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Quick Reference to Products 

BUOI 6-3 Bt471 4- 21 

BU03 6-17 Bt473 4-45 

BU06 6 - 31 Bt473/ll0 4-71 

BU07 6-45 Bt475 4-95 

BU09 6 -59 Bt476 4 - 21 

BtllO 7-3 Bt477 4- 95 

BU21 6-7 Bt478 4- 21 

Btl18 3-3 Bt481 4 -121 

Bt252 3 - 17 Bt482 4 - 121 

Btl54 3 - 41 Bt484 4 - 157 

Btl61 3 - 65 Bt485 4-197 

Bt281 3 - 95 Bt492 5 - 399 

Bt401 7 -17 Bt494 5 -419 

Bt403 7 - 17 Bt496 5 -455 

Bt424 7 - 27 BtSOl 7 -103 

Bt431 7 - 41 BtS02 7 -103 

Bt438 7 - 63 Bt604* 

Bt439 7 -75 Bt605* 

Bt440 7 - 89 Bt612* 

Bt445 5-3 Bt622 7 - 113 

Bt451 5 - 81 Bt624 7 - 113 

Bt453 4-3 Bt630 7 -133 

Bt454 5 - 115 Bt681 * 

Bt455 5 - 115 Bt684* 

Bt457 5 - 81 Bt687* 

Bt458 5 - 81 Bt688* 

Bt459 5 -135 Bt692* 

Bt460 5 -187 Bt694* 

Bt461 5 - 239 Bt698* 

Bt462 5 - 239 B1812 3 -127 

Bt463 5 -277 B1855 3 - 129 

Bt467 5 - 321 B1858 3 -173 

Bt468 5 - 357 B1885 4- 239 

* Information on this product can be found in Brooktree's ATE Databook. 
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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 our customer's requirements 
is what we do first. Solving our customer's problems is 
what we do best. 

Copyright © 1993 Brooktree Corporation. All rights reserved. 

Brooktree reserves the right to make changes to its products or specifications to improve performance, 
reliability, or manufacturability. Information fumished 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. 

VIDEODAC, RAMDAC, WindowVu. VideoNet.PixeIVu. Flexport. Video CacheDAC. CacheDAC and TrueVu 
are trademarks of Brooktree . Corporation. Brooktree is a registered trademark of Brooktree Corporation. 
Personal Systeml2 and PS/2 are registered trademarks of liM. Macintosh is a licensed trademark of Apple 
Computer. Inc. IMS is a registered trademark of Inmos Limited. 
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Company Facts 
Brooktree began operations in 1983 following its 
development of an advanced architecture for data 
conversion. The architecture, invented by compa
ny cofounder and chief scientist Henry Katzen
stein, permits the combination of high
performance analog and digital circuitry on a sin
gle monolithic Integrated Circuit (lC), which can 
be manufactured with standard bipolar or CMOS 
processes. 

Brooktree is a publicly held company (NAS
DAQ:BTRE) located in San Diego, California. Fa
cilities of 148,000 square feet house all design, 
test, and quality assurance activities as well as 
marketing, sales, and administration. Brooktree 
has established a worldwide network of distribu
tors and factory representatives with offices in the 
United States, Europe, and the Far East. 

The company's products are manufactured under 
agreement 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, Brook
tree has achieved leadership share in the worksta
tion graphics market and a large share of the mar
kets for PC graphics and electronic imaging. 

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 VIDEODAC products 
(our VIDEODAC line) to the high-performance 
graphics market. Further system integration led to 
our family of RAMDACs, which combine triple 
VIDEODACs, color palette RAMs, and pixel input 
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multiplexers on a single chip. Today, Brooktree 
has the broadest range of RAMDACs available on 
the market. 

In 1988, Brooktree entered the imaging market 
with its fIrst CMOS flash video NO converter. 
Further system-level integration led to our family 
of image digitizers, which combine one or more N 
D converters and many additional functions re
quired to digitize a video signal. In 1991, Brook
tree announced its fIrst video encoder that allows 
workstation and PC users to convert high-quality 
computer graphics/video into format for output to 
TV monitors.and videotape. This new video prod
uct will be joined by a variety of future ICs from 
Brooktree that will provide customers with sys
tem-level solutions for developing desktop video 
hardware. 

Other product families from Brooktree include 
ICs for automatic test equipment and data commu
nication systems. For further information on these 
products, please call your local sales representative 
or the Brooktree factory. 

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. The com
pany will continue to develop highly integrated 
products for use in computer graphics and imaging 
while exploring other applications where its 
mixed-signal technology can be applied. 
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Data Sheet Designations 

Advance Information 
This is the first 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 de
vices by approximately six months. This datasheet has the phrase "Advance Information" in the upper left comer 
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 in
formation 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 comer 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. 

Device Designations 

Engineering Sample 
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 parame
ters 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 markings 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 markings with an additional "PQ" marked on top of the 
package. These devices have a Pr~iminary datasheet under aocument control. 

Full Production 
These devices have production silicon, testing, bum-in, and have successfully passed a QA life-test qual. These 
devices have standard markings with no additional designators. These devices have a Final datasheet under docu
ment control. 
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Introduction 

Brooktree Corporation is committed to being the sup
plier of choice in all markets it pursues. Meeting or, in
deed, exceeding all requirements and expectations of 
its customers is necessary to accomplish this goal. This 
is a bold statement that requires the highest levels of 
quality and reliability in all aspects of our business. 
Many definitions have been offered for the terms 
"quality" and "reliability," but Brooktree believes 
these terms can only be measured by the overall level 
of end-customer satisfaction. Endeavoring to achieve 
its stated objectives, Brooktree strives to create close, 
strategic relationships with its customers. In this way, 
requir\(ments l\Ild expectations can be clearly defined, 
and the achievement of quality can be more easily 
realized. 

Quality is a critical aspect of product success, and 
Brooktree has established an aggressive schedule of 
measuring, testing, and monitoring its products and 
processes to guarantee all customer reqnirements are 
met and to ensure continuous improvement. Substan
tial investments in experienced personnel and state-of
the-art capital equipment have been made in all areas 
of the company to ensure quality and reliability are de
signed and built into all Brooktree product. 

Quality Assurance Program 

Ensuring the quality of a Brooktree product is a many
faceted task. The Brooktree Quality Assurance Pro
gram incorporates all elements of the supply chain, 
from raw material suppliers to subcontractors, internal 
operations, and, most importantly, the customers. The 
program starts with the understanding and documenta
tion of customer requirements. Every attempt is made 
to understand these requirements and to translate them 
into Brooktree operating procedures and specifica
tions. When these requirements have been document
ed, they are communicated to the relevant operating 
departments for incorporation into production opera
tions. The Quality Assurance Department reviews eve
ry lot before it is shipped to verify all customer re
quirements have been satisfied. 

Quality Assurance 

The quality of Brooktree's suppliers is considered a 
key factor contributing to overall product qUality. 
Therefore, the extension of the Quality Assurance Pro
gram to suppliers and subcontractors is especially criti
cal to Brooktree products. The reason for this is evi
dent in Figure I, the manufacturing flow. Brooktree 
uses subcontractors to perform its core manUfacturing 
operations (wafer fabrication and device assembly). 
This requires that Brooktree form tight, strategic rela
tionships with its suppliers (subcontractors). Strong 
emphasis is placed on process capability and control. 
Brooktree works closely with its subcontractors to 
achieve these goals, employing such techniques as de
sign of experiments and statistical process control. 
Suppliers' performance is consistently measured based 
on their own data as well as data collected from 
Brooktree-performed process monitors and audits. 

Another measure of quality is product conformance 
to published specifications. This is determined by 
measuring the percentage of defects in a given sample 
size. The Quality Assurance Program includes material 
inspections that employ statistically valid sample 
plans. These sampling plans are determined to ensure; 
with a high degree of statistical confidence, enough 
data is collected to estimate the defect level of the 
overall population of product being shipped. This data 
collection is ongoing and is used to drive continuous 
improvement in the products and processes used dur
ing manufacturing. Pareto analysis is performed on a 
regular basis to determine the largest contributors to 
the overall defect level. Then, corrective action is tak
en to improve any processes necessary and to elimi
nate that type of defect. 

All quality requirements and manufacturing process 
controls are documented in Brooktree-controlled speci
fications and procedures. The Document Control De
partment manages these documents and controls the 
process by which these requirements and controls are 
changed. An effective plan for review of proposed 
changes and distribution of updated documents, both 
internal and external to Brooktree suppliers, ensures 
that improvements in product and process require
ments are implemented efficiently. 
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Subcontract Wafer 
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Figure 1. Standard Product Manufacturing Flow. 
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Reliability Assurance Program 

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

Product reliability is verified through accelerated 
testing and physical and environmental stress testing. 
The stress tests performed for product qualification 
are listed in Tables 1-3. These tests are repeated at 
regular intervals to verify continuing process and 
product integrity. Strict engineering-change-control 
procedures are used to ensure a controlled process. 

The basic method used to estimate product life is 
accelerated environmental testing. These tests expose 
the product to stresses greater than those 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 fail
ures 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-
percent failures per 1000 hours). 

Figure 2 is an idealized graph of device failure rate 
versus-tIme, often called the bathtub curve. Three dis
tinct regions are of importance. Region A is charac-

Quality Assurance 

terized by high failure rates that show up in early use 
and then decrease with time. This area of early life 
failures must be minimized and, if possible, eliminat
ed prior to shipment of the product to the final cus.
tomer. Brooktree has an aggressive program for con
tinuously assessing this Early Failure Rate (EFR) for 
its products. When the EFR does not meet customer 
requirements, screening techniques, primarily high
temperature bum-in, are used to eliminate the early 
failures before shipment. 

Region B is characterized by a constant failure rate 
and indicates, the normal operating region that will 
ensure maximum useful service and reliability. This 
region is thoroughly evaluated for all wafer
fabrication processes employed at Brooktree, as well 
as for all new designs. This is a key measurement of 
product reliability. Strict requirements are placed on 
all processes and products to meet aggressive reliabil
ity goals. 

Region C indicates the wearout region where de
vice failure rate increases. The wearout region is sel
dom reached in well-designed semiconductor inte
grated circuits under normal operating conditions. 
Results of accelerated life testing are extrapolated to 
estimates of in-service reliability through use of the 
Arrhenius model. 

Region A Region B Region C 

Infant Mortality or Normal Useful Operating Region Wearout Region 
Early Life Region 

Decreasing Failure Rate Constant Failure Rate Increasing Failure Rate 

Time 

Figure 2. Device Failure Rate Versus Time. 
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Description Methods and Conditions Sample Size Notes 
(Note 1) (Note 2) 

High-Temperature 2000 Hours, TA = 125° C (Note 3) 280 Read Points at TO, 8, 
Operating Life 16, 24, 32, 40, 48, 

96, 500, 1000, 1500, 
Electrical (25° C) and 2000 Hours 

High-Temperature 2000 Hours, T A = 150° C 55 Read Points at TO, 
Storage 1000 and 2000 

Hours 
Electrical (25° C) 

Temperature Cycle See Figure 3 for Surface-Mount Package 153 Read Points a TO, 
Precondition Flow 500 Cycles for 

Method C, 1500 and 
Method 1010, Condition C, -65° C to +150° C, 3000 Cycles for 

Electrical (25° C) 500 Cycles Method A 

Method 1010, Condition A, 0° C to + 125° C, 
3000 Cycles 

Thermal Shock Method 1011, Condition B, _55° C to + 125° C, 116 Read Points a t TO 
200 Cycles and 200 Cycles 

Electrical (25° C) 

Steady-State See Figure 3 for Surface-Mount Package 195 Plastic Package~ 
TemperaturelHumidity Precondition Flow. Only 

85° C/85% RH, 168 Hours, Unbiased Read Points at TO, 
500, 1000, and 1500 

Electrical (25° C) 85° C/85% RH, 1500 Hours, Biased Hours 

Pressure Cooker 121° C, 2.0 ATM, 96 Hours, 100% RH 77 Plastic Packages 
Only 

Electrical (25° C) Read Points at TO 
and 96 Hours 

Destructive Physical High-Magnification Visual, Device 1 Wafer 
Analysis Cross-section, Design Rule Verification, Step 

Coverage, Passivation Integrity 

Device-Level Testing On Wafer: 5IWafer All Wafer Tested 
SWEAT, TDDB, QBD,HCI, Mobile Ion 

Oven EM Testing: 20 20 Samples per 
EMl: Is = lOx, Ts = 250°C Structure, per Test 
EM2: Is = 20x, Ts = 250°C 
EIvB: Is = 20x, Ts = 200°C 

Condition 

Flatlines, ContactsNias 

Note 1: Test methods reference MIL-STD-883C. 
Note 2: Samples are selected from three wafer lots (processed with a minimum of 1 week separating each wafer lot). 
Note 3: Power supplies shall be set at 0.5 V less than absolute maximum specified supply voltage; TA shall be 

reduced, if necessary, to guarantee TJ to be less than 175° C for ceramic packages, or less than 150° C for 
plastic packages. 

Table 1. Wafer Fabrication Process Qualification Tests. 
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Description Methods and Conditions Sample Size Notes 
(Note 1) (Note 2) 

Plating Thickness Per Applicable Package Specification 4 

Solderability Method 2003 4 

Resistance to Solvents Method 2015 4 

Lead Integrity Method 2004, Condition B 22 Fine/Gross Leak Performed 
Fine Leak Method 1014, Condition A or B for CERDIP Packages 
Gross Leak Method 1014, Condition C Only 

Temperature Cycle Method 1010, Condition C, --65° C to +150° C, 153 Fine/Gross Leak Performed 
500 Cycles at TO and 3500 Total 

Method 1010, Condition A, 0° C to +125° C, Cycles 
3000 Cycles 

Fine/Gross Leak Electrical Read Points at 
Electrical (25° C) TO, 500 Cycles (Condition 

C), 1500 Cycles and 3000 
Cycles (Condition A) 

Thermal Shock Method 1011, Condition B, -55° C to + 125° C, 116 Read Points at TO and 200 
200 Cycles Cycles (Electrical, Fine and 

Fine/Gross Leak Gross Leak) 
Electrical (25° C) 

Mechanical Shock Method 2002, Condition B 77 Read Points at TO and End 
Vibration Method 2007, Condition A of Sequence (Electrical, 
Constant Accelleration Method 2001, Condition E, Y1 Axis Only Fine and Gross Leak) 

Fine/Gross Leak 
Electrical (25° C) 

Salt Atmosphere Method 1009 34 Read Points at TO and End 
of Test 

Fine/Gross Leak 

Resistance to Solder 15-Second Dip to Within 1/8" of Body Solder at 22 Read Points at TO and End 
Heat 260°C of Test (Electrical, Fine 

and Gross Leak) 
Fine/Gross Leak 
Electrical (25° C) 

Destructive Physical X-Ray, Internal Visual, Bond Strength, Die 6 2 Samples From Each of 3 
Analysis Shear/Pull, Cross-section Assembly Lots 

Note 1: Test methods reference MIL-STD-883C. 
Note 2: Samples to be selected from three assembly lots (processed with a minimum of 1 week between 

each lot). 

Table 2. Hermetic Assembly Process Qualifications Tests. 
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Description Methods and Conditions Sample Size Notes 
(Note 1) (Note 2) 

Plating Thickness Per Applicable Package Specification 4 

Solderability Method 2003 4 

Resistance to Solvents Method 2015 4 

Temperature Cycle I"- See Figure 3 for Surface-Mount Package 153 Read Points at TO, 500 
Preconditioning Flow. Cycles (Condition C), 

Electrical (25° C) 1500 Cycles and 3000 
Method 1010, Condition C, -65° C to +150° C, Cycles (Condition A) 

500 Cycles 
Method 1010, Condition A, 0° C to +125° C, 

3000 Cycles 

Thermal Shock Method lOll, Condition B, -55° C to 125° C, 116 Read Points at TO and 
200 Cycles 200 Cycles 

Electrical (25° C) 

Steady-State See Figure 3 for Surface-Mount Package 195 Plastic Packages Only 
Temperature/Humidity Precondition Flow 

Read Points at TO; 500, 
85° C/85% RH, 168 Hours, Unbiased 1000, and 1500 Hours 

Electrical (25° C) 85° C/85% RH, 1500 Hours, Biased 

Pressure Cooker See Figure 3 for Surface-Mount Package 77 Read Points at TO and 
Precondition Flow 96 Hours 

(Eiectrical25° C) 
121 ° C, 2.0 A TM, 96 Hours, 100% RH 

Salt Atmosphere Method 1009 34 

High-Temperature TA = 125° C (TJ < 150° C), 1500 Hours 150 Read Points at TO; 8, 
Operating Life 16,24,32,40,48,96, 

168,500, 1000, and 
Electrical (25° C) 1500 Hours 

Resistance to Solder 15-Second Dip to Within 1/8" of Body in Solder 22 Read Points at TO and 
Heat at260°C End of Test 

Electrical (25° C) 

Destructive Physical X-Ray, Internal Visual, Bond Strength, Die 6 3 Samples From Each 
Analysis ShearlPull, Cross-section of 3 Assembly Lots 

Note 1: Test methods referenl;e MIL-STD-883C. 
Note 2: Samples to be selected from three assembly lots (processed with a minimum of 1 week between 

each lot). 

Table 3. Plastic Package Assembly Process Qualifications Tests. 

2-8 SECTION 2 



Brooktree® 

Bake Dry 
1250 C 

24 Hours 

Yes 

Moisture Soak 
850 C, 30% RH 

168 Hours 

Quality Assurance 

Temp Cycle 
-650 C to + 1500 C 

20 Cycles 

Moisture Soak 
850 C, 85% RH 

168 Hours 

'--------~ Within 15 Minutes 
to 4 Hours 

Infrared (2400 C ±5° C Peak) or 
Vapor Phase (215° C ±5° C Peak) 

Solder Exposure, 2 Cycles 

Electrical Test and 
External Visual 

Inspection 

Figure 3. Preconditioning Flow for Plastic Surface Mount Packages. 

Product Development 

Quality and reliability planning begins with the prod
uct development cycle. It is vital that every possible 
effort to improve the quality and reliability of the 
product is made during the development cycle. 
Therefore, specific design goals must be defined with 
proven reliable materials and manufacturing meth
ods, and controlled production processes must be im
plemented with accurate testing and monitoring. 

Design 

Brooktree's Development Engineering Department 
has established a comprehensive design methodology 
developed to produce reliable devices. Product defini
tion begins with experienced system designers who 
can accurately specify the electrical interface and 
functional boundary requirements. This ensures that 
all new devices will have specifications and worst 
case operating and environmental conditions identi
fied before design begins. 

Design engineers use schematic capture and simu
lation software to verify the operation of the design 
over temperature, power supply, and processing vari
ations. The Device Engineering group constantly 
monitors wafer fabrication processes and extracts 
critical parametric information from them to keep the 
models used to simulate designs as accurate and cur
rent as possible. Designers are required to adhere to 
documented design rules, which are written to ensure 
device reliability. These rules address the allowable 
amount of Electrostatic Discharge (ESD), latchup 
protection, and current-density limitations to prevent 
phenomena such as electromigration. Each circuit de
sign is computer simulated with worst case 
methodology. 

Conformance to strict layout rules immunizes 
products to process variation while maximizing relia
bility. An extensive set of checks is provided by sev
eral state-of-the-art Computer Aided Design (CAD) 
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Quality Assurance 

tools that ensures the design layout is correct and the 
wafers can be consistently processed with confidence 
in yield and reliability. 

Wafer/Device-Level Testing 

Each wafer lot received at Brooktree is sample tested 
for key device parameters. This Process Control 
Monitor (PCM) is intended to identify any statistical 
variations in the process that may affect product qual
ity, reliability, or performance. Any significant varia
tion identified is thoroughly analyzed, and corrective 
action is generated if necessary. Also, each wafer lot 
is sample tested using Wafer-Level Reliability 
(WLR) techniques. WLR attempts similar stress test
ing to traditional reliability tests described above, but 
in a much shorter time. While direct correlation with 
the above-described tests is not always possible, this 
technique is used to detect statistical variation in the 
wafer fabrication process. Any observed variation is 
thoroughly analyzed to ensure no impact on actual 
device reliability. 

In addition to the electrical testing, a physical sam
ple is taken from each wafer lot and archived at 
Brooktree. On a monthly basis a sample is pulled 
from each wafer fabrication process technology, and 
complete destructive physical'analysis is performed 
to monitor critical dimensions and general workman
ship. The results are analyzed similarly to the electri
cal test results to detect statistical variation in the pro
cess. As described above, any significant deviation is 
thoroughly analyzed to determine its pott:ntial effect 
on product quality, reliability, and performance. 

Wafer Probe 

Wafer probe is ~rformed at Brooktree to ensure the 
tightest quality and reliability controls early in the 
life of the product. Statistically calculated limits are 
put on the results of wafer probe to look for statistical 
deviation in device performance caused by variations 
in the wafer fabrication process. Any out-of-control 
situations are thoroughly analyzed to determine root 
cause, and corrective action is "taken if necessary. 
Wafer-probe test conditions and limits are guard 
banded to ensure early removal of defective devices. 
Correlation between the final test programs and probe 
programs is an effective gate to prevent a nonfunc
tional device from entering the assembly operation. 
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Brooldree4t 

Rejected dice are. marked with an ink dot to allow 
easy identification after the individual die is scribe4 
from the wafer. 

Device Assembly 

The Quality Assurance Department monitors the per
formance of various processing steps by requiring 
mandatory sampling of each lot moving through criti
cal assembly operations. Brooktree has instituted sev
eral sampling points in the assembly area, including: 
wafer inspection, raw-material inspection, second
optical (high-magnification) die inspection, die attach 
control, wire-bond control, third-optical (low
magnification) inspection, hermeticity testing, QA fi
nal inspection, and QA shipping audit. Daily moni
tors, and audits of equipment and operators ensure 
that the final product meets all predefined quality 
criteria. 

Device Packaging 

Brooktree packaging uses standard, semicustom, and 
custom packages. Package designs, outlines, and 
footprints comply, wherever possible, with industry 
standards developed by organizations such as JEDEC 
and EIAJ. Since product performance is affected by 
package design, custom packages are constructed 
when necessary to preserve the, reliability and perfor
mance of the enclosed device. 

Final Testing 

Final electrical testing is performed at Brooktree with 
state-of-the-art test equipment and techniques. Test 
parameters and test conditions are such that proper 
performance is guaranteed to datasheet requirements 
and to tighter standards where possible. Test limits 
are guard banded to compensate for tester inaccuracy, 
thereby minimizing measurement-correlation errors 
between the factory and customer. Digital test vectors 
are also verified by fault grading to ensure that the 
vector set is sufficiently extensive to identify any po
tential fault conditions. To comply with quality
conformance requirements, Quality Engineering veri
fies proper processing, proper electrical performance 
over specified operating temperatures and voltage 
ranges, and visual criteria. 



Brooktree® 

Qualification 

All Brooktree products are labeled with the classifica
tion of the products' reliability for consumer use. 
Each product datasheet contains a designation as to 
the product development and specification parame
ters status. The product datasheet designations are 
"Advanced," "Preliminary," and "Final." When the 
device has been fully characterized to all the specifi
cations and datasheet parameters, and has completed 
the environmental tests outlined in Tables 1-3, it is 
labeled production worthy, and the datasheet status 
becomes "final." . 

Quality Assurance 

Fai/ure Analysis 

Even under the strictest of standards, failures do oc
cur. To control this situation and to learn from it, the 
Failure Analysis group identifies reliability problems 
and analyzes the root causes of failures with inhouse _ 
stress tests as well as customer field returns. The data 
from these analyses is used to generate corrective ac-
tion, a key to the continuous improvement cycle. 
Brooktree provides customers with specific feedback 
so that the customer is ensured that appropriate action 
has been taken. 
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Quality Assurance BrooktreeQD 
Terms and Definitions 

Activation Energy-The excess energy over the ground state, which must be acquired by an atomic or mo
lecular system in order for a specific process to occur. 

Arrhenius Model (Acceleration Factor~The Arrhenius model defines a relationship between the fail
ure rate and time that is commonly used to correlate accelerated life environmental testing to useful lifetime. 
The equation is used to calculate failure rates based on lower junction temperatures and normal operating en
vironmental 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. 

The following is the Arrhenius model for acceleration factors: 

Where: 

AF = e[Ea/K(1rrl - 1m)] 

AF = Acceleration Factor 
e = Natural logarithm base of 2.71828 
Ea = The activation energy for semiconductor material 
K = Boltzmann's constant (8.626 x 10-5 eV/Kelvin) 
Tl = Lower temperature in degrees Kelvin 
T2 = Higher temperature in degrees Kelvin 

Example: The Al' for a temperature change from 85°C to 125°C is 25.9 with an assumed activation energy 
(Ea) of 1.0eV. This factor is the time multiplication factor: 1 hour at 125°C is equivalent to 25.9 hours (over 1 
day) at 85°C. 

Bias-The electrical connection to the device pins that allows specified signals, loading, and power supply 
voltage to be applied. Bias is often referred to as "electrical bias." 

Biased Humidity-An environmental test in which the subject device is exposed to high humidity and tem
perature conditions (85-percent relative humidity and 85°C) while the device is under an electrical bias. This 
procedure is designed to measure the device's susceptibility to electrolysis or electrolytic corrosion. The ac
celeration factor for a humidity change from 50 percent to 85 percent has been standardized as approximately 
10. When bias humidity and temperature results are analyzed, the acceleration factors of humidity and tem
perature are estimated separately. 

Burn-/~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 variouSc-conditions and extremes of temperature, humidity, pressure, or mechanical 
stress that stimulate potential faults to appear. Detection of device failures is thus accelerated. 

Failure In Time (FIT~A standard reliability unit that measures the device failure rate as a function of de
vice hours. One FIT is equal to one device failure per billion device hours of operation (1 FIT = 0.0001 % fail
ures/looo hours). 
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Brooldree® Quality Assurance 
Terms and Definitions (continued) 

Infant Mortality-Initial failures of devices that occur in early life operation. This is the region of the de
vice failure-rate curve (Figure 2) where the device failure rate decreases with time. Product reliability is en
hanced when environmental screening (bum-in) eliminates these early failures. 

Pressure Cooker-A test that subjects the device to an atmosphere of high-temperature moisture under a 
pressure of approximately 2 atmospheres. This test exposes susceptibility to galvanic corrosion caused by 
chemical instability of the encapsulating materials. 

Qualification-Qualification includes the test procedures as defined by the Quality Assurance and Reliabili
ty Engineering Department that a product must survive before being considered a reliable manufacturing 
product. 

Quality 1-During use the extent to which a product successfully serves the purpose of the user is called "fit
ness 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 product's level or degree of ex
cellence in meeting the 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 ex
tent to which the product conforms to design. Conformance can be measured by testing to the product specifi
cation. Conformance may also be 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 that affect product quality are being performed adequately. 

Re/iability-Quality of products over time. It can be determined by the product's 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." 

Sampling--An inspection method to estimate, with statistical confidence, the quality of a product or process 
by careful examination of a small number of devices from a larger popUlation. A sampling plan is used to set 
the sample size, based on the desired level of confidence and the desired level of quality. 

Screening--The process of subjecting all products to nondestructive stresses to accelerate and identify early 
failures. 

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

Temperature Cycling--A test that determines the thermal expansion compatibility of materials used in de
vice packaging. The test exposes the device to temperature extremes in a series of cycles, alternating from the 
high extreme to the low extreme, repetitively. The device is under no electrical bias. 

Thermal Shock-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 or low temperatures to 
expose such failures as device cracking and package leaking. 

1. Quality Control Handbook, Third Edition. 
McGraw Hill 1974, Juran, Joseph M., Frank M. Gryna Jr., and R.S. Bingham Jr. 
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Imaging Products 
Contents 

AId Converters 

BtllS 18 MSPS 8-Bit Flash Video AID Converter 

Image Digitizers 

Btl52 

Btl54 

18 MSPS Single Channel8-bit Image Digitizer 

18 MSPS Triple Channel8-bit Image Digitizer 

Genlock / Video Timing 

Btl61 30 MHz HSYNC Line Lock Controller 

Color Space Conversion 

Bt281 . 36 MHz Programmable Color Space Converter 

Decoders And Encoders 

BtSl2 

BtS55 

BtS5S 

NTSCIPAL to RGBIYCrCb Decoder 

12-18 MHz RGBIYCrCb to NTSCIPAL Commercial Grade Encoder 

12-18 MHz RGBIYCrCb to NTSCIPAL Studio Grade Encoder 
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Preliminary Information 

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

Distinguishing Features 

• 20 MSPS Operation 
• Bt208 Pin Compatilibity 
• No Video Amplifier Requirement 
• ±1I4 LSB Typical DL Error 
• ±112 LSB typical IL Error 
• External Zero and Clamp Control 
• Overflow Output 
• On-Chip Reference 
• Output Enable Control 
• TTL Compatiblility 
• +5 V CMOS Monolithic 

Construction 
• 24-pin 0.3" DIP or 28-pin PLCC 

Package 
• Typical Power Dissipation: 500 m W 

Functional Block Diagram 

YIN 

CLAMP 

LEVEL 

REF + 

REF-

ZERO 

Applications 

• Image Processing 
• Image Capture 
• Desktop Publishing 
• Graphic Art Systems 

Related Products 

• Bt252, Bt254 
• Bt261 

VREF 

CLOCK 

DO-D7 

I.ii=-'T- GND 

Brooktree Corporation· 9950 Barnes Canyon Rd.· San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
L218001 Rev. C 

Bt218 
20 MSPS 

Monolithic CMOS 
8-bit Flash 

Video AID Converter 

Product Description 

The Bt218 is an 8-bit flash AID converter 
designed specifically for video digitizing ap
plications. A flash converter topology is 
used with 256 high-speed comparators in 
parallel to digitize the analog input signal. 

Flexible input ranges enable NTSC and 
CCIR video signals to be digitized without 
requiring a video amplifier. 

The TTL-compatible output data and 
OVERFLOW are registered synchronously 
with the clock signal. The OE* three-states 
the DO-D7 outputs asynchronously to 
CLOCK. 

The ZERO input is used to zero the com
parators, while CLAMP allows DC restora
tion of an AC-coupled video signal (by forc
ing the VIN input to the voltage on the 
LEVEL pin). 

-



Bt218 
Circuit Description 

As illustrated in the functional block diagram, the 
Bt218 contains 256 high-speed comparators, a 
255-to-8 encoder, an output register, and a resistor 
divider network. Of the 256 comparators, 255 are 
used to digitize the analog signal; the additional 
comparator is used to generate the OVERFLOW 
bit. 

General Operation 

The Bt218 converts an analog signal in the range 
of REF- S; Vin S; REF+, generating a binary num
ber 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 with
out requiring a video amplifier. Refer to the Rec
ommended Operating Conditions and Application 
Information sections for suggested configurations. 

Figure 1 shows the input/output timing of the 
Bt218. The sample is taken following the falling 
edge of CLOCK. The binary data and OVER
FLOW are registered and output onto the DO-D7 
and OVERFLOW pins on the second rising edge 
of CLOCK. 

Vin (V) 
(Note 1) Overflow 

>0.998 1 
0.996 0 
0.992 0 

: : 
0.500 0 
0.496 0 
0.492 0 

: : 
0.004 0 

<0.002 0 

Comparator Zeroing 

The ZERO input is used to periodically zero the 
comparators. The comparators have an initial 
threshold mismatch caused by manufacturing tol
erances. Zeroing charges capacitors in the compar
ators that offset this threshold mismatch. But be
cause capacitors discharge, the comparators 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 VIN 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 or be 
connected to VIN, or CLAMP should always be a 
logical zero (on the 28-pin PLCC package only) . 

00-07 OE" 

$FF 0 
$FF 0 
$FE 0 

: : 
$81 0 
$80 0 
$7F 0 

: : 
$01 0 
$00 0 

3-state 1 

Note 1: With REF+ = 1.000 V and REF- = 0.000 V. Ideal center values. 1 LSB = 3.9063 mV. 

Table 1. Output Coding Example. 
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Timing Waveforms 

a.OCK 

YIN 

SAMPLE 
N+l 

Bt2lS 

00-07. 
OVERFLOW _____ ~A_!_~ __ ~)(L ____ O_:_!_t __ ~)(~ ____ o_t_T_A __ ~)(~ ____ O_NA_;_t __ 

Figure 1. General Operation. 
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Bt218 Brooktree~ 

Pin Descriptions 

Pin Name Description 

00-D7 Oata outputs (TIL compatible). 00 is the least significant data bit. These outputs are 
latched and output following the second rising edge of CLOCK. Coding is binary. For op-
timum performance, 00-07 should have minimal loading. If a large capacitive load is be-
ing driven, an external buffer is recommended. 

OE* Output enable control input (TIL compatible). Negating OE* three-states 00-07 asyn-
chronously. The OVERFLOW output is not affected by the state of OE*. 

OVERFLOW Overflow output (TTL compatible). OVERFLOW is latched and output following the sec-
ond rising edge of CLOCK. OE* does not affect the OVERFLOW output signal. OVER-
FLOW is not available on the DIP package. 

CLOCK Clock input (TTL compatible). It is recommended that this pin be driven by a dedicated 
TTL buffer to minimize sampling jitter. 

REF+ Top of ladder voltage reference (voltage input). REF+ sets the VIN voltage level that cor-
responds to $FF on the 00-07 outputs. All REF+ pins must be connected together as 
close to the device as possible. For noise immunity reasons, a decoupling capacitor is not 
recommended on REF+. 

REF- Bottom of ladder voltage reference (voltage input). Typically, this input is connected to 
GNO. REF- sets the VIN voltage level that corresponds to $00 on the 00-07 outputs. All 
REF- pins must be connected together as close to the device as possible. 

Rl2 Midtap of reference ladder (voltage output). Rl2 is not available on the OIP package. If 
not used, this pin should remain floating. If used, it should be buffered by a voltage fol-
lower. For noise immunity reasons, a decoupling capacitor is not recommended on Rl2. 

VIN Analog signal inputs (voltage input). All VIN pins must be connected together as close to 
the device as possible. 

ZERO/CLAMP Zeroing control input (TTL compatible). While ZERO is a logical one, the comparators 
are zeroed and 00-07 output data is held to the current state. ZERO is latched on the ris-
ing edge of CLOCK. On the 24-pin DIP package, ZERO and CLAMP share the same pin; 
hence, zeroing and clamping occur simultaneously. 

Clamp control input (TIL compatible). While CLAMP is a logical one, the VIN inputs are 
forced to the voltage level on the LEVEL pin to perform OC restoration of an AC-coupled 
video signal. CLAMP is asynchronous to clock. On the 24-pin DIP package, ZERO and 
CLAMP share the same pin; hence, ZERO and CLAMP are asserted simultaneously. 
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Brooktree- Bt2lS 
Pin Descriptions (continued) 

Pin Name Description 

LEVEL 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. LEVEL is used only to DC restore AC 
coupled video signals. In applications where the video signal is DC coupled to YIN. the 
LEVEL pin should float or be connected to VIN. 

vREF Voltage reference output pin. This pin provides a 1.2 V (typical) output. A decoupling ca-
pacitor is not recommended on VREF. 

VAA Analog power. All V AA pins must be connected together on the same PCB plane and as 
close to the device as possible to prevent latchup. A 0.1 ~ ceramic capacitor should be 
connected between each group of VAA pins and GND. as close to the device as possible. 

GND GroUnd. All GND pins must be connected together on the same PCB plane and as close to 
the device as possible to prevent latchup. 

; 
< Q 

~ ~ Q S ~ < 15 > 
YIN DO 

YIN D1 

REP + D2 

VREF D3 D2 D6 

VAA VAA D1 DS 

VAA GND DO D4 

OND OIl' VIN ZERO 

OND Q.OCK REP + CLAMP 

NIC D7 REP + LIlVBL 

REP· D6 VREF REP· 

LEVEL os 
ZERO (CLAMP) D4 

~ 
N 

~ ~ 
Q 

~ ~ .. z 
> <;) 

24-pin 0.3" DIP Package 28-pin Plastic J-Lead (PLCC) 
Package 

Note: N/C pins are reserved and must remain floating. 
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Bt2lS 
PC Board Layout Considerations 

PC Board Considerations 

For optimum performance, before PCB layout is 
begun, the CMOS digitizer layout examples in the 
BtZ08, Bt2S1, or Bt2S3 Evaluation Module Opera
tion and Measurements, Application Notes AN-
13, 14, and 15, respectively, should be studied. 
These application notes can be found in the Brook
tree Applications Handbook. 

The layout should be optimized for lowest noise 
on the Bt218 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 as short as possible to minimize in
ductive ringing. 

Ground Planes 

A single ground plane covering both digital and 
analog logic should be used. 

Power Planes 

The Bt218 and any associated analog circuitry 
should have their 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 3 inches of the Bt218. 

3-8 SECTION 3 

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 
Bt218 power pins, any voltage reference circuitry, 
and any input amplifiers. 

It is important that the regular PCB power plane 
does not overlay the analog power plane. 

Supply Decoupling 

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

Each group of V AA and GND pins should have 
a 0.1 !-IF ceramic chip capacitor located as close as 
possible to the device pins. The capllcitors should 
be connected directly to the V AA and GND pins 
with short, wide traces. 

Signal Interconnect 

The digital signals of the Bt218 must be isolated as 
much as possible from the analog inputs and other 
analog circuitry to prevent crosstalk. Also, these 
digital signals should not overlay the analog power 
plane. 

Termination resistors for the digital signals 
should be connected to the digital PCB power and 
ground planes. 



BrooktreeGl Bt2lS 
PC Board Layout Considerations (continued) 

USE ONLY IF AC COUPLED ro VIDEO SIGNAL ~ ._. 

, VIDEO Ti':'~i 50 

75 

YIN 

LI 
Bt218 

+5 V (VCC) _..,. __ ....t 

CI C2 + 

0.1 10 

GROUND 

Location Description Vendor Part Number 

Cl,C3 0.1 !IF ceramic capacitor Erie RPEI12Z5Ul04M50V 

C2 10 !IF capacitor Mallory CSR13G106KM 

C4 0.01 !IF ceramic chip capacitor AVX 12102T103QAI018 

Ll ferrite bead Fair-Rite 2743001111 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt218. 

Figure 2. Typical Connection Diagram and Parts List 
(Internal Reference). 
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Bt218 
Application Information 

Using the Internal Reference 

The Bt218 has a 1.2 Von-chip reference available 
(VREF). VREF may be divided down and used to 
drive the REF+ input, as shown in Figure 2. The 
200 Q potentiometer serves three purposes: to al
low adjustment for different video signal levels, to 
allow for video level tolerances, and to adjust for 
tolerance of the internal reference. 

VREF should supply at least 6 mA of current to 
maintain voltage stability over temperature. Thus, 
VREF should drive a resistive load between 90 
and240n. 

Using An External Reference 

Figure 3 illustrates the use of a 1.2 V LM385 and 
a TLC272 to generate a 0-1.2 V reference for ap
plications that require a better reference tempco 
than the internal reference·can supply. Supply de
coupling of the op-amp is not shown. Any stan
dard op-amp may be used that can operate from a 
single +5 V supply. 

To prevent ringing in the TLC272 from clock 
kickback, a 100 n resistor is recommended, as 
shown in Figure 3. If an op-amp is chosen that has a 
better transient response than the TLC272, the 
resistor may not be needed. This circuit may also be 
used to drive the Ref- if a value other than ground 
is desired. Because single-supply op-amps are 
limited, Ref- may not be set below -300 mY. To 
drive Ref- to true 0 V in the op-amp configuration, 
a dual supply must be used. Extreme care must be 
used in power sequencing to ensure all positive 

VAA 

LM385-L2 

supplies (op-amp and AID) power on before the 
negative supply. This will prevent latchup of the 
AID. 

AC-Coupled vs. DC-Coupled Input 

The Bt218 may be either AC or DC coupled to the 
video signal, as shown in Figure 2. The 75 Q resis
tor to ground provides the typical 75 Q termination 
required by video signals. The 50 Q resistor pro
vides isolation from any clock kickback noise on 
VIN and prevents it from being coupled onto the 
video signal. If the Bt218 is DC coupled to the vid
eo signal, the 0.1 !1F capacitor is not used and 
CLAMP should be grounded. 

Zeroing 

Unlike many CMOS AID converters requiring the 
comparators to be zeroed every clock cycle, the 
comparators in the Bt218 are designed to be only 
periodically zeroed. It is convenient to assert 
ZERO during each horizontal blanking interval. 

Before the Bt218 is used after a power-up condi
tion, ZERO must be a logical one for at least 1000 
clock cycles (cumulative) to initialize the compara
tors to the rated linearity. In normal video applica
tions this will be transparent because of the num
ber of horizontal scan lines that will have occurred 
before the Bt218 was used. 

While the recommended zeroing interval is 
maintained,. the Bt218 will meet linearity specifi
cations. The longer the time between zeroing inter
vals, the more the linearity error increases. 

VAA 
Bt218 

100 

r-"*----lREF+ 

Figure 3. Using an External Reference. 
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Brooktree@ 
Application Information (continued) 

Input Ranges 

Table 2 lists some common video signal ampli
tudes. If a signal may possibly exceed 1.2 V, it 
should be attenuated (with a resistor divider net
work) so as not to exceed the 1.2 V input range. 

When a full-scale range less than 0.7 V is used 
to digitize, the Bt2tS's integral linearity errors are 
constant in terms of voltage, regardless of the val
ue of the reference voltage. Lower reference volt
ages will, therefore, produce larger integrallineari
ty errors in terms of LSBs. 

For example, with a reference difference of 0.6 
V, 0.6 V video signals may be digitized. However, 
the Integral Linearity (IL) error will increase to 
about ±1.S LSB, and the SNR will be about 40 db. 
With a reference difference of 0.5 V, 0.5 V video 
signals may be digitized with an IL error of about 
±2 LSB, and the SNR will be about 39 db. 

Output Noise 

Although the Bt2tS does exhibit some output 
noise for a DC input, the output noise remains rel
atively constant for any input bandwidth (see the 
AC Characteristics section). Competitive AID con
verters have no noise for a DC input; however, the 
output noise increases greatly as the input band
width and clock £lite increase. 

Video Standard 

Bt2lS 

PC Board Sockets 

If a socket is required, a low-profile socket is rec
ommended, such as AMP part no. 64t746-2 for 
the PLeC package. 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are re-
quired to prevent device damage, which can pro- .. 
duce symptoms of catastrophic failure or erratic 
device behavior with somewhat leaky inputs. 

All logic inputs should be held low until power 
to the device has settled to the specified tolerance. 
Power decoupling networks with large time con
stants should be avoided. They could delay V AA 
power to the device. Ferrite beads must be used 
only for analog power V AA decoupling. Inductors 
can cause a power supply time constant delay that 
induces latchup. 

Latchup can be prevented by ensuring that all 
V AA pins are at the same potential and that the 
V AA supply voltage is applied before the signal 
pin voltages. The correct power-up sequence en
sures that any signal pin voltage will never exceed 
the power supply voltage by more than +0.5 V. 

Nominal Worst Case 
Amplitude Amplitudes 

RS-170 w/o sync 1.0 V 0.9-1.1 V 
BLACK - WHITE 

RS-170 wlsync 1.4 V 1.2-1.6 V 
SYNC-WHITE 

RS-170A wlsync 1.2 V 1.0-1.4 V 
SYNC-WHITE 

RS-343A w/o sync 0.7 V 0.6-0.85 V 
BLACK-WHITE 

Table 2. Video Signal Tolerances. 
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Bt218 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.5 5.00 5.5 V 
Voltage References 

Top REF+ 0.7 I 2.0 V 
Bottom REF- 0 0 1.3 V 
Difference (Top-:..Bottom) 0.7 I 1.2 V 

Input Amplitude Range 0.7 I 1.2 V 
Analog Input Range REF- V 

toREF+ 

LEVEL Input Voltage GND--O.5 REF- REF+ V 
Time between Zeroing Intervals 60 150 JlS 
Ambient Operating Temperature TA 0 +70 °C 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 V 

Voltage on any Signal Pin (Note I) GND-D.5 VAA+O.5 V 

Analog Input Voltage GND-D.5 VAA+0.5 V 

R12 Output Current 25 IlA 

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. 114" from pin) 

Vapor Phase Soldering TVSOL 220 °C 
(1 minute) 

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 is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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BrooktreeQD Bt218 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution 8 8 8 Bits 
Accuracy 

Integral Unearity Error (Note 1) IL ±O.5 ±1 LSB 
Differential Unearity Error DL ±O.25 ±1 LSB 
Output Noise (Note 2) ±1 LSB 

Coding 
No Missing Codes guaranteed Binary 

YIN Analog Inputs (Note 3) 
CLAMP = 0 

Input Current (Leakage) IB 1 IIA 
Input Capacitance CAIN 35 pF 

CLAMP = 1 
Input Impedance RIN 50 n 

REF+ Reference Input 
Input Impedance RREF+ 500 n 

Digital Inputs 
Input High Voltage V1H 2.0 V 
Input Low Voltage VIL 0.8 V 
Input High Current (Yin = 2.4 V) IIH 1 IIA 
Input Low Current (Vin = 0.4 V) IlL -1 IIA 
Input Capacitance CIN 10 pF 

Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -50 IIA) 
Output Low Voltage VOL 0.4 V 

(IOL = 1.6 rnA) 
Three-State Current IOZ 10 IIA 
Output Capacitance COUT 10 pF 

Internal Voltage Reference VREF 1.2 V 
Regulation (at 6 rnA) 5 mV 
Output Current JREF 15 mA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with REF+ = 1 V and REF- = 
GND. REF- S Yin S REF+, and LEVEL = float Typical values are based on nominal temperature, i.e., room 
temperature, and nominal voltage, i.e., 5 V. 

Note 1: Using best-fit linearity (offset independent). 
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. 
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Bt2lS Brooktree@ 
AC Characteristics 

Parameter Symbol Min Typ Max Units 

Conversion Rate Fs 20 MHz 

Clock Cycle Time (Figure 4) I 50 ns 
Clock Low Time 2 20 <l ns 
Clock High Time 3 20 hs 
Data Output Delay Time (Figure 5) 4 40 ns 
Data Output Hold Time 5 9 ns 

OE* Asserted to DO-D7 Valid 6 25 ns 
OE* Negated to DO-D7 3-Stated 7 25 ns 

ZERO Setup Time 8 0 ns 
ZERO Hold Time 9 20 ns 
ZERO, CLAMP High Time (Note I) I Clock 

Aperture Delay 10 10 ns 
Aperture Jitter 50 ps 
Full Power Input Bandwidth BW Fs/2 MHz 

Transient Response (Note 2) I Clock 
Overload Recovery (Note 3) I Clock 
Zero Recovery Time (Note 4) I Clock 

RMS Signal-to-Noise Ratio SNR 
Fin = 4.20 MHz, Fs = 12.27 MHz 44 db 
Fin = 4.20 MHz, Fs = 13.50 MHz 44 db 
Fin = 4.20 MHz, Fs = 14.32 MHz 44 db 
Fin = 5.75 MHz, Fs = 13.50 MHz 43 db 
Fin = 5.75 MHz, Fs = 14.75 MHz 43 db 
Fin = 5.75 MHz, Fs = 17.72 MHz 43 db 
Fin = 10.0 MHz, Fs = 20.00 MHz 39 db 

RMS Signal & Distortion-to-Noise Ratio SINAD 
Fin = 4.20 MHz, Fs = 12.27 MHz 42 db 
Fin = 4.20 MHz, Fs = 13.50 MHz 42 db 
Fin = 4.20 MHz, Fs = 14.32 MHz 42 db 
Fin = 5.75 MHz, Fs = 13.50 MHz 41 db 
Fin = 5.75 MHz, Fs = 14.75 MHz 41 db 
Fin = 5.75 MHz, Fs = 17.72 MHz 41 db 
Fin = 10.0 MHz, Fs = 20.00 MHz 37 db 

Total Harmonic Distortion THD 
Fin = 4.20 MHz, Fs = 12.27 MHz 47 db 
Fin = 4.20 MHz, Fs = 13.50 MHz 47 db 
Fin = 4.20 MHz, Fs = 14.32 MHz 47 db 
Fin = 5.75 MHz, Fs = 13.50 MHz 47 db 
Fin = 5.75 MHz, Fs = 14.75 MHz 47 db 
Fin = 5.75 MHz, Fs = 17.72 MHz 47 db 
Fin = 10.0 MHz, Fs = 20.00 MHz 44 db 

See test conditions and notes on next page. 
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Brooktree~ . Bt218 
AC Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Spurious Free Dynamic Range SFDR 
Fin = 4.20 MHz, Fs = 12.27 MHz 50 db 
Fin = 4.20 MHz, Fs = 13.50 MHz 50 db 
Fin = 4.20 MHz, Fs = 14.32 MHz 50 db 
Fin = 5.75 MHz, Fs = 13.50 MHz 50 db 
Fin = 5.75 MHz, Fs = 14.75 MHz 50 db 
Fin = 5.75 MHz, Fs = 17.72 MHz 50 db 
Fin = 10.0 MHz, Fs = 20.00 MHz 47 db 

Differential Gain Error (Note 5) DG 2 % 
Differential Phase Error (Note 5) DP 1 Degree 

Supply Current (Note 6) IAA 100 160 rnA 
(Excluding REF+ ) 

Pipeline Delay (Note 7) 2 2 2 Clocks 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with REF+ = 1 V and REF- = 
GND. REF-S Yin S REF+ and, LEVEL = float. TTL input values are 0-3 V with input rise/fall tirneg 4 ns, measured 
between the 10-percent and 90-percent points. Timing reference points at 1.5 V for digital inputs and outputs. 00-07 
and OVERFLOW output load S 40 pF. Typical values are based on nominal temperature, i.e., room temperature, and 
nominal voltage, i.e., 5 V. 

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 > 1.2 V input signal. 
Note 4: Time to recuver to full accuracy following a zero cycle. 
Note 5: 4x NTSC subcarrier, unlocked. 
Note 6: IAA (typ) at VAA = 5.0 V, Fin = 4.2 MHz, and Fs = 14.32 MHz, TCASE = Ambient. 

IAA (max) at V AA = 5.5 V, Fin = 10 MHz, and Fs = 20 MHz, TCASE = 0° C. 
Note 7: Pipeline delay is defined as discrete clock period delays in addition to the half-cycle analog sampling delay. 

ZERO 

OO~D7. 

OVERFLOW 

00' 

Figure 4. Input/Output Timing. IMAGING 3-15 
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Bt2lS 
AC Characteristics (continued) 
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Figure 5. Bt218KPJ Output Delay vs. Capacitive Loading. 

Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt218KP20 20 MHz 24-pin 0.3" 00 to +700 C 
Plastic DIP 

Bt218KPJ20 20 MHz 28-pin Plastic 0° to +700 C 
J-Lead 

Bt218EVM Evaluation Board for the Bt218KP. Includes a 
Bt218KP30. 
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Preliminary Information 

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

Distinguishing 
Features 

• 20 MSPS Operation 
• Bt25t Pin Compatiblility 
• Four Software-Selectable Analog 

Inputs 
• DC- or AC-Coupled Video Inputs 
• Optional MPU Adjustment of 

Gain and Offset 
• Composite Sync Detection 
• 8-bit Flash NO Converter 
• RI2 Reference Ladder Tap 
• 256 x 8 Lookup Table 
• Standard MPU Interface 
• TTL Compatiblility 
• +5 V CMOS Monolithic 

Construction 
• 44-pin PLCC Package 

Applications 

• Image Processing 
• Image Capture 
• Desktop Publishing 
• Graphic Art Systems 

Related Products 

• Bt254 
• Bt26t 

Functional Block Diagram 

CSYNC' 

CEXT2 

CEXTI 

VIDO 

VIOl 

VID2 

VIM 

REP+ 
Rt2 
VIN 

i.BVEL 
REF

ZIlRO 

DO·D7 RD4' wa· AD Al 

RSBT 

1OUff) 

IOUTl 

YOUT 

OE' 

PO-P7 

CLOCK 

Brooktree Corporation· 9950 Barnes Canyon Rd .• San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-.1249 
L252001 Rev. C 

Bt252 
20 MSPS 

Monolithic CMOS 
Single-Channel 

8-bit Image Digitizer 

Product Description 

The Bt252 Image Digitizer is designed to di
gitize standard video signals (NTSC or 
CCIR). The architecture of the Bt252 ena
bles the addition of external circuitry for 
such functions as filtering a:nd gain along the 
signal path. A standard MPU interface is 
provided to access various control functions. 

Four analog inputs a:re supported, selecta
ble under MPU control. The MPU may se
lect from which input to detect sync infor
mation for external genlocking independent 
of the video input being digitized. A TTL
compatible composite sync signal is output 
to interface to the genlock circuitry. 

The output of the 8-bit NO converter ad
dresses a 256 x 8 lookup table RAM, ena
bling real-time image manipulation prior to 
data storage. This includes, for example, 
thresholding, contrast enhancement, video 
reversal, and implementation of a nonlinear 
NO. The digitized data _ outputs may be 
three-stated asynchronously to clock with 
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 NO. The ZERO input is used 
to zero the comparators, while CLAMP al
lows DC restoration of an AC-coupled video 
Signal (by forcing the VIN input to the volt
age on the LEVEL pin). 



Bt252 
Circuit Description 

General Operation 

The Bt252 uses an 8-bit flash NO converter to 
digitize the video signal. The 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+). 
The values ofREF+ and REF- are flexible to 

enable various video signals to be digitized with
out requiring a video amplifier. Refer to the Rec
ommended Operating Conditions and Application 
Information sections for suggested configurations. 

Figure I shows the input/output timing of the 
Bt252. The sample is taken following the falling 
edge of CLOCK. Two positive CLOCK edges lat
er, after the lookup table is addressed, the regis
tered data is output on PO-P7. 

MPU Interface 

As shown in the functional block diagram, the 
Bt252 supports a standard MPU interface (00-07, 
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 I. 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. 

When the MPU accesses the RAM, the address 
register increments after each MPU access (read or 
write cycle). After writing to RAM location $FF, 
the address register resets to $00. 

A1 AD ADDR7-ADDRD 

0 0 xxxx xxxx 
0 1 00000000 
0 1 00000001 
: : : 
0 I 1111 1111 
1 0 xxxxxxoo 
1 0 xxxx xxOI 
1 0 xxxx xxlO 
1 0 xxxx xxII 
1 1 xxxxxxxx 

When the address register or control registers 
are accessed, the address register does not incre
ment after an MPU read or write cycle. Data writ
ten to reserved locations is ignored; data read from 
reserved locations returns invalid data. ADDRO 
corresponds to DO and is the least significant bit. 

Analog Input Selection 

The Bt252 supports four analog input sources, 
VIDO-VID3. The MPU specifies which of these is 
to be digitized through the command register. 

The selected video signal is output onto VOUT. 
VOUT may be connected directly to VIN if no fil
tering or gain of the video signal is required. 

If only the luminance information of a video sig
nal containing color subcarrier information is be
ing digitized, a filter should be used to remove the 
subcarrier information to avoid possible artifacts 
on the display screen. A low-pass filter, notch fil
ter, or comb filter may be used to remove the chro
ma information. 

Sync information (if present) will still be 
present on VOUT. 

The multiplexers are not a break-before-make 
design. Therefore, during the multiplexer switch
ing time it is possible for the input video signals to 
be momentarily connected together through the 
equivalent of 200 n. 

The 75 n resistors to ground (Figure 2) provide 
the typical 75 n termination required by video sig
nals. 

Addressed by MPU 

address register 
RAM location $00 
RAM location $01 

: 
RAM location $FF 
command register 

IOUTO data register 
10 UTI data register 

reserved 
reserved 

Table 1. Address Register Operation. 
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Brooklree® Bt252 
Circuit Description (continued) 

CLOCK 

VIN 

, SAMPLE 
N + 1 

PO-P7 
DATA X DATA X DATA X DATA 
N-3 N-2 N-l N 

Figure 1. General Operation. 
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Bt252 
Circuit Description (continued) 

3 V ZENER DIODE (Note 4).-__________ -, 

511 

GND 

VIDEO 

IN 

1M 

\r-------------"i RSET 

\r----------<p----1 CEXT2 

+----l CEXT! 
, LOW PASS FILTER 

511 : _____ _ (l<~t~.z~ __ __ _ 
\r-~-----------1IOUTO 

\r-~-='=-O-Q---i REF+ 

Jl = ADJUSTABLE REF+ 

J2 = FIXED REF+ VREF 

511 

\r-~-----------1IOUTI 

112 TLC272 

\r-~-----O-Q---i REF-

J3 = ADJUSTABLE REF

J4 = FIXED REF- (GND EXAMPLE) 

VIDO 

VIDI 

VID2 

VID3 

Bt252 

75 ~ ONLY IFAC COUPLED 

TO VIDEO SIGNAL 

J5 = DC restore to GND 
J6 = Color Difference DC restore 

CLOCK \------

CSYNC' 

ZERO 

TO/FROM 

GENWCK 

CIRCUITRY 

CLAMP 1-----

LEVEL 

R12 

PO-P7 

VIN 

VOUT 

... ~ 

TO 

r--~---------- FRAME 

BUFFER 

OR 

-j 

/ 
ONLY IF AC COUPLED 

TO VIDEO SIGNAL 

50 - 300 (Note I) 

ANTI-

: ALIASING : 

: WW-PASS : 

:1'1J-JIl8rQIl> 3L 

Note 1: Needed only if active filter is used. Adjust for minimum clock kickback. 
Note 2: Filter to remove colorburst, preventing false sync detection. 
Note 3: If the antialiasing filter if located here, only the filter is required. Otherwise, each video input must have 

an antialiasing filter. 
Note 4: See RSET pin name definition for discussion of zenor diode. 

Figure 2. Typical 8t252 External Circuitry. 
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Brooktree® 
Circuit Description (continued) 

AID Reference Generation 

As shown in Figure 2, the Bt252 may be config
ured to have either fixed or MPU-adjustable refer
ences for the NO converter. 

If jumpers J2 and J4 are selected, REF+ is con
nected to a 0.7-1.2 V reference (VREF) and REF
is connected to GND. This mode of operation may 
be used when the only operation is to digitize vid
eo signals with an amplitude range of 0.7-1.2 V 
and no adjustment of gain or offset. 

If jumpers J1 and J3 are selected, the MPU
adjustable outputs IOUTO and lOUT! may be 
used for gain and offset of the video signal. This 
mode of operation allows top and bottom refer
ence adjustments so that different video signals 
may be digitized or operations, such as contrast 
enhancement or level adjustments, may be imple
mented. The TLC272 dual CMOS op-amps can be 
used for single +5 V operation. However, because 
single-supply op-amps are limited, REF- may not 
be able to achieve a voltage below 300 mV with a 
single 5 V supply. Using an External Reference in 
the Application Information section contains fur
ther information. 

IOUTO and lOUT! are current outputs (0-2.5 
rnA) generated by two 6-bit D/A converters. A 
511 n RSET resistor generates a 2.35 rnA full
scale output current. The 511 n resistors to GND 
generate a 0-1.2 V level that drives the REF+ and 
REF- inputs through voltage followers. 

The DAC outputs should not drive the top of 
the reference ladder directly. The reference ladder 
resistance changes slightly with temperature. 

The DACs are current sources; they do not sink 
current. Thus, if MPU adjustment of REF- is de
sired, the DAC output must drive REF- with a 
voltage follower. 

AID Zeroing 

The ZERO input is used to zero the comparators 
and must be asserted sometime during each hori
zontal blanking interval. While ZERO is a logical 
one, the comparators are zeroed. During ZERO 
cycles, the PO-P7 outputs are not updated. They 
retain the data loaded before the ZERO cycle. 

Bt252 

AC-coupled Video and AID Input 
Clamping 

When video is AC coupled, capacitors are re
quired on all video inputs. A capacitor may also be 
needed between VIN and VOUT, depending on 
the filtering implementation (see to Figure 2). The 
video mux will DC adjust the input video to pre
vent channel- to-channel crosstalk through the vid
eo mux. 

If VIN 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 logi
cal one, the video signal is clamped to the voltage 
level present on the LEVEL pin. CLAMP should 
be asserted during static intervals and at least 200 
ns before or after a video transition. During clamp
ing, the resistances of the mux and clamp are ap
proximately 100 and 50 n, respectively. Incorpo
ration of the 0.1 /!F clamp capacitor yields an RC 
time constant of 15 /!s. On power-up or after a 
transition of the video input, approximately three 
to five time constants will be required to complete
ly DC restore the video signal. When the clamp is 
asserted on the back porch for 0.5-1.5 /!s, several 
lines of video will be required to properly DC re
store the signal. For example, clamping the video 
signal for 1 /!s during each line of video will re
quire 75 lines of video for proper DC restoration. 
This is assuming five time constants are needed. 

When RGB or luminance video signals are DC 
restored, LEVEL is typically connected to the 
same potential as REF-. 

When color difference video signals are DC re
stored, LEVEL is typically at the midpoint be
tween REF+ and REF-. The Bt252 provides an RI 
2 reference ladder tap that may be used to generate 
the proper DC voltage (jumper J6 in Figure 2). The 
Rl2 tap should drive a high-impedance load while 
capturing an image to maintain optimum linearity 
of the NO converter. 

DC-Coupled Video 

When video is DC coupled, the video levels 
must be within the digitization range of the NO. 
To avoid channel-to-channel crosstalk through the 
video mux, non synchronized video sources must 
not drop more than 100 mV below ground. For ex
ample, if the blacklblank level of the DC-coupled 
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Bt252 
Circuit Description (continued) 

video is at ground, an external sync clipper must 
be used to guarantee that the sync tip does not drop 
below -100 mY. If VIN is DC coupled to the vid
eo signal, the level should float or the clamp 
should be a logical zero. 

Antialiasing Filtering and VIN Input 
Considerations 

The input video must be passed through an anti
aliasing filter to meet Nyquist criteria. The filter 
can be placed between VIN and VOUT to filter all 
video sources or on each video input before the 
MUX. 

The 50-300 n resistor, shown in Figure 2 after 
the low-pass filter, is required only if an active 
low-pass filter is used. The resistor provides isola
tion from any clock kickback noise on VIN, pre
venting it from being coupled onto the video sig
nal. The exact value of the resistor should be 
adjusted for minimum clock kickback noise on 
VIN. If no filter or a passive low-pass filter is 
used, the resistor is not required, as the resistance 
of the multiplexer serves to reduce the clock kick
back noise. 

If DC restoration and low-pass filtering between 
VOUT and VIN are implemented, a O.1IlF capaci
tor is required after the low-pass filter. If no filter 
between VOUT and VIN is used, the capacitor is 
not required, as the DC restoration can still be im
plemented with the 0.1 IlF capacitors on the VIDx 
inputs. 

Multiplexer Considerations 

DC level maintenance within the rated compli
ance range is necessary to obtain the best linearity 
and crosstalk performance. 

Lookup Table RAM 

A 256 x 8 lookup table RAM is provided on
chip to implement simple imagin,l!: operations such 
as gamma manipulation, contrast enhancement, 
data inversion, or a nonlinear transfer function of 
the NO converter. Data from the NO is used to 
address the RAM; the addressed data is output 
onto PO-P7. 
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Brooktree® 

The RAM may be effectively bypassed by load
ing each location with its corresponding address. As 
the lookup table RAM is not dual ported, MPU ac
cesses have priority over digitized data passing 
through the RAM. During MPU accesses to the 
RAM, PO-P7 are undefined. 

Sync Detect Circuitry 

The Bt252 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. CSYNC* is output asyn
chronously to the clock, and there are no pipeline 
delays. (The output delay from VIN to CSYNC* is 
approximately 25 ns.) 

The MPU specifies from which analog input to 
detect sync (negative sync polarity). The selected 
video signal is output on CEXTI. A O.lIlF capaci
tor between CEXTl and CEXT2 AC couples the 
video signal to the sync detection circuit. The sync 
tip is internally clamped to a DC level. The sync de
tect value determines the threshold above this DC 
level where the Bt252 detects sync. If the sync tip 
on CEXT2 is below the selected threshold, 
CSYNC* will be a logical zero. A low-pass filter 
removes the colorburst signal. 

If it is desired to low-pass filter the sync signal 
prior to sync detection, the low-pass filter should be 
inserted between CEXTl and the 0.1 IlF capacitor 
(see Figure 2). 

If the sync detection circuit is not used, CEXT2 
should be connected to GND or V AA (CEXTl may 
float), or an unused (grounded) video input should 
be selected for the sync detector. 

External Sync Detection 

CEXTI may be connected to an external sync de
tector circuit. In this case, CEXT2 should be con
nected directly to GND or V AA, and the CSYNC* 
output should be left floating. 

The sync analog multiplexer may still be used to 
select from which video source to detect sync infor
mation. As the multiplexer switches analog video 
signals, the selected video source will be output 
onto CEXTI. 



Bt252 
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) VIDO 
(01) VIDI 
(10) VID2 
(11) VID3 

Sync detect select 

(00) VIDO 
(01) VIDI 
(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 
ontoCEXTl. 

These bits specify the amount above the sync tip to slice 
CEXT2 for sync detection. 

The MPU must write a logical zero to these bits to ensure 
proper operation. 

These two 6-bit registers specify the output current on the IOUTO and IOUTl outputs, from 0 rnA ($00) to full scale 
($FC). The 6 MSBs of data are used to drive the DACs. DO and 01 (the 2 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. 00 is the least significant bit. 
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Bt252 
Pin Descriptions 

Pin Name Description 

General Reference Functions 

RSET 

IOUTO, IOUTl 

CEXTl, CEXT2 

AID Functions 

REF+ 

REF-

R12 

ZERO 

CLAMP 

LEVEL 

VIN 

VIDO-VID3, 
VOUT 

Full-scale adjust control. An external 511 0 resistor must be connected between this pin and GND. 
RSET is used to provide reference information to the internal DI A converters (See Figure 2). At cold 
operating temperatures, the RSET pin might power up with a voltage of 4 V. (This is a threshold 
below the supply voltage.) A minimum of perturbation on the RSET pin or an increase in 
temperature will change states on the bandgap reference to the normal 1.2 V operating point. 

RSET can be forced Lo a power up with the correct voltage by adding a 3 V zener diode in parallel 
with the RSET resistor. If the Bt252 powers up in the wrong state, the zener will activate and toggle 
the bandgap reference voltage to the correct state. 

The alternative is to leave the part configured without the diode. This might necessitate resequencing 
the power for initial operation of the boards at cold temperatures. 

Current outputs. The amount of output current is specified by the lOUT data registers. External 511 
o resistors are typically connected between each pin and GND (See Figure 2). The relationship 
between full-scale lOUT and RSET is: 

lOUT (rnA) = 1,200 I RSET (0) 

External capacitor pins. A 0.1 ~F capacitor must be connected between CEXTl and CEXT2 to 
AC couple the video signal to the sync detect circuitry. A 1M 0 resistor must also be connected 
between CEXT2 and GND (See Figure 2). 

Top of resistor ladder (voltage input). REF+ sets the VIN voltage level that corresponds to $FF from 
the AID converter. For noise immunity reasons, a decoupling capacitor is not recommended on 
REF+. 

Bottom of resistor ladder (voltage input). REF- sets the VIN voltage level that generates $00 from 
the AID couverter. 

Reference ladder midpoint tap. If not used, this pin should remain floating. For noise immunity 
reasons, a decoupling capacitor is not recommended on R12. External loading should be less than 
1 ~A to obtain the best linearity. 

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 be a logical zero. 

Level control input (voltage input). This input is used to specify the voltage level 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 connectcd to VIN, or CLAMP should be a logical zero. 

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. Unused inputs should be connected to GND. 
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Pin Descriptions (continued) 

Pin Name 

CLOCK 

CSYNC* 

Description 

Clock input (TIL compatible). CLOCK should be driven by a dedicated TTL buffer to ininimize 
sampling jitter. 

Recovered composite sync output (TIL compatible). Sync information is detected on the 
VIDO-VID3 input specified by the command register, converted to TIL levels, and output onto this 
pin. CSYNC* is output asynchronously to the clock, and there are no pipeline delays. 

Digital Control Functions 

PO-P7 

OE* 

RD* 

WR* 

DO-D7 

AO,AI 

Digitized video data outputs (TIL compatible). Digitized video data is output onto these pins 
following the second rising edge of CLOCK. PO is the least significant bit. PO-P7 are thri:e-Stated if 
OE* is a logical one. 

Output enable control input (TIL compatible). A logical one three-states the PO-P7 outputs 
asynchronously to CLOCK. 

Read control input (TIL 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). IfWR* is a logical zero, data is written into the device through 
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 (TIL 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 and Ground 

VAA 

GND 

+5 V power. All V AA pins must be connected together on the same PCB plane and as close to the device 
as possible to prevent latchup. A O.:pF ceramic capacitor should be connected between each group of 
VAA pins and GND, as close to the device as possible. (Ceramic chip capacitors are preferred.) 

Ground. All GND pins must be connected together on the same PCB plane to prevent latchup. 

~ i ~ ~ g g 8 Q a 8 ! 

VIN DS 

RSBT D6 

VOIlT D7 

10!Jr0 lID 

VIDO AI 

JOUrI RD' 

VIDI WR' 

CLAMP P7 

VID2 pO 

LEVEL P5 

V1D3 P4 

"~-~O"it-~S! 
~ ~ ~ E ~ ~ ~ 
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PC Board Layout Considerations 

PC Board Considerations 

For optimum performance, before PCB layout 
is begun, the CMOS digitizer layout examples in 
the BUOS, BU51, or Bt253 Evaluation Module 
Operation and Measurements, Application Notes 
AN-13, 14, and 15, respectively, should be stud
ied. These Application Notes can be found in the 
Brooktree Applications Handbook. 

The layout should be optimized for lowest noise 
on the Bt252 power and ground lines by shielding 
the digital inputs/outputs and providing good de
coupling. The trace length between groups of 
V AA and GND pins should be as short as possible 
to minimize inductive ringing. 

Ground Planes 

A single common ground plane covering both 
analog and digital logic should be used. 

Power Planes 

The Bt252 and any associated analog circuitry 
should have their 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 3 inches of the BU52. 

The regular PCB power plane should provide 
power to all digital logic on the PC boarp, and the 
analog power plane should provide power to all 
Bt252 power pins, any voltage reference circuitry, 
and any input amplifiers. 

It is important that the regular PCB power plane 
does not overlay the analog power plane. 
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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. 

The V AA and GND pins should have a 0.1 J.IF 
ceramic chip capacitor located as close as possible 
to the device pins. The capacitors should be con
nected directly to the V AA and GND pins with 
short, wide traces. 

Digital Signal Interconnect 

The digital signals of the Bt252 must be isolated 
as much as possible from the analog signals and 
other analog circuitry to prevent crosstalk. Also, 
the digital signals should not overlay the analog 
power plane. 

Termination resistors for the digital signals 
should be connected to the regular PCB power and 
ground planes. 

Analog Signal Interconnect 

Long lengths of closely spaced parallel video 
signals should be avoided to minimize crosstalk. 
Ideally, there should be a ground line between the 
video signal traces driving the VIDx inputs. Micro
strip techniques should be employed to keep video 
trace impedance at 75 n, to match standard coax 
impedance. 

Also, high-speed TTL signals should not be 
routed close to the analog signals, to minimize 
noise coupling. 
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PC Board Layout Considerations (continued) 

8t252 

L1 
+sv(VCC) _...,. __ ...J 

~--'r------~~~~VM 

CI C2 + 

0.1 10 

GROUND -.....I .... ------------------:::=..tGND 

Location Description Vendor Part Number 

Cl,C3 0.1 JIF ceramic capacitor Erie RPEI12Z5Ul04M50V 

C2 10 JIF tantalum capacitor Mallory CSRI3G106KM 

C4 0.01 JIF ceramic chip capacitor AVX l2102Tl03QA1018 

Ll ferrite bead Fair-Rite 2743001111 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt252. 

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

Zeroing 

As the comparators on the Bt252 must be peri
odically zeroed, it is convenient to assert ZERO 
during each horizontal blanking interval. 

Before the Bt252 is used after a power-up con
dition, ZERO must be a logical one for at least 
1000 clock cycles (cumulative) to initialize the 
comparators to the rated linearity. In normal video 
applications, this will be transparent because of 
the number of horizontal scan lines that will have 
occurred before the Bt252 was used. 

While the recommended zeroing interval is 
maintained, the Bt252 will meet linearity specifi
cations. The longer the time between zeroing inter
vals, the more the linearity error increases. 

Increasing the Resolution of DACs 

With a 511 n resistor connected between each 
DAC output (IOUTO and IOUT1) and GND, the 
resolution of the ladder adjustment is 19 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 4 shows a circuit that allows adjustment 
of the REF+ inputs from 0.714-1 V with 4.5 mV 
resolution. With the DAC data = $00, 0.714 V is 
output; if the DAC data = $FC, 1 V is output. 

As the typical maximum DAC output current is 
2.35 rnA (RSET = 511 n), if a 0.286 V adjustable 

Brooktree@ 

range is desired, R1 II R2 must equal 121 n. The 
minimum output voltage desired determines the ra
tio of R1 and R2 as follows: 

Vmin = VREF * (R2/ (R1 + R2» 

The bottom of the resistor ladder (REF-) may be 
adjusted from 0-0.286 V with 1.125 mV resolution 
with a 121 n resistor to ground rather than a 511 n 
resistor. While the minimum range is 0 V, the resis
tor to ground may be used to adjust the total range 
and, thus, the resolution. 

Using An External Reference 

Figure 5 illustrates the use of a 1.2 V LM385 
and a TLC272 to generate a 0-1.2 V reference for 
applications that require a better reference timpco 
than the internal reference can supply. Supply de
coupling of the op-amp is not shown; Any standard 
op-amp may be used that can of operate from a sin
gle +5 V supply. 

