226] 
1.154 SQ 

r[29.311] 1 
1.000 REF 
[25.4] 1.120 

[28.448] 

--L-....::;::=t# ~ 

t 0.099 
[2.514J 

0.170 
[ 4.318] 

0.035 R 
[0.889] 

0.029 
[0.736] 

~ .rF~~~---.L 0.065 

0.016 
[0.406] 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 

[1.651] 

t 

3. PLCC packages are intended for surface mounting on solder lands on 0.050 [1.27] centers. 
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Ceramic J-Lead (CERQUAD) Packages 

28-Pin Ceramic J-Lead 

eJA=60to65 'C/W 

I 
0.460 MAX 

[11 684] 

~ 
o 050 TYP --l I---J L 
[127] 0019 TYP 

[0483] I 
~ 0180[4.572]MAX 

0.040 , 

[1.016] 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xxx ± 0.005 [0.127] 

! 
0490 

[124 

I 
MAX 

46] 

Packaging 

3. CERQUAD packages are intended for surface mOWiting on solder lands on 0.050 [1.27] centers. 
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Packaging Brod\:treeQD 

Ceramic Pin Grid Array (PGA) Packages 

68-Pin Ceramic PGA 

9 JA = 30 to 40°C I W 

<I 

~
1.160 [29464J SQ 

1.000 [254J SQ 

0,077 
[1,955J 

00000000-
K 0@0000000@ 

00m
00 00 00 

00 00 
00 00 
00 00 
00 00 
000 00 
o 0000000@0 

000000000 
1 2 3 4 5 6 7 8 9 10 11 

SEE DETAIL A 

0,100 
TYP 

[2,540J 

1 , it045 [1.143J 

-r=r a 024 [0,609J 

,i~ 0,050 [127J 

DETAIL A 
4 PL 

68-Pin Ceramic PGA with Heatsink and Alignment Pin 

9 JA = 27 to 34°C I W 

HEATSINK SHALL NOT PROTRUDE OUTSIDE 
PACKAGE MDRE THAN 0.025 [0.635J 
IN ANY DIRECTION. 

8 
11.125 [28,575J I 

fE1J60 [29464J SQ 

1.000 [25'~4] SQ 

0,077 MAX 
[1.955] 

00000000-
K 0@0000000@ 

J 00ID100 
00 00 
00 00 
00 00 
00 00 
00 00 
000 00 

B 0 0000000@0 
000000000 

1 2 3 4 5 6 7 8 9 10 11 

SEE DETAlL A 

0,100 
-- TYP 
[2,540] 

0,325 [8,255J ~-~ ~ 0,100 [2,54J 
r- 0.150-0170 

-r- [3,81-4,318J 

~[::7-0'019 

1 , it045 [1.143J 

~1 0,024 [0,609] 
I ~ 0,050 [1.27] 

[0431 0.482] 
DETA[L A 

4 PL 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 
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Packaging 

Ceramic Pin Grid Array (PGA) Packages (continued) 

84-Pin Ceramic PGA 

o JA = 25 to 30 ·C /W o ~~027~YP'-1----- 1 ;~~094Tr~ 
0100 
~-TYP 

[254J 

.@)@)@)@)@)@)@)@)@)$. 
@)@)@)@)@)@)@)@)@)@)@)@) 
@)@)@) @)@)@) 
@)@) @)@) 
@)@) @)@) 
@)@) @)@) 

@)@) 
@)@) 

~;'====j:=='--,J@) @) 
@)@) @)@)@) 

r--------- 1 215 SQ 

I~ [3086J 

<C)l @)@)o@)@)@)@)@)@)@)@)@) L 
@)@)@)@)@)@)@)@)@)@ r 

~ DIA LI 0150-0170 PIN NO 1 ~ 
IDENTIFIER 

SEE DETAIL A [0 457J [3.81-4318J 

1.it045 [1.143J 

~ 0.024 [0.609J 

A~ 0.050 [1.27] 

DETAIL A 
132-Pin Ceramic PGA 

4 PL 

oJA=20t025 ·C/W 

PIN NO.1 !DENT ~ 
L0085 [2.159J 

1.300 
[33.02J 0.100 [2.540J 

p @)@)@)@)@)@)@)@)@)@)@) n 
N@)@)@)@)@)@)@)@)@)@)@)@)@)@) 
M@)@)@)@)@)@)@)@)@)@)@)@)@)@) 

L @) @) @) 1.400 
K @) @) @) [35.56J 
J @) @) @) SQ 
H @)@)@) 
G @)@)@) 
r @)@)@) 
E @)@)@) 
D @) @) @) '-----'-l-I===-t-",,-,,;;u;:.'!---,-
C@)@)@)@)@)@)@)@)@)@)@)@)@)@) 
B@)@)@)@)@)@)@)@)@)@)@)@)@)@) 
A @)@)@)@)@)@)@)@)@)@)@)@)@ 

1 2 3 4 5 6 7 8 9 10 11121314 

SEE DETAIL A -W 045 
[j 143J 

Ii" IU 
I iiiiiWiiiiii~ 

0.016-0.020 JL L 0.180 [4.572J 
[0.406 0,508J I -T0024 

I ~ 0,050 

[0.609J 
[1.27] 

NOTES - Unless otherwise specified: 
1 . Dimensions are in inches [millimeters]. 
2. Tolerances are: .XXX ± 0.005 [0.127] 

12 - 21 

DETAIL A 
4 PL 
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Packaging 

Ceramic Pin Grid Array (PGA) Packages (continued) 

144-Pin Ceramic PGA with Alignment Pin 

OJA= 18to23 ·C/W 

I--- "00 [35560] NP -----

STANDOFF 0.180 [4572J 
.M.!Q.DIAMIN\ 
[1016]'Pl \ 

L~ 
00"-0020 T I 1_ 

[0 '06-0 508] ----1 r--- 0050 [1 270] 
145 PL 

NOTES - Unless otherwise specified: 

OETAIl A 
Hl 

1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 
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11 0100 [25'0] 
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Ceramic Flatpack Packages 

32·Pin Ceramic Flatpack with Heat Sink 

9JA = 20 to 2S ·C/W 

0040 
- TYP ---I f--
[1 016] I I 

PIN NO 1 INDEX ~, 

L 
0013-0017 J 

[0.330 - 0.431] 

TYP 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xxx ± 0.005 [0.127] 
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1/4-28 X 3/8 LONG 
COPPER SCREW 

~ 0.070 

[1.778] 

Packaging 

II 



Packaging 

Ceramic Leadless Chip Carrier Packages 

20·Pin Ceramic Leadless Chip Carrier 

OJA=90 ·C/W 

/.r------, 

F 0.050 19 PL 
[1.27) 

r-rvr;vr-,vr'1Vr~ 0.025 ---.r [0.635) 
TYP 

PIN 1 

0.020 [0.508) X 45' 0040 [1.016) X 45' 3 PL 

44·Pin Ceramic Leadless Chip Carrier 

alA= 100 ·C/W 

0635 0665 -

[16.129-16.891] 
SQ 

0.075 0.050 [1.27] 43 PL 

~ 0.075-0.095 [1.905-2.413] 

PI N 1 + 
~ 

0.020 [0.508] X 45 0 

0 0.040 [1.016] X 45 3 PL 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xxx ± 0.005 [0.127] 
3 . Packages are intended for surface mounting on solder lands on 0.050 [1.27] centers. 
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201 

t 0.025 

I~ 
t TYP 

PIN 44 

PIN 2 
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Sales Offices 

Domestic and International Sales Offices 

Eastern US Office 
Brooktree COIpOralion 
2000 Regency Parkway, #144 
Cary, NC 27511 
(919) 467-7418 
FAX: (919) 460-9858 

Western US Office 
Brooktree COIpOration 
21 Andalucia 
Irvine, CA 92714 
(714) 756-0815 
FAX: (714) 756-0820 

Far East Office 
Brooktree COIpOration 
22 A Garden Terrace II 
8 A Old Peak Road 
Hong Kong 
852 (5) 868 0635 
FAX: 852 (5) 840 0276 

Northeastern US Office 
Brooktree COIpOration 
3 Littleton Road, Suite 1 
Westford, MA 01886 
(508) 371-2343 
FAX: (508) 692-5081 

European Office 
Brooktree COIpOration 
Keizer1aan 18 
1900 Overijse 
Be1giwn 
32 (2) 657-2403 
FAX: 32 (2) 657-1155 
TLX: 846 263 19 
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Northwestern US Office 
Brooktree COIpOIation 
4701 Patrick Henry Drive 
Building 12 
Santa Clara, CA 95054 
(408) 732-0923 
FAX: (408) 748-1163 

Japan Office 
Brooktree COIpOration 
1-8-10 Akasaka 
Minato-ku, Tokyo, 107 
Japan 
(813) 588 0414 
FAX: (813) 721-5270 



Sales Offices 

Domestic Representatives 

Alabama Colorado Dyne-A-Mark 
1001 NW 62nd St. #108 

NovusGroup Promotional Tech Ft. Lauderdale, FL 33309 
2905 Westcorp Blvd., Suite 120 7490 Clubhouse Road, #204 (305) 771-6501 
HlDltsville, AL 35805 Boulder, CO 80301 FAX: (305) 772-0114 
(205) 534-0044 (303) 5304774 
FAX: (205) 534-0186 FAX: (303) 5304776 Georgia 
TLX: 910380 6329 

Promotional Tech NovusGroup 
Arkansas 6920 Hillridge Place 6115-A Oakbrook Parkway 

Parker, CO 80134 Norcross, GA 30093 
OM Assoc. (303) 8414664 (404) 263-0320 
2323 N. Central Expressway FAX: (303) 8414202 FAX: (404) 263-8946 
Suite 150 TLX: 9103806330 
Richardson, TX 75080 Connecticut 
(214) 690-6746 Idaho 
FAX: (214) 690-8721 Comp Rep Associates 
TLX: 629 23447 9 Carlton Street Westerberg & Assoc. 

Wallingford, CT 06492 7165 SW Fir Loop 
California (203) 269-1145 Portland, OR 97223 
San Diego I Imperial Co. FAX: (203) 269-2819 (503) 620-1931 

TLX: 710465 639 1 FAX: (503) 684-5376 
Gary Chilcote Assoc. 
P.O. Box 1795 Delaware Illinois 
2010 Winterwarm Road Northern 
Fallbrook, CA 92028 Deltatronics 
(619) 728-7678 9425 StentonAve. Oasis Sales 
FAX: (619) 728-3738 Ches1nut Hill, PA 19118 1101 Tonne Road 

(215) 248-0294 Elk Grove Village, IL 60007 
California FAX: (215) 247-2655 (312) 640-1850 
Northern FAX: (312) 640-9432 

District of Columbia TLX: 625 783 40 
Quorum 
4701 Patrick Henry Dr. ComoySales Illinois 
Bldg. 12 1022 Gteen Acre Road Southern 
Santa Clara, CA 95054 Baltimore, MD 21204 
(408) 980-0812 (301) 296-2444 SPS Associates 
FAX: (408) 748-1163 FAX: (301) 296-2457 3301 Ryder Trail South, #110 