To prevent ringing in the TLC272 from clock 
kickback, a 100 n resistor as shown in Figure 5 is 
recommended. If an op-amp is chosen that has a 
better transient response than the TLC272, the re
sistor may not be needed. This circuit may also be 
used to drive the REF- if a value other than ground 
is desired. Because single-supply op-amps are lim
ited, REF- may not be set below -300 mY. To 
drive REF- to true 0 V in the op-amp configura
tion, a dual supply must be used. Extreme care 
must be used in power sequencing to ensure all 
positive supplies (op-amp and AID) power on be
fore the negative supply. This will prevent latchup 
of the AID. 

VREF=2.5V 
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R1 = 422 

IOUTO 

R2 = 169 

TO VOLTAGE 

FOLLOWER 

Figure 4. Increasing DAC Output Resolution. 
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Application Information (continued) 

Input Ranges 

Table 2 lists some common video signal ampli
tudes. Signals that exceed 1.2 V should be attenu
ated with a resistor divider network. 

When a signal is digitized with a full-scale 
range less than 0.7 V, the Bt252's integrallineari
ty errors are constant in terms of voltage regard
less of the value of the reference voltage. Lower 
reference voltages will, therefore, produce larger 
integral linearity errors in terms of LSBs. 

For example, when the reference difference is 
set to 0.6 V, 0.6 V video signals may be digitized. 
However, the integral linearity error will increase 
to about ±1.8 LSB, and the SNR will be about 40 
db. With a reference difference of 0.5 V, 0.5 V 
video signals may be digitized with an IT.. error of 
about ±2 LSB and an SNR of about 39 db. 

VAA 

lK 
VAA 

Bt252 

Output Noise 

Although the AID exhibits soine output noise 
for a DC input, the output noise remains relatively 
constant for any input bandwidth (see AC Charac
teristics section). Competitive AID converters have 
no noise for a DC input; however, the output noise 
increases greatly as the input bandwidth and clock 
rate increase. 

PC Board Sockets .. 

If a socket is required, a low-profile socket is 
recommended, such as AMP part no. 641747-2. 

Bt252 

\r-..... --I REF+ 

Figure 5. Using an External Reference. 

Video Standard Nominal Worst Case 
Amplitude Amplitudes 

RS-170 w/o sync 1.0 V 0.9-1.1 V 
BLACK - WHITE 

RS-170 wlsync 1.4 V 1.2-1.6 V 
SYNC-WHITE 

RS-170A w/sync 1.2 V 1.0-1.4 V 
SYNC-WHITE 

RS-343A w/o sync 0.7 V 0.6-0.85 V 
BLACK - WHITE 

Table 2. Video Signal Tolerances. 
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Application Information (continued) 

8t252 with Minimal External 
Circuitry 

Figure 6 shows the Bt252 in an application re
quiring that 1 V video signals be digitized. 

In this instance, the IOUTO output is driving the 
top of the reference ladder (REF+) directly, with
out being buffered by a voltage follower. The in
ternal 500 Q resistor between IOUTO and GND 
develops a 0-1.2 V reference voltage for the AID 
(based on the contents of the IOUTO data register). 
IOUTl and REF- are connected to GND. 

Although this implementation is not as tempera
ture stable as that shown in Figure 2 (because of 
some variation in the reference ladder resistance 
over temperature), it will probably suffice for most 
applications. 
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ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are 
required to prevent device damage, which can pro
duce symptoms of catastrophic failure or erratic 
device behavior with somewhat leaky inputs. 

All logic inputs should be held low until power 
to the device has settled to the specified tolerance. 
Power decoupling networks with large time con
stants should be avoided. They could delay V AA 
power to the device. Ferrite beads must be used 
only for analog power V AA decoupling. Inductors 
can cause a power supply time constant delay that 
induces latchup. 

Latchup can be prevented by ensuring that all 
V AA pins are at the same potential and that the 
V AA supply voltage is applied before the signal 
pin voltages. The correct power-up sequence en
sures that signal pin voltage will never exceed the 
power supply voltage by more than +0.5 V. 
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Application Information (continued) 

Sl1 

RSET 

1M 

CEXT2 

, CEXT1 
, 

LOWPASSFILTER : 
: _____ -<l'IQI!'~L ___ -' 

IOUTO 

REF+ 

CLOCK 

CSYNC· 

ZERO 

CLAMP 

LEVEL 

R/2 

30K 

TO/FROM 

GENLOCK 

CIRCUITRY 

Bt252 

~n r---~---------

TO 

FRAME 

BUFFER 

Bt252 

t----------------------------YREF-

GND 

VIDEO 

IN 

J5 = DC restore to GND 
J6 = Color Difference DC restore 

TO VIDEO SIGNAL 

VIN 

OR 

VOUT 

Note 1: Needed only if active filter is used. Adjust for minimum clock kickback. 
- Note 2: Filter to remove colorburst, preventing false sync detection. 

--I 
/ 

ONLY IF AC COUPLED 

TO VIDEO SIGNAL 

50 - 300 (Note 1) 

- -- ANTI: - --, 

: ALIASING : 

: LOW·PASS : 

:I'Ij..TIl!l.(l'IQI!' 31 

Note 3: If the antialiasing filter if located here, only the filter is required. Otherwise, each video input must have 
an antialiasing filter. 

Note 4: See RSET pin name definition for discussion of zener diode. 

Figure 6. 8t252 Minimal External Circuitry. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Voltage References 

Top REP+ 0.7 I 2.0 V 
Bottom REP- 0 0 1.3 V 
Difference (Top-Bottom) 0.7 I 1.2 V 

VIDO-VlD3 Amplitude Range 0.5 VAA...o.5 V 
Multiplexer Compliance (DC) ...0.2 +2.2 V 

VIN Input Amplitude Range 0.7 I 1.2 V 
VIN Input Range REP- V 

toREP+ 
CEXT AC Amplitude 0.2 Vp-p 2.0Vp-p V 

LEVEL Input Voltage TA GND...o.5 REP- REP+ V 
Zeroing Interval 60 150 I1s 
Ambient Operating Temperature 0 +70 °C 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 V 

Voltage on Any Signal Pin (Note 1) GND...o.5 VAA + 0.5 V 

Analog Input Voltage VIN, VIDx GND-D.5 VAA+0.5 V 

Rl2 Output Current 25 I1A 

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) 

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 is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 V 
can induce destructive latchup. 
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DC Characteristics 

Parameter Symbol Min Typ Max Units 

NO Resolution 8 8 8 Bits 
NO Accuracy 

Integral Linearity Error (Note I) IL ±l LSB 
Differential Linearity Error DL ±I LSB 

NO Coding (Table 3) 
No Missing Codes guaranteed Binary 

VIN Analog Input (Note 2) 
CLAMP = 0 

Input Current Leakage m I IJA 
Input Capacitance CAIN 35 pF 

CLAMP = I 
Input Impedance RIN 50 n 

VIDO-VID3 Analog Inputs (Note 3) 
Input Impedance to VOUT 

Input Selected 100 n 
Input Deselected (Leakage) 10 Mn 

Input Capacitance 15 pF 

REF+ Reference Input 
Input Impedance 500 n 

Digital Inputs 
Input High Voltage VIH 2.0 V 
Input Low Voltage VIL 0.8 V 
Input High Current (Vin = 2.4 V) IIH I IJA 
Input Low Current (Vin = 0.4 V) IlL -I IJA 
Input Capacitance CIN 10 pF 

PO-P7 Digital Outputs 
Output High Voltage VOH 2.4 V 

(lOH = -400 IJA) 
Output Low Voltage VOL 0.4 V 

(IOL = 1.6 rnA) 
Three-State Current IOZ I IJA 
Output Capacitance COUT 10 pF 

CSYNC· Digital Output 
Output High Voltage VOH 2.4 V 

(lOH = -400 IJA) 
Output Low Voltage VOL 0.4 V 

(lOL = 1.6 rnA) 
Output Capacitance COUT 10 

See test conditions and notes on next page. 
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DC Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

DO-D7 Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -400 itA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
Three-State Current IOZ I ItA 
Output Capacitance COUT 10 pF 

IOUTO and lOUT! Outputs 
DAC Output Current 0 2.5 rnA 
DAC Output Impedance 100 ill 
DAC Output Capacitance 20 pF 

DAC Accuracy 
Differential Linearity Error DL ±l LSB 
Integral Linearity Error IL ±1 LSB 
Monotonicity guaranteed 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with REF+ = 1 V and REF- = 
GND. REF- :s; Yin :s; REF+, LEVEL = float. Typical values are based on nominal temperature, i.e., room temperature, 
and nominal voltage, i.e., 5 V. 

Note 1: Best-fit linearity. Linearity is tested with RAM transparent (data = address). 
Note 2: LEVEL = GND. 
Note 3: VOUT connected to GND. 
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Vin(V) PO-P7 OE* 
(Note 1) 

>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 

Note 1: With REF+ = 1.000 V and REF
= 0.000 V. Ideal center values. 1 
LSB = 3.9063 mY. RAM 
transparent (data = address). 

Table 3. AID Coding. 
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AC Characteristics 

Parameter Symbo Min Typ Max Units 

Conversion Rate Fs 20 MHz 

Multiplexer Switching Time Tmux 100 ns 

Clock Cycle Time 1 50 ns 
Clock Low Time 2 20 ns 
Clock High Time 3 20 ns 

PO-P7 Output Delay Time (Figure 7) 4 40 ns 
PO-P7 Output Hold Time 5 9 ns -OE* Asserted to PO-P7 Valid 6 20 ns 
OE* Negated to PO-P7 3-Stated 7 20 ns 

ZERO Setup Time 8 0 ns 
ZERO Hold Time 9 20 ns 
ZERO, CLAMP High Time (Note 1) 1 Clock 

Aperture Delay 10 10 ns 
Aperture Jitter 50 ps 
Full Power Input Bandwidth BW Fs/2 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 = 4.20 MHz, Fs = 12.27 MHz 44 db 
Fin = 4.20 MHz, Fs = 13.50 MHz 44 db 
Fin = 4.20 MHz, Fs = 14.32 MHz 44 db 
Fin = 5.75 MHz, Fs = 13.50 MHz 43 db 
Fin = 5.75 MHz, Fs = 14.75 MHz 43 db 
Fin = 5.75 MHz, Fs = 17.72 MHz 43 db 
Fin = 10.0 MHz, Fs = 20.00 MHz 39 db 

RMS Signal & Distortion-to-Noise Ratio SINAD 
Fin = 4.20 MHz, Fs = 12.27 MHz 42 db 
Fin = 4.20 MHz, Fs = 13.50 MHz 42 db 
Fin = 4.20 MHz, Fs = 14.32 MHz 42 db 
Fin = 5.75 MHz, Fs = 13.50 MHz 41 db 
Fin = 5.75 MHz, Fs = 14.75 MHz 41 db 
Fin = 5.75 MHz, Fs = 17.72 MHz 41 db 
Fin = 10.0 MHz, Fs = 20.00 MHz 37 db 

Total Harmonic Distortion THD 
Fin = 4.20 MHz, Fs = 12.27 MHz 47 db 
Fin = 4.20 MHz, Fs = 13.50 MHz 47 db 
Fin = 4.20 MHz, Fs = 14.32 MHz 47 db 
Fin = 5.75 MHz, Fs = 13.50 MHz 47 db 
Fin = 5.75 MHz, Fs = 14.75 MHz 47 db 
Fin = 5.75 MHz, Fs = 17.72 MHz 47 db 
Fin = 10.0 MHz, Fs = 20.00 MHz 44 db 

See test conditions and notes on next page. 
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AC Characteristics (continued) 

Parameter Symbo Min Typ Max Units 

Spurious Free Dynamic Range SFDR 
Fin = 4.20 MHz, Fs = 12.27 MHz 50 db 
Fin = 4.20 MHz, Fs = 13.50 MHz 50 db 
Fin = 4.20 MHz, Fs = 14.32 MHz 50 db 
Fin = 5.75 MHz, Fs = 13.50 MHz 50 db 
Fin = 5.75 MHz, Fs = 14.75 MHz 50 db 
Fin = 5.75 MHz, Fs = 17.72 MHz 50 db 
Fin = lO.O MHz, Fs = 20.00 MHz 47 db 

Analog Multiplexer Crosstalk 
All-Hostile Crosstalk (Figure 8) -50 db 
Single-Channel Crosstalk (Figure 9) -50 db 
Adjacent-Input Crosstalk (Figure lO) -50 db 

Differential Gain Error (Note 5) DG 2 % 
Differential Phase Error (Note 5) DP 1 Degree 

Supply Current (Note 6) IAA 120 185 rnA 
(Excluding REF+ ) 

AO, Al Setup Time 11 10 ns 
AO, Al Hold Time 12 10 ns 

RD*, WR* High Time 13 50 ns 
RD* Asserted to Data Bus Driven 14 1 ns 
RD* Asserted to Data Valid 15 40 ns 
RD* Negated to Data Bus 3-Stated 16 20 ns 

WR* Low Time 17 70 ns 
Write Data Setup Time 18 lO ns 
Write Data Hold Time 19 lO ns 

Pipeline Delay (Note 7) 3 3 3 Clocks 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with REP+ = 1 
V and REF- = GND. REF-::; Yin ::; REF+, LEVEL = float. TTL input values are 0-3 V with input 
rise/fall times ::; 4 ns, measured between the lO-percent and 90-percent points. Timing reference 
points at 1.5 V for digital inputs and outputs. DO-D7, PO-P7, CSYNC* output loadS 40 pF. VOUT, 
IOUTO, IOUTI output load::; 40 pF. Typical values are based on nominal temperature, i.e., room 
temperature, and nominal voltage, i.e., 5 V. See timing waveforms (Figures 11 and 12). 

Note 1: The number of clock cycles that 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 is attained in specified time. 
Note 3: Time to recover to full accuracy after a > 1.2 V 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 = 5.0 V, Fin = 4.2 MHz, and Fs = 14.32 MHz, TCASE = Ambient. 

IAA (max) at VAA = 5.25 V, Fin = 10 MHz, and Fs = 20 MHz, TCASE = 0° C. 
Note 7: Pipeline delay is defined as discrete clock period delays in addition to the half-cycle 

analog sampling delay. 
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AC Characteristics (continued) 

Test Circuits 
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Note: Nominal device at ambient, timing reference points = 1.4 V 

Figure 7. Bt252KPJ Output Delay vs. Capacitive Loading. 
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1. VlDO SELECTED 

2. XTALK = 20 LOG (VOUT/VIN) 

Figure 8. All-Hostile Crosstalk Test Circuit. 
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Figure 9. Single-Channel Crosstalk Test Circuit. Figure 10. Adjacent-Input Crosstalk Test Circuit. 
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Timing Waveforms 
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Figure 11. MPU ReadIWrite Timing. 
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Figure 12. Video Input/Output Timing. 
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Brooktree® Bt252 
Analog Multiplexer Circuit 

,..--..-SELO 

YIDO -{XHI--._{X)----, 

'-+--+-+- SELO-

SELl 

VlDl 

SELl-

VOurtCEXTl 

SEU 

VID2 

SEU-

-t CMOS TRANSMISSION GATE: 

ON=500HMS 

OFF = 10M OHMS 

SELJ 

VID3 

SEL3-

Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt252KPI20 20 MHz 44-pin Plastic 00 to +700 C 
I-Lead 

Bt252EVM Evaluation Board for the Bt252. Includes a Bt252KPI30. 
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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 

• 20 MSPS Operation 
• Bt253 Pin Compatiblility 
• Three 8-bit Flash AID Converters 
• Two Sets Software-Selectable 

Analog Inputs 
• Optional MPU Adjustment of Gain 

and Offset 
• Composite Sync Detection 
• External Genlock Implementation 
• Standard MPU Interface 
• TTL Compatibility 
• +5 V CMOS Monolithic 

Constrnction 
• 84-pin PLCC Package 
• Typical Power Dissipation: 1.5W 

Functional Block Diagram 

<SYNC' 

<Em 

SYNco+, SYNCl

RVIOO. RVIDI 

OVIOO, 0VlD1 

BVIDO. BVlDI 

(R,G,B)R£f+ 

RIN 

GIN 

BIN 

ZIlkO 

CLAMP 
(R,G,B)LEVEL 

(R,G,B)R£F. 

DO·D7 

Applications 

• Image Processing 
• Image Capture 
• Desktop Publishing 
• Graphic Art Systems 

Related Products 

• Bt252 
• Bt261 

JOUI'O. lOurs 

ROOT 

oour 
BOUT 

RO·K7 

00·07 

BO-87 

RCLOCK 

OCLOCK 

BCLOCK 

Brooktree Corporation· 9950 Barnes Canyon Rd .• San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
L254001 Rev. C 

Bt254 
20 MSPS 

Monolithic CMOS 
Triple-Channel 

8-bit Image Digitizer 

Product Description 

The Bt254 Image Digitizer is designed to di
gitize three channels of video signals, such 
as RGB, YIQ, and YUV, generating up to 
24 bits of color pixel information. The archi
tecture also supports single-channel digitiza
tion of NTSC and CCIR video signals, gen
erating 8 bits of gray-scale pixel 
information. 

The Bt254 supports 24-bit trne-color, 15-
bit trne-color, 8-bit trne-color, and 8-bit 
pseudo- ,color modes. Its standard MPU in
terface can access various control functions. 

Six analog inputs (two for each AID) are 
supported, selectable under MPU control. 
The MPU may select from which input to 
detect sync information for external gen
locking. A TTL- compatible composite sync 
signal is output to interface to genlock cir
cuitry. Two additional sync inputs support 
red, green, and 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 
AID timing for application-specific timing. 
The clamping levels are externally set 
through the red, green, and blue LEVEL 
pins. 

Each AID converter has its own clock in
put, toplbottom references, and LEVEL pin. 

.. 



Bt254 
Circuit Description 

General Operation 

The Bt254 uses three 8-bit flash NO converters 
to digitize the video signals. Each NO digitizes 
analog signals in the range of REF- $ Vin $ 

REF+. The output will be a binary number from 
$00 (Vin $ REF-) to $FF (Vin <:: REF+). 

Each NO converter has its 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 its 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 they are AC cou
pled, 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. Figure 2 shows the input/output timing of 
each NO on the Bt254. The samples are taken fol
lowing the falling edge of (R,G,B) CLOCK. One 
positive CLOCK edge later, the registered data is 
output on (R,G,B) 0-7. 

MPU Interface 

As shown in the functional block diagram, the 
Bt254 supports a standard MPU interface (DO-D7, 
RD*, WR*, and AO-A2). MPU operations are 
asynchronous to the clocks. 

AO-A2 address the internal registers, as item
ized in Tab Ie 1. 

A2, A1, AO 

000 
001 
010 
011 
100 
101 
110 
111 

Analog Signal Selection 

The Bt254 supports two analog input sources 
for each NO converter: RVIDO and RVIDl, 
GVIDO imd GVIDl, and BVIDO and BVIDl. The 
MPU specifies which are to be digitized through 
the command register. 

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 only the luminance information of a video sig
nal that contains color subcarrier information is to 
be digitized, a filter should be used to remove the 
subcarrier information to avoid possible artifacts 
on the display screen. A low-pass filter, notch fil
ter, or comb filter may be used to remove the chro
ma information. 

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 switch
ing time it is possible for the input video signals to 
be momentarily connected together through the 
equivalent of 200 n. 

Addressed by MPU 

command register 

IOUTO data register 

IOUTl data register 
IOUT2 data register 

IOUT3 data register 
IOUT4 data register 

lOUTS data register 

reserved 

Table 1. Register Addressing. 

3-42 SECTION 3 



Circuit Description (continued) 

RCLOCK 
GCLOCK 
BCLOCK 

RIN 
GIN 
BIN 

RO--R7 

GO--G7 

BO--B7 

DATA 
N-2 

ZERO 

CLAMP 

RCLOCK 

RREF+ 

KIN 

RLEVEL 

RREF-

GCLOCK 

GREF+ 

GIN 

GLEVEL 

GREF-

BCLOCK 

BREF+ 

BIN 

BLEVEL 

BREF-

BLUE 
AID 

Figure 1. Internal AID Architecture. 
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Figure 2. Input/Output Timing. 
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Bt254 
Circuit Description (continued) 

AID Reference Generation 

As shown in Figure 3, the Bt254 may be config
ured to have either fixed or MPU-adjustable refer
ences for the NO converter. 

If jumpers J2 and J4 are selected, RREF+ is 
connected to a 0.7-1.2 V reference (VREF), and 
RREF- is connected to GND. This mode of opera
tion may be used when the only operation is to di
gitize video signals with an amplitude range of 
0.7-1.2 V and no adjustment of gain or offset. 

If jumpers 11 and 13 are selected, gain and offset 
of the video signal may be done through the MPU
adjustable outputs IOUTO and IOUT1. This mode 
of operation allows top and bottom reference ad
justments so that different video signals may be di
gitized or operations, such as contrast enhance
ment or level adjustments, may be implemented. 
The TLC272 dual CMOS op-amps can be used for 
single +5 V operation. However, because single
supply op-amps have limitations, REF- may not 
be able to achieve a voltage below 300 m V with a 
single 5 V supply. Using an External Reference in 
the Application Information section contains fur
ther information. 

GREF+, GREF-, BREF+, and BREF- may be 
similarly configured. 

IOUTO-IOUT5 are current outputs (0-2.5 rnA) 
generated by six 6-bit D/A converters. A 511 n 
RSET resistor generates a 2.35 rnA full-scale out
put current. The 511 n resistors to GND generate 
a 0-1.2 V level that drives the (R,G,B)REF+ and 
(R,G,B)REF- inputs through voltage followers. 

It is recommended that the DAC outputs do not 
drive the top of the reference ladders directly, as 
the reference ladder resistance changes slightly 
with temperature. 

The DACs are current sources; they do not sink 
current. Thus, if MPU adjustment of (R,G,B)REF
is desired, the DAC outputs must drive 
(R,G,B)REF- with a voltage follower. 

3-44 SECTION 3 

Brooldree@ 

AID Zeroing 

The ZERO input is used to zero the comparators 
and must be asserted sometime during each hori
zontal blanking interval. While ZERO is a logical 
one, the comparators are""zeroed. During ZERO cy
cles, the RO--R7, GO-G7, and BO-B7 outputs are 
not updated. They retain the data loaded before the 
ZERO cycle. 

Each NO 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. 

AC-Coupled Video and AID Input 
Clamping 

When video' is AC coupled, capacitors .are re
quired on all video inputs. A capacitor may also be 
needed between (R,G,B)IN and (R,G,B)OUT, de
pending on the filtering implementation (see to 
Figure 3). The.video mux will DC adjust the input 
video to prevent channel-to-channel crosstalk 
through the video mux. 

During clamping, the resistances of the mux and 
clamp are approximately 100 and 50 n, respective
ly. Incorporation of the 0.1 J.lF clamp capacitor 
yields an RC time constant of 15 J.lS. On power-up 
or after a transition of the video input, the video 
signal will be completely DC restored in approxi
mately three to five time constants. When the 
clamp is asserted on the back porch for 0.5-1.5 J.lS, 
it will take several lines of video will be required 
to properly DC restore the signal. For example, 
clamping the video signal for 1 J.lS during each line 
of video will require 75 lines of video for proper 
DC restoration. This is assuming five time con
stants are needed. 

DC-Coupled Video 

When video is DC coupled, the video levels 
must be within the digitization range of the NO. 
To avoid channelcto-channel crosstalk through the 
video mux, nonsynchronized video sources must 
not drop more than 100 mV below ground. For ex
ample, if the blacklblank level of the DC coupled 
video is at ground, an external sync clipper must 
be used to guarantee that the sync tip does not drop 
'below -100 mY. If (R,G,B)IN is DC coupled to 
the video signal, all three level pins should float, 
or the clamp should be a logical zero. 



Circuit Description (continued) 
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Figure 3. Typical 8t254 External Circuitry. 
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Bt254 
Circuit Description (continued) 

Antialiasing Filtering and (R,G,B)IN 
Input Considerations 

The input video must be passed through an anti
aliasing filter to meet Nyquist criteria. The filter 
can be placed between (R,G,B)IN and 
(R,G,B)OUT to filter all video sources or on each 
video input before the MUX. The 50-300 n resis
tor shown in Figure 3 after the low-pass filter is re
quired only if an active low-pass filter is used. The 
resistor provides isolation from any clock kick
back noise on (R,G,B)IN, preventing it from being 
coupled onto the video signal. The exact value of 
the resistor should be adjusted for minimum clock 
kickback noise on (R,G,B)IN. If no filter or a pas
sive low-pass filter is used, the resistor is not re
quired, as the resistance of the multiplexer serves 
to reduce the clock kickback noise. 

If DC restoration and low-pass filtering are im
plemented, a 0.1 ~ is required after the low-pass 
filter. If no filter or a passive low-pass filter is 
used, the capacitor is not required, as the DC res
toration can still be implemented with the 0.1 ~ 
capacitors on the (R,G,B)VID inputs. 

Multiplexer Considerations 

Maintaining DC levels within the rated compli
ance range is necessary to obtain the best linearity 
and crosstalk performance. 

Sync Detect Circuitry 

The Bt254 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. CSYNC* is output 
asynchronously to the clock, and there are no pipe
line delays. (The output delay from Vin or SYNC* 
to CSYNC* is approximately 25 ns.) 
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The MPU specifies from which input to detect 
sync (negative sync polarity). The selected video 
signal is output on CEXTl. A 0.1 ~ capacitor be
tween CEXTl and CEXT2 AC couples the video 
signal to the sync detection circuit. The sync tip is 
internally clamped to a DC level. The sync detect 
value determines the threshold above this DC level 
where the Bt254 detects sync. If the sync tip on 
CEXT2 is below the selected threshold, CSYNC* 
will be a logical zero. 

Two additional sync inputs (SYNCO* and 
SYNC1 *) support red, green, and blue sync sys
tems. SYNCO* and SYNC1* may be either TTL 
or normal video signal levels. 

If it is desired to low-pass filter the sync signal 
prior to sync detection, the low-pass filter should 
be inserted between CEXTl and the 0.1 ~ capaci
tor (see Figure 3). 

If the sync detection circuit is not used, CEXT2 
should be connected to GND or V AA, and CEXTl 
may float; or an unused (grounded) video input 
should be selected for the sync detector. 

External Sync Detection 

CEXTl may be connected to an external sync 
detector circuit. In this case, CEXT2 should be 
connected directly to GND or V AA, and the 
CSYNC* output should be left floating. 

The sync analog multiplexer may still be used to 
select from which video source to detect sync in
formation. As the multiplexer switches analog vid
eo signals, the selected video source will be output 
ontoCEXTl. 

Color Output Modes 

The Bt254 outputs several modes of color infor
mation, as specified in Table 2. 

RO-R7, GO-G7, and BO-B7 are three-stated 
while OE* is a logical one. 



Brooktree® Bt254 
Circuit Description (continued) 

24-Bit 15-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 06 
R5 R5 R6 R5 05 
R4 R4 R5 07 04 
R3 R3 R4 06 G3 
R2 R2 R3 05 02 
Rl Rl 07 B7 Gl 
RO RO 06 B6 00 

07 07 05 R7 07 
G6 06 04 R6 06 
05 05 G3 R5 05 
04 04 B7 07, 04 
03 G3 B6 06 G3 
02 02 B5 OS 02 
Gl 01 B4 B7 Gl 
GO 00 B3 B6 00 

B7 B7 0 R7 07 
B6 B6 0 R6 06 
B5 B5 0 R5 05 
B4 B4 0 07 04 
B3 B3 0 06 G3 
B2 B2 0 05 02 
Bl Bl 0 B7 Gl 
BO BO 0 B6 00 

Tab/e 2. C%r Output Configurations. 
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Bt254 Brooldree@ 
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-D4 

D3,D2 

D1 

DO 

Digitize select 

(0) xVlDO 
(1) xVIDl 

Sync detect select 

(000) RVIDO 
(001) RVID1 
(010) GVIDO 
(011) GVID1 
(100) BVlDO 
(101) BVID1 
(110) SYNCO* 
(111) SYNC1* 

Color output select 

(00) 24-bit true color 
(01) IS-bit true color 
(10) 8-bit true color 
(11) 8-bit pseudo color 

Reserved (logical zero) 

Sync detect level select 

(0) 125 mV 
(1) 50 mV 

lOUT Data Registers 

This bit specifies which analog input is to be digi
tized. The selected signals are output onto ROUT, 
GOUT, and BOUT. 

These bits specify which input is to detect composite 
sync information. The sync information is output 
onto CSYNC*. 

These bits specify color output mode select (see Ta
ble 2). In mode (11) the red and blue NO converters 
are ignored. 

A logical zero must be written to this bit when writ
ing to the command register. 

This bit specifies the amount above the sync tip to 
sliceCEXTI for sync detection. 

These six 6 bit registers specify the output current on the IOUTO-IOUT5 outputs, from 0 mA ($00) to full 
scale ($FC). The 6 bits of data are used to drive the DACs. DO and DI (the 2 LSBs) must be programmed to be 
logical zeros. 

These registers may be written to or read by the MPU at any time and are not initialized. DO is the least signifi
cant bit. 
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Brooktree@ Bt254 
Pin Descriptions 

Pin Name Description 

General Reference Functions 

RSET 

IOUTO-IOUT5 

CEXTl, CEXT2 

AID Functions 

RREF+, GREF+, 
BREF+ 

RREF-, GREF-, 
BREF-

ZERO 

CLAMP 

RLEVEL, 
GLEVEL, 
BLEVEL 

Full-scale adjust control. An external 511 0 resistor must be connected between this pin and GND. 
RSET is used to provide reference information to the internal D/A converters (see Figure 3). 

Current outputs. The amount of output current is specified by the lOUT data registers. External 511 
o resistors are typically connected between these pins and GND (see Fignre 3). The relationship 
between full-scale lOUT and RSET is: 

lOUT (rnA) = 1,200 I RSET (0) 

External capacitor pins. A 0.1 IJF capacitor must be connected between CEXTI and CEXT2 to AC 
couple the video sigual to the sync detect circuitry. A 1M 0 resistor must also be connected between 
CEXT2 and GND. If AC coupled, amplitude is < 2 Vp--p. 

Red, green, and blue top of resistor ladder (voltage input). These set the (R,G,B)IN voltage level that 
corresponds to $FF from the appropriate AID converter. For noise immunity reasons, 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 
converters are zeroed. The red AID converter latches ZERO on the rising edge of RCLOCK, the 
green AID converter latches ZERO on the rising edge of GCLOCK, and the blue AID converter 
latches ZERO on the rising edge of BCLOCK. During zeroing cycles, RO-R7, G0-07, 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 DC restore the video signals. 
When RlN, GIN, and BIN are DC coupled to the video signals, the LEVEL pins should float, or 
CLAMP should be a logical zero. CLAMP is asynchronous to the clocks. 

Red-, green-, and blue-level control inputs (voltage inputs). These inputs specify what voltage level 
is to be used for DC restoration while CLAMP is a logical one. When RIN, GIN, and BIN are DC 
coupled to the signals, the LEVEL pins should float, or CLAMP should be a logical zero. 

Input Selection Functions . 

RIN,GIN, 
BIN 

RVlDO, RVIDl, 
ROUT 

GVlDO, GVIDl, 
GOUT 

BVlDO, BVIDl, 
BOUT 

AID converter inputs. The analog signals to be digitized should be connected to these analog input 
pins. 

Red channel analog inputs and ailalog output. RVIDO and RVIDI are connected to the video siguals 
to be digitized. The signal selected to be digitized is output onto ROUT. Unused inputs should be 
connected to GND. 

Green channel analog inputs and analog output. GVIDO and GVIDI are connected to the video 
signals to be digitized. The signal selected to be digitized is output onto GOUT. Unused inputs 
should be connected to GND. 

Blue channel analog inputs and analog output. BVIDO and BVIDI are connected to the video siguals 
to be digitized. The signal selected to be digitized is output onto BOUT. Unused inputs should be 
connected to GND. 
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Bt254 Brooktree'" 
Pin Descriptions (continued) 

Pin Name Description 

Timing Functions 

RCLOCK, 
GCLOCK, 
BCLOCK 

CSYNC" 

SYNCO", 
SYNC!" 

Clock inputs (TIL compatible). It is recommended that these pins be connected together and driven 
by a dedicated TIL buffer to minimize sampling jitter. 

Recovered composite sync output (TIL compatible). Sync information is detected from the xVIDO 
or xV1D1 input (as specified by the command register), converted to TIL levels, and output onto 
this pin. SYNCO" or SYNCI" may also be selected as inputs to the sync detector. CSYNC" is 
output asynchronously to the clocks, and there are no pipeline delays. 

Sync inputs. Sync information may be input with these pins and output onto CSYNC". SYNCO" and 
SYNCI" may be either TIL or normal video signal levels. Unused inputs should be connected to 
GND. 

Digital Control Functions 

RO-R7, 
GO-G7, 
BO-B7 

OE" 

RD* 

WR* 

DO-D7 

AO-A2 

Digitized video data outputs (TIL 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 (TIL compatible). A logical one three-states RO-R7, GO-G7, and 
BO-B7 asynchronously to the clocks. 

Read control input (TIL 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 with 
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 (TIL compatible). AO-A2 address the internal registers as itemised in Table 
I. They are latched on the falling edge of RD'" or WR *. 

Power and Ground 

VAA 

GND 

3-50 

Analog power. All V AA pins must be connected together on the same PCB plane and as close to the 
device as possible to prevent latchup. A O.11JP ceramic capacitor should be connected between each 
group of V AA pins and GND as close to the device as possible. (Ceramic chip capacitors are 
preferred.) 

Ground. All GND pins must be connected together on the same PCB plane and as close to the device 
as possible to prevent latchup. 
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Brooktree® Bt254 
Pin Descriptions (continued) 
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Bt254 
PC Board Layout Considerations 

PC Board Considerations 

For optimum performance of the Bt254, the 
CMOS digitizer layout examples in the Bt 208, 
Bt251, or Bt253 Evaluation Module Operation and 
Measurements, Application Notes AN-13, 14, and 
15, respectively, should be studied before PC 
board layout is begun. These application notes can 
be found in the Brooktree Applications Handbook. 

The layout should be optimized for lowest noise 
on the Bt254 power and ground lines by shielding 
the digital inputs/outputs and providing good de
coupling. The trace length between groups of 
V AA and GND pins should be as short as possible 
to minimize inductive ringing. 

Ground Planes 

A single ground plane covering both digital and 
analog logic should be used. 

Power Planes 

The Bt254 and any associated analog circuitry 
should have their 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 3 inches of the Bt254. 

The regular PCB power plane should pro
vide power to all digital logic on the PC board, 
and the analog power plane should provide power 
to all Bt254 power pins, any voltage reference cir
cuitry, and any input amplifiers. 

It is important that the regular PCB power plane 
does not overlay the analog power plane. 
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Supply Decoupling 

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

The V AA and GND pins should have a 0.1 ~ 
ceramic chip capacitor located as close as possible 
to the device pins. The capacitors should be con
nected directly to the V AA and GND pins with 
short, wide traces. 

Digital Signal Interconnect 

The digital signals of the Bt254 must be isolated 
as much as possible from the analog signals and 
other analog circuitry to prevent crosstalk. Also, 
the digital signals should not overlay the analog 
power plane. 

Termination resistors for the digital signals 
should be connected to the regular PCB power and 
ground planes. 

Analog Signal Interconnect 

Long lengths of closely spaced parallel video 
signals should be avoided to minimize. crosstalk. 
Ideally, there should be a ground line between the 
video signal traces driving the VIDx inputs. Micro
strip techniques should be employed to keep video 
trace impedance at 75 n, to match standard coax 
impedance. 

Also, routing of high-speed TTL signals close to 
the analog signals should be avoided to minimize 
noise coupling. 
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PC Board Layout Considerations (continued) 

Bt254 

L1 

+SV(VCC) VAA 

----r-
CI C2 

:! 
C3 C4 

= := 
I': 

= = = := 
0.1 0.1 0.01 

GROUND -== GND 

Location Description Vendor Part Number 

CI,C3 0.1 JlF ceramic capacitor Erie RPEI12Z5Ul04M50V 

. C2 10 !IF tantalum capacitor Mallory CSR13Gl06KM 

C4 0.01 JlF ceramic chip capacitor A VX 12102TI03QA1018 

LI ferrite bead Fair-Rite 2743001111 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar charaCteristics 
will not affect the performance of the Bt254. 

Figure 4. Typical Connection Diagram and Parts List. 
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Application Information 

Zeroing 

As the comparators on the Bt254 must be periodi
cally zeroed, it is convenient to assert ZERO during 
each horizontal blanking interval. 

Before the Bt254 is used after a power-up condi
tion, ZERO must be a logical one for at least 1000 
clock cycles (cumulative) to initialize the compara
tors to the rated linearity. In normal video applica
tions, this will be transparent because of the number 
of horizontal scan lines that will have occurred before 
the Bt254 is used. 

While the recommended zeroing interval is main
tained, the Bt254 will meet linearity specifications. 
The longer the time between zeroing intervals, the 
more the linearity error increases. 

Increasing the Resolution of DACs 

With a 511 Q resistor connected between each 
DAC output (IOUTO-OUT5) and GND, the resolu
tion of the ladder adjustment is 19 mY. The resolu
tion of the top of the resistor ladder (REF+) adjust
ment 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 0.714-1 V with 4.5 mV resolu
tion. With the DAC data = $00, 0.714 V is output; if 
the DAC data = $FC, 1 V is output. 

As the typical maximum DAC output current is 
2.35 rnA (RSET = 511 Q), if a 0.286 V adjustable 
range is desired, Rl II R2 must equal 121 Q. The min
imum output voltage desired determines the ratio of 
R1 and R2 as follows: 

Vmin = VREF * (R21 (R1 + R2» 

Brooktree® 

The bottom of the resistor ladder (REF-) may be 
adjusted from 0-0.286 V with 1.125 mV resolution 
by using a 121 Q resistor to ground rather than a 511 
Q resistor. While the minimum range is 0 V, the re
sistor to ground may be used to adjust the total range 
and, thus, the resolution. 

Using An External Reference 

Figure 6 illustrates the use of a 1.2 V LM385 and a 
TLC272 to generate a 0-1.2 V reference for applica
tions that require a better reference tempco than the 
internal reference can supply. Supply decoupling of 
the op-amp is not shown. Any standard op-amp may 
be used that can operate from a single +5 V supply. 

A 100 Q resistor is recommended to prevent the 
TLC272 from ringing caused by a clock kickback, as 
shown in Figure 6. If an op-amp is chosen that has a 
better transient response than the TLC272, the resis
tor may not be needed. This circuit may also be used 
to drive the Ref- if a value other than ground is de
sired. Because single-supply op-amps have limita
tions, Ref- may not be set below -300 mY. To drive 
Ref- to true 0 V in the op-amp configuration, a dual 
supply must be used. Extreme care must be used in 
power sequencing to ensure all positive supplies (op
amp and AID) power on before the negative supply. 
This will prevent latchup of the AID. 

Input Ranges 

Table 3 lists some common video signal ampli
tudes. For signals that exceed 1.2 V, the signal should 
be attenuated with a resistor divider network. 

When a full-scale range less than 0.7 V is used to 
digitize, the Bt254's integral linearity errors are con
stant 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. 

VREF= 2.SV 
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R1 =422 

IOUTO 

R2 = 169 

TO VOLTAGE 

FOLLOWER 

Figure 5. Increasing DAC Output Resolution. 



Application Information (continued) 

For example, when the reference difference is set to 
0.6 V, 0.6 V video signals may be digitized. However, 
the integral linearity error will increase to about ±1.8 
LSB, and the SNR will be about 40 db. With a refer
ence difference of 0.5 V, 0.5 V video signals may be 
digitized with an 1L error of about ±2 LSB and an 
SNR of about 39 db. 

Output Noise 

Although the NO does exhibit some output noise 
for a DC input, the output noise remains relatively 
constant for any input bandwidth. Competitive NO 
converters have no noise for a DC input; however, the 
output noise increases greatly as the input bandwidth 
and clock rate increase. 

The output noise of the NO may be reduced by ad
justing the duty cycle of the clock. This is especially 
true above 10 MHz clock operation. Uncorrelated 
noise less than 1 percent peak to peak will be per
ceived with the same quality as that of a consumer 11 
2-inch VCR. 

VAA 

Bt254 

PC Board Sockets 

If a socket is required, a low-profile socket is rec
ommended, such as AMP part no. 643066-2. 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can produce 
symptoms of catastrophic failure or erratic device be-
havior with somewhat leaky inputs. .. 

All logic inputs should be held low until power to 
the device has settled to the specified tolerance. ADC 
power decoupling networks with large time constants 
should be avoided. They could delay V AA power to 
the device. Ferrite beads must be used only for analog 
power V AA decoupling. Inductors cause a time con
stant delay that induces latchup. 

Latchup can be prevented by ensuring that all V AA 
pins are at the same potential and that the V AA supply 
voltage is applied before the signal pin voltages. The 
correct power-up sequence ensures that any signal pin 
voltage will never exceed the power supply voltage by 
more than +0.5 V. 

Bt254 

\r-...... --J REF+ 

Figure 6. Using an External Reference. 

Video Standard Nominal Worst Case 
Amplitude Amplitudes 

RS-170 w/o sync 1.0 V 0.9-1.1 V 
BLACK-WHITE 

RS-170 wi sync 1.4 V 1.2-1.6 V 
SYNC-WHITE 

RS-170A w/sync 1.2 V 1.0-1.4 V 
SYNC-WHITE 

RS-343A w/o sync 0.7 V 0./H}.85 V 
BLACK-WHITE 

Table 3. Video Signal Tolerances. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Voltage References 

Top xREF+ 0.7 1 2.0 V 
Bottom xREF- 0 0 1.3 V 
Difference (Top-Bottom) 0.7 1 1.2 V 

VIDO-VIDI Amplitude Range 0.5 VAA-O.5 V 
Multiplexer Compliance (DC) -0.2 +2.2 V 

(R,G,B) IN Amplitude Range 0.7 1 1.2 V 
(R,G,B) IN Input Range REF- V 

toREF+ 
CEXT AC Amplitude 0.2Vp-p 2.0Vp-p V 

(R,G,B) LEVEL Input Voltage GND-O.5 REF- REF+ V 
Zeroing Interval 60 150 lIS 
Ambient Operating Temperature TA 0 +70 °C 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 V 

Voltage on Any Signal Pin (Note 1) GND-O.5 VAA + 0.5 V 

Analog Input Voltage VIN, VIDx GND-O.5 VAA+O.5 V 

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) 

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 is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESO-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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DC Characteristics 

Parameter Symbol Min Typ Max Units 

AID Resolution 8 8 8 Bits 
AID Accuracy 

Integral Linearity Error (Note 1) 1L ±1 LSB 
Differential Linearity Error DL ±1 LSB 

AID Coding (Table 4) Binary 
No Missing Codes guaranteed 

(R,G,B) IN Inputs (Note 2) 
CLAMP=O 

Input Current (Leakage) m 1 J.IA .. 
Input Capacitance CAIN 35 pF 

CLAMP = 1 
Input Impedance R1N 50 n 

(R,G,B) VIDO,I Inputs (Note 3) 
Input Impedance to (R,G,B) OUT 

Input Selected 100 n 
Input Deselected 10 Mn 

Input Capacitance 15 pF 

(R,G,B) REF+ Reference Inputs 
Input Impedance 500 n 

Digital Inputs 
Input High Voltage VIH 2.0 V 
Input Low Voltage VIL 0.8 V 
Input High Current (Vin = 2.4 V) liB 1 J.IA 
Input Low Current (Vin = 0.4 V) ilL -1 J.IA 
Input Capacitance CIN 10 pF 

RGB (0-7) Digital Outputs 
Output High Vol~ge VOH 2.4 V 

(lOH = -400 J.IA) 
Output Low Voltage VOL 0.4 V 

(lOL = 1.6 mA) 
Three-State Current IOZ 1 J.IA 
Output Capacitance COUT 10 pF 

CSYNC* Digital Output 
Output High Voltage VOH 2.4 V 

(IOH = -400 J.IA) 
Output Low Voltage VOL 0.4 V 

(lOL = 1.6 rnA) 
Output Capacitance COUT 10 pF 

See test conditions and notes on next page. 
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DC Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

DO-D7 Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -400 IJA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
Three-State Current IOZ I IJA 
Output Capacitance COUT 10 pF 

IOUTO-IOUT5 Outputs 
DAC Output Current 0 2.5 rnA 
DAC Output Impedance 100 kQ 
DAC Output Capacitance 20 pF 

DAC Accuracy 
Differential Linearity Error DL ±r LSB 
Integral Linearity Error IL ±1 LSB 
Monotonicity guaranteed 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with (R,G,B)REF+ = 1 V and 
(R,G,B)REF- = GND. REF- S; Yin S; REF+ and (R,G,B) LEVEL = float. Typical values are based on nominal 
temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1: This is a best-fit linearity (offset independent). 
Note 2: (R,G,B) LEVEL = GND. 
Note 3: ROUT, GOUT, and BOUT connected to GND. 
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Vin (V) (R,G,B) 0-7 OE" 
(Note 1) 

>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 

Note 1: With (R,G,B)REF+ = 1.000 V 
and (R,G,B)REF'- = 0.000 V. 
Ideal center values. 
I LSB = 3.9063 mY. 

Table 4. AID Coding Example. 



Brooktree~ Bt254 
AC Characteristics 

Parameter Symbol Min Typ Max Units 

Conversion Rate Fs 20 MHz 

Multiplexer Switching Time Tmux 100 ns 

Clock Cycle Time 1 50 ns 
Clock Low Time 2 20 ns 
Clock High Time 3 20 ns 

PO--P7 Output Delay Time (Figure 7) 4 40 ns 
PO--P7 Output Hold Time 5 9 ns -OE* Asserted to PO--P7 Valid 6 20 ns 
OE* Negated to PO-P7 3-Stated 7 20 ns 

ZERO Setup Time 8 0 ns 
ZERO Hold Time 9 20 ns 
ZERO, CLAMP High Time (Note 1) 1 Clock 

Aperture Delay 10 10 ns 
Aperture Jitter 50 ps 
Full Power Input Bandwidth BW FS/2 MHz 

Transient Response (Note 2) I Clock 
Overload Recovery (Note 3) 1 Clock 
Zero Recovery Time (Note 4) I Clock 

RMS Signal-to-Noise Ratio SNR 
Fin = 4.20 MHz, Fs = 12.27 MHz 44 db 
Fin = 4.20 MHz, Fs = 13.50 MHz 44 db 
Fin = 4.20 MHz, Fs = 14.32 MHz 44 db 
Fin = 5.75 MHz, Fs = 13.50 MHz 43 db 
Fin = 5.75 MHz, Fs = 14.75 MHz 43 db 
Fin = 5.75 MHz, Fs = 17.72 MHz 43 db 
Fin = 10.0 MHz, Fs = 20.00 MHz 39 db 

RMS Signal & Distortion-to-Noise Ratio SINAD 
Fin = 4.20 MHz, Fs = 12.27 MHz 42 db 
Fin = 4.20 MHz,Fs = 13.50 MHz 42 db 
Fin = 4.20 MHz, Fs = 14.32 MHz 42 db 
Fin = 5.75 MHz, Fs = 13.50 MHz 41 db 
Fin = 5.75 MHz, Fs = 14.75 MHz 41 db 
Fin = 5.75 MHz, Fs= 17.72 MHz 41 db 
Fin = 10.0 MHz, Fs = 20.00 MHz 37 db 

Total Harmonic Distortion THD 
Fin = 4.20 MHz, Fs = 12.27 MHz 47 db 
Fin = 4.20 MHz, Fs = 13.50 MHz 47 db 
Fin = 4.20 MHz, Fs = 14.32 MHz 47 db 
Fin = 5.75 MHz, Fs = 13.50 MHz 47 db 
Fin = 5.75 MHz, Fs = 14.75 MHz 47 db 
Fin = 5.75 MHz, Fs = 17.72 MHz 47 db 
Fin = 10.0 MHz, Fs = 20.00 MHz 44 db 

See test conditions and notes on next page. 
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AC Characteristics (continued) 

Parameter Symbo Min Typ Max Units 

Spurious Free Dynamic Range SFDR 
Fin = 4.20 MHz, Fs = 12.27 MHz 50 db 
Fin = 4.20 MHz, Fs = 13.50 MHz 50 db 
Fin = 4.20 MHz, Fs = 14.32 MHz 50 db 
Fin = 5.75 MHz, Fs = 13.50 MHz 50 db 
Fin = 5.75 MHz, Fs = 14.75 MHz 50 db 
Fin = 5.75 MHz, Fs = 17.72 MHz 50 db 
Fin = 10.0 MHz, Fs = 20.00 MHz 47 db 

Analog Multiplexer Crosstalk 
All-Hostile Crosstalk (Figure 8) -50 db 
Single-Channel Crosstalk (Figure 9) -50 db 
Adjacent-Input Crosstalk (Figure 10) -50 db 

Differential Gain Error (Note 5) DG 2 % 
Differential Phase Error (Note 5) DP 1 Degree 

Supply Current (Note 6) IAA 270 390 rnA 
(Excluding REF+ ) 

AO, Al Setup Time 11 10 ns 
AO, Al Hold Time 12 10 ns 

RD"', WR* High Tiqle 13 50 ns 
RD* Asserted to Data Bus Driven 14 1 ns 
RD'" Asserted to Data Valid 15 40 ns 
RD* Negated to Data Bus 3-Stated 16 20 ns 

WR*LowTime 17 50 ns 
Write Data Setup Time 18 10 ns 
Write Data Hold Time 19 10 ns 

Pipeline Delay (Note 7) 2 2 2 Clocks 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with 
(R,G,B)REF+ = 1 V and (R,G,B)REF- = GND. REF- ~ Yin ~ REF+ and (R,G,B) LEVEL = float. 
TTL input values are 0-3 V with input rise/fall times ~ 4 ns, measured between the 10-percent and 
90-percent points. Timing reference points at 1.5 V for digital inputs and outputs. DO-D7 output 
load ~ 40 pF. CSYNC*, RO-R7, GO-G7, and BO-B7 output load ~ 40 pF. ROUT, GOUT, BOUT, 
and IOUTO-IOUT5 output load ~ 40 pF. Typical values are based on nominal temperature, i.e., 
room temperature, and nominal voltage, i.e., 5 V. See timing waveforms (Figures 11 and 12). 

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 > 1.2 V 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 = 5.0 V, Fin = 4.2 MHz, and Fs = 14.32 MHz, TeASE = Ambient. 

IAA (max) at VAA = 5.25 V, Fin = 10 MHz, and Fs = 20 MHz, TeASE = 0° C. 
Note 7: Pipeline delay is defined as discrete clock-period delays in addition to the half-cycle 

sampling delays. 
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AC Characteristics (continued) 
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Figure 7. Bt254KPJ Output Delay versus Capacitive Loading. 

Test Circuits 

RVIDO 

S] 
GVIDO 

S2 
BVIDO 

S3 
RVIDI 

S4 
GVIDI 

SS 
BVIDI 

IK 

r------/RVIDO 
VOUT 

ROUTt---J \ 

37.S GVIDO 

.... -----jBVIDO 
IK 

.... -----jRVIDI GOUTt---J \ 

OV_2V 

SMHZ 

(7S0HMS) 

..... -----jGVIDI 

.... -----jBVIDI BOUTt---~ 

VIN 

1. RVIDO SELECTED 

2. XT ALK = 20 LOG (VOUT I VIN) 

IK 

Figure 8. All-Hostile Crosstalk Test Circuit. 
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GVIDO 

HVIDO 

BVIDl 

GVIDI 

RVIDl 
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GOUT 
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\. RVIDO SELECTED \. RVlDI SELECTED 

Bt254 

lK 

lK 

lK 

OV-2V 

SMHZ 

(7S OHMS) 
2. XTALK = A VERAGE VALUE OF 20 LOG (VOUT I VIN) 

SCANNED SEQUENTIALLY FROM SI TO SS 

OV_lV 

SMHZ 

(7S0HMS) 
2. XTALK = 20 LOG (VOUT I VIN) 

3. OPEN VID INPUTS HAVE 7S OHM TERMINATION 

TOGNO 

Figure 9. Single-Channel Crosstalk Test Circuit. Figure 10. Adjacent-Input Crosstalk Test Circuit. 
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Timing Waveforms 
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DO - D1 (READ) 
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ZERO 

RCLOCK, GCLOCK, 

BCLOCK 
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BIN 
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SECTION 3 
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V DATA OUT (RD' = 0) 
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f DATA IN (WR' = 0) 
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- -19 

Figure 11. MPU Read/Write Timing. 

Figure 12. Video Input/Output Timing. 
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Analog Multiplexer Circuit 

RVIDO/ .-.--+- SELO 

GVIDO/ --{Xl-1f--t__{X)----. 
BVIDO '-+-f-+- SELO' 

RVIDI/ 
,--,.--.- SELl 

GVIDI/ --{>O-1I-.-00------' 
BV1DI 

Y--t-t-SELI' 

Ordering Information 

Model Number Speed 

Bt254KPJ20 20 MHz 

ROUT/GOUT/BOUT 

+ CMOS TRANSMISSION GAm: 

ON=SOOIlMS 

OFF = 10M OIlMS 

Package 

84-pin Plastic 
J-Lead 

Ambient 
Temperature 

Range 

00 to +700 C 

Bt254 

Bt254EVM Evaluation Board for the Bt254. Includes a Bt254KPJ30. 
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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 

• Programmable 12-bit Video Timing • Image Processing 
• Bidirectional HSYNC and CLOCK Pins • Video Digitizing 
• Horizontal Sync Noise Gating • Desktop Publishing 
• Extemal VCO Support • Graphic Art Systems 
• Standard MPU Interface 
• TTL Compatible 
• + 5 V Monolithic CMOS 
• 28-pin PLCC Package 
• Typical Power Dissipation: 300 m W 

Functional Block Diagram 

00-07 RD' WRo AD 

Brooktree Corporation· 9950 Barnes Canyon Rd. ·,San Diego. CA 92121-2790 
(619) 452-7580· (800) VIDEO Ie· TLX: 383596· FAX: (619) 452-1249 
L261001 Rev. F 

Bt261 
30 MHz Pixel Clock 
Monolithic CMOS 
HSYNC Line Lock 

Controller 

Product Description 

The Bt261 HSYNC Line Lock Controller is 
designed specifically for image capture ap
plications. 

Either composite video or TTL composite 
sync information is input via VIDEO. An in
ternal sync separator separates horizontal 
and vertical sync information. Programma
ble horizontal and vertical video timing ena
bles recovery of both standard and nonstan
dard timing information. 

An external VCO may be used in con
junction with the on-chip phase comparator 
for implementation of clocks locked to the 
horizontal frequency. 

Alternately, a high-speed clock (OSC) 
may be divided down to generate the pixel 
clock. The phase of the generated pixel 
clock is adjusted to align with the noise
gated CSYNC. The higher the OSC clock 
rate, the lower the pixel clock jitter (the 
maximum being one half the OSC clock pe
riod). The OSC inputs may be configured to 
be either TTL or ECL compatible. Thus, 
four TTL clocks, two TTL clocks and one 
differential ECL clock, or two differential 
ECL Clocks may be used. The ECL clock in
puts are designed to be driven by lOKH 
ECL using a single +5 V supply. 

The CLAMP and ZERO outputs are pro
grammed by the MPU to DC restore the vid
eo signal and to zero the Image Digitizer or 
NO converter at the appropriate time. 



Bt261 
Circuit Description 

MPU Interface 

As seen in the functional block diagram, the 
Bt261 supports an MPU interface via (DO-D7, 
RD*, WR*, and AO). MPU operations are asyn
chronous to the clocks. Refer to the Timing Wave
forms section for further information. 

AO is used to select either the internal 5-bit ad
dress register (AO = logical zero) or the control 
register specified by the address register (AO = 
logical one). ADDR5-ADDR7 are ignored during 
MPU write cycles, and are in an unknown state 
when read by the MPU. ADDRO corresponds to 
DO and is the least significant bit. ADDRO
ADDR4 increment following any MPU read or 

ADDRO - ADDR4 Addressed by MPU 

$00 command registecO 
$01 command registecl 
$02 command registec2 
$03 command register_3 
$04 VSYNC sample register 
$05 OSC count low register 
$06 OSC count high register 
$07 status register 
$08 HSYNC start low register 
$09 HSYNC start high register 
$OA HSYNC stop low register 
SOB HSYNC stop high register 
SOC CLAMP start low register 
SOD CLAMP start high register 
$OE CLAMP stop low'register 
$OF CLAMP stop high register 
$10 ZERO start low register 
$11 ZERO start high register 
$12 ZEROstop low register 
$13 ZERO stop high register 
$14 FIELD gate start low register 
$15 FIELD gate start high register 
$16 FIELD gate stop low register 
$17 FIELD gate stop high register 
$18 noise gate start low register 
$19 noise gate start high register 
$IA noise gate stop low register 
$IB noise gate stop high register 
$IC HCOUNT start low register 
$ID HCOUNT start high register 
$IB reserved 
$IF reserved 

Table 1. Internal Register Addressing. 
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write cycle to a control register other than the ad
dress register. MPU write cycles to reserved ad
dresses are ignored and MPU read cycles from re
served addresses retum invalid data. 

Table 1 shows the internal register addressing. 

Video Input / Sync Detector 

Either an AC-coupled video signal or a DC
coupled TIL-compatible composite sync signal 
may be input via the VIDEO .input pin (negative
going sync polarity). When AC coupled, the 
clamping circuitry attempts to force the VIDEO 
pin voltage during sync tips to VCc/2. 

Command registecO specifies the threshold 
above the sync tip to use for sync detection. If the 
sync tip on VIDEO is below the selected thresh
old, composite sync information is detected and 
output onto CSYNC* with no pipeline delay and 
asynchronous to the pixel clock. 

Typically, the VIDEO input will be connected 
to the TTL-compatible CSYNC* output of the 
Bt2521254 Image Digitizer, and the highest sync 
slicing level will be selected. 

Horizontal Counter 

The rising edge of pixel clock (CLOCK) incre
ments a 12-bit horizontal counter used to generate 
horizontal video timing information. The value of 
the counter is compared to various registers to de
termine when signals are to be asserted (set high) 
and negated (set low). $000 corresponds to the 
falling edge of CSYNC*. When the part is used 
with an external high-speed oscillator and divided 
down to generate the pixel clock, there is no pipe
line delay between CSYNC* and count zero. How
ever, when the part is used in phase locked loop 
mode with an external VCO, there is a three-pixel
clock pipeline delay between CSYNC* and count 
zero. 

Horizontal Sync Separation 

The Bt261 separates horizontal sync informa
tion from CSYNC* by use of the horizontal noise 
gate register, which derives gated composite sync 
by removing equalization and serration pulses at 
half-line intervals. 



Circuit Description (continued) 

Two 12-bit noise gate start and stop registers 
specify at what horizontal count (with pixel clock 
resolution) to respectively ignore or accept falling 
sync transitions on CSYNC*. 

The sync noise gating is provided to filter incor
rect horizontal sync information from noisy video 
signals. The noise gating also serves a second pur
pose: to filter serration and equalization pulses at 
half-line intervals from CSYNC* during the verti
cal retrace interval. This enables steady synchroni
zation of horizontal sync information during verti
cal retrace intervals. 

HSYNC Input/Output 

The HSYNC output may be programmed to be 
either active high or active low. The start value 
sets the rising edge and the stop value sets the fall
ing edge of HSYNC relative to count zero of the 
horizontal counter. The beginning or falling edge 
of HSYNC is typically programmed to be coinci
dent with the beginning of the noise-gated 
CSYNC*. 

The HSYNC output may be three-stated via the 
command register. 

HSYNC may also be configured as an input, 
enabling external circuitry to generate HSYNC 
and drive the phase comparator. . 

VSYNC* Output 

The VSYNC register defines the clock count 
from the falling edge of nongated CSYNC* at 
which point CSYNC* is sampled to determine if 
the video signal is in the vertical interval. Since 
nongated CSYNC is used to start the VSYNC 
counter, two samples per horizontal line are taken 
during the vertical interval because of equalization 
and serration pulses. 

For each scan line that the sample is a logical 
zero, the VSYNC* output is a logical zero. Thus, 
the VSYNC sample register should be pro
grammed so that the sample occurs well after the 
end of CSYNC* and before subsequent equaliza
tion/serration pulses. VSYNC is output on the ris
ing edge of PCLK. 

FIELD Output 

The FIELD output is derived from the vertical 
sync information. By positioning the FIELD gate 
start/stop values a half-line interval apart, the half-
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line delay in vertical sync during tQe second field's 
vertical interval can provide a signal to distinguish 
the fields. 

The FIELD output is clocked by VSYNC*. 
Therefore, FIELD start and stop values should not 
coincide with VSYNC or VSYNC + HCOUNT/2. 
The FIELD GATE start and stop values define the 
clock count, from the beginning of the horizontal 
counter, at which to set the input to a register high 
(start value) or low (stop value). This register is 
clocked by VSYNC, which occurs half a line later 
in the transition from field 1 to field 2. The FIELD 
start and stop values must be separated by, approx
imately, HCOUNT/2, so that opposite states are re
ported on subsequent fields. The polarity is such 
that, with the FIELD GATE start. value pro
grammed less than the stop value, FIELD output is 
toggled high to indicate the beginning of field 1 
and toggled low to indicate the beginning of field 
2. The polarity of the FIELD pin may be inverted 
by swapping the start and stop register values. 

Figure 1 illustrates the operation of the FIELD 
gate and FIELD output. 

CLAMP and ZERO Outputs 

The CLAMP and ZERO outputs are provided to 
control the clamping and zero timing of the AID 
converter or Image Digitizer. The start and stop 
timing is programmable by the MPU (in pixel 
clock cycles). ZERO is used to autocalibrate the 
comparators of the AID converter or Image Digi
tizer. CLAMP is used to DC-restore the video sig
nal. Both CLAMP and ZERO may be pro
grammed to be either active high or active low. 

Capture Output 

The Bt261 outputs a CAPTURE signal, which is 
a command register bit (CROS) synchronized to 
the vertical sync or FIELD signals. 

To capture a single frame of video in an inter
laced system, the MPU resets the capture bit 
(CRS) low, then sets it high before the next rising 
edge of field. At the rising edge of FIELD, the 
CAPTURE output will be set to a logical zero until 
the next rising edge of FIELD (one frame time), 
when the CAPTURE output is set high. 

In a non-interlaced system, the MPU resets the 
capture bit (CRS) low, then sets it high before the 
falling edge of VSYNC*. When the falling edge 
of VSYNC* occurs, the capture output will be set 
high until the next falling edge ofVSYNC*. 

IMAGING 3-67 
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Figure 1. FIELD Gate and FIELD Output Operation. 

External VCO Pixel Clock Generation 

An external VCO or pixel clock may be used to 
drive the Bt261, as shown in Figure 2. The pixel 
clock signal (from the VCO if one is used) is connect
ed to anyone of the OSC input pins (the one used 
must be selected by command bits CROO-CR02). 
When the clock pin is configured as an input, it must 
also· be driven by the pixel clock signal. The VCO 
must have positive control voltage (positive voltage 
forces a higher frequency). 

An o~-chip phase comparator is available to com
pare the phase of HSYNC and the falling edge of the 
noise-gated CSYNC*. 

If the falling edge of the noise-gated CSYNC* oc
curs before the falling edge of HSYNC, the phase 
comparator "dumps" a charge onto an external capaci
tor, increasing the VCO frequency. If the falling edge 
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of noise-gated CSYNC* occurs after the falling edge 
of HSYNC, the phase comparator "sinks" a charge 
from the external capacitor, decreasing the VCO fre
quency. Because of the internal delay elements, the 
phase comparison ~c,urs approximately 500 ns after 
the falling edge of CSYNC*. 

The output of the phase comparator is PCOUT and 
it is a TTL-compatible three-statable output, which as
sumes a high-impedance state outside the phase
comparison window. The width of the output pulse on 
PCOUT is equal to the phase difference with a gain of 
47t1VCC. 

. The "divide-by-N" for the PLL loop is the 12-bit 
HCOUNT register. Command register bits CR07 and 
CR06 must be set to (1,0) for'proper operation. This 
configures the horizontal counter to be reset to zero 
upon reaching the HCOUNT value, which should be 
set to the number of pixels per line, minus 1. 



Brooldree® Bt261 
Circuit Description (continued) 

HSYNC' lags CSYNC' 

~
- - - - - Increase Frequency (PCOUT = 5V) 

- No Change (PCOUT = High Impedance) 

- - - - HSYNC' leads CSYNC' 
Second Order Loop Filter With /" Decrease Frequency (PCOUT = OV) 

Zero Included for Loop Stability r-------------I 
, R3 I 

r-~~--~--~~~-+~PCOUT , 
:~ , , , 8t261 
'1G2 ' L---f"---------i 

Voltage Control K 
0-5V 

Figure 2. External VCO Configuration. 

Phase/Frequency Detector Operation 

The phase comparator compares the phase of the 
falling edge of the noise-gated CSYNC* and generat
ed HSYNC. The HSYNC can be either internally gen
erated (and optionally output onto the HSYNC pin) or 
an external HSYNC signal can be input via the 
HSYNCpin. 

Two Forms of Noise Gating A vai/able 

The Bt261 offers two forms of noise gating to re
move half-line serration and equalization pulses dur
ing the vertical interval, which can cause loop distur
bances and wavering at the beginning of the displayed 
field. The first is a digital noise gate that is pro
grammed in pixel clock events following the falling 
edge of composite sync. The noise-gate start must oc
cur before the halfway point (HCOUNT/2). The noise
gate stop value must relate to a clock count a maxi
mum distance from the end of line, defined as one half 
the minimum width of the serration pulse, less 500 ns. 
One half the equalization pulse provides the maximum 
error deviation for correct phase comparison. The 500 
ns delay is required because of the offset used during 
phase limiting. Even when phase limiting is disabled, 
this delay is included in both the noise-gated CSYNC* 
and generated HSYNC* paths. Therefore, it must be 
accounted for in the noise-gate stop value (see Figure 
3a-d). The earliest possible noise-gate stop value per
mits the widest phase-error tracking range. For an ac
quisition range greater than one half the minimum 
equalization pulse width (±2.3 J..ls or 3.6 percent of 
nominal RS170A), the noise gate should be set trans
parent by programming a start value greater than 
HCOUNT and a stop value less than HCOUNT until 
lock is verified in the active field. The status registers 
can be monitored to verify lock. 

A second analog noise gate is activated through the 
phase-limit feature. This function limits the duration of 
phase correction to about 500 ns per coincidence of 
noise-gated CSYNC* and generated HSYNC. The 
Phase Frequency Detector (PFD) makes its compari
son about 500 ns after each falling transition of either 
HSYNC or CSYNC*. However, with phase limiting 
enabled, the comparison occurs only for a 500 ns inter
val while both signals are low. Thus, by limiting phase 
comparison to a 500 ns window, transitions at half-line 
intervals are not detected. The phase truncation that 
occurs when this feature is used limits the instantane
ous phase-error impulse to about 500 ns that the loop 
can track. This may not be adequate for some video 
signal sources, such as heterodyne VCRs (without 
time-base correction) or electronic still photography 
(e.g., floppy disk) cameras. If the Bt261 is pro
grammed to permanently phase limit (CR22 set low), 
the phase-comparison duty is only -0.8 percent and 
loop settling time is prolonged dramatically. Figures 3, 
4, and 5 are block diagrams and examples demonstrat
ing noise gating and phase limiting. 

Both forms of noise gate can be used together for 
maximum acquisition range with phase-error impulse 
tracking up to -3.6 percent of the line rate (the maxi
mum depends upon the minimum width of serration 
pulses). For an acquisition range that exceeds ±2.3 J..ls, 
the digital noise gate must be set transparent by tempo
rarily setting noise-gate start value greater than 
HCOUNT with a stop value less than HCOUNT. Ac
quisition can then be automatic and the phase-limit 
feature (CRlO = CR22 = 1) can be used with phase
lock pixel count (CR27-CR24) programmed for less 
than 500 ns and the phase-lock line count (CR37-
CR30) programmed for less than the field line count, 
minus the closed-loop settling time. When phase lock 
is verified (by strobing CRlO low and reading back 
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Figure 3. (a) Actual Gate-Level Implementation of Phase Limiting and Noise Gating 
(b,c, and d) Minimized Block Diagrams Corresponding to Waveforms in Figure 5. 
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Causes of error: • Active video with error = 2 ~s • Noise • Beginning of VBI with 

Externally input 
composite sync 

Generated 
horizontal sync 

Phase-comparator 
output without gating or 
limiting (Figure 3b.) 

Phase-comparator output 
with phase limiting only 
(Figure 3c.) 

User-programmed 
digital noise gate 

Phase-comparator output 
with digital noise-gate 
phase limiting disabled 
(Figure 3d.) 
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Note 1: Phase limiting will not adjust for errors greater than HSYNC width, correctly ignoring half-line equalization pulses. 
Note 2: The digital noise gate will activate the phase comparator correctly but not deactivate, which would improperly set the 

VCO input voltage. 
Note 3: This is an improperly programmed digital noise gate with erroneous phase-comparator output. Noise-gate stop 

value is not within 500 ns of the end of line. 

In general, the digital noise gate will improperly activate the phase-comparator if the error in the VBI is greater 
than ± 112 serration pulse width. 

Figure 5. Examples of Phase Comparator Operation With Different Types of Error and Different 
Implementations of Phase Limiting and Noise Gating. 
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SRO = 1 or monitoring SR05), the digital noise-gate 
can be reactivated by restoring the noise-gate start val
ue to less than HCOUNT/2. When the digital noise 
gate is active, the phase-limit feature should be disa
bled for maximum phase-error tracking range (deter
mined by the phase-lock loop's closed-loop impulse 
response, but limited by one-half minimum serration 
pulse or noise-gate width). If instantaneous phase er
rors exceed phase-lock pixel count, the status register 
SROO bit is forced to zero, even though the loop may 
be tracking the phase-error impulses. Since large 
phase errors usually occur in the vertical blanking in
terval, it is prudent to reset and monitor the lock status 
bit after the phase-lock line count has expired in the 
active field. A consistent zero in SROO would dictate 
restarting the acquisition sequence outlined above to 
maintain phase lock. Similarly, SR05 may be moni
tored to determine locking status. 

The Status Registers SRDD andSRD5 
Used in Automatic Phase Limiting 

Bits 0 and 5 of the status register can be used to de
bug phase-locked-loop operation of the Bt261. Phase
lock pixel-count bits CR27-CR24 define a pixel count 
used by the Bt261 to determine if the part is in 
"Lock." The Bt261 compares the time during which 
the phase comparator is active (the PLL correction 
time) with the time defined in pixel count. If the com
pare time is less than phase-lock pixel count, the loop 
is considered locked and SROO is not altered. If the 
compare time is greater than the phase-lock pixel 
count, SRoo is reset to zero. Previous to query, SRoo 
must be set to one by writing to command bit CRI2. 

CR37-CR30 contains the phase-lock line count. 
This register determines the number of lines that must 
have a phase error less than that defined in the CR27-
CR24 phase-lock pixel count for the system to be con
sidered continuously locked. SR05 is reset to zero if 
there have been phase-lock line-count number of con
tinuous lines with phase error less than that defined in 
the phase-lock pixel count. SR05 cannot be altered by 
the MPU. SR05 is set to one if SROO is set to zero on 
any line (indicating a phase error greater than that de
fined in phase-lock pixel count). 

Bit 5 of the status register is used by the phase
limiting circuitry to determine if phase limiting should 
be enabled or disabled. If phase limiting is automatic, 
i.e., when phase limiting is enabled and lock is not 
overridden, (CRlO = CR22 = 1), SR05 determines 
whether phase limiting should be performed. SR05 is 
the lock control indicated in Figure 3a. 
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The active period compared with the value in 
CR27-CR24 is output directly from the phase compar
ator. Because of this, all digital noise-gate and phase
limit operation is included when the phase error is 
compared with the phase-lock pixel-count value. 
Therefore, the value in CR27-CR24 must be less than 
500 ns in the typical case "Or 350 ns in the worst case 
commercial temperature range. This requirement en
sures that a phase-limited line is not incorrectly inter
preted as a locked line. 

SR05 can be used as a PLL debug tool. It tne status 
register is addressed and the RD* pin of the Bt261 is 
held low, then SR05 will indicate the lock status. This 
bit will set low when lock is held for the number of 
lines defined in the phase-lock line count. When this 
condition is observed while the phase-comparator out
put is viewed through two vertical intervals, the Bt261 
response relative to the loop performance can be stud
ied. Lock should be indicated well before the next ver
tical interval (see Figure 6). Phase-limit enable must 
be deactivated during this evaluation (CRIO = 0); oth
erwise, phase limiting will affect the ability to monitor 
the loop-acquisition time. 

PCOUT 

SR5 

One Field of Video 

Figure 6. PLL Performance Can Be 
Monitored Using SR05. 

Asynchronous (Unlocked) Pixel Clock 
Generation 

Four oscillator clock inputs are provided (OSC), se
lectable by the MPU, configurable as either TTL or 
differential ECL inputs (designed to be driven by 
lOKH ECL using a single +5 V supply). 

The selected OSC input is divided down to the de
sired pixel clock rate and duty cycle. The pixel clock 
low and high times are programmable by the MPU (as 
a function of OSC clock cycles) via the OSC count low 
and high registers. Note that both the rising and falling 
edge of the OSC inputs are used when specifying the 
OSC count (for example, values of 2 for the OSC 
count low and high registers will divide the OSC clock 
symmetrically by two). 