Earth City, MO 63045 
California Florida (314) 291-0520 
LA I Orange I Ventura Co. FAX: (314) 291-7138 

Dyne-A-Mark 
lITRC 500 E. Semoran Blvd. #15A Indiana • 1111 El Camino Real #104 Casselberry, FL 32707 
Tustin, CA 92680 (407) 831-2822 Valentine Associates 
(714) 730-9561 FAX: (407) 8344524 P.O. Box 242 
FAX: (714) 730-9585 1000 N. Madison Ave., #S-2 

Dyne-A-Mark Gteenwood, IN 46142 
HTRC 573 S. Duncan Avenue (317) 888-2260 
31332 Via Colinas, Suite 109 Clearwater, FL 34616 FAX: (317) 8814904 
Westlake Village, CA 91362 (813) 4414702 
(818) 706-2916 FAX: (813) 4474120 
FAX: (818) 706-2178 
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Sales Offices 

Domestic Representatives (continued) 

Valentine Associates Maryland Montana 
1638 Lincoln Way East 
South Bend, IN 46613 Conroy Sales Westerberg & Assoc. 
(219) 288-7070 1022 Green Acre Road 12505 NE Bel-Red Rd., #112 
FAX: (219) 233-1779 Baltimore, MD 21204 Bellevue, W A 98005 

(301) 296-2444 (206) 453-8881 
Iowa FAX: (301) 296-2457 FAX: (206) 453-8758 
Northern 

Massachusetts Nebraska 
SPS Associates 
119 19th St #101 Boucher Associates SPS Associates 
West Des Moines, IA 50265 3 littleton Road 21930 Locust 
(515) 225-0607 Westford, MA 01886 P.O. Box 57 
FAX: (515) 225-8713 (508) 692-7503 Panama, NE 68419 

FAX: (508) 692-5081 (402) 788-2536 
Iowa FAX: (402) 788-2537 
Southern Michigan 

Nevada 
SPS Associates A.P. Associates Excluding Clark Co. 
3301 Ryder Trail South, #110 P.O. Box 777 
Earth City, MO 63045 810 East Grand River Quorum Technical Sales 
(314) 291-0520 Brighton, MI 48116 4701 Patrick Henry Dr. 
FAX: (314) 291-7138 (313) 229-6550 Bldg. 12 

FAX: (313) 229-9356 Santa Clara, CA 95054 
Kansas (408) 980-0812 

Minnesota FAX: (408) 748-1163 
SPS Associates 
P.O. Box 2167 Com-TekSales New Hampshire 
300 A Clairbome 6525 City West Parkway 
Olathe, KS 66062 Eden Prairie, MN 55344 Boucher Associates 
(913) 764-4460 (612) 941-7181 3 Littleton Road 
FAX: (913) 764-6161 FAX: (612) 941-4322 Westford, MA 01886 

TLX: 714310122 (508) 692-7503 
Louisiana FAX: (508) 692-5081 

Mississippi 
OMAssoc New Jersey 
10500 Richmond Ave., #115 NovusOroup Northern 
Houston, TX 77042 2905 Westcorp Blvd., Suite 120 
(713) 789-4426 Huntsville, AI 35805 ERA 
FAX: (713) 789-4825 (205) 534-0044 354 Veterans Memorial Hwy. 
TLX: 829 234 50 FAX: (205) 534-0186 Commack, NY 11725 

TLX: 9103806329 (516) 543-0510 
Maine FAX: (516) 543-0758 

Missouri 
Boucher Associates New Jersey 
3 littleton Road SPS Associates Southern 
Westford, MA 01886 3301 Ryder Trail South, #110 
(508) 692-7503 Earth City, MO 63045 Deltatronics 
FAX: (508) 692-5081 (314) 291-0520 9425 Stenton Ave. 

FAX: (314) 291-7138 Chestnut Hill, P A 19118 
(215) 248-0294 
FAX: (215) 247-2655 
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Sales Offices 

Domestic Representatives (continued) 

New York Lyons Rhode Island 
Metropolitan 4615 W. Streetsboro Rd. 

Richfield, OH 44286 Boucher Associates 
ERA (216) 659-9224 3 Littleton Road 
354 Veterans Memorial Hwy. FAX: (216) 659-9227 Westford, MA 01886 
Commack, NY 11725 (508) 692-7503 
(516) 543-0510 Lyons FAX: (508) 692-5081 
FAX: (516) 543-0758 248 N. State Street 

Westerville,OH 43081 South Carolina 
New York (614) 895-1447 

FAX: (614) 891-9945 NovusGroup 
Quality Components 5337 Trestlewood Lane 
3343 Harlem Road Oklahoma Raleigh, NC 27610 
Buffalo, NY 14225 (919) 833-7771 
(716) 837-5430 OMAssoc FAX: (919) 856-1644 
FAX: (716) 837-0662 2323 N. Central Expressway TLX: 510600 055 8 

Suite 150 
Quality Components Richardson, TX 75080 South Dakota 
P.O. Box 71 (214) 690-6746 
116 Fayette Street FAX: (214) 690-8721 Com-Tele Sales 
Manlius, NY 13104 TLX: 62923447 6525 City West Parkway 
(315) 682-8885 Eden Prairie, MN 55344 
FAX: (315) 682-2277 Oregon (612) 941-7181 