Circuit Description (continued) 

The generated pixel clock is synchronized to the 
falling edge of the noise-gated CSYNC* each scan 
line. Each time a horizontal sync is detected on the 
VIDEO input, the CLOCK output is resynchronized 
by the OSC clock so that the beginning of a pixel 
clock cycle and the falling edge of the noise-gated 
CSYNC* are coincident (see Figure 7) within one half 
the period of the OSC input. While there is some sam
pling jitter on CLOCK associated with the falling edge 
of CSYNC*, the residual jitter in the remaining line 
interval is strictly a function of the OSC clock source 
jitter, symmetry, and amplitude/slew rate jitter, at the 
OSC input. Differential OSC signals of fast edges will 
minimize the latter contribution. 

There are three ways of controlling the horizontal 
counter, as determined by command bit CR07 and 
CR06. 

CR07 and CR06 are (0,1): if a falling edge of the 
noise-gated CSYNC* does not occur before the num
ber of pixel clock cycles specified by HCOUNT, the 
horizontal counter stops at the HCOUNT value and is 
held there until the next falling edge of the noise-gated 
CSYNC*, at which time it is reset to zero. CLOCK 
stops in the high state at the HCOUNT value, until the 
next falling edge ofthe noise-gated CSYNC*. 

If a falling edge of the noise-gated CSYNC* occurs 
before the number of pixel clock cycles specified by 
HCOUNT, the horizontal counter is reset to zero by 
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the falling edge of the noise-gated CSYNC*. CLOCK 
will be continuous and is resynchronized to each fall
ing edge of the noise-gated CSYNC*. This mode is 
used if the number of pixel clock cycles per scan line 
is known and is a fixed number. 

CR07 and CR06 are (1,1): if a falling edge of the 
noise-gated CSYNC* does not occur before the num
ber of pixel clock cycles specified by HCOUNT, the 
horizontal counter is reset to zero upon reaching 
HCOUNT, and begins incrementing again, until the 
next falling edge of the noise-gated CSYNC* or 
HCOUNT value is reached. CLOCK is continuous 
and is resynchronized to each falling edge of the 
noise-gated CSYNC*. 

If a falling edge of the noise-gated CSYNC* occurs 
before the number of pixel clock cycles specified by 
HCOUNT, the horizontal counter is cleared at the fall
ing edge of the noise-gated CSYNC*, and begins in
crementing again, until the next falling edge of the 
noise-gated CSYNC* or HCOUNT value is reached. 
CLOCK will be continuous and is resynchronized to 
the falling edge of the noise-gated CSYNC*. This 
mode is used if the number of pixel clock cycles per 
scan line is not known or an arbitrary value is to be 
used. 

CR07 and CR06 are (1,0): Resets H counter at 
HCOUNT only. 

NOiS~:~:~ ~~ 

Clock -1lJuu~ 
lil/ .. 1· .... HCOUNT 1 1 HCOUNT 1 08t7 ' " '. 

Noise·Gated --nll 
CSYNC lliJL.J.~.Lf-~--------

Clock 
OSCCount I L Low OSC Count 

. High 

~ 
: Clock Cycle Restarted 

OSCUULnJL 

Figure 7, Pixel Clock Output Timing When Generated From 
Higher Speed Oscillator. 
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Internal Registers 

Horizontal Counter 

The 12-bit horizontal counter is incremented on the rising edge of CLOCK. It is not accessible by the MPU. 

Command Register_O 

This command register may be written to or read by the MPU at any time and is not initialized. CROO corresponds to DO 
and is the least significant bit. 

CR07,CR06 

CR05 

CR04, CR03 

CR02-CROO 

Horizontal counter control 

(00) reserved 
(01) reset each noise-gated CSYNC* 
(10) reset to zero upon reaching HCOUNT 
(11) use both modes (01) and (10) 

Capture strobe 

Sync detect select 

(00) 25 mV 
(01) 50mV 
(10) lOOmV 
(11) 125 mV 

Clock input select 

(000) TTL compatible OSCI 
(001) TTLcompatibleOSCI* 
(010) TTL compatible OSC2 
(011) TTL compatible OSC2* 
(100) ECL compatible OSCI, OSCI * 
(101) ECL compatible OSC2, OSC2* 
(110) reserved 
(111) reserved 
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A value of (01) forces the horizontal counter to be 
reset to zero at the beginning of every noise-gated 
CSYNC*. These modes should be selected when 
using a high-speed oscillator to divide down and 
generate the pixel clock. 

A value of (1D) specifies that the horizontal counter 
will be reset to zero upon reaching the HCOUNT 
value. This mode should be selected when using 
the horizontal counter as a simple divide-by-N 
circuit (such as when using an external VCO in a 
traditional phase-locked loop application). Mode 
II can be used to correct for missing sync pulses 
on the input video. 

This bit is synchronized to VSYNC* and FIELD 
and output onto the CAPTURE output pin. 

These bits specify how much above the sync. tip to 
slice VIDEO for sync detection. If inputting TTL 
sync information, the highest slicing level should 
be selected. 

These bits specify which OSC input is to be used to 
generate pixel clock information. ECL input 
selection is compatible with lOKH differential 
ECL driven by a single +5 V supply. 

Note: When the clock pin is driven, the selected 
OSC pin(s) must also be driven. 
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Command Registe,_1 

This command register may be written to or read by the MPU at any time and is not initialized. CRIO corresponds to DO 
and is the least significant bit. 

CR17 

CRI6 

CRI5 

CRI4 

CRI3 

CRI2 

CRll 

CRIO 

Interlaced or noninterlaced select 

(0) noninterlaced operation 
(1) interlaced operation 

CLOCK output disable 

(0) drive CLOCK output 
(I) three-state CLOCK output 

CSYNC* output disable 

(0) drive CSYNC* output 
(1) three-state CSYNC· output 

VSYNC* output disable 

(0) drive VSYNC· output 
(I) three-state VSYNC· output 

HSYNC output disable 

(0) drive HSYNC output 
(I) three-state HSYNC output 

Reset lock loss status bit 

(0) set status bit SROO 
(I) inactive 

Phase comparator input select 

(0) HSYNC pin 
(I) internally generated HSYNC 

Phase limit enable 

(0) inlIibit phase limiting 
(1) enable phase limiting 

This bit specifies whether an interlaced or 
noninterlaced video signal is being digitized. The 
MPU must write a logical zero followed by a 
logical one to this bit to reset the status bit (SROO) 
to a logical one. 

This bit specifies whether the CLOCK pin is 
three-stated (logical one) or is actively driven 
(logical zero). A logical one enables an external 
pixel clock to drive the internal counters. 

This bit specifies whether the CSYNC· output is 
three-stated (logical one) or is actively driven 
(logical zero). 

This bit specifies whether the VSYNC* output is 
three-stated (logical one) or is actively driven 
(logical zero). 

This bit specifies whether the HSYNC output is 
three-stated (logical one) or is actively driven with 
the internally generated HSYNC signal (logical 

. zero). If external circuitry is driving the HSYNC 
pin, this bit must be set to a logical one. 

This bit sets SROO, which is used to indicate loss of 
lock. The MPU must write a logical zero to this bit 
to restart the process. 

One input to the phase comparator is recovered 
composite sync. The other input to the phase 
comparator is specified by this bit to be either the 
internally generated HSYNC or the HSYNC pin. 
When an external source is driving the HSYNC 
pin, this bit should be set to a logical zero. 

If this bit is a logical one, both horizontal sync 
signals (recovered and either internally or 
externally generated) must be present to adjust the 
VCO frequency. If one is missing, the VCO 
frequency is not adjusted. If this bit is a logical 
zero, a missing horizontal sync signal will adjust 
the VCO frequency. 
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Command Register_2 

This command register may be written to or read by the MPU at any time and is not initialized. CR20 corresponds to DO 
and is the least significant bit. 

CR27-CR24 

CR23 

CR22 

CR21, CR20 

Phase lock pixel count 

(0001) 2 clock cycles 

(1111) 16 clock cycles 

Pixel clock mask enable 

(0) continuous pixel clock 
(I) stop pixel clock at HCOUNT 

Lock override 

(1) normal operation 
(0) tell phase comparator it's locked 

Pixel clock select 

(00) OSC inputs 
(01) external pixel clock 
(10) OSC drives CLOCK direct 
(11) reserved 

3-76 SECTION 3 

These bits specify the maximum number of pixel 
clock cycles between the falling edge of 
noise-gated CSYNC* and the HSYNC signal 
~eltner internaiiy or externaiiy generareu) LO De 
considered locked. 

If the number of pixel clock cycles between the 
falling edge of noise-gated CSYNC* and the 
HSYNC signal exceed this value, lock is 
considered to be lost for that scan line, and the lock 
loss status bit (SROO) is set to a logical zero. 

If this bit is a logical one, the CLOCK output is 
stopped in the logical one state when the horizontal 
counter reaches the HCOUNT value. This ensures 
a minimum pulse width when the noise-gated 
CSYNC* signal is asynchronously sampled. If it is 
a logical zero, the CLOCK output will 
continuously clock (if command bit CRI6 is a 
logical zero). This bit is ignored if an external 
pixel clock is driving the CLOCK pin (command 
bit CRl6 is a logical one). 

If the Bt26l goes out of lock, the phase limiter is 
automatically disabled until it is back in lock. If 
this bit is a logical zero, this function is overridden. 

These bits specify whether to use the 
OSC-generated pixel clock or an external pixel 
clock (driving the CLOCK pin) to clock internal 
counters. 

In mode (00), the selected OSC input(s) is divided 
down by the OSC count registers to generate the 
pixel clock (CLOCK). 

If mode (01) is selected, an external pixel clock 
must drive the CLOCK pin and one of the OSC 
inputs. Command bit CRI6 must be a logical one. 

If mode (10) is selected, the OSC clock is output 
directly onto the CLOCK pin. The OSC count low 
and high registers are ignored. 
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Internal Registers (continued) 

Command Register_3 

This command register may be written to or read by the MPU at any time and is not initialized. CR30 corresponds to DO 
and is the least significant bit. 

CR37-CR30 Phase lock line count 

(0000 0000) I scan line 
(0000 0001) 2 scan lines 

(1111 1111) 256 scan lines 

VSYNC Sample Register 

These bits specify the number of consecutive scan lines for 
which lock must be maintained. If lock is not maintained 
for the specified number of scan lines, the phase limiter is 
disabled only if command bit CR22 is a logical one. SR05 
is set to zero if lock is maintained for the specified number 
of scan lines. 

This 8-bit register specifies the number of pixel clock cycles after the falling edge of nongated CSYNC* at which to 
sample the CSYNC* signal each scan line. By doing this, two samples per line will be taken during the vertical interval 
when half-line pulses are present. The FIELD gate is programmed with the horizontal counter values (which use only 
noise-gated CSYNC*); when sampling of the input sync occurs, VSYNC will toggle one half-line earlier at the beginning 
of field two as opposed to the beginning of field one. This register may be written to or read by the MPU at any time and is 
not initialized. Values from $00 (I) to $FF (256) may be specified. A value of 118 HCOUNT is recommended (-8 I1s for 
the 15.75 KHz line-rate video). This is different from the 114 and 3/4 HCOUNT required for FIELD-gate start and stop 
values, and greater than the 5 I1s maximum width of sync pulses. For a conventional video input with negative-going 
syncs, this produces a negative-going VSYNC* at the number of clock cycles specified after the falling CSYNC* edge. 
There is a 3-pixel-clock pipeline delay in clearing the horizontal counter when the part is used in phase-lock loop mode. 
When the pixel clock is generated by dividing down an external oscillator, this delay is in oscillator clocks. Thus, the 
output of this signal with respect to CSYNC* may be delayed (see Figure 8). 

OSC Count Low and High Registers 

These two 4-bit registers specify the number of rising and falling edges of an OSC input the pixel clock output (CLOCK) 
is to be low and high. Values from $02 (2) to $OE (15) may be specified. These registers may be written to or read by the 
MPU at any time and are not initialized. A value of $00 results in no pixel clock generation while the OSC inputs are used. 
The counters clock on both the rising and falling edge of the selected OSC input. For example, values of 4, 4 in OSC count 
low and high would result in a pixel clock with one fourth the frequency of the oscillator. 

Status Register 

This status register may be read by the MPU at any time and is not initialized. MPU write cycles to this register are 
ignored. SROO corresponds to DO and is the least significant bit. 

SROO 

SR05 

Lock-loss status (pixel count related) 

(0) lock loss detected 
(I) reset or no lock loss 

Lock-loss bit (line-count related) 

(I) lock loss detected 
(0) lock detected for at least 

line-count number of lines 

This bit reset if loss ,of lock is indicated. "Loss of lock" is 
defined as a greater phase error between noise-gated 
CSYNC* and generated HSYNC* than the phase-lock 
pixel count (CR27-CR24). It is reset by writing to 
command bit CRI2. 

This bit is set if one line of video has a phase error 
between generated HSYNC and noise-gated CSYNC* 
greater than that defined by the phase-lock pixel count 
(CR24-CR27). This bit is reset if there have been 
phase-lock line count (CR37-CR30) consecutive lines 
with error less than that defined in the phase-lock pixel 
count. 

IMAGING 3-77 

.. 



Bt261 Brooktree® 
Internal Registers (continued) 

Examples 01 CCIR624 

Video Timing: I'""-e----------- 63.556/64.0 liS ------------.1.1 
Equalization ----i I r-

Pulses U U L.J 
in VBI 1 2.3 IlS~ I+- 1 

Serration ,..---
Pulses 

in VBI I I I 
5.0 lis 13.1 lis I 1.6 liS 1 

Active Video ----i;- Tq·1 I·r-r 

L-JI I I II I ji-J HCOUNT---~------~~~ 
foo---i-I Stair! R~nge 1 .1 Stop Rangr 

Suggested Noise Gate 

HCOUNT 

HSYNC~ 
Stop Start 

CLAMP-----------~~~ 
Start Stop 

ZERO-------;---l~ 
I I 

Start Stop 

Field Gate '""1----1/2 HCOUNT---.\ 

Stop 

Start or Stop Start or Stop 

VSYNC t 
VSYNC 

NTSC(M) PAL (B, G, I) 
Pixel Clock Rate 12.2 MHz 14.75 MHz 

dec hex dec hex 
line Rate 63.556 1ls 64.01lS 

(HCOUNT) 779 30B 943 3AF 
Number of pixels minus I 

(Noise Gate) Start 7 Ils 88 58 1M 68 
Stop 61.761ls 758 2F6 917 395 

(HSYNC) Start 4.7 Ils 59 3B 70 46 
Negative polarity, 4.7 Ils wide Stop 0 Ils 0 0 0 0 

(CLAMP) Start 8.5 Ils 107 6B 126 7E 
One may CLAMP on burst Stop 91ls 113 71 134 86 
back porch or sync tip 

(ZERO) Start 8.5 Ils 107 6B 126 7E 
Stop 8.75 Ils 110 6E 130 82 

(Field Gate) Start 15 Ils 189 BD 223 DF 
Stop 451ls 566 236 668 29C 

(VSYNC) 81ls 98 62 118 76 
This gives FIELD = 1, 0 for 
field one and two, respectively 

Figure 8. 8t261 Suggested Register Settings. 
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Internal Registers (continued) 

HSYNC Start and Stop Registers 

These two I6-bit registers specify the number of pixel clock cycles after the falling edge of noise-gated CSYNC* at which 
to assert or negate the HSYNC output. The [start value] specifies the number of CLOCK cycles after the falling edge of 
noise-gated CSYNC* that the HSYNC output is set high. The [stop value] specifies the number of CLOCK cycles after 
the falling edge of noise-gated CSYNC* that the HSYNC output is set low. If [start value] = [stop value], HSYNC will 
remain a constant logical one. Values from $()()()() (1) to $OFFF (4096) may be specified. Note that there is a variable 
pipeline delay between the CSYNC* and HSYNC outputs. There is a 3-pixel-clock pipeline delay in clearing the 
horizontal counter when the part is used in phase-lock loop mode. When the pixel clock is generated by dividing down an 
external oscillator, this delay is in oscillator clocks. Thus, output of this signal with respect to CSYNC* may be delayed . 

D4-07 of HSYNC start high are ignored during MPU write cycles and return a logical zero during MPU read cycles. The 
I6-bit HSYNC start register is not updated until the write cycle to the HSYNC start high register. Thus, the writing 
sequence should be [HSYNC start low] [HSYNC start high]. 

04-07 of HSYNC stop high are ignored during MPU write cycles and return a logical zero during MPU read cycles. The 
16-bit HSYNC stop register is not updated until the write cycle to the HSYNC stop high register. Thus, the writing 
sequence should be [HSYNC stop low] [HSYNC stop high]. 

HSYNC Start/Stop High HSYNC Start/Stop Low 

Oata Bit 03 D2 Dl 00 07 06 05 04 03 02 Dl 00 

Cascaded Value Hll HIO H9 H8 H7 H6 H5 H4 H3 H2 HI HO 

CLAMP Start and Stop Registers 

These two 16-bit registers specify the horizontal count (in pixel clocks) at which to assert and negate the CLAMP output. 
The [start value] specifies the number of CLOCK cycles after the falling edge of noise-gated CSYNC* that CLAMP is set 
high. The [stop value] specifies the number of CLOCK cycles after the falling edge of noise-gated CSYNC* that CLAMP 
is set low. If [start value] = [stop value], CLAMP will remain a constant logical one. Values from $()()()() (I) to $OFFF 
(4096) may be specified. There is a 3-pixel-clock pipeline delay in clearing the horizontal counter when the part is used in 
phase-lock loop mode. When the pixel clock is generated by dividing down an external oscillator, this delay is in oscillator 
clocks. Thus, output of this signal with respect to CSYNC* may be delayed. 

04-07 of CLAMP start high are ignored during MPU write cycles and return a logical zero during MPU read cycles. The 
16-bit CLAMP start register is not updated until the write cycle to the CLAMP start high register. Thus, the writing 
sequence should be [clamp start low ] [clamp start high]. 

04-07 of CLAMP stop high are ignored during MPU write cycles and return a logical zero during MPU read cycles. The 
16-bit CLAMP stop register is not updated until the write cycle to the CLAMP stop high register. Thus, the writing 
sequence should be [clamp stop Jow] [clamp stop high]. 

CLAMP Start/Stop High CLAMP Start/Stop Low 

OataBit D3 02 Dl 00 07 06 05 04 03 02 Dl 00 

Cascaded Value Hll HIO H9 H8 H7 H6 H5 H4 H3 H2 HI HO 
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Internal Registers (continued) 

A value corresponding to 1 Its after the falling edge of CSYNC* is recommended for the [start] value. and a value of 1 Its 
before the rising edge of CSYNC* is recommended for the [stop] value if DC restoration is to occur during the horizontal 
sync interval. If DC restoration is to occur during the back porch interval. a value corresponding to 500 ns after the rising 
edge of CSYNC* is recommended for the [start] value and a value corresponding to 2.5 Its after the rising edge of 
CSYNC* is recommended for the [stop] value. For restoration of signals with subcarrier-encoded NTSC or PAL. the 
7.8-9.4 J..Ls interval (12-15 percent of HCOUNT) following the color burst may be better for clamping a luminance signal 
with residual burst. 

ZERO Start and Stop Registers 

These two 16-bit registers specify the number of pixel clock cycles after the falling edge of noise-gated CSYNC* at which 
to assert or negate the ZERO output. The [start value] sets this output high at the specified number of CLOCK cycles 
following the falling edge of noise-gated CSYNC*. The [stop value] sets this output low at the specified number of 
CLOCK cycles following the falling edge of noise-gated CSYNC*. If [start value] = [stop value]. ZERO will remain a 
constant logical one. Values from $0000 (1) to $OFFF (4096) may be specified. There is a 3-pixel-clock pipeline delay in 
clearing the horizontal counter when the part is used in phase-lock loop mode. When the pixel clock is generated by 
dividing down an external oscillator. this delay is in oscillator clocks. Thus. output of this signal with respect to CSYNC* 
may be delayed. 

D4-D7 of ZERO start high are ignored during MPU write cycles and return a logical zero during MPU read cycles. The 
16-bit ZERO start register is not updated until the write cycle to the ZERO start high register. Thus. the writing sequence 
should be [zero start low] [zero start high]. 

D4-D7 of ZERO stop high are ignored during MPU write cycles and return a logical zero during MPU read cycles. The 
16-bit ZERO stop register is not updated until the write cycle to the ZERO stop high register. Thus. the writing sequence 
should be [zero stop low] [zero stop high]. 

ZERO Start/Stop High ZERO Start/Stop Low 

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 Dl DO 

Cascaded Value Hll HlO H9 H8 H7 H6 H5 H4 H3 H2 HI HO 

Since an active high signal is need for the Bt218. Bt252. and Bt254 during non-acquisition intervals. the ZERO output can 
be programmed to be within the horizontal retrace interval. In addition. these devices produce a significant impulse on their 
video input following the zero pulse. which can affect clamping stability. So. the pulse is best positioned within the active 
CLAMP pulse to divert this energy. Both CLAMP and ZERO pins may be driven with the same timing. 
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Internal Registers (continued) 

FIELD Gate Start and Stop Registers 

These two 16-bit registers specify the number of pixel clock cycles after the falling edge of noise-gated CSYNC* at which 
to start and stop the FIELD gate "window." With the noise gate properly programmed to ignore half-line vertical interval 
pulses. the VSYNC* transition will occur half a line later during the vertical sync interval between fields one and two 
(assuming a typical 2: I interlaced video signal). By programming the FIELD start and stop values to have an interval 
exceeding half a line (e.g. starting at 114 line time and stopping at 3/4 line time). the FIELD output is low during field one 
if [start value] < [stop value] or high during field one if [start value] > [stop value]. with transitions at every falling edge of 
VSYNC*. If [start value] = [stop value]. FIELD will remain a constant logical one. Values from $()()()() (1) to $OFFF 
(4096) may be specified. Field edge coincides with VSYNC· falling edge. 

D4-D7 of FIELD gate start high are ignored during MPU write cycles and return a logical zero during MPU read cycles. _ 
The 16-bit FIELD gate start register is not updated until the write cycle to the FIELD gate start high register~ Thus. the 
writing sequence should be [field gate start low] [field gate start high]. 

D4-D7 of FIELD gate stop high are ignored during MPU write cycles and ret\!m a logical zero during MPU read cycles .. 
The 16-bit FIELD gate stop register is not updated until the write cycle to the FIELD gate stop high register. Thus. the 
writing sequence should be [field gate stop low] [field gate stop high]. 

FIELD Gate Start/Stop FIELD Gate Start/Stop Low 
High 

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 DI DO 

Cascaded Value Hll HIO H9 H8 H7 H6 H5 H4 H3 H2 HI HO 

Values of one fourth HCOUNT and three fourths HCOUNT are recommended for start and stop values. resulting in an 
active high FIELD output (field one = 1. field two = 0). 
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Noise Gate Start and Stop Registers 

These two 16-bit registers specify the number of pixel clock cycles after the falling edge of CSYNC* at which to force the 
noise gate to be closed (start value) or open (stop value). If [start value] = [stop value], the noise gate will remain closed. 
The noise-gate start value should be activated no later than HCOUNT/2. The noise-gate stop value should be within one 
half the minimum serration pulse width minus 500 ns to the end of the horizontal line. This gating is required because of 
the state counter that is used to determine the phase comparison output and the 500 ns delay that is used for phase limiting. 
Because of this stop-value limitation, the digital noise gate can be used to track phase errors no greater than one half the 
minimum serration pulse width. This translates into 2.3 lls and 0.75 lls (3.6 percent and 1.2 percent of the line rate) for 
D~17nA QnrfD~'l.A'l. l"Pcnprot;"pl" PnTPY~mnlp· 
-~~-.---------- --'---r-----.-,,- .. - .---. C 

Video Source 1/2 Minimum Serration Pulse 261 Gate Minimum Stop Value Minimum Noise-Gate 
Delay From End of Line Stop-Value Time 

RSI70A 2.3 lls 0.5 lls 1.8 lls 61.76 llS 

RS343A 0.75 lls O.511s 0.25 11s 63.3I11s 

Note: The Brooktree Applications Handbook and the RS343A and RSl70A specifications contain minimum serration 
pulse widths. 

For wideband acquisition, the noise gate should be disabled by programming the start value greater and the stop value less 
than the number of pixels per line. 

Values from $0000 (I) to $OFFF (4096) may be specified. This register should be initialized early to mlUlmlze 
indeterminate outputs during vertical retrace. This register must be properly programmed when the part is used in either 
phase-lock loop mode or when an external oscillator is resynchronized. 

D4-D7 of noise gate start high are ignored during MPU write cycles and return a logical zero during MPU read cycles. The 
16-bit noise gate start register is not updated until the write cycle to the noise gate start high register. Thus, the writing 
sequence should be [noise gate start low] [noise gate start high]. 

D4-D7 of noise gate stop high are ignored during MPU write cycles and return a logical zero during MPU read cycles. The 
16-bit noise gate stop register is not updated until the write cycle to the noise gate stop high register. Thus, the writing 
sequence should be [noise gate stop low] [noise gate stop high]. 

Noise Gate Start/Stop High Noise Gate Start/Stop Low 

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 DI DO 

Cascaded Value Hll HIO H9 H8 H7 H6 H5 H4 H3 H2 HI HO 
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HCOUNT Register 

This 16-bit register specifies the maximum number of pixel clocks to generate per horizontal line. In phase-locked 
applications. HCOUNT is the critical register that is resolution dependent. It should be programmed with the number of 
pixels per line required, minus 1. The other timing-dependent registers. including noise gate. ZERO. CLAMP. and 
HSYNC. will now all be programmed in terms of clock events. based upon the number of clocks per line defined in 
HCOUNT. For example, the HSYNC stop register is programmed to set output low at count zero. signifying the falling 
edge of HSYNC or the beginning of the line. The HSYNC start value is programmed to toggle high at 4.75 I1S into the 
horizontal line. signifying the beginning of the back porch. for RSI70A. The HSYNC start value in terms of a 12.27 MfIz 
clock (square pixels NTSC) would be 59 clocks. or -4.7 Ils (see Figure 8). 

The HCOUNT low and high registers are cascaded to form a 16-bit HCOUNT register. D4-07 of HCOUNT high are _ 
ignored during MPU write cycles and return a logical zero during MPU read cycles. The 16-bit HCOUNT register is not 
updated until the write cycle to the HCOUNT high register. Thus. the writing sequence should be [lICOUNT low] 
[HCOUNT high]. Values from $0000 (1) to $OFFF (4096) may be specified. This register should be written first during 
initialization to minimize indeterminate output activity. 

HCOUNTHlgh HCOUNTLow 

OataBit D3 02 D1 DO 07 06 05 D4 D3 02 01 DO 

Cascaded Value H11 HI0 H9 H8 H7 H6 H5 H4 H3 H2 HI HO 
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Pin Name 

HSYNC 

VSYNC* 

CSYNC* 

ZERO 

CLAMP 

FIELD 

PCOUT 

VIDEO 

CLOCK 

OSCI, OSCI *, 
OSC2,OSC2* 

CAPTURE 

Description 

Horizontal sync input/output (TTL compatible). As an output, HSYNC is programmed to 
be either a logical zero or logical one during the desired horizontal sync interval. It is out
put following the rising edge of CLOCK. As an input, it is input into the phase compara
tor asynchronously to the clocks with no pipeline delays. 

Vertical sync output (TTL compatible) with a negative composite sync output. VSYNC* 
, i~ II loeicll1 zero for scan lines during detected vertical svnc intervals on the VIDEO input. 

It is output following the rising edge of CLOCK. 

Composite sync output (TTL compatible). CSYNC* is a logical zero during negative 
composite sync intervals detected on the VIDEO input. It is output asynchronous to the 
clocks with no pipeline delays. 

Zero output (TTL compatible). This output is used to control the ZERO input of the im
age digitizer or NO converter. It may be programmed to be either active high or active 
low and is output following the rising edge of CLOCK. 

Clamp output (TTL compatible). This output is used to control the CLAMP input of the 
image digitizer or NO converter. It may be programmed to be either active high or active 
low and is output following the rising edge of CLOCK. 

Even/odd field output (TTL compatible). For interlaced operation, this output (with transi
tions coincident with the VSYNC* output) indicates whether the current field is even or 
odd; the polarity is programmable. For noninterlaced operation, this output is always ei
ther a logical one or a logical zero, depending on whether it is programmed to be active 
high or low. It is output on the falling edge of VSYNC*. 

Phase comparator output (TTL compatible). This three-state output indicates the phase 
difference in time between the generated horizontal sync signal (either the internally gen
erated HSYNC or th.e HSYNC pin) and the recovered horizontal sync signal. High = lags, 
Low = leads. 

Video and composite sync input. Either a DC-coupled TTL composite sync information 
or an AC-coupled analog video signal (less than 2 V peak-to-peak) may be input via this 
pin for detection of sync information. Sync information must be of negative polarity. 

Pixel clock input/output (TTL compatible). The device may either drive this pin with a 
generated clock or an external pixel clock may drive this pin. When the CLOCK pin is ex
ternally driven, the selected OSC pin must also be driven. 

External clock inputs (TTL or ECL compatible). These inputs are programmed to be ei
ther TTL or ECL compatible (lOKH differential ECL driven by a single +5 V supply). 

Active video output (TTL compatible). This output is active high for a frame duration and 
is synchronized to the vertical sync interval and FIELD signal. It is output following the 
rising edge of FIELD for interlaced, or the falling edge of VSYNC* if non-interlaced. 
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Pin Name 

RD* 

WR* 

DO-D7 

AO 

vee 

GND 

Description 

Read control input (TIL 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 de
vice 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 de
vice over this 8-bit data bus. If RD* is a logical one, DO-D7 are three-stated. 

Address control inputs (TIL compatible). AO specifies whether the MPU is accessing the 
address register (AO = 0) or the control register specified by the address register (AO = I); 

Power. 

Ground. 

00 

01 

02 

03 

04 
05 

06 

OSC1 

OSC1' 

VSYNC' 

FIELD 

CAPTURE 

CSYNC" 

VIOEO 
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Application Information 

Phase Locking With the 74HC4046 

Applications that call for multiple resolutions with 
clock rates in the 9-18 MHz range may employ the 
circuit (Figure 9) shown with a 74HC4046 and a pas
sive loop filter. Residual jitter can be less than 30 ns, 
which is subpixel but not as good as can be achieved 
with LC-tuned YCOs or YCXOs. These have nar
rower tuning ranges. The loop parameters were ob
tained from a design program provided for the 
74HC4046 with the Bt261's phase comparator emu
lating the type 2 phase detector with 41tNCC gain 
(Note 1). The type 1 second-order loop is designed 
for 10 dB ripple suppression in closed-loop response 
with a critically damped response and a tracking 
range of 4 percent, which is adequate for most stable 
sources (e.g., broadcast, camera, and videodisc). 
Nonstandard video sources (e.g., heterodyne YCRs 
or floppy disk ESP cameras) may require a prefilter 
PLL for adequate tracking. Third-order loop filters 
may yield faster loop response rolloff, which reduces 
jitter but can prolong loop settling time. 

Note 1: For further information, refer to the specific VCO 
datasheet or Phase-Locked Loop Circuit Design 
by Dan H. Wolaver, Prentice-Hall, 1991. 

Loop Filter 

Brooktree® 

The same circuit can be extended to 26 MHz for 
genlocking to higher raster frequency sources 
(such as noninterlaced YGA) or adapted to crystal
based operation up to 10 MHz. The YCO timing
capacitor value must be reduced to 40 pF for the 
former higher frequency case or replaced with a 
parallel resonant crystal in the latter case. Loop fil
ter values will vary slightly in conjunction with 
modification of R1 and R2 YCO gain-setting 
resistors. 

In general, YCO capture range must be limited 
to one octave to prevent harmonic lockup. With 
the low-input bias current of the 74HC4046, pas
sive filters are simpler than active filters and can 
better accommodate large-value polarized capaci
tors. Bipolar YC(X)O implementations that use the 
MC4024, 74LS624, or MN3106 require active 
buffers with bias currents less than 10 IlA to limit 
control voltage droop across the 64 Ils interval be
tween phase-comparison pulses. Low-absorption 
Mylar or Teflon capacitors in the loop filter can 
minimize jitter caused by capacitance modulation. 

VCO Timing Capacitor C1 

r - - - - - - - - -, 6 7 74HC4046A 

Video 

8t261 

'R3 ' ,---------, 
, Optional Buffer I \7N~9~r,~~f-~~---, 

f-P--C--O--U'-T"",~---JWv--'t---t-7-l to Limit Control r VCO; 
, Voltage Droop. 
, Required if 

, ISlAS> 10 ~A 
, 1--________ --' 

'- - - - - - - - - -' 

12 23 

Clock 
25 

R2 

4 VCOout 

17-20 Selected OSC 

Tracking Oscillator Damping 
Range Jitter Rl R2 R3 R4 RS C1 C2 C3 Wn (3) 

9-18 MHz <40ns 3.9kO lOkO 4700 860 SOOkQ lOOpF lO~F 1 ~F 290Hz 0.74 
v 

17-26 MHz <40ns 3.9kO lOkQ 4700 860 SOOkO 40pF lO~F 1 ~F 290Hz 0.74 

±200ppm <lOns 46kO 46kO 4700 2900 SOOkO ~lOMHz 3.3 nF 300pF 290Hz 0.74 
of crystal Resonant 
center Crystal 
frequency 

Figure 9. Operation of the 8t261 with the 74HC4046A. 
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Interfacing to the 8t218 

Figure 10 illustrates the interface of the Bt261 
to the Bt218 Flash AID Converter. The YIDEO 
input of the Bt261 connects to the YIN input of 
the Bt218 through a 0.1 (.IF ceramic capacitor. 
The sync slicing level of the Bt261 should be se
lected for optimum performance. 

1M 

\,.--"'--1 VIDEO 

, 
Optional: '" Subcarrier ' 500 

Filter: , 

Video 

(lVP-P) --__ --I"" \,.--'-----1 VIN 

If AC-Coupled to 
Video Signal 

The Bt261 provides the ZERO and CLAMP sig
nals required by the Bt218, in addition to the 
CLOCK. 

The HSYNC, YSYNC*, FIELD, and CAP
TURE signals of the Bt261 interface to the video 
timing controller and vidt:o DRAM controller . 

HSYNCI--_ 

VSYNC·I---

8t261 FIELD f-----

CAPTURE 1----

ZERO CLAMP CLOCK 

ZERO CLAMP CLOCK 

8t218 

To Video Timing 

Controller And 

DRAM Controller 

Figure 10. Interfacing to the 8t218. 
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Bt261 
Application Information (continued) 

Interfacing to the 8t252 

Figure 11 illustrates the interface of the B t261 to 
the Bt252 Image Digitizer. The VIDEO input of 
the Bt261 connects directly to the CSYNC* output 
of the Bt252. As CSYNC* is a TTL-compatible 
output, the highest sync slicing level should be se
lected on the Bt261. 

The Bt261 provides the ZERO and CLAMP sig
nals required by the Bt252, in addition [0 me 
CLOCK. 

8t261 

Brooktree® 

The HSYNC, VSYNC*, FIELD, and CAP
TURE signals of the Bt261 interface to the video 
timing controller and video DRAM controller. 

HSYNC 

VSYNC' 

FIELD 

CAPTURE 

To Video Timing 

Controller And 

DRAM Controller 

VIDEO ZERO CLAMP CLOCK 

CSYNC' ZERO CLAMP CLOCK 

8t252 

Figure 11. Interfacing to the 8t252. 
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Brooktree@ 
Application Information (continued) 

Interfacing to the 8t254 

Figure 12 illustrates the interface of the Bt261 to 
the Bt254 Image Digitizer. The VIDEO input of 
the Bt261 connects directly to the CSYNC* output 
of the Bt254. As CSYNC* is a TIL-compatible 
output, the highest sync slicing level should be se
lected on the Bt261. 

The Bt261 provides the ZERO and CLAMP sig
nals required by the Bt254, in addition to the 
(R,G,B) CLOCK inputs of the Bt254. 

The HSYNC, VSYNC*, FIELD, and CAP
TURE .signals of the Bt261 interface to the video 
timing controller and video DRAM controller. 

Bt261 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are 
required to prevent device damage, which can pro
duce symptoms of catastrophic failure or erratic 
device behavior with somewhat "leaky" inputs. 

Latchup can be prevented by ensuring that all 
VCC pins are at the same potential and that the 
VCC supply voltage is applied before the signal 
pin voltages. The correct power-up sequence en- .. 
sures that any signal pin voltage will never exceed 
the power supply voltage by more than +0.5 V. 

HSYNC 

VSYNC· 

8t261 FIELD 

CAPTURE 

VIDEO ZERO CLAMP CLOCK 

l 
CSYNC· ZERO CLAMP RCLOCK GCLOCK BCLOCK 

8t254 

Figure 12. Interfacing to the 8t254. 

To Video Timing 

Controller And 

DRAM Controller 
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Bt261 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VCC 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 

Video Input 
DC-coupled 5 V 
AC-coupled (Note 1) 0.2 2 Vpp 

Note 1: Video input DC quiescent about (VCc/2) volts. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VCC (measured to GND) 7.0 V 

Voltage on any Signal Pin (Note 1) GND-O.5 VCC + 0.5 V 

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) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by mote than +0.5 
V can induce destructive latchup. 
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Brooklree® Bt261 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

TIL Digital Inputs 
Input High Voltage VIH 2.0 VCC+0.5 V 
Input High Voltage (Note 1) VIH 2.2 VCC+0.5 V 

HSYNCPin 
Input Low Voltage VIL GND-D.5 0.8 V 
Input Low Voltage (Note 1) VIL 0.4 V 

RD* Pin 
Input High Current (Vin = 2.4 V) I1H 1 IlA 
Input Low Current (Vin = 0.4 V) IlL -1 IlA 
Input Low Current (Vin = 0.4 V) IlL -1.5 rnA 

VIDEO Pin 
Input Capacitance CIN 7 pF 

(f = 1 MHz, Yin = 2.4 V) 

OSC Digital Inputs 
TIL Mode 

Input High Voltage (Note 1) VIH 2.2 VCC+0.5 V 
Input Low Voltage VIL GND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) I1H 1 IlA 
Input Low Current (Vin = 0.4 V) IlL -1 IlA 
Input Capacitance CIN .7 pF 

(f = 1 MHz, Yin = 2.4 V) 
ECLMode 

Input High Voltage VIH VCC-1.0 VCC+0.5 V 
Input Low Voltage VIL GND-D.5 VCC-1.6 V 
Input High Current (Vin = 4.0 V) I1H 1 Ilk 
Input Low Current (Vin = 0.4 V) IlL -1 IlA 
Input Capacitance CIN 7 pF 

(f = 1 MHz, Yin = 2.4 V) 

DO - D7 Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -400 1lA) 
Output Low Voltage VOL 0.4 V 

(lOL = 6.4 rnA) 
3-state Current IOZ 0.5 IlA 
Output Capacitance COUT 20 pF 

PCOUT Output 
Output High Voltage VOH 2.4 V 

(lOH = -400 1lA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
3-state Current IOZ 400 nA 
Output Capacitance COUT 20 pF 

Other Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -400 1lA) 
Output Low Voltage VOL 0.4 V 

(lOL = 3.2 rnA) 
3-State Current IOZ 0.5 IlA 
Output Capacitance COUT 20 pF 

Test conditions (unless otherwise specified): "Recommended Operating Conditions." Typical values are based on 
nominal temperature, i.e., room, and nominal voltage, i.e., 5 V. 

Note 1: VIH, VIL for RD*, HSYNC, and OSC inputs are tested at 3 and 0 V but guaranteed by characterization. 
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Bt261 Brooktree@ 
AC Characteristics 

Parameter Symbol Min Typ Max Units 

asc Cycle Time OSCmax ns 
TIL mode 13.3 ns 
ECLmode 12.5 ns 

CLOCK Cycle Time (Note I) Fmax 33.33 tis 

AO Setup Time 1 10 ns 
AO Hold Time 2 10 ns 

RD*IWR* Low Time 3 40 ns 
RD*IWR* High Time 4 40 ns 
RD" Asserted to Data Bus Driven 5 1 ns 
RD· Asserted to Data Valid 6 30 ns 
RD" Negated to Data Bus 3-Stated 7 30 ns 

Write Data Setup Time 8 10 ns 
Write Data Hold Time 9 10 ns 

OSC High Time 10 6 ns 
OSCLowTime II 6 ns 

OSC to CLOCK Output Delay 14 35 ns 

VIDEO to CSYNC* Output Delay IS 35 ns 
HSYNC, ZERO, CLAMP Output Delay 16 10 ns 
VSYNC", FIELD Output Delay 17 10 ns 

PCOUT Output Delay 18 380 650 ns 
Minimum Compare Differential 19 5 13 ns 

VCC Supply Current (Note 2) ICC 60 90 rnA 

Test conditions (unless otherwise specifie~): "Recommended Operating Conditions." TIL input values are 0-3 V, 
with input rise/fall times::;; 4 ns, measured between the IO-percent and 90-percent points. Timing reference points at 
50-percent for inputs and outputs. CLOCK, HSYNC, CLAMP, ZERO, VSYNC*, FIELD, CAPTURE, and CSYNC" 
output load ::;; 50 pF, DO-D7 output load ::;; 130 pF. Typical values are based on nominal temperature, i.e., room 
temperature, and nominal voltage, i.e., 5 V. 

Note 1: Maximum load of 20 pc. 
Notd: At Fmax. ICC (typ) at VCC = 5.0 V. ICC (max) at VCC = 5.25 V. OSCIPCLOCK = 2, CLOCKlHSYNC ~100. 
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Brooklree® Bt261 
Timing Waveforms 

, 2 

AO 
~ j Valid 

3 

RO', WR' 
4 

6 }-7 I 
S -

V Data Out (RO' = 0) 

" 
00-07 (Read) 

=J8-
Data In (WR' = 0) 00-07 (Write) 

- r---9 

MPU ReadIWrite Timing. 
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~ 
OSC 
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I I" 
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Bt261 
Timing Waveforms (continued) 

HSYNC 11.... ____ --' L 

VIDEO 
(HSYNC) 

PCOUT 

Ordering Information 

1119 1 ~19 

~18~----;L Below Specllled Threshold 

3-State ~ 
U 

Video Input/Output Timing. 

A,mblent 
Model Number Package Temperature 

Range 

Bt26lKPJ 28-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 Applications 

• Real-Time Color Space Conversion • Image Processing 
• Pseudo-Color Mode • Image Capture 
• Programmable Matrix Coefficients • Color Correction 
• Three 256 x 8 Input Lookup Table 

RAMs 
• Standard MPU Interface 
• TIL Compatibility 
• +5 V Monolithic CMOS 
• 84-pin PLCC Package 
• Typical Power Dissipation: 1.1 W 

Functional Block Diagram 

lNo,JNI OUTO.OUTI 

CFLAG 

DAO·DA7 QAD-QA7 

DBD-DB7 QBO-QB7 

DCO-DC7 QCO-QC7 

OB' 

CLOCK 

DO - D7 es* RD' WR' AD. Al RESEf* 

Brooktree Corporation· 9950 Barnes Canyon Rd .• San Diego, CA 92121-2790 
(619) 452-7580. (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
L281001 Rev. G 

Bt281 
27 MHz 

Programmable 
Color Space Converter 
and Color Corrector 

Product Description 

The Bt281 Color Space Converter is de
signed specifically for image capture and 
processing applications. It provides real
time conversion of the color space during 
the image capture process or during the CRT 
display process. Thus, the color space of the 
frame buffer may be optimized for image 
processing applications regardless of the 
type of video signal being digitized or the re
quirement that ROB information be generat
ed to drive the CRT. 

Twenty-four bits of color information are 
input with the DAx, DBx, and DCx inputs; 
converted to a new color space by the 3 x 3 
matrix multiplier; and output onto QAx, 
QBx, and QCx. 

Three independent 256 x 8 input lookup 
tables enable the addition or removal of 
gamma correction or gain control prior to 
conversion to another color space. . 

The QAx, QBx, and QCx outputs may be 
three-stated asynchronously to CLOCK with 
the OE* control input. 

Two Sets of matching delay lines are in
cluded to maintain synchronization of con
trol signals. 

.. 



Bt281 
Circuit Description 

MPU Interface 

As shown in the functional block diagram and 
in Figure 1, the Bt281 supports a standard MPU 
interface (OO-D7, CS*, RD*, WR*, AO, and AI). 
MPU operations are asynchronous to clock. 

AO and Al are used to select address register, 
RAM location, or control register specified by the 
address register, as indicated in Table 1. The 11-
bit address register specifies which control register 
or RAM location the MPU is accessing, as listed 
in Table 1. The address register resets to $000 fol
lowing a read or write cycle to location $7FF. 
Write cycles to reserved addresses are ignored, 
and read cycles from reserved addresses return in
valid data. ADDR11-ADDRI5 are always logical 
zeros. 

The address register increments after each MPU 
read or write cycle and is not initialized. ADDRO 
and ADDR8 correspond to data bus bit DO, and 
ADDRO is the least significant bit. The address 
register is not initialized following a reset or pow
er-up condition. 

The lookup table RAMs are not dual ported, so 
MPU accesses have priority over pixel accesses. 
During MPU access to the color palette RAMs, 
the QAx, QBx, and QCx outputs are undefined 
and invalid. Thus, lookup table updates should oc
cur only during blanking intervals. 

Matrix Multiplier 

DAO-DA7, DBO-DB7, and DCO-DC7 are 
latched on the rising edge of CLOCK and address 
the three color lookup table RAMs. The outputs 
of the RAMs are input to the 3 x 3 matrix 
multiplier. 

The 3 x 3 matrix multiplier performs the funda
mental color space conversion as follows: 

[ ~:I [::::] [ ::1 
QC m7 mS m9 DC 
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The MPU loads ml-m9 to perform the color 
space conversion desired. The values of ml-m9 
are programmable over the range of -4.000 to 
+3.996 when 2's complement notation is used. 

The 3 x 3 matrix multiplier generates three 21-
bit (including sign) values (one for each of the 
three channels). As only 8 bits per channel may be 
output, command bits CRI7-CRI5 are used to se
lect which 8 bits (or 7 bits + sign) of these 21 bits 
are output, as specified in Table 2. 

The fractional data indicated in Table 2 is used 
to round to 8 bits as follows: The number should 
be rounded up if the fractional data = 0.5 and the 
rounded result will be an even number (LSB = 0), 
or if the fractional data is > 0.5. If the fractional 
data is < 0.5, the number should be rounded down. 
Circuitry is included to avoid wrapping around on 
overflow or underflow conditions; rather, the data 
is saturated at the minimum and maximum allowa
ble values. 

QAO-QA7, QBO-QB7, and QCO-QC7 are out
put following the rising edge of CLOCK. 

The QAx, QBx, and QCx outputs may be three
stated asynchronously to the output clock with the 
OE* control input and command bit CRIO. 

Bypassing 

The Bt281 may be entirely bypassed with no 
change in the pipeline delay through the command 
register. Following a reset condition, the Bt281 is 
initialized to be in the bypass mode. For further in
formation, see the Timing Waveforms section. 

110 Delay Lines 

The INO and INI inputs are latched on the rising 
edge of CLOCK, pipelined to maintain synchroni
zation with the color data, and output onto aUTO 
and OUT1. 

The delay lines may be used for control signals, 
such as sync and blank. They should have the 
same pipeline delay as the pixel data. 
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Bt281 BrooktreeQP 
Circuit Description (continued) 

A1,AO ADDRO-ADDR10 Accessed by MPU 

00 $xxx address register low (ADDRO-ADDR7) 
01 $xxx address register high (ADDR8-ADDRIO) 

10 $000 DA RAM location $00 
10 $001 DA RAM location $01 
: : : 

10 $OFF DA RAM location $FF 
10 $100 DB RAM location $00 
10 $101 DB RAM location $01 
: : : 

10 $IFF DB RAM location $FF 
10 $200 DC RAM location $00 
10 $201 DC RAM location $01 
: : : 

10 $2FF DC RAM location $FF 

10 $300 ml register low 
10 $301 m 1 register high 
10 $302 m2 register low 
10 $303 m2 register high 
10 $304 m3 register low 
10 $305 m3 register high 
10 $306 m4 register low 
10 $307 m4 register high 
10 $308 m5 register low 
10 $309 m5 register high 
10 $30A m6 register low 
10 $30B m6 register high 
10 $3OC m7 register low 
10 $30D m7 register high 
10 $30E m8 register low 
10 $30F m8 register high 
10 $310 m9 register low 
10 $311 m9 register high 
10 $312 command registecO 
10 $313 command registec1 
10 $314 reserved 
: : : 

10 $7FF reserved 
11 $xxx reserved 

Table 1. Control Register Addressing. 
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Brooktree® Bt281 
Circuit Description (continued) 

Matrix Multiplication Operation 

8-bit pixel input: DA 7 DA6 DA5 DA4 DA3 DA2 DAI DAO 
ll-bitcoefficient: CIO C9 C8 . C7 C6 C5 C4 C3 C2 Cl CO 

19-bit total: S TI7 TI6 TI5 T14 TI3 TI2 TIl TIO T9 T8 . T7 T6 T5 T4 T3 T2 TI TO 

Three of these 19-bit totals (since there are three coefficients per channel) must be added together, resulting in 21 bits per 
channel (S = sign bit): 

S R19 R18 R17 R16 R15 RI4 R13 R12 Rll RIO R9 R8 R7 R6 R5 R4 R3 R2 Rl RO 

CR17-CR15 QA7 QAS QA5 QA4 QA3 QA2 QA1 QAD Used for Rounding 

unsigned 
magnitude 

format 

100 R19 RI8 R17 R16 R15 R14 R13 RI2 Rll-RO 
011 R18 R17 R16 R15 R14 R13 R12 Rll RlO-RO 
010 R17 R16 R15 R14 R13 R12 Rll RIO R9-RO 
001 R16 R15 R14 R13 RI2 Rll RIO R9 R8-RO 
000 R15 R14 R13 RI2 Rll RIO R9 R8 R7-RO 

other two 
formats 

100 S R18 R17 RI6 R15 RI4 R13 R12 Rll-RO 
011 S R17 R16 R15 R14 R13 RI2 Rll RlO-RO 
010 S R16 R15 R14 R13 R12 Rll RIO R9-RO 
001 S R15 R14 R13 RI2 Rll RIO R9 R8-RO 
000 S R14 R13 R12 Rll RIO R9 R8 R7-RO 

Table 2. Example Dynamic Output Range Selections (QAx Channel). 
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Bt281 
Circuit Description (continued) 

Number Representations 

The Bt281 accommodates analog sign magni
tude, unsigned magnitude, and 2's complement 
formats to ease interface to NO and D/A cpnvert
ers, frame buffers, and processing circuits. (See 
Table 3.) 

Offset Binary Representation 

Only the DAx and DCx inputs, and the QAx 
and QCx outputs can be configured for this repre
sentation of· processing color difference signals 
(Cr/Ch, IIQ, UN, R-Y/B-Y, etc.): The DBx in
puts and QBx outputs are always configured for 8-
bit unsigned magnitude representation (0-255) for 
luminance processing. 

Offset binary representation should be used if 
NO converters drive the DAx and DCx inputs 
(with the NO midscale corresponding to zero). 

Offset binary representation should be used at 
the output if the QAx and QCx outputs drive D/A 
converters (with the D/A midscale corresponding 
to zero). 

Offset Binary 
Representation 

2's Complement Representation 

Frame buffers and image processors commonly 
use 2's complement representation to simplify 
sign-bit handling. 

Only the DAx and DCx inputs, and the QAx and 
QCx outputs can be configured for this representa
tion of processing color difference signals (Cr/Cb, 
IIQ, UN, R-Y/B-Y, etc.). The DBx inputs and 
QBx outputs are always configured for 8-bii un
signed magnitude representation (0-255) for lumi
nance processing. 

If a frame buffer is driving the DAx and DCx in
puts, 2's complement may be used at the input to 
ease interface to other image processing circuitry. 
If the QAx and QCx inputs are interfaced to a 
frame buffer, 2's complement may be used at the 
output to ease interface to image processing cir
cuitry. 

Unsigned Magnitude 
Representation 

This 0-255 range input/output format is used 
when the Bt281 is inputting or outputting ROB 
video signals. 

2's Complement Unsigned Magnitude 
Representation Representation 

DAx,DCx, DA7-DAO, Number DA7-DAO, Number DA7-DAO, Number 
QAx,QCx DC7-DCO Represented DC7-DCO Represented DC7-DCO Represented 

$FF 1111 1111 +127 1111 1111 -1 1111 1111 255 
$FE 1111 1110 +126 1111 1110 -2 1111 1110 254 

: : : : : : : 
$81 1000 0001 +1 1000 0001 -127 1000 0001 129 
$80 1000 0000 0 1000 0000 -128 1000 0000 . 128 
$7F 0111 1111 -1 0111 1111 +127 0111 1111 127 

: : : : : : : 
$01 0000 0001 -127 0000 0001 +1 0000 0001 1 
$00 0000 0000 -128 0000 0000 0 0000 0000 0 

Table 3. Numbering Representations. 
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Brooktree® 
Circuit Description (continued) 

Input Interpolation Circuitry 

The Bt281 may be configured to input 8 bits of lu
minance on the DBx inputs and 8 bits of multiplexed 
color difference signals on the DCx inputs. The multi
plexed color difference signals are demultiplexed, and 
the missing values are interpolated with linear interpo
lation filters. The resultant 24 bits of luminance and 
color difference data are input to the 3 x 3 matrix mul
tiplier for processing. For further information, see the 
Timing Waveforms section. The DAx inputs are ig
nored. Figure 2 illustrates the input interpolation cir
cuitry. 

With YCrCb processing, and with Y input via the 
DBx inputs and multiplexed Cr/Cb input via the DCx 
inputs, 

The 16-bit input sequence is: 

DBx= Y (n) Y (n + 1) Y (n + 2) Y (n + 3) 
DCx= Cb(n) Cr(n) Cb (n + 2) Cr (n + 2) 

The 24-bit output after the interpolation filters is: 

DBx'= Y (n) Y (n + 1) Y (n + 2) Y (n + 3) 
DCx'= Cb(n) Cb(n+ 1) Cb (n + 2) Cb (n + 3) 
DAx'= Cr(n) Cr(n+ 1) Cr(n + 2) Cr(n + 3) 

The CFLAG input indicates whether the multi
plexed DCx inputs contain Cb (CFLAG = 1) or Cr 
(CFLAG = 0) information. The demultiplexer, con-

DAO.DA7 -----c-/---J 

DBO - DR7 ----,,,L----1 

DCO - DC7 ----,,,L----1 

MULTIPLEXED 

INTERPOLATION 

CFLAG 

DEMUX 

Bt2S1 

trolled by CFLAG, demultiplexes the Cr and Cb infor
mation. Alternately, nonmultiplexed color difference 
signals may be input with the DAx and DCx inputs, at 
a data rate of one half the DBx inputs (see Figure 11 in 
the Timing Waveforms section). The interpolation fil
ter generates the missing values by averaging succes
sive data points. 

With YCrCb processing, and with Y input via the 
DBx inputs, Cr input via the DAx inputs, and Cb input 
via the DCx inputs, 

The 24-bit input sequence is: 

DAx= Cr(n) 
DBx= Y (n) 
DCx= Cb(n) 

Cr(n) 
Y (n+ 1) 

Cb (n) 

Cr (n + 2) Cr (n + 2) 
Y (n + 2) Y (n + 3) 
Cb (n + 2) Cb (n + 2) 

The 24-bit output after the interpolation filters is: 

DBx '= Y (n) Y (n + 1) Y (n + 2) Y (n + 3) 
DCx' = Cb (n) Cb (n + 1) Cb (n + 2) Cb (n + 3) 
DAx' = Cr (n) Cr (n + 1) Cr (n + 2) Cr (n + 3) 

In either case, the DBx inputs are configured for an 
unsigned magnitude representation, while the DAx 
and DCx inputs are configured for either offset binary 
or 2's complement numbering representation. 

INfERPOLA TION MUX DAx' 
MUX FILTER 

(A+B)/2 
---------.--------

EVEN 
ROUNDING TO 

DBx' 3X3 

MATRIX 

MULTIPLIER 

MUX DCx' 

INTERPOLATION 
FILTER 

(A+B)/2 
------------------

EVEN 
ROUNDING 

INTERPOLATE 

Figure 2. Input Interpolation Circuitry. 
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Bt281 
Circuit Description (continued) 

The output of the interpolation filters is 9 bits (in" 
cluding sign), The output is rounded to 8 bits as 
follows: The number should be rounded up if the 
fractional data = 0,5 and the result will round to an 
even number (LSB = 0), or if the fractional data is 
> 0,5, If the fractional data is < 0,5, the number 
should be rounded down. 

Output Decimation Circuitry 

The Bt281 may be configured to output 8 bits of 
luminance on the QBx outputs and 8 bits of multi
plexed color difference signals on the QCx out
puts. The color difference signals from the matrix 
multiplier are decimated and multiplexed onto the 
QCx outputs. For further information, see the 
Timing Waveforms section. 

The QBx outputs are configured for an un
signed magnitude representation, while the QAx 
and QCx outputs are configured for either offset 
binary or 2's complement representation, 

The CFl.AG input is used to specify whether Cr 
or Cb data is to be output onto the QCx bus. If 
CFLAG is a logical zero, Cb data is output during 
the next clock cycle. If CFLAG is a logical one, 

FROM 
3X3 

MATRIX 

MULTIPUER 

QAx' 

QD" 

QCx' 

~~? 
SELECT 

Brooldree~ 

Cr data is output during the next clock cycle. This 
timing enables the CFLAG status to match the data 
present on the QCx outputs. 

The multiplexer decimates by removing every 
other sample of color information. 

Figure 3 illustrates the output decimation cir
cuitry, 

With YCrCb processing, and with Y output via 
the QBx outputs and multiplexed CrCb output via 
the QCx outputs, 

The 24-bit input to the decimation circuit is: 

QAx'= Cr(n) Cr(n+ 1) Cr(n + 2) Cr(n+ 3) 
QBx'= Y (n) Y (n+ 1) Y(n+2) Y (n+3) 
QCx'= Cb(n) Cb(n+ 1) Cb(n+2) Cb(n+3) 

The output sequence is: 

QBx= Y (n) Y (n + 1) Y (n+2) Y (n+3) 
QCx= Cb(n) Cr(n) Cb(n+2) Cr(i1 + 2) 
QAx= Cr(n) Cr(n+ 1) Cr(n + 2) Cr(n + 3) 

The QAx outputs contain normal output data. 

/ , QAQ.QA7 

8/ , QDO.QD7 

0"---

MUX ~ , QCO.QC7 

I 

'--.-

Figure 3. Output Decimation Circuitry. 
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Circuit Description (continued) 

Typical Applications 

Figure 4 shows two common applications of the 
Bt28I. Figure 4a shows the Bt281 used when the 
color space of the analog video signal to be digi
tized may be one of several formats. The Bt281 
ensures that the video data is converted into the 
color space of the frame buffer. 

In Figure 4b, the Bt281 is used to convert a 
frame buffer that is using a color space other than 
RGB (e.g., YIQ or YUV) into the RGB color 
space to drive the CRT display. 
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The Bt281 enables these color space transforma
tions totake place in real time, simplifying the sys
tern design. 

Bt281 

DAO-DA7 QAO-QA7 

DBO-DB7 QBO-QB7 

.DCO-DC7 QCO-QC1 

8 
/ 
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8 
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DIOIT AL VIDEO 

TO FRAME BUFFER 

(ROB. YIQ, YUV, ETC.) 

Figure 4a. Typical Application. 
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Figure 4b. Typical Application. 
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Bt281 Brooktree® 
Internal Registers 

Command Registe,_O 

This command register may be written to or read by the MPU at any time and is initialized to $00 following a 
reset sequence. CROO is the least significant bit and corresponds to data bus bit DO. The pipeline delay is con
stant regardless of the input/output configuration. 

CR07-CR05 

CR04-CR02 

CR01 

DAx, DCx input format select 

(000) unsigned magnitude (nonmultiplexed, no interpolation) 
(001) offset binary (nonmultiplexed, no interpolation) 
(010) offset binary (nonmultiplexed, interpolated) 
(011) offset binary (multiplexed, interpolated) 

(100) 2's complement (nonmultiplexed, no interpolation) 
(101) 2's complement (nonmultiplexed, interpolated) 
(110) 2's complement (multiplexed, interpolated) 
(111) pseudo-color mode (unsigned magnitude, nonmultiplexed, no interpolation) 

These bits are ignored in bypass mode. They specify the input format and range for the DAx 
and DCx inputs. The DBx inputs are configured for unsigned magnitude operation. 

If pseudo-color mode is selected, the DBx inputs address all three lookup table RAMs simul
taneously, generating 24 bits of color information. The DAx and DCx inputs are ignored. 

QAx, QCx output format select 

(000) unsigned magnitude (nonmultiplexed, no decimation) 
(001) offset binary (nonmultiplexed, no decimation) 
(010) offset binary (multiplexed, decimated) 
(011) reserved 

(100) 2's complement (nonmultiplexed, no decimation) 
(101) 2's complement (multiplexed, decimated) 
(110) reserved 
(111) reserved 

These bits specify the output format and range for the QAx and QCx outputs. The QBx out
puts are always configured for unsigned magnitude operation. These bits are ignored in by
pass mode. 

Error flag 

(0) reset by MPU 
(1) set by device 

This bit is set by the device if a negative number is detected on the QAx, QBx, or QCx out
puts while they are outputting an unsigned magnitude number (which should always be posi
tive). To reset the bit to a logical zero, the MPU must write a logical zero to this bit. The 
error flag may be set if the MPU accesses the lookup table RAMs or while the command reg-
isters are being programmed if the operating mode is changed. . 
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BrookIreeGD Bt281 
Internal Registers (continued) 

Command Register_O (continued) 

CROO Overflow/underflow error flag 

(0) reset by MPU 
(1) set by device 

This bit is set by the device if an overflow or underflow condition is detected on the 3 x 3 matrix 
multiplier outputs (prior to the saturation circuitry). To reset the bit to a logical zero, the MPU .. 
must write a logical zero to this bit. The overflow/underflow flag may be set if the MPU accesseS 
the lookup table RAMs or while the command registers are being programmed if the operating 
mode is changed. 

Command Register_1 

This command register may be written to or read by the MPU at any time and is initialized to $El following a 
reset sequence. CRlO is the least significant bit and corresponds to data bus bit DO. The pipeline delay is con
stant regardless of the input/output configuration. 

CR17-CRI5 

CRI4-CR11 

CRlO 

Matrix dynamic output range select 

(000) R8-R15 for unsigned magnitude output format; R9-R14 + sign for other formats 
(001) R9-R16 for unsigned magnitude output format; R10-R15 + sign for other formats 
(OlO) RIO-R17 for unsigned magnitude output format; R11-R16 + sign for otherformats 
(011) R11-R18 for unsigned magnitude output format; R12-R17 + sign for other formats 
(100) Rl2-R19 for unsigned magnitude output forinat; R13-R18 + sign for other formats 
(101) reserved 
(110) reserved 
(111) bypass device 

Mode (111) specifies that the entire device must be bypassed with no change in pipeline delay. 
(See Table 2.) 

reserved 

QAx, QBx, QCx output disable 

(0) enable QAx, QBx, and QCx outputs 
(1) disable QAx, QBx, and QCx outputs 

This bit is logically gated with the OE* input pin, and the resulting value is used to control three
state of the QAx, QBx, and QCx outputs. 
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Bt281 
Internal Registers (continued) 

m1-m9 Low/High Registers 

For the mI-m9 values. the 8-bit low and high registers are cascaded to form an II-bit register. DO-07 com
prise the low register. while 08-010 comprise the high register. (08 corresponds to data bus bit DO.) 03-07 
of ml-m9 high registers are always logical zeros. 

The ml-m9lowlhigh registers may be written to or read by the MPU at any time and are not initialized fol
lowing a reset sequence. DO is the least significant bit. 

These registers specify the matrix operators from -4.000 to +3.996 (using 2's complement notation) as follows: 

D10-oo Value 

111. 1111 1111 -0.004 
111. 1111 1110 -O.OOS 

: : 
100. 0000 0001 -3.996 
100. 0000 0000 -4.000 
011. 1111 1111 +3.996 

: : 
000. 0000 0001 +0.004 
000. 0000 0000 +0.000 

3-106 SECTION 3 



Brooktree® Bt281 
Pin Descriptions 

Pin Name 

DAO-DA7, 
DBO-DB7, 
DCO-DC7 

QAO--QA7, 
QBO--QB7, 
QCO--QC7 

INO,INI, 
OUTO,OUTI 

CFLAG 

OE* 

CLOCK 

DO-D7 

CS* 

RD* 

WR* 

Description 

Color inputs (TIL compatible). These inputs are latched on the rising edge of CLOCK. DAO, DBO, 
and DCO are the least significant bits. 

Color outputs (TIL compatible). These signals are output following the rising edge of CLOCK. 
QAO, QBO, and QCO are the least significant bits. 

Input/output delay line (TIL compatible). INO and INI are latched on the rising edge of CLOCK, 
pipelined to maintain synchronization with the color data, and output onto aUTO and OUTl 
following the rising edge of CLOCK. 

Multiplex control input (TIL compatible). If the DAxlDCx inputs are multiplexed, CFLAG 
indicates when DCx data is present (CFLAG = 1). If the QAxlQCx outputs are multiplexed, 
CFLAG indicates when QCx data is to be output (CFLAG = 1). CFLAG is latched on the rising 
edge of CLOCK. This input is ignored when in the bypass mode. 

Output enable control input (TTL compatible). This input is logically gated with command bit 
CRlO, and the result controls three-state of the QAx, QBx, and QCx outputs. aUTO and OUTI are 
not three-statable. 

CR10 OE* QAx, QBx, QCx Outputs 

0 0 enabled 
0 1 three-stated 
I 0 three-stated 
1 I three-stated 

Clock input (TTL compatible). 

Bidirectional MPU data bus (TTL compatible). MPU data is input to and output from the device 
with this 8-bit data bus. DO is the least significant bit. 

Chip select control input (TTL compatible). CS* is latched on the falling edge of either RD* or 
WR *. An internally latched logical zero enables data to be written to or read from the device by the 
MPU. CS* should be connected to GNO if not used. 

Read control input (TTL compatible). A logical zero enables the MPU to read data from the device. 
Both RO* and WR* should not be asserted simultaneously. For further information, see the Timing 
Waveforms section. 

Write control input (TIL compatible). 00-07 data is latched on the rising edge of WR *. Both RO* 
and WR* should not be asserted simultaneously. For further information, see the Timing Waveforms 
section. 

Latched CS" RD" WR" MPU Operation 

0 0 0 invalid operation 
0 0 1 read data onto 00-07 
0 1 0 write 00-07 data 
0 1 1 DO-07 three-stated 
1 x x 00-07 three-stated 
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Bt281 
Pin Descriptions (continued) 

Pin Name Description 

AO,At Register select inputs (TIL compatible). AO and Al are latched on the falling edge of ei-
therRD* orWR*. 

RESET* Reset control input (ITL compatible). RESET* must be a logical zero for a minimum of 
three consecutive clock cycles to reset the device. RESET* must be a logical one for nor-
mal operation. 

vee Power. All vee pins must De connecreri together. 

GND Ground. All GND pins must be connected together. 

.5 
0 .~ ~ ~ g ~ ~ g ~ g ~ g g g § ! ! ! ~ ! ! 

OlITl DBI 

QCO DBO 

QCI DA7 

QC2 DA6 

QC3 DAS 

vee DM 
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GND GND 

QBO vee 
QBI WR· 
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Brooktree@ 
Application Information 

RGB-to-Y, R-Y, B-Y Conversion 

The matrix for converting analog RGB to Y, R
Y, B-Y is as follows. The RGB inputs are normal
ized to have a range of 0-1 and are gamma
corrected RGB·data. 

[

0.299 

0.701 

"'{}.299 

0.587 

"'{}.587 

...{}.587 

0.114] [ R [ ...{}.114 G 

0.886 B 

The analog (R - Y) and (B - Y) terms have an 
output range of ±O.701 and ±0.886, respectively, 
while Y has a range of 0-1. 

The conversion of digital RGB to normalized 
digital Y, (R - Y)', (B - Y)' ( , indicating normal
ized notation) is slightly different in order to com
press the (R - Y)' and (B - Y)' output range to 
±0.5. The input and output assignment of the 
Bt281 video I/O pins is assumed to be as follows: 

DAO-DA7 = Ro-R7 
DBO-DB7 = GO-G7 
DCO-DC7 = BO-B7 

QAO-QA 7 = (R - Y)'o-(R - Y)'7 
QBO-QB7 = YO-Y7 
QCO-QC7 = (B - Y)'O-(B - Y)'7 

The RGB inputs to the matrix can have a range 
of 0-255; the lookup table RAMs on the Bt281 
may be used to gamma correct the RGB data if 
necessary. The Y output of the matrix can have a 
range of 0-255, while the (R - Y)' and (B - Y)' 
outputs can have a range of -128 to + 127. The 
ideal matrix (normalized to the dynamic range) is 
as follows: 

[

0.299 

0.500 

"'{}.169 

0.587 

"'{}.419 

"'{}.331 

0.114] [ R [ 
...{}.081 G 

0.500 B 

Bt281 

Given that the resolution of the Bt281 is limited· 
to 0.0039063 (1/256), and the previously specified 
input/output pin assignments, the following matrix 
is used (after 2's complement conversion and row 
swapping): 

[(R~ Y)' 

(B-Y)' 

[ 

$0.80 

= $0.4C 

$7.D5 $7.AC 

$7.
ECl [ R I $0.10 G 

$0.80 B 

$7.95 

$0.96 

The command register should specify unsigned 
magnitude representation for the DAx and DCx in
puts, and either offset binary or 2's complement 
representation for the QAx and QCx outputs. Com
mand bits CRI7--CRI5 should be 000. 
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Bt281 
Application Information (continued) 

RGB-to-YUV Conversion 

The matrix for converting analog ROB to YUV 
is as follows. The ROB inputs are normalized to 
have a range of 0-1 and are gamma-corrected 
ROB data. 

r 0.299 0.587 0.114l r R 1 
l~'147 

0.615 
0.436 J l G j 
~.100 B 

~.289 

~.515 

The analog U and V terms have an output range 
of ±O.436 and ±0.615, respectively, while Y has a 
range of 0-1. 

U and V may also be defined as: 

U = (B - Y) 12.03 = 0.4926(B - Y) 

V = (R - Y) 11.14 = 0.8772(R - Y) 

The conversion of digital ROB to normalized 
digital YU'V' ( , indicating normalized notation) is 
slightly different in order to compress the V' out
put range to ±O.5 and to expand the U' output 
range to ±O.5. The input and output assignment of 
the Bt281 video 110 pins is assumed to be as 
follows: 

3-110 

DAO-DA7 = Ro-R7 
DBO-DB7 = Oo-G7 
DCO-DC7 = BO-B7 

QAO-QA7 = V'0-V'7 
QBO-QB7 = YO-Y 7 
QCO-QC7 = U'0-U'7 

SECTION 3 

The ROB inputs to the matrix can have a range 
of 0-255; the lookup table RAMs on the Bt281 
may be used to gamma correct the ROB data if 
necessary. The Y output of the matrix can have a 
range of 0-255, while the U' and V' outputs can 
have a range of -128 to +127. The ideal matrix 
(normalized to the dynamic range) is as follows: 

[

0.299 

~.169 

0.500 

0.587 

~.331 

~.419 

0.114] [ R I 0.500 G 

~.081 B 

Oiven that the resolution of the Bt281 is limited 
to 0.0039063 (1/256), and the previously specified 
input/output pin assignments, the following matrix 
is used (after 2's complement conversion and row 
swapping: 

[

$0.80 

$0.4C 

$7.D5 

$7.95 

$0.96 

$7.AC 

$7.EC] [ R I $O.1D G 

$0.80 B 

The command register should specify unsigned 
magnitude representation for the DAx and DCx in
puts, and either offset binary or 2's complement 
representation for the QAx and QCx outputs. Com
mand bits CR17-CRI5 should be 000. 
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Application Information (continued) 

RGB-to-YIQ Conversion 

The matrix for converting analog RGB to YIQ is 
as follows. The RGB inputs are normalized to have a 
range of 0-1 and are gamma-corrected RGB data. 

[

0.299 

0.596 

0.212 

0.587 

-0.275 

-0.523 

0.114] I R I -0.321 G 

0.3p B 

The analog I and Q terms have an output range of 
±O.596 and ±O.525, respectively, while Y has a range 
ofO-I. 

I and Q may also be defined as follows: 

or 

or 

1= Vcos 33 0 - Usin 33 0 

Q = Vsin 33 0 + Ucos 33 0 

I = 0.839V - 0.545U 

Q = 0.545V + 0.839U 

I = 0.736(R - Y) - 0.268(B - Y) 

Q = 0.478(R - Y) + 0.413(B - Y) 

The conversion of digital RGB to normalized 
digital YI'Q' ( , indicating normalized notation) is 
slightly different in order to compress the I' and Q' 
output range to ±O.5. The input and output 
assignment of the Bt281 video I/O pins is assumed to 
be as follows: 

DAO-DA7 = Ro-R7 
DBO-DB=7 = GO-G7 
DCO-DC7 = BO-B7 

QAO-QA7 = 1'0-1'7 
QBO-QB7 = Y cry 7 
QCO-QC7 = Q'crQ'7 

Bt2S1 

The RGB inputs to the matrix can have a range of 
0-255; the lookup table RAMs on the Bt281 may 
be used to gamma correct the RGB data if 
necessary. The Y output of the matrix can have a 
range of 0-255, while the I' and Q' outputs can have 
a range of -128 to +127. The ideal matrix 
(normalized to the dynamic range) is as follows: _ 

[

0.299 

0.500 

0.203 

- 0.587 0.114] I R I 
-0.231 -0.269 G 

-0.500 0.297 B 

Given that the resolution of the Bt281 is limited 
to 0.0039063 (1/256), and the previously specified 
input/output pin assignments, the following matrix 
is used (after 2's complement conversion and row 
swapping): 

I :, I = 

[

$0.80 

$OAC 

$0.33 

$7.C5 

$7'BC]1 R I $0.1D G 

$OAC B 

$0.96 

$7.80 

The command register should specify unsigned 
magnitude representation for the DAx and DCx 
inputs, and either offset binary or 2's complement 
representation for the QAx and QCx -outputs. 
Command bits CRI7--CRI5 should be 000. 
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Bt2S1 
Application Information (continued) 

YIR- Y18-Y-to-RG8 Conversion 

The matrix for converting analog Y IR -Y /B-Y to 
RGB is as follows. The Y, R-Y, B-Y inputs are 
not normalized and generate gamma-corrected 
RGB data. 

-0.509 

o 

The analog (R - Y) and (B - Y) terms have an 
input range of ±0.701 and ±0.886, respectively, 
while Y has arange of 0-1. 

The conversion of normalized digital Y,(R -
Y),,(B - Y)' ( , indicating normalized notation) to 
digital RGB is slightly different, as the (R - Y)' 
and (B - Y)' input range has probably been 
compressed to ±0.5. The input and output 
assignment of the Bt281 video I/O pins is assumed 
to be as follows: 

DAO-DA 7 = (R - Y)'o--(R - Y)'7 
DBO-DB7 = Y 0-Y 7 
DCO-DC7 = (B - Y)'O-(B - Y)'7 

QAO-QA 7 = RO-R7 
QBO-QB7 = GO-G7 
QCO-QC7 = BO-B7 

The Y input to the matrix can have a range of 
0-255 for Y, while the (R - Y)' and (B - Y)' inputs 
can have an input range of -128 to +127. The 
gamma-corrected RGB outputs of the matrix can 
have a range of 0-255. The ideal matrix 
(normalized to the dynamic range) is as follows: 

[ : ] [ 1.402 

-0.:44] [(R ~ Y)'j 
1.772 (B - Y)' 

-0.714 

o 
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Given that the resolution of the Bt281 is limited 
to 0.0039063 (11256), and the previously specified 
input/output pin assignments, the following matrix 
is used (after 2's complelnent conversion and row 
swapping): 

'1:1 ()() l' ;;.:: $0.00 

$1.00 

$1.00 

The command register should specify unsigned 
magnitude representation for the QAx and QCx 
outputs, and either offset binary or 2's complement 
representation for the DAx and DCx inputs. 
Command bits CRI7-CRI5 should be 000. 



Brooktree@ 
Application Information (continued) 

YUV-to-RGB Conversion 

The matrix for converting analog YUV to RGB 
is as follows. The YUV inputs are not normalized 
and generate gamma-corrected RGB data, 

The analog U and V terms have an input range 
of ±0.436 and ±0.615, respectively; while Y has a 
range of 0-1. 

The conversion of normalized digital YU'V' ( , 
indicating normalized notation) to RGB is slightly 
different, as the V' input range has probably been 
compressed to ±D.5 while the U' input range has 
probably been expanded to ±D.5. The input and 
output assignment of the Bt281 video I/O pins is 
assumed to be as follows: 

DAO-DA7 = V'o-V'7 
DBO-DB7 = Yo-Y7 
DCO-DC7 = U'0-U'7 

QAO-QA 7 = Ro-R7 
QBO-QB7 = GO-G7 
QCO-QC7 = BO-B7 

The Y input to the matrix can· have a range of 
0-255, while the U' and V' inputs can have an 
input range of -128 to +127. The 
gamma-corrected RGB outputs of the matrix can 
have a range of 0-255. The ideal matrix 
(normalized to the dynamic range) is as follows: 

[ :] [ 
o 

1.402][Y] 
-D.714 U' 

o V' 

-D.344 

1.772 

Bt2S1 

Given that the resolution of the Bt281 is limited 
to 0.0039063 (11256), and the previously specified 
input/output assignment, the following matrix is 
used (after 2's complement conversion and row 
swapping): 

[ 
$1.66 

$7.4A 

$0.00 

$1.00 
$1.00 
$1.00 

$0.00] [ V'] 
$7.AS Y 

$1.C5 U' 

The command register should specify unsigned 
magnitude representation for the QAx and QCx 
outputs, and either offset binary or 2's complement 
representation for the DAx and DCx inputs. 
Command bits CRl- CR15 should be 000. 
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Bt2S1 
Application Information (continued) 

Y/Q-to-RGB Conversion 

The matrix for converting analog YIQ to ROB 
is as follows. The YIQ inputs are not normalized 
and generate gamma-corrected ROB data. 

0.956 

-1.108 

The analog I and Q terms have an input range of 
±O.596 and ±0.525, respectively, while Y has a 
range of 0-1. 

The conversion of normalized digital YI'Q' ( , 
indicating normalized notation) to ROB is slightly 
different, as the I' and Q' input range has probably 
been compressed to ±0.5. The input and output 
assignment of the Bt281 video 110 pins is assumed 
to be as follows: 

DAO-DA7 = 10-17 
DBO-DB7 = YO-Y7 
DCO-DC7 = QO-Q7 

QAO-QA7 = Ro-R7 
QBO-QB7 = 00-07 
QCO-QC7 = Bo-B7 

The Y input to the matrix can have a range of 
0-255, while the I' and Q' inputs can have an input 
range of -128 to +127. The gamma-corrected 
ROB outputs of the matrix can have a. range of 
0-255. The ideal matrix (normalized to the 
dynamic range) is as follows: 

1.139 

0.648] [ Y [ -{J.677 I' 

1.783 Q' 

-{J.324 

-1.321 
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Given that the resolution of the Bt281 is limited 
to 0.0039063 (11256), and the previously specified 
input/output assignment, the following matrix is 
used (after 2's complement conversion and row 
swapping): 

rot,,),, $!.~ otnHlr"l 

l:;: ::5~ J l ~ j $1.00 

$6.AE $1.00 $1.C8 Q' 

The command register should specify unsigned 
magnitude representation for the QAx and QCx 
outputs, and either offset binary or 2's complement 
representation for the DAx and DCx inputs. 
Command bits CRI7-CRI5 should be 000. 



Application Information (continued) 

YIQ (D2 Format)-to-RGB 
Conversion 

The digital composite video format digitizes the 
entire composite color video signal, including sync 
information. Thus, after digitally separating the Y, 
I, and Q information, the Y information has a 
range of 0 to 130, I has a range of 0 to ±78, and Q 
has a range of 0 to ±68. 

Bt281 

Given that the resolution of the Bt281 is limited 
to 0.0039063 (1/256), and the previously specified 
input/output assignment, the following matrix is 
used (after 2's complement conversion and row 
swapping): 

The matrix for converting digital YIQ (derived I 
from digital composite video format) to RGB is as R 
follows. G 

[ : I [;::: :'::: ~;] [ : I B 

[ 

$l.EO 

$7.77 

$5.Dl 

$1.F9 

$1.39] [ I I $6.BC Y 

$3.5C Q 

$1.F9 

$1.F9 

The input and output assignment of the Bt281 
video IJO pins is assumed to be as follows: 

DAD-DA7 = 10-17 
DBD-DB7 = YO-Y7 
DCD-DC7 = QO-Q7 

QAO-QA7 = RO-R7 
QBO-QB7 = GO-G7 
QCO-QC7 = BO-B7 

The Y input to the matrix can have a range of 0 
to 130, while the 1 input can have a range of 0 to 
±78 and Q can have a range of 0 to ±68. The 
gamma-corrected RGB outputs of the matrix have 
a range of 0 to 255. 

The command register should specify unsigned 
magnitude representation for the QAx and QCx 
outputs, and either offset binary or 2's complement 
representation for the DAx and DCx inputs. 
Command bitsCR17-CRI5 should be 100. 
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Bt281 
Application Information (continued) 

Concatenating Matrices 

When matrices are concatenated, conversions such 
as YIQ to YUV may be implemented. The 
formula for concatenating matrices is as follows: 

I aj+bm+cp 

I rH .J....Po1'n...L fn 

ak+bn+cq al+bo+cr l 
~1....L "" ..... ...L h-I'U ... ...L p.n...1.. fl'l l :+:~: :+:+: J 

_ •. --- . -"'1 

gk+hn+iq 

Implementing RGB to HSV 

RGB may be converted to HSV by configuring 
the Bt281 to implement RGB-to-Y/R-Y/B-Y 
conversion. 

The V value is equivalent to the Y (luminance) 
output onto QBO--QB7. 

Saturation (S) = SQRT(R - y2) + (B - Y) 

Hue (H) = tan-I (B - Y)/ (R - Y) 

When the 16 bits (8 bits each) of (R - Y) and (B -
Y) data generated by the Bt281 are used to address 
a 64K x 8 ROM, the ROM may be programmed to 
generate 8 bits of saturation data with tht{ equation 
above. [A 16K x 8 ROM may be used, addressed 
by the 6 MSBs of the (R - Y) and (B - Y) data.] 
An output register on the ROM data outputs may 
be needed to meet setup and hold times for any 
circuitry after the ROM. 

When the same 16 bits of (R - Y) and (B - Y) 
. data generated by the Bt281 are to address another 

64K x 8 ROM, this ROM is programmed to 
generate 8 bits of hue data with the equation 
above. [A 16K x 8 ROM may be addressed by the 
6 MSBsof the (R - Y) and (B - Y) data.] An 

• to. 
output regIster on the ROM data outputs may be 
needed to meet setup and hold times for any 
circuitry after the ROM. 

A single 64K x 16 ROM may be used rather 
than two 64K x 8 ROMs. 
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Implementing HSV to RGB 

HSV may be converted to RGB by configuring 
the Bt281 to implement Y/R-Y/B-to-RGB 
conversion. 

The V value is equivalent to the Y (luminance) 
input to DBO-DB7. 

R-Y =S*cos(H) 

B-Y=S*sin(H) 

When the 16 bits (8 bits each).of saturation (S) and 
hue (H) data are used to address a 64K x 8 ROM, 
the ROM may be programmed to generate 8 bits of 
(R - Y) data to input to the Bt281 with the 
equation above. (A 16K x 8 ROM may be used, 
addressed by the 6 MSBs of the S and H data.) An 
input register on the ROM data inputs may be 
needed to meet setup and hold times to the ROM. 

The same 16 bits (8 bits each) of saturation (S) 
and hue (H) data to address a 64K x 8 ROM (a 
16K x 8 ROM may be used addressed by the six 
MSBs of the S and H data), the ROM is 
programmed to generate 8 bits of (B - Y) data to 
input to the Bt281 using the equation above. An 
input register on the ROM data inputs may be 
needed to meet setup and hold times. 

A single 64K x 16 ROM may be used rather 
than two 64K x 8 ROMs. 
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Application Information (continued) 

Matrix Coefficient Considerations 

The example matrices are only typical; 
adjustment of the matrix coefficients may be 
required to minimize rounding errors, especially 
when multiple devices are cascaded. 

Also, the matrix coefficients may be multiplied 
(left shifted) by 2 or 4; and the MI-M8 (2x) or 
M2-M9 (4x) outputs may be selected, rather than 
the MO-M7 outputs. This may reduce rounding 
errors, especially when multiple devices are used. 

Color Correction of Cameras 

The color response of a video camera is never 
exactly that specified by the standards, which 
require negative responses to certain portions of 
the light spectrum. In practice, this is achieved by 
matrixing the three color signals of the form: 

Reorrect = aRcam + bGcam + cBcam 

Gcorrect = dReam + eGcam + fBcam 

where the constants a, e, and i are positive values 
near unity, and the other constants are small in 
comparison with unity and usually negative. 

Since it is usually desired to keep the color 
balance of the camera constant: 

a+b+c=l 

d+e+f=l 

g+h+i=l 

Rather than implement the color correction with 
differential amplifiers, the Bt281 makes it feasible 
to use a digital architecture involving matrix 
multiplication. 

Bt281 

Adjusting Contrast and Saturation 

By scaling the matrix or lookup table RAM 
values, the contrast and saturation of a video signal 
may be adjusted while simultaneously converting 
to another color space. 

Typical Applications 

Figures 5 and 6 show typical applications of the 
Bt281 in an image-capture-and-display 
environment. 

The Bt281 may also be placed between the 
frame buffer memory and MPU. Thus, the MPU 
may operate in a single color space while many 
color spaces may reside in the frame buffer. The 
CLOCK of the Bt281 will typically be connected 
to the video system clock. 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are 
required to prevent device damage, which can 
produce symptoms of catastrophic failure or erratic 
device behavior with somewhat leaky inputs. 

All logic inputs should be held low until power 
to the device has settled to the specified tolerance. 

Latchup can be prevented by ensuring that all 
VCC pins are at the same potential and that the 
VCC supply voltage is applied before the signal 
pin voltages. The correct power-up sequence 
ensures that any signal pin voltage will never 
exceed the power supply voltage by more than 
+O.5V. 
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Bt281 Brooldree® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply vee 4.5 5.00 5.5 V 
Ambient Operating Temperature TA 0 +70 °e 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

vee (measured to GND) 7.0 V 

Voltage on Any Signal Pin (Note I) GND-0.5 vee +0.5 V 

Ambient Operating Temperature TA -55 +125 °e 
Storage Temperature TS -65 +150 °e 
Jnnction Temperature TJ +150 °e 

Vapor Phase Soldering TVSOL 220 °e 
(1 minute) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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Brooktree@ Bt281 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

Digital Inputs 
Input High Voltage VIH 2.0 VCC+0.5 V 
Input Low Voltage VIL GND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) IIH I JlA 
Input Low Current (Vin = 0.4 V) IlL -1 JlA 
Input Capacitance CIN 7 pF 

(f = 1 MHz, Yin = 2.4 V) 

Digital Outputs (OO-D7) 
Output High Voltage VOH 2.4 V 

(IOH = -400 JlA) 
Output Low Voltage VOL 0.4 V 

(IOL = 6.4 rnA) 
3-state Current IOZ 10 JlA 
Output Capacitance COUT 10 pF 

QAx, QBx, QCx Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -400 JlA) 
Output Low Voltage VOL 0.4 V 

(IOL = 6.4 rnA) 
3-state Current IOZ 10 JlA 
Output Capacitance COUT 10 pF 

Other Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -400 JlA) 
Output Low Voltage VOL 0.4 V 

(IOL = 6.4 rnA) 
Output Capacitance COUT 10 pF 

Test conditions (unless otherwise specified): "Reconunended Operating Conditions." Typical values are based on 
nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 
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AC Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 27 MHz 

AO, AI, es· Setup Time 1 10 ns 
AO, AI, es· Hold Time 2 10 ns 

RD·, WR* Low Time 3 70 ns 
RD*, WR* High Time 4 15 ns 
..... r<o. ... " • 1. T"'<oo • ...,. ........ J ~ 113 1'\.1..1. l"\.i)M:ilU:;U W U"LC1 DU~ LlUVCU 

RD· Asserted to Data Valid 6 70 ns 
RD'" Negated to Data Bus 3-Stated 7 20 ns 

Write Data Setup Time 8 10 ns 
Write Data Hold Time 9 10 ns 

Pixel and Control Setup Time 10 
DAx, DBx, DCx, INO, INl, CFLAG 5 ns 

Pixel and Control Hold Time 11 
DAx, DBx, DCx, INO, INl, CFLAG 4 ns 

Clock Cycle Time 12 37 ns 
Clock Pulse Width High 13 10 ns 
Clock Pulse Width Low 14 10 ns 

Pipeline Delay 14 14 14 Clocks 
Output Delay 15 tbd 16 ns 
Three-State Disable Time 16 15 ns 
Three-State Enable Time 17 15 ns 

VCC Supply Current (Note 1) ICC 220 250 mA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" TIL input values are 0-3 V 
with input rise/fall times ~ 4 ns, measured between the 100percent and 9O-percent points. Timing reference points at 
50 percent for inputs and outputs. See FigUres 7-11. QAx, QBx, QCx, aUTO, and OUTI output load ~ 75 pF, and 
DO-D7 output load ~ 75 pF. Typical values are based on nominal temperature, i.e., room temperature, and nominal 
voltage, i.e., 5 V. 

Notei: At Fmax. ICC (typ) at VCC = 5.0 V. ICC (max) at VCC (max). 
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Timing Waveforms 

I 2 
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Figure 7. MPU Read/Write Timing. 
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CLOCK 

DAO-DA1. DBO-DB1. 
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DATA(N·14) DATA(N-13) 

QCO-QC1 
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OUTO.OUTI X X X DATA(N-14) 

f.IS 

, ~ATA (N -13) 

Figure 8. Video Input/Output Timing 
(Bypass or Noninterpolated and Nonmultiplexed 24·bit 110). 
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Timing Waveforms (continued) 
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QAO-QA7. QBO-QB7. 
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DATA(N -14) DATA(N-13) 

15 

Figure 9. Video Input/Output Timing 
(Multiplexed and Interpolated 16-bit Input, and 24-bit Output). 
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Figure 10. Video Input/Output Timing 
(24-bit Input, Multiplexed and Decimated 16-bit Output). 
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Timing Waveforms (continued) 
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Figure 11. Video Input/Output Timing 
(Nonmultiplexed and Interpolated 24-bit Input, and 24-bit Output). 

Ordering Information 

Ambient 
Model Number Package Temperature 

Range 

Bt281KPJ 84-pin Plastic 00 to +700 C 
J-Lead 
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Advance Information 

This document contains infonnation on a product under 
development. The infonnation providedis subject to change. 

Distinguishing Features 

Ability to Digitize Composite or Y/C 
(NTSC or PAL) 
Flexible Video Resolutions up to 16.5 
MSPS 
On-Chip UltralockYM 

Programmable Hue, Brightness, 
Contrast, and Saturation 

• Supports 2X Clock Operation 
RGB or YCrCb Output Formats 
0.7-2 V Video Input Signals 
Standard MPU Interface 
160-pin PQFP Package 
JTAG Support 
Typical Power Dissipation: 1.6 W 

Functional Block Diagram 

XTALUN 
XTALCOUT 

XTAL2JN 
XTAL2_0UT 

TCLK 
TMS 
IDI 

TOO 

VIDIUY.C) 
VIDI_(Y,C) 
VID2JY.C) 
VID3-<Y,C) 

SYNCJ)ET 

REFOUT 

YREF+ 
YREF

YLEVEL 
COMPOSITE, Y 

C 
CRE". 
CREp· 

a.EVEL 
RI2 

Applications 

• Multimedia 
• Image Processing 
• Desktop Video 

Related Products 

• Bt858 
• Bt855 

"RESET*' 
VRESET* 
H 
V 
ACTIVE 
FIELD_(O,tt2) 
CAPTURE 
VALID 
CbFLAG 
SERROR 

RO·R? 

GO-G7 

BO-B7 

DO-07 RD· WR· RSO,RSI RESET· 

Brooktree Corporation' 9950 Barnes Canyon Rd.· San Diego, CA 92121-2790 
(619) 452-7580' (800) VIDEO IC • TLX: 383596' FAX: (619) 452-1249 
L812001 Rev. A 

Bt812 
NTSC/PALto 
RGB/YCrCb 

Decoder 

Product Description 

The Bt812 Image Digitizer converts NTSC 
and PAL composite or Y IC analog video 
signals to either digital RGB or YCrCb vid
eo data at pixel rates from 8-16.5 MHz. 
This digitizer supports 24-bit RGB, 16-bit 
RGB, 15-bit RGB, 4:4:4 24-bit YCrCb, or 
4:2:2 16-bit YCrCb output formats. 

The hue, contrast, saturation, and bright
ness levels are adjustable through the MPU 
interface. 

The 4: 1 analog multiplexers enable the 
NTSC, PAL, Y, and C video signals to be 
individually filtered before the Bt812 is driv
en, simplifying external circuitry. 

Horizontal and vertical timing infonna
tion is generated and output through HRE
SET* and VRESET*. Programmable blank
ing information is output on the H, V, and 
ACTIVE pins. The FIELD_O, FIELD_l and 
FIELD_2 outputs specify which one of four 
(NTSC) or eight (PAL) fields is being 
processed. 

-





Advance Information 

This document contains infonnation on a product under development. 
The parametric infonnation contains target parameters that are subject 
to change. 

Distinguishing Features 

• Pin/Software Compatible with Bt858 
• NTSC or PAL Composite Video 

Output 
• Interlaced 60 Hz 525-Line Digital 

RGB or YCrCb Input 
(NTSC Output) 

• Interlaced 50 Hz 625-Line Digital 
RGB or YCrCb Input (PAL Output) 

• Separate Y/C Video (S-Video) 
Outputs 

• 4-Field NTSC or 8-Field PAL 
Generation 

• On-Chip Color Bar Generation 
• Three 256 x 8 Input Lookup Table 

RAMs 
• 15 x 24 Overlay Registers 
• Standard MPU Interface 

• +5 V CMOS Monolithic 
Construction 

.• 160-pin PQFP Package 
• Typical Power Dissipation: 

l.OW 

Applications 

• Desktop Video 
• Video Editing 
• Video Presentations 

Related Products 

• Bt858 

Functional Block Diagram 

RO-R7 

00-07 

BO-B7 

ow.dL3 

I/IIISYNC' 

VNSYNC· 

CSYNC' 

FJBLANK* 

CBI'LAG 

RESET' DO-D7 

VREF FS ADJUST 

COMP 

NTSC/PAL 

y 

c 

Brooktree Corporation· 9950 Barnes Canyon Rd.· San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
L855001 Rev. C 

Bt855 
12-18 MHz _ 

RGBIYCrCb-to-NTSC!P AL 
Encoder 

Product Description 

The Bt855 is designed specifically for 
graphics and imaging systems requiring the 
generation of four-field, 525-line (M) NTSC 
or eighHield, 625-line (B, D, G, H, I, N) 
PAL composite, or Y/C (S-video) video sig
nals at pixel clock rates of 10-18 MHz. 
NTSC with a 4.43 MHz color subcarrier is 
also supported. The number of pixels per 
scan line is programmable, so applications 
other than 12.27 MHz square pixel NTSC, 
13.5 MHz CCIR601, and 14.75 MHz square 
pixel PAL are easily supported. 

Video timing control may be input with 
horizontal and vertical sync, or composite 
sync control signals. Alternately, the Bt855 
may generate the horizontal and vertical 
sync signals. 

The interlaced RGB or YCrCb data is 
converted to YUV. The color difference sig
nals are digitally low-pass filtered to l.3 
MHz and modulated. The rise and fall times 
of sync, burst envelope, and video blanking 
are internally controlled to be within com
posite video specifications. 

Analog luminance (Y) and chroma (C) in
fonnation are available on the Y and C ana
log outputs for interfacing to S-video equip
ment. Composite analog video is output 
simultaneously onto the NTSC/P AL analog 
output. 
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Brooktree~ Bt855 
Circuit Description-MPU Interface 

MPU Interface 

As illustrated in the detailed block diagram (Fig
ure 1), the Bt855 supports a standard MPU bus in
terface, allowing the MPU direct access to the col
or palette RAM and overlay color registers. 

The RSO-RS2 select inputs specify whether the 
MPU is accessing the address register, color pal- .. 
ette RAM, or control registers, as shown in Table 
1. The 8-bit address register is used to address the 
color palette RAM and overlay registers, eliminat
ing the requirement for external address multiplex
ers. ADDRO corresponds to DO and is the least sig
nificant 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 3 bytes of color information are 
concatenated into a 24-bit word and written to the 
location specified by the address register. The ad
dress register then increments to the next location, 
which the MPU may modify by writing another se
quence of red, green, and blue data. A block of 
color values in consecutive locations may be writ
ten to by writing the start address and performing 
continuous RGB write cycles until the entire block 
has been written. 

RS2 RS1 RSO 

Reading Color Palette RAM Data 

To read color palette RAM data, the MPU loads 
the address register (RAM read mode) with the ad
dress of the color palette RAM location to be read. 
The contents of the color palette RAM at the speci
fied address are copied into the RGB registers, and 
the address register is incremented to the next 
RAM location. The MPU performs three succes-
sive 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 RGB 
registers, and the address register again incre-
ments. A block of color values in consecutive loca-
tions may be read by writing the start address and 
performing continuous RGB 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 ad
dress 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 3 bytes of color information are concate
nated into a 24-bit word and written to the overlay 
location specified by the address register. The ad
dress register then increments to the next location, 
which the MPU may modify by writing another se
quence of red, green, and blue data. A block of 
color values in consecutive locations may be writ
ten to by writing the start address and performing 
continuous RGB write cycles until the entire block 
has been written. 

Addressed by MPU 

0 0 0 address register (RAM write mode, 
control register read/write mode) 

0 1 1 address register (RAM read mode) 
0 0 1 color palette RAM 
0 1 0 pixel read mask register 

1 0 0 address register (overlay write mode) 
1 1 1 address register (overlay read mode) 
1 0 1 overlay registers 
1 1 0 control registers 

Table 1. Contrallnput Truth Table. 
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Circuit Description-MPU Interface (continued) 

Reading Overlay Color Data 

To read overlay color data, the MPU loads the 
address register (overlay read mode) with the ad
dress of the overlay location to be read. The con
tents of the overlay register at the specified ad
dress are copied into the RGB registers, and the 
address register 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. Follow
ing the blue read cycle, the contents of the overlay 
location at the address specified by the address 
register are copied into the RGB 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 continu
ous RGB read cycles until the entire block has 
been read. 

Writing Control Register Data 

To write control register data, the MPU loads 
the address register (control register read/write 
mode) with the address of the control register to 
be read. The MPU performs a write cycle, using 
RSO-RS2 to select the control registers. After the 
write cycle, the address register (ADDRO
ADDR7) increments to the next location, which 
the MPU may write by writing another byte of 
data. A block of data in consecutive control regis
ters may be written by writing the start address 
and performing continuous write cycles until the 
entire block has been written. 

3-132 SECTION 3 

Reading Control Register Data 

To read control register data, the MPU loads the 
address register (control register read/write mode) 
with the address of the control register to be read. 
The MPU performs a read cycle, using RSO-RS2 
to select the control registers. After the read cycle, 
the address register (ADDRO-ADDR7) increments 
to the next location. which the MPU may read by 
reading another byte of data. A block of data in 
consecutive control registers may be read by writ
ing the start address and performing continuous 
read cycles until the entire block has been read. 

Pixel Read Mask Register 

The 8-bit pixel read mask register is implement
ed 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 pal
etteRAMs. 

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 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. 

Note: The pixel read mask register is not ini
tialized upon power-up. The user must initialize 
this register for proper operation. 



Brooklree~ Bt855 
Circuit Description-MPU Interface (continued) 

Additional Information 

When the MPU is accessing the color palette 
RAM, the address register resets to $00 following 
a blue read or write cycle to RAM location $FF. " 

When the MPU is accessing the control regis
ters, the address register does not reset to $00 fol
lowing a read or write cycle to address $FF. Data 
read from reserved locations returns invalid data. 

The MPU interface operates asynchronously to 
the pixel clock. Data transfers that occur 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 take place 
in the period between MPU accesses. To reduce 
noticeable sparkling on the analog outputs during 
MPU access to the color palette RAMs, internal 
logic maintains the previous output color data on 
the analog outputs while the transfer between 
lookup table RAMs and the RGB registers occurs. 

Value RS2 

ADDRa, b (counts modulo 3) 00 x 
01 x 
10 x 

ADDR0-7 (counts binary) $OO-$FF 0 
$xO I 
$xl 1 

: : 
$xF 1 

$00 1 
$01 1 
$02 1 
$03 1 
$04 1 
$05 1 
$06 1 
$07 1 
$0& 1 
$09 1 
$OA 1 
SOB 1 
$DC 1 
SOD 1 

To keep track of the red, green, and blue read! 
write cycles, the address register has 2 additional 
bits(ADDRa and 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 ad
dress register. The MPU does not have access to 
these bits. The other 8 bits of the address register 
(ADDR0-7), incremented following a blue read or 
write cycle, are accessible to the MPU and are 
used to address color palette RAM locations and 
overlay registers, as specified in Table 2. The 
MPU may read the address register at any time 
without modifying its contents or the existing read! 
write mode. 

RS1 RSO Addressed by MPU 

0 I redlCr value 
0 I greenlY value 
0 I blue/Cb value 

0 I color palette RAMs 
0 I reserved 
0 1 overlay color 1 
: : : 
0 1 overlay color 15 

1 0 command registecO 
1 0 command registec1 
1 0 command registec2 
1 0 command registec3 
1 0 command registec 4 
1 0 reserved ($00) 
1 0 PI low register (Note 1) 
1 0 PI high register (Note 1) 
1 0 P210w register (Note 1) 
1 0 P2 high register (Note 1) 
1 0 reserved ($00) 
1 0 reserved ($00) 
1 0 HCOUNT low register 
1 0 HCOUNT high register 

Note 1: Writing to this location automatically resets the timing circuitry. 

Table 2. Address Register (ADDR) Operation. 
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Overlays 

The OLO-OL3 inputs are used to select 
overlays and have priority over the pixel data. 
They are latched on the rising edge of CLOCK_IN 
and pipelined to maintain synchronization with the 
RO-R7, GO--G7, and BO-B7 pixel data. Overlay 
palette data must be in 2's complement format. 

Ol3-0l0 Color Selected 

0000 RGB pixel input port 
0001 overlay color 1 

: : 
1111 overlay color 15 

24-Bit RGB Input Mode (8, 8, 8) 

The OLO-OL3, RO-R7, GO--G7, and BO-B7 
inputs are latched on the rising edge of 
CLOCK_IN. 

The RO-R7 inputs address the red color palette 
RAM, GO--G7 address the green color palette 
RAM, and BO-B7 address the blue color palette 
RAM. Each lookup table RAM provides 8 bits of 
color information to the RGB-to-YUV matrix. If 
overlay information is being generated (Le., 
OLO-OL3 are nonzero), the selected overlay 
register provides 24 bits of color information to 
the RGB-to-YUV matrix. 

16-bit RGB Input Mode (5, 6, 5) 

The OLO-OL3, RO-R7 and GO--G7 inputs are 
latched on the rising edge of CLOCK_IN. The 
BO-B7 inputs are ignored. 

The R3-R7 inputs address the lower 32 
locations of the red color palette RAM. The 
G5-G7 and RO-R2 inputs address the lower 64 
locations of the green color palette RAM. The 
GO--G4 inputs address the lower 32 locations of 
the blue color palette RAM. Each lookup table 
RAM provides 8 bits of color information to the 
RGB-to-YUV matrix. If overlay information is 
being generated (Le., OLO-OL3 are nonzero), the 
selected overlay register provides 24 bits of color 
information to the RGB-to-YUV matrix. 
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16-bit RGB Input Mode (6,6,4) 

The OLO-OL3, RO-R7, and GO--G7 inputs are 
latched on the rising edge of CLOCK_IN. The 
BO-B7 inputs are ignored. 

The R2-R7 inputs address the lower 64 
locations of the red color palette RAM. The 
G4-G7, RO, and Rl inputs address the lower 64 
locations of the green color palette RAM. The 
GO--G3 inputs address the lower 16 locations of 
the blue color palette RAM. Each lookup table 
RAM provides 8 bits of color information to the 
RGB-to-YUV matrix. If overlay information is 
being generated (Le., OLO-OL3 are nonzero), the 
selected overlay register provides 24 bits of color 
information to the RGB-to-YUV matrix. 

15-bit RGB Input Mode (5, 5, 5) 

The OLO-OL3, RO-R6, and GO-G7 inputs are 
latched on the rising edge of CLOCK_IN. The R7 
and BO-B7 inputs are ignored. 

The R2-R6 inputs address the loWer 32 
locations of the red color palette RAM. The 
G5-G7, RO, and Rl inputs address the lower 32 
locations of the green color palette RAM. The 
GO--G4 inputs address the lower 32 locations of 
the blue color palette RAM. Each lookup table 
RAM provides 8 bits of color information to the 
RGB-to-YUV matrix. If overlay information is 
being generated (Le., OLO-OL3 are nonzero), the 
selected overlay register provides 24 bits of color 
information to the RGB-to-YUV matrix. 

24-Bit YCrCb Mode 

The OLO-OL3, RO-R7, GO--G7, and BO-B7 
inputs are latched on the rising edge of 
CLOCK_IN. The YO-Y7 are input by GO-G7, 
CrO-Cr7 are input by RO-R7, and CbO-Cb7 are 
input by BO-B7. The YO, crO, and CbO are the 
least significant bits. 

The Y addresses the green color palette RAM, 
Cr addresses the red color palette RAM, and Cb 
addresses the blue color palette RAM. Each 
lookup table RAM provides 8 bits of information 
to the YCrCb-to-YUV matrix. Before the 
YCrCb-to-YUV matrix is addressed, Y has an 
input range of 16-235; values less than 16 are 
made 16, and values greater than 235 are made 
235. The Cr and Cb have an input range of 16-240 
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with 128 equal to zero; values less than 16 are 
made 16, and values greater than 240 are made 
240. 

If overlay information is being displayed (Le., 
O~L3 are nonzero), the selected overlay 
register provides 24 bits of YCrCb color 
information to the YCrCb-to-YUV matrix. 

16-81t YCrCb Mode 

The OLO-OL3, 00-07, and BO-B7 inputs are 
latched on the rising edge of CLOCK_IN. The 
RO-R7 inputs are ignored. The YO-Y7 are input 
by 00-07, and multiplexed Cr and Cb data is 
input by the BO-B7 inputs, as specified in Table 3. 
The YO, crO, and CbO inputs are the least 
significant bits. 

24-bit 16-bit 16-bit 
RGB RGB RGB 

RGB (8,8,8) (5,6,5) (6,6,4) 
Inputs Mode Mode Mode 

R7 R7 R4 R5 
R6 R6 R3 R4 
R5 R5 R2 R3 
R4 R4 RI R2 
R3 R3 RO RI 
R2 R2 G5 RO 
RI RI G4 G5 
RO RO G3 G4 

G7 G7 G2 G3 
G6 G6 G1 G2 
G5 G5 GO G1 
G4 G4 B4 GO 
G3 G3 B3 B3 
G2 G2 B2 B2 
G1 G1 BI BI 
GO GO BO BO 

B7 B7 x x 
B6 B6 x x 
B5 B5 x x 
B4 B4 x x 
B3 B3 x x 
B2 B2 -x x 
BI BI x x 
BO BO x x 

The CbFLAG input is used to indicate when Cb 
data is present on the BO-B7 inputs. While 
CbFLAG is a logical one, Cb data is latched; while 
CbFLAG is a logical zero, Cr data is latched. 
CbFLAG is latched on the rising edge of 
CLOCK_IN. 

The 16-bit YCrCb (4:2:2) data is converted to 
24-bit YCrCb (4:4:4) with a two-tap interpolation 
filter to generate the missing Cr and Cb values. 
(The original Cr and Cb values pass through 
unchanged.) 

H(Z) = (128/256)*(Z-1 + Z+I) 

Y addresses the green color. palette RAM, Cr 
addresses the red color palette RAM, and Cb 
addresses the blue color palette RAM. Each. 

15-bit 
RGB 24-blt 16-bit Pseudo-

(5,5,5) VCrCb VCrCb Color 
Mode Mode Mode Mode 

x Cr7 x P7 
R4 Cr6 x P6 
R3 crS x P5 
R2 Cr4 x P4 
RI Cr3 x P3 
RO Cr2 x P2 
G4 Crl x PI 
G3 crO x PO 

G2 Y7 Y7 P7 
G1 Y6 Y6 P6 
GO Y5 Y5 P5 
B4 Y4 Y4 P4 
B3 Y3 Y3 P3 
B2 Y2 Y2 P2 
BI YI YI PI 
BO YO YO PO 

x Cb7 Cb7/Cr7 P7 
x Cb6 Cb6/Cr6 P6 
x Cb5 Cb5/Cr5 P5 
x Cb4 Cb4/Cr4 P4 
x Cb3 Cb3/Cr3 P3 
x Cb2 Cb2/Cr2 P2 
x Cbl Cbl/Crl PI 
x ChO ChO I crO PO 

Table 3. Data Input Formats. 
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lookup table RAM provides 8 bits of information 
to the YCrCb-to-YUV matrix. Before addressing 
the YCrCb-to-YUV matrix, Y has an input range 
of 16-235; values less than 16 are made 16, and 
values greater than 235 are made 235. The Cr and 
Cb have an input range of 16-240, with 128 equal 
to zero; values less than 16 are made 16, and 
values greater than 240 are made 240. 

If overlay information is being displayed (Le., 
OLO-OL3 are nonzero), the selected overlay 
register provides 24 bits of RGB color information 
to the RGB-to-YUV matrix. 

Pseudo-Color Mode 

The RO-R7, GO-G7, or BO-B7 inputs (as 
specified by command bits CR04-CR07) address 
all three lookup table RAMs simultaneously, 
generating 24 bits of color information. The 
OLO-OL3, RO-R7, GO-G7, and BO-B7 inputs are 

Circuit Description-Video Timing 

General Video Timing 

The Bt855 is designed to accept and output 
interlaced video to conform to the NTSC or PAL 
timing specifications. Interlaced 60-Hz, 525-line 
digital RGB or YCrCb input will produce standard 
analog NTSC outputs. Interlaced 50-Hz, 625-line 
digital ROB or YCrCb input will produce standard 
analog PAL output. Nonstandard line counts in 
PAL or NTSC modes are not supported. 

The Bt855 automatically calculates the width of 
the analog horizontal sync pulses, and the start and 
end of color burst. It automatically disables color 
burst on appropriate scan lines, and generates 
serration and equalization pulses on appropriate 
scan lines. 

In addition, the rise and fall times of sync, 
blanking, and the burst envelope are internally 
controlled to conform to the composite video 
specifications. 
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latched on the rising edge of CLOCK_IN. Each 
lookup table RAM provides 8 bits of color 
information to the RGB-to-YUV matrix. If overlay 
information is being generated (Le., OLO-OL3 are 
nonzero), the selected overlay register provides 24 
bits of color information to the RGB-to-YUV 
matrix. 

Internal Color Bar Generator 

A color bar test pattern output can be internally 
generated by the device when it is configured for 
24-bit RGB operation. This is enabled by bit CR32 
in Command Register_3. The bars are 100 percent 
saturated, 75 percent amplitude consisting of gray, 
yellow, cyan, green, magenta, red, blue, and black. 
They fill the entire screen vertically, and the first 
seven colors occupy 64 pixels each, horizontally 
along a scan line. Black occupies the remaining 
active pixels on each scan line. 

The user must only provide information on the 
number of pixels per scan line (via the HCOUNT 
register), and program the PI and P2 registers to 
generate the correct color subcarrier frequency for 
a given pixel clock rate. 

During NTSC operation, color burst information 
is automatically disabled on scan lines 1-6, 
261-269, and 523-525, inclusive. 

During PAL operation, color burst information is 
automatically disabled on scan lines 1-6,310-318, 
and 622-625 during fields 1, 2, 5, and 6. During 
fields 3, 4, 7, and 8, color burst information is 
automatically disabled on scan lines 1-5,311-319, 
and 623-625, inclusive. 
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Master Mode 0 

External horizontal sync (HSYNC*), vertical 
sync (VSYNC*), and composite blanking 
(BLANK*) must be supplied to the Bt855. 
HSYNC*, VSYNC*, and BLANK* are 
configured as inputs and are latched on the rising 
edge of CLOCK_IN and pipelined to maintain 
synchronization with the pixel data. While the 
BLANK* input is a logical zero, the RO-R7, 
GO-G7, BO-B7, and OLO-OL3 inputs are ignored. 
The CSYNC* pin is configured as an input and is 
ignored. 

CR43 programmed low will three-state 
CSYNC*, HSYNC*, and VSYNC*. CR43 
programmed high will enable CSYNC* as a valid 
composite sync output, but HSYNC* and 
VSYNC* will still be internally gated to 
three-state as required by Master Mode O. 

Coincident falling edges of the HSYNC* and 
VSYNC* input indicate the beginning of an odd 
field. A falling edge of VSYNC* without a 
coincident falling edge of HSYNC* indicates the 
beginning of an even field. 

Only the falling edges of HSYNC* and 
VSYNC* are used-HSYNC* need not be the 
width of the analog horizontal sync pulse desired. 
VSYNC* need not be the width of the analog 
vertical sync pulse desired and must not contain 
serration or equalization pulses. 

Figures 2 and 3 illustrate the video timing for 
NTSC and PAL, respectively. Nonstandard NTSC 
line numbering is used in Figure 2. 

Vertical Timing 

Coincident falling edges of VSYNC* and 
HSYNC* reset the lO-bit vertical counter to $001. 
(The number one scan line is the first scan line of 
the vertical sync interval at the beginning of an 
odd field.) The vertical counter increments on the 
falling edge of HSYNC*. 

The Bt855 will generate 525 scan lines (NTSC 
operation) or 625 scan lines (PAL operation) per 
frame, 2: 1 interlaced. The lO-bit vertical counter is 
also reset to $001 upon reaching a count of 525 
(NTSC) or 625 (PAL). 

Horizontal Timing 

The falling edge of HSYNC* resets a 12-bit hori
zontal counter to $00l. The horizontal counter in
crements on the rising edge of CLOCK_IN. The 
counter value is compared to various internal values 
automatically calculated by the device to determine 
when to start and stop various control signals (such 
as horizontal sync and burst gate). 

The 12-bit horizontal counter is also reset to 
$001 upon reaching the count specified by 
HCOUNT. 

NTSC Blanking 

The BLANK* input is used to specify when to 
output active video. Blanking is automatically 
done (regardless of the value of BLANK*) for the 
entire scan line at the beginning of scan lines 1-17, 
261-279, and 523-525, inclusive. 

On scan line 260 (where the first half of the scan 
line contains active video), the Bt855 
automatically blanks the last half of the scan line 
regardless of the value of BLANK*. On scan line 
280 (where the last half of the scan line contains 
active video), the Bt855 automatically blanks the 
first half of the scan line regardless of the value of 
BLANK*. 

On the remaining scan lines, BLANK* is used 
to specify when to display active video. For further 
information, refer to P2 Low and High Registers in 
the Internal Registers section. 

PAL Blanking 

The BLANK* input is used to specify when to 
output active video. Blanking is automatically 
done (regardless of the value of BLANK*) for the 
entire scan line at the beginning of scan lines 1-22, 
311-335, and 624-625, inclusive. 
. On scan line 623 (where the first half of the scan 

line contains active video), the Bt855 
automatically blanks the last half of the scan line 
regardless of the value of BLANK*. On scan line 
23 (where the last half of the scan line contains 
active video), the Bt855 automatically blanks the 
first half of the scan line regardless of the value of 
BLANK*. 

On the remaining scan lines, BLANK* is used 
to specify when to display active video. For further 
information, refer to P2 Low and High Registers in 
the Internal Registers section. 
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Figure 2. NTSC Video Timing. 
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Figure 3a. PAL Video Timing. 
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Master Mode 1 

External composite sync (CSYNC*) and 
composite blanking (BLANK*) must be supplied 
to the Bt855. CSYNC* and BLANK* are 
configured as inputs. They are latched on the rising 
edge of CLOCK_IN and pipelined to· maintain 
synchronization with the pixel data. While the 
BLANK* input is a logical zero, the RO-R7, 
GO-G7, BO-B7, and OLO-OL3 inputs are ignored. 
The HSYNC* and VSYNC* pins are configured 
as outputs and three-stated. CR43 must be set low 
to three-state CSYNC*, HSYNC*, and VSYNC*. 

The composite sync (CSYNC*) information is 
separated into horizontal and vertical sync 
information internally. When the horizontal and 
vertical sync information is separated from the 
CSYNC* signal, the functionality and timing are 
the same as that for Master Mode O. 

In this instance, CSYNC* must contain the 
proper serration and equalization pulses during the 
vertical retrace intervals for proper operation. 

Vertical Timing 

If the previous scan line samples of CSYNC* 
(at one-fourth and three-fourths HCOUNT) were 
both a logical one and the current scan line sample 
of CSYNC* (at one-fourth HCOUNT) is a logical 
zero, it is assumed to be the beginning of an odd 
field. The lO-bit vertical counter is reset to $001. 

The lO-bit vertical counter is also reset to $001 
upon reaching a count of 525 (NTSC operation) or 
625 (PAL operation). 

Horizontal Timing 

After a falling edge of CSYNC* (three-fourths 
HCOUNT), clock cycles must pass before the next 
falling edge of CSYNC* is interpreted as a 
horizontal sync. This filters out any serration and 
equalization pulses from the composite sync 
signal. Each gated falling edge resets the 
horizontal counter to $001. 

Master Mode 2 

In this mode of operation, the Bt855 is designed 
to be clocked at 13.5 MHz for digital component 
video (i.e., CCIR601) applications that use the H 
(horizontal blanking), V (vertical blanking), and F 
(even/odd field) control signals. 

External horizontal blank (H), vertical blank 
(V), and even/odd field (F) information must be 
supplied to the Bt855. The H, V, and F pins are 
configured as inputs. They are latched on the 
rising edge of CLOCK_IN and pipelined to 
maintain synchronization with the pixel data. 
While either the H or V input is a logical one, the 
RO-R7, GO-G7, BO-B7, OLO-OL3, and KEY_O 
inputs are ignored. The CSYNC* pin is configured 
as an output and three-stated. .. 

As in Master Mode 0, H and V are internally 
gated to three-state, and CR43 configures only 
CSYNC* as an unused input or a valid CSYNC* 
output. 

The horizontal counter is reset to $001, 63 clock 
cycles after each rising edge of H (horizontal 
blanking). 

The F (field) input is sampled by horizontal 
sync. When a falling edge of the F input (while 
both the H and V inputs are a logical one) has been 
detected, the vertical counter is reset to $001. 
Thus, while F is a logical zero, an odd field is 
generated; while F is a logical one, an even field is 
generated. 

The remaining functionality is the same as that 
for Master Mode O. 

Master Mode 3 

Master Mode 3 is similar to Master Mode 0, 
except that the Bt855 generates and outputs 
horizontal sync (HSYNC*) and vertical sync 
(VSYNC*). Composite blanking (BLANK*) must 
be supplied to the Bt855. HSYNC* and VSYNC* 
are output following the nsmg edge of 
CLOCK_IN. HSYNC* and VSYNC* are asserted 
for one clock cycle when the horizontal and 
vertical counters overflow after reaching the value 
of HCOUNT, and 525 (NTSC) or 625 (PAL). 

Coincident falling edges of HSYNC* and 
VSYNC* indicate the beginning of an odd field. A 
falling edge of VSYNC* without a coincident 
falling edge of HSYNC* indicates the beginning 
of an even field. 

BLANK* is an input. It is latched on the rising 
edge of CLOCK_IN and pipelined to maintain 
synchronization with the pixel data. While the 
BLANK* input is a logical zero, the RO-R7, 
GO-G7, BO-B7, and OLO-OL3 inputs are ignored. 
The CSYNC* pin is configured as an input and is 
ignored. 
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FIELD_O and FIELD_1 Pins 

The FIELD_O and FIELD_l pins, in 
conjunction with the HSYNC* and VSYNC* 
timing relationship (or the F input if the BLANK* 

. input is not required), determine which one of four 
fields (NTSC) or eight fields (PAL) is being 
generated. 

Even or odd fields may be determined by the 
HSYNC* and VSYNC* timing relationship. 
Coincidemfaiiing edges of HSYN"C" and 
VSYNC* indicate the beginning of an odd field. A 
falling edge of VSYNC* without a coincident 
falling edge of HSYNC* indicates the beginning 
of an even field. 

NTSC 

If command bit CR45 is a logical zero, the 
FIELD_O pin is configured as an input and is 
latched on the rising edge of CLOCK_IN. The 
FIELD_O pin indicates whether to generate fields 
one and two (logical zero) or fields three and four 
(logical one) (see Figure 4). As an input, the 
FIELD_O pin should change state only at the 
beginning of vertical sync during fields one and 
three. The FIELD_l pin is configured as an input 
and is ignored. 

If command bit CR45 is a logical one, the 
FIELD_O pin is configured as an output following 
the rising edge of CLOCK_IN. The FIELD_O pin 
indicates whether fields one and two (logical zero) 
or fields three and four (logical one) are being 
generated. As an output the FIELD_O pin changes 
state at the beginning of vertical sync during fields 
one and three. The FIELD_l pin is configured as 
an input and is ignored. 

PAL 

If command bit CR45 is a logical zero, the 
FIELD_O and FIELD_l pins are configured as 
inputs and are latched on the rising edge of 
CLOCK_IN. The FIELD_O and FIELD_l pins 
indicate which field to generate, as shown in 
Figure 5. As an input, the FIELD_O pin should 
change state only at the beginning of vertical sync 
during fields one, three, five, and seven. The 
FIELD_l pin should change state only at the 
beginning of vertical sync during fields one and 
five. . 
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If command bit CR45 is a logical one, the 
FIELD_O and FIELD_l pins are configured as 
outputs and are output following the rising edge of 
CLOCK_IN. As an output, FIELD_O changes 
state at the beginning of vertical sync during fields 
one, three, five, and sev~. FIELD_l changes state 
at the beginning of vertical sync during fields one 
and five. 

Analog Outputs 

The D/A converter values for lOO-percent 
saturation, lOO-percent amplitude color bars are 
shown in in Figures 4-9. 

Luminance (Y) Analog Output 

Digital composite luminance information drives 
the 8-bit D/A converter that generates the analog 
Y video output (see Figures 4 and 5, and Tables 4 
and 5). The Y analog output is designed to drive a 
50nload. 

Chrominance (C) Analog Output 

Digital chrominance information drives the 
8-bit DI A converter that generates the analog C 
video output (see Figures 6 and 7, and Tables 6 
and 7). The C analog output is designed to drive a 
50nload. 

NTSC/PAL Analog Output 

Digital composite video information drives the 
8-bit D/A converter that generates the composite 
analog NTSC 1 PAL video output (see Figures 8 
and 9, and Tables 8 and 9). The NTSCIPAL 
analog output is designed to drive a 50 n load. 
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SubcarrierFrequency 

The subcarrier is computed by: 

NTSC: FSC = FCLK * [PI + P2I 
(4*HCOUNT)]12048 

PAL: FSC = FCLK * [PI + (P2 + (67/625» 
1 (4*HCOUNT)] 12048 

MA V 

Bt855 

The subcarrier frequency errorwill track the 
clock frequency error. If the clock has a tolerance 
of 100 PPM, then the resulting subcarrier will also 
have a tolerance of 100 PPM. Broadcast specifica
tions for the subcarrier tolerance for NTSC is ±1O 
Hz, or roughly 3 PPM. 

In addition, any jitter on the clock will be re
flected in the subcarrier. Thus, care must be taken 
to provide a clean, stable clock to the Bt855 to pro
duce the highest quality output. 

20.42 1.021 
~ ________ ~ ______________ ~2~OO~ ________________ wmm~va 

7.20 0.360 

6.13 0.306 

0.41 0.020 

100tRE 

-t---------.---------------..,.....------------------"- BLACK ~ 
~-------L~7.5~tRE=---r_,_----~--------------------BUrnK~va 

40tRE 

~--------------~~-------------------------- swc~va 

Note: 50 n load, VREF = 1.235 V, and RSET = 91 n. RS-170 levels and tolerances are assumed on all levels. 
Saturation is 100 percent, and l00-percent amplitude luminance color bars are shown. 

Figure 4. NTSC Y (Luminance) Video Output Waveform. 

Description lout CSVNC* BLANK* DAC 
(mA) Data 

WHITE 20.42 1 1 200 

BLACK 7.2 1 1 70 

BLANK 6.13 1 0 60 

SYNC 0.41 0 0 4 

Note: Typical with VREF = 1.235 V and RSET = 91 n. 

Table 4. NTSC Y (Luminance) Video Output Truth Table. 
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Circuit Description (continued) 

3-144 

MA V 

20.82 1.041 

6.53 0.327 

0.41 0.020 

204 
-.-------------------------rI~r~-88---------------- WHITE LEVa 

lb. 

100 IRE 

+---------------.---.---....1---------------------'- BLACK I BLANK LEVEL 

43 IRE 

-'-----------------'---'---------------------------- SYNC LEVEL 

Note: 50 n load, VREF = 1.235 V, and RSET = 91 n. RS-170 levels and tolerances are assumed on all levels. 
Saturation is 100 percent, and l00-percent amplitude luminance color bars are shown. 

Figure 5. PAL Y (Luminance) Video Output Waveform. 

Description lout CSYNC* BLANK* DAC 
(mA) Data 

WHITE 20.82 1 1 204 
BLACK 6.53 1 1 64 
BLANK 6.53 1 0 64 
SYNC 0.41 0 0 4 

Note: Typical with VREF = 1.235 V and RSET = 91 n. 

Tab/e 5. PAL Y (Luminance) Video Output Truth Tab/e. 
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Circuit Description (continued) 
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Note: 50 n load, VREF = 1.235 V, and RSET 91 n. RS-170A levels and tolerances are assumed on all levels. 
Saturation is 100 percent, and lOO-percent amplitude chrominance color bars are shown. 

Figure 6. NTSC C (Chrominance) Video Output Waveform. 

Description lout CSYNC· BLANK" DAC 
(rnA) Data 

Peak Chroma 21.44 x 1 210 
Burst (high) 15.92 x 0 156 
BLANK 13.07 x 0 128 
Burst (low) 10.21 x 0 100 
Peak Chroma 4.7 x 1 46 

Note: Typical with VREF = 1.235 V and RSET = 91 n. 

Table 6. NTSC C (Chrominance) Video Output Truth Table. 
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3.98 0.199 

Note: 50 n load. VREF = 1.235 V. and RSET = 91 n. PAL levels and toleranCes are assumed on all levels. 
Saturation is 100 percent. and lOO .. percent amplitude chrominance color bars are shown. 

Figure 7. PAL C (Chrominance) Video Output Waveform. 

Description lout CSYNC* BLANK* DAC 
(rnA) Data 

Peak Chroma 22.15 x 1 217 
Burst (high) 16.13 x 0 158 
BLANK 13.07 x 0 128 
Burst (low) 10 x 0 98 
Peak Chroma 3.98 x 1 39 

Note: Typical with VREF = 1.235 V and RSET = 91 n. 

Tab/e 7. PAL C (Chrominance) Video Output Truth Tab/e. 
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Note: 50 Q load, VREF = 1.235 V, and RSET= 91 Q. RS-170A levels and tolerances are assumed on all levels. 
Saturation is 100 percent, and lOO-percent amplitude color bars are shown. 

Figure 8. Composite NTSC Video Output Waveform. 

Description lout CSYNC' BLANK' DAC 
(rnA) Data 

Peak Chroma 24.80 1 1 243 
WHITE 20.42 1 1 200 
Burst (high) 8.99 1 0 88 
BLACK 7.20 1 1 70 
BLANK 6.13 I 0 60 
Burst (low) 3.27 1 0 32 
Peak Chroma 2.66 I I 26 

(Note 1) 
SYNC 0.41 0 0 4 

Typical with VREF = 1.235 V and RSET = 91 Q. 

Note 1: If command bit CR31 is a logical zero, DAC data values less than 31 
are made 31. 

Tab/e 8. Composite NTSC Video Output Truth Tab/e. 
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Note: 50 n load, VREF = 1.235 V, and RSET = 91 n. PAL levels and tolerances are assumed on all levels. 
Saturation is 100 percent, and l00-percent amplitude color bars are shown. 

3-148 

Figure 9. Composite PAL Video Output Waveform. 

Description lout CSYNC* BLANK* DAC 
(mA) Data 

Peak Chroma 25.61 1 1 251 
WHITE 20.82 1 1 204 
Burst (high) 9.59 1 0 94 
BLACK 6.53 1 1 64 
BLANK 6.53 1 0 64 
Burst (low) 3.47 1 0 34' 
Peak Chroma 1.73 1 1 17 

(Note 1) 
SYNC 0.41 0 0 4 

Typical with VREF = 1.235 V and RSET = 91 n. 

Note 1: If command bit CR31 is a logical zero, DAC data values less than 
31 are made 31. 

Table 9. Composite PAL Video Output Truth Table. 
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Brooktree® Bt855 
Internal Registers 

Command Registe,_O 

This command register may be written to or read by tbe MPU at any time and is initialized to $00 following a reset 
sequence. CROO is tbe least significant bit and corresponds to data bus bit DO. 

CR07-CR04 

CR03-CR02 

CROl-CROO 

Color data input format 

(0000) 24-bit true-color ROB (8,8,8) 
(0001) 16-bit true-color ROB (6,6,4) 
(0010) l6-bit true-color ROB (5,6,5) 
(0011) 15-bit true-color ROB (5,5,5) 
(0100) 8-bit pseudo-color (red) 
(0101) 8-bit pseudo-color (green) 
(0110) 8-bit pseudo-color (blue) 
(0111) reserved 
(1000) reserved 
(1001) 24-bit YCrCb (4:4:4) 
(1010) l6-bit YCrCb (4:2:2) 
(1011) reserved 
(11 (0) reserved 
(1101) reserved 
(1110) reserved 
(1111) reserved 

Reserved 

Reserved (logical zero) 

These bits specify tbe input format of tbe video data, as 
detailed in Table 3. The pipeline delay remains 
unchanged regardless of the mode of operation. 

YCrCb data is assumed to be derived from 
gamma-corrected ROB data. The lookup table RAMs 
may be used to provide gamma correction (typically 
2.2 for NTSC and 2.8 for PAL) when inputting ROB or 
pseudo-color data. If tbe lookup table RAMs are being 
bypassed, ROB input data should be gamma corrected. 
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Internal Registers (continued) 

Command Registe,_1 

This command register may be written to or· read by the MPU at any time and is initialized to $00 following a reset 
sequence. CR 10 is the least significant bit and corresponds to data bus bit DO: 

CRI7 

CRI6 

CRI5 

CRI4 

CRI3 

CRI2 

CRll,CRlO 

OL3 read mask 

(0) force OL3 data to zero 
(I) pass OL3 data 

OL2 read mask 

(0) force OL2 data to zero 
(I) pass OL2 data 

OLI read mask 

(0) force OLI data to zero 
(1) pass OLI data 

OLO read mask 

(0) force OLO data to zero 
(1) pass OLO data 

8-bitl6-bit color select 

(0) 6-bit 
(I) 8-bit 

Lookup table RAM bypass enable 

(0) use lookup table RAMs 
(I) bypass RAMs 

Reserved 

3-150 SECTION 3 

This bit is logically ANDed with the OL3 input prior to 
addressing the overlay registers. 

This bit is logically ANDed with the OL2 input prior to 
addressing the overlay registers. 

This bit is logically ANDed with the OLl input prior to 
addressing the overlay registers. 

This bit is logically ANDed with the OLO input prior to 
addressing the overlay registers. 

This bit specifies whether the MPU is reading and writing 
8 bits (logical one) or 6 bits (logical zero) of color 
information each cycle when the MPU is accessing the 
lookup table RAMs. For 8-bit operation, D7 is the most 
significant data bit during color readlwrite 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.) When the Bt855 is in the 6-bit mode, the 
full-scale output current will be about 1.5-percent lower 
than when it is in the 8-bit mode. This is because the 2 
LSBs of color data are a logical zero in the 6-bit mode. 

This bit specifies whether to bypass the lookup table 
RAMs and pixel read mask registers. When internal color 
bar generation is used (CR32 = I), the lookup table RAMs 
are automatically bypassed regardless of the value of this 
bit. The selection does not affect the pipeline delay 
through the device. 



Brooktroo41 Bt855 
Internal Registers (continued) 

Command Register_2 

This command register may be written to or read by the MPU at any time and is initialized to $FO following a reset 
sequence. CR20 is the least significant bit and corresponds to data bus bit DO. 

CR27-CR24 

CR23 

CR22 

CR21,CR20 

Reserved (logical one) 

Reserved (logical zero) 

Software reset 

(0) normal operation 
(1) reset device 

Reserved (logical zero) 

Writing a logical one to this bit resets the device, clearing 
the pixel pipeline and resetting the command register bits 
to their initialized state (equivalent to asserting the 
RESET* input pin). The bit is reset to a logical zero when 
the software reset sequence is complete. 

Following a reset condition, the Bt855 is configured for 
NTSC operation (square pixels, Master Mode 1) and 
24-bit RGB input data format. The lookup table RAMs 
must be initialized before valid video may be generated. 
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Internal Registers (continued) 

Command Register_3 

This command register may be written to or read by the MPU at any time and is initialized to $12 following a reset 
sequence. CR30 is the least significant bit and corresponds to data bus bit DO. 

CR37-CR34 

CR33 

CR32 

CR31 

CR30 

Output mode select 

(0000) NTSC master mode 0 
(0001) NTSC master mode 1 
~Il()! Il) NTSC' !!!?~!~! !!y)d,=" ? 

(0011) NTSC master mode 3 
(0100) reserved 
(0101) PAL master mode 0 
(0110) PAL master mode 1 
(0111) PAL master mode 2 
(1000) PAL master mode 3 
(1001) reserved 
(1010) reserved 

(111 0) reserved 
(1111) power-down mode 

Color kill enable 

(0) normal operation 
(1) disable color information 

Color bar test enable 

(0) normal operation 
(1) generate color bars 

Color level limiting bypass 

(0) use level limiting 
(1) bypass level limiting 

Illegal video flag 

(0) reset by MPU 
(1) illegal value detected 

3-152 SECTION 3 

These bits specify the timing and analog output mode of 
the Bt855. 

Mode (1111) turns powcr off to the DACs (no current is 
on,!,nt) :::.nc1 to thp. AfT) r.()nvprtp.T; thrp-p.-~t:ltP.~ ~11 

TTL-compatible outputs, and inhibits clocking to most of 
the internal circuitry to minimize power consumption. The 
pixel and control inputs are ignored, and CLOCK_IN is 
directly output onto CLOCK_OUT. All the control 
registers and color palette RAMs are still accessible to the 
MPU. About 1 second is required for the Bt855 to become 
operational after the power-down mode is disabled. 

This bit enables (logical zero) or disables (logical one) 
color information on the NTSC/PAL and C video outputs. 

If a logical one is specified, full-screen lOO-percent 
saturated, 75-percent amplitude color bars are 
generated-consisting of gray, yellow, cyan, gr~n, 
magenta, red, blue, and black. The first seven colors each 
occupy 64 pixels of active video each scan line. Black 
occupies the remaining active pixels each scan line. Color 
bars may only be generated when the device is configured 
to operate in 24-bit RGB mode. 

A logical zero enables the NTSC/P AL level limiting 
circuitry that limits the minimum active composite video 
levels. Active video values less than 31 (8-bit value) are 
made 31 (approximately one half the sync height) to avoid 
possible sync detection problems with downstream video 
equipment. 

This bit is set to a logical one if active video generates 
values less than 31 (8-bit value). The MPU must write a 
logical zero to this bit to clear it to a logical zero. 



Brooktree@ Bt855 
Internal Registers (continued) 

Command Register_ 4 

This command register may be written to or read by the MPU at any time and is initialized to $18 following a reset 
sequence. CR40 is the least significant bit and corresponds to data bus bit DO. 

CR47 

CR46 

CR45 

CR44 

CR43 

CR42-CR41 

CR40 

UV low-pass filter bypass 

(0) use filters 
(1) bypass filters 

Reserved (logical one) 

FIELD input/output select 

(0) inputs 
(I) outputs 

CLOC~OUT output enable 

(0) output three-stated 
(1) output enabled 

Control output enable 

(0) output three-stated 
(1) output enabled 

Reserved (logical zero) 

Genlock available status 

(0) genlock not available 
(1) genlock available 

This bit specifies whether to bypass the UV low-pass 
filters (just after the matrix). Regardless of the selection, 
there is no change in the pipeline delay. 

This bit specifies whether the FlELD_O and FlELD_I pins 
are inputs (logical zero) or outputs (logical one). In all 
modes, FlELD_O and FlELD_1 are three-stated if CR45 is 
programmed low. 

A logical zero three-states the CLOC~Out pin 
asynchronously to the pixel clock. 

A logical zero three-states the FlELD_O, FffiLD_I, 
CSYNC*, HSYNC·, and VSYNC* pins, if they are 
configured as outputs, asynchronously to the pixel clock. 
For HSYNC*, VSYNC*, FlEW 0, and FlEW 1, this 
three-state is independent of the -;"ode of operati7Jn. The 
CSYNC* pin is not internally gated and must be 
configured by CR43 according to the mode for proper 
operation of the part. In all modes, FlEW _0 and 
FlEW j are three-stated if CR43 is programmed low. 

CR43: HIL CSYNC* 

mode ° QIZ 
mode 1 XIZ 
mode 2 QIZ 
mode 3 QIZ 

Z = Three-State 

VNSYNC* 
Z 
XIZ 
Z 
QIZ 

X = State Not Allowed in Mode 
Q = Valid Output 

HlHSYNC* 
Z 
XIZ 
Z 
QIZ 

This bit indicates whether the device has genlock support. 
On the Bt855, this bit is always a logical zero, indicating 
genlock is not supported. MPU write cycles to this bit are 
ignored. 
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Bt855 Brooktree® 
Internal Registers (continued) 

HCOUNT Register 

This 16-bit register specifies the number of pixels per scan line. It is initialized to $030C (780) following a reset condition and 
may be written to and read by the MPU at any time. The HCOUNT low and high registers are independent and are individually 
written to and read by the MPU. 

The HCOUNT low and high registers are cascaded to form a 16-bit HCOUNT register. The 04-07 of HCOUNT high are 
ignored during MPU write cycles and return a logical zero during MPU read cycles. Even values from $0002 (2) to $OFFE 
(4094) may be specified. 

HCOUNTHigh HCOUNTLow 

Oata Bit 03 D2 01 00 D7 06 05 04 03 D2 01 00 

Cascaded Value Hll HID H9 H8 H7 H6 H5 H4 H3 H2 HI HO 

The HCOUNT value is used to automatically calculate many of the horizontal timing parameters. With the falling edge of 
horizontal sync as a reference, the following are internally calculated: 

analog horizontal sync width (50-percent amplitude) = (HCOUNT/l6) + (HCOUNT/128) + (HCOUNT/256) + 1 

start of color burst (50-percent amplitude) = (HCOUNT/l6) + (HCOUNT/64) + (HCOUNT/256) + (HCOUNT/512) + 1 

end of color burst (NTSC, 50-percent amplitude) = BURST GATE start value + (HCOUNT/32) + (HCOUNT/128) + 1 

end of color burst (PAL, 50-percent amplitude) = BURST GATE start value + (HCOUNT/32) + (HCOUNT/256) + 1 
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Internal Registers (continued) 

PI and P2 are used to generate the color subcarrier (3.58 MHz for [M1 NTSC, 4.43 MHz for [B, D, G, H, 11 PAL) from the 
pixel clock. They must be calculated, and the values must be loaded into the PI and P2 registers. 

P1 Low and High Registers 

The PI low and high registers are cascaded to form a I6-bit PI register. Values from $0000 (0) to $0400 (1024) may be 
specified. The I6-bit register is initialized to $0255 (597) following a reset condition and may be written to and read by 
the MPU at any time. The PI low and high registers are independent of each other and are individually written to and read 
by the MPU. The D2-D7 of PI high are ignored during ,MPU write cycles and return a logical zero during MPU read 
cycles. 

P1 High P1 Low 

Data Bit D1 DO D7 D6 D5 D4 D3 D2 D1 DO 

Cascaded Value P9 P8 P7 P6 P5 P4 P3 P2 PI PO 

P2 Low and High Registers 

The P2low and high registers are cascaded to form a 16-bit P2 register. Values from $0000 (0) to $1000 (4096) may be 
specified. The I6-bit register is initialized to $0410 (1040) following a reset condition and may be written to and read by 
the MPU at any time. The P2 low and high registers are independent and are individually written to and read by the MPU. 
The D4-D7 of P2 high are ignored during MPU write cycles and return a logical zero during MPU read cycles. 

P2 High P2Low 

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO 

Cascaded Value PH PIO P9 P8 P7 P6 P5 P4 P3 P2 PI PO 

PI and P2 are calculated as follows: 

465,920 P2 
(M) NTSC: HCOUNT PI + 4 x HCOUNT 

465,920 P2 
(4.43) NTSC (Note I): HCOUNT PI + 4 x HCOUNT 

581,123.2768 
(B, D, G, H, I) PAL: HCOUNT PI + 4 x HCOUNT 

P2 

469,507.2768 P2 
(N) PAL: HCOUNT = PI + 4 x HCOUNT 

Note 1: (4.43) NTSC is NTSC using a 4.43 MHz subcarrier. It is normally used for standard conversion betweeen PAL 
and NTSC video signals. 

After the appropriate value for HCOUNT is inserted, the result is separated into an integer value (PI) and a fractional value 
(whose numerator is P2). Table 10 lists some of the common HCOUNT values and the resulting PI and P2 values. Table 
II lists some of the common blanking intervals. 
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Internal Registers (continued) 

In order to guarantee the highest quality of signal integrity (Le., meeting the broadcast spec), the following method should 
be used to determine the PI and P2 values. 

Determine the HCOUNT value by: 

NTSC: HCOUNT = (int) (FCLK_desiredlI5734.264) 
PAL: HCOUNT = (int) (FCLK_desiredlI5625) 

Determine PI by: 

NTSC: PI = (int) [455*2048/(2*HCOUNT)] 
PAL: PI = (int) [1135*2048/(4*HCOUNT)] 

Determine P2 by: 

NTSC: P2 = 2*455*2048 - PI *4*HCOUNT 
PAL: P2 = 1135*2048 - PI *4*HCOUNT + 13 

Determine the actual clock frequency by: 

NTSC: FCLK_actual = 3579545*2*HCQUNT/455 
PAL: FCLK_actual = 4433618.75*HCQUNTI [(113514) + (11625)] 

Typical Total Pixels Active 4x P1 P2 
Application per Scan Line Pixels HCOUNT 

(HCOUNT) 

13.5 MHz NTSC 858 720 3432 543 104 
13.5 MHz PAL 864 720 3456 672 2061 

12.27 MHz (square pixels) NTSC 780 640 3120 597. 1040 
14.75 MHz (square pixels) PAL 944 768 3776 615 2253 

14.32 MHz (4x Fsc) NTSC 910 768 3640 512 0 
17.72 MHz (4x Fsc) PAL 1135 910 4540 512 0 

NTSC refers to (M) NTSC. PAL refers to (8, D, G, H, I) PAL. 

Table 10. Typical HCOUNT, P1 (Fsc), and P2 (Fsc) Values. 

Typical Sync + Back Porch Front Porch 
Application Blanking Blanking 

(Pixels) (Pixels) 

13.5 MHz NTSC 121 17 
13.5 MHz PAL 131 13 

12.27 MHz (square pixels) NTSC 118 22 
14.75 MHz (square pixels) PAL 145 31 

14.32 MHz (4x Fsc) NTSC 120 22 
17.72 MHz (4x Fsc) PAL 159 28 

NTSC refers to (M) NTSC. PAL refers to (8, D, G, H, I) PAL. 

Table 11. Typical BLANK* Input Horizontal Timing. 
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Pin Descriptions 

Pin Name 

FIBLANK* 

H/HSYNC* 

VNSYNC* 

CSYNC* 

RO-R7, 
GO--G7, 
BO-B7 

OLO-OL3 

CbFLAG 

Description 

Composite blank control input (TTL compatible). BLANK* is latched on the rising edge of 
CLOCK_IN and pipelined to maintain synchronization with the pixel data. In all modes, except 
Master Mode 2, the RO-R7, GO--G7, BO-B7, and OLO-OL3 inputs are ignored while BLANK* is a 
logical zero. In Master Mode 2, this pin is the F (field) input. This pin is latched on the rising edge of 
CLOCK_IN and pipelined to maintain synchronization with the pixel data. This input must be 
asserted with the proper timing in all modes. 

Horizontal sync control input/output (TTL compatible). In Master Mode 0, HSYNC* is an input. 
The input is latched on the rising edge of CLOCK3N and pipelined to maintain synchronization 
with the pixel data. In Master Mode I, this pin is ignored. In Master Mode 2, this pin is the H 
(horizontal blank) input. This pin is latched on the rising edge of CLOCK_IN and pipelined to 
maintain synchronization with the pixel data. The RO-R7, GO-G7, BO-B7, and OLO-OL3 inputs are 
ignored while the H or V inputs are a logical one. In Master Mode 3, HSYNC* is an output. 
HSYNC* is output following the rising edge of CLOCK_IN. As an output, it should drive a 
maximum of one LS TTL load. Absolute minimum loading should be observed. When HSYNC* is 
programmed as an input, the period must match the programmed HCOUNT value. 

Vertical sync control input/output (TTL compatible). In Master Mode 0, VSYNC* is an input. The 
input is latched on the rising edge of CLOCK_IN and pipelined to maintain synchronization with the 
pixel data. In Master Mode I, this pin is ignored. In Master Mode 2, this pin is the V (vertical blank) 
input. The V input is latched on the rising edge of CLOCK_IN and pipelined to maintain 
synchronization with the pixel data. The RO-R7, GO-G7, BO-B7, and OLO-OL3 inputs are ignored 
while the H or V inputs are a logical one. In Master Mode 3, VSYNC* is an output. VSYNC* is 
output following the rising edge of CLOCK_IN. As an output, VSYNC* should drive a maximum of 
one LS TTL load. Absolute minimum loading should be observed. 