FAX: (612) 941-4322 
North Carolina Westerberg & Assoc. TLX: 714310 122 

7165 SW Fir Loop 
NovusGroup Portland, OR 97223 Tennessee 
5337 Trestlewood Lane (503) 620-1931 Eastern 
Raleigh, NC 27610 FAX: (503) 684-5376 
(919) 833-7771 NovusGroup 
FAX: (919) 856-1644 Pennsylvania 6115-A Oakbrook Parkway 
TLX: 510600 055 8 Eastern Norcross, GA 30093 

(404) 263-0320 
North Dakota Deltalrorucs FAX: (404) 263-8946 

9425 Stenton Ave. TLX: 910380633 0 
Com-TeleSales Chesblut Hill, PA 19118 
6525 City West Parkway (215) 248-0294 Tennessee 
Eden Prairie, MN 55344 FAX: (215) 247-2655 Western 
(612) 941-7181 
FAX: (612) 941-4322 Pennsylvania NovusGroup 
TLX: 714310 122 Western 2905 Westcorp Blvd., Suite 120 

Huntsville, AL 35805 
Ohio Lyons (205) 534-0044 • 4615 W. Streetsboro Rd. FAX: (205) 534-0186 
Lyons Richfield, OH 44286 TLX: 9103806329 
4812 Frederick Rd., #101 (216) 659-9224 
Dayton, OH 45414 FAX: (216) 659-9227 
(513) 278-0714 
FAX: (513) 278-3609 
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Sales Offices 

Domestic Representatives (continued) 

Texas 

OM Assoc. 
13916 Burnet Road, #301 
Austin, TX 78728 
(512) 388-1151 
FAX: (512) 244-9505 
TLX: 629 234 49 

OM Assoc. 
10500 Richmond Ave., #115 
Houston. TX 77042 
(713) 789-4426 
FAX: (713) 7894825 
TLX: 829 234 50 

OM Assoc. 
2323 N. Central Expressway 
Suite 150 
Richardson, TX 75080 
(214) 690-6746 
FAX: (214) 690-8721 
TLX: 629 234 47 

Utah 

Promotional Tech. 
7050 Union Park Center. #240 
Salt Lake City. UT 84047 
(801) 566-8919 
FAX: (801) 266-9081 

Virginia 

Conroy Sales 
1022 Green Acre Road 
Baltimore, MD 21204 
(301) 296-2444 
FAX: (301) 296-2457 

Vermont 

Boucher Associates 
3 Littleton Road 
Westford. MA 01886 
(508) 692-7503 
FAX: (508) 692-5081 

Washington 

Westerberg & Assoc. 
12505 NE Bel-Red Rd., #112 
Bellevue. W A 98005 
(206) 453-8881 
FAX: (206) 453-8758 

Wisconsin 
Eastern 

Oasis Sales 
1305 N. Barker Road 
Brookfield. WI 53005 
(414) 782-6660 
FAX: (414) 782-7921 

Wisconsin 
Western 

Com-Tek Sales 
6525 City West Parkway 
Eden Prairie, MN 55344 
(612) 941-7181 
FAX: (612) 9414322 
TLX: 714310122 
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Canada 
Eastern 

ESP 
5200 Dixie Road. Suite 201 
Mississauga, Ontario L4W1E4 
(416) 626-8221 
FAX: (416) 238-3277 

ESP 
3-447 Mc Leod Street 
Ottawa, Ontario KIR 5P5 
(613) 236-1221 
FAX: (613) 236-7119 

ESP 
16 Me Kee Street 
Chateqguay. Quebec JNJ 3N1 
(514) 691-8129 
FAX: (514) 691-2726 

Canada 
Western 

Westerberg & Assoc. 
12505 NE Bel-Red Rd .• #112 
Bellevue. W A 98005 
(206) 453-8881 
FAX: (206) 453-8758 



Brodrtree® Sales Offices 

Domestic Distributors 

Alabama California Marshall 
LA / Orange / Ventura Co. 3039 Kilgore Avenue, #140 

Marshall Rancho Cordova, CA 95670 
3313 Memorial Parkway South Anthem (916) 635-9700 
Huntsville, AL 35801 20640 Bahama St. FAX: (916) 635-6044 
(205) 881-9235 Chatsworth, CA 91311 
FAX: (205) 881-1490 (818) 700-1000 Western Micro 

FAX: (818) 709-7639 12900 Saratoga Avenue 

Alaska Saratoga, CA 95070 
Anthem (408) 725-1660 

Marshall 1 Oldfield Drive FAX: (408) 255-6491 
11715 Northcreek Parkway S. Irvine, CA 92718-2809 
Suite 112 (714) 7684444 California 
Bothell, WA 98011 FAX: (714) 3804747 San Diego / Imperial Co. 
(206) 486-5747 
FAX: (206) 486-6964 Insight Electronics Insight Electronics 
TLX: 910443 301 4 28038 Dorothy Drive, #2 6885 Flanders Drive, Suite G 

Agoura Hills, CA 91301 San Diego, CA 92121 
Arizona (818) 707-2100 (619) 587-9757 

FAX: (818) 707-0321 FAX: (619) 587-1380 

Anthem 
1727 East Weber Drive Insight Electronics Marshall 
Tempe,AZ 85281 3505 Cadillac Ave. Suite E-l 10105 Carroll Canyon Road 

(602) 966-6600 Costa Mesa, CA 92626 San Diego, CA 92131 
FAX: (602) 966-4826 (714) 556-6890 (619) 578-9600 

FAX: (714) 556-6897 FAX: (619) 586-0469 

Insight Electronics 
1515 W. University Drive, #105 Marshall Colorado 
Tempe, AZ 85281 9710 De Soto Avenue 
(602) 829-1800 Chatsworth, CA 91311 Anthem 
FAX: (602) 967-2658 (818) 407-0101 373 Inverness Drive S. 