Composite. sync control input/output (TTL compatible). In Master Mode I, CSYNC* is an input. 
The input is latched on the rising edge of CLOCK_IN and pipelined to maintain synchronization 
with the pixel data. In Master Modes 0, 2, and 3, this pin is ignored. 

FIELD inputs/outputs (TTL compatible). As inputs, these pins are latched on the rising edge of 
CLOCK_IN. As outputs, they are output following the rising edge of CLOCK_IN and should drive a 
maximum of one LS TTL load. Absolute minimum loading should be observed. 

Pixel inputs (TTL compatible). They are latched on the rising edge of CLOCK_IN. Unused inputs 
should be connected to GND. 

Overlay select input (TTL compatible). These inputs specify, on a pixel basis, which overlay color 
(if any) is to be generated. They are latched on the rising edge of CLOCK_IN and pipelined to 
maintain synchronization with the pixel data. Unused inputs should be connected to GND. 

CbFLAG control input (TTL compatible). When inputting 16-bit YCrCb pixel data, this input 
indicates whether Cb (logical one) or Cr (logical zero) data is present on the BO-B7 inputs. It is 
latched on the rising edge of CLOCK_IN and pipelined to maintain synchronization with the pixel 
data. If unused, this pin should be connected to GND. 

Pixel clock input (TTL compatible). This clock input is output onto the CLOCK_IN pin when 
enabled by CR43. 

Pixel clock output (TTL compatible). This pin should drive a maximum of one LS TTL load. 
(Absolute minimum loading should be observed.) 
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Pin Descriptions (continued) 

Pin Name 

NTSC/PAL, Y, C 

VREF 

FSADJUST 

COMP, NCOMP, 
YCOMP, CCOMP 

WR* 

RD* 

RSO, RS1, RS2 

DO-D7 

RESET* 

VAA 

GND 

Description 

Composite NTSC/PAL, luminance, and chroma current outputs. These high-impedance current 
sources can drive a 37.5 n load (Figure 10 in the PC Board Layout Considerations section). 

Voltage reference input. An external voltage reference must supply this input with a 1.235 V 
(typical) reference. A 0.1 ~ ceramic capacitor must be used to decouple this input to GND, as 
shown in Figure 10. The decoupling capacitor must be as close to the device as possible to keep lead 
lengths to an absolute minimum. 

Full-scale adjust control pin. A resistor (RSET) connected between this pin and GND controls the 
full-scale output current on the NTSC/PAL, Y, and C outputs. The relationship between RSET and 
the full-scale output current on each output is: 

RSET (n) = 1,924 * VREF (V) I lout (rnA) 

Compensation pins. A 0.1 ~ ceramic capacitor must be used to bypass each pin (except COMP) to 
V AA. Each capacitor must be as close to the device as possible to keep lead lengths to an absolute 
minimum. All pins must also be connected together as close to the device as possible. 

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. RD* and WR'" 
should not be asserted simultaneously. 

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. RD* and WR* 
should not be asserted simultaneously. 

Register select inputs (TTL compatible). RSO-RS2 specify the type of read or write operation being 
performed, as specified in Tables 1 and 2. 

Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit 
bidirectional data bus. DO is the least significant bit. 

Reset control input. (TTL compatible). A logical zero for a minimum of three pixel clock cycles 
initializes the device. RESET* must be a logical one for normal operation. It is latched on the 
rising edge of CLOC~IN. 

Analog power. All V AA pins must be connected together on the same PCB plane to prevent 
latchup. 

Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
latchup. 
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Brooktree@ Bt855 
Pin Descriptions (continued) 

Pin Signal Pin Signal Pin Signal Pin Signal 
Number Number Number Number 

1 FIELO_l 41 OL3 84 N/C 127 N/C 
2 N/C 42 OL2 85 N/C 128 N/C 
3 N/C 43 OLl 86 N/C 129 N/C 
4 N/C 44 OLO 87 N/C 130 N/C 

88 N/C 131 N/C 
5 RO 45 GND 89 N/C 132 N/C 
6 Rl 46 VAA 90 N/C 133 N/C 
7 R2 91 N/C 134 N/C .. 8 R3 47 07 92 N/C 135 N/C 
9 R4 48 06 93 N/C 136 N/C 
10 R5 49 05 94 N/C 
11 R6 50 04 95 N/C 137 FSADJUST 
12 R7 51 03 96 N/C 138 COMP 

52 02 97 N/C 139 GND 
13 BO 53 Dl 98 N/C 140 VREF 
14 Bl 54 00 99 N/C 141 VAA 
15 B2 142 VAA 
16 B3 55 RD* 100 GNO 
17 B4 56 WR* 101 GNO 143 NCOMP 
18 B5 57 RSO 102 VAA 144 VAA 
19 B6 58 RSI 103 VAA 145 NTSCIPAL 
20 B7 59 RS2 146 GND 

104 N/C 
21 N/C 60 GND 105 N/C 147 CCOMP 
22 N/C 61 GND 106 N/C 148 VAA 

62 VAA 107 N/C 149 C 
23 VAA 63 VAA 108 N/C 150 GNO 
24 VAA 64 VAA 109 N/C 
25 GNu 65 VAA 110 N/C 151 YCOMP 
26 GND 152 VAA 
27 VAA 66 GND 111 RESET 153 Y 
28 VAA 67 CLOCK_IN 112 FIBLANK* 154 GNO 

113 GND 
29 GO 68 N/C 114 CBFLAG 155 GNO 
30 Gl 69 N/C 156 CLOCK_OUT 
31 G2 70 N/C 115 N/C 157 HlHSYNC* 
32 G3 71 N/C 116 N/C 158 VNSYNC* 
33 G4 72 N/C 117 N/C 159 CSYNC* 
34 G5 73 N/C 118 N/C 160 FlELO_O 
35 G6 74 N/C 119 N/C 
36 G7 75 N/C 120 N/C 

76 N/C 
37 N/C 77 N/C 121 VAA 
38 N/C 78 N/C 122 VAA 
39 N/C 79 N/C 123 VAA 
40 N/C 80 N/C 124 VAA 

81 N/C 125 GND 
82 N/C 126 GNO 
83 N/C 
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Pin Descriptions (continued) 
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Note: N/C and test pins must remain floating, 
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Brooktree® 
PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise 
on the Bt855 power and ground planes by 
providing good decoupling. The trace length 
between groups of V AA and GND pins should be 
as short as possible to minimize inductive ringing. 

A well-designed power distribution network is 
critical to eliminating digital switching noise. The 
ground plane must provide a low-impedance return 
path for the digital circuits. A PC board with a 
minimum of four layers is recommended. The 
ground layer should be used as a shield to isolate 
noise from the analog traces with layer 1 (top) for 
the analog traces, layer 2 for the ground plane, 
layer 3 for the analog power plane, and the 
remaining layers used for digital traces and digital 
power supplies. 

Component Placement 

Components should be placed as close as 
possible to the associated pin. Whenever possible, 
components should be placed so traces can be 
connected point to point. 

The optimum layout enables the Bt855 to be 
located as close as possible to the power supply 
connector and the video output connector. 

Ground Planes 

For optimum performance, a common digital and 
analog ground plane is recommended. 

Power Planes 

Separate digital and analog power planes are 
recommended. The digital power plane should 
provide power to all digital logic on the PC board, 
and the analog power plane should provide power 
to all Bt855 power pins, VREF circuitry, and 
COMP and VREF decoupling. There should be at 
least a 1I8-inch gap between the digital power 
plane and the analog power plane. 

The analog power plane should be connected to 
the digital power plane (VCC) at a single point 
through a ferrite bead, as illustrated in Figure 10. 
This bead should be located within 3 inches of the 
Bt855 The bead provides resistance to switching 
currents, acting as a resistance at high frequencies. 
A low-resistance bead should be used, such as 
Ferroxcube 5659065-3B, Fair-Rite 2743001111, or 
TDK BF45-4001. 

Bt855 

Device Decoupling 

For optimum performance, all capacitors should 
be located as close as possible to the device, and 
the shortest possible leads (consistent with reliable 
operation) should be used to reduce the lead 
inductance. Chip capacitors are recommended for 
minimum lead inductance. Radial lead ceramic 
capacitors may be substituted for chip capacitors 
and are better than axial lead capacitors for 
self-resonance. Values are chosen to have 
self-resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance 
is obtained with a 0.1 IJF ceramic capacitor 
decoupling each of the five groups of V AA pins to 
GND. The capacitors should be placed as close as 
possible to the device V AA and GND pins and 
connected with short, wide traces. 

The 47 IJF capacitor shown in Figure 10 is for 
low-frequency power supply ripple; the 0.1 IJF 
capacitors are for high-frequency power supply 
noise rejection. 

When a linear regulator is used, the power-up 
sequence must be verified to prevent latchup. A 
linear regulator is recommended to filter the 
analog power supply if the power supply noise is 
greater than or equal to 200 mY. This is especially 
important when a switching power supply is used, 
and the switching frequency is close to the raster 
scan frequency. About 10 percent of the power 
supply hum and ripple noise less than 1 MHz will 
couple onto the analog outputs. 

COMP Decoupling 

The COMP pins must be decoupled to V AA, 
typically with 0.1 J.IF ceramic capacitors. 
Low-frequency supply noise will require larger 
values. The COMP capacitors must be as close as 
possible to the COMP and V AA pins. 
Surface-mount ceramic chip capacitors are 
preferred for minimal lead inductance. Lead 
inductance degrades the noise rejection of the 
circuit. Short, wide traces will also reduce lead 
inductance. 
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Bt855 Brooldrre® 
PC Board Layout Considerations (continued) 

VREF Oecoupling 

A 0.1 J.IF ceramic capacitor should be used to 
decouple this input to V AA. If V AA is excessively 
noisy, better performance may be obtained by 
decoupling VREF to GND. Providing alternate 
PCB pads (one to VAA and one to GND) is 
recommended for the VREF decoupling capacitor. 

The digital inputs to the Bt855 should be 
isplated as much as possible from the analog 
outputs and other analog circuitry. Also, these 
input signals should not overlay the analog power 
and output signals. 

Most noise on the analog outputs will be caused 
by excessive edge rates (less than 3 ns), overshoot, 
undershoot, and ringing on the digital inputs. 

The digital edge rates should not be faster than 
necessary, as feedthrough noise is proportional to 
the digital edge rates. Lower-speed applications 
will benefit from using lower-speed logic (3-5 ns 
edge rates) to reduce data-related noise on the 
analog outputs. 

Transmission lines will mismatch if the lines do 
not match the source and destination impedance. 
This will degrade signal fidelity if the line length 
reflection time is greater than one fourth the signal 
edge time (refer to Brooktree Application Notes 
AN-ll and AN-12). Line termination or 
line-length reduction is the solution. For,example, 
logic edge rates of 2 ns require line lengths of less 
than 4 inches without use of termination. Ringing 
may be reduced by damping the line with a series 
resistor (30-300 Q). 

Radiation of digital signals can also be picked 
up by the analog circuitry. This is prevented by 
reducing the digital edge rates (rise/fall time), 
minimizing ringing with damping resistors, and 
mlrumlzmg coupling through PC board 
capacitance by routing the digital signals at a 90 
degree angle to any analog signals. 

The. clock driver and all other digital devices 
must be adequately decoupled to prevent noise 
generated by the digital devices from coupling into 
the analog circuitry. 
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Analog Signal Interconnect 

The Bt855 should be located as close as possible 
to the output connectors to minimize noise pickup 
and reflections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk 
from digital lines; digital traces must not be routed 
under or adjacent to the analog output traces. 

To . maximize the high-frequency power supply 
rejection, tile Video output signals should not 
overlay the analog power plane. 

For maximum performance, the analog video 
output impedance, cable impedance, and load 
impedance should be the same. The load resistor 
connection between the video outputs and GND 
should be as close as possible to the Bt855 to 
minimize reflections. Unused analog outputs 
should be connected to GND. 

Analog Output Protection 

The Bt855 analog outputs should be protected 
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 10 
can prevent latchup under severe discharge 
conditions without adversely degrading analog 
transition times. The IN4148/9 parts are 
low-capacitance, fast-switching diodes, which are 
also available in multiple-device packages 
(FSA250X or FSA270X) or surface-mountable 
pairs (BA V99 or MMBD7oo1). 



Brooktree® Bt855 
PC Board Layout Considerations (continued) 

8t855 
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RECONSTRUCTION FILTER 
EXAMPLE 

3.9uH 5% 2.7uH5% 

o 

DAC 

OUTPUT 

VAA 

TO 

VIDEO 

CONNECTOR 

"Ai;'" lN4148/9 TO 

CONNECTOR 

"Ai;'" lN4148/9 

GND 

Note 1: A 150 n to 75 n impedance matching reconstruction filter is necessary on each output for proper video levels 
and fidelity. An example filter is illustrated above. For alternative filter designs, call Brooktree Application 
Engineering at 1-800-VIDEOIC. 

Note 2: The value of RSET may have to be varied slightly, depending on the reconstruction filter used, because of the 
filter insertion loss. 

Location Description Vendor Part Number 

CI-ClO 0.1 j1F ceramic capacitor Erie RPEl12Z5UJ 04M50V 
Cll 47 j1F tantalum capacitor Mallory CSR13F476KM 
L1 ferrite bead Fair-Rite 2743001111 

RI-R3 150 n 1 % metal film resistor Dale CMF-55F 
R4 1 kn 5% resistor 

RSET 91 n I % metal film resistor 
ZI 1.2 V voltage reference National Semiconductor LM385BZ-l.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt855. 

Figure 10. Typical Connection Diagram and Parts List for Parallel 150 Q/75 n 
Load and 150 n to 75 n Impedance Matching Reconstruction Filter. 
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Bt855 
Application Information 

UV Low-pass Digital Filters 

The transfer function of the 5-tap filters used to 
low-pass filter the UV color difference video 
signals is: 

H(Z) = 80/256 * ZO 
+ (641256)*(Z-1 + Z+I) 
+ (24/256)*(Z-2 + Z+2) 

Full precision is maintained until the final output 
stage, then rounded to 7 bits plus sign. 

Figure 11 illustrates the pass-band and 
stop-band characteristics of the low-pass filters. 

0.5 

0.0 

-0.5 

-1.0 

-1.5 

-2.0 

-2.5 

-3.0 

DB 

INPIIT FREQUENCY (MHZ) 

CLOCK RATE = 13.5 MHZ 

Brooklree® 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are 
required to prevent device damage, which can 
produce symptoms of catastrophic failure or erratic 
device behavior with somewhat leaky inputs. 

All logic inputs should be held low until power 
to the device has settled to the specified tolerance. 

Latchup can be prevented by ensuring that all 
vee pms are at me same potentiai and mar rne 
VCC supply voltage is applied before the signal 
pin voltages. The correct power-up sequence 
ensures that any signal pin voltage will never 
exceed the power supply voltage by more than 
+0.5V. 

DB 

-5 

-10 + ... + .. +-..... ; ...... . 

-15 +······,·······i·······,······, 

-35 i······+····+·····,·······;·······i·····+······,····--\+· .... j 

INPIIT FREQUENCY (MHZ) 

CLOCK RATE = 13.5 MHZ 

Figure 11. UV Low-pass Digital Filter Pass-Band 
and Stop-Band Characteristics. 
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Brooklree@ Bt8SS 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 50 n 
External Voltage Reference VREF J.J4 1.235 1.26 V 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VAA (measured to GND) 7.0 V 

Voltage on any Signal Pin GND-O.5 VAA+0.5 V 
(Note I) 

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 220 °C 
(l minute) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 

IMAGING 3-165 

-



Bt855 Brooktroo® 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

Video D/A Resolution 8 8 8 Bits 
Video D/A Accuracy 

Integral Linearity Error IL ±I LSB 
Differential Linearity Error DL ±I LSB 
Gray-Scale Error 5 % Gray Scale 
Monotonicity guaranteed 

Video D/A Coding Binary 

Digital Inputs 
Input High Voltage VIH 2.0 VAA+O.5 V 
Input Low Voltage VIL GND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) IIH I IJA 
Input Low Current (Vin = 0.4 V) IlL -1 IJA 
Input Capacitance CIN 7 pF 

(f = I MHz, Vin = 2.4 V) 

DO-D7 Digital Outputs 
Output High Voltage VOH 2.4 V 

(lOH = -400 IJA) 
Output Low Voltage VOL 0.4 V 

(lOL = 3.2 rnA) 
3-State Current IOZ 50 IJA 
Output Capacitance CDOUT 7 pF 

Other Digital Outputs 
Output High Voltage VOH 2.4 V 

(lOH = -400 IJA) 
Output Low Voltage VOL 0.4 V 

(IOL = 1.6 rnA) 
3-State Current IOZ 50 IJA 
Output Capacitance CDOUT 7 pF 

Video Analog Outputs 
Output Disabled Current 0 5 50 IJA 
LSB Size 102 IJA 
Output Compliance VOC -0.5 +1.5 V 
Output Impedance RAOUT 10 kO 
Output Capacitance CAOUT 30 pF 

(f = I MHz, lOUT = 0 rnA) 

C Analog Output 
Output Current (NTSC) 

Peak Chroma Relative to Blank ±7.95 ±8.37 ±8.79 rnA 
Blank Level 12.42 13.07 13.72 rnA 
Peak Burst Relative to Blank ±2.72 ±2.86 ±3 rnA 

Output Current (PAL) 
Peak Chroma Relative to Blank ±8.63 ±9.08 ±9.54 rnA 
Blank Level 12.42 13.07 13.72 rnA 
Peak Burst Relative to Blank ±2.91 ±3.06 ±3.21 rnA 

See test conditions on next page. 
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Brooldree® Bt855 
DC Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Y Analog Output 
Output Current (NTSC) 

White Level Relative to Black 12.56 l3.22 l3.88 rnA 
Black Level Relative to Blank 1.03 1.08 1.13 rnA 
Blank Level Relative to Sync 5.43 5.72 6 rnA 
Sync Level 0.39 0.41 0.43 !lA 

Output Current (PAL) 
White Level Relative to Black l3.57 14.29 15 rnA 
Black Level Relative to Blank 0 0 0 rnA 
Blank Level Relative to Sync 5.82 6.l3 6.43 rnA 
Sync Level 0.39 0.41 0.43 !lA 

NTSC I PAL Analog Output 
Output Current (NTSC) 

White Level Relative to Black 12.56 l3.22 l3.88 rnA 
Black Level Relative to Blank 1.03 1.08 1.13 rnA 
Burst Relative to Blank ±2.71 ±2.86 ±3 rnA 
Blank Level Relative to Sync 5.43 5.72 6.01 rnA 
Sync Level 0.39 0.41 0.43 !lA 

Output Current (PAL) 
White Level Relative to Black l3.57 14.29 15 rnA 
Black Level Relative to Blank 0 0 0 rnA 
Burst Relative to Blank ±2.91 ±3.06 ±3.21 rnA 
Blank Level Relative to Sync 5.82 6.l3 6.43 rnA 
Sync Level 0.39 0.41 0.43 !lA 

VREF Input Current IREF IO !lA 

Power Supply Rejection Ratio PSRR tbd %1%tJ.VAA 
(COMP = 0.1 W'. f= 1 kHz) 

Test conditions (unless otberwise specified): "Recommended Operating Conditions" witb RSET = 76 n. VREF = 
1.235 V. NTSC operation. and CLOCICIN frequency = 13.5 MHz. As tbe above parameters are guaranteed over the 
full temperature range. temperature coefficients are not specified or required. Typical values are based on nominal 
temperature. i.e .• room temperature. and nominal voltage. i.e .• 5 V. 
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Bt855 Brooktree® 
AC Characteristics 

Parameter Symbol Min Typ Max Units 

RSO-RS2 Setup Time 1 10 ns 
RSO-RS2 Hold Time 2 10 ns 

RD* Asserted to Data Bus Driven 3 3 ns 
RD* Asserted to Data Valid 4 40 ns 
RD* Negated to Data Bus 3-Stated 5 20 ns 
Read Data Hold Time 6 5 ns 

Write Data Setup Time 7 10 ns 
Write Data Hold Time 8 10 ns 

RD*, WR* Pulse Width Low 9 40 ns 
RD*, WR* Pulse Width High 10 6*p15 ns 

Analog Output Delay 19 30 ns 
Analog Output RiselFall Time 20 3 ns 
Analog Output Settling Time 21 13 ns 
Clock and Data Feedthrough (Note I) tbd dB 
Glitch Impulse tbd pV - sec 
DAC-to-DAC Crosstalk tbd dB 
Analog Output Skew 0 5 ns 

Pipeline Delay 
Blank/Sync into SynclField 3 3 3 Clocks 
BlankSync into Analog Out 32 32 32 Clocks 

V AA Supply Current (Note 2) IAA tbd tbd rnA 
Power-Down Mode tbd tbd J.IA 

See test conditions and notes at the end of this section. 
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Brooktree® Bt855 
AC Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Y Bandwidth Finl2 MHz 
Color Difference (UV) Bandwidth 1.3 MHz 

Burst Frequency (Note 3) 
(M)NTSC 3.579535 3.579545 3.579555 MHz 
(B, D, G, H, I) PAL 4.433614 4.433619 4.433623 MHz 

Burst Envelope Rise/Fall Time 8 8 8 Clocks 
Burst Cycles 

NTSC 8 9 Fsc Cycles 
PAL 9 10 Fsc Cycles .. 

Analog Sync Rise/Fall Time 5 5 5 Clocks 
Analog Blank Rise/Fall Time 9 9 9 Clocks 

Differential Gain 3 % 
Differential Phase 3 Degrees 
SNR (per CCIR41O) 60 dB 
Hue Accuracy (Note 4) 1.5 3 % 
Color Saturation Accuracy (Note 4) 1.5 3 % 
Residual Subcarrier -60 dB 

Pixel and Control Setup Time 11 0 ns 
Pixel and Control Hold Time 12 15 ns 
Control Output Delay Time 13 tbd ns 
Control Output Hold Time 14 tbd ns 

CLOCK_IN Rate Fin 
Normal Operation 18 MHz 
Power Down Mode 80 MHz 

CLOCK_IN Cycle Time (pI5) 15 
Normal Operation 55.5 ns 
Power Down Mode 12.5 ns 

CLOCK_IN Pulse Width High Time 16 4 ns 
CLOCK_IN Pulse Width Low Timc 17 4 ns 

CLOCK_IN to CLOCK_OUT Delay 18 tbd tbd ns 

See test conditions and notes at the end of this section. 
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Bt855 Brooktree® 
AC Characteristics (continued) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 91 n, VREF = 
1.235 V, NTSC operation, and CLOCK_IN frequency = 13.5 MHz. Analog output load 5075 pF; DO-D7, HSYNC*, 
VSYNC*, and CLOCK_OUT output load 5075 pF. As the above parameters are guaranteed over the full temperature 
range, temperature coefficients are not specified or required. Typical values are based on nominal temperature, i.e., 
room temperature, and nominal voltage, i.e., 5 V. See the timing waveforms shown in Figures 12-14. 

Note I: Clock and data feedthrough is a function of the number of edge rates, and the amount of overshoot and 
undershoot on the digital inputs. For this test, the TTL digital inputs have a Ik n 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, and -3 dB test bandwidth = 2x clock rate. 

Note 2: At Fmax. IAA (typ) at VAA = 5.0 V and TA = 20° C. IAA (max) at VAA = 5.25 V and TA = 0° C. 
Note 3: Burst frequency tolerance is dependent on CLOCK_IN frequency tolerance and jitter. This burst frequency 

also assumes PI and P2 registers are correctly configured. 
Note 4: Measured using a Matthey VS618H filter. Accuracy is dependent on the pixel clock rate and the color space 

used. 

Timing Waveforms 

I 1 2 I 

RSO. RSl, RS2 VALID * 9 

RD·, WR* 
10 

4 J-s I 
3 -

V DATA OUT (RD' = 0) 
"- ./ 

DO - D7 (READ) 

- 1--6 

1 DATA IN (WR'=O) 

7 
I--- 8 

DO - D7 (WRITE) 

Figure 12. MPU Read/Write Timing. 
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Brooktree® 
Timing Waveforms (continued) 

CLOC[(JN 

RO.R7, oo.G7, BO.B7, 

CSYNC', VSYNC', HSYNC', 

H, v, F, 

BLANK', OLO· OL3 

HSYNC', VSYNC' (OUTPIITS) 

NTSC/PAL, Y, C 

DATA 

11 

Note 1: Analog output delay is measured from the 50-percent point of the rising edge of CLOCK_IN to the 
50-percent point of full-scale transition. 

Note 2: Analog settling time is measured from the 50-percent point of full-scale transition to the output 
remaining within ±2 LSB. 

Note 3: Analog output rise/fall time is measured between the .lO-percent and 90-percent points of full-scale 
transition. 

Figure 13. Video Input/Output Timing 
(RGB and 24-bit YCrCb Input Formats). 
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Bt855 
Timing Waveforms (continued) 

CLOCK.JN 

00-07, 

CSYNC', YSYNC', HSYNC', 
YDATA YDATA YDATA YDATA 

BLANK', 01.0 - OL3, 

H, Y, F 11 

12 

BO-B7 CRDATA CBDATA CRDATA CBDATA 

11 

12 

CBFLAG 

11 

12 

HSYNC', YSYNC' (OIITPIITS) 

21 

NTSC/PAL, Y, C 

Note 1: Analog output delay is measured from the 50-percent point of the rising edge df CLOCK_IN to the 
50-percent point of full-scale transition. 

Note 2: Analog settling time is measured from the 50-percent point of full-scale transition to the output 
remaining within ±2 LSB. 

Note 3: Analog output rise/fall time is measured between the 10-percent and 90-percent points of full-scale 
transition. 

Figure 14. Video Input/Output Timing 
(16-bit YCrCb Input Format). 

Ordering Information 

Ambient 
Model Number Package Temperature 

Range 

Bt855KPF 160cpin Plastic 00 to +700 C 
Quad Flatpack 
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Advance Information 

This document contains information on a product under development. 
The parametric information contains target parameters that are subject 
to change. 

Distinguishing 
Features 
• NTSC or PAL Composite Video 

Output 
• Separate Y/C Video (S-Video) 

Outputs 
• Interlaced 60 Hz, 525-Line Digital 

RGB or YCrCb Input 
(NTSC Output) 

• Interlaced 50 Hz, 625-Line Digital 
RGB or YCrCb Input 
(PAL Output) 

• 4-Field NTSC or 8-Field PAL 
Generation 

• Studio-Quality Outputs 
• On-Chip Color Bar Generation 
• Graphics/Video Mixing 

(Pixel Basis) 
• Three 256 x 8 Input Lookup Table 

RAMs 

• 15 x 24 Overlay Registers 
• Standard MPU Interface 
• +5 V CMOS Monolithic 

Construction 
• 160-pin PQFP Package 
• Typical Power Dissipation: 1.25 W 
• Pseudo Color/YCrCb Color Keying 

Capability 

Applications 

• Desktop Video 
• Video Editing 
• Video Presentations 

Related Products 

• Bt855 

Functional Block Diagram 

CLOCIUN 

RO-R7 

GO-01 

BO-B7 

OLO·OL3 

H/HSYNC''' 

V/VSYNC· 

CLOCK...OUT 

RES~ DO·D7 

VREF FS ADJUST 

COMP 

NTSC I PAL 

y 

c 

RD· WR* RSO RSI RS2 

Brooktree Corporation· 9950 Barnes Canyon Rd.· San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
L858001 Rev. C 

Bt858 
12-18 MHz .. 

RGB/YCrCb-to
NTSC/PAL 

Encoder 

Product Description 

The Bt858 is designed specifically for 
graphics and imaging systems requiring the 
generation of studio-quality 4-field, 525-line 
(M) NTSC or 8-field, 625-line (B, D, G, H, 
I, N) PAL composite or Y/C (S-video) video 
signals at pixel clock rates of 12-18 MHz. 
Standards conversion applications may also 
be generated by 4.43 NTSC. The number of 
pixels per scan line is programmable, so ap
plications other than 12.27 MHz square pix
el NTSC, 13.5 MHz CCIR601, and 14.75 
MHz square pixel PAL are easily supported. 

Video timing control may be input with 
horizontal and vertical sync, composite 
sync, or the CCIR601 H, V, and F control 
signals. Alternately, the Bt858 may generate 
the horizontal and vertical sync signals. 

The interlaced RGB or YCrCb data is 
converted to either YIQ (NTSC operation) 
or YUV (PAL operation). The color differ
ence signals are digitally low-pass filtered to 
1.3 MHz and modulated. The rise and fall 
times of sync, burst envelope, and video 
blanking are internally controlled to be with
in composite video specifications. 

Analog luminance (Y) and chroma (C) in
formation is available on the Yand C analog 
outputs for interface to S-video equipment. 
Composite analog video is output simultane
ously onto .the NTSCIPAL analog output. 
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Brooklree® Bt858 
Circuit Description-MPU Interface 

MPU Interface Reading Color Palette RAM Data 

As illustrated in the detailed block diagram 
(Figure 1), the Bt858 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 pal
ette RAM, or control registers, as shown in Table 
1. The 8-bit address register addresses the color 
palette RAM and overlay registers, eliminating the 
requirement for external address multiplexers. 
ADDRO corresponds to DO and is the least signifi
cant 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 3 bytes of color information are 
concatenated into a 24-bit word and written to the 
location specified by the address register. The ad
dress register then increments to the next location, 
which the MPU may modify by writing another 
sequence of red, green, and blue data. A block of 
color values in consecutive locations may be writ
ten to by writing the start address and performing 
continuous RGB write cycles until the entire block 
has been written. 

RS2 RS1 RSO 

0 0 0 

0 1 1 
0 0 1 
0 1 0 

1 0 0 
1 1 I 
1 0 1 
1 1 0 

To read color palette RAM data, the MPU loads 
the address register (RAM read mode) with the ad
dress of the color palette RAM location to be read. 
The contents of the color palette Re>-M at the speci
fied address are copied into the RGB registers, and 
the address register is incremented to the next 
RAM location. The MPU performs three succes
sive 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 RGB 
registers and the address register again increments. 
A block of color values in consecutive locations 
may be read by writing the start address and per
forming continuous RGB read cycles until the en
tire block has been read. 

Writing Overlay Color Data 

To write overlay color data, the. MPU writes the 
address register (overlay write mode) with the ad
dress 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 3 bytes of color information are concate
nated into a 24-bit word and written to the overlay 
location specified by the address register. The ad
dress register then increments to the next location, 
which the MPU may modify by writing another se
quence of red, green, and blue data. A block of 
color values in consecutive locations may be writ
ten to by writing the start address and performing 
continuous RGB write cycles until the entire block 
has been written. 

Addressed by MPU 

address register (RAM write mode, 
control register read/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 
control registers 

Table 1. Control Input Truth Table. 
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Bt858 BrooktreeQt 
Circuit Description-MPU Interface (continued) 

Reading Overlay Color Data 

To read overlay color data, the MPU loads the ad
dress register (overlay read mode) with the address of 
the Qverlay location to be read. The contents of the 
overlay register at the specified address are copied into 
the RGB registers, and the address register is incre
mented to the next overlay location. The MPU per
forms three successive rearl cycies (is bits each of fro, 
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 ip.to the RGB 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 RGB read 
cycles until the entire block has been read. 

Writing Control Register Data 

To write control register data, the MPU loads the 
address register (control register read/write mode) 
with the address of the control register to be read. The 
MPU performs a write cycle, using RSO-RS2 to select 
the control registers. After the write cycle, the address 
register (ADDRO-ADDR7) increments to the next lo
cation, which the MPU may write by writing another 
byte of data. A block of data in consecutive control 
registers may be written by writing the start address 
and performing continuous write cycles until the entire 
block has been written. 

Reading Control Register Data 

To read control register data, the MPU loads the ad
dress register (control register read/write mode) with 
the address of the control register to be read. The 
MPU performs a read cycle, using RSO-RS2 to select 
the control registers. After the read cycle, the address 
register (ADDRO-ADDR7) increments to the next lo
cation, which the MPU may read by reading another 
byte of data. A block of data in consecutive control 
registers may be read by writing the start address and 
performing continuous read cycles until the entire 
block has been read. 
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Additional Information 

When the MPU is accessing the color palette RAM, 
the address register resets to $00 following a blue read 
or write cycle to RAM location $FF. 

When the MPU is accessing the control registers, 
the address register does not reset to $00 following a 
read or write cycle to address $FF. Data read from re-

The MPU interface operates asynchronously to the 
pixel clock. Data transfers that occur between the col
or palette RAM/overlay registers and the color regis
ters (R, G, and B in the block diagram) are synchron
ized by internal logic and take place in the period 
between MPU accesses. To reduce noticeable spark
ling on the analog outputs during MPU access to the 
color palette RAMs, internal logic maintains the previ
ous output color data on the analog outputs while the 
transfer between lookup table RAMs and the RGB 
registers occurs. 

To keep track of the red, green, and blue read/write 
cycles (or Y, Cr, and Cb read/write cycles), the ad
dress register has 2 additional bits (ADDRa, ADDRb) 
that count modulo three, as specified 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 8 bits of the address register, in
cremented following a blue. read or write cycle, 
(ADDR0-7), are accessible to the MPU. These bits ad
dress color palette RAM locations and overlay regis
ters, as specified in Table 2. The MPU may read the 
address register at any time without modifying its con
tents or the existing read/write mode. 

Pixel Read Mask Register 

The 8-bit pixel read mask register is implemented as 
three 8-bit pixel read mask registers, one each fot the 
RO-R7, G0-07, and BO-B7 inputs. When the MPU is 
writing to the pixel read mask register, the same data 
js written to all three registers. The read mask registers 
are located just before the color palette RAMs. 

The contents of the pixel read mask register, which 
may be accessed by the MPU at any time, are bit-wise 
logically ANDed with ~e 8-bit inputs prior to address
ing the color palette RAMs. Bit DO of the pixel read 
mask register corresponds to pixel input (RO, GO, and 
BO). Bit DO also corresponds to data bus bit 00. 

Note: The pixel read mask register is not initialized 
upon power-up. The user must initialize this register 
for proper operation. 



Brooktree@ Bt858 
Circuit Description-MPU Interface (continued) 

Value RS2 RS1 RSO Addressed by MPU 

ADDRa, b (counts modulo 3) 00 x 0 1 redlCr value 
01 x 0 1 greenlY value 
10 x 0 I blue/Cb value 

ADDR0-7 (counts binary) $OO-$FF 0 0 1 color palette RAMs 
$xO 1 0 1 reserved 
$xl 1 0 1 overlay color 1 

: : : : : 
$xF I 0 1 overlay color 15 -
$00 1 I 0 command registecO 
$01 1 1 0 command registecl 
$02 1 1 0 command registec2 
$03 I 1 0 command registec3 
$04 1 1 0 command registec 4 
$05 1 1 0 reserved ($00) 
$06 1 1 0 PI low register (Note 1) 
$07 1 1 0 PI high register (Note 1) 
$08 1 1 0 P2 low register (Note I) 
$09 I 1 0 P2 high register (Note 1) 
$OA I I 0 Fsc phase adjust low register 
SOB I I 0 Fsc phase adjust high register 
SOC 1 1 0 HCOUNT low register 
$OD 1 1 0 HCOUNT high register 
$OE 1 1 0 color key _0 register 
$OF 1 1 0 color mask_O register 

Note 1: Writing to any of these locations automatically resets the timing circuity. 

Overlay data may contain either RGB or YCrCb data, depending on the pixel input mode. 

Table 2. Address Register (ADDR) Operation. 
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Bt858 Brooktree@ 
Circuit Description-Pixel Input Formats 

Overlays 

The OLO-OL3 inputs select overlays and have 
priority over the pixel data. They are latched on 
the rising edge of CLOCK_IN and pipelined to 
maintain synchronization with the RO-R7, GO-
07, and BO-B7 pixel data. Overlay data must be 
in the same color space as the pixel data, and the 

format. 

OL3-0LO Color Selected 

0000 pixel input port 
0001 overlay color 1 

: : 
1111 overlay color 15 

24-bit RGB Input Mode (8, 8, 8) 

The OLO-OL3, RO-R7, 00-07, and BO-B7 in
puts are latched on the rising edge of CLOCK_IN. 

The RO-R7 inputs address the red color palette 
RAM, 00-07 address the green color palette 
RAM, and BO-B7 address the blue color palette 
RAM. Each lookup table RAM provides 8 bits of 
color information to the ROB-to-YIQ matrix 
(NTSC operation) or ROB-to-YUV matrix (PAL 
operation). If overlay information is being generat
ed (i.e., OLO-OL3 are nonzero), the selected over-

< lay register provides 24 bits of color information 
to the ROB-to-YIQ matrix (NTSC operation) or 
ROB-to-YUV matrix (PAL operation). 

16-bit RGB Input Mode (5,6,5) 

The OLO-OL3, RO-R7, and 00-07 inputs are 
latched on the rising edge of CLOCK_IN. The 
BO-B7 inputs are ignored. 

The R3-':R7 inputs address the lower 32 loca
tions of the red color palette RAM. The 05-07 
inputs and RO-R2 address the lower 64 locations 
of the green color palette RAM. The 00-04 in
puts address the lower 32 locations of the blue col
or palette RAM. 
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Each lookup table RAM provides 8 bits of color 
information to the ROB-to-YIQ matrix (NTSC op
eration) or ROB-to-YUV matrix (pAL operation). 
If overlay information is being generated (i.e., 
OLO-OL3 are nonzero), the selected overlay regis
ter provides 24 bits of color information to the 
ROB-to-YIQ matrix (NTSC operation) or ROB-to
YUV matrix (PAL operation). 

16-bit RGB Input Mode (6,6,4) 

The OLO-OL3, RO-R7, and 00-07 inputs are 
latched on the rising edge of CLOCK_IN. The 
BO-B7 inputs are ignored. 

The R2-R7 inputs address the lower 64 loca
tions of the red color palette RAM. The 04-G7, 
RO, and RI inputs address the lower 64 locations < 

of the green color palette RAM. The 0O-G3 in
puts address the lower 16 locations of the blue col
or palette RAM. Each lookup table RAM provides 
8 bits of color information to the ROB-to-YIQ ma
trix (NTSC operation) or ROB-to-YUV matrix 
(PAL operation). If overlay information is being 
generated (i.e., OLO-OL3 are nonzero), the select
ed overlay register provides 24 bits of color infor
mation to the ROB-to-YIQ matrix (NTSC opera
tion) or ROB-to-YUV matrix (pAL operation). 

15-bit RGB Input Mode (5, 5, 5) 

The OLO-OL3, RQ-R6, and 00-07 inputs are 
latched on the rising edge of CLOCK_IN. The R7 
and BO-B7 inputs are ignored. 

The R2-R6 inputs address the lower 32 lOCa
tions of the red color palette RAM. The 05-07, 
RO, and Rl inputs address .the lower 32 locations 
of the green color palette RAM. The 0O-G4 inputs 
address the lower 32 locations of the blue color 
palette RAM. Each lookup table RAM provides 8 
bits of color information to the ROB-to-YIQ ma
trix (NTSC operation) or ROB~to-YUV matrix 
(PAL operation). If overlay information is being 
generated (i.e., OLO-OL3 are nonzero), the select
ed overlay register provides 24 bits of color infor
mation to the ROB-to-YIQ matrix (NTSC opera
tion) or ROB-to-YUV matrix (PAL operation). 



Brooldree® Bt858 
Circuit Description-Pixel Input Formats (continued) 

24-bit YCrCb Mode 

The OLO-OL3, RO-R7, GO-G7, and BO-B7 in
puts are latched on the rising edge of CLOCK_IN. 
The YO-Y7 are input via GO-G7, CrO-Cr7 are in
put via RO-R7, and CbO-Cb7 are input via BO
B7. The YO, crO, and CbO are the least significant 
bits. The Y addresses the green color palette 
RAM, Cr addresses the red color palette RAM, 
and Cb addresses the blue color palette RAM. 
Each lookup table RAM provides 8 bits of infor
mation to the YCrCb-to-YIQ matrix (NTSC opera
tion) or YCrCb-to-YUV matrix (PAL operation). 
Before addressing the YCrCb-to-YIQ matrix 
(NTSC operation) or YCrCb-to-YUV matrix 
(PAL operation), Y has an input range of 16-235. 
Values less than 16 are made 16, and values great
er than 235 are made 235. The Cr and Cb have an 
input range of 16-240 with 128 equal to zero. 
Values less than 16 are made 16, and values great
er than 240 are made 240. 

If overlay information is being displayed (Le., 
OLO--OL3 are nonzero), the selected overlay regis
ter provides 24 bits of YCrCb color information to 
the YCrCb-to-YIQ matrix (NTSC operation) or 
YCrCb-to-YUV matrix (PAL operation). 

16-bit YCrCb Mode 

The OLO-OL3, GO-G7, and BO-B7 inputs are 
latched on the rising edge of CLOCK_IN. The RO
R7 inputs are ignored. The YO-Y7 are input via 
GO-G7, and multiplexed Cr and Cb data is input 
via the BO-B7 inputs, as specified in Table 3. The 
YO, crO, and CbO inputs are the least significant 
bits. 

The CbFLAG input is used to indicate when Cb 
data is present on the BO-B7 inputs. While 
CbFLAG is a logical one, Cb data is latched; 
while CbFLAG is a logical zero, Cr data is 
latched. CbFLAG is latched on the rising edge of 
CLOCK_IN. 

The 16-bit YCrCb (4:2:2) data is converted to 
24-bit YCrCb (4:4:4) with a 2-tap interpolation fil
ter to generate the missing Cr and Cb values as 
follows. The original Cr and Cb values pass 
through unchanged. 

H(Z) = (1281256)*(Z-1 + Z+I) 

Y addresses the green color palette RAM, Cr ad
dresses the red color palette RAM, and Cb ad
dresses the blue color palette RAM. Each lookup 
table RAM provides 8 bits of information to the 
YCrCb-to-YIQ matrix (NTSC operation) or 
YCrCb-to-YUV matrix (PAL operation). Before 
addressing the YCrCb-to-YIQ matrix (NTSC oper
ation) or YCrCb-to-YUV matrix (PAL operation), 
Y has an inpllt range of 16-235. Values less than 
16 are made 16, and values greater than 235 are _ 
made 235. The Cr and Cb have an input range of 
16-240 with 128 equal to zero. Values less than 
16 are made 16, and values greater than 240 are 
made 240. 

If overlay information is being displayed (Le., 
OLO--OL3 are nonzero), the selected overlay regis
ter provides 24 bits of YCrCb color information to 
the YCrCb-to-YIQ matrix (NTSC operation) or 
YCrCb-to-YUV matrix (PAL operation). 

Pseudo-Color Mode 

The RO-R7, GO-G7, or BO-B7 inputs (as speci
fied by command bits CR04-CR07) address all 
three lookup table RAMs simultaneously, generat
ing 24 bits of color information. The OLO-OL3, 
RO-R7, GO-G7, and BO-B7 inputs are latched on 
the rising edge of CLOCK_IN. Each lookup table 
RAM provides 8 bits of color information to the 
RGB-to-YIQ matrix (NTSC operation) or RGB-to
YUV matrix (PAL operation). If overlay informa
tion is being generated (Le., OLO--OL3 are nonze
ro), the selected overlay register provides 24 bits of 
color information to the RGB-to-YIQ matrix 
(NTSC operation) or RGB-to-YUV matrix (PAL 
operation). 

Internal Color Bar Generator 

A color bar test pattern output can be internally 
generated by the device when it is configured for 
24-bit RGB operation. This is enabled by bit CR32 
in Command Register_3. The bars are 100 percent 
saturated, 75 percent amplitude consisting of gray, 
yellow, cyan, green, magenta, red, blue, and black. 
They fill the entire screen vertically, and the first 
seven colors occupy 64 pixels each, horizontally 
along a scan line. Black occupies the remaining ac
tive pixels on each scan line. 

IMAGING 3-179 



Bt858 
Circuit Description-Pixel Input Formats (continued) 

24·bit 16·blt 16·bit 15·bit 
RGB RGB RGB RGB 24·bit 16·bit Pseudo· 

RGB (8,8,8) (5,6,5) (6,6,4) (5,5,5) VCrCb VCrCb Color 
Inputs Mode Mode Mode Mode Mode Mode Mode 

R7 R7 R4 R5 x Cr7 (P7) P7 
R6 R6 R3 R4 R4 Cr6 (P6) P6 
n<, !!5 RZ ~3 D'l C!5 (P<;' P<; ,,-' 
R4 R4 RI R2 R2 Cr4 (P4) P4 
R3 R3 RO RI RI Cr3 (P3) P3 
R2 R2 GS RO RO Cr2 (P2) P2 
RI RI G4 GS G4 Crl (PI) PI 
RO RO G3 G4 G3 crO (PO) PO 

G7 G7 G2 G3 G2 Y7 Y7 P7 
G6 G6 G1 G2 G1 Y6 Y6 P6 
GS G5 GO G1 GO YS Y~ PS 
G4 G4 B4 GO B4 Y4 Y4 P4 
G3 G3 B3 B3 B3 Y3 Y3 P3 
G2 G2 B2 B2 B2 Y2 Y2 P2 
G1 G1 BI BI BI Y1 YI PI 
GO GO BO BO BO YO YO PO 

B7 B7 x x x Cb7 Cb7/Cr7 P7 
B6 B6 x x x Cb6 Cb6 I Cr6 P6 
BS BS x x x CbS CbS I CrS PS 
B4 B4 x x x Cb4 Cb4 I Cr4 P4 
B3 B3 x x x Cb3 Cb31 Cr3 P3 
B2 B2 x x x Cb2 Cb2 I Cr2 P2 
BI BI x x x CbI CbII Cri PI 
BO BO x x x CbO CbO/CrO PO 

Table 3. Data Input Formats. 
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Brooktree@ Bt858 
Circuit Description-Pixel Input Formats (continued) 

Mixed Pseudo-ColorlYCrCb Mode 

In this mode, 8 bits of pseudoccolor data are in
put via the RO-R7 inputs. The data addresses all 
three lookup table RAMs simultaneously, generat
ing 24 bits of RGB color information. The RGB 
data drives the RGB-to-YIQ matrix (NTSC opera
tion) or RGB-to-YUV matrix (PAL operation). 

Sixteen bits of 4:2:2 YCrCb digital video are in
put via the GO-G7 and BO-B7 inputs. (The input 
timing is the same as that for 16-bit YCrCb mode.) 
The 16-bit YCrCb (4:2:2) data is converted to 24-
bit YCrCb (4:4:4) with a 2-tap interpolation filter 
to generate the missing Cr and Cb values as fol
lows. (The original Cr and Cb values pass through 
unchanged.) 

H(Z) = (1281256)*(Z-1 + Z+I) 

The resulting YCrCb data drives the YCrCb-to
YIQ matrix (NTSC operation) or YCrCb-to-YUV 
matrix (PAL operation). YCrCb data does not ad
dress the lookup table RAMs. 

If the OLO-OL3 inputs are not (0000), the over
lay color is output rather than the result of the 
mixed pseudo-color and YCrCb data (because 
overlays always take priority). 

External Key Switching 

The KEY_O input, in conjunction with com
mand bits CROO and CROI, determine whether the 
pseudo-color data or the YCrCb data is selected to 
be used. 

KEY_O 
Input CROO, CR01 Selected Source 

0 I, 1 pseudo-color data 
0 1,0 YCrCbdata 
1 1, 1 YCrCbdata 
1 1,0 pseudo-color data 
x 0,0 pseudo-color data 
x 0, 1 YCrCbdata 

KEY _0 is latched on the rising edge of 
CLOCK_IN and pipelined to maintain synchroni
zation with the pixel data. The KEY _0 input may 
change on a pixel basis. 

The KEY_O input is ignored unless the com
mand bits CR04-CR07 equal (1100). KEY_O is 
also ignored during blanking intervals. 

Internal Color Key Switching 

The Bt858 also generates an internal COLOR .. 
KEY_O control signal, determined by the color 
key_O and color mask_O registers. For a pro
grammed pseudo color, the COLOR KEY _0 con
trol signal will be either a logical one or a logical 
zero coincident with the specified color being in
put on the RO-R7 inputs. 

CR25,CR24 Color KeLO Selected Source 
Match 

0,0 yes YCrCbdata 

0,0 no pseudo-color data 

0, 1 yes pseudo-color data 

0, I no YCrCbdata 

I, x x pseudo-color data 

The COLOR KEY _0 control signal .ispipelined 
to maintain synchronization with the pixel data. 

If either the external color key signal (KEY_O) 
or the internal color key selects the YCrCb data, 
YCrCb data is selected. This data format is given 
in Table 3. 
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Bt858 
Circuit Description-Video Timing 

General Video Timing 

The Bt858 is designed to accept and output interlaced 
video to conform to the NTSC or PAL timing specifica
tions. Interlaced 60 Hz, 525-line digital RGB or YCrCb 
input will produce standard analog NTSC outputs. In
terlaced 50 Hz, 625-line digital RGB or YCrCb input 
will produce standard analog PAL output. Nonstandard 
line counts in PAL or NTSC modes are not supported. 

lne nrS5S auiulllai.i~aHy (.;a~,,:,u~ai:~5 ~tc ·Vv"id!h vf !b~ 
analog horizontal sync pulses, and the start and end of 
color bUrst. It automatically disables color burst on ap
propriate scan lines and automatically generates serra
tion and equalization pulses on appropriate scan lines. 

In addition, the rise and fall times of sync, blanking, 
and the burst envelope are internally controlled to con
form to the composite video specifications. 

The user must only provide information on the 
number of pixels per scan line (via the HCOUNT reg
ister), and program the PI and P2 registers to generate 
the correct color subcarrier frequency for a given pixel 
clock rate. 

During NTSC operation, color burst information is 
automatically disabled on scan lines 1-6, 261-269, 
and 523-525, inclusively. 

During PAL operation, color burst information is au
tomatically disabled on scan lines 1-6, 310-318, and 
622-625 during fields I, 2, 5, and 6. During fields 3, 4, 
7, and 8, color burst information is automatically disa
bled on scan lines 1-5, 311-319, and 623-625, 
inclusively. 

Master Mode 0 

External horizontal sync (HSYNC*), vertical sync 
(VSYNC*), and composite blanking (BLANK*) must 
be supplied to the Bt858. HSYNC*, VSYNC*, and 
BLANK* are configured as inputs. They are latched 
on the rising edge of CLOCK_IN and pipe lined to 
maintain synchronization with the pixel data. While 
the BLANK* input is a logical zero, the RO-R7, GO
m, BO-B7, OLO-OL3, and KEY_O inputs are ig
nored. The CSYNC* pin is configured as an input and 
is ignored. 

CR43 programmed low will three-state CSYNC*, 
HSYNC*, and VSYNC*. CR43 programmed high will 
enable CSYNC* as a valid composite sync output, but 
HSYNC* and VSYNC* will still be internally gated to 
three-state. 

Coincident falling edges of the HSYNC* and 
VSYNC* input indicates the beginning of an odd 
field. A falling edge of VSYNC* without a coincident 
falling edge of HSYNC* indicates the beginning of an 
even field and is ignored. 
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Brooktree® 

Only the falling edges of HSYNC* and VSYNC* 
are used. HSYNC* need not be the width of the ana
log horizontal sync pulse desired. VSYNC* need not 
be the width of the analog vertical sync pulse desired 
and must not contain serration or equalization pulses. 

Figures 2 and 3 illustrate the video timing for NTSC 
and PAL. Nonstandard NTSC line numbering is used 
in Figure 2. 

\/.o.r+i,.,.al Tirninn . -- ... _-- -_._._--., 

Coincident falling edges of VSYNC* and HSYNC* 
reset the lO-bit vertical counter to $001. (The number 
one scan line is the first scan line of the vertical sync 
interval at the beginning of an odd field.) The vertical 
counter increments on the falling edge of HSYNC*. 

The Bt858 will generate 525 scan lines (NTSC op
eration) or 625 scan lines (PAL operation) per frame, 
2: I interlaced. The lO-bit vertical counter is also reset 
to $001 upon reaching a count of 525 (NTSC) or 625 
(PAL). 

Horizontal Timing 

The falling edge of HSYNC* resets a 12-bit hori
zontal counter to $001. The horizontal counter incre
ments on the rising edge of CLOCK_IN. The counter 
value is compared to various internal values automati
cally calculated by the device to determine when to 
start and stop various control signals (such as horizon
tal sync and burst gate). 

The 12-bit horizontal counter is also reset to $001 
upon reaching the count specified by HCOUNT. 

NTSC Blanking 

The BLANK* input specifies when to output active 
video. Blanking takes place automatically (regardless 
of the value of BLANK*) for the entire scan line at the 
beginning of scan lines 1-17,261-279, and 523-525, 
inclusively. 

On scan line 260 (where the first half of the scan 
line contains active video), the Bt858 automatically 
blanks the last half of the scan line regardless of the 
value of BLANK*. On scan line 280 (where the last 
half of the scan line contains active video), the Bt858 
automatically blanks the first half of the scan line re
gardless ofthe value of BLANK*. 
On the remaining scan lines, BLANK* specifies when 
to display active video. The P2 Low and High Register 
section contains further information. 
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Circuit Description-Video Timing (continued) 

PAL Blanking 

The BLANK* input specifies when to output active 
video. Blanking takes place automatically (regardless 
of the value of BLANK*) for the entire scan line at the 
beginning of scan lines 1-22, 311-335, and 624-625, 
inclusively. 

On scan line 623 (where the first half of the scan 
line contains active video), the Bt858 automatically 
blanks the last half of the scan line regardless of the 

ANALOG 

ANALOG 

ANALOG 

START 

OF 

VSYNC 

BURST PHASE 

BURST PHASE 

BURST BEGINS WITH POSITIVE HALF·CYCLE 

value of BLANK*. On scan line 23 (where the last 
half of the scan line contains active video), the Bt858 
automatically blanks the first half of the scan line re
gardless of the value of BLANK*. 

On the remaining scan lines, BLANK* specifies 
when to display active video. The P2 Low and High 
Register section contains further information. 
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To simplify the implementation, the line numbering does 
not match that used in standard practice for NTSC video signals. 

Figure 2. NTSC Video Timing. 

0 

1 

FIELD ONE I TWO 

FIELD THREE I FOUR 

IMAGING 3-183 

.. 



Bt858 
Circuit Description-Video Timing (continued) 

BURST 

BLANKING 

INTERVALS 

3-184 

! I 

START 

OF 

VSYNC 

~ +UPHASE 

~= 

FIELD ONE 

~~~ __________ ~F=Ia=D~~~O __________ ~ 

~L: ______ -+ ________________ ~A~E~L~D~T~HR~E~E~ ____________ ~ 

AELDFOUR 

Ii 

FIELD_I PIN 

BURST PHASE = REFERENCE PHASE = 135' RELATIVE TO U 

PAL SWITCH = 0, + V COMPONENT 

BURST PHASE =cJ.UlFERENCE PHASE + 90' = 225' RELATIVE TO U 

PAL SWITCH = I, -V COMPONENT 

Figure 3a. PAL Video Timing. 
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Circuit Description-Video Timing (continued) 

Master Mode 1 

External composite sync (CSYNC*) and composite 
blanking (BLANK*) must be supplied to the Bt858. 
CSYNC* and BLANK* are configured as inputs. 
They are latched on the rising edge of CLOCK_IN 
and pipelined to maintain synchronization with the 
pixel data. While the BLANK* input is a logical zero, 
the RO-R7, GO-G7, BO-B7, OLO-OL3, and KEY_O 
inputs are ignored. The HSYNC*/H and VSYNC*/V 
pins are configured as outpms and mree-slliu:u. CR43 
must be set low, three-stating all pins CSYNC*, 
HSYNC*, and VSYNC*. 

The composite sync (CSYNC*) information is sep
arated into horizontal and vertical sync information in
ternally. When the horizontal and vertical sync infor
mation is separated from the CSYNC* signal, the 
functionality and timing are the same as that for Mas
terModeO. 

In this instance, CSYNC* must contain the proper 
serration and equalization pulses during the vertical re
trace intervals for proper operation. 

Vertical Timing 

If the previous scan line samples of CSYNC* (at 
one-fourth HCOUNT and three-fourths HCOUNT) 
were both a logical one and the current scan line sam
ple of CSYNC* (at one-fourth HCOUNT) is a logical 
zero, it is assumed to be the beginning of an odd field, 
and the lO-bit vertical counter is reset to $001. 

The lO-bit vertical counter is also reset to $001 
upon reaching a count of 525 (NTSC operation) or 
625 (PAL operation). 

Horizontal Timing 

After a falling edge of CSYNC* (three-fourths 
HCOUNT), clock cycles must pass before the next 
falling edge of CSYNC* is interpreted as a horizontal 
sync. This filters out any serration and equalization 
pulses from the composite sync signal. Each gated 
falling edge resets the horizontal counter to $001. 

Master Mode 2 

In this mode of operation, the Bt858 is designed to 
be clocked at 13.5 MHz for digfial component video 
(Le., CCIR601) applications that use the H (horizontal 
blanking), V (vertical blanking), and F (even/odd 
field) control signals. 

External horizontal blank (H), vertical blank (V), 
and even/odd field (F) information must be supplied to 
the Bt858. The H, V, and F pins are configured as in
puts. They are latched on the rising edge of 
CLOCK_IN and pipelined to maintain synchroniza-

3-186 SECTION 3 

tion with the pixel data. While either the H or V input 
is a logical one, the RO-R7, GO-G7, BO-B7, OLO
OL3, and KEY _0 inputs are ignored. The CSYNC* 
pin is configured as an output and three-stated. 

As in Master Mode 0, H and V are internally gated 
to three-state, and CR43 configures only CSYNC* as 
an unused input or a valid CSYNC* output. 

The horizontal counter is reset to $001, 63 clock cy
cles after each rising edge of H (horizontal blanking). 

The F (field) input is sampled by horizontal sync. 
When a falling edge of the F input (while both the H 
and V inputs are a logical one) has been detected, the 
vertical counter is reset to $001. Thus, while F is a 
logical zero, an odd field is generated; while F is a log
ical one, an even field is generated. 

The remaining functionality is the same as that for 
Master Mode O. 

Master Mode 3 
Master Mode 3 is similar to Master Mode 0, except 

that the Bt858 generates and outputs horizontal sync 
(HSYNC*) and vertical sync (VSYNC*). Composite 
blanking (BLANK*) must be supplied to the Bt858. 
HSYNC* and VSYNC* are output following the ris
ing edge of CLOCK_IN. HSYNC* and VSYNC* are 
asserted for one clock cycle when the horizontal and 
vertical counters overflow after reaching the value of 
HCOUNT, and 525 (NTSC) or 625 (PAL). 

Coincident falling edges of HSYNC* and VSYNC* 
indicate the beginning of an odd field. A falling edge 
of VSYNC* without a coincident falling edge of 
HSYNC* indicates the beginning of an even field. 

BLANK* is an input. It is latched on the rising edge 
of CLOCK_IN and pipelined to maintain synchroniza
tion with the pixel data. While the BLANK* input is a 
logical zero, the RO-R7, GO-G7, BO-B7, OLO-OL3, 
and KEY _0 inputs are ignored. The CSYNC* pin is 
configured as an input and is ignored. 

FIELD_O and FIELD_1 Pins 

The FIELD_O and FIELD_1 pins, in conjunction with 
the HSYNC* and VSYNC* timing relationship (or the 
F input if the BLANK* input is not required), deter
mine which one of four fields (NTSC) or eight fields 
(PAL) is being generated. 

Even or odd fields may be determined by the 
HSYNC* and VSYNC* timing relationship. Coinci
dent falling edges of HSYNC* and VSYNC* indicate 
the beginning of an odd field. A falling edge of 
VSYNC* without a coincident falling edge of 
HSYNC* indicates the beginning of an even field. 
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NTSC 

If command bit CR45 is a logical zero, the 
FIELD_O pin is configured as an input and is latched 
on the rising edge of CLOCK_IN. The FIELD_O pin 
indicates whether to generate fields one and two (logi
cal zero) or fields three and four (logical one) (see Fig
ure 4). As an input, the FIELD_O pin should change 
state only at the beginning of vertical sync during 
fields one and three. The FIELD_l pin is configured 
as an input and is ignored. 

If command bit CR45 is a logical one, the FIELD_O 
pin is configured as an output, and is output following 
the rising edge of CLOCK_IN. The FIELD_O pin indi
cates whether fields one and two (logical zero) or 
fields three and four (logical one) are being generated. 
As an output, the FIELD_O pin changes state at the be
ginning of vertical sync during fields one and three. 
The FIELD_l pin is configured as an input and is 
ignored. 

PAL 

If command bit CR45 is a logical zero, the 
FIELD_O and FIELD_l pins are configured as inputs 
and .are latched on the rising edge of CLOCK_IN. The 
FIELD_O and FIELD_l pins indicate which field to 
generate, as shown in Figure 5. 
As an input, the FIELD_O pin should change state 
only at the beginning of vertical sync during fields 
one, three, five, and seven. The FIELD_l pin should 

. change state only at the beginning of vertical sync dur
ing fields one and five. 

If command bit CR45 is a logical one, the FIELD_O 
and FIELD_l pins are configured as outputs and are 
output following the rising edge of CLOCK_IN. As 
an output, FIELD_O changes state at the beginning of 
vertical sync during fields one, three, five, and seven. 
FIELD_l changes state at the beginning of vertical 
sync during fields one and five. 

Analog Outputs 
The D/A converter values for lOO-percent satura

tion, loo-percent amplitude color bars are shown in in 
Figures 6-9. 

The Bt858 is configured to drive into a 50 n load, 
and the analog lowpass filter is designed to provide 
the proper 75 n output impedance. 

Luminance (y) Analog Output 

The digital composite Y information is optionally 
processed by a digital (sin xlx)-l correction filter to 
compensate for the inherent sin xix D/A converter fre
quency roll-off. 

The result drives the lO-bit D/A converter that gen
erates the analog Y video output (see Figures 4 and 5, 
and Tables 4 and 5). The Y analog output is designed 
to drive a 50 n load (maximum). 

Chrominance (C) Analog Output 

The digital chrominance information is optionally 
processed by a digital (sin xlx)-l correction filter to 
compensate for the inherent sin xix D/A converter fre
quency roll-off. 

The result drives the lO-bit D/A converter that gen- _ 
erates the analog C video output (see Figures 6 and 7, 
and Tables 6 and 7). The C analog output is designed 
to drive a 50 n load. 

NTSC/PAL Analog Output 

The composite video information is optionally pro
cessed by a digital (sin xlx)-l correction filter to com
pensate for the inherent sin xix D/A converter frequen
cy roll-off. 

The result drives the lO-bit D/A converter that gen-. 
erates the composite analog NtSC/P AL video output 
(see Figures 8 and 9, and Tables 8 and 9). The NTSc/ 
PAL analog output is designed to drive a 50 n load. 

Black Burst Operation 

The Bt858 may be configured to generate black 
burst video signals, as shown in Figures 10 and 11 and 
listed in Tables 10 and II. 

The black burst video signal contains sync, blank, 
and burst information only (no active video). 

SubcarrierFrequency 
The subcarrier is computed by: 

NTSC: FSC = FCLK * [PI + P2/(4*HCOUNT)]1 
2048 

PAL: FSC = FCLK * [PI + (p2 + (67/625» I 
(4*HCOUNT)] 1 2048 

The subcarrier frequency error will track the clock 
frequency error. If the clock has a tolerance of 100 
PPM, then the resulting subcarrier will also have a tol
erance of 100 PPM. Broadcast specifications for the 
subcarrier tolerance for NTSC is ±1O Hz, or roughly 3 
PPM. 

In addition, any jitter on the clock will be reflected 
in the subcarrier. Thus, care must be taken to provide a 
clean, stable clock to the Bt858 to produce the highest 
quality output. 

IMAGING 3-187 
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Note: 50 n load, VREF = 1.235 V, and RSET = 97 n. RS-170 levels and tolerances are assumed on all levels. 
One-hundred-percent saturation and l00-percent amplitude luminance color bars are shown. 

Figure 4. NTSC Y (Luminance) Video Output Waveform. 

Description lout CSYNC" BLANK" DAC 
(mA) Data 

WlllTE 20.42 1 1 800 

BLACK 7.2 1 1 282 

BLANK 6.13 1 0 240 

SYNC 0.41 0 0 16 

Note: Typical with VREF = 1.235 V and RSET = 97 n. 

Tab/e 4. NTSC Y (Luminance) Video Output Truth Tab/e. 
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Note: 50 Q load, VREF = 1.235 V, and RSET = 97 Q. RS-170 levels and tolerances are assumed on all levels. 
One-hundred-percent saturation and 100-percent amplitude luminance color bars are shown. 

Figure 5. PAL Y (Luminance) Video Output Waveform. 

Description lout CSVNC· BLANK" DAC 
(rnA) Data 

WHITE 20.82 I 1 816 

BLACK 6.53 I 1 256 

BLANK 6.53 1 0 256 

SYNC 0.41 0 0 16 

Note: Typical with VREF = 1.235 Vand RSET = 97 Q. 

Table 5. PAL Y (Luminance) Video Output Truth Table. 
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Note: 50 n load, VREF = 1.235 V, and RSET = 97 n. RS·170A levels and tolerances are assumed on all levels. 
One·hundred·percent saturation and lOO·percent amplitude chrominance color bars are shown. 

Figure 6. NTSC C (Chromlnance) Video Output Waveform. 

Description lout CSYNC* BLANK* DAC 
(rnA) Data 

Peak Chroma 21.44 x I 840 
Burst (high) 15.92 x 0 624 

BLANK 13.07 x 0 512 
Burst (low) 10.21 x 0 400 

Peak Chroma 4.7 x 1 184 

Note: Typical with VREF = 1.235 V and RSET = 97 n. 

Table 6. NTSC C (Chrominance) Video Output Truth Table. 
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Note: 50 n load, VREF = 1.235 V, and RSET = 97 n. PAL levels and tolerances are assumed on all levels. One
hundred-percent saturation and lOO-percent amplitude chrominance color bars are shown. 

Figure 7. PAL C (Chrominance) Video Output Waveform. 

Description lout CSYNC· BLANK· DAC 
(mA) Data 

Peak Chroma 22.15 x 1 868 

Burst (high) 16.13 x 0 632 

BLANK 13.07 x 0 512 

Burst (low) 10 x 0 392 

Peak Chroma 3.98 x 1 156 

Note: Typical with VREF = 1.235 V and RSET = 97 n. 

Tab/e 7. PAL C (ChromlnaiJce) Video Output Truth Tab/e. 
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One-hundred-percent saturation and lOO-percent amplitude color bars are shown. 

Figure 8. Composite NTSC Video Output Waveform. 

Description lout CSVNC* BLANK* DAC 
(mA) Data 

Peak Chroma 24.80 I I 972 
WHITE 20.42 1 I 800 
Burst (high) 8.99 I 0 352 
BLACK 7.20 1 I 282 
BLANK 6.13 1 0 240 
Burst (low) 3.27 I 0 128 
Peak Chroma 2.66 1 I 104 

(Note I) 
SYNC 0.41 0 0 16 

Note 1: If command bit CR31 is a logical zero, DAC data values less than 
127 are made 127. 

Note: Typical with VREF = l.235 V and RSET = 97 Q. 

Tab/e 8. Composite NTSC Video Output Truth Tab/e. 
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Note: 50 Q load, VREF = 1.235 V, and RSET = 97 Q. PAL levels and tolerances are assumed on all levels. One
hundred-percent saturation and loo-percent amplitude color bars are shown. 

Figure 9. Composite PAL Video Output Waveform. 

Description lout CSYNC* BLANK* DAC 
(mA) Data 

Peak Chroma 25.61 1 I 1004 
WHITE 20.82 1 1 816 
Burst (high) 9.59 I 0 376 
BLACK 6.53 I I 256 
BLANK 6.53 1 0 256 
Burst (low) 3.47 1 0 136 
Peak Chroma 1.73 1 1 68 

(Note I) 
SYNC 0.41 0 0 16 

Note 1: If command bit CR31 is a logical zero, DAC data values less than 127 
are made 127. 

Note: Typical with VREF = 1.235 V and RSET = 97 Q. 

Tab/e 9. Composite PAL Video Output Truth Tab/e. 
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Figure 10. NTSC Black Burst Video Output Waveform. 

Description lout CSYNC* BLANK* DAC 
(mA) Data 

Burst (high) 8.99 1 0 352 

BLACK 7.20 1 1 282 

BLANK 6.13 1 0 240 

Burst (low) 3.27 1 0 128 

SYNC 0.41 0 0 16 

Note: Typical with VREF = 1.235 V and RSET = 97 n. 

Table 10. NTSC Black Burst Video Output Truth Table. 
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Note: 500 load, VREF = 1.235 V, and RSET = 97 O. PAL levels and tolerances are assumed on all levels. 

Figure 11. PAL Black Burst Video Output Waveform. 

Description lout CSYNC* BLANK* DAC 
(mA) Data 

Burst (high) 9.59 I 0 376 

BLACK 6.53 I 1 256 

BLANK 6.53 I 0 256 

Burst (low) 3.47 1 0 136 

SYNC 0.41 0 0 16 

Note: Typical wi~ VREF = 1.235 V and RSET = 97 O. 

Table 11. PAL Black Burst Video Output Truth Table. 
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Internal Registers 

Command Register_O 

'This command register may be written to or read by the MPU at any time, and is initialized to $00 following a reset 
sequence. CROO is the least significant bit and corresponds to data bus bit DO. . 

CR07-CR04 

CR03,CR02 

CROI,CROO 

Color data input format 

(0000) 24-bit true-color ROB (8,8,8) 
(0001) 16-bit true-color ROB (6,6,4) 
(0010) 16-bit true-color ROB (5,6,5) 
(0011) 15-bit true-color ROB (5,5,5) 
(0100) 8-bit pseudo-color (red) 
(0101) 8-bit pseudo-color (green) 
(0110) 8-bit pseudo-color (blue) 
(0111) reserved 
(1000) reserved 
(1001) . 24-bit YCrCb (4:4:4) 
(1010) 16-bit YCrCb (4:2:2) 
(1011) reserved 
(1100) mixed VOA I YCrCb 
(110 I) reserved 
(1110) reserved 
(1111) reserved 

reserved 

. (00) force KEY _0 data to zero 
(01) force KEY_O data to one 
(n» invert KEY _O)nput data 
(11) pass KEY_O input data 
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These bits specify the input format of the video data, as 
listed in Table 3. The pipeline delay remains 
unchanged regardless of the mode of operation. 

YCrCb data is assumed to be derived from 
gamma-corrected ROB data. The lookup table RAMs 
may be used to provide gamma correction (typically 
2.2 for NTSC and 2.8 for PAL) when ROB or 
pseudo-color data is being input. If the lookup table 
RAMs are bypassed, ROB input data should be gamma 
corrected. 

These bits either force the KEY_O input value to a 
logical zero or logical one, invert the KEY_O input 
value, or let it pass unchanged. These bits are ignored 
unless CR07-CR04 are (1100). 



Bt858 
Internal Registers (continued) 

Command Register_1 

This command register may be· written to or read by the MPU at any time, and is initialized to $00 following a reset 
sequence. CR 10 is the least significant bit and corresponds to data bus bit DO. 

CR17 

CRl6 

CR15 

CR14 

CR13 

CRl2 

CRll,CRIO 

OL3 read mask 

(0) force OL3 data to zero 
(1) pass OL3 data 

OL2 read mask 

(0) force OL2 data to zero 
(1) pass OL2 data 

OLi read mask 

(0) force OLi data to zero 
(1) pass OLI data 

OLO read mask 

(0) force OLO data to zero 
(I) pass OLO data 

8-bitl6-bit color select 

(0) 6-bit 
(1) 8-bit 

Lookup table RAM bypass enable 

(0) use lookup table RAMs 
(1) bypass RAMs 

Reserved 

This bit is logically ANDed with the OL3 input prior to 
addressing the overlay registers. 

This bit is logically· ANDed with the OL2 input prior to 
addressing the overlay registers. 

This bit is logically ANDed with the OLi input prior to 
addressing the overlay registers. 

This bit is logically ANDed with the OLO input prior to 
addressing the overlay registers. 

This bit specifies whether the MPU is reading and writing 
8 bits (logical one) or 6 bits (logical zero) of color 
information each cycle when the lookup table RAMs are 
being accessed. 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. In the 6-bit mode, the full-scale output current will 
be about 1.5-percent lower than when in the 8-bit mode. 
This is because the 2 LSBs of color data are logical zeros 
in the 6-bit mode. 

This bit specifies whether to bypass the lookup table 
RAMs and pixel read mask registers. When internal color 
bar generation is used (CR32 equals I), the lookup table 
RAMs are automatically bypassed regardless of the value 
of this bit. The selection does not affect the pipeline delay 
through the device. 
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Internal Registers (continued) 

Command Register_2 

This command register may be written to or read by the MPU at any time, and is initialized to $FO following a reset 
sequence. CR20 is the least significant bit and corresponds to data bus bit DO. 

CR27,CR26 

CR25,CR24 

CR23 

CR22 

CR2I,CR20 

Reserved (logical one) 

COLOR KEY_O invert 

(00) normal value 
(0 I) invert value 
(10) reserved 
(1I) disable color key_O 

Reserved (logical zero) 

Software reset 

(0) normal operation 
(l) reset device 

Y I C output select 

(00) normal video 
(01) black burst video 
(10) composite video 
(1I) reserved 

3-198 SECTION 3 

These bits specify whether to invert the COLOR KEY_O 
value generated by the color key_O and color mask..,O 
registers. These bits are ignored Uliless CR07-CR04 are 
(1I00). 

Writing a logical one to this bit resets the device, clearing 
the pixel pipeline and resetting the coll1lIllind register bits 
to their initialized state (equivalent to asserting the 
RESET* input pin). The bit is reset to a logical zero when 
the software reset sequence is complete. 

Following a reset condition, the Bt858 is configured for 
NTSC operation (square pixels, Master Mode_I) and 
24-bit ROB input data format. The lookup table RAMs 
must be initialized before valid video may be generated. 

The (00) specifies that the Y and C outputs generate 
normal luminance (Y) and chroma (C) video. 

The (01) specifies that both the Y and C outputs generate 
b!ack burst video (sync, blank, and burst, only). 

The (10) specifies that both the Y and C outputs generate 
composite NTSCIPAL video (the same as the NTSCIPAL 
output) to drive mUltiple monitors and tape recorders. 



BrookIree@ Bt858 
Internal Registers (continued) 

Command Registe,_3 

This command register may be written to or read by the MPU at any time, and is initialized to $12 following a reset 
sequence. CR30 is the least significant bit and corresponds to data bus bit DO. 

CR37-CR34 

CR33 

CR32 

CR31 

CR30 

Output mode select 

(0000) NTSC master mode 0 
(0001) NTSC master mode 1 
(0010) NTSC master mode 2 
(0011) NTSC master mode 3 
(0100) reserved 
(0101) PAL master mode 0 
(0110) PAL master mode 1 
(0111) PAL master mode 2 
(1000) PAL master mode 3 
(1001) reserved 
(1010) reserved 

(1110) reserved 
(1111) power-down mode 

Color kill enable 

(0) normal operation 
(1) disable color information 

Color bar test enable 

(0) normal operation 
(1) generate color bars 

Color level limiting bypass 

(0) use level limiting 
(1) bypass level Jimiting 

lllegal video flag 

(0) reset by MPU 
(1) illegal value detected 

These bits specify the timing and analog output mode of 
the Bt858. 

Mode (1111) turns power off to the DACs and the NO 
converter by disabling the output current. It also 
three-states all 1TL-compatible outputs and inhibits 
clocking to most of the internal circuitry to minimize 
power consumption. The pixel and control inputs are 
ignored, and CLOCK_IN is directly output onto 
CLOC~OUT. All the control registers and color palette 
RAMs are still accessible by the MPU .. The Bt858 
becomes operational about 1 second after the power-down 
mode is disabled. 

This bit enables (logical zero) or disables (logical one) 
color information on the NTSCIPAL and C video outputs. 

If this bit is a logical one and the full screen is lOO-percent 
saturated, 75-percent amplitude color bars are generated, 
consisting of gray, yellow, cyan, green, magenta, red, blue, 
and black. The first seven colors each occupy 64 pixels of 
active video each scan line. Black occupies the remaining 
active pixels each scan line. BLANK· must be negated at 
the proper time in order to view the color bar output. The 
input format must be programmed to 24-bit ROB. 

A logical zero enables the NTSC I PAL level limiting 
circuitry that limits the minimum active composite video 
levels. Active video values less than 127 (1O-bit value) are 
made 127 (approximately half the sync height) to avoid 
possible sync detection problems with downstream video 
equipment. 

This bit is set to a logical one if active video generates a 
value less than 127 (IO-bit value). The MPU must write a 
logical zero to this bit to clear it to a logical zero. 

IMAGING 3-199 

.. 



Bt858 Brooklree® 
Internal Registers (continued) 

Command Register_ 4 

This command register may be written to or read by the MPU at any time, and is initialized to $18 following a reset 
sequence. CR40 is the least significant bit and corresponds to data bus bit DO. 

CR47 

CR46 

CR45 

CR44 

CR43 

CR42.-CR41 

CR40 

IQIUV low-pass filter bypass 

(0) use filters 

(Sin x/xt1 correction filter bypass 

(0) use filters 
(1) bypass filters 

FIELD input/output select 

(0) inputs 
(I) outputs 

CLOCK_OUT output enable 

(0) output three-stated 
(1) output enabled 

Control output enable 

(0) output three-stated 
(I) output enabled 

reserved (logical zero) 

Genlock availablility status 

(0) genlock unavailable 
(I) genlock available 

3-200 SECTION 3 

This bit specifies whether to bypass the IQ and UV 
low-pass filters (just after the matrix). Regardless of the 
selection, there is no change in the pipeline delay. 

This bit specifies whether to bypass the· (sin x/xt1 

correction filters just prior to the analog outputs. 
Regardless of the selection, there is no change in the 
pipeline delay. 

This bit specifies whether the FIELD_O and FIELD_I pins 
are inputs (logical zero) or outputs (logical one). 
In all modes, FIELD_O and FIELD_I are three-stated if 
CR45 is programmed low. 

A logical zero three-states the CLOCK_OUT pin 
asynchronously to the pixel clock. 

A logical zero three-states the FIELD_O, FIELD_I, 
CSYNC*. HSYNC*. and VSYNC* pins, if they are 
configured as outputs, asynchronously to the pixel clock. 
For HSYNC*, VSYNC*, FlELD_O, and FIELDj, this 
three-state is independent of the mode of operation. The 
CSYNC* pin is not internally gated and must be 
configured by CR43 according to the mode for proper 
operation of the part. In all modes, FIELD _0 and 
FIELD _1 are three-stated ifCR43 is programmed low. 

CR43: HIL CSYNC* VNSYNC* 

mode ° Q/Z Z 
mode I XlZ XlZ 
mode 2 QIZ Z 
mode 3 Q1Z Q/Z 

Z = Three-State 
X = State Not Allowed in Mode 
Q = Valid Output 

H1HSYNC* 
Z 
xrz 
Z 
QIZ 

This bit indicates whether the device has genlock support. 
On the ~t858, this bit is always a logical zero, indicating 
genlock is not supported. MPU write cycles to this bit are 
ignored. 



Brookll'ee® Bt858 
Internal Registers (continued) 

HCOUNT Register 

This 16-bit register specifies tbe number of pixels per scan line. It is initialized to $03OC (780) following a reset condition and 
may be written to and read by tbe MPU at any time. The HCOUNT low and high registers are independent and are 
individually written to and read by tbe MPU. 

The HCOUNT low and high registers are cascaded to form a 16-bit HCOUNT register. The D4-07 of HCOUNT high are 
ignored during MPU write cycles and return a logical zero during MPU read cycles. Even values from $0002 (2) to $OFFE 
(4094) may be specified. 

HCOUNTHigh HCOUNTLow 

Oata Bit D3 D2 Dl DO 07 06 05 D4 D3 02 Dl 00 

Cascaded Value Hll HIO H9 H8 H7 H6 HS H4 H3 H2 HI HO 

The HCOUNT value automatically calculates ml\IlY of tbe horizontal timing parameters. Using the falling edge of horizontal 
sync as a reference. tbe following are internally calculated: 

analog horizontal sync widtb (50% amplitude) = (HCOUNTI16) + (HCOUNTI128) + (HCOUNT/2S6) + I 

start of color burst (50% amplitude) = (HCOUNTI16) + (HCOUNT/64) + (HCOUNT/2S6) + (HCOUNT/S12) + 1 

end of color burst (NTSC. 50% amplitude) = BURST GATE start value + (HCOUNT/32) + (HCOUNT/128) + 1 

end of color burst (PAL. 50% amplitude) = BURST GATE start value + (HCOUNT/32) + (HCOUNT/2S6) + 1 

Fsc Phase Adjust Register 

This l6-bit register specifies the amount of phase shift to add to the subcarrier. This may be used to adjust tbe subcarrier 
phase generated by tbe Bt8S8 to match tbat of an external source. It is initialized to $0000 (0) following a reset condition and 
may be written to and read by tbe MPU at any time. The Fsc phase adjust low and high registers are independent and are 
individually written to and read by the MPU. 

The Fsc phase adjust low and high registers are cascaded to form a 16-bit Fsc phase adjust register. The 03-07 of Fsc phase 
adjust high are ignored during MPU write cycles and return a logical zero during MPU read cycles. Values from $0000 (0°) to 
$07FF (360°) may be specified. 

Fsc Phase Adjust Fsc Phase Adjust Low 
High 

Oata Bit 02 Dl 00 D7 06 05 04 03 02 01 DO 

Cascaded Value PIO P9 P8 P7 P6 PS P4 P3 P2 PI PO 
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Bt858 Brooktree® 
Internal Registers (continued) 

PI and P2 generate the color. subcarrier (3.58 MHz for [M] NTSC, 4.43 MHz for [B, D, G, H, I] PAL) from the pixel 
clock. They must be calculated and the values loaded into the PI and P2 registers. 

P1 Low and High Registers 
The PI low and high registers are cascaded to form a 16-bit PI register. Values from $0000 (0) to $0400 (1024) may be 
specified. The 16-bit register is initialized to $0255 (597) following a reset condition and may be written to and read by the 
MPU at any time. The PI low l!nd high registers are independent and are individually written 1'0 and read by the MPU. The 
D2-D7 of PI high are ignored during MPU write cycles and return a logical zero during MPU read cycles. 

P1 High P1 Low 

Data Bit D1 DO D7 D6 D5 D4 D3 D2 DI DO 

Cascaded Value P9 P8 P7 P6 P5 P4 P3 P2 PI PO 

P2 Low and High Registers 
The P210w and high registers are cascaded to form a 16-bit P2 register. Values from $0000 (0) to $1000 (4096) may be 
specified. The 16-bit register is initialized to $0410 (1040) following a reset condition and may be written to and read by 
the MPU at any time. The P210w and high registers are independent and are individually written to and read by the MPU. 
The D4-D7 of P2 high are ignored during MPU write cycles and return a logical zero during MPU read cycles. 

P2 High P2 Low 

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 

Cascaded Value P11 PIO P9 P8 P7 P6 P5 P4 P3 

PI (Fsc) and P2 (Fsc) are calculated as follows: 

465.920 P2 
(M) NTSC; HcOiiNT= PI + 4 x HCOUNT 

581.123.2768 P2 
(B. D. G. H. I) PAL: HCOUNT PI + 4 x HCOUNT 

469.507.2768 
(N) PAL: HCOUNT 

PI+ __ P2",,--_ 
4xHCOUNT 

577.087.69 
(4.43) NTSC (Note I): HCOUNT PI+_.....:..:P2:....-_ 

4xHCOUNT 

D2 D1 DO 

P2 PI PO 

Note 1: (4.43) NTSC is NTSC using a 4.43 MHz subcarrier. It is normally used for standards conversion between PAL 
and NTSC video signals. 

After the appropriate value for HCOUNT value is inserted, the result is separated into an integer value (PI) and a 
fractional value (whose numerator is P2). Table 12 lists some of the common HCOUNT values and the resulting PI and P2 
values. Table 13 lists some of the common blanking intervals. 

In order to guarantee the highest quality of signal integrity (i.e., meeting the broadcast spec), the following method should 
be used to determine the PI and P2 values. 

Determine the HCOUNT value by: 

NTSC: HCOUNT = (int) (FCLK_desired/15734.264) 
PAL: HCOUNT = (int) (FCLK_desired/15625) 

3-202 SECTION 3 
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Internal Registers (continued) 

Detennine PI by: 

NTSC: PI = (int) [455*2048/(2*HCOUNT)] 
PAL: PI = (int) [I 135*2048/(4*HCOUNT)] 

Determine P2 by: 

NTSC: P2 = 2*455*2048 - PI *4*HCOUNT 
PAL: P2= ll35*2048-PI*4*HCOUNT+ 13 

Determine the actual clock frequency by: 

NTSC: FCLK....actual = 3579545"2*HCOUNT/455 
PAL: FCLK....actual = 4433618.75*HCOUNTI [(ll35/4) + (1/625)] 

C%r Key_O Register 
The 8-bit color key_O register may be written to or read by the MPU at any time and is initialized to $00 following a reset 
condition. Data bit DO is the least significant bit and corresponds to the RO input bit 

The color key_O register is compared to the RO-R7 inputs. If all unmasked bits match, the COLOR KEY_O control 
sigJial is a logical one. This register is used only when CR07-CR04 equals (1100). 

C%r MaslLO Register 
The 8-bit color mask_O register may be written to or read by the MPU at any time and is initialized to $FF following a 
reset condition. Data bit DO is the least significant bit and corresponds to the RO input bit 

A logical zero specifies that the corresponding RO-R7 input bit is to be compared against the corresponding bit in the 
cOlor key _0 register. A logical one specifies that no comparison for the corresponding bit is to take place and is not used 
in the generation of the COLOR KEY _0 control signal. This register is used only when CR07-CR04 equals (1100). 

Total Pixels 
Typical per Scan Line Active 4x 

Application (HCOUNT) Pixels HCOUNT P1 P2 

13.5 MHz NTSC 858 720 3432 543 104 
13.5 MHz PAL 864 720 3456 672 2061 

12.27 MHz (square pixels) NTSC 780 640 3120 597 1040 
14.75 MHz (square pixels) PAL 944 768 3776 615 2253 

14.32 MHz (4x Fsc) NTSC 910 768 3640 512 0 
17.72MHz (4x Fsc) PAL ll35 910 4540 512 0 

NTSC refers to (M) NTSC; PAL refers to (8, D, G, H, I) PAL. 

Table 12. Typical HCOUNT, P1, and P2 Values. 

Sync + Back Porch Front Porch 
Typical Blanking Blanking 

Application (Pixels) (Pixels) 

13.5 MHz NTSC 121 17 
13.5 MHz PAL 131 13 

12.27 MHz (square pixels) NTSC ll8 22 
14.75 MHz (square pixels) PAL 145 3'1 

14.32 MHz (4x Fsc) NTSC 120 22 
17.72 MHz (4x Fsc) PAL 159 28 

NTSC refers to (M) NTSC; PAL· refers to (8, D, G, H, I) PAL. 

Table 13. Typical BLANK· Input Horizontal Timing. 
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Pin Descriptions 

Pin Name Description 

FIBLANK* 

H/HSYNC" 

VNSYNC" 

CSYNC" 

RO-R7, 
00--07, 
BO-B7 

OLO-OL3 

CLOCICIN 

3-204 

Composite blank control input (TIL compatible). BLANK" is latched on the rising edge of 
CLOCICIN and pipelined to maintain synchronization with the pixel data. In all modes, except 
Master Mode 2, the RO-R7, 00--07, BO-B7, OLO-OL3, and KEY_O inputs are ignored while 
BLANK" is a logical zero. In Master Mode 2, this pin is the F (field}'input. This pin is latched on 
the rising edge of CLOCICIN and pipelined to maintain synchronization with the pixel data. This 
input must be asserted with the proper timing in all modes. 

Horizontal sync control input/output (TIL compatible). In Master Mode 0, HSYNC" is an input. 
The input is latched on the rising edge of CLOCICIN and pipelined to maintain synchronization 
with the pixel data. In Master Mode I, this pin is ignored. In Master Mode 2, this pin is the H 
(horizontal blank) input. This pin is latched on the rising edge of CLOCICIN and pipelined to 
maintain synchronization with the pixel data. The RO-R7, 00--07, BO-B7, OLO-OL3, and KEY_O 
inputs are ignored while the H or V inputs are a logical one. In Master Mode 3, HSYNC" is an 
output. HSYNC" is output following the rising edge of CLOCK_IN. As an output, it should drive a 
maximum of one LS TIL load. Absolute minimum loading should be observed. When HSYNC* is 
programmed as an input, the period must match the programmed HCOUNT value. 

Vertical sync control input/output (TIL compatible). In master mode 0, VSYNC" is an input. The 
input is latched on the rising edge of CLOCICIN and pipelined to maintain synchronization with the 
pixel data. In Master Mode I, this pin is ignored. In Master Mode 2, this pin is the V (vertical 
blank) input. The V input is latched on the rising edge of CLOCKJN and pipelined to maintain 
synchronization with the pixel data. The RO-R7, 00--07, BO-B7, OLO-OL3, and KEY_O inputs are 
ignored while the H or V inputs are a logical one. In Master Mode 3, VSYNC" is an output. 
VSYNC" is output following the rising edge of CLOCKJN. As an output, VSYNC" should drive a 
maximum of one LS TIL load. Absolute minimum loading should be observed. 

Composite sync control input/output (TTL compatible). In Master Mode I, CSYNC* is an input. 
The input is latched on the rising edge of CLOCICIN and pipelined to maintain synchronization 
with the pixel data. In Master Modes 0, 2, and 3, this pin is ignored. 

FIELD inputs/outputs (TIL compatible). As inputs, these pins are latched on the rising edge of 
CLOCICIN. As outputs, they are output following the rising edge of CLOCK_IN and should drive 
a maximum of one LS TIL load. Absolute minimum loading should be observed. 

Pixel inputs (TIL compatible). They are latched on the rising edge of CLOCICIN. Unused inputs 
should be connected to GND. 

Overlay select input (TIL compatible). These inputs specify, on a pixel basis, which overlay color 
(if any) is to be generated. They are latched on the rising edge of CLOCK_IN, and pipelined to 
maintain synchi'onization with the pixel data. Unused inputs should be connected to GND. 

Key control input (TIL compatible). It is latched on the rising edge of CLOCICIN and pipelined to 
maintain synchronization with the pixel data. If unused, this pin should be connected to GND. This 
input is ignored unless command bits CR07-CR04 are (1100). 

Pixel clock input (TIL compatible). This clock input is output onto the CLOCK_OUT pin when 
enabled by CR43. 
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Pin Descriptions (continued) 

Pin Name 

CbFLAG 

NTSCIPAL, Y, C 

COMP, NCOMP, 
YCOMP, CCOMP 

VREF 

FS ADJUST 

WR* 

RD* 

RSO, RSl, RS2 

DO-D7 

RESET* 

VAA 

GND 

Description 

Pixel clock output (TIL compatible). This pin should drive a maximum of one LS TIL load. 
Absolute minimum loading should be observed. 

CbFLAG control input (TIL compatible). When inputting 16-bit YCrCb pixel data, this input 
indicates whether Cb (logical one) or Cr (logical zero) data is present on the BO-B7 inputs. 
CBFLAG is latched on the rising edge of CLOCK_IN and pipelined to maintain synchronization 
with the pixel data. If unused, this pin should be connected to GND. 

Composite NTSC/PAL, luminance, and chroma current outputs. These high-impedance current 
sources can drive a 50 0 load (see Figure 12 in the PC Board Layout section). 

Compcnsation pins. A 0.1 llF ceramic capacitor must be used to bypass each pin (except COMP) to 
V AA. Each capacitor must be as close to the device as possible to keep lead lengths to an absolute 
minimum. All pins must also be connected together as close to the device as possible. 

Voltage reference input. An external voltage reference must supply this input with a 1.235 V 
(typical) reference. A 0.1 llF ceramic capacitor must be used to decouple this input to GND, as 
shown in Figure 12. The decoupling capacitor must be as close to the device as possible to keep 
lead lengths to an absolute minimum. 

Full-scale adjust control pin. A resistor (RSET) connected between this pin and GND controls the 
full-scale output current on the NTSCIPAL, Y, and C outputs. The relationship between RSET and 
the full-scale output current on each output is: 

RSET (0) = 2059 * VREF (V) I lout (rnA) 

Write control input (TIL 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. RD* and WR* 
should not be asserted simultaneously. 

Read control input (TIL 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. RD* and WR * 
should not be asserted simultaneously. 

Register select inputs (TIL compatible). RSO-RS2 specify the type of read or write operation being 
performed, as specified in Tables I and 2. 

Data bus (TIL compatible). Data is transferred into and out of the device over this 8-bit 
bidirectional data bus. DO is the least significant bit. 

Reset control input (TIL compatible). A logical zero for a minimum of three pixel clock cycles 
initializes the device. RESET* must be a logical one for normal operation. It is latched on the 
rising edge of CLOCK_IN. 

Analog power. All V AA pins must be connected. 

Analog ground. All GND pins must be connected. 
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Pin Descriptions (continued) 

Pin Signal Pin Signal Pin Signal Pin Signal 
Number Number Number Number 

1 FIELD_1 41 OL3 84 N/C 127 N/C 
42 OL2 85 N/C 128 N/C 

2 N/C 43 OL1 86 N/C 129 N/C 
3 N/C 44 OLO 87 N/C 130 N/C 
4 N/C 88 N/C 131 N/C 

45 GND 89 N/C 132 N/C 
5 RO 46 VAA 90 N/C 133 N/C 
6 Kl 

n> lrt.Tlr"I 1~A lto.Tlr" 
7L L" ........ 

7 R2 47 D7 92 N/C 135 N/C 
8 R3 48 D6 93 N/C 136 N/C 
9 R4 49 D5 94 N/C 
10 R5 50 D4 95 N/C 137 FS ADJUST 
11 R6 51 D3 96 N/C 138 COMP 
12 R7 52 D2 97 N/C 139 GND 

53 D1 98 N/C 140 VREF 
13 BO 54 DO 99 N/C 141 VAA 
14 B1 142 VAA 
15 B2 55 RD* 100 GND 
16 B3 56 WR* 101 GND 143 NCOMP 
17 B4 57 RSO 102 VAA 144 VAA 
18 B5 58 RS1 103 VAA 145 NTSCIPAL 
19 B6 59 RS2 146 GND 
20 B7 104 N/C 

60 GND 105 N/C 147 CCOMP 
21 N/C 61 GND 106 N/C 148 VAA 
22 N/C 62 VAA 107 N/C 149 C 

63 VAA 108 N/C 150 GND 
23 VAA 64 VAA 109 N/C 
24 VAA 65 VAA 110 N/C 151 YCOMP 
25 GND 152 VAA 
26 GND 66 GND 111 RESET 153 Y 
27 VAA 67 CLOCK_IN 112 FIBLANK* 154 GND 
28 VAA 113 GND 

68 N/C 114 CBFLAG 155 GND 
29 GO 69 N/C 115 KEY_O 156 CLOCK_OUT 
30 G1 70 N/C 157 HlHSYNC* 
31 G2 71 N/C 116 N/C 158 VNSYNC* 
32 G3 72 N/C 117 N/C 159 CSYNC* 
33 G4 73 N/C 118 N/C 160 FIELD_O 
34 G5 74 N/C 119 N/C 
35 G6 75 N/C 120 N/C 
36 G7 76 N/C 

77 N/C 121 VAA 
37 N/C 78 N/C 122 VAA 
38 N/C 79 N/C 123 VAA 
39 N/C 80 N/C 124 VAA 
40 N/C 81 N/C 125 GND 

82 N/C 126 GND 
83 N/C 
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Pin Descriptions (continued) 

N,C 

N.c -N.c 
N.c 
N.c 
N.c 
N.c 
N.c 
N.c 
N.c 
N.c 
N.c 
N.c 
CLOCK~IN 

GNO 
VAA 

VAA 

VAA 

VAA 

GNO 
GNO 
RS2 

RSl 

RSO 
ffi· 

RD· 

III 

D1 
[l1 

III 
DI 

0; 

a; 

III 

VAA 

GNO 
OLO 

OLl 

OL2 

OL3 

Note: N/C and test pins must remain floating. 
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PC Board Layout Considerations 

PC Board Considerations 
The layout should be optimized for lowest noise on 

the Bt858 power and ground planes by providing good 
decoupling. The trace length between groups of V AA 
and GND pins should be as short as possible to mini
mize inductive ringing. 

A well-designed power distribution network is criti
cal to eliminating digital switching noise. The ground 
plane must provide a low-impedance return path for 
the digital circuits. A PC board with a minimum of 
four layers is recommended. The ground layer should 
be used as a shield to isolate noise from the analog 
traces with layer 1 (top) for the analog traces, layer 2 
for the ground plane, layer 3 for the analog power 
plane, and the remaining layers used for digital traces 
and digital power supplies. 

Component Placement 
Place components as close as possible to the asso

ciated pin. Whenever possible, place components so 
traces can be connected point to point. 

The optimum layout enables the Bt858 to be located 
as close as possible to the power supply connector and 
the video output connector. 

Ground Planes 
For optimum performance, a common digital and 

analog ground plane is recommended. 

Power Planes 
Separate digital and analog power planes are recom

mended. The digital power plane should provide power 
to all digital logic on the PC board, and the analog 
power plane should provide power to all Bt858 power 
pins, VREF circuitry, and CaMP and VREF decou
pling; There should be at least a lI8-inch gap between 
the digital power plane and the analog power plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figure 12 This bead 
should be located within 3 inches of the Bt858 and 
provides resistance to switching currents, acting as a 
resistance at high frequencies. A low-resistance bead 
should be used, such as Ferroxcube 5659065-3B, Fair
Rite 2743001111, or TDK BF45-4001. 

Device Decoupling 
For optimum performance, all capacitors should be 

located as close as possible to the device, using the 
shortest possible leads (consistent with reliable opera-
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tion) to reduce the lead inductance. Chip capacitors are 
recommended for minimum lead inductance. Radial 
lead ceramic capacitors may be substituted for chip ca
pacitors and are better than axial lead capacitors for 
self-resonance. Values are chosen to have self
resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is 
obtained with a O.l-J.lF ceramic capacitor in parallel 
with a O.OI-J.lF chip capacitor, decoupling each ot the 
five groups of VAA pins to GND. The capacitors 
should be placed as close as possible to the device 
V AA and GND pins and connected with short, wide 
traces. 

The 47 J.lF capacitor shown in Figure 12 is for low
frequency power ~upply ripple; the 0.1 J.lF and 0.01 
J.lF capacitors are for high-frequency power supply 
noise rejection. 

When using a linear regulator, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than or 
equal to 200 mY. This is especially important when a 
switching power supply is used and the switching fre
quency is close to the raster scan frequency. Note that 
about 10 percent of the power supply hum and ripple 
noise less than 1 MHz will couple onto the analog 
outputs. 

COMP Decoupling 

The CaMP pins must be decoupled to V AA, typi
cally using 0.1 J.lF ceramic capacitors. Low-frequency 
supply noise will require larger values. The CaMP ca
pacitors must be as close as physically possible to the 
CaMP and V AA pins. Surface-mount ceramic chip 
capacitors are preferred for minimal lead inductance, 
which degrades the noise rejection of the circuit. 
Short, wide traces will also reduce lead inductance. 

VREF Decoupling 

A 0.1 J.lF ceramic capacitor should be used to decou
ple this input to VAA. If VAA is excessively noisy, 
better performance may be obtained by decoupling 
VREF to GND. Providing alternate PCB pads (one to 
V AA and one to GND) is recommended for the VREF 
decoupling capacitor. 



Brooktree® Bt858 
PC Board Layout Considerations (continued) 

ANALOG POWER PLANE 

81858 
Ll 

+5V(VCC) 

Zl + Cll Cl 

~--~~ ...... ~ .. ~ .. ~ ............................ - GROUND 

(POWER SUPPLY 
CONNECfOR) 

Rl R2 R3 

NTSC/PAL r---------------r--r--~~~~F~(N~o~te~l)=! 

Y~--------------~~--~--~~~~F~~~Ore~l)=d 

L-__________ CJI--------------------~----1-~~~F~~~~~l)~ 

RECONSTRUCTION FILTER 
EXAMPLE 

3.9uH 5% 2.7 uH 5% 

DAC 

OUTPUT 

TO 

VIDEO 

CONNECTOR 

VAA 

"'J~ lN4148/9 TO 

CONNECTOR 

"'Jt- lN4148/9 

GND 

Note 1: A 150 0-to-75 0 impedance-matching reconstruction filter is necessary on each output for proper video 
levels and fidelity. An example filter is illustrated above. For alternative filter designs call Brooktree 
Applications Engineering at 1-8oo-VIDEOIC. 

Note 2: The value of RSET may require slight variance, depending on the reconstruction filter used, because of the 
filter insertion loss. 

Location Description Vendor Part Number 

Ci-CIO 0.1 !IF ceramic capacitor Erie RPEI12Z5Ul04M50V 
Cll 47 !IF tantalum capacitor Mallory CSR13F476KM 
Ll ferrite bead Fair-Rite 2743001111 

RI-R3 150 0 1 % metal film resistor Dale CMF-55F 
R4 1 k -0 5 % resistor 

RSET 97 0 1 % metal film resistor Dale 
ZI 1.2 V voltage reference National Semiconductor LM385BZ-l.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt858. 

Figure 12. Typical Connection Diagram and Parts List for Parallel 150 Q and 75 Q 
Termination, and 150 Q-to-75 Q Impedance-Matching Reconstruction Filter. 
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Bt858 
PC Board Layout Considerations (continued) 

Digital Signal Interconnect 

The digital inputs to the Bt858 should be isolat
ed as much as possible from the analog outputs 
and other analog circuitry. Also, these input sig
nals should not overlay the analog power and out
put signals. 

Most noise on the analog outputs will be caused 
by excessive edge rates (less than 3 ns), overshoot, 
~,. '_·_.~' _____ A1 __ ..I!_! ... _1! __ ~_ ... _ 

UllUtlSUUUl, i;UIU ll11t;lllt; Vll Ule U.leu.al .lllpUI..~. 

The digital edge rates shouldn't be faster than 
necessary, as feedthrough noise is proportional to 
the digital edge rates. Lower-speed applications 
will benefit from using lower-speed logic (3-5 ns 
edge rates) to reduce data-related noise on the ana
log outputs. 

Transmission lines will mismatch if the lines do 
not match the source and destination impedance. 
This will degrade signal fidelity if the line length 
reflection time is greater than one fourth the signal 
edge time (refer to Brooktree Application Notes 
AN-l1 and AN-12). Line termination or reducing 
the line length is the solution. For example, logic 
edge rates of 2 ns require line lengths of less than 
4 inches without using termination. Ringing may 
be reduced by damping the line with a series resis
tor (30-300 Q). 

Radiation of digital signals can also be picked 
up by the analog circuitry. This is prevented by re
ducing the digital edge rates (rise/fall time), mini
mizing ringing by using damping resistors, and 
minimizing coupling through PC board capaci
tance by routing the digital signals at a 90 degree 
angle to any analog signals. 

The clock driver and all other digital devices 
must be adequately decoupled to prevent noise 
generated by the digital devices from coupling into 
the analog circuitry. 
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Analog Signal Interconnect 

The Bt858 should be located as close as possible 
to the output connectors to minimize noise pickup 
and reflections due to impedance mismatch. 

The analog outputs ar'e susceptible to crosstalk 
from digital lines; digital traces must not be routed 
under or adjacent to the analog output traces. 

To maximize the high-frequency power supply 

lay the analog power plane. 
For maximum performance, the analog video 

output impedance, cable impedance, and load im
pedance should be the same. The load resistor con
nection between the video outputs and GND 
should be as close as possible to the Bt858 to mini
mize reflections: Unused analog outputs should be 
connected to GND. 

Analog Output Protection 

The Bt858 analog outputs should be protected 
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 12 
can prevent latchup under severe discharge condi
tions without adversely degrading analog transition 
times. The IN4148/9 parts are low-capacitance, 
fast-switching diodes, which are also available in 
multiple-device packages (FSA250X or FSA270X) 
or surface-mountable pairs (BA V99 or 
MMBD7001). 
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Application Information 

(Sin x/xF 1 Correction Filters 

The transfer function of the five-tap (sin x/x)-l 
correction filter prior to the Df A converters is: 

H(Z) = 2941256 * ZO 
+ (-24f256)*(Z-1 + Z+l) 
+ (5f256)*(Z-2 + Z+2) 

Figure 13 illustrates the pass-~and and stop-band 
characteristics of the (sin x/x)- correction filter. 

GAIN 

(DB) 

o 

Bt858 

IQ/UV Low-pass Digital Filters 

The transfer function of the 19-tap filters that 
are used to low-pass filter the IQ or UV color dif
ference video signals is: 

H(Z) = 741256 * ZO 
+ (64f256)*(Z-1 + Z+l) 
+ (37f256)*(Z-2 + Z+2) 
+ (9f256)*(Z-3 + Z+3) 
+ (-8f256)*(z-4 + Z+4) 
+ (-111256)*(Z-5 + Z+5) 
+ (-5f256)*(Z-6 + Z+6) 
+ (3/256)*(Z-S + Z+S) 
+ (21256)*(Z-9 + Z+9) 

Figure 14 illustrates the pass-band and stop-band 
characteristics of the low-pass filters. 

INPUf FREQUENCY (MHZ) 

CLOCK RATE = 13.5 MHZ 

Figure 13. (Sin x/xj1 c~rrection Filter Characteristics. 
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Bt858 
Application Information (continued) 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are 
required to prevent device damage, which can pro
duce symptoms of catastrophic failure or erratic 
device behavior with somewhat "leaky" inputs. 

All logic inputs should be held low until power 
to the device has settled to the specified tolerance. 

DB 

INPUT FREQUENCY (MHZ) 

CLOCK RAm = 13.5 MHZ 

Brooktree@ 

Latchup can be prevented by ensuring that all 
vee pins are at the same potential and that the 
vee supply voltage is applied before the signal 
pin voltages. The correct power-up sequence en
sures that any signal pin voltage will never exceed 
the power supply voltage by more than +0.5 V. 

DB 

4 

INPUT FREQUENCY (MHZ) 

CLOCK RAm = 13.5 MHZ 

Figure 14. IQ/UV Low-pass Digital Filter Pass-Band 
and Stop-Band Characteristics. 
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Brooktree® Bt858 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 

Output Load RL 50 n 
External Voltage Reference VREF 1.14 1.235 1.26 V 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 V 

Voltage on any Signal Pin GND-D.5 VAA+0.5 V 
(Note 1) 

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 220 °C 
(1 minute) 

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 is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Note 1,' This device employs high-impedance CMOS devices on all signal pins. It should be handled as an ESD
sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 V can 
induce destructive latchup. 
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Bt858 Brooktree® 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

Video D/A Resolution 10 10 10 Bits 
Video D/A Accuracy 

Integral Linearity Error IL ±2 LSB 
Differential Linearity Error DL ±1 LSB 
Gray Scale Error ±5 % Gray Scale 
Monotonicity guaranteed 

Video D/A Coding Binary 

Digital Inputs 
Input High Voltage VIH 2,0 VAA + 0,5 V 
Input Low Voltage VIL GND-D,5 O,S V 
Input High Current (Vin = 2.4 V) I1H 1 !JA 
Input Low Current (Vin = 0.4 V) IlL -I !JA 
Input Capacitance CIN 7 pF 

(f = 1 MHz, Yin = 2.4 V) 

DO-D7 Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -400 !JA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3,2 rnA) 
3-State Current IOZ 50 !JA 
Output Capacitance CDOUT 7 pF 

Other Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -400 !JA) 
Output Low Voltage VOL 0.4 V 

(IOL = 1.6 rnA) 
3-State Current IOZ 50 !JA 
Output Capacitance CDOUT 7 pF 

Video Analog Outputs 
Output Disabled Current 0 5 50 !JA 
LSB Size 25,S !JA 
Output Compliance VOC -0,5 +1.5 V 
Output Impedance RAOUT 10 kO 
Output Capacitance CAOUT 30 pF 

(f = I MHz, lOUT = 0 rnA) 

C Analog Output 
Output Current (NTSC) 

Peak Chroma Relative to Blank ±7,95 ±S.37 ±S,79 rnA 
Blank Level 12.42 13,07 13,72 rnA 
Peak Burst Relative to Blank ±2,72 ±2,S6 ±3,OO rnA 

Output Current (PAL) 
Peak Chroma Relative to Blank ±S,63 ±9,OS ±9,53 rnA 
Blank Level 12.42 13,07 13.72 rnA 
Peak Burst Relative to Blank ±2,91 ±3,06 ±3,21 rnA 

See test conditions on next page, 

3-214 SECTION 3 



Bt858 
DC Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Y Analog Output 
Output Current (NTSC) 

White Level Relative to Black 12.56 13.22 13.88 rnA 
Black Level Relative to Blank 1.03 1.08 1.13 rnA 
Blank Level Relative to Sync 5.43 5.72 6.01 rnA 
Sync Level 0.39 0.41 0.43 IlA 

Output Current (PAL) 
White Level Relative to Black 13.58 14.29 15.00 rnA 
Black Level Relative to Blank 0 0 0 rnA 
Blank Level Relative to Sync 5.82 6.13 6.43 rnA 
Sync Level 0.39 0.41 0.43 IlA 

NTSC I PAL Analog Output 
Output Current (NTSC) 

White Level Relative to Black 12.56 13.22 13.88 rnA 
Black Level Relative to Blank 1.03 1.08 1.13 rnA 
Burst Relative to Blank ±2.72 ±2.86 ±3.00 rnA 
Blank Level Relative to Sync 5.43 5.72 6.01 rnA 
Sync Level 0.39 0.41 0.43 IlA 

Output Current (PAL) 
White Level Relative to Black 13.58 14.29 15.00 rnA 
Black Level Relative to Blank 0 0 0 rnA 
Burst Relative to Blank ±2.91 ±3.06 ±3.21 rnA 
Blank Level Relative to Sync 5.82 6.13 6.43 rnA 
Sync Level 0.39 0.41 0.43 IlA 

VREF Input CUrrent !REF 10 IlA 

Power Supply Rejection Ratio PSRR tbd %1 % llVAA 
(COMP = 0.1 IIF, f = 1 kHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 97 n, VREF = 
1.235 V, NTSC operation, and CLOCK_IN frequency = 13.5 MHz. As the above parameters are guaranteed over the 
full temperature range, temperature coefficients are not specified or required. Typical values are based on nominal 
temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 
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Bt858 
AC Characteristics 

Parameter Symbol Min Typ Max Units 

RSO-RS2 Setup Time 1 10 ns 
RSO-RS2 Hold Time 2 10 ns 

RD* Asserted to Data Bus Driven 3 3 ns 
RD* Asserted to Data Valid 4 40 ns 
RD* Negated to Data Bus 3-Stated 5 20 ns 
Read Data Hold Time 6 5 ns 

Write Data Setup Time 7 10 ns 
Write Data Hold Time 8 10 ns 

RD*, WR* Pulse Width Low 9 40 ns 
RD*, WR* Pulse Width High 10 6*p15 ns 

Analog Output Delay 19 30 ns 
Analog Output RiseIFail Time 20 3 ns 
Analog Output Settling Time 21 I3 ns 
Clock and Data Feedthrough (Note 1) tbd dB 
Glitch Impulse tbd pV--sec 
DAC-to-DAC Crosstalk tbd dB 
Analog Output Skew 0 5 ns 

Pipeline Delay 
Blank/Sync into SynclField Out 3 3 3 Clocks 
Blank/Sync into Analog Out 34 34 34 Clocks 

V AA Supply Current (Note 2) IAA tbd tbd mA 
Power-Down Mode tbd tbd !lA 

See test conditions following this section. 
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Brooktree~ Bt858 
AC Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Y Bandwidth Fin12 MHz 
Color Difference (IQ, UV) Bandwidth 1.3 MHz 

Burst Frequency (Note 3) 
(M)NTSC 3.579535 3.579545 3.579555 MHz 
(B, D, G, H, I) PAL 4.433614 4.433619 4.433623 MHz 

Burst Envelope Rise I Fall Time 8 8 8 Clocks 
Burst Cycles 

NTSC 8 9 Fsc Cycles .. 
PAL 9 10 Fsc Cycles 

Analog Sync Rise/Fall Time 
NTSC 6 6 6 Clocks 
PAL 10 10 10 Clocks 

Analog Blank Rise/Fall Time 
NTSC 10 10 10 Clocks 
PAL 8 8 8 Clocks 

Differential Gain I % 
Differential Phase I Degree 
SNR (per CCIR410) 60 dB 
Hue Accuracy (Note 4) 0.5 1.2 % 
Color Saturation Accuracy (Note 4) 0.5 1.2 % 
Residual Subcarrier -60 dB 

Pixel and Control Setup Time II 0 ns 
Pixel and Control Hold Time 12 15 ns 
Control Output Delay Time 13 tbd ns 
Control Output Hold Time 14 tbd ns 

CLOCK_IN Rate Fin 
Normal Operation 18 MHz 
Power Down Mode 80 MHz 

CLOCK.JN Cycle Time (pI5) 15 
, Normal Operation 55.5 ns 
Power Down Mode 12.5 ns 

CLOCK_IN Pulse Width High Time 16 4 ns 
CLOCK_IN Pulse Width Low Time 17 4 ns 

CLOCK-.IN to CLOCK_OUT Delay 18 tbd tbd ns 

See test conditions following this section. 
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Bt858 Brooldree® 
AC Characteristics (continued) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 97 n, VREF = 
1.235 V, NTSC operation, and CLOCK_IN frequency = l3.5 MHz. Analog output load S;1O pF; and DO--D7, 
FIELD_O, FIELD_I, HSYNC*, VSYNC*, and CLOCK_OUT output load S;75 pF. As the above parameters are 
guaranteed over the full temperature range, temperature coefficients are not specified or required. Typical values are 
based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1: Clock and data feedthrough is a function of the amount of edge rates, overshoot, and undershoot on the 
digital inputs. For this test, the TTL digital inputs have a IkO resistor to GND and are driven by 74HC 
logic. Settling time does not include clock and data feedthrough. Glitch impulse includes clock and data 
feedthmugh. and -3 dB test bandwidth = 2x clock rate. 

Note 2: At Fmax. IAA (typ) at VAA = 5.0 V and TA = 20° C. IAA (max) at VAA = 5.25 V and TA = 0° C. 
Note 3: Burst frequency tolerance is dependent on CLOCK_IN frequency tolerance and jitter. This also assumes 

that PI and P2 registers are correctly configured. 
Note 4: This is measured with a Matthey Vs6I8H filter; accuracy is dependent on pixel clock rate and the color 

space used. 

Timing Waveforms 

I I 2 I 

RSO. RSI. RS2 VALID * 9 

RD", WR* 
10 

4 }-s 3 -
V DATA OUT (RD' = 0) 
"- /' 

DO - D7 (READ) 

- 1--6 

t DATA IN (WR' = 0) 

7 r-- 8 

DO - D7 (WRITE) 

Figure 15. MPU ReadlWrite Timing. 
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BrooktreeGl Bt858 
Timing Waveforms (continued) 

CLOCKJN 

CLOC,,-OUT 

RO-R7, 00-07, BO-B7, 
CSYNC', VSYNC", "SYNC*, 

H, v, P, 

BLANK", OLD - OL3, KEY_O 

PIELD_O, PIELD_I (OUI'PUTS) 

DYNC*, VSYNC" (OlITPUTS) 

NTSC/PAL. y, C 

Note 1: Analog output delay is measured from the 50-percent point of the rising edge of CLOCK_IN to the 
50-percent point of full-scale transition. 

Note 2: Analog settling time is measured from the 50-percent point of full-scale transition to the output 
remaining within ±2 LSB. 

Note 3: Analog output rise/fall time is measured between the 100percent and 90-percent points of full-scale 
transition. 

Figure 16. Video Input/Output Timing. 
(All Input Formats Except 16-bit YCrCb). 
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Bt858 Brooktree® 
Timing Waveforms (continued) 

CLOCKJN 

RO-R7 

GO-07, 

CSYNC·, VSYNC·, HSYNC·, 

BLANK·, OLO - OL3, 

KEY_O, H, V, F 

BO-B7 

CBFLAG 

VGADATA 

YDATA 

CRDATA 

VGADATA 

11 

I -
YDATA 

11 

-
CBDATA 

11 

-
11 

11 

-
11 

-

VGADATA 

\--12 

" 
YDAJA YDATA 

-12 

" " 
CRD~TA CBDATA 

-12 

-12 

" 

" " 

-12 

FIELD_O, FIELD_1 (OUTPUTS) 

HYNC·, VSYNC· (OUTPUTS) 

3-220 

- ~ t- 14 

- 1--13 
19 - I---

21 

NTSC/PAL, Y, C 

Note 1: Analog output delay is measured from the 50-percent point of the rising edge of CLOCK_IN to the 
50-percent point of full-scale transition. 

Note 2: Analog settling time 'fs measured from the 50-percent point of full-scale transition to the output 
remaining within ±2 LSB. 

Note 3: Analog output rise/fall time is measured between the lO-percent and 90-percent points of full-scale 
transition. 

SECTION 3 

Figure 17. Video Input/Output Timing 
(16-8it YCrCb Input Format). 



BrooktreeGt Bt858 
Ordering Information 

Ambient 
Model Number Package Temperature 

Range 

Bt858KPF 160-pin Plastic 00 to +700 C 
Quad Flatpack .. 
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RAMDACs-PC Graphics Brooktreee 

Contents 

8t453 66, 40 MHz Triple 8-bit RAMDAC with 256 x 24 RAM 4-3 

8t471/476/478 80, 66, 50, 35 MHz Triple 6-bitl8-bit RAMDAC with 256 x ~8 or 4 - 21 
256 x 24 RAM 

8t473 80, 66, 50, 35 MHz Triple 8-bit True-Color RAMDAC with (3) 4- 45 
256 x 8 RAivis 

8t473/110 110 MHz Triple 8-bit True-Color RAMDAC with (3) 256 x 8 4-71 
RAMs 

8t475/477 80, 66, 50, 35 MHz Triple 6-bitl8-bit Power-Down RAMDAC 4 - 95 
with 256 x 18 or 256 x 24 RAM 

8t481/482 85 MHz 15-, 16-, and 24-bit True-Color Power-Down RAMDACs 4 - 121 

8t484 85 MHz True-Color RAMDAC, 4: I, 8-bit Multiplexed Pixel 4 - 157 
Inputs with a Separate 8-bit VGA port, 32 x 32 x 2 User-definable 
Hardware Cursor 

8t485 135 MHz True-Color RAMDAC, 4:1, 8-bit Multiplexed Pixel 4 - 197 
Inputs with a Separate 8-bit VGA port, 64 x 64 x 2 User-definable 
Hardware Cursor 

8t885 135 MHz True-Color VIDEO CacheDACTM. Dedicated 4- 239 
Asynchronous Video and Graphics ports Enable Mixing Video and 
Graphics. 64 x 64 x 2 User-definable Hardware Cursor, VGA 
Compatible 
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Distinguishing Features 

• 66, 40 MHz Operation 
• Triple 8-bit D/A Converters 
• 256 x 24 Color Palette RAM 
• 3 x 24 Overlay Palette 
• RS-343A1RS-170-Compatible 

Outputs 
• Standard MPU Interface 
• +5 V CMOS Monolithic 

Construction 
• 40-pin DIP or 44-pin PLCC 

Package 
• Typical Power Dissipation: 1 W 

Functional Block Diagram 

Applications 

• High-Resolution Color 
Graphics 

• CAE/CAD/CAM 
• Image Processing 
• Instrumentation 
• Desktop Publishing 

Related Products 

• Bt477, Bt478 

VAA GND FS ADJUST VREF 

CLOCK 

po.P7 

OLO,OLl 

00-D7 

'27-''27-'--8-- COMP 

"'--''''--'+--IOR 
•••.•.•••...•.• > •.•• ,,-- ISYNC 

2~-+--IOG 

>"--"+'c-''4-- lOB 

CS* RD'" WR* CO CI 

Brooktree Corporation· 9950 Barnes Canyon Rd.· San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC • TLX: 383596· FAX: (619) 452-1249 
L453001 Rev. J 

Bt453 
66 MHz 

Monolithic CMOS 
256 x 24 Color Palette 

RAMDAC™ 

Product Description 

The Bt453 RAMDAC is designed specifi
cally for high-resolution color graphics. 

The Bt453 has a 256 x 24 color lookup ta
ble with triple 8-bit video D/A converters, 
supporting up to 259 simultaneous colors 
from a 16.8-million color palette. Three over
lay registers provide, for example, overlaying 
cursors, grids, menus. 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 n 
load. 

Both the differential and linearity errors of 
the D/A converters are guaranteed to be a 
maximum of ±1 LSB over the full tempera
ture range. 

-



Bt453 
Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt453 supports a standard MPU bus interface, allow
ing the MPU direct access to the color palette RAM 
and overlay color registers. The MPU interface oper
ates asynchronously to the video data, simplifying the 
design interface. 

The CO and Cl control inputs specify whether the 
MPU is accessing the address register, the coior pai
ette RAM, or the overlay registers, as indicated in Ta
ble 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 reg
ister with the address of the color palette RAM loca
tion or overlay register to be modified. The MPU per
forms three successive write ~ycles (8 bits each of red, 
green, and blue), using CO and Cl to select either the 
color palette RAM or overlay registers. During the 
blue write cycle, the 3 bytes of color information are 
concatenated into a 24-bit word and written to the lo
cation specified by the address register. The address 
register then increments to the next location, which the 
MPU may modify by writing another sequence of red, 
green, and blue data. 

To read color data, the MPU loads the address regis
ter 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 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 reading another 
sequence of red, green, and blue data. 
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Any time the CS* input is a logical zero, the video 
outputs are forced to the black level. When the MPU 
is accessing the color palette RAM, the address regis
ter resets to $00 following-jl blue read or write cycle to 
RAM location $FF. While the MPU is accessing the 
overlay color registers, the 6 most significant bits of 
the address register (ADDR2-7) are ignored. 

To keep track of the reu, gn:t:u, allli uiut: lCdU/Wl;'''' 
cycles, the address register has 2 additional bits(AD
DRa and 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 8 bits of 
the address regis~er (ADDR0-7) are accessible to the 
MPU and are used to address color palette RAM loca
tions and overlay registers, as specified in Table 2. 

Figure I illustrates the MPU read/write timing. 

C1 CO Addressed by MPU 

0 0 address register 
0 I color palette RAM 
I 0 address register 
I I overlay registers 

Table 1. Control Input Truth Table. 



BrooktreeQt Bt453 
Circuit Description (continued) 

Value C1 co Addressed by MPU 

ADORa, b (counts modulo 3) DO x 1 red value 
01 x 1 green value 
10 x 1 blue value 

AOOR0-7 (counts binary) $OO-$FF 0 1 color palette RAM 
xxxxxxOO 1 1 reserved 
xxxxxxOl 1 1 overlay color 1 
xxxxxxl0 1 1 overlay color 2 
xxxxxxll 1 1 overlay color 3 

Table 2. Address Register (ADDR) Operation. -
CS', co, CI ==>< _________ VA_LID _______ -'X'--_____ _ 

\'-------~/ 

DO - D7 (READ) ---------« DATA OUT (RD' =0) )>--------

DO - D7 (WRITE) _________ ....JX DATA IN(WR' =0) X'--_____ _ 

Figure 1. MPU Read/Write Timing. 
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Bt453 
Circuit Description (continued) 

Frame Buffer Interface 
While CS* is a logical one, the PO--P7, OLO, and aLl 
inputs are used to address the color palette RAM and 
overlay registers, as specified in Table 3. The ad
dressed location provides 24 bits of color information 
to the three D/ A converters. (See Figure 2 for timing 
information.) 

The SYNC* and BLANK* inputs are also latched 
on the rising edge of CLUCK to mamtam syncnroniza
tion with the color data. They 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. 

The analog outputs of the Bt453 can directly drive a 
37.5 n load, such as a doubly-terminated 75 n coaxial 
cable. 

OL1 OLO PO- P7 

0 0 $00 
0 0 $01 

: : : 
0 0 $FF 
0 1 $xx 
1 0 $xx 

Brooktree® 

ESD and Latchup Considerations 
Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can produce 
symptoms of catastrophic failure or erratic device be
havior with somewhat leaky inputs. 

All logic inputs should be held low until power to 
the device has settled to the specified tolerance. DAC 
power decoupling networks with large time constants 
snoUlo De avoided. Tiley couid rieiay Y AA powel LO 

the device. Ferrite beads must be used only for analog 
power V AA decoupling. Inductors cause a time con
stant delay that induces latchup. 

Latchup can be prevented by ensuring that all V AA 
pins are at the same potential and that the V AA supply 
voltage is applied before the signal pin voltages. The 
correct power-up sequence ensures that any signal pin 
voltage will never exceed the power supply voltage by 
more than +0.5 V. 

Addressed by frame buffer 

color palette RAM location $00 
color palette RAM location $01 

: 
color palette RAM location $FF 

overlay color I 
overlay color 2 

Table 3. Pixel and Overlay Control Truth Table. 

CLOCK 

po.P7. OLO, OLl, 

SYNC·, BLANK· 

lOR, lOG, lOB, 

ISYNC 

4-6 SECTION 4 

DATA 

Figure 2. Video Input/Output Timing. 



Brooktree~ Bt453 
Circuit Description (continued) 

RED,BLUE GREEN 

MA V MA V 

19.05 0.714 26.67 1.000 -,----..,...-------------=~--- WHITE UlVEL 

1.44 0.054 9.05 0.340 BLACK UlVEL 

7.5 IRE 
0.00 0.000 7.62 0.286 BLANK LEVEL 

40 IRE 

0.00 0.000 SYNC UlVEL 

Note: 75 n doubly-terminated load, RSET = 280 n, and VREF = 1.235 V. ISYNC is connected to lOG. 
RS-343A levels and tolerances are assurnedon all levels. 

Figure 3. Composite Video Output Waveforms. 

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

WHITE 26.67 19.05 1 I $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 nand VREF =' 1.235 V. ISYNC is 
connected to lOG. 

Table 4. Video Output Truth Table. 
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Bt453 
Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

CLOCK 

PO-P7 

OLD,OLl 

lOR, lOG, lOB 

ISYNC 

FS ADJUST 

Description 

Composite blank control input (TIL compatible). A logical zero drives the lOR, lOG, and lOB 
outputs to the blanking level, as specified in Table 4. BLANK* 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 4D 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, SYNC* should be asserted only during the blanking 
intervai. SYi-iC ~ is iarcneo on me rising euge ul CLvCr;.. 

Clock input (TIL compatible). The rising edge of CLOCK latches the PO-P7, OLD, aLl, 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 to avoid reflection-induced jitter. 

Pixel select inputs (TIL compatible). These inputs specify, on a pixel basis, which I 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 (TIL compatible). These inputs specify which palette is to be used to provide 
color information, as specified in Table 3. When accessing the overlay palette, the PO-P7 inputs are 
ignored. They are latched on the rising edge of CLOCK. OLD is the LSB. Unused inputs should be 
connected to GND. 

Red, green, and blue current outputs. These high-impedance current sources can directly drive a 
doubly-terminated 75 n coaxial cable (Figure 4 in the PC Board Layout Considerations section). 
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 (rnA) = 1,728 * VREF (V) / RSET (n) 

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). 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 (n) = 6,047 * VREF (V) / lOG (rnA) 

The relationship between RSET and the full-scale output current on lOR and JOB is: 

lOR, lOB (mA) = 4,319 * VREF (V) / RSET (n) 
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Bt453 
Pin Descriptions (continued) 

Pin Name 

COMP 

VREF 

VAA 

GND 

CS* 

WR* 

RD* 

CO,C1 

DO-D7 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 IJF 
ceramic capacitor must be connected between this pin and VAA (Figure 4). The COMP capacitor 
must be as close to the device as possible to keep lead lengths to an absolute minimum. The PC 
Board Layout Considerations section contains critical layout criteria. 

Voltage reference input. An external voltage reference circuit, such as that shown in Figure 4, must 
supply this input with a 1.2 V (typical) reference. The Bt453 has an internal pullup resistor between 
VREF and V AA. As the value of this resistor may vary slightly with process variations, the use of a 
resistor divider network to generate the reference voltage is not recommended. A 0.1 IJF ceramic 
capacitor is used to decouple this input to VAA, as shown in Figure 4. If V AA is excessively noisy, 
better performance may be obtained by decoupling VREF to GND. The decoupling capacitor must 
be as close to the device as possible to keep lead lengths to an absolute minimum. Refer to the PC 
Board Layout Considerations section for critical layout criteria. 

Analog power. All V AA pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 

Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC BoaIu Layout Considerations section for critical layout criteria. 

Chip select control input (TIL 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. The Bt453 will not function correctly while CS*, RD*, and WR* are 
simultaneously a logical zero. 

Write control input (TIL compatible). To write data to the device, both CS* and WR* must be a 
logical zero. Data is latched on the rising edge ofWR* or CS*, whichever occurs first (see Figure 1). 

Read control input (TIL compatible). To read data from the device, both CS* and RD* must be a 
logical zero (see Figure 1). 

Command control inputs (TIL compatible). CO and Cl specify the type of read or write operation 
being performed, as listed in Table 1. 

Data bus (TIL compatible). Data is transferred into and out of the device over this 8-bit 
bidirectional data bus. DO is the least significant bit. 
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Bt453 
Pin Descriptions (continued) 

4O-pin DIP Package 44-pin Plastic J-Lead (PLCC) Package 

DO FSADJUST 

Dl VREF 

u 
8 ~ ~ !il ~~~~~~~ _ 50 

C 

02 VAA 

03 COMP 

D4 lOR lOR CS" 
~ ,~ ,...",.., ~, 

D6 ISYNC VAA CO 

D7 lOB VREF CLOCK 

OND OND FSADJUST SYNC" 

VAA VAA DO BLANK" 

PI VAA Dl OLD 

P6 VAA D2 OLI 

PS WR" D3 PO 

P4 ROO D4 PI 

P3 CS" 05 P2 

P2 CI 

PI co 
PO CLOCK i!! Q Q Q < < &:; Ie :c l f.:: z z < < 

OLI SYNC· c c > > 

OLD BLANK· 
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PC Board Layout Considerations 

PC Board Considerations 
For optimum performance of the Bt453, proper CMOS 
RAMDAC layout techniques should be studied in the 
Bt451nlS Evaluation Module Operation and Measure
ments, Application Note (AN-16), before PC board 
layout is begun. This application note can be found in 
Brooktree's Applications Handbook. 

The layout should be optimized for lowest noise on 
the Bt453 power and ground planes by providing good 
decoupling. The trace length between groups of V AA 
and GND pins should be as short as possible to minimize 
inductive ringing. 

A well-designed power distribution network is criti
cal to eliminating digital switching noise. The ground 
plane must provide a low-impedance return path for 
the digital circuits. A PC board with a minimum of 
four layers is recommended, with layers 1 (top) and 4 
(bottom) for signals and layers 2 and 3 for power and 
ground. 

Component Placement 
Components should be placed as close as possible to 
the associated RAMDAC pin. Whenever possible, 
components should be placed so traces can be connect
ed point to point. 

The optimum layout enables the Bt453 to be located 
as close as possible to the power supply connector and 
the video output connector. 

Ground Planes 
For optimum performance, a common digital and ana
log ground plane is recommended. 

Power Planes 
Separate digital and analog power planes are recom
mended. The digital power plane should provide pow
er to all digital logic on the PC board, and the analog 
power plane should provide power to all Bt453 power 
pins, VREF circuitry, and COMP and VREF decou
piing. There should be at least a liS-inch gap between 
the digital power plane and the analog power plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figure 4. This bead 
should be located within 3 inches of tlie Bt453. The 
bead provides resistance to switching currents, acting 
as a resistance at high frequencies. A low-resistance 
bead should be used, such as Ferroxcube 5659065-3B, 
Fair-Rite 2743001111, or TDK BF45-4001. 

Bt453 

Device Decoupling 
For optimum performance, all capacitors should be lo
cated as close as possible to the device, and the short
est possible leads (consistent with reliable operation) 
should be used to reduce the lead inductance. Chip ca
pacitors are recommended for minimum lead induc
tance. Radial lead ceramic capacitors may be substitut
ed for chip capacitors and are better than axial lead 
capacitors for self-resonance. Values are chosen to 
have self-resonance above the pixel clock. 

Power Supply Oecoupling 

The best power supply decoupling performance is ob-
tained with a 0.1 j.IF ceramic capacitor, decoupling III 
each of the three groups of V AA pins to GND. For ~ 

operation above 75 MHz, a 0.1 j.IF capacitor in parallel 
with a 0.01 j.IF chip capacitor is recommended. The ca
pacitors should be placed as close as possible to the 
device V AA and GND pins and connected with short, 
wide traces. 

The 10 j.IF capacitor shown in Figure 4 is for low
frequency power supply ripple; the 0.1 j.IF capacitors 
are for high-frequyncy power supply noise rejection. 

When a linear regulator is used, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than or 
equal to 200 mY. This is especially important when a 
switching power supply is used, and the switching fre
quency is close to the raster scan frequency. About 10 
percent of the power supply hum and ripple noise less 
than 1 MHz will couple onto the analog outputs. 

COMP Oecoupling 

The COMP pin must be decoupled to V AA, typically 
with a 0.1 j.IF ceramic capacitor. Low-frequency sup
ply noise will require a larger value. The ~OMP ca
pacitor must be as close as possible to the COMP and 
V AA pins. A surface-mount ceramic chip capacitor is 
preferred for minimal lead inductance. Lead induc
tance degrades the noise rejection of the circuit. Short, 
wide traces will also reduce lead inductance. 

If the display has a ghosting problem, additional ca
pacitance in parallel with the COMP capacitor may 
help. 

VREF Oecoupling 

A 0.1 j.IF ceramic capacitor should be used to decouple 
this input to GND. 
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Bt453 Brooldree~ 
PC Board Layout Considerations (continued) 

Digital Signal Interconnect 
The digital inputs to the Bt453 should be isolated as 
much as possible from the analog outputs and other an
alog circuitry. Also, these input signals should not 
overlay the analog power plane or analog output 
signals. 

Most of the .noise on the analog outputs will be 
caused by excessive edge rates (less than 3 ns), over
shoot, undershoot, and ringing on the digital inputs. 

The digital edge rates should not be faster than nec
essary, as feedthrough noise is proportional to the digi
tal edge rates. Lower-speed applications will benefit 
from using lower-speed logic (3-5 ns edge rates) to re
duce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time (refer to 
Brooktree Application Notes AN-ll and AN-12). Line 
termination or line-length reduction is the solution. For 
example, logic edge rates of 2 ns require line lengths of 
less than 4 inches without use of termination. Ringing 
may be reduced by damping the line with a series resis
tor (30-300 Q). The RS-select inputs and RD*IWR* 
lines must be verified for proper levels with no ringing, 
undershoot, or overshoot. Ringing on these lines can 
cause improper operation. 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with -damping resistors, and minimizing coupling 
through PC board capacitance by routing the digital 
signals at a 90 degree angle to any analog signals. 

The clock driver and all other digital devices must be 
adequately decoupled to prevent noise generated by the 
digital devices from coupling into the analog circuitry. 

Clock Interfacing 

The Bt453 requires a pixel clock with monotonic clock 
edges for proper operation. Impedance mismatch on 
the pixel clock line will induce reflections 011 the pixel 
clock, which may cause erratic operation. 

The Pixel Clock Pulse Width High Time and Pixel 
Clock Pulse Width Low Time minimum specifications 
(see the AC Characteristics section) must not be violat
ed, or erratic operation can occur. 

The pixel clock . line must be terminated to prevent 
impedance mismatch. A series termination of 33-68 Q 

placed at the pixel clock driver may be used, or a paral
lel termination may be used at the pixel clock input to 
the RAMDAC. A parallel termination of 220 Q to 
VCC and 330 n to ground will provide a Thevenin 
equivalent of a 110 Q termination, which is normally 
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sufficient to absorb reflections. The series or parallel 
resistor values should be adjusted to provide the opti
mum clock signal fidelity. 

MPU Control Signal Interfacing 

The Bt453 uses the RD*, WR*, and RS lines to deter
mine which MPU accesses will take place. Glitches or 
ringing on any 01 ihe~e iine~ may cau~e improper 
MPU operation. When a VGA controller with edge 
rate control is used on these lines, a series termination 
is not necessary. In non-VGA controller application or 
in applications where the MPU control signals are dai
sy chained, a series termination, pull-down resistors, 
or additional capacitance to ground should be used to 
prevent glitches that could cause improper MPU ac
cesses. 

Analog Signal Interconnect 

The Bt453 should be located as close as possible to the 
output connectors to minimize noise pickup and re
flections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk 
from digital lines; digital traces must not be routed 
under or adjacent to the analog output traces. 

To maximize the high-frequency power supply re
jection, the video output signals should not overlay the 
analog power plane. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. The load resistor connection be
tween the video outputs and GND should be as close 
as possible to the Bt453 to minimize reflections. Un
used analog outputs should be connected to GND. 

Analog output video edges exceeding the CRT 
monitor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EMI and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 

The Bt453 analog output should be protected 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 4 can 
prevent latchup under severe discharge conditions 
without adversely degrading analog transition times. 
The IN4148/9 parts are low-capacitance, fast
switching diodes, which are also available in multiple
device packages (FSA250X or FSA270X) or surface
mountable pairs (BAV99 or MMBD7001). 



Brooldree® Bt453 
PC Board Layout Considerations (continued) 

ANALOG POWER PLANE 

C5 

1.1 

+5V(VCC) 

+ 

Bt453 
Zl C7 Cl 

~--~~--~--~~~--------------~----------------- GROUND 

R3 

FSADJUST 

P 
TO 

lOR f__------<~-t-_If__----{ 

lOG f--_._--------1f-----{ P 
VIDEO 

CONNECTOR 

ISYNC 

lOB f-----------<O-----{ P 

VAA 

0 
IN4148/9 

DAC 
TO MONITOR 

OUTPUT 
IN4148/9 

GND 

Location Description Vendor Part Number 

C1-C6 0.1 IIf ceramic capacitor Erie RPE112Z5U104M50V 
C7 10 IIf tantalum capacitor Mallory CSR13G106KM 
L1 ferrite bead Fair-Rite 2743001111 

R1,R2,R3 75 Q 1% metal film resistor Dale CMF-55C 
RSET 280 Q I % metal film resistor Dale CMF-S5C 

ZI 1.2 V voltage reference National Semiconductor LM385BZ-l.2 

. 
Note: The vendor numbers above 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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Bt453 Brooklree® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 

Output Load RL 37.5 Q 

Reference Voltage VREF 1.14 1.235 1.26 V 
FS ADJUST Resistor RSET 280 Q 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 V 

Voltage on Any Signal Pin (Note 1) GND-D.5 VAA+O.5 V 

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, 114" from pin) 