FAX: (818) 709-5334 Inglewood, CO 80112 
Marshall (303) 790-4500 
9830 S. 51st St., Suite B121 Marshall FAX: (303) 790-4532 
Phoenix, AZ 85044 One Morgan Circle 

(602) 496-0290 Irvine, CA 92718 Marshall 
FAX: (602) 893-9029 (714) 458-5312 12351 N. Grant Street 

FAX: (714) 581-5255 Thornton, CO 80241 

Arkansas (303) 451-8383 
California FAX: (303) 457-2899 

Marshall Northern 

2045 Chenault Street Connecticut 
Carrollton, TX 75006 Marshall 

III (214) 770-0600 336 Los Coches Street Anthem 
FAX: (214) 770-0675 Milpitas, CA 95035 170 Research Parkway 

(408) 9424659 Meriden, CT 06450 
Quality Components FAX: (408) 262-1224 (203) 237-2282 
3158 So. 108th East Ave. #274 FAX: (203) 237-6026 
Tulsa, OK 74146 
(918) 664-8812 
FAX: (918) 664-8515 
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Sales Offices 

Domestic Distributors (continued) 

Marshall Marshall Indiana 
20 Sterling Dr, Barns Ind. Pk. 2840 Scherer Dr., Suite 410 
P.O. Box 200 St. Petersburg, FL 33716 Marshall 
Wallingford, IT 06492 (813) 573-1399 6990 Corporate Drive 
(203) 265-3822 FAX: (813) 573-0069 Indianapolis, IN 46278 
FAX: (203) 284-9285 (317) 297-0483 

Georgia FAX: (317) 297-2787 
Delaware 

Marshall Kansas 
Anthem 5300 Oakbrook Parkway #140 
9020A Mendenhall Court Norcross, GA 30093 Marshall 
Columbia, MD 21045 (404) 923-5750 10413 W. 84th Terrace 
(301) 995-6640 FAX: (404) 923-2743 Lenexa, KS 66214 
FAX: (301) 381-4379 (913) 492-3121 

QlC Southeast FAX: (913) 492-6205 
Marshall 6145-B Northbelt Parkway 
2221 Broadbirch Dr., Suite C Norcross, GA 30071 Kentucky 
Silver Spring, MD 20904 (404) 449-9508 Eastern 
(301) 622-1118 FAX: (404) 449-0275 
FAX: (301) 622-0451 Marshall 

Idaho 10413 W. 84th Terrace 
District of Columbia Lenexa, KS 66214 

Anthem (913) 492-3121 
Anthem 1279 W. 2200 S. FAX: (913) 492-6205 
Horsham Business Center Salt Lake City, UT 84119 

355 Business Center Drive (801) 973-8555 
Kentucky 

Horsham, PA 19044 FAX: (801) 973-8909 
Western 

(215) 443-5150 
FAX: (215) 675-9875 Marshall 

466 Lawndale Drive, Suite C Marshall 

Marshall Salt Lake City, UT 84115 6990 Corporate Drive 

2221 Broadbirch Dr., Suite C (801) 485-1551 Indianapolis, IN 46278 

Silver Spring, MD 20904 FAX: (801) 487-0936 (317) 297-0483 

(301) 622-1118 
FAX: (317) 297-2787 

FAX: (301) 622-0451 Western Micro 
N. 2128 Pines, Suite 1714 Louisiana 

Florida Spokane, W A 99206 
(509) 926-3286 Marshall 

Marshall 3313 Memorial Parkway South 

380 S. North Lake Blvd., #1024 Illinois Huntsville, AL 35801 

Altamonte Springs, FL 32701 (205) 881-9235 

(407) 767-8585 Anthem FAX: (205) 881-1490 

FAX: (407) 767-8676 180 Crossen Avenue 
Elk Grove Village, IL 60007 Maine 

Marshall (312) 640-6066 

2700 W. Cypress Creek Road FAX: (312) 640-6302 Marshall 

SuiteC106 33 Upton Drive 

Ft. Lauderdale, FL 33309 Marshall Wilmington, MA 01887 

(305) 977-4880 50 E. Commerce Dr., Uuit 1 (508) 658-0810 
,FAX: (305) 977-4887 Schaumberg,IL 60173 FAX: (508) 657-5931 

(312) 490-0155 
FAX: (312) 490-0569 
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Sales Offices 

Domestic Distributors (continued) 

Anthem Marshall Nebraska 
36 Jospin Road 3955 Annapolis Lane 
Wilmington, MA 01887 Plymouth, MN 55447 Alliance Electronics 
(508) 657-5170 (612) 559-2211 11030 Cochiti SE 
FAX: (508) 657-6008 FAX: (612) 559-8321 Albuquerque, NM 87123 

(505) 292-3360 
Maryland Mississippi FAX: (505) 292-6537 

Anthem Marshall Marshall 
9020A Mendenhall Court 3313 Memorial Parkway South 10413 W. 84th Terrace 
Columbia, MD 21045 Huntsville, AL 35801 Lenexa, KS 66214 
(301) 995-6640 (205) 881-9235 (913) 492-3121 
FAX: (301) 381-4379 FAX: (205) 881-1490 FAX: (913) 492-6205 

Marshall Missouri New Hampshire 
2221 Broadbirch Dr., Suite C 
Silver Spring. MD 20904 Marshall Anthem 
(301) 622-1118 12774 Boenker 36 Jospin Road 
FAX: (301) 622-0451 Bridgeton, MO 63044 Wilmington, MA 01887 