Vapor Phase Soldering TVSOL 220 °C 
(1 minute) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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Brooldree® Bt453 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

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

Integral Linearity Error IL ±I LSB 
Differential Linearity Error DL ±I LSB 
Gray-Scale Error ±5 % Gray Scale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage VIH 2.0 VAA + 0.5 V 
Input Low Voltage VIL GND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) I1H 1 J.IA 
Input Low Current (Vin = 0.4 V) IlL -I J.IA 
Input Capacitance CIN 10 pF 

(f = 1 MHz, Yin = 2.4 V) 

Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -400 J.IA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
3-State Current IOZ 10 J.IA 
Output Capacitance CDOUT 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 J.IA 
Blank Level on lOG 6.29 7.62 8.96 rnA 
Sync Level on lOG 0 5 50 J.IA 
LSB Size 69.1 J.IA 

DAC-to-DAC Matching (25-70° C.) 2 5 % 
Output Compliance VOC -1.0 +1.4 V 
Output Impedance RAOUT 10 kQ 
Output Capacitance CAOUT 30 pF 

(f = I MHz, lOUT = 0 rnA) 

Voltage Reference Input Current IREF 10 J.IA 

Power Supply Rejection Ratio PSRR 0.12 0.5 %1 % l'1VAA 
(COMP = O.IW, f = I kHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 280 Q, VREF = 
1.235 V, and ISYNC connected to lOG. As the above parameters are guaranteed over the full temperature range, 
temperature coefficients are not specified or required. Typical values are based on nominal temperature, i.e., room 
temperature, and nominal voltage, i.e., 5 V. 
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Bt453 
ACCharacteristics 

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, Cl 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 RiselFail Time 16 3 3 ns 
Analog Output Settling Time (Note 1) 17 25 25 ns 
Clock and Data Feedthrough (Note 1) -48 -48 dB 
Glitch Impulse (Note 1) 50 50 pV-sec 
DAC-to-DAC Crosstalk -22 -22 dB 
Analog Output Skew I 2 1 2 ns 

Pipeline Delay 18 2 2 2 2 2 2 Clocks 

V AA Supply Current (Note 2) IAA 220 275 190 250 mA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 280 n, VREF = 1.235 V, 
and ISYNC connected to lOG. TTL input values are 0-3 V with input rise/fall times!> 4 ns, measured between the lO-percent 
and 90-percent points. Timing reference points at 50 percent for inputs and outputs. Analog output load!> 10 pF and DO-D7 
output load $ 75 pF. See timing waveforms and notes in Figures 5 and 6. As the above parameters are guaranteed over the 
full temperature range, temperature coefficients are not specified or required. Typical values are based on nominal 
temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1: Clock and data feedthrough is a function of the number of edge rates, and the amount of overshoot and undershoot 
on the digital inputs. For this test, the digital inputs have a I kn 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, and 
-3 dB test bandwidth = 2x clock rate. . 

Note 2: At Fmax. lAA (typ) at VAA = 5.0 V. IAA (max) at VAA = 5.25 V. 
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Bt453 
Timing Waveforms 

CS*, co, CI 

~.WR· 

DO - D1 (READ) 

DO - D1 (WRITE) 

CLOCK 

PO-P1,OI.O,OLI, 

SYNC·, BLANK. 

[OR, [00, lOB, 

[SYNC 

I 
2- -

---- VALID 

1 

3 

S J_6 I 
4 -1/ DATA OUT (RD* = 0) 

" / 

f DATA [N (WR* = 0) 

8 

- I-- 9 

Figure 5. MPU Read/Write Timing Dimensio~~. 

[2 18 

~ 
-------------------------------------------~---1l__16 ' 

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

Note 2: Settling time is measured from the 50-percent point of full-scale transition to the output 
remaining within ±l LSB. 

Note 3: Output rise/fall time is measured between the IO-percent and 90-percent points of full-scale 
transition. 

Figure 6. Video Input/Output Timing. 
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Bt453 Brooktree@ 
Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt453KP66 66 MHz 40-pinO.6" 0° to +70° C 
Plastic DIP 

Bt453KPJ66 66 MHz 44-pin Plastic 00 to +700 C 
J-Lead 

Bt453KC66 66 MHz 40-pin 0.6" 0° to +700 C 
CERDIP 

Bt453KC 40 MHz 40-pin 0.6" 0° to +70° C 
CERDIP 

Bt453KP 40 MHz 40-pin 0.6" 0° to +70° C 
Plastic DIP 

Bt453KPJ 40 MHz 44-pin Plastic 00 to +700 C 
J-Lead 
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Brooktree® Bt453 
Device Circuit Data 

r-,-~~----------~--~---VM 

VREF 

>--H--TODACS 

FSADJUST 
IFEEDBACK 

L-._--_----t-- GND 

Equivalent Circuit of the Reference Amplifier. 

-
Bt453 

VM 

GOoG7 

lOG 

T-3OPF 
RL qslray + load) SYNC· BLANK· 

(lOG ONLy) 

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

• Personal SystemJ2® Compatibility 
• 80, 66, 50, 35 MHz Operation 
• Triple 6-bit or 8-bit D/A Converters 
• 256-Word Color Palette RAM 
• RS-343A-Compatible Outputs 
• 15 Overlay Registers (Bt471/478) 
• Sync on All Three Channels 

(Bt4711478) 
• Programmable Pedestal (Bt4711478) 
• External Voltage or Current 

Reference 
• Standard MPU Interface 
• +5 V CMOS Monolithic 

Construction 
• 44-pin PLCC or 28-pin DIP Package 

Functional Block Diagram 

Applicati,ons 

• High-Resolution Color 
Graphics 

• CAE/CAD/CAM 
• Image Processing 
• Instrumentation 
• Desktop Publishing 

Related Products 

• Bt473, Bt477, Bt479 
• Bt474, Bt475 

VAA OND !REF VREF 

CLOCK 

Po·P7 

SYNC· 

BLANK* 

OLO·OLl 

00·D7 RD· WR* RSO RSI RS2 

OPA 
COMP 

lOR 

lOG 

lOB 

SETUP 

(816*) 

Brooktree Corporation· 9950 Barnes Canyon Rd.· San Diego. CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
1A78001 Rev. R 

Bt471 
Bt476 
Bt478 

80 MHz 
256· Word Color Palette 

Personal System/2® 
RAMDAC™ 

Product Description 

The Bt471, 476, and 478 are pin-compatible 
and software-compatible RAMDACs de
signed specifically for Personal SystemJ2®
compatible color graphics. The Bt476 is 
also available in a 28-pin DIP package that 
is pin compatible with the IMS® G176. 

The Bt471 has a 256 x 18 color lookup ta
ble 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 simi
lar to the Bt471 but has no overlays, no pro
grammable setup, and no sync information 
on the analog outputs. 

Additional features on the Bt471 and 
Bt478 include 15 overlay registers that pro
vide, for example, overlaying cursors, grids, 
menus, and EGA emulation. 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 Bt4711476/478 generates RS-343A
compatible video signals into a doubly
terminated 750 load. 

Note: "Personal Systeml2®" and "PS/2®" are 
registered trademarks of mM. "IMS®" is a 
registered trade~ark ofInmos Limited. 
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Bt471/476/478 
Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt471/476/478 supports a standard MPU bus inter
face, allowing the MPU direct access to the color pal
ette 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 regis
ters, eliminating the requirement for external address 
multiplexers. ADDRO corresponds to DO and is the 
least significant bit. 

Writing Color Palette RAM Data 

To write color data, the MPU loads the address regis
ter (RAM write mode) with the address of the color 
palette RAM location to be modified. The MPU per
forms 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 3 
bytes of color information are concatenated into a 24-
bit word (I8-bit word for the Bt4711476) 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 writing another se
quence 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, G, B write cycles until the entire block has been 
written. (See Figure 7 in the Timing Waveforms 
section.) 

RS2 RS1 RSO 

0 0 0 
0 I I 
0 0 I 
0 I 0 

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 ad
dress are copied into the l~.GB registers, and the ad
dress register is incremented to the next RAM loca
tion. 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 RGB 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,G,B read cy
cles until the entire block has been read. 

Writing Overlay Color Data 

To write overlay color data, the MPU loads the ad
dress 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 se
lect the overlay registers. After the blue write cycle, 
the 3 bytes of color information are concatenated into 
a 24-bit word (I8-bit word for the Bt4711476) and 
written to the overlay location specified by the ad
dress register. The address register then increments 
to the next location, which the MPU may modify by 
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 perform
ing continuous R, G, 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 

I 0 0 address register (overlay write mode) 
I I I address register (overlay read mode) 
I 0 I overlay registers 
I I 0 reserved 

Table 1. Control Input Truth Table. 
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Brooktree@ 
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 over
lay register at the specified address are copied into the 
RGB registers, and the address register is incremented 
to the next overlay location. The MPU performs three 
successive read cycles (6 or 8 bits each of red; green, 
and blue), using RSO-RS2 to select the overlay regis
ters. Following the blue read cycle, the contents of the 
oveday location at the address specified by the ad
dress register are copied into the RGB registers, and 
the address register again increments. A block of col
or values in consecutive locations may be read by 
writing the start address and performing continuous 
R, G, B read cycles until the entire block has been 
read. 

Additional Information 

When the MPU is 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 4 most significant bits 
of the address register (ADDR4-7) are ignored. 

Value RS2 

ADDRa, b (counts modulo 3) 00 
01 
10 

ADDR0-7 (counts binary) $OO-$FF 0 
xxxxOOOO 1 
xxxxOOOI 1 

: : 
xxxx lIlI 1 

Bt471/476/478 

The MPU interface operates asynchronously to the 
pixel clock. Data transfers that occur between the 
color palette RAM/overlay registers and the color 
registers (R,G, and B in the block diagram) are syn
chronized by internal logic and take place in the peri
od between MPU accesses. Occasional accesses to 
the color palette RAM can be made without noticea
ble disturbance on the display screen; however, oper
ations requiring frequent access to the color palette 
(such as block fills of the color palette) should take 
place during the blanking interval. 

To keep track of the red, green, and blue read!write 
cycles, the address register has 2 additional bits(AD
DRa and 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 8 bits of 
the address register are incremented following a blue 
read or write cycle. (ADDR0-7) are accessible to the 
MPU and are used to address color palette RAM lo
cations and overlay registers, as indicated in Table 2. 
The MPU may read the address register at any time 
without modifying its contents or the existing read! 
write mode. 

RS1 RSO Addressed by MPU 

red value 
green value 
bluevaltJe 

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 6 bits of the data 
bus. DO is the LSB and D5 is the MSB of color data. 
When color data is written, D6 and D7 are ignored. 
During color read cycles, D6 and D7 will be logical 
zeros. 

Bt478 Data Bus Interface 

On the Bt478, the 8/6* control input is used to speci
fy whether the MPU is reading and writing 8 bits (8/ 
6* = logical one) or 6 bits (8/6* = logical zero) of 
color infonnation each cycle. 

For 8-bit operation, DO is the LSB and D7 is the 
MSB of color data. 

For 6-bit operation (and when the Bt4711476 is 
used), color data is contained on the lower. 6 bits of 
the data bus. DO is the LSB and D5 is the MSB of col
or data. When color data is written, D6 and D7 are ig
nored. During color read cy'cles, D6 and D7 will be 
logical zeros. 

When the Bt478 is in the 6-bit mode, its full-scale 
output current will be about 1.5-percent lower than 
when it is in the 8-bit mode. This is because the 2 
LSBs of each 8-bit DAC are logical zeros in the 6-bit 
mode. 

OLO-OL3 PO-P7 

$0 $00 
$0 $01 
: : 

$0 $FF 
$1 $xx 
: $xx 

$F $xx 

Brooktree~ 

Frame Buffer Interface 

The PO-P7 and OLO-OL3 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 ~U 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 addressed location provides 24 bits (18 
bits for the Bt471/476) of color information to the 
three DI A converters. For proper operation, the pixel 
read mask register must be initialized by the user af
ter power-up. 

The SYNC* and BLANK* inputs, also latched on 
the rising edge of CLOCK to maintain synchroniza
tion with the color data, add appropriately weighted 
currents to the analog outputs. This produces the spe
cific output levels required for video applications, as 
illustrated in Figures I, 2, and 3. Tables 4, 5, and 6 
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 7.5 IRE (SETUP = VAA) 
blanking pedestal is to be used. The Bt476 generates 
only a 0 IRE blanking pedestal (Figures 2 and 3). 

The analog outputs of the Bt4711476/478 can di
rectly drive a 37.5 n load, such as a doubly
terminated 75 n coaxial cable. 

Addressed by frame buffer 

color palette RAM location $00 
color palette RAM location $01 

: 
color palette RAM location $FF 

overlay color I 
: 

overlay color 15 

Table 3. Pixel and Overlay Control Truth Table 
(Pixel Read Mask Register = $FF). 
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Bt471/476/478 
Circuit Description (continued) 

BT4711478 BT4711478 

W/OSYNC WITH 

SYNC 

MA V MA V 

19.05 0.714 26.67 1.000 -.----____ ----------------------~------- WHITELE~L 

1.44 0.054 9.05 0.340 -t-----------1r-------f--------------- BLACK LEVEL 

7.5 IRE 

0.00 0.000 7.62 0.286 -+-__________ ---''---,-----, __ ...L.. ___________ BLANK LEVEL 

40 IRE 

0.00 0.000 -L ______________ --l..--1 _____________________ SYNC LEVEL 

Note: 75 n doubly-terminated load and SETUP = 7.5 IRE. VREF = 1.235 V and RSET = 147 n. 
RS-343A levels and tolerances are assumed on all levels. 

Figure 1. RS-343A Composite Video Output Waveforms 
(SETUP = 7.5 IRE). 

Bt471 1478 
DAC 

Description lout SYNC" BLANK" Input Data 
(rnA) 

WHITE 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 n doubly-terminated load and SETUP = 7.5 IRE. VREF = 1.235 V 
and RSET = 147 n. 

Table 4. RS-343A Video Output Truth Table (SETUP = 7.5 IRE). 

PC GRAPHICS 4-25 

-



Bt471/476/478 
Circuit Description (continued) 

BT476OR BT4711478 

BT4711478 WITH 

W/OSYNC SYNC 

MA V MA V 

17.62 0.660 25.24 0.950 -.----~.-----------------------~-------WHITELEVEL 

0.00 0.000 7.62 0.286 -t--------------''----,.-----,--...J------------------ BLACKIBLANK LEVEL 

43 IRE 

0.00 0.000 0.00 0.000 -'----------------'----1--------------------- SYNC LEVEL 

Note: 75 n doubly-tenninated load and SETUP = 0 IRE. VREF = 1.235 V and RSET = 147 n. 
RS-343A levels and tolerances are assumed on all levels. 

Figure 2. RS-343A Composite Video Output Waveforms. 
(SETUP = 0 IRE) 

Bt476 Bt471/478 
DAC 

Description lout lout SYNC" BLANK" Input Data 
(rnA) (rnA) 

WHITE 17.62 25.24 1 1 $FF 
DATA data data + 7.62 I I data 
DATA-SYNC data data 0 I data 
BLACK 0 7.62 I I $00 
BLACK-SYNC 0 0 0 I $00 
BLANK 0 7.62 I 0 $xx 
SYNC 0 0 0 0 $xx 

Note: 75 n doubly-terminated load and SETUP = 0 IRE. VREF = 1.235 V and RSET = 147 n. 

Table 5. RS-343A Video Output Truth Table (SETUP = 0 IRE). 
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Brooktree@ Bt471/476/478 
Circuit Description (continued) 

NO SYNC SYNC 

MA V MA V 

14.25 0.713 20.36 1.018 -r---,;~-------------:;=---- WHITB LEVEL 

0.00 0.000 6.11 0.305 + _____ --L..---,-_.--....I-________ BLACKIBLANK LEVEL 

431RE 

0.00 0.000 0.00 0.000 ~------~~L----------SYNCLEva 

Note: 500 load and SETUP = 0 IRE. VREF = 1.235 V and RSET = 182 O. PS/21eveis and tolerances are 
assumed on all levels. 

Figure 3. PS/2 Composite Video Output Waveforms 
(SETUP = 0 IRE). 

Sync Sync 
Disabled Enabled DAC 

Description SYNC" BLANK" Input Data 
lout (rnA) lout (rnA) 

WHITE 14.25 20.36 1 1 $FF 
DATA data data + 6.ll 1 1 data 
DATA-SYNC data data 0 1 data 
BLACK 0 6.ll 1 1 $00 
BLACK-SYNC 0 0 0 1 $00 
BLANK 0 6.l1 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: 500 load and SETUP = 0 IRE. VREF = 1.235 V and RSET = 182 O. 

Table 6. PS/2 Video Output Truth Table (SETUP = 0 IRE). 
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Bt471/476/478 Brooktreeal 

Pin Descriptions 

Pin Name 

BLANK* 

SETUP 

SYNC'" 

CLOCK 

PO-P7 

OLO-OL3 

CaMP 

VREF 

OPA 

lOR, lOG, lOB 

VAA 

GND 

Description 

Composite blank control input (TIL compatible). A logical zero drives the analog outputs to the 
blanking level, as specified in Tables 4, 5 and 6. BLANK* is latched on the rising edge of CLOCK. 
When BLANK'" is a logical zero, the pixel and overlay inputs are ignored. 

Setup control input (TIL compatible). SETUP is used to specify either a 0 IRE (logical zero) or 7.5 
IRE (logical one) blanking pedestal. This pin should not be left floating. 

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 1, 2, and 3). SYNC* does not override any other 
. control or data input, as shown in Tables 4, 5, and 6; therefore, it should be asserted only during the 
blanking interval. It is latched on the rising edge of CLOCK. If sync information is not required on 
the video outputs, SYNC'" should be connected to GND. 

Clock input (TIL 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 be driven by a dedicated TTL buffer to avoid reflection-induced jitter. Clock Interfacing in 
the PC Board Layout Considerations section contains detailed layout suggestions. 

Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which 1 of the 256 
entries in the color palette RAM is to be used to provide color information. PO-P7 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 shown in Table 3. When the overlay palette is accessed, 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. 

Compensation pin. If an external voltage reference is used (Figure 4 in the PC Board Layout 
Considerations section), this pin should be connected to OPA. If an external current reference is 
used (Figure 5 in the PC Board Layout Considerations section), this pin should be connected to 
lREF. A 0.1 !IF ceramic capacitor must be used to bypass this pin to VAA. The CaMP capacitor 
must be as close to the device as possible to keep lead lengths to an absolute minimum. The PC 
Board Layout Considera!ions section contains critical layout criteria. 

Voltage reference input. If an external voltage reference is used (Figure 4), it must supply this input 
with a 1.2 V (typical) reference. IF an external current reference is used (Figure 5), this pin should 
be left floating; however, the bypass capacitor must still be connected. A 0.1 !IF ceramic capacitor is 
used to decouple this input to GND, as shown in Figure 4. The decoupling capacitor mustbe 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 4), this pin must be 
connected to CaMP. When an e;xternal current reference is used (Figure 5), this pin should be left 
floating. 

Red, green, and blue current outputs. These high-impedance current sources can directly drive a 
doubly-terminiited 75 n coaxial cable (Figures 4, 5, and 6 in the PC Board Layout Considerations 
section). 

Analog power. All V AA pins must be connected together on the same PCB plane to prevent hitchup. 

Analog ground. All GND pins must be connected together on the same PCB plane to prevent latchup. 
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Brooktree~ Bt471/476/478 
Pin Descriptions (continued) 

Pin Name 

IREF 

Description 

Full-scale adjust control. The IRE relationships in Figures 1,2, and 3 are maintained, regardless of the 
full-scale output current. 

When an external voltage reference is used (Figure 4), 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 (0) = K * 1,000 * VREF (V) 1 lout (rnA) 

K is defmed in the table below. It is recommended that a 147 0 RSET resistor be used for 
doubly-terminated 75 0 loads (i.e., RS-343A applications). For PS/2Q!) applications (i.e., 0.7 V into 50 
o with no sync), a 1820 RSET resistor is recommended. 

When an external current reference is used (Figures 5 and 6), the relationship between IREF and the 
full-scale output current on each output is: 

IREF (rnA) = lout (rnA) 1 K 

K K 
Part Mode Pedestal (with sync) (without sync) 

Bt478 6-bit 7.5 IRE 3.170 2.26 
8-bit 7.5 IRE 3.195 2.28 
6-bit o IRE 3.000 2.10 
8-bit o IRE 3.025 2.12 

Bt471 (6-bit) 7.5 IRE 3.170 2.26 
o IRE 3.000 2.10 

Bt476 (6-bit) o IRE 3.000 2.10 

WR* Write control input (TTL compatible). OO-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. RD* and WR* 
should not be asserted simultaneously. MPU Control Signal Interfacing in the PC Board Layout 
Considerations section contains detailed layout suggestions. 

RD* 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. RD* and WR * should 
not be asserted simultaneously. MPU Control Signal Interfacing contains detailed layout suggestions. 

Register select inputs (TTL compatible). RSO-RS2 specify the type of read or write operation being 
RSO, RS1, RS2 performed, as detailed in Tables 1 and 2. MPU Control Signal Interfacing contains detailed layout 

suggestions. 

Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit bidirectional 
DO - D7 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 
8/6* 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 logical 
zeros during color read cycles.) This pin should be connected to GND when the Bt476 is used. 
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Bt471/476/478 Brooktree@ 
Pin Descriptions (continued) 

44-Pin Plastic J-Lead (PLCC) 

it ~ ~ ~ 
... 

g < ~ II: if Ie it Ie &! t II: if Ie it Ie &! t it ~ 

CLOCK lREF CLOCK lREF 

01..0 lOB GND lOB 

OLI lOG GND lOG 

01.2 lOR GND lOR 

OL3 GND GND GND 

N/C SETUP N/C GND 

(N/C) 816' VAA VAA 
GND VAA GND VAA 
VAA VAA VAA VAA 

SYNC' RS2 GND GND 

RD' RSI RD' RSI 

~ 8 S S is 21 is is S ~ 
0 

~ 
8 S S is 21 is is S ~ 

0 
[:(l .. 

~ '" 
III 

Note 1: Names in parentheses are pin names for the Bt471. 
Note 2: N/C pins may be left unconnected with no effect on the performance of the Bt4711476/478. 

28-Pin DIP 

lOR vce 
lOG RSI 

lOB RSO 

IREF WR' 

PO D7 

PI D6 

P2 DS 

p) D4 

P4 D3 

PS D2 

P6 Dl 

P7 DO 

CLOCK BLANK· 

GND RD' 
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PC Board Layout Considerations 

PC Board Considerations 
For optimum performance of the Bt471, Bt476, and 
Bt478, proper CMOS RAMDAC layout techniques 
should be studied in the Bt451nl8 Evaluation Mod
ule Operation and Measurements, Application Note 
(AN-16), before PC board layout is begun. This ap
plication note can be found in Brooktree's Applica
tions Handbook. 

The layout should be optimized for lowest noise on 
the Bt471 , Bt476, and Bt478 power and ground planes 
by providing good decoupling. The trace length be
tween groups of V AA and GND pins should be as short 
as possible to minimize inductive ringing. 

A well-designed power distribution network is crit
ical to eliminating digital switching noise, The 
ground plane must provide a low-impedance return 
path for .the digital circuits. A PC board with a mini
mum of four layers is recommended, with layers 1 
(top) and 4 (bottom) for signals and layers 2 and 3 for 
power and ground. 

Component Placement 
Components should be placed as close as possible to 
the associated RAMDAC pin. Whenever possible, 
components should be placed so traces can be con
nected point to point. 

The optimum layout enables the Bt471, Bt476, and 
Bt478 to be located as close as possible to the power 
supply connector and the video output connector. 

Ground Planes 
For optimum performance, a common digital and an
alog ground plane is recommended. 

Power Planes 
Separate digital and analog power planes are recom
mended. The digital power plane should provide 
power to all digital logic on the PC board, and the an
alog power plane should provide power to all Bt471, 
Bt476, and Bt478 power pins, VREF circuitry, and 
COMP and VREF decoupling. There should be at 
least a lI8-inch gap between the digital power plane 
and the analog power plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figures 4, 5, and 6. This 
bead should be located within 3 inches of the Bt471, 
Bt476, and Bt478. The bead provides resistance to 
switching currents, acting as a resistance at high fre
quencies. A low-resistance bead should be used, such 
as Ferroxcube 5659065-3B, Fair-Rite 2743001111, or 
TDK BF45-4ool. 

Bt471/476/478 

Device Decoupling 
For optimum performance, all capacitors should be 
located as close as possible to the device, and the 
shortest possible leads (consistent with reliable opera
tion) should be used to reduce the lead inductance. 
Chip capacitors are recommended for minimum lead 
inductance. Radial lead ceramic capacitors may be 
substituted for chip capacitors and are better than ax
iallead capacitors for self-resonance. Values are cho
sen to have self-resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is,ob
tained with a 0.1 JlF ceramic capacitor, decoupling 
each of the two groups of V AA pins to GND. For 
operation above 75 MHz, a 0.1 ~ capacitor in paral
lel with a 0.01 JlF chip capacitor is recommended. 
The capacitors should be placed as close as possible 
to the device V AA and GND pins and connected with 
short, wide traces. 

The 10 JlF capacitor shown in Figures 4, 5, and 6 is 
for low-frequency power supply ripple; the 0.1 JlF ca
pacitors are for high-frequency power supply noise 
rejection. 

When a linear regulator is used, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than or 
equal to 200 mY. This is especially important when a 
switching power supply is used, and the switching 
frequency is close to the raster scan frequency. About 
10 percent of the power 'supply hum and ripple noise 
less than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

The COMP pin must be decoupled to V AA, typically 
with a 0.1 JlF ceramic capacitor. Low-frequency sup
ply noise will require a larger value. The COMP ca
pacitor must be as close as possible to the COlvlP and 
V AA pins. A surface-mount ceramic chip capacitor is 
preferred for minimal lead inductance. Lead induc
tance degrades the noise rejection of the circuit. 
Short, wide traces will also reduce lead inductance. 

If the display has a ghosting problem, additional 
capacitance in parallel with the COMP capacitor may 
help. 

VREF Decoupling 

A 0.1 JlF ceramic capacitor should be used to decou
ple this input to GND. 
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Bt471/476/478 
PC Board Layout Considerations (continued) 

Digital Signal Interconnect 
The digital inputs to the Bt47l, Bt476, and Bt478 
should be isolated as much as possible from the ana
log outputs and other analog circuitry. Also, these in
put signals should not overlay the analog power plane 
or analog output signals. 

Most of the noise on the analog outputs will be 
caused by excessive edge rates (less than 3 ns), over
shoot, undershoot, and ringing on the digital inputs. 

The digital edge rates should not be faster than nec
essary, as feedthrough noise is proportional to the dig
ital edge rates. Lower -speed applications will benefit 
from using lower-speed logic (3-5 ns edge rates) to 
reduce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time (refer to 
Brooktree Application Notes AN-l1 and AN-12). 
Line termination or line-length reduction is the solu
tion. For example, logic edge rates of 2 ns require line 
lengths of less than 4 inches without use of termina
tion. Ringing may be reduced by damping the line 
with a series resistor (30-300 Q). The RS-select in
puts and RD*IWR* lines must be verified for proper 
levels with no ringing, undershoot, or overshoot. 
Ringing on these lines can cause improper operation. 

Radiation of digital signals can also be picked up 
by the analog circuitry. This is prevented by reducing 
the digital edge rates (rise/fall time), minimizing ring
ing with damping resistors, and minimizing coupling 
through PC board capacitance by routing the digital 
signals at a 90 degree angle to any analog signals. 

The clock driver and all other digital devices must 
be adequately decoupled to prevent noise generated 
by the digital devices from coupling into the analog 
circuitry. 

Clock Interfacing 

The Bt47l, Bt476, and Bt478 require a pixel clock 
with monotonic clock edges for proper operation. Im
pedance mismatch on the pixel clock line will induce 
reflections on the pixel clock, which may cause erratic 
operation. 

The Pixel Clock Pulse Width High Time and Pixel 
Clock Pulse Width Low Time minimum specifications 
(see the AC Characteristics section) must not be vio
lated, or erratic operation can occur. 

The pixel clock line must be terminated to prevent 
impedance mismatch. A series termination of 33-68 
Q placed at the pixel clock driver may be used, or a 
parallel termination may be used at the pixel clock in
put to the RAMDAC. A parallel termination of 220 Q 

to VCC and 330 Q to ground will provide a Thevenin 
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equivalent of a 110 Q termination, which is normally 
sufficient to absorb reflections. The series or parallel re
sistor values should be adjusted to provide the optimum 
clock signal fidelity. 

MPU Control Signal Interfacing 
The Bt47l, Bt476, and Bt478 use the RD*, WR*, and 
RS lines to determine which MPU accesses will take 
place. Glitches or ringing on any of these lines may 
cause improper MPU operation. When a VGA control
ler with edge rate control is used on these lines, a series 
termination is not necessary. In non-VGA controller ap
plication or in applications where the MPU control sig
nals are daisy chained, a series termination, pull-down 
resistors, or additional capacitance to ground should be 
used to prevent glitches that could cause improper MPU 
accesses. 

Analog Signal Interconnect 
The Bt47l, Bt476, and Bt478 should be located as close 
as possible to the output connectors to minimize noise 
pickup and reflections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk from 
digital lines; digital traces must not be routed under or 
adjacent to the analog output traces. 

To maximize the high-frequency power supply rejec
tion, the video output signals should not overlay the an
alog power plane. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. The load resistor connection be
tween the video outputs and GND should be as close as 
possible to the Bt47l, Bt476, and Bt478 to minimize re
flections. Unused analog outputs should be connected 
toGND. 

Analog output video edges exceeding the CRT moni
tor bandwidth can be reflected, producing cable-length 
dependent ghosts. Simple pulse filters can reduce high
frequency energy, reducing EMI and noise. The filter 
impedance must match the line impedance. 

Analog Output Protection 
The Bt471, Bt476, and Bt478 analog outputs should be 
protected against high-energy discharges, such as those 
from monitor arc-over or from hot-switching AC
coupled monitors. 

The diode protection circuit shown in Figures 4, 5, 
and 6 can prevent latchup under severe discharge condi
tions without adversely degrading analog transition 
times. The IN4148/9 parts are low-capacitance, fast
switching diodes, which are also available in multiple
device packages (FSA250X or FSA270X) or surface
mountable pairs (BA V99 or MMBD7001). 



Brooklree® Bt471/476/478 
PC Board Layout Considerations (continued) 

Ll 

Bt471/476/478 

L +5V(VCC) 

CI 

~--~~--~--~~~--.. --------------.. ------.. ----- GROUND 

lOG I-------*"--\----{ P 

lOB I-----------<----{ 

DAC 

OUTPUT 

VAA 

GND 

TO 

VIDEO 

CONNECTOR 

IN4148 19 

TO MONITOR 

IN4148 19 

Note: Each set of V AA and GND pins must be separately decoupled. 

Location Description Vendor Part Number 

CI--C5 0.1 ~ ceramic capacitor Erie RPEll2Z5UlO4M50V 
C6 10 ~ capacitor Mallory CSR13Gl06KM 
Ll ferrite bead Fair-Rite 2743001111 

RI.R2. R3 75 Q I % metal film resistor Dale CMF-55C 
R4 1 kQ 5% resistor -

RSET 1 % metal film resistor Dale CMF-55C 
Zl 1.2 V voltage reference National Semiconductor LM385BZ-I.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt47 11476/478. 

Figure 4. Typical Connection Diagram and Parts List for the 44-Pin PLCC 
(External Voltage Reference). 
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Bt471/476/478 Brooldree® 
PC Board Layout Considerations (continued) 

VREF 

8t471/476/478 C7 

L1 

~--------~--~~~----------------.. --------.. ----- GROUND 

Rl R2 R3 

lOR f----~~-+_--1I---_{ p 

lOG I----------II----{ p 

lOB f-------------<>---_{ p 

DAC 

OUTPUT 

VAA 

GND 

TO 

VIDEO 

CONNECTOR 

IN4148/9 

TO MONITOR 

IN4148 19 

Note: Each set of VAA and GND pins must be separately decoupled. 

Location Description Vendor Part Number 

Cl- CS 0.1 J.IF ceramic capacitor Erie RPE1l2ZSUl04MSOV 
C6 10 J.IF capacitor Mallory CSR13Gl06KM 

C7,C8 1 J.IF capacitor Mallory CSR13GlOSKM 
L1 ferrite bead Fair-Rite 2743001111 

Rl, R2, R3 7 S n 1 % metal film resistor Dale CMF-SSC 
Zl adjustable regulator National Semiconductor LM337LZ 

RSET 1 % metal film resistor Dale CMF-SSC 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt4711476/478. 
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Figure 5. Typical Connection Diagram and Parts List for the 44-Pin PLCC 
(External Current Reference). 
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Brooktree@ Bt471/476/478 
PC Board Layout Considerations (continued) 

Bt476 

(28-pin DIP) 

ANALOG POWER PLANE 

C6 

RSET = 1.22IIREF 

v--op_--r"I Zl 

Ll 

~ .... --- +sv (VCC) 

Cl 

GND""'---....,-........ ..,.. ______ .... _____ .... __ GROUND 

Rl R2 R3 

lOR 1----_>----+--+---( p 

lOG 1---------4I--t----{ 

1081--------....... ---( 

VAA 

TO 

VIDEO 

CONNECTOR 

IN4148/9 
DAC 

OUTPUT 
---.--- TOMONITOR 

IN4148 19 

GND 

Note: Each set of VAA and GND pins must be separately decoupled. 

Location Description Vendor Part Number 

CI-C4 0.1 IlF ceramic capacitor Erie RPEI12Z5Ul04M50V 
C5 10 IlF capacitor Mallory CSR13G106KM 

C6,C7 1 IlF capacitor Mallory CSR13G105KM 
L1 ferrite bead Fair-Rite 2743001111 

Rl,R2,R3 75 Q 1 % metal film resistor Dale CMF-55C 
Zl adjustable regulator National Semiconductor LM337LZ 

RSET 1 % metal film resistor Dale CMF-55C 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt476. 

Figure 6. Typical Connection Diagram and Parts List for the 28-Pin DIP 
(External Current Reference). 
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Bt471/476/478 
Application Information 

Using Multiple Devices 
When multiple RAMDACs are used, each RAMDAC 
should share a common power plane with one ferrite 
bead. In addition, a single reference may drive multi
ple devices. However, isolation resistors are recom
mended to reduce color channel crosstalk. 

Higher performance is obtained if each RAMDAC 
has its own reference. ',(his may further reduce the 
amount of color channel crosstalk and color palette 
interaction. 

Each RAMDAC must still have its own RSET re
sistor, analog output termination resistors, power sup
ply bypass capacitors, COMP capacitor, and refer
ence capacitors. 

Reference Selection 
An external voltage reference provides about 10 
times the power supply rejection on the analog out
puts than does an external current reference. 
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ESD and Latchup Considerations 
Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can produce 
symptoms of catastrophic failure or erratic device be
havior with somewhat leaky inputs. 

All logic inputs should be held low until power to 
the device has settled to the specified tolerance. 
DAC power decoupling networks with large time 
constants should be avoided. They could delay V AA 
power to the device. Ferrite beads must be used only 
for analog power V AA decoupling. Inductors cause 
a time constant delay that induces latchup. 

Latchup can be prevented by ensuring, that all 
V AA pins are at the same potential and that the V AA 
supply voltage is applied before the signal pin voltag
es. The correct power-up sequence ensures that sig
nal pin voltage will never exceed the power supply 
voltage by more than +0.5 V. 



Brooklree@ 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 V 
50, 35 MHz Parts 4.5 5.00 5.5 V 

Ambient Operating Temperature TA ° +70 °C 
Output Load RL 37.5 n 
Voltage Reference Configuration 

Reference Voltage VREF 1.14 1.235 1.26 V 
Current Reference Configuration 

IREF Current lREF 
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 V 

Voltage on any Signal Pin (Note I) GND-D.5 VAA + 0.5 V 

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

Ambient Operating Temperature TA -55 +125 °C 
Storage Temperatl!l"e TS -65 +150 °C 
Junction Temperature TJ +150 °C 

Soldering Temperature TSOL 260 °C 
(5 seconds, 114" from pin) 

Vapor Phase Soldering TVSOL 220 °C 
(I minute) 

Stresses above those listed under "Absolute Maximum Ratings" may cause pennanent 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 is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS qevices on all signal pins. It should be handled as an ESD
sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 V can 
induce destructive latchup. 
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Bt471/476/478 Brooktree® 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 
Bt478 8 8 8 Bits 
Bt4711476 6 6 6 Bits 

Accuracy (each DAC) 
Integral Linearity Error IL 

Bt478 ±l LSB 
Bt476 ±112 LSB 
Bt471 ±114 LSB 

Differential Linearity Error DL 
Bt478 ±I LSB 
Bt476 ±112 LSB 
Bt471 ±114 LSB 

Gray-Scale Error ±S % Gray Scale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage VIH 2.0 VAA+O.S V 
Input Low Voltage VIL GND-O.S 0.8 V 
Input High Current (Vin = 2.4 V) IlH I !lA 
Input Low Current (Vin = 0.4 V) IlL -I !lA 
Input Capacitance CIN 7 pF 

(f = I MHz, Yin = 2.4 V) 

Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -400 !lA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
3-State Current IOZ SO !lA 
Output Capacitance CDOUT 7 pF 

See test conditions on next page. 
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Bt471/476/478 
DC 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 (Note 1) 16.74 17.62 18.50 rnA 
B lack Level Relative to Blank 

Bt47 11478 
SETUP = 7.5 IRE 0.95 1.44 1.90 rnA 
SETUP=OIRE 0 5 50 J.lA 

Bt476 0 0 0 J.lA 
Blank Level 

Bt47 11478 6.29 7.62 8.96 rnA 
Bt476 0 5 50 J.lA 

Sync Level (Bt4711478 only) 0 5 50 J.lA 
LSB Size 

Bt478 (8/6* = logical one) 69.1 J.lA 
Bt47 11476 279.68 J.lA 

DAC-to-DAC Matching 2 5 % 
Output Compliance VOC -0.5 +1.5 V 
Output Impedance RAOUT 10 kn 
Output Capacitance CAOUT 30 pF 

(f = I MHz, lOUT = 0 rnA) 

Voltage Reference Input Current IVREF IO J.lA 

Power Supply Rejection Ratio (Note 2) PSRR 0.5 %1 % !J.VAA 
(COMP = 0.1 lJP, f = 1 kHz) 

Test conditions to generate RS-343A standard video siguals (unless otherwise specified): "Recommended 
Operating Conditions" with external voltage reference, RSET = 147 n, VREF = 1.235 V, SETUP = 7.5 IRE, and 
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. Typical values are based on 
nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1: Since the Bt47 I and Bt476 have 6-bit DACs (and the Bt478 is in the 6-bit mode), the output levels are 
approximately 1.5-percent lower than these values. 

Note 2: Guaranteed by characterization, not tested. 

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 Blauk 

Bt47 11478 
SETUP = 7.5 IRE 1.01 1.51 2.0 rnA 
SETUP=OIRE 0 5 50 J.lA 

Bt476 0 5 50 J.lA 
Blank Level 

Bt47 11478 6.6 8 9.4 rnA 
Bt476 0 5 50 J.lA 

Sync Level (Bt4711478 only) 0 5 50 J.lA 

Test conditions to geuerate PSI2@-compatible video signals (uuless otherwise specitled): "Recommended Operating 
Conditions" with external voltage reference, RSET = 140 n, VREF = 1.235 V, SETUP = 7.5 IRE, and 8/6* = logical 
one. For 28-pin DIP version of the Bt476, IREF = -8.88 rnA. 
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Bt471/476/478 Brooktree® 
AC 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 Time 6 5 5 ns 

Write Data Setup Time 7 10 10 ns 
Write Data Hold Time 8 3 3 ns 

RD*, WR* Pulse Width Low 9 50 50 ns 
RD*, WR* Pulse Width High 10 6*p13 6*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 RiselFall Time 17 3 3 ns 
Analog Output Settling Time (Note 1) 18 13 13 ns 
Clock and Data Feedthrough (Note 1) -30 -30 dB 
Glitch Impulse (Note 1) 75 75 pV - sec 
DAC-to-DAC Crosstalk -3 -23 dB 
Analog Output Skew 2 2 ns 

Pipeline Delay 4 4 4 4 4 4 Clocks 

V AA Supply Current (Note 2) IAA 180 240 180 240 rnA 

See test conditions and notes on next page. 
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Brooldree@ Bt471/476/478 
AC Characteristics (continued) 

80 MHz Devices 66 MHz Devices 

Parameter Symj:)ol 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 3 3 ns 

RD*, WR* Pulse Width Low 9 50 50 ns 
RD*, WR * Pulse Width High 10 6*pI3 6*pI3 ns 

Pixel and Control Setup Time 11 3 3 ns 
Pixel and Control Hold Time 12 3 3 ns 

Clock Cycle Time (pI3) 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 (Note 1) 18 20 28 ns 
Clock and Data Feedthrough (Note 1) -30 -30 dB 
Glitch Impulse (Note 1) 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 (Note 2) IAA 180 240 180 240 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with external voltage reference, RSET = 
147 n, VREF = 1.235 V, SETUP = 7.5 IRE, and 8/6* = logical one. For 28-pin DIP version of the Bt476, IREF = -8.39 rnA. 
TTL input values are 0-3 V with input rise/fall times ~ 4 ns, measured between the lO-percent and 90-percent points. Timing 
reference points at 50 percent for inputs and outputs. Analog output load ~ 10 pF and DO-D7 output load ~ 75 pF. See timing 
waveforms and notes in Figures 7 and 8. As the above parameters are guaranteed over the full temperature range, temperature 
coefficients are not specified or required. Typical values are based on nominal temperature, i.e., room temperature, and nominal 
voltage, i.e., 5 V. 

Note 1: Clock and data feedtbrough is a function of the number of edge rates, and the amount of overshoot and undershoot on 
the digital inputs. For this test, the digital inputs have a 1 kn 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, and 
-3 dB test bandwidth = 2x clock rate. 

Note 2: at Fmax. IAA (typ) atVAA = 5.0 V. IAA (max) at VAA (max). 
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Bt471/476/478 
Timing Waveforms 

I I 2 I 

RSO, RSI, RS2 VALID * 9 

to 

4 }-s ~ -
DATA OUT (RD' = 0) 

" 
DO - D7 (READ) 

- 1--6 

-1 DATA IN (WR' = 0) 

7 

DO - D7 (WRITE) 

- I--- 8 

Figure 7. MPU Read/Write Timing Dimensions. 

CLOCK 

PO - P7, OLO - au, 
SYNC"', BLANK'" 

lOR, lOG, lOB 

Brooldree@ 

I 

Note 1: Output delay is measured from the 50-percent point of the rising edge of CLOCK to the 50-percent 
point of full-scale transition, 

Note 2: Settling time is measured from the 50-percent point of full-scale transition to the output remaining 
within ±l LSB (Bt478), ±1I4 LSB (Bt47 1), or±1I2 LSB (Bt476). 

Note 3: Output rise/fall time is measured between the lO-percent and 90-percent points of full-scale transition. 

Figure 8. Video Input/Output Timing. 
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Brooldree® Bt471/476/478 
Ordering Information 

Color Overlay Sync 
Ambient 

Palette Temperature 
Model Number 

RAM 
Palette Generation Speed Package 

Range 

Bt471KPJ80 256 x 18 15 x 18 yes 80 MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt471KPJ66 256 x 18 15 x 18 yes 66 MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt471KPJ50 256 x 18 15 x 18 yes 50 MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt471KPJ35 256 x 18 15 x 18 yes 35 MHz 44-pin Plastic 0° to +70° C 
J-Lead -

Bt476KPJ66 256 x 18 - no 66 MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt476KPJ50 256 x 18 - no 50 MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt476KPJ35 256 x 18 - no 35 MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt476KP66 256 x 18 - no 66 MHz 28-pin 0.6" 0° to +70° C 
Plastic DIP 

Bt476KP50 256 x 18 - no 50 MHz 28-pin 0.6" 0° to +70° C 
Plastic DIP 

Bt476KP35 256 x 18 - no 35 MHz 28-pin 0.6" 0° to +70° C 
Plastic DIP 

Bt478KPJ80 256 x 24 15 x 24 yes 80 MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt478KPJ66 256 x 24 15 x 24 yes 66 MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt478KPJ50 256 x 24 15 x 24 yes 50 MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt478KPJ35 256 x 24 15 x 24 yes 35 MHz 44-pin Plastic 0° 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 

• Bt4711478 Software Compatible 
• 80, 66, 50, 35 MHz Operation 
• Triple 8-bit D/A Converters 
• Three 256 x 8 Color Palette RAMs 
• Three 15 x 8 Overlay Registers 
• RS-343A Compatible Outputs 
• Sync on All Three Channels 
• Programmable Pedestal(O or 7.5 IRE) 
• On-Chip Voltage Reference 
• Standard MPU Interface 
• +5 V CMOS Monolithic Construction 
• 68-pin PLCC Package 
• Typical Power Dissipation: 900 m W 

Functional Block Diagram 

CLOCK 

RO-R7 

GO·G1 

BO·B7 

so.SI 

01.0·01.3 

BLANK' 

V AA GND VREF our !REF 

Applications 

• High-Resolution Color 
Graphics 

• CAE/CAD/CAM 
• Image Processing 
• Instrumentation 
• Desktop Publishing 

VREF 

OPA 

COMP 

lOR 

lOG 

lOB 

CRO·CR3 

00-D7 RD'" WR'" RSO RSI RS2 

Brooktree Corporation· 9950 Barnes Canyon Rd.· San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
L473001 Rev. I 

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-bit true-color, and IS-bit 
true-color operations are supported. 

Features include a programmable pedestal 
(0 or 7.5 IRE) and optional on-chip voltage 
reference. The 15 overlay registers provide 
for overlaying cursors, grids, menus, EGA 
emulation, etc. Also supported are 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 n 
load. Differential and integral linearity er
rors are guaranteed to be a maximum of ±1 
LSB over the full temperature range. 

-



Bt473 
Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt473 supports a standard MPU bus interface, allow
ing 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 regis
ters, eliminating the requirement for external address 
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 reg
ister (RAM write mode) with the address of the color 
palette RAM location to be modified. The MPU per
forms 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 incre
ments to the next location which the MPU may modi
fy 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 ad
dress and performing continuous R, G, 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 ad-

RS2 RS1 RSO 

0 0 0 
0 I I 
0 0 I 
0 I 0 

dress are copied into the RGB registers and the ad
dress register is incremented to the next RAM loca
tion. 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 cop
ied into the RGB registers and the address register 
again increments. A block of color values in consec
utive locations may be read by writing the start ad
dress and performing continuous R, G, B read cycles 
until the entire block has been read. 

Writing Overlay Color Data 

To write overlay color data, the MPU writes the ad
dress register (overlay write mode) with the address 
of the overlay location to be modified. The MPU per
forms 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 in
crements 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 con
secutive locations may be written to by writing the 
start address and performing continuous R, G, B write 
cycles until the entire block has been written. 

Reading Overlay Color Data 

To read overlay color data, the MPU loads the ad
dress 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 

Addressed by MPU 

address register (RAM write mode) 
address register (RAM read mode) 

color palette RAMs 
pixel read mask register 

I 0 0 address register (overlay write mode) 
I I I address register (overlay read mode) 
I 0 I overlay registers 
I I 0 command register 

Table 1. Control Input Truth Table. 
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into the ROB registers and the address register is in
cremented 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 speci
fied 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, 0, 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 4 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 in
ternal logic, and occur in the period between MPU 
accesses. Occasional accesses to the color palette 
RAM can be made without noticeable 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 2 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 

Value RS2 

ADORa, b (counts modulo 3) 00 x 
01 x 
lO x 

AOORO - 7 (counts binary) $oo-$FF 0 
xxxxOOOO 1 
xxxxOOOI I 

: : 
xxxx 1111 I 

Bt473 

MPU does not have access to these bits. The other 8 
bits of the address register, incremented following a 
blue read or write cycle (ADDR0-7), are accessible 
to the MPU, and are used to address color palette 
RAM locations and overlay registers, as shown in Ta
ble 2. The MPU may read the address register at any 
time without modifying its contents or the existing 
read!write mode. 

8-Bit / 6-Bit Operation 
The command register specifies whether the MPU is 
reading and writing 8 bits or 6 bits of color informa-
tion 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 6 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 cy
cles, 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. This 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, IS-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 aIld 
CR6 of the command register. SO and S I are pipe- . 
lined to maintain synchronization with the RO-R7, 
00-07, BO-B7, and OLO--OL3 pixel and overlay 
data inputs. 

Table 3 lists the modes of operation. 

RS1 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 I overlay color I 
: : : 
0 I overlay color 15 

Table 2. Address Register (ADDR) Operation. 
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OL3-0LO 51, so CR7,CR6 Mode R7-RO G7-G0 87-80 

1111 xx xx overlay color 15 $xx $xx $xx 
: : : : : : : 

0001 xx xx overlay color 1 $xx $xx $xx 

0000 ()() ()() 24-bit true color R7-RO G7-G0 B7-BO 
0000 ()() 01 24-bit true color R7-RO G7-GO B7-BO 
0000 ()() 10 24-bit true color R7-RO G7-G0 B7-BO 
0000 ()() 11 reserved reserved ,reserved reserved 

0000 01 ()() 24-bit true color bypass R7-RO G7-G0 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 ()() 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 ignQred P7-PO 
0000 10 11 reserved reserved reserved reserved 

0000 11 ()() 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 bypass Orrrrrgg gggbbbbb ignored 

Table 3. Color Operation Modes. 

RSo. RSI. RS2 ~ VAUD )(~ ______________________ ~ ____________________ __ 

\ / 
DO. D7 (READ) --------------------« DATA OUf(RD* =0) )>------

DO. D1 (WRITE) ____________________ --'x DATA IN (WR* =0) x'--, ____ _ 

Figure 1. MPU ReadlWrite Timing. 
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24-Bit True-Color Mode 

Twenty-four bits of RGB color information may be 
input into the Bt473 every clock cycle. The 24 bits 
of pixel information are input via the RO-R 7, GO-G7, 
and BO-B7 inputs. RO-R7 address the red color pal
ette RAM, GO-G7 address the green color palette 
RAM, and BO-B7 address the blue color palette 
RAM. Each RAM provides 8 bits of color informa
tion to the corresponding DI A converter. The pixel 
read mask register is used in this mode. 

24-Bit True-Color Bypass Mode 

Twenty-four 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-G7, and 
BO-B7 inputs. RO-R7 drive the red DAC directly, 
GO-G7 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 

Eight bits of pixel information may be input into the 
Bt473 every clock cycle. The 8 bits of pixel informa
tion (PO-P7) are input via the RO-R7, GO-G7 or BO
B7 inputs, as specified by CR7 and CR6. All three 
color palette RAMs are addressed by the same 8 bits 
of pixel data (PO-P7). Each RAM provides 8 bits of 
color information to the corresponding D/A convert
er. The pixel read mask register is used in this mode. 

8-Bit True-Color Bypass Mode 

Eight bits of pixel information may be input into the 
Bt473 every clock cycle. The 8 bits of pixel informa
tion are input via the RO-R7, GO-G7 or BO-B7 in
puts, as specified by CR7 and CR6: 

RO-R7 GO-G7 80-87 Input 
Inputs Inputs Inputs Format 

Selected Selected Selected 

R7 G7 B7 R7 
R6 G6 B6 R6 
R5 G5 B5 R5 
R4 G4 B4 G7 
R3 G3 B3 G6 
R2 G2 B2 G5 
RI Gl Bl B7 
RO GO BO B6 

Bt473 

As seen in the table, 3 bits of red, 3 bits of green, and 
2 bits of blue data are input. The 3 MSBs of the red 
and green DACs are driven directly by the inputs, 
while the 2 MSBs of the blue DAC are driven direct
ly. The 5 LSBs for the red and green DACs, and the 
6 LSBs for the blue DAC, are a logical zero. The 
color palette RAMs and pixel read mask register are 
bypassed. 

15-Bit True-Color Bypass Mode 

Fifteen bits of pixel information may be input into the 
Bt473 every clock cycle. The 15 bits of pixel infor
mation (5 bits of red, 5 bits of green, and 5 bits of 
blue) are input via the RO-R7 and GO-G7 inputs: 

Pixel Input 
Inputs Format 

R7 0 
R6 R7 
R5 R6 
R4 R5 
R3 R4 
R2 R3 
Rl G7 
RO G6 

G7 G5 
G6 G4 
G5 G3 
G4 B7 
G3 B6 
G2 B5 
Gl B4 
GO B3 

The 5 MSBs of the red, green, and blue DACs are 
driven directly by the inputs. The 3 LSBs are a logi
cal zero. The color palette RAMs and pixel read 
mask register are bypassed. 

Overlays 

The overlay inputs, OLO-OL3, have priority regard
less of the color mode, as shown in Table 3. 
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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 lo
cated just before the color palette RAMs. Thus, they 
are used only in the 24-bit true-color and 8-bit pseu
do-color modes since these are the only modes that 
use the color palette RAMs. 

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 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. This register is not in
itialized. It must be initialized by the user after pow
er-up for proper operation. 

CLOCK 

RO.R7, GO·G7. BO·B7, 

OLO.OL3, so, 51, DATA 

SYNC·, BLANK'" 

lOR. lOG, lOB 

Programmable Setup 

The command register specifies whether a 0 IRE or 
7.5 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 (see figure 2), add appropriately 
weighted currents to the analog. outputs, producing 
the specific output levels required for video applica
tions, as illustrated in Figures 3 and 4. Tables 4 and 5 
detail how the SYNC* and BLANK* inputs modify 
the output levels. 

The analog outputs of the Bt473 are capable of di
rectly driving a 37.5 Q load, such as a doubly termi
nated 75 Q coaxial cable. 

Figure 2. Video Input/Output Timing. 
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MA V 

U.67 1.000 -r----...,-------------:=---- WHITE LEVEL 

9.05 0.340 -I--------+-------jr---------- BLACK LEVEL 

7.5 IRE 

7.62 0.286 -I------.-.J..-.,---,-----''----------- BLANK LEVEL 

40 IRE 

0.00 0.000 
-1... _______ .1...--'-_________ SYNC LEVEL 

Note: 75 Q doubly terminated load, SETUP = 7.5 IRE, VREF = 1.235 V, RSET = 140 Q. 

RS-343A levels and tolerances assumed on all levels. 

Figure 3. Composite Video Output Waveforms (SETUP = 7.5 IRE). 

Description lout SYNC* BLANK* DAC 
(rnA) Input Data 

WHITE 26.67 I 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 = 1.235 V, RSET = 140 Q. 

Table 4. Video Output Truth Table (SETUP = 7.5 IRE). 

Bt473 
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MA v 

25.24 0.950 -,----,,:----------------,;;;::---- WHITE LEVEL 

7.62 0.286 -+-------I..-..--.-~<---------- BLACKIBLANK LEVEL 

43 IRE 

0.00 0.000 
-'-_______ .L---'-__________ SYNC LEVEL 

Note: 75 Q doubly terminated load, SETUP = 0 IRE, VREF = 1.235 V, RSET = 140 Q. 

RS-343A levels and tolerances assumed on all levels. 

Figure 4. Composite Video Output Waveforms (SETUP = 0 IRE). 

Description lout SYNC" BLANK" DAC 
(rnA) Input Data 

WHITE 25.24 1 1 $FF 
DATA data + 7.62 1 I data 
DATA-SYNC data 0 1 data 
BLACK 7.62 1 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, lOG, lOB = 25.24 rnA, SETUP = 0 IRE, 
VREF = 1.235 V, RSET = 140 Q. 

Table 5. Video Output Truth Table (SETUP = 0 IRE). 
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Command Register 

The command register may be written to or read by the MPU at any time, and is not initialized. For 
proper operation, it must be initialized by the user after power-up. CRO is the least significant bit and 
corresponds to DO. 

CR7,CR6 

CR5 

CR4 

CR3-CRO 

Color mode select 

Setup select 

(0) 0 IRE 
(1) 7.5 IRE 

8-bit / 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, 
D7 is the most significant data bit during color read/ 
write cycles. For 6-bit operation, D5 is the most sig
nificant data bit during color read/write cycles (D6 
and D7 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 Name 

BLANK* 

SYNC* 

CLOCK 

RO-R7, 
GO-G7, 
BO-B7 

SO,SI 

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, 
Sl, OLO-OL3, 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 to avoid reflection-induced 

jitter. Refer to the PC Board Layout Considerations section for critical layout criteria. 

Red, green, and blue pixel select inputs (TIL 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 (TIL 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 Sl 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 Q 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 (Q) = 3,195 * VREF (V) 1 lout (rnA) 

for SETUP = 0 IRE: RSET (Q) = 3,025 * VREF (V) 1 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) 1 3.195 

for SETUP = 0 IRE: IREF (rnA) = lout (rnA) 13.025 
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Pin Name 

COMP 

VREF 

OPA 

VREFOUT 

VAA 

GND 

WR* 

RD* 

RSO, RSI, RS2 

DO-D7 

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 IJF 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. 
'Refer to PC Board Layout Considerations for critical layout criteria. 

Voltage reference input. If a voltage reference is used (Figures 5 and 6), it must supply this input 
with a 1.2 V (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 IJF ceramic capacitor is used to decouple this 
input to GND, as shown in Figures 5 and 6. The decouplitig capacitor must be as close to the device 
as possible to keep lead lengths to an absolute minimum. Refer to the PC Board Layout 
Considerations section for critical layout criteria. 

Reference amplifier output. If a voltage reference is used (Figures 5 and 6), this pin must be 
connected to COMPo When using an external current reference (Figure 7), this pin should be left 
floating. 

Voltage reference output. This output provides a 1.2 V (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 V AA pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 

Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 

Write control input (TIL compatible). DO-D7 data is latched on the rising edge of WR*, and 
RSO-RS2 are latched on the falling edge of WR* dunng MPU write operations. RD* and WR* 
should not be asserted simultaneously. See Figures I and 8. 

Read control input (TIL 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. RD* and WR* 
should not be asserted simultaneously. See Figures I and 8. 

Register select inputs (TIL compatible). RSO-RS2 specify the type of read or write operation being 
performed, as illustrated in Tables I and 2. 

Data bus (TIL compatible). Data is transferred into and out of the device over this 8-bit 
bidirectional data bus. DO is the least significant bit. 

Control outputs (TIL compatible). These outputs are used to control application-specific features. 
The output values are determined by the command register. See Figure 8. 
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§ 

G lS B <3 8 a 6 8 !O: l!i i:l ~ 2 :;! " 1i! ~ 

BO VREF 

B1 OPA 

B2 COMP 

B3 lREF 

B4 lOB 

BS lOG 

B6 lOR 

B7 VAA 

VAA VAA 

VAA VAA 

GND VAA 

GND GND 

SO GND 

SI CR3 

BLANK' CR2 

SYNC' CR1 

CLOCK CRO 

~ ~ ~ 5 8 S a IS a is l!i !5 ~ ~ 
0 - ... 
~ ~ ~ 
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PC Board Layout Considerations 

PC Board Considerations 
For optimum performance of the Bt473, proper 
CMOS RAMDAC layout techniques should be stud
ied in the Bt451n1S Evaluation Module Operation 
and Measurements, Application Note (AN-16), before 
PC board layout is begun. This application note can 
be found in Brooktree's Applications Handbook. 

The layout should be optimized for lowest noise on 
the Bt473 power and ground planes by providing good 
decoupling. The trace length between groups of V AA 
and GND pins should be as short as possible to mini
mize inductive ringing. 

A well-designed power distribution network is criti
cal to eliminating digital switching noise. The ground 
plane must provide a low-impedance return path for 
the digital circuits. A PC board with a minimum of 
four layers is recommended, with layers 1 (top) and 4 
(bottom) for signals and layers 2 and 3 for power and 
ground. 

Component Placement 
Components should be placed as close as possible to 
the associated RAMDAC pin. Whenever possible, 
components should be placed so traces can be con
nected point to point. 

The optimum layout enables the Bt473 to be locat
ed as close as possible to the power supply connector 
and the video output connector. 

Ground Planes 
For optimum performance, a common digital and ana
log ground plane is recommended. 

Power Planes 
Separate digital and analog power planes are recom
mended. The digital power plane should provide pow
er to all digital logic on the PC board, and the analog 
power plane should provide power to all Bt473 power 
pins, VREF circuitry, and COMP and VREF decou
pling. There should be at least a liS-inch gap between 
the digital power plane and the analog power plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figures 5, 6, and 7. This 
bead should be located within 3 inches of the Bt473. 
The bead provides resistance to switching currents, 
acting as a resistance at high frequencies. A low
resistance bead should ~ used, such as Ferroxcube 
5659065-3B, Fair-Rite 2743001111, or TDK 
BF45-4001. 

Bt473 

Device Decoupling 
For optimum performance, all capacitors should be 
located as close as possible to the device, and the 
shortest possible leads (consistent with reliable opera
tion) should be used to reduce the lead inductance. 
Chip capacitors are recommended for minimum lead" 
inductance. Radial lead ceramic capacitors may be 
substituted for chip capacitors and are better than ax
iallead capacitors for self-resonance. Values are cho
sen to have self-resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is ob-
tained with a 0.1 J.IF ceramic capacitor, decoupling _ 
each of the two groups of VAA pins to GND. For ~ 

operation above 75 MHz, a 0.1 J.IF capacitor in paral-
lel with a 0.01 J.IF chip capacitor is recommended. 
The capacitors should be placed as close as possible 
to the device V AA and GND pins and connected with 
short, wide traces. 

The 10 J.IF capacitor shown in Figures 5, 6, and 7 is 
for low-frequency power supply ripple; the 0.1 J.IF ca
pacitors are for high-frequency power supply noise 
rejection. 

When a linear regulator is used, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than or 
equal to 200 mY. This is especially important when a 
switching power supply is used, and the switching 
frequency is close to the raster scan frequency. About 
10 percent of the power supply hum and ripple noise 
less than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

The COMP pin must be decoupled to V AA, typically 
with a 0.1 J.IF ceramic capacitor. Low-frequency sup
ply noise will require a larger value. The COMP ca
pacitor must be as close as possible to the COMP and " 
V AA pins. A surface-mount ceramic chip capacitor is 
preferred for minimal lead inductance. Lead induc
tance degrades the noise rejection of the circuit. 
Short, wide traces will also reduce lead inductance. 

If the display has a ghosting problem, additional 
capacitance in parallel with the COMP capacitor may 
help. 

VREF DecoLipling 

A 0.1 J.IF ceramic capacitor should be used to decou
ple this input to GND. 
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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 or analog output sig
nals. 

Most of the noise on the analog outputs will be 
caused by excessive edge rates (less than 3 ns), over
shoot, undershoot, and ringing on the digital inputs. 

The digital edge rates should not be faster than nec
essary, as feedthrough noise is proportional to the dig
ital edge rates. Lower-speed applications will benefit 
from using lower-speed logic (3-5 ns edge rates) to 
reduce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do 
not match the source and destination impedance. This 
will degrade signal fidelity if the line length reflection 
time is greater than one fourth the signal edge time 
(refer to Brooktree Application Notes AN-II and 
AN~12). Line termination or line-length reduction is 
the solution. For example, logic edge 'rates of 2 ns re
quire line lengths of less than 4 inches without use of 
termination. Ringing may be reduced by damping the 
line with a series resistor (30-300 n). The RS-select 
inputs and RD*IWR* lines must be verified for prop
er levels with no ringing, undershoot, or overshoot. 
Ringing on these lines can cause improper operation. 

Radiation of digital signals can also be picked up 
by the analog circuitry. This is prevented by reducing 
the digital edge rates (rise/fall time), minimizing ring
ing with damping resistors, and minimizing coupling 
through PC board capacitance by routing the digital 
signals at a 90 degree angle to any analog signals. 

The clock driver and all other digital devices must 
be adequately decoupled to prevent noise generated 
by the digital devices ftom coupling into the analog 
circuitry. 

Clock Interfacing 
The Bt473 requires a pixel clock with monotonic 

clock edges for proper operation. Impedance mis
match on the pixel clock line will induce reflections 
on the pixel clock, which may cause erratic operation. 

The Pixel Clock Pulse Width High Time and Pixel 
Clock Pulse Width Low Time miliimum specifications 
(see the AC Characteristics section) must not be vio
lated, or erratic operation can occur. 

The pixel clock line must be terminated to prevent 
impedance mismatch. A series termination of 33-68 
n placed at the pixel clock driver may be used, or a 
parallel termination may be used at the pixel clock in
put to the RAMDAC. A parallel termination of 220 n 
to VCC and 330 n to ground will provide a Thevenin 
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equivalent of a 110 n termination, which is normally 
sufficient to absorb reflections. The series or parallel 
resistor values should be adjusted to provide the opti
mum clock signal fidelity. 

MPU Control Signal Interfacing 
The Bt473 uses the RD*, WR*, and RS lines to deter
mine which MPU accesses will take place. Glitches or 
ringing on any of these lines may cause improper 
MPU operation. When a VGA controller· with edge 
rate control is used on these lines, a series termination 
is not necessary. In non-VGA controller application 
or in applications where the MPU control signals are 
daisy chained, a series termination, pull-down resis
tors, or additional capacitance to ground should be 
used to prevent glitches that could cause improper 
MPU accesses. 

Analog Signal Interconnect 
The Bt473 should be located as close as possible to 
the output connectors to minimize noise pickup and 
reflections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk 
from digital lines; digital traces must not be routed 
under or adjacent to the analog output traces. 

To maximize the high-frequency power supply re
jection, the video output signals should not overlay 
the analog power plane. 

For maximum performance, the analog video out
put impedance, cable impedance, and load impedance 
should be the same. The load resistor connection be
tween the video outputs and GND should be as close 
as possible to the Bt473 to minimize reflections. Un
used analog outputs should be connected to GND. 

Analog output video edges exceeding the CRT 
monitor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EMI and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 
The Bt473 analog output should be protected against 
high-energy discharges, such as those from monitor 
arc-over or from hot-switching AC-coupled monitors. 

The diode protection circuit shown in Figures 5, 6, 
and 7 can prevent latchup under severe discharge con
ditions without adversely degrading analog transition 
times. The IN4148/9 parts are Jow-capacitance, fast
switching diodes, which are also available in multi
ple-device packages (FSA250X or FSA270X) or sur
face-mountable pairs (BA V99 or MMBD7oo1). 
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PC Board Layout Considerations (continued) 

8t473 

IREF 

lOR 

lOG 

lOB 
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P TO 

VIDEO 
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CONNECTOR 
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VAA 

0 
IN4148 19 

DAC 
TO MONITOR 

OUTPUT 
IN4148 19 

GND 

Note: For operation above 75 MHz, each pair of device VAA and GND pins must be separately decoupled with 
0.1 J.IF and 0.01 J.IF capacitors. 

Location Description Vendor Part Number 

CI-C5 0.1 J.IF ceramic capacitor Erie RPEI12Z5Ul04M50V 
C6 10 J.IF tantalum capacitor Mallory CSR13GlO6KM 
LI ferrite bead Fair-Rite 2743001111 

RI,R2,R3 75 Q 1 % metal film resistor Dale CMF-55C 
RSET 1 % metal film resistor Dale CMF-55C 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt473. 

Figure 5. Typical COnllection Diagram and Parts List 
(Internal Voltage Reference). 
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PC Board Layout Considerations (continued) 

Bt473 

ANALOG POWER PLANE 
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VIDEO 
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CONNECTOR) 

Note: For operation above 75 MHz, each pair of device VAA and GND pins must be separately decoupled with 
0.1 JlF and 0.01 JlF capacitors. 

Location Description Vendor Part Number 

CI-C5 0.1 JlF ceramic capacitor Erie RPEI12Z5Ul04M50V 
C6 10 JlF tantalum capacitor Mallory CSR13GI06KM 
L1 ferrite bead Fair-Rite 2743001111 

Rl,R2,R3 75 n 1 % metal film resistor Dale CMF-55C 
R4 lk n 5% resistor 

RSET 1 % metal film resistor Dale CMF-55C 
ZI 1.2 V voltage reference National Semiconductor LM385BZ-l.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt473. 
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Figure 6. Typical Connection Diagram and Parts List 
(External Voltage Reference). 
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PC Board Layout Considerations (continued) 

Bt473 C7 

RSET = I.22I1REF 
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DAC 
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CD 
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VIDEO 
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TO MONITOR 
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r +5V(VCC) 
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GROUND 
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CONNECTOR) 

Note: For operation above 75 MHz, each pair of device VAA and GND pins must be separately decoupled with 
0.1 J.IF and 0.01 J.IF capacitors. 

Location Description Vendor Part Number 

Cl-C5 0.1 J.IF ceramic capacitor Erie RPEl12Z5U104M50V 
C6 10 J.IF tantalum capacitor Mallory CSR13G106KM 

C7,C8 1 J.IF capacitor Mallory CSR13G105KM 
Ll ferrite bead Fair-Rite 2743001111 

Rl, R2, R3 75 Q 1 % metal film resistor Dale CMF-SSC 
Zl adjustable regulator National Semiconductor LM337LZ 

RSET 1 % metal film resistor Dale CMF-SSC 

Note: The vendor numbers above are lIsted only as a gUIde. SubstItutIOn of deVices with similar charactenstIcs 
will not affect the perfonnance of the Bt473. 

Figure 7. Typical Connection Diagram and Parts List 
(External Current Reference). 
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Bt473 
Application Information 

Using Multiple Dei/ices 
When using multiple Bt473s, each Bt473 should have 
its own power plane ferrite bead. 

Although the VREF OUT of a Bt473 may drive up 
to four Bt473s, higher performance may be obtained 
if each RAMDAC uses its own reference. This will 
reduce the amount of color channel crosstalk and col
or palette interaction. 

Each Bt473 must still have its own individual 
RSET resistor, analog output termination resistors, 
power supply bypass capacitors, COMP capacitor, 
and reference capacitors. 

Reference Selection 
An extemal voltage reference provides about lOx bet
ter power supply rejection on the analog outputs than 
an external current reference. 
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ESD arrd Latchup Considerations 
Correct ESD-sensitive handling procedures are re

, quired to prevent device damage, which can produce 
symptoms of catastrophic failure or erratic device be
havior with somewhat "leaky" inputs. 

All logic inputs should be held low until power to 
the device has settled to the specified tolerance. 
Avoid DAC power decoupling networks with large 
time constants, which could delay V AA power to the 
device. Ferrite beads must only be used for analog 
power V AA decoupling. Inductors cause a time con
stant delay that induces latchup. 

Latchup can be prevented by assuring that all V AA 
pins are at the same potential, and that the V AA sup
ply voltage is applied before the signal pin voltages. 
The correct power-up sequence assures that any sig
nal pin voltage will never exceed the power supply 
voltage by more than +0.5 V. 



Bt473 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 
80, 66 MHz Parts 4.75 5.00 5.25 V 
50, 35 MHz Parts 4.5 5.00 5.5 V 

Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 Q 

Voltage Reference Configuration 
Reference Voltage VREF 1.14 1.235 1.26 V 

Current Reference Configuration 
IREF Current lREF 

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 V 

Voltage on Any Signal Pin (Note I) GND-O.5 VAA + 0.5 V 

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 220 °C 
(I 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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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Bt473 
DC 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 DL ±l LSB 
Gray Scale Error 

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

Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
Input High Voltage VIH 2.0 VAA + 0.5 V 
Input Low Voltage VIL GND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) nH 1 jlA 
Input Low Current (Vin = 0.4 V) IlL -1 jlA 
Input Capacitance CIN 7 pF 

(f = I MHz, Yin = 2.4 V) 

Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -400 jlA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
3-State Current (DO-D7) IOZ 50 jlA 
Output Capacitance CDOUT 7 pF 

See test conditions on next page. 
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DC 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 = 7.5 IRE 0.95 1.44 1.90 rnA 
SETUP = o IRE 0 5 50 lJA 

Blank Level 6.29 7.62 8.96 rnA 
Sync Level 0 5 50 lJA 
LSB Size 69.1 lJA 

DAC-to-DAC Matching 2 5 % 
Output Compliance VOC -0.5 +1.5 V 
Output Impedance RAOUT 10 ill 
Output Capacitance CAOUT 30 pF 

(f = 1 MHz. lOUT = 0 rnA) 

Voltage Reference Input Current IVREF 10 lJA 
Reference Output Voltage VREFOUT 

, 
1.08 1.2 ' 1.32 V 

Reference Output Current IREFOUT 100 lJA 

Power Supply Rejection Ratio (Note 1) PSRR 0.5 %/%t,vAA 
(COMP = 0.1 J.IF. 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 n. VREF = 1.235 V. As the above parameters are 
guaranteed over the full temperature range. temperature coefficients are not specified or required. Typical values are 

. based on nominal temperature. i.e .• room temperature. and nominal voltage. i.e .• 5 V. 

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 ±1O% rather than the ±5% 
specified above. 

Note 1: Guaranteed but not tested. 

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 toBlank 

SETUP = 7.5 IRE 1.01 1.51 2.0 rnA 
SETUP=OIRE 0 5 50 lJA 

Blank Level 6.6 8 9.4 rnA 
Sync Level 0 5 50 lJA 

Test conditions to generate PS/2 compatible video signals (unless otherwise specified): "Recommended Operating 
Conditions" using external voltage reference with RSET = 140 n. VREF = 1.235 V or external current reference 
with lREF = -8.88 rnA. 
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Bt473 
AC 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 3 3 ns 
RD* Asserted to Data Yalid 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 
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 (pI4) 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 RiselFall Time 18 3 3 ns 
Analog Output Settling Time (Note 1) 19 13 13 ns 
Clock and Data Feedthrough (Note I) -30 -30 dB 
Glitch Impulse (Note 1) 150 150 pY - 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 

Y AA Supply Current (Note 2) IAA 180 250 180 250 rnA 

See test conditions on next page. 
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Brooklree® Bt473 
AC 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 3 3 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 
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 (pI4) 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 (Note 1) 19 13 13 ns 
Clock and Data Feedthrough (Note 1) -30 -30 dB 
Glitch Impulse (Note 1) 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 (Note 2) IAA 180 220 180 220 mA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" using external voltage reference with 
RSET = 140 n, VREF = 1.235 V. TTL input values are 0-3 V, with input rise/fall times ~ 4 ns, measured between the 
IO-percent and 90-percent points. Timing reference poinl~ at 50 percent for inputs and outputs. Analog output load ~ 10 pF, 
DO-D7 output load ~ 75 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. Typical values are based on nominal temperature, i.e., room 
temperature, and nominal voltage, i.e., 5 V. 

Note 1: Clock and data feedthrough is a function of the amount of edge rates, overshoot, and undershoot on the digital inputs. 
For this test, the digital inputs have a 1 kn 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. 

Note 2: At Fmax. IAA (typ) at VAA = 5.0 V. IAA (max) at VAA (max). 
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Timing Waveforms 
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Figure 8. MPU ReadIWrite Timing. 
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Note 1: Output delay is measured from the 50-percent point of the rising edge of CLOCK to the 
50-percent point of full-scale transition_ 

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

18 

Note 3: Output rise/fall time is measured between the to-percent and 90-percent points of full-scale 
transition. 

Figure 9. Video Input/Output Timing. 

SECTION 4 



Bt473 
Ordering Information 

Model Number Speed Package 
Ambient 

Temperature 
Range 

Bt473KPJ80 80 MHz 68-pin Plastic 0° to +70° C 
J-Lead 

Bt473KPJ66 66 MHz 68-pin Plastic 0° to +70° C 
J-Lead 

Bt473KPJ50 50 MHz 68-pin Plastic 0° to +70° C 
J-Lead 

Bt473KPJ35 35 MHz 68-pin Plastic 0° to +70° C 
J-Lead -
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Advance Information 

This document contains information on a Rev. D product which is under 
development. The parametric information for Rev. D (110 MHz) devices 
are target parameters and are subject to change. 

Distinguishing Features Applications 

• Bt471/478 Software Compatibility • High-Resolution Color 
• 110 MHz Operation Graphics 
• Triple 8-bit D/A Converters • CAE/CAD/CAM 
• Three 256 x 8 Color Palette RAMs • Image Processing 
• Three 15 x 8 Overlay Registers • Instrumentation 
• RS-343A-Compatible Outputs • Desktop Publishing 
• Sync on All Three Channels 
• Programmable Pedestai (0 or 7.5 IRE) 
• On-Chip Voltage Reference 
• Standard MPU Interface 
• +5 V CMOS Monolithic Construction 
• 68-pin PLCC Package 
• Typical Power Dissipation: 1.1 W 

Functional Block Diagram 

VAA GND VREFOlIT !REF VREF 

CLOCK OPA 

RO-R7 COMP 

GO·07 lOR 

BO-B7 

SO,SI lOG 

SYNC· 

LO-OL3 
lOB 

JLANK* 

CRO-CR3 
471* 

00-07 RD· WR* RSO RSI RS2 

Brooktree Corporation· 9950 Barnes Canyon Rd.· San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
Bt473 110 MHz Draft F 

110 MHz 

Bt473 
110 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-bit true-color, and IS-bit 
true-color operations are supported. 

Features include a programmable pedestal 
(0 or 7.5 IRE) and optional on-chip voltage 
reference. The 15 overlay registers provide, 
for example, overlaying cursors, grids, me
nus, and EGA emulation. Also supported are 
a pixel read mask register and sync genera
tion on all three channels. 

An external current reference, an external 
voltage reference, or the internal voltage ref
erence may be used. 

The Bt473 generates RS-343A-compatible 
video signals into a doubly-terminated 75 n 
load. Differential and integral linearity errors 