(314) 291-4650 (508) 657-5170 
Massachusetts FAX: (314) 291-5391 FAX: (508) 657-6008 

Anthem Marshall Marshall 
36 Jospin Road 10413 W. 84th Terrace 33 Upton Drive 
Wilmington, MA 01887 Lenexa, KS 66214 Wilmington, MA 01887 
(508) 657-5170 (913) 492-3121 (508) 658-0810 
FAX: (508) 657-6008 FAX: (913) 492-6205 FAX: (508) 657-5931 

Marshall Montana New Jersey 
33 Upton Drive Northern 
Wilmington, MA 01887 Marshall 
(508) 658-0810 9705 S.W. Gemini Dr. Anthem 
FAX: (508) 657-5931 Beaverton, OR 97005 311 Route 46 West 

(503) 644-5050 Fairfield, NJ 07006 
Michigan FAX: (503) 646-8256 (201) 227-7960 

FAX: (201) 227-9246 
Marshall Western Micro 
31067 Schoolcraft 1800 NW 169th Place, #b300 Marshall 
Livonia, MI 48150 Beaverton, OR 97006 101 Fairfield Road 

(313) 525-5850 (503) 629-2082 Fairfield. NJ 07006 
FAX: (313) 525-5855 FAX: (503) 629-8645 (201) 882-0320 

FAX: (201) 882-0095 

Minnesota II New Jersey 
Anthem Southern 
10025 Valley View Rd .• #160 
Eden Prairie, MN 55344 Anthem 

(612) 944-5454 311 Route 46 West 
FAX: (612) 944-3045 Fairfield. NJ 07006 

(201) 227-7960 
FAX: (201) 227-9246 
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Sales Offices 

Domestic Distributors (continued) 

Marshall Marshall QJC Southeast 
158 Gaither Drive 9830 S. 51st St., Suite B121 3029-105 Stonybrook Dr. 
Mt. Laurel, NJ 08054 Phoenix, AZ 85044 Raleigh, NC 27604 
(609) 234-9100 (602) 496-0290 (919) 876-7767 
FAX: (609) 778-1819 FAX: (602) 893-9029 FAX: (919) 876-6964 

Nevada Marshall North Dakota 
Las Vegas 2150 Trawood, Suite Bl60 

EI Paso, TX 79935 Marshall 
Marshall (915) 593-0706 3955 Annapolis Lane 
9830 S. 51st St., Suite B121 FAX: (915) 594-1894 Plymouth, MN 55447 
Phoenix, AZ 85044 (612) 559-2211 
(602) 496-0290 New York FAX: (612) 559-8321 
FAX: (602) 893-9029 

Anthem Ohio 
Nevada 400 Oser Avenue 
Eastern Hauppauge, NY 11788 Marshall 

(516) 273-1660 3520 Park Center Drive 
Marshall FAX: (516) 273-1823 Dayton, OH 45414 
466 Lawndale Drive, Suite C TLX: 510227 104 2 (513) 898-4480 
Salt Lake City, UT 84115 FAX: (513) 898-9363 
(801) 485-1551 Marshall 
FAX: (801) 487-0936 275 Oser Avenue Marshall 

Hauppauge, NY 11788 30700 Bainbridge Road, Unit A 
Nevada (516) 273-2424 Solon,OH 44139 
Carson City FAX: (516) 4344775 (216) 248-1788 

FAX: (216) 248-2312 
Marshall Marshall 
3039 Kilgore Avenue, #140 129 Brown Street Marshall 
Rancho Cordova, CA 95670 Johnson City, NY 13790 212 S. State Street 
(916) 635-9700 (607) 798-1611 Westerville, OH 43081 
FAX: (916) 635-6044 FAX: (607) 797-7031 (614) 891-7580 

FAX: (614) 891-9945 
New Mexico Marshall 

1250 Scottsville Road Oklahoma 
Alliance Electronics Rochester, NY 14624 

11030 Cochiti SE (716) 235-7620 Quality Components 
Albuquerque, NM 87123 FAX: (716) 235-0052 3158 So. 108th East Ave. #274 
(505) 292-3360 Tulsa, OK 74146 
FAX: (505) 292-6537 North Carolina (918) 664-8812 

FAX: (918) 664-8515 
Marshall Marshall 
12351 N. Grant Street 5224 Green's Dairy Road Marshall 
Thornton, CO 80241 Raleigh, NC 27604 2045 Chenault Street 
(303) 451-8383 (919) 878-9882 Carrollton, TX 75006 
FAX: (303) 457-2899 FAX: (919) 872-2431 (214) 770-0600 

FAX: (214) 770-0675 
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Sales Offices 

Domestic Distributors (continued) 

Oregon Marshall Tennessee 
33 Upton Drive Western 

Marshall Wihnington, MA 01887 
9705 s.w. Gemini Dr. (508) 658-0810 Marshall 
Beaverton, OR 97005 FAX: (508) 657-5931 3313 Memorial Parkway South 
(503) 644-5050 Huntsville, AL 35801 
FAX: (503) 646-8256 South Carolina (205) 881-9235 

FAX: (205) 881-1490 
Western Micro Marshall 
1800 NW 169th Place, #B300 5224 Green's Dairy Road QIC Southeast 
Beaverton, OR 97006 Raleigh, NC 27604 6145-B Northbelt Parkway 
(503) 629-2082 (919) 878-9882 Norcross, GA 30071 
FAX: (503) 629-8645 FAX: (919) 872-2431 (404) 449-9508 

FAX: (404) 449-0275 
Pennsylvania QlC Southeast 
Eastern 3029-105 Stonybrook Dr. Texas 

Raleigh, NC 27604 
Anthem (919) 876-7767 Quality Components 
Horsham Business Center FAX: (919) 876-6964 4257 Kellway Circle 
355 Business Center Drive P.O. Box 819 
Horsham, PA 19044 South Dakota Addison, TX 75001 
(215) 443-5150 (214) 733-4300 
FAX: (215) 675-9875 Marshall FAX: (214) 250-0216 

3955 Annapolis Lane 
Marshall Plymouth, MN 55447 Quality Components 
158 Gaither Drive (612) 559-2211 2120-M West Braker Lane 
Mt Laurel, NJ 08054 FAX: (612) 559-8321 Austin, TX 78758 
(609) 234-9100 (512) 835-0220 
FAX: (609) 778-1819 Tennessee FAX: (512) 339-9252 

Eastern 
Pennsylvania Quality Components 
Western Marshall 1005 Industrial Blvd. 

5300 Oakbrook Parkway #140 Sugarland, TX 77478 
Marshall Norcross, GA 30093 (713) 240-2255 
701 Alpha Drive, #240 (404) 923-5750 FAX: (713) 240-6988 
Pittsburgh, PA 15238 FAX: (404) 923-2743 
(412) 963-0441 Marshall 
FAX: (412) 963-7982 QlC Southeast 8504 Cross Park Drive 

6145-B Northbelt Parkway Austin, TX 78754 

Rhode Island Norcross, GA 30071 (512) 837-1991 
(404) 449-9508 FAX: (512) 832-9810 

Anthem FAX: (404) 449-0275 
36 Jospin Road Marshall - Brownsville 

II Wihnington, MA 01887 44 W. Jefferson, Suite C 

(508) 657-5170 Brownsville, TX 78520 

FAX: (508) 657-6008 (512) 542-4589 
FAX: (512) 542-1045 
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Sales Offices 

Domestic Distributors (continued) 

Marshall 
2045 Chenault Street 
Carrollton, TX 75006 
(214) 770-0600 
FAX: (214) 770-0675 

Marshall 
2150 Trawood, Suite B 160 
El Paso, TX 79935 
(915) 593-0706 
FAX: (915) 594-1894 

Marshall 
7250 Langtry 
Houston, TX 77040 
(713) 895-9200 
FAX: (713) 462-6714 

Utah 

Anthem 
1279 W. 2200 S. 
Salt Lake City, UT 84119 
(801) 973-8555 
FAX: (801) 973-8909 

MarshaJl 
466 Lawndale Drive, Suite C 
Salt Lake City, UT 84115 
(801) 485-1551 
FAX: (801) 487-0936 

Vermont 

Marshall 
33 Upton Drive 
Wilmington, MA 01887 
(508) 658-0810 
FAX: (508) 657-5931 

Anthem 
36 Jospin Road 
Wilmington, MA 01887 
(508) 657-5170 
FAX: (508) 657-6008 

Virginia 

Marshall 
2221 Broadbirch Dr. 
SuiteC 
Silver Spring, MD 20904 
(301) 622-1118 
FAX: (301) 622-0451 

Washington 

Marshall 
11715 Northcreek Parkway S. 
Suite 112 
Bothell, W A 98011 
(206) 486-5747 
FAX: (206) 486-6964 
TLX: 910 443 301 4 

Western Micro 
14636 NE 95th SL 
Redmond, W A 98052 
(206) 881-6737 
FAX: (206) 882-2996 

Western Micro 
N. 2128 Pines, Suite 1714 
Spokane, W A 99206 
(509) 926-3286 

West Virginia 

Marshall 
2221 Broadbirch Dr. 
SuiteC 
Silver Spring, MD 20904 
(301) 622-1118 
FAX: (301) 622-0451 
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Wisconsin 
Eastern 

Marshall 
20900 Swenson Drive 
Waukesha, WI 53186 
(414) 797-8400 
FAX: (414) 797-8270 

Wisconsin 
Western 

Marshall 
3955 Annapolis Lane 
Plymouth, MN 55447 
(612) 559-2211 
FAX: (612) 559-8321 

Wyoming 

Marshall 
466 Lawndale Drive, Suite C 
Salt Lake City, UT 84115 
(801) 485-1551 
FAX: (801) 487-0936 



Sales Offices 

International Representatives/Distributors 

Australia Denmark India 

Energy Control C-88 Oriole Services 
26 BoronSl Kokkedal Industripark 101 PB#9275 
Swnner Park 04074 2980 Kokkedal 4 Kurla Industrial Estate 
Brisbane Denmark Ghatkopar, Bombay 
Australia 45 (2) 244.888 India 40() 086 
61 (7) 376 2955 FAX: 45 (2) 244.889 (512) 2973 
FAX: 61 (7) 376 3286 TLX: 855411 98 TLX: 9531172102 
TLX: 790437 78 

C-88 Jylland Israel 
Fromark Poul Gernessvej 17 
P.O. Box 115 7430lkast Vectronics 
366 Whitehorse Road Denmark P.O. Box 2024 
Nunawading Vic 3131 45 (7) 250.816 60 Medinat Hayehudim Sl 
Australia HerzIia B 46120 
61 (3) 868 1255 Finland Israel 
FAX: 61 (3) 877 4236 (972) 52 556 070 
TLX: 79035045 Torion FAX: (972) 52 556 508 

P.O. Box 51 TLX: 922 342 579 
Promark Liusketie 3, Pihlajarnaki 
P.O. Box 381 00711 Helsinki Italy 
Crows Nest, N.S.W. 2065 Finland 
Australia (358) 0 372 144 Microelit S.P.A. 
61 (2) 439 6477 FAX: (358) 0 373558 Via Sardegna, 1 
FAX: 61 (2) 436 0863 TLX: 857 124 388 20146 Milano 
TLX: 790204 74 Italy 

France 39 (2) 481.7900 
Austria FAX: 39(2)481.3594 

Tekelec TLX: 843 334 284 
Moor Lackner BPNo.2 
Lamezanstr.l0 1 Rue Carle Vernet Microelit 
1310 Vienna 92315 Sevres Cedex Via Nicola Marchese, 10 
Austria France Roma 
431610620 331 (45) 347 535 Italy 
FAX: 431 610 621 51 FAX: 331 (45) 072191 39 (6) 8894.323 
TLX: 847 135 701 TLX: 842204 552 FAX: 39 (6) 8275.270 

TLX: 843 616 104 
Belgium Hong Kong 

Master Chips Lestina International 
Bid. Sl Lazare 4 Room 405, Park Tower 
1210 Bruxelles 15 Austin Road • Belgiwn Tsimshatsui, Kowloon 
32(2)219.58.62 Hong Kong 
FAX: 32(2)217.92.01 (852) 3 735 1736 
TLX: 846 625 00 FAX: (852) 3 7305260 

TLX: 780578 15 
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Sales Offices 

International Representatives/Distributors (continued) 

Japan Norway DIP Electronics Ab 
Danvikcenter 

Kanematsu Eltron Box 15046 
6-1 Shintomi, l-chome Aslakveien 20f 104 65 Stockholm 
Chuo-ku Tokyo, 104 N-0753 Oslo 7 Sweden 
Japan Norway 46 (8) 44 91 90 
81 (3) 551-7791 47 (2) 500.650 FAX: 46 (8) 4300 47 
FAX: 81 (3) 551-7889 FAX: 47 (2) 502.777 TLX: 854 156 73 
TLX: 7812523798 TLX: 856 771 44 

Switzerland 
Nissei Electronics Singapore 
Hitachi Atago Bldg. Kontron 
15-12, Nishi-shimbashi 2-chome Desner Electronics Bemerstrasse - Sued 169 
Minato-ku, Tokyo 105 190 Middle Road Ch-801 0 Zurich 
Japan # 16-07 Fortune Centre Switzerland 
81 (3) 504-7921 Singapore 0718 41 (1) 435 41 11 
FAX: 81 (3) 504-7900 653373188 FAX: 41 (1) 621118 
TLX: 781 27481 FAX: 65337 318 0 TLX: 845 822 196 

TLX: 786391 91 
H.Y. Associates Taiwan 
1-10, Sekimachi-kita, 3-chome Spain 
Nerima-ku Sertek 
Tokyo 177, Semiconductores 5FL 135 Sec. 2 Chien Kuo N Rd 
Japan Ronda General Mitre, 240 Taipei 10479 
81 (3) 929-7111 08006 Barcelona Taiwan R.O.C. 
FAX: 81(3)928-0301 Spain 886 (2) 501 0055 
TLX: 781 232268 1 34 (3) 217 23 40 FAX: 886 (2) 501 2521 

FAX: 34 (3) 217 65 98 TLX: 785 237 56 
Korea TLX: 831977 87 

The Netherlands 
Kortronics Enterprise Semiconductores 
Room 202, Seojung Bldg. Talia, 7 Alcorn 
830-24, Y oksarn-dong 28022 Madrid Esse Baan I, P.O. Box 358 
Kangnarn-ku 135-080 Spain 2900 U Capelle AID Ijssel 
Seoul, Korea 34 (1) 742.2313 The Netherlands 
82 (2) 562-9055 FAX: 34 (1) 742.3681 31 (10) 451.9533 
FAX: 82(2)557-1096 TLX: 831 (52) 47331 FAX: 31 (10) 458.6482 
TLX: 787 267 59 TLX: 844 26160 

Sweden 
New Zealand United Kingdom 

Martinsson 
Energy Control Instrumentvagen 16, Box 9060 Tharne Components 
23 Haining Street S-12609 Hagersten Tharne Park Road 
Wellington Sweden Tharne, Oxon OX9 3XD 
New Zealand 46 (8) 744-0300 United Kingdom 
64 (4) 858-742 FAX: 46 (8) 744-3403 44 (84) 421.4561 
FAX: 64(4)828-850 TLX: 854 130 77 FAX: 44 (84) 421.8847 

TLX: 851837917 
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Sales Offices 

International Representatives/Distributors (continued) 

West Germany 

Tekelec 
Postfach 152027 
Kapuzinerslr. 9 
8000 Munchen2 
West Germany 
49 (89) 51640 
FAX: 49 (89) 516 410 
TLX: 841 522 241 

Tekelec 
Neumann-Reichardt Sir. 34 
2000 Hamburg 70 
WestGennany 
49 (40) 656.7091 
FAX: 49 (40) 656.7096 
TLX: 8412173605 

Tekelec 
Klaraslr 1-2 
4300 Essen 1 
West Germany 
49 (201) 791.030 
FAX: 49 (201) 791-044 
TLX: 841 857 995 4 
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Tek:elec 
Max-Planck-Sir 19 
6072 Dreieich 1 
West Germany 
49 (6103) 352.57 
FAX: 49 (6103) 352.56 
TLX: 841418585 8 

• 
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Brooldree' 
Brooktree Corporation 
9950 Barnes Canyon Road 
San Diego, CA 92121 
(619) 452-7580 
1 (800) VIDEO-Ie 
DB002-4~89 