are guaranteed to be a maximum of ±1 LSB 
over the full temperature range. 



Bt473 110 MHz Version 
Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt473 supports a standard MPU bus interface, allow
ing 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, 
eliminating the requirement for external address multi
plexers. ADDRO corresponds to DO and is the least 
significant bit. 

Writing Color Palette RAM Data 

To write color data, the MPU writes the address regis
ter (RAM write mode) with the address of the color 
palette RAM location to be modified. The MPU per
forms 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 3 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 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, G, B write cycles until the entire block 
has been written. (See Figure 1.) 

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 con
tents of the color palette RAM at the specified address 
are copied into the. RGB registers, and the address reg
ister is incremented to the next RAM location. The 

RS2 RS1 RSO 
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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 
RGB registers, and the address register increments. A 
block of color values in consecutive locations may be 
read by writing the start address and performing con
tinuous R, G, B read cycles until the entire block has 
been read. 

Writing Overlay Color Data 

To write overlay color data, the MPU writes the ad
dress register (overlay write mode) with the address of 
the overlay location to be modified. The MPU per
forms 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 3 bytes of col
or 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 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, G, 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 overc 

lay register at the specified address are copied into the 
RGB registers, and the address register 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. 

Addressed by MPU 

0 0 0 address register (RAM write mode) 
0 1 1 address register (RAM read mode) 
0 0 1 color palette RAMs 
0 1 0 pixel read mask register 

1 0 0 address register (overlay write mode) 
1 1 1 address register (overlay read mode) 
1 0 1 overlay registers 
1 1 0 command register 

Table 1. Contra/Input Truth Table. 
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Circuit Description (continued) 

Following the blue read cycle, the contents of the 
overlay location at the address specified by the address 
register are copied into the RGB registers, and the ad
dress register increments. A block of color values in 
consecutive locations may be read by writing the start 
address and performing continuous R, G, B read cy
cles 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 cy
cle to RAM location $FF. While accessing the over
lay color registers, the 4 most significant bits of the 
address register (ADDR4-7) are ignored. 

The MPU interface operates asynchronously to the 
pixel clock. Data transfers that occur between the color 
palette RAMloverlay registers and the color registers 
(R, G, and B in the block diagram) are synchronized by 
internal logic and take place in the period between 
MPU accesses. Occasional accesses to the color palette 
RAM can be made without noticeable disturbance on 
the display screen; however, operations requiring fre
quent access to the color palette (such as, block fills of 
the color palette) should take place during the blanking 
interval. 

To keep track of the red, green, and blue read/write 
cycles, the address register has 2 additional bits(AD
DRa and 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 8 bits of 
the address register, incremented following a blue read 
or write cycle (ADDR0-7), are accessible to the MPU. 
They are used to address color palette RAM locations 
,and overlay registers, as specified in table 2. The MPU 
may read the address register at any time without mod
ifying its contents or the existing read/write mode. 

Bt473 110 MHz Version 

8-Bit / 6-Bit Operation 
The command register specifies whether the MPU is 
reading and writing 8 bits or 6 bits of color informa
tion 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 6 bits of the data bus. DO is the LSB and D5 is 
the MSB of color data. When writing color data, D6 
and D7 are ignored. During color read cycles, D6 and 
D7 will be logical zeros. In the 6-bit mode, the 
Bt473's full-scale output current will be about 1;5-
percent lower than when in the 8-bit mode. This is be
cause the 2 LSBs of each 8-bit DAC are logical zeros 
in the 6-bit mode. 

Bt471 Mode 
The Bt473 can be forced into a Bt471 operating mode 
after power-up by holding the 471 * external control 
pin low. In this mode, 8-bit pseudo-color pixel address 
data is enabled by R7-RO. This also forces 0 IRE set
up and 6-bit DAC operation. The SO and SI inputs 
cannot override the enabled 8-bit pseudo-color (red) 
mode while the 471 * pin is held low. 

Color Modes 
Four color modes are supported by the Bt473: 24-bit 
true color, IS-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 SI are pipe
lined to maintain synchronization with the RO-R7, 
GO-G7, BO-B7, and OLO-OL3 pixel and overlay data 
inputs. 

Table 3 lists the modes of operation. 

RSO. RSI. RS2 ==>< VMID )(~ ______________ ~ ______________ ___ 

RD·, WR* \ / 
------------« DATAOUT(RD" =0) )>------

DO. D1 (WRlI1l) ___________ ~x DATA 1N(WR. =0) )('------
Figure 1. MPU Read/Write Timing. 
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Circuit Description (continued) 

Value R52 R51 R50 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 

ADDR()""7 (counts binary) $OO-$FF 0 0 1 color palette RAMs 
xX)txoooo 1 0 1 reserved 
xitxx 0001 1 0 1 overlay color 1 

: : : : : 
xxxx 1111 1 0 1 overlay color 15 

Table 2. Address Register (ADDR) Operation. 

OL3-0LO 51,50 CR7,CR6 Mode R7-RO G7-GO 87-80 

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-G0 B7-BO 
0000 00 01 24-bit true color R7-RO G7-G0 B7-BO 
0000 00 10 24-bit true color R7-RO G7-G0 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 IS-bit true color Orrrrrgg gggbbbbb ignored 

0000 11 00 8-bit true-color bypass (red) mgggbb ignored ignored 
0000 11 01 8-bit true-color bypass (green) ignored mgggbb ignored 
0000 11 10 8-bit true-color bypass (blue) ignored ignored mgggbb 
0000 11 11 IS-bit true-color bypass Orrrrrgg gggbbbbb ignored 

Table 3~ Color Operation Modes. 
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Circuit Description (continued) 

24-Bit True-Color Mode 

Every clock cycle, 24 bits of RGB color information 
may be input to the Bt473. The 24 bits of pixel infor
mation are input by the RO-R7, ao:-G7, and BO-B7 
inputs. RO-R7 address the red color palette RAM, 
GO-G7 address the green color palette RAM, and BO
B7 address the blue color palette RAM. Each RAM 
provides 8 bits of color information to the correspond
ing D/A converter .. The pixel read mask register is 
used in this mode. 

24-Bit True-Color Bypass Mode 

Every clock cycle, 24 bits of pixel information may 
be input to the Bt473. The 24 bits of pixel informa
tion are input by the RO-R7, GO-G7, and BO-B7 in
puts. RO-R7 drive the red DAC directly, GO-G7 
drive the green DAC directly, and BO-B7 drive the 
blue DAC directly. The color palette RAMs and pix
el read mask register are bypassed. 

8-Bit Pseudo-Color Mode 
Every clock cycle, 8 bits of pixel information may be 
input to the Bt473. The 8 bits of pixel information 
(PO-P1) are input by the RO-R7, GO-G7, or BO-B7 
inputs, as specified by CR7 and CR6. All three color 
palette RAMs are addressed by the same 8 bits of 
pixel data (po-P1). Each RAM provides 8 bits of 
color information to the corresponding D/A convert
er. The pixel read mask register is used in this mode. 

8-Bit True-Color Bypass Mode 

Every clock cycle, 8 bits of pixel information may be 
input to the Bt473 by the RO-R7, GO-G7, or BO-B7 
inputs, as specified by CR7 and CR6: 

RO-R7 GO-G7 80-87 
Inputs Inputs Inputs Input 

Selected Selected Selected Format 

R7 07 B7 R7 
R6 06 B6 R6 
R5 05 B5 R5 
R4 G4 B4 07 
R3 G3 B3 G6 
R2 02 B2 05 
RI G1 BI B7 
RO GO BO B6 

As specified in the above table, 3 bits of red, 3 bits of 
green, and 2 bits of blue data are input. The 3 MSBs of 
the red and green DACs are driven directly by the 
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inputs, while the 2 MSBs of the blue DAC are driven di
rectly. The 5 LSBs for the red and green DACs, and the . 
6 LSBs for the blue DAC, are logical zeros. The color 
palette RAMs and pixel read mask register are bypassed. 

15-Bit True-Color Mode 
Every clock cycle, 15 bits of pixel information may 
be input to the Bt473. The 15 bits of pixel informa
tion (5 bits each of red, green, and blue) are input by 
the RO-R7 and GO-G7 inputs, as specified in the pix
el table below. Five LSBs from red, green, and blue 
address 32 locations of each corresponding RAM. 
R6-R2 address 32 locations of the red color palette _ 
RAM; Rl, RO, G7, G6, and G5 address 32 locations 
of the green color palette RAM, and G5-GO address 
32 locations of the blue color palette RAM. The 3 
MSBs of red, green, and blue are forced to zero. 
Each RAM provides 8 bits of color information to the 
corresponding D/A converter. The pixel read mask 
register is used in this mode. 

15-Bit True-Color Bypass Mode 

Every clock cycle, 15 bits of pixel information (5 bits 
each of red, green, and blue) may be input to the Bt473 
by the RO-R7 and GO-G7 inputs as specified below. 

The 5 MSBs of the red, green, and blue DACs are 
driven directly by the inputs. The 3 LSBs are logical 
zeros. The color palette RAMs and pixel read mask 
register are bypassed. 

Pixel Input 
Inputs Format 

R7 0 
R6 R7 
R5 R6 
R4 R5 
R3 R4 
R2 R3 
RI G7 
RO 06 

G7 05 
06 04 
05 03 
04 B7 
G3 B6 
02 B5 
G1 B4 
GO B3 
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Circuit Description (continued) 

Overlays 
The overlay inputs, OLO-OL3, have priority regard
less of the color mode, as detailed in Table 3. 

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 lo
cated just before the color palette RAMs. Thus, they 
are used only in the 24-bit true-color and 8-bit pseu
do-color modes, since these are the only modes that 
use the color palette RAMs. 

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 8-bit inputs before ad
dressing 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 cor
responds to data bus bit DO. 

The Pixel read mask register is not initialized. For 
proper operation, it must be initialized by the user af
ter power-up. 

CLOCK 

RO.R7, GO·07, BO.B7, 

OLO.OL3. SO, Sl, DATA 

SYNC·, BLANK· 

lOR, lOG, lOB 

Brooldree@ 

Programmable Setup 
The command register specifies whether a 0 IRE or 
7.5 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 (see Figure 2), add appropriately 
weighted currents to the analog outputs. This produc
es the specific output levels required for video appli
cations, as illustrated in Figures 3 and 4. Tables 4 and 
5 detail how the SYNC* 'and BLANK* inputs modify 
the output levels. 

The analog outputs of the Bt473 can directly drive 
a 37.5 n load, such as a doubly-terminated 75 n co
axial cable. 

Figure 2. Video Input/Output Timing. 
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Circuit Description (continued) 

MA V 

2f>.67 1.000 --.---....,..--------------::;;;:----- WHITE LEVEL 

9.05 0.340 ~-----4r---~--------BUCKLEVEL 

7.sIRE 
7.62 0.286 -I-------'---,.-r---'--------- BLANK LEVEL 

40 IRE 

0.00 0.000 -L------~-~----------SYNCLEVEL 

Note: 75 n doubly-tenninated load, SETUP = 7.5 IRE, VREF = 1.235 V, and RSET = 143 n . 
. RS-343A levels and tolerances are assumed on all levels. 

Figure 3. Composite Video Output Waveforms (SETUP = 7.5 IRE). 

lout DAC 
Description (rnA) SYNC· BLANK· Input Data 

WHITE 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 = 1.235 V, and RSET = 143 n. 

Table 4. Video Output Truth Table (SETUP = 7.5 IRE). 
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Circuit Description (continued) 

MA V 

25.24 0.950 ...,----=-~---------_=---- WHITE LEVEL 

7.62 0.286 -+------......... -.,---,--<---------- BLACKIBLANK LEVEL 

43 IRE 

0.00 0.000 
-L _______ -L---L.. __________ SYNC LEVEL 

Note: 75 n doubly-tenninated load, SETUP = 0 IRE, VREF = 1.235 V, and RSET = 143 n. 
RS-343A levels and tolerances are assumed on all levels. 

Figure 4. Composite Video Output Waveforms (SETUP = 0 IRE). 

lout DAC 
Description (mA) SYNC" BLANK" Input Data 

WHITE 25.24 I 1 $FF 
DATA data + 7.62 1 1 data 
DATA-SYNC data 0 1 data 
BLACK 7.62 1 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, lOG, lOB = 25.24 rnA, SETUP = 0 IRE, 
VREF = 1.235 V, and RSET = 143 n. 

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. It must be 
initialized by the user after power-up for proper operation. CRO is the least significant bit and 
corresponds to DO. 

CR7,CR6 

CRS 

CR4 

CR3-CRO 

Color mode select 

Setup select 

(0) 0 IRE 
(1) 7.S IRE 

8-bit /6-bit color select 

(0) 6 bits 
(1) 8 bits 

CR3-CRO outputs 

These bits are used to control the various color 
modes, as specified in Table 3. 

This bit is used to specify either a 0 IRE (logical 
zero) or 7.S 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, 
D7 is the most significant data bit during color 
read/write cycles. For 6-bit operation, DS is the 
most significant data bit during color read/write 
cycles (D6 and D7 are ignored during color write 
cycles and logical zeros 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, 
00-07, 
BO-B7 

SO,SI 

OLO-OL3 

lOR, 100, lOB 

lREF 

Description 

Composite blank control input (TIL compatible). A logical zero drives the analog outputs to the 
blanking level, as detailed 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 (TTL 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; therefore, it should be asserted only during the blanking interval. SYNC· is 
latched on the rising edge of CLOCK. If sync information is not required on the video outputs, 
SYNC should be connected to OND. 

Clock input (TTL compatible). The rising edge of CLOCK latches the RO-R7, 00-07, BO-B7, SO, 
SI, OLO-OL3, 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 to avoid reflection-induced 
jitter. Refer to the PC Board Layout Considerations section for critical layout criteria. 

Red, green, and blue pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, 
which I of the 256 entries in the red, green, and blue color palette RAMs is to be used to provide 
color information. These inputs are' latched on the rising edge of CLOCK. RO, 00, and BO are the 
LSBs. Unused inputs should be connected to OND. 

Color mode select inputs (TTL compatible). These inputs specify the mode of operation as detailed 
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 detailed in Table 3. When accessing the overlay palette, the RO-R7, 00-07, 
BO-B7, SO, and SI inputs are ignored. OLO-OL3 are latched on the rising edge of CLOCK. OLO is 
the LSB. Unused inputs should be connected to OND. 

Red, green, and blue current outputs. These high-impedance current sources can directly drive a 
doubly-terminated 75 0 coaxial cable (Fignres 5, 6, and 7 in the PC Board Layout Considerations 
section). 

Full-scale adjust control. When voltage reference is used (Fignres 5 and 6), a resistor (RSET) 
connected between this pin and OND controls the magnitude of the full-scale video signal. The 
relationship between RSET and the full-scale output current on each output is: 

RSET (0) = K* 1000 * VREF (V) I lout (mA) 

K is defined in the table and note below. 

K K 
Pedestal (with SYNC) (without SYNC) 

7.5 IRE 3.063 2.205 

o IRE 2.898 2.040 

When an external current reference is used (Figure 7), the relationship between IREF and the 
full-scale output current on each output is: 

IREF (mA) = lout (mA) I K 

Note: The K values in this tljble represent an ideal DAC circuit. However, because of a small 
difference (-3 percent) between the actual drain-source voltages on the DAC output 
transistor and the rederence transistor, an RSET value of 143 0 is recommended. 
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Pin Descriptions (continued) 

Pin Name 

CaMP 

VREF 

OPA 

VREFOUT 

VAA 

GND 

WR* 

RD* 

RSO, RSl, RS2 

DO-D7 

CRO-CR3 

471* 

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 be used to bypass this pin to V AA. The CaMP capacitor 
must be as close to the device as possible to keep lead lengths to an absolute minimum. The PC 
Board Layout Considerations section contains critical layout criteria. 

Voltage reference input. If a voltage reference is used (Figures 5 and 6), it must supply this input 
with a 1.2 V (typical) reference. If an external current reference is used (Figure 7), this pin should 
be biased with the VREF OUT pin. A 0.1 !!F ceramic capacitor is used to decouple this input to 
GND, 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. When the internal reference is used, this pin 
should not drive any external circuitry, except the decoupling capacitor. Refer to the PC Board 
Layout Considerations section for critical layout criteria. 

Reference amplifier output. If a voltage reference is used (Figures 5 and 6), this pin must be 
connected to CaMP. When an external current reference is used (Figure 7), this pin should be left 
floating. 

Voltage reference output. This output provides a 1.2 V (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 in 
external voltage reference mode. "(See Fignre 6.) Up to four Bt473s may be driven by this output. 

Analog power. All V AA pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 

Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 

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. RD* and WR* 
should not be asserted simultaneously. (See Figure 1, and Figure 8 in the Timing Waveforms 
section.) 

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. RD* and WR* 
should not be asserted simultaneously. (See Figures I and 8.) 

Register select inputs (TTL compatible). RSO-RS2 specify the type of read or write operation being 
performed, as shown in Tables I and 2. 

Data bus (TTL compatible). Data is transferred into and out of the device over this 8-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. (See Figure 8.) 

This pin forces the device into a Bt47 1 operating mode (i.e., it enables 8-bit pseudo-color mode with 
R7-RO, 0 IRE setup, and 6-bit DAC operation). This pin must he held at a logical-zero level to 
maintain this mode of operation. 
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Pin Descriptions (continued) 

BO 

BI 

B2 

B3 

B4 

B5 

B6 

B7 

YAA 

YAA 

GND 

GND 

so 
SI . 

BLANK· 

SYNC· 

CLOCK 
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YREF 

OPA 

COMP 

IREF 

lOB 

lOG 

lOR 

>.I<i..: !i.\36n YAA 

YAA 

YAA 

471* 

GND 

GND 

CR3 

CR2 

CRI 

CRO 

Brooktree® 



Brooktree® 
PC Board Layout Considerations 

PC Board Considerations 

For optimum performance of the Bt473, proper CMOS 
RAMDAC layout techniques should be studied in the 
Bt45117/8 Evaluation Module Operation and Measure
ments, Application Note (AN-16), before PC board 
layout is begun. This application note can be found in 
Brooktree's Applications Handbook. 

The layout should be optimized for lowest noise on 
the Bt473 power and ground planes by providing good 
decoupling. The trace length between groups of V AA 
and GND pins should be as short as possible to minimize 
inductive ringing. 

A well-designed power distribution network is criti
cal to eliminating digital switching noise. The ground 
plane must provide a low-impedance retum path for 
the digital circuits. A PC board with a minimum of 
four layers is recommended, with layers 1 (top) and 4 
(bottom) for signals and layers 2 and 3 for power and 
ground. 

Component Placement 

Components should be placed as close as possible to 
the associated RAMDAC pin. Whenever possible, 
components should be placed so traces can be connect
ed point to point. 

The optimum layout enables the Bt473 to be located 
as close as possible to the power supply connector and 
the video output connector. 

Ground Planes 

For optimum perfomlance, a common digital and ana
log ground plane is recommended. 

Power Planes 

Separate digital and analog power planes are recom
mended. The digital power plane should provide pow
er to all digital logic on the PC board, and the analog 
power plane should provide power to all Bt473 power 
pins, VREF circuitry, and COMP and VREF decou
pIing. There should be at least a 1I8-inch gap between 
the digit;!l power plane and the analog power plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figures 5, 6, and 7. This 
bead should be located within 3 inches of the Bt473. 
The bead provides resistance to switching currents, act
ing as a resistance at high frequencies. A low-resistance 
bead should be used, such as Ferroxcube 5659065-3B, 
Fair-Rite 2743001111, or TDK BF45-4oo1. 
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Device Decoupling 

For optim83 . reerformance, all capacitors should be 
located as close as possible to the device, and the 
shortest possible leads (consistent with reliable opera
tion) should be used to reduce the lead inductance. 
Chip capacitors are recommended for minimum lead 
inductance. Radial lead ceramic capacitors may be 
substituted for chip capacitors and are better than axial 
lead capacitors for self-resonance. Values are chosen 
to have self-resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is ob-
tained with a 0.1 JlF ceramic capacitor, decoupling _ 
each of the two groups of V AA pins to GND. For op- • 
eration above 75 MHz, a 0.1 JlF capacitor in parallel 
with a 0.01 JlF chip capacitor is recommended. The 
capacitors should be placed as close as possible to the 
device V AA and GND pins and connected with short, 
wide traces. 

The 10 JlF capacitor shown in Figures 5, 6, and 7 is 
for low-frequency power supply ripple; the 0.1 JlF ca
pacitors are for high-frequency power supply noise re
jection. 

When a linear regulator is used, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than or 
equal to 200 mY. This is especially important when a 
switching power supply is used, and the switching fre
quency is close to the raster scan frequency. About 10 
percent of the power supply hum and ripple noise less 
than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

The COMP pin must be decoupled to V AA, typically 
with a 0.1 JlF ceramic capacitor. Low-frequency sup
ply noise will require a larger value. The COMP ca
pacitor must be as close as possible to the COMP and 
V AA pins. A surface-mount ceramic chip capacitor is 
preferred for minimal lead inductance. Lead induc
tance degrades the noise rejection of the circuit. Short, 
wide traces will also reduce lead inductance. 

If the display has a ghosting problem, additional ca
pacitance in parallel with the COMP capacitor may help. 

VREF Decoupling 

A 0.1 JlF ceramic capacitor should be used to decou
ple this input to GND. 
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PC Board Layout Considerations (continued) 

Digital Signal Interconnect 
The digital inputs to the Bt473 should be isolated as 
much as possible from the analog outputs and other an
alog circuitry. Also, these input signals should not over
lay the analog power plane or analog output signals. 

Most of the noise on the analog outputs will be 
caused by excessive edge rates (less than 3 ns), over
shoot, undershoot, and ringing on the digital inputs. 

The digital edge rates should not be faster than nec
essary, as feedthrough noise is proportional to the digi
tal edge rates. Lower-speed applications will benefit 
from using lower-speed logic (3-5 ns edge rates) to re
duce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time (refer to 
Brooktree Application Notes AN-II and AN-12). Line 
termination or line-length reduction is the solution. 
For example, logic edge rates of 2 ns require line 
lengths of less than 4 inches' without use of termina
tion. Ringing may be reduced by damping the line 
with a series resistor (30-300 Q). The RS-select inputs 
and RD*IWR * lines must be verified for proper levels 
with no ringing, undershoot, or overshoot. Ringing on 
these lines can cause improper operation. 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing the digital 
signals at a 90 degree angle to any analog signals. 

The clock driver and all other digital devices must 
be adequately decoupled to prevent noise generated by 
the digital devices from coupling into the analog 
circuitry. 

Clock Interfacing 

The Bt473 requires a pixel clock with monotonic 
clock edges for proper operation. Impedance mis
match on the pixel clock line will induce reflections 
on the pixel clock, which may cause erratic operation. 

The Pixel Clock Pulse Width High Time and Pixel 
Clock Pulse Width Low Time minimum specifications 
(see the AC Characteristics section) must not be vio
lated, or erratic operation can occur. 

The pixel clock line must be terminated to prevent 
impedance mismatch. A series termination of 33....{j8 Q 

placed at the pixel clock driver may be used, or a par
allel termination may be used at the pixel clock input 
to the RAMDAC. A parallel termination of 220 Q to 
VCC and 330 Q to ground will provide a Thevenin 
equivalent of a 110 Q termination, which is normally 
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sufficient to absorb reflections. The series or parallel 
resistor values should be adjusted to provide the opti
mum clock signal fidelity. 

For 110 MHz operation, the clock signal requires a 
constant impedance line between the clock driver and 
the clock input pin. This signal should be driven by a 
dedicated driver, and should be terminated at the de
vice input pin. At 110 MHz, CLOCK rise/fall times 
should be controlled to maximize the clock high and 
low times. This will help minimize duty cycle skew. 

MPU Control Signa/Interfacing 

The Bt473 uses the RD*, WR*, and RS lines to deter
mine which MPU accesses will take place. Glitches or 
ringing on any of these lines may cause improper 
MPU operation. When a VGA controller with edge 
rate control is used on these lines, a series termination 
is not necessary. In non-VGA controller application or 
in applications where the MPU control signals are dai
sy chained, a series termination, pull-down resistors, 
or additional capacitance to ground should be used to 
prevent glitches that could cause improper MPU ac
cesses. 

Analog Signal Interconnect 
The Bt473 should be located as close as possible to the 
output connectors to minimize noise pickup and reflec
tions caused by impedance mismatch. 

The analog outputs are susceptible to crosstalkfrom 
digital lines ; digital traces must not be routed under or 
adjacent to the analog output traces. 

To maximize the high-frequency power supply re
jection, the video output signals should not overlay the 
analog power plane. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. The load resistor connection be
tween the video outputs and GND should be as close 
as possible to the Bt473 to minimize reflections.Un
used analog outputs should be connected to GND. 

Analog output video edges exceeding the CRT mon
itor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EM! and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 

The Bt473 analog output should be protected against 
high-energy discharges, such as those from monitor 
arc-over or from hot-switching AC-coupled monitors. 
The diode protection circuit shown in Figures 5, 6, and 7 
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PC Board Layout Considerations (continued) 

can prevent latchup under severe discharge conditions 
without adversely degrading analog transition times. 
The IN4148/9 parts are low-capacitance, fast-switching 

diodes, which are also available in multiple-device 
packages (FSA250X or FSA270X) or surface
mountable pairs (BA V99 or MMBD7001). 

Bt473 

IREF 

lOR 

lOG 

lOB 

Ll 

C2·C3 + 5V (VCC) 

+ 
C6 Cl 

~----~--~--~--~--------------------------------"'GROUND 
(POWER SUPPLY 

CONNECTOR) 

Rl R2 R3 

DAC 

OUTPUT 

P 

P 

VAA 

GND 

TO 

VIDEO 

CONNECTOR 

IN4148 / 9 

TO MaNn-OR 

IN4148/9 

Note: Each set of VAA and GND pins must be separately decoupled. 

location Description Vendor Part Number 

CI-CS 0.1 ILF ceramic capacitor Erie RPEI12ZSU104MSOV 
C6 10 ILF tantalum capacitor Mallory CSR13G106KM 
Ll fen-ite bead Fair·Rite 2743001111 

Rl, R2, R3 7S n 1 % metal film resistor Dale CMF-SSC 
RSET 1 % metal film resistor Dale CMF-SSC 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt473. 

Figure 5. Typical Connection Diagram and Parts List 
(Internal Voltage Reference). 
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PC Board Layout Considerations (continued) 

ANALOG POWER PLANE 

Bt473 

C2-C3 

Rl R2 R3 

lOR f--------+--+-------{ P 

lOG I--------+--+-------{ 

10B~--------~---~ 

VAA 

TO 

VIDEO 

CONNECTOR 

IN4148 19 

Ll 

DAC 

OUTPUT 
TO MONITOR 

IN4148 19 

GND 

Note: Each set of V AA and GND pins must be separately decoupled. 

Brooktree® 

GROUND 

(pOWER SUPPLY 

CONNECTOR) 

Location Description Vendor Part Number 

CI-C5 0.1 ilF ceramic capacitor Erie RPEI12Z5U104M50V 
C6 10 ilF tantalum capacitor Mallory CSR13G106KM 
Ll ferrite bead Fair-Rite 2743001111 

Rl, R2, R3 75 Q 1 % metal film resistor Dale CMF-55C 
R4 1 kQ 5% resistor 

RSET 1 % metal film resistor Dale CMF-55C 
ZI 1.2 V voltage reference National Semiconductor LM385BZ-l.2 

Note: The vendor numbers above are lIsted only as a gUide. SubstitutIOn of deVices With similar charactenstIcs 
will not affect the perfonnance of the Bt473. 
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Figure 6. Typical Connection Diagram and Parts List 
(External Voltage Reference). 
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PC Board Layout Considerations (continued) 

Bt473 

RI R2 R3 

roR~--------~--~--~------~ 

lOG ~-------------+---~------~ 

IOB~----------------~------~ 

DAC 

OUTPUT 

VAA 

GND 

+ 
C6 

TO 

VIDEO 

CONNECTOR 

IN414819 

L1 

TO MONITOR 

IN414819 

r +5V(VCC) 

CI 

GROUND 

(POWER SUPPLY 

CONNEeTOR) 

Note: Each set of VAA and GND pins must be separately decoupled. 

location Description Vendor Part Number 

CI-C5 0.1 IlF ceramic capacitor Erie RPEI12Z5UI04M50V 
C6 10 IlF tantalum capacitor Mallory CSR13GlO6KM 

C7,C8 I IlF capacitor Mallory CSR13GIOSKM 
Ll ferrite bead Fair-Rite 2743001111 

RI, R2, R3 75 n I % metal film resistor Dale CMF-SSC 
ZI adjustable regulator National Semiconductor LM337LZ 

RSET I % metal film resistor Dale CMF-SSC 

Note: The vendor numbers above are lIsted only as a gUIde. SubstItutIOn of devIces with SImIlar charactenstIcs 
will not affect the performance of the Bt473. 

Figure 7. Typical Connection Diagram and Parts List 
(External Current Reference). 
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Bt473 110 MHz Version 
Application Information 

Using Multiple Devices 

When multiple Bt473s are being used, each Bt473 
should have its own power plane ferrite bead. 

Although the VREF OUT of a single Bt473 may 
drive multiple Bt473s, higher performance may be 
obtained if each RAMDAC uses its own reference. 
This will reduce the amount of color channel cross
talk and color palette interaction. 

Each Bt473 must still have its own RSET resistor, 
analog output termination resistors, power supply by
pass capacitors, COMP capacitor, and reference ca
pacitors. 

Reference Selection 

An external voltage reference provides about 10 
times the power supply rejection on the analog out
puts than does an external current reference. 

4-88 SECTION 4 
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ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can produce 
symptoms of catastrophic failure or erratic device be
havior with somewhat leaky inputs. 

All logic inputs should be held low until power to 
the device has settled to the specified tolerance. DAC 
power decoupling networks with large time constants 
should be avoided. They could delay V AA power to 
the device. Ferrite beads must be used only for ana
log power, V AA decoupling. Inductors cause a time 
constant delay that induces latchup. 

Latchup can be prevented by ensuring that all 
V AA pins are at the same potential and that the V AA 
supply voltage is applied before the signal pin voltag
es. The correct power-up sequence ensures that any 
signal pin voltage will never exceed the power supply 
voltage by more than +0.5 V. 



Brooktree® Bt473 110 MHz Version 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 
110,80,66 MHz Parts 4.75 5.00 5.25 V 
50, 35 MHz Parts 4.5 5.00 5.5 V 

Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 Q 

Voltage Reference Configuration 
Reference Voltage VREF 1.12 1.235 1.358 V 

Current Reference Configuration 
IREF Current lREF 

Standard RS-343A -8.39 rnA 
PS/2 Compatible -8.88 rnA 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 V 

Voltage on any Signal Pin (Note 1) GND-O.5 VAA + 0.5 V 

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 220 °C 
(l minute) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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Bt473 110 MHz Version Brooktree® 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

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

Integral Linearity Error IL ±l LSB 
Differential Linearity Error DL ±l LSB 
Gray-Scale Error 

Using External Reference ±5 % Gray Scale 
Using Internal Reference ±1O % Gray Scale 

Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
Input High Voltage VIH 2.0 VAA + 0.5 V 
Input Low Voltage VIL GND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) IIH I ~A 
Input Low Current (Vin = 0.4 V) ilL -I ~A 
Input Capacitance CIN 7 pF 

(f = 1 MHz, Yin = 2.4 V) 

Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -400 ~A) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
3-State Current (DO-D7) IOZ 50 ~A 
Output Capacitance CDOUT 7 pF 

See test conditions on next page. 
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DC 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 = 7.5 IRE 0.95 1.44 1.90 rnA 
SETUP =0 IRE 0 5 50 flA 

Blank Level 6.29 7.62 8.96 rnA 
Sync Level 0 5 50 flA 
LSB Size 69.1 flA 

DAC-to-DAC Matching 2 5 % 
Output Compliance VOC -D.5 +1.5 V 
Output Impedance RAOUT 10 kn 
Output Capacitance CAOUT 30 pF 

(f = 1 MHz, lOUT = 0 rnA) 

VREF Input Current IREFIN 10 flA 
VREF OUT Output Voltage VREFOUT 1.08 1.2 1.32 V 
VREF OUT Output Current lREFOUT 100 flA 

Power Supply Rejection Ratio PSRR 0.5 %/ %/J.VAA 
(COMP = 0.1 flF, f = 1 kHz) 

Test conditions to generate RS-343A standard video signals (unless otherwisc specificd): "Recommended 
Operating Conditions" with external voltage reference, RSET = 143 n, and VREF = 1.235 V. As the above 
parameters are guaranteed over the full temperature range, temperature coefficients are not specified or required. 
Typical values are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

When the internal voltage reference is used, RSET may require adjustment to meet these limits. Also, the gray-scale 
output current (white level relative to black) will have a typical tolerance of ±1O percent rather than the ±5 percent 
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 = 7.5 IRE 1.01 1.51 2.0 rnA 
SETUP=OIRE 0 5 50 flA 

Blank Level 6.6 8 9.4 rnA 
Sync Level 0 5 50 flA 

Test conditions to generate PS/2-compatible video signals (unless otherwise specified): "Recommended Operating 
Conditions" with external voltage reference, RSET = 143 n, and VREF = 1.235 V; or external current reference with 
IREF = -8.88 rnA. 
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Bt473 110 MHz Version Brooklree® 
AC Characteristics 

4-92 

110 MHz Devices 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 110 MHz 

RSO--RS2 Setup Time I 10 ns 
RSO--RS2 Hold Time 2 10 ns 

RD* Asserted to Data Bus Driven 3 3 ns 
RD* Asserted to Data Valid 4 40 ns 
RD* Negated to Data Bus 3-Stated 5 20 ns 
Read Data Hold Time 6 3 ns 

Write Data Setup Time 7 10 ns 
Write Data Hold Time 8 10 ns 
CRO--CR3 Output Delay 9 100 ns 

RD*, WR * Pulse Width Low 10 50 ns 
RD*, WR* Pulse Width High II 6*p14 ns 

Pixel and Control Setup Time 12 3 ns 
Pixel and Control Hold Time 13 3 ns 

Clock Cycle Time (pI4) 14 9.1 ns 
Clock Pulse Width High Time 15 4 ns 
Clock Pulse Width Low Time 16 4 ns 

Analog Output Delay 17 30 ns 
Analog Output Rise/Fall Time 18 2 ns 
Analog Output Settling Time (Note 1) 19 13 ns 
Clock and Data Feedthrough (Note 1) -30 dB 
Glitch Impulse (Note 1) 150 pV-sec 
DAC-to-DAC Crosstalk -23 dB 
Analog Output Skew 0 2 ns 

Pipeline Delay 4 4 4 Clocks 

V AA Supply Current (Note 2) IAA 
AtO°C 260 300 rnA 
At70°C 230 270 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with 
external voltage reference, RSET = 143 n, and VREF = 1.235 V. TTL input values are 0-3 V 
with input rise/fall times::; 4 ns, measured between the 10-percent and 90-percent points. Timing 
reference points at 50 percent for inputs and outputs. Analog output load ::; 10 pF and DO-D7 
output load::; 75 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. Typical values 
are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5V. 

Note 1: Clock and data feedthrough is a function of the number of edge rates, and the amount 
of overshoot and undershoot on the digital inputs. For this test, the digital inputs have a 
1 kn 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, and 
-3 dB test bandwidth = 2x clock rate. 

Note 2: At Fmax. IAA (typ) at VAA = 5.0 V. IAA (max) at VAA (max). 
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Timing Waveforms 

L I 2 _I 

RSO, RSI, RS2 VALlD * 10 

RD*. WR* 
11 

DO - D7 (READ) 

4 }-s I 

~ -
DATA OUT (RD* = 0) 

./ - f--- 6 

DO - D7 (WRITE) 1 DATA IN (WR* =0) 

7 

-8 

CRO-CR3 t9 -
Figure B. MPU ReadIWrite Timing Dimensions. 

CLOCK 

RO-R7, GO-G7, BO-B7, 

OLO- OL3, so, Sl, 

SYNC*, BLANK* 

lOR, lOG, lOB 

Note 1: Output delay is measured from the 50-percent point of the rising edge of CLOCK to the 
50-percent point of full-scale transition, 

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

Note 3: Output rise/fall time is measured between the IO-percellt and 90-percent points of full-scale 
transition, 

Figure 9. Video Input/Output Timing. 
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Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt473KPJ110 1l0MHz 68-pin Plastic 00 to +700 C 
J-Lead 
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Distinguishing Features 

• 110, 80, 66, 50, 35 MHz Operation 
• Bt4711476/478 Pin Compatibility 
• Power-Down Mode 
• Antisparlde Circuitry 
• Analog Output Comparators 
• Triple 6-bit (8-bit) D/A Converters 
• 256 x 18 (24) Color Palette RAM 
• RS-343A1RS-170-Compatible Outputs 
• 15 x 18 (24) Overlay Registers 
• Programmable Pedestal 

Optional Internal Reference 
• 44-pin PLCC Package 

Functional Block Diagram 

CLOCK 

PO-P7 

SYNC· 

BLANK' 

OLO-OU 

VAA GND VREF IREP 

Applications 

• High-Resolution Color 
Graphics 

• CAE/CAD/CAM 
• Image Processing 
• Instrumentation 
• Desktop Publishing 
• Laptop Computers 

orA 
COMP 

lOR 

100 

SETUP 

lOB 

SENSE· 

475/471* 

(477/471·) 

DO-D7 RD'" WR'" RSO RSl RS2 

Brooktree Corporation· 9950 Barnes Canyon Rd .• San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
lA7700l Rev. J 

Bt475 

Bt477 
110 MHz 

256-Word Color Palette 
Personal System/2® 

Power-Down RAMDAC™ 

Product Description 

The Bt475 and Bt477 RAMDACs are de
signed specifically for Personal System/2®
compatible color graphics. 

The Bt475 has a 256 x 18 lookup table 
RAM, 15 x 18 overlay registers, and triple 
6-bit D/A converters. 

The Bt477 has a 256 x 24 lookup table 
RAM, 15 x 24 overlay registers, and triple 
8-bit D/A converters. Both 6-bit and 8-bit 
color modes are supported. 

On-chip analog output comparators are in
cluded to simplify diagnostics and debug
ging with the result output onto the SENSE* 
pin. An on-chip voltage reference is also in
cluded to simplify use of the device. 

A power-down mode is available to re
duce power requirements when the analog 
outputs are not used. This is useful in laptop 
computer systems that need the option of 
driving an extemal RGB monitor. 

When the 475/471* input pin (477/471* 
on the Bt477) is floating or a logical zero, the 
Bt475 and Bt477 behave as a Bt471 with an
tisparkle capabilities, on-chip reference, and 
analog comparators. When the pin is a logi
cal one, the additional capabilities of the 
command register are available. 

Note: "Personal Systeml2®"and "PSI2®" 
are registered trademarks of IBM. 

.. 



Bt47S/477 
Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt475/477 supports a standard MPU bus interface, al
lowing 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 regis
ters, eliminating the requirement for extemal address 
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 regis
ter (RAM write mode) with the address of the color 
palette RAM location to be modified. The MPU per
forms three successive write cycles (6 or 8 bits each of 
red, green, and blue), using RSO-RS2 to select the col
or palette RAM. After the blue write cycle, the 3 bytes 
of color information are concatenated into an i8-bit or 
24-bit word and written to the location specified by 
the address register. The address register then incre
ments to the next location, which the MPU may modi
fy by 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 per
forming continuous R,G,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 ad
dress are copied into the RGB registers, and the ad
dress register is incremented to the next RAM loca-

RS2 RS1 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 

Brooktree® 

tion. 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 RGB registers, and the address register 
again increments. A block of color values in consecu
tive locations may be read by writing the start address 
and performing continuous R,G,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 an i8-bit or 24-
bit word and written to the overlay location specified by 
the address register. The address register then incre
ments to the next location, which the MPU may modify 
by 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 per
forming continuous R,G,B write cycles until the entire 
block has been written. 

Reading Overlay Color Data 

To read overlay color data, the MPU loads the ad
dress 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 RGB registers, and the address register is in
cremented to the next overlay location. The MPU 
performs three successive read cycles (6 or 8 bits 
each of red, green, and blue), using RSO-RS2 to se-

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 
command register (Note 1) 

Note 1: Available only when the 475/471 * (477/471 *) pin is a logical one. 

Table 1. Control Input Truth Table. 
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Brooktree® 
Circuit Description (continued) 

lect the overlay registers. Following the blue read cy
cle, the contents of the overlay location at the address 
specified by the address register are copied into the 
RGB registers, and the address register again incre
ments. A block of color values in consecutive loca
tions may be read by writing the start address and 
performing continuous R,G,B read cycles until the 
entire block has been read. 

Additional Information 
When the color palette RAM is accessed, the address 
register resets to $00 following a blue read or write 
cycle to RAM location $FF. While the overlay color 
registers are accessed, the 4 most significant bits of 
the address register (ADDR4-7) are ignored. 

The MPU interface operates asynchronously to the 
pixel clock. Data transfers that occur between the 
color palette RAM/overlay registers and the color 
registers (R, G, and B in the block diagram) are syn
chronized by intemallogic. These data transfers take 
place during the period between MPU accesses. To 
reduce noticeable sparkling on the CRT screen dur
ing MPU access to the color palette RAMs, internal 
logic maintains the previous output color data on the 
analog outputs while the transfer between lookup ta
ble RAMs and the RGB registers occurs. 

To keep track of the red, green, and blue read/ 
write cycles, the address register has 2 additional bits 
(ADDRa and 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 8 
bits of the address register, incremented following a 
blue read or write cycle, (ADDR0-7) are accessible 
to the MPU. They are used to address color palette 
RAM locations and overlay registers, as specified in 
Table 2. The MPU may read the address register at 

Value RS2 

ADDRa, b (counts modulo 3) 00 
01 
10 

ADDR0-7 (counts binary) $00- $FF 0 
xxxx 0000 I 
xxxx 0001 1 

: : 
xxxx Illl I 

Bt47S/477 

any time without modifying its contents or the exist
ing read/write mode. 

The pixel clock must be active for MPU accesses 
to the color palette RAM. 

Bt471-Compatible Operation 
If the 475/471 * (477/471*) pin is a logical zero, the 
Bt475/477 operates as a Bt471 RAMDAC; the com
mand register is disabled, and 6-bit operation is se
lected. Color data is contained on the lower 6 bits of 
the data bus. DO is the LSB and D5 is the MSB of 
color data. When writing color data, D6 and D7 are 
ignored. During color read cycles, D6 and D7 will be 
logical zeros. .. 

In the 6-bit mode, the Bt47Ts full scale output cur- ~ 
rent will be about 1.5-percent lower than when in the 
8-bit mode. This is because the 2 LSBs of each 8-bit 
DAC are logical zeros in the 6-bit mode. 

If the 475/471 * (477/471 *) input is a logical one, 
the command register is available. On the Bt477, the 
6-bitl8-bit select bit in the command register may be 
used to specify whether 6-bit or 8-bit color data val
ues are being used. 

8-bit / 6-bit Color Selection 
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 6 bits of the data bus. DO is the LSB and D5 is 
the MSB of color data. When writing color data, D6 
and D7 are ignored. During color read cycles, D6 
and D7 will be logical zeros. 

In the 6-bit mode, the Bt47Ts full-scale output cur
rent will be about 1.5-percent lower than when in the 
8-bit mode. This is because the 2 LSBs of each 8-bit 
DAC are logical zeros in the 6-bit mode. 

RS1 RSO Addressed by MPU 

red value 
green value 
blue value 

0 1 color palette RAM 
0 I reserved 
0 I overlay color I 
: : : 
0 I overlay color 15 

Table 2. Address Register (ADDR) Operation. 
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Circuit Description (continued) 

Power-Down Mode 
The Bt475/477 incorporates a power-down capabili
ty, controlled by the SLEEP command bit While the 
SLEEP bit is a logical zero, the Bt475/477 functions 
normally. The SLEEP enable bit is not initialized on 
power-up and must be a logical zero for normal 
operation. 

While the SLEEP bit is a logical one, the DACs 
and power to the RAM are turned off. The RAM still 
retains the data. Also, the RAM may still be read or 
written to while sleeping as long as the pixel clock is 
running. The RAM automatically powers up during 
MPU read/write cycles and shuts down when the 
MPU access is completed. 

The DACs will be turned off during sleep mode 
only if a voltage reference (internal or external) is 
used. If an external current reference is used, exter
nal circuitry should tum the current reference off 
(IREF = 0 mA) during sleep mode. 

When an external voltage reference is used, exter
nal circuitry should tum orr the voltage reference 
(VREF = 0 V) to further reduce power consumption 
caused by biasing of portions of the internal voltage 
reference. 

SENSE* Output 
SENSE* is a logical zero if one or more of the lOR, 
100, and lOB outputs have exceeded the internal 
voltage reference level of the SENSE comparator cir
cuit. This output is used to determine the presence of 
a CRT monitor. Also with diagnostic code, the differ
ence between a loaded or unloaded ROB line can be 
discerned. The reference is generated by a voltage 
divider from the external 1.235 V voltage reference 
on the VREF pin. For proper operation of the 
SENSE circuit, the following levels should be 

OLO-OL3 PO-P7 

$0 $00 
$0 $01 
: : 

$0 $FF 
$1 $xx 
: $xx 

$F $xx 

BrooktreeQD 

applied to the comparator through the lOR, 100, and 
lOB outputs: 

DAC Low Voltage ~ 325 mV 
DAC High Vwtage ~ 395 rnV 

There is an additional ±lO-percent tolerance on the 
above levels when the internal voltage reference or an 
external current reference is used. SYNC* should be 
a logical zero for SENSE* to be stable. Also, the 
SENSE output can drive only one CMOS load. 

Frame Buffer Interface 
The PO-P7 and OLO-OL3 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 DO 
of the pixel read mask register corresponds to pixel 
input PO. The addressed location provides 18 bits 
(Bt475) or 24 bits (Bt477) of color information to the 
three DI A converters. For proper operation, the pixel 
read mask register must be initialized by the user af
ter power-up. 

The SYNC* and BLANK* inputs, also latched on 
the rising edge of CLOCK to maintain synchronization 
with the color data, add appropriately weighted cur
rents to the analog outputs. This produces the specific 
output levels required for video applications, as illus
trated in Figures 1-3. Tables 4-6 detail how the 
SYNC* and BLANK* inputs modify the output levels. 

The SETUP input pin is logically ANDed with the 
SETUP command bit and is used to specify whether a 
o or 7.5 IRE blanking pedestal is to be used. 

The analog outputs of the Bt475/477 can directly 
drive a 37.5 n load, such as a doubly-terminated 75 
n 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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Brooktree® Bt475/477 
Circuit Description (continued) 

NO SYNC SYNC 

MA V MA V 

19.05 0.714 26.67 1.000 -.----______ ------------=---- WHITE LEVEL 

1.44 0.054 9.05 0.340 +---------1f-----f--------- BLACK LEVEL 

7.51RE 

0.00 0.000 7.62 0.286 + _____ ----11...--,-----,_....1.-________ BLANK LEVEL 

40 IRE 

0.00 0.000 
-L _______ -L~ ____________ SYNCLEVa 

Note: 75 Q doubly-terminated load and SETUP = 7.5 IRE. VREF = 1.235 V and RSET = 147 Q. 

RS-343A levels and tolerances are assumed on all levels. 

Figure 1. RS-343A Composite Video Output Waveforms 
(SETUP = 7.5 IRE). 

Sync Sync 
Disabled Enabled DAC 

Description SYNC" BLANK" Input Data 
lout (rnA) lout (rnA) 

WHITE 19.05 26.67 I I $FF 
DATA data + 1.44 data + 9.05 I I data 
DATA-SYNC data + 1.44 data + 1.44 0 I data 
BLACK 1.44 9.05 I I $00 
BLACK-SYNC 1.44 1.44 0 I $00 
BLANK 0 7.62 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: 75 Q doubly-terminated load and SETUP = 7.5 IRE. VREF = 1.235 V and RSET = 147 Q. 

Table 4. RS-343A Video Output Truth Table (SETUP = 7.5 IRE). 
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Bt475/477 
Circuit Description (continued) 

4-100 

NO SYNC SYNC 

MA V MA V 

17.62 0.660 25.24 0.950 --,------,;;:-------------=---- WHITE LEVEL 

l00lRE 

0.00 0.000 7.62 0.286 +------1..-,---,----''---------- BLACKIBLANK LEVEL 

431RE 

0.00 0.000 0.00 0.000 
--'-_______ -L-....L-__________ SYNC LEVEL 

Note: 75 Q doubly-teJlllinated load and SETUP = 0 IRE. VREF = 1.235V and RSET = 147 Q. 

RS-343A levels and tolerances are assumed on all levels. 

Figure 2. RS-343A Composite Video Output Waveforms 
(SETUP = 0 IRE). 

Sync Sync 
Disabled Enabled DAC 

Description SYNC" BLANK" Input Data 
lout (rnA) lout (rnA) 

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 Q doubly-terminated load and SETUP = 0 IRE. VREF = 1.235 V and RSET = 147 Q. 

Table 5. RS-343A Video Output Truth Table (SETUP = 0 IRE). 
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Bt47S/477 
Circuit Description (continued) 

NO SYNC SYNC 

MA V MA V 

14.25 0.713 20.36 1.018 --.-----,;;,-------------=--- WHITE LEVEL 

100 IRE 

0.00 0.000 6.11 0.305 -+-------1..-..-----.----''------------ BLACKIBLANK LEVEL 

43 IRE 

0.00 0.000 0.00 0.000 -L-------~~-----------SYNCLEVa 

Note: 50 n load and SETUP = 0 IRE. VREF = 1.235 V and RSET = 182 n. PS/2 levels and tolerances are 
assumed on all levels. 

Figure 3. PS/2 Composite Video Output Waveforms 
(SETUP = 0 IRE). 

Sync Sync 
Disabled Enabled DAC 

Description SYNC· BLANK" Input Data 
lout (mA) lout {mAl 

WHITE 14.25 20.36 I I $FF 
DATA data data + 6.11 I 1 data 
DATA-SYNC data data 0 1 data 
BLACK 0 6.11 1 1 $00 
BLACK-SYNC 0 0 0 I $00 
BLANK 0 6.Il 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: 50 n load and SETUP = 0 IRE.VREF = 1.235 V and RSET = 182 n. 

Table 6. PS/2 Video Output Truth Table (SETUP = 0 IRE). 
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Bt47S/477 
Internal Registers 

Command Register 

This register is operational only while the 475/471 * (477/471 *) pin is a logical one. It may be written to 
or read by the MPU at any time and is not initialized. For proper operation, it must be initialized by the 
user after power-up. 

D7 

D6 

D5 

D4 

D3 

D2 

4-102 

reserved (logical zero) 

reserved (logical one) 

SETUP select 

(0) 0 IRE 
(1) 7.5 IRE 

Blue sync enable 

(0) no sync on blue 
(1) sync on blue 

Green sync enable 

(0) no sync on green 
(1) sync on green 

Red sync enable 

SECTION 4 

(0) no sync on red 
(1) sync on red 

A logical zero must be written to this bit when writing 
to the command register to ensure proper operation. 

A logical one must be written to this bit when writing 
to the command register to ensure proper operation. 

This bit specifies whether the blanking pedestal is 0 or 
7.5 IRE. This bit is logically ANDed with the 475/ 
471* (477/471*) input pin. Bit D5 controls the blank
ing pedestal only when in 475 (477) mode. The SET
UP pin is disabled when it is operating inside this 
register. 

This bit specifies whether the lOB output is to contain 
sync information. 

This bit specifies whether the lOG output is to contain 
sync information. 

This bit specifies whether the lOR output is to contain 
sync information. 



Brooktree® 
Internal Registers (continued) 

Command Register (continued) 

DI 

DO 

6-bit / 8-bit select 

(0) 6-bit 
(I) 8-bit 

SLEEP enable 

(0) normal operation 
(1) sleep mode 

Bt47S/477 

On the Bt477, this bit specifies whether the MPU is 
reading and writing 8 bits (logical one) or 6 bits (log
ical zero) of color information each cycle. On the 
Bt475, this bit must be a logical zero to ensure prop
er 6-bit operation. 

While this bit is a logical zero, the Bt475/477 func
tions normally. The SLEEP enable must be initial
ized after power-up for normal operation. 

If this bit is a logical one, the DACs and power to 
the RAM are turned off. The RAM still retains the 
data. Also, the RAM may be read or written to as 
long as the pixel clock is running. The RAM auto
matically powers up during MPU read/write cycles 
and shuts down when the MPU access is completed. 
About 1 second is required for the Bt475/477 to out
put valid video data after enabling normal operation 
(coming out of sleep mode). This time will vary ac
cording to the size of the COMP capacitor. 

The DACs will be turned off during sleep mode only 
if a voltage reference (internal or external) is used. 
If the DACs are using an external current reference, 
external circuitry should tum the current reference 
off during sleep mode. 

To further reduce power consumption in SLEEP 
mode, the pixel clock should be disabled while in 
SLEEP. 
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Bt47S/477 
Pin Descriptions 

Pin Name 

BLANK* 

SETUP 

SYNC* 

CLOCK 

PO-P7 

OLO-OL3 

CaMP 

VREF 

OPA 

lOR, lOG, lOB 

VAA 

GND 

Description 

Composite blank control input (TTL compatible). A logical zero drives the analog outputs to the 
blanking level, as specified in Tables 4, 5, and 6. It is latehed on the rising edge of CLOCK. When 
BLANK* is a logical zero, the pixel and overlay inputs are ignored. 

Setup control input (TTL compatible). SETUP is used to specify either a 0 IRE (logical zero) or 7.5 
IRE (logical one) blanking pedestal. This pin should not be left floating. 

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40 IRE 
current source on the analog outputs (see Figures I, 2, and 3). SYNC* does not override any other 
control or data input, as shown in Tables 4, 5, and 6; therefore, it should be asserted only during the 
blanking interval. It is latched on the rising edge of CLOCK. If sync information is not required on 
the video outputs, SYNC* should be connected to GND. 

Clock input (TTL 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 be driven by a dedicated TTL buffer to avoid reflection-induced jitter. Clock Interfacing in 
the PC Board Layout Considerations section contains detailed layout suggestions. 

Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which 1 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 detailed in Table 3. When the overlay palette is accessed, 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. 

Compensation pin. If an external or the internal voltage reference is used (Figures 4 and 5 in the PC 
Board Layout Considerations section), this pin should be connected to OPA. If an external current 
reference is used (Figure 6 in the PC Board Layout section), this pin should be connected to IREF. 
A 0.1 fIF ceramic capacitor must be used to bypass this pin to V AA. The CaMP capacitor must be 
as close to the device as possible to keep lead lengths to an absolute minimum. The PC Board 
Layout Considerations section contains critical layout criteria. 

Voltage reference input. If an external voltage reference is used (Figure 5), it must supply this input 
with a 1.2 V (typical) reference. If an external current reference is used (Figure 6), this pin should 
be left floating. However, the bypass capacitor should still be connected. A 0.1 fIF ceramic capacitor 
is used to decouple this input to GND, as shown in Figures 4 and 5. The decoupling capacitor rimst 
be as close to the device as possible to keep lead lengths to an absolute minimum. When the internal 
reference is used, this pin should not drive any external circuitry other than the decoupling capacitor 
(Figure 4). 

Reference amplifier output. If an external or the internal voltage reference is used (Figures 4 and 5), 
this pin must be connected to CaMP. When an external current reference is used (Figure 6), this pin 
should be left floating. 

Red, green, and blue current outputs. These high-impedance current sources can directly drive a 
doubly-terminated 75 Q coaxial cable (Figures 4, 5, and 6). 

Analog power. All V AA pins must be connected together on the same PCB plane to prevent 
latchup. 

Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
latchup. 
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Brooktree® Bt475/477 
Pin Descriptions (continued) 

Pin Name 

lREF 

WR* 

RD* 

RSO, RS1, RS2 

DO--D7 

475/471 * 
(477/471") 

SENSE* 

Description 

Full-scale adjust control. The IRE relationships in Figures I, 2, and 3 are maintained regardless of 
the full-scale output current. 

When an external or the internal voltage reference is used (Figures 4 and 5), 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 (0) = K * 1,000 * VREF (V) 1 lout (rnA) 

K is defined in the table below. It is recommended that a 147 0 RSET resistor be used for 
doubly-terminated 750 loads (i.e., RS-343A applications): For PS/2 applications (i.e., 0.7 V into 50 
o with no sync), a 182 0 RSET resistor is recommended. 

When an external current reference is used (Figure 6), the relationship between IREF and the full- _ 
scale output current on each output is: • 

IREF (rnA) = lout (rnA) 1 K 

K K 
Part Mode Pedestal (with sync) (without sync) 

Bt477 6-bit 7.5 IRE 3.013 2.170 
8-bit 7.5 IRE 3.049 2.196 
6-bit o IRE 2.852 2.010 
8-bit o IRE 2.886 2.034 

Bt475 (6-bit) 7.5 IRE 3.013 2.170 
o IRE 2.852 2.010 

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. RD* and WR* 
should not be asserted simultaneously. MPU Control Signal Interfacing in the PC Board Layout 
Considerations section contains detailed layout suggestions. 

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. RD* and WR* 
should not be asserted simultaneously. MPU Control Signal Interfacing contains detailed layout 
suggestions. 

Register select inputs (TTL compatible). RSO-RS2 specify the type of read or write operation being 
performed, as shown in Tables I and 2. MPU Control Signal Interfacing contains detailed layout 
suggestions. 

Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit bidirectional 
data bus. DO is the least significant bit. 

Bt475 (Bt477) or Bt471 select input (TTL compatible). When the 475/471 * (477/471 *) input pin is 
floating or a logical zero, the Bt475/477 behaves as a Bt47 1 with antisparlde capabilities. When the 
475/471 * (477/471*) input pin is a logical one, the extra capabilities of the Bt475/477 command 
register are available. 

Sense output (CMOS levels). SENSE* is a logical zero if one or more of the lOR, lOG, and lOB 
outputs have exceeded the internal voltage reference level. SENSE* may not be stable while SYNC* 
is toggling. Also, the SENSE* output can drive only one CMOS load. 
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Bt475/477 Brooldree® 
Pin Descriptions (continued) 

~ 
0-

s; If ;;: O!; &! Ii! 0:: !i': ~ ~ 

CLOCK 

OLO lOB 

OLI lOG 

OU lOR 

OLl GND 

SENSE" SETUP 

(4771471*) 47SI+71" VAA 

GND VAA 

VAA VAA 

SYNC" RS2 

RD" RSI 

~ 8 is S 8 2i is i!l S ~ iil 

~ ~ '" .. 

Names in parentheses are pin names for the Bt477. 
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PC Board Layout Considerations 

PC Board Considerations 
For optimum performance of the Bt475 and Bt477, 
proper CMOS RAMDAC layout techniques should be 
studied in the Bt451n/8 Evaluation Module Operation 
and Measurements, Application Note (AN-16), before 
PC board layout is begun. This application note can 
be found in Brooktree's Applications Handbook. 

The layout should be optimized for lowest noise on 
the Bt475 and Bt477 power and ground planes by pro
viding good decoupling. The trace length between 
groups of VA A and GND pins should be as short as pos
sible to minimize inductive ringing. 

A well-designed power distribution network is crit
ical to eliminating digital switching noise. The 
ground plane must provide a low-impedance return 
path for the digital circuits. A PC board with a mini
mum of four layers is recommended, with layers 1 
(top) and 4 (bottom) for signals and layers 2 and 3 for 
power and ground. 

Component Placement 
Components should be placed as close as possible to 
the associated RAMDAC pin. Whenever possible, 
components should be placed so traces can be con
nected point to point. 

The optimum layout enables the Bt475 and Bt477 
to be located as close as possible to the power supply 
connector and the video output connector. 

Ground Planes 
For optimum performance, a common digital and an
alog ground plane is recommended. 

Power Planes 
Separate digital and analog power planes are recom
mended. The digital power plane should provide 
power to all digital logic on the PC board, and the an
alog power plane should provide power to all Bt475 
and Bt477 power pins, VREF circuitry, and COMP 
and VREF decoupling. There should be at least a 1/8-
inch gap between the digital power plane and the ana
log power plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figures 4, 5, and 6. This 
bead should be located within 3 inches of the Bt475 
and Bt477. The bead provides resistance to switcbing 
currents, acting as a resistance at high frequencies. A 
low-resistance bead should be used, such as Ferrox
cube 5659065-3B, Fair-Rite 2743001111, or TDK 
BF45-4001. 

Bt47S/477 

Device Decoupling 
For optimum performance, all capacitors should be 
located as close as possible to the device, and the 
shortest possible leads (consistent with reliable opera
tion) should be used to reduce the lead inductance. 
Chip capacitors are recommended for minimum lead 
inductance. Radial lead ceramic capacitors may be 
substituted for chip capacitors and are better than ax
iallead capacitors for self-resonance. Values are cho
sen to have self-resonance above the pixel clock. 

Power Supply Oecoupling 

The best power supply decoupling performance is ob
tained with a 0.1 ~ ceramic capacitor, decoupling 
each of the two groups of VAA pins to GND. For _ 
operation above 75 MHz, a 0.1 ~ capacitor in paral- ~ 
leI with a 0.01 ~ chip capacitor is recommended. 
The capacitors should be placed as close as possible 
to the device V AA and GND pins and connected with 
short, wide traces. 

The 10 ~ capacitor shown in Figures 4, 5, and 6 is 
for low-frequency power supply ripple; the 0.1 ~ ca
pacitors are for high-frequency power supply noise 
rejection. 

When a linear regulator is used, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than or 
equal to 200 mY. This is especially important when a 
switching power supply is used, and the switching 
frequency is close to the raster scan frequency. About 
10 percent of the power supply hum and ripple noise 
less than 1 MHz will couple onto the analog outputs. 

COMP Oecoupling 

The COMP pin must be decoupled to V AA, typically 
with a 0.1 ~ ceramic capacitor. Low-frequency sup
ply noise will require a larger value. The COMP ca
pacitor must be as close as possible to the COMP and 
V AA pins. A surface-mount ceramic chip capacitor is 
preferred for minimal lead inductance. Lead induc
tance degrades the noise rejection of the circuit. 
Short, wide traces will also reduce lead inductance. 

If the display has a ghosting problem, additional 
capacitance in parallel with the COMP capacitor may 
help. 

VREF Oecoupling 

A 0.1 ~ ceramic capacitor should be used to decou-
ple this input to GND. . 
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Bt47S/477 Brooktree® 
PC Board Layout Considerations (continued) 

Digital Signal Interconnect 
The digital inputs to the Bt475 and Bt477 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 or analog 
output signals. 

Most of the noise on the analog outputs will be 
caused by excessive edge rates (less than 3 ns), over
shoot, undershoot, and ringing on the digital inputs. 

The digital edge rates should not be faster than nec
essary, as feedthrough noise is proportional to the digi
tal edge rates. Lower-speed applications will benefit 
from using lower-speed logic (3-5 ns edge rates) to re
duce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time (refer to 
Brooktree Application Notes AN-II and AN-I2). Line 
termination or line-length reduction is the solution. 
For example, logic edge rates of 2 ns require line 
lengths of less than 4 inches without use of termina
tion. Ringing may be reduced by damping the line 
with a series resistor (30-300 n). The RS-select inputs 
and RD*IWR* lines must be verified for proper levels 
with no ringing, undershoot, or overshoot. Ringing on 
these lines can cause improper operation. 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing the digital 
signals at a 90 degree angle to any analog signals. 

The clock driver and all other digital devices must be 
adequately decoupled to prevent noise generated by the 
digital devices from coupling into the analog circuitry. 

Clock Interfacing 

The Bt475 and Bt477 require a pixel clock with mono
tonic clock edges for proper operation. Impedance mis
match on the pixel clock line will induce reflections on 
the pixel clock, which may cause erratic operation. 

The Pixel Clock Pulse Width High Time and Pixel 
Clock Pulse Width Low Time minimum specifications 
(see the AC Characteristics section) must not be vio
lated, or erratic operation can occur. 

The pixel clock line must be terminated to prevent 
impedance mismatch. A series termination of 33-68 n 
placed at the pixel clock driver may be used, or a par
allel termination may be used at the pixel clock input 
to the RAMDAC. A parallel termination of 220 n to 
VCC and 330 n to ground will provide a Thevenin 
equivalent of a 110 n termination, which is normally 
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sufficient to absorb reflections. The series or parallel 
resistor values should be adjusted to provide the opti
mum clock signal fidelity. 

MPU Control Signal Interfacing 
The Bt475 and Bt477 use the RD*, WR*, and RS lines 
to determine which MPU accesses will take place. 
Glitches or ringing on any of these lines may cause im
proper MPU operation. When a VGA controller with 
edge rate control is used on these lines, a series termi
nation is not necessary. In non-VGA controller appli
cation or in applications where the MPU control sig
nals are daisy chained, a series termination, pull-down 
resistors, or additional capacitance to ground should be 
used to prevent glitches that could cause improper 
MPU accesses. 

Analog Signa/Interconnect 

The Bt475 and Bt477 should be located as close as 
possible to the output connectors to minimize noise 
pickup and reflections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk/rom 
digital lines; digital traces must not be routed under or 
adjacent to the analog output traces. 

To maximize the high-frequency power supply re
jection, the video output signals should not overlay the 
analog power plane. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. The load resistor connection be
tween the video outputs and GND should be as close as 
possible to the Bt475 and Bt477 to minimize reflections. 
Unused analog outputs should be connected to GND. 

Analog output video edges exceeding the CRT mon
itor bandwidth can be reflected, producing cab1e
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EMI and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 

The Bt475 and Bt477 analog output should be protect
ed against high-energy discharges, such as those from 
monitor arc-over or from hot-switching AC-coupled 
monitors. 

The diode protection circuit shown in Figures 4, 5, 
and 6 can prevent latchup under severe discharge con
ditions without adversely degrading analog transition 
times. The IN4148/9 parts are low-capacitance, fast
switching diodes, which are also available in multiple
device packages (FSA250X or FSA270X) or surface
mountable pairs (BA V99 or MMBD7001). 



Brooktree® Bt47S/477 
PC Board Layout Considerations (continued) 

VAA~ _________ AN_~ __ OG~P~O_W_E_R_~.Mffi~ __________ • 

COMP 

Bt475/477 

+ 
C6 

Ll r +5V(VCC) 

Cl 

GND~--~----~--~~----------------------------------- GROUND 

R3 

lREF 

10R~----_-+--I-----{ 

lOG ~------_-I-----{ P 

lOB ~----------<~---{ 

DAC 
OUTPUT 

VAA 

GND 

TO 
VIDEO 

CONNECTOR 

IN414819 

TO MONITOR 

IN414819 

Note: Each set of VAA and GND pins must be separately decoupled. 

Location Description Vendor Part Number 

CI-CS 0.1 ~ ceramic capacitor Erie RPE112ZSU104M50V 
C6 10 ~ capacitor Mallory CSR13GlO6KM 
L1 ferrite bead Fair-Rite 2743001111 

RI, R2,R3 7S n 1% metal film resistor Dale CMF-SSC 
RSET I % metal film resistor Dale CMF-SSC 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt47S/477. 

Figure 4. Typical Connection Diagram and Parts List 
(Internal Voltage Reference). 
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Bt475/477 BrooktreeOJ 

PC Board Layout Considerations (continued) 

Bt475/477 

LI 

+SV(VCC) 

CI 

~--~--~--~--~--.. --------------.. ------.. ----- GROUND 

R3 

lOR f----->----+--+----{ P 
TO 

lOG I-----------+----{ VIDEO 

CONNECTOR 

lOB I---------+.----{ 

VAA 

DAC 
OUTPUT 

~ IN4148/9 ---f+---- TOMONITOR 
IN4148/9 

GND 

Note: Each set of VA A BUd GND pins must be separately decoupled. 

Location Description Vendor Part Number 

CI-CS 0.1 IJF ceramic capacitor Erie RPEl12ZSUl04MSOV 
C6 10 IJF capacitor Mallory CSR13Gl06KM 
Ll ferrite bead Fair-Rite 2743001111 

Rl,R2,R3 7S n 1 % metal film resistor Dale CMF-SSC 
R4 1 k.Q S % resistor -

RSET 1 % metal film resistor Dale CMF-SSC 
Zl 1.2 V voltage reference National Semiconductor LM38SBZ-1.2 

.. 
Note: The vendor numbers above are listed only as a guIde. Substitution of devIces With similar charactenstics 

will not affect the perfonnBUce of the Bt47S/477. 
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Figure 5. Typical Connection Diagram and Parts List 
(External Voltage Reference). 
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Brooktree® Bt47S/477 
PC Board Layout Considerations (continued) 

8t475/477 

TIL DAC CONTROL 

O=DACS OFF 

1 =DACS ON 

L1 

+5V(VCC) 

lK 
+ 

C6 Cl 

~--------~--~--~----~------.. ----~--------~----.. GROUND 

lOG I--------~-+---_{ p 

lOB I------------------{ 

DAC 

OUTPUT 

VAA 

GND 

TO 

VIDEO 

CONNECTOR 

IN4148/9 

TO MONITOR 

IN4148/9 

Note: Each set of VAA and GND pins must be separately decoupled. 

Location Description Vendor Part Number 

CI-C5 0.1 ~ ceramic capacitor Erie RPEI12Z5Ul04M50V 
C6 10 ~ capacitor Mallory CSR13G106KM 

C7,C8 1 ~ capacitor Mallory CSR13G105KM 
L1 ferrite bead Fair-Rite 2743001111 

Rl, R2, R3 75 n 1 % metal film resistor Dale CMF-S5C 
ZI adjustable regulator National Semiconductor LM3l7LZ 

RSET 1 % metal film resistor Dale CMF-5SC 

Note: The vendor numbers above are listed only as a gUIde. Substttutton of devIces wIth SImIlar characteristtcs 
will not affect the performance of the Bt475/477. 

Figure 6. Typical Connection Diagram and Parts List 
(External Current Reference). 
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Bt475/477 
Application Information 

Using Multiple Devices 

When multipl1 121 12:d475/477s are used, each 
Bt475/477 should share a common power plane with 
one ferrite bead. If the internal reference is used, 
each Bt475/477 should use its own. 

Although the multiple Bt475/477s may be driven 
by a common external voltage/current reference, 
higher performance may be obtained if each RAM
DAC uses its own reference. This will reduce the 
amount of color channel crosstalk and color palette 
interaction. 

Each Bt475/477 must have its own RSET resistor, 
analog output termination resistors, power supply by
pass capacitors, COMP capacitor, and reference 
capacitors. 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can produce 
symptoms of catastrophic failure or erratic device be
havior with somewhat leaky inputs. 

All logic inputs should be held low until power to 
the device has settled to the specified tolerance. 
Avoid DAC power decoupling networks with large 
time constants, which couid deiay V AA power to the 
device. Ferrite beads must be used only for analog 
power V AA decoupling. Inductors cause a time con
stant delay that induces latchup. 
Latchup can be prevented by ensuring that all V AA 
pins are at the same potential and that the V AA sup
ply voltage is applied before the signal pin voltages. 
The correct power-up sequence ensures that any sig
nal pin voltage will never exceed the power supply 
voltage by more than +0.5 V. 
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Reference Selection 

An external voltage reference provides about 10 
times the power supply rejection on the analog out
puts than does an external current reference. 

Sleep Operation 

When the internal or external voltage reference is 
used, the DACs will be turned off during sleep mode. 

When an external voltage reference is used, some 
internal circuitry will still be powered during the 
sleep mode, resulting in 0.5 rnA of power supply cur
rent being drawn (above the rated supply current 
specifications). This unnecessary current drain can 
be disabled by turning off the external voltage refer
ence during sleep mode. 

When an external current reference is used, the 
DACs are not turned off during the sleep mode. To 
disable the DACs during sleep mode, the current ref
erence must be turned off. As shown in Figure 6, a 
TTL signal and the 2N2222 transistor are used to dis
able the current reference during sleep mode. The 
SLEEP enable bit is not initialized on power-up and 
must be a logical zero for normal operation. 



Brooktree@ Bt475/477 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 
110.80.66 MHz Parts 4.75 5.00 5.25 V 
50. 35 MHz Parts 4.5 5.00 5.5 V 

Ambient Operating Temperature TA 0 +70 DC 

Output Load RL 37.5 n 
Voltage Reference Configuration 

Reference Voltage VREF 1.14 1.235 1.26 V 
Current Reference Configuration 

lREF Current lREF 
Standard RS-343A -3 -8.39 -10 rnA 
PS/2 Compatible -3 -8.88 -10 mA 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VAA (measured to GND) 7.0 V 

Voltage on any Signal Pin (Note 1) GND-O.5 VAA+O.5 V 

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

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) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an ESD
sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 V can 
induce destructive Iatchup. 
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Bt47S/477 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 
Bt475 6 6 6 Bits 
Bt477 8 8 8 Bits 

Accuracy (each DAC) 
Integral Linearity Error lL 

Bt475 ±1I4 LSB 
Bt477 ±l LSB 

Differential Linearity Error DL 
Bt475 ±1I4 LSB 
Bt477 ±l LSB 

Gray-Scale Error ±5 % GrayScale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage VIR 2.0 VAA+.0.5 V 
Input Low Voltage VlL GND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) IIH 1 ~ 
InputLow Current (Vin;= 0.4 V) IlL -I ~ 
Input Capacitance CIN 7 pF 

(f = I MHz, Vin = 2.4 V) 

Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -400 IJA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
3-State Current IOZ 50 ~ 
Output Capacitance CDOUT 7 pF 

See test conditions on next page. 
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Brooktree@ Bt475/477 
DC Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Gray-Scale Current Range 20 rnA 
Output Current 

White Level Relative to Black (Note I) 16.74 17.62 18.50 rnA 
Black Level Relative to Blank 

Setup = 7.5 IRE 0.95 . 1.44 1.90 rnA 
Setup=OIRE 0 5 50 J.IA 

Blank Level 
Sync Enabled 6.29 7.62 8.96 rnA 
Sync Disabled 0 5 50 J.IA 

Sync Level 0 5 50 J.IA 
LSB Size 

Bt475 279.68 J.IA 
Bt477 69.1 J.IA 

DAC-to-DAC Matching 2 5 % 
Output Compliance VOC -D.5 +1.5 V 
Output Impedance RAOUT 10 kn 
Output Capacitance CAOUT 30 pF 

(f = I MHz, lOUT = 0 rnA) 

Internal Reference Output VREF 1.11 1.235 1.36 V 

Power Supply Rejection Ratio (Note 2) PSRR 0.5 %1 % !:J.VAA 
(COMP = 0.1 ~, f = I kHz) 

Test conditions to generate RS-343A standard video signals (unless otherwise specified): "Recommended 
Operating Conditions" with external voltage reference, RSET = 147 n, VREF = 1.235 V, SETUP = 7.5 IRE, and 
475/471 * (477/471 *) pin = logical one. As the above parameters are guaranteed over the full temperature .range, 
temperature coefficients are not specified or required. Typical values are based on nominal temperature, i.e., room 
temperature, and nominal voltage, i.e., 5 V. 

When the internal voltage reference is used, RSET may require adjustment to meet these limits. Also, the gray-scale 
output current (white level relative to black) will have a typical tolerance of flO percent rather than the ±5 percent 
specified above. 

Note 1: Since the Bt475 has 6-bit DACs (and the Bt477 when in the 6-bit mode), the output levels are 
approximately 1.5-percent lower than these values. 

Note 2: Guaranteed by characterization, not tested. 
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Bt47S/477 
AC Characteristics 

110 MHz Devices 

Parameter Symbol Min 

Clock Rate Fmax 

RSO-RS2 Setup Time 1 3 
RSO-RS2 Hold Time 2 3 

RD* Asserted to Data Bus Driven 3 5 
RD* Asserted to Data Valid 4 
RD* Negated to Data Bus 3-Stated 5 
Read Data Hold Time 6 5 

Write Data Setup Time 7 10 
Write Data Hold Time 8 3 

RD*, WR* Pulse Width Low 9 50 
RD*, WR* Pulse Width High 10 ~·p13 

Pixel and Control Setup Time 11 3 
Pixel and Control Hold Time 12 3 

Clock Cycle Time (P13) 13 9 
Clock Pulse Width High Time 14 4 
Clock Pulse Width Low Timc 15 4 

Analog Output Delay 16 
Analog Output RiselFall Time 17 
Analog Output Settling Time (Note 1) 18 
Clock and Data Feedthrough (Note 1) 
Glitch Impulse (Note 1) 
DAC-to-DAC Crosstalk 
Analog Output Skew 

SENSE* Output Delay 19 

Pipeline Delay 4 

'! AA Supply Current (Note 2) 
normal operation 

sleep enabled (Note 3) 

See test conditions and the notes at the end of this section. 
See, also, Figures 7 and 8. 
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Typ Max 

110 

40 
20 

30 
3 

13 
-30 
75 

-23 
2 

1 

220 280 

1 1.5 

Brooktree@ 

80 MHz Devices 66 MHz Devices 

Min Typ Max Min Typ Max Units 

80 66 MHz 

3 3 ns 
3 3 liS 

5 5 ns 
40 40 ns 
20 20 ns 

5 5 ns 

10 10 ns 
3 3 liS 

50 50 ns 
6*p13 6*p13 ns 

3 3 ns 
3 3 ns 

12.5 15.15 ns 
4 5 ns 
4 5 ns 

30 30 ns 
3 3 liS 

13 13 ns 
-30 -30 dB 
75 75 pV - sec 

-23 -23 dB 
2 2 ns 

1 1 j.IS 

4 4 4 4 4 4 Clocks 

180 240 180 240 rnA 

1 1.5 1 1.5 rnA 



Brooldree® 
AC Characteristics (continued) 

Parameter Symbol 

Clock Rate 

RSO-RS2 Setup Time 
RSO-RS2 Hold Time 

RD· Asserted to Data Bus Driven 
RD* Asserted to Data Valid 
RD* Negated to Data Bus 3-Stated 
Read Data Hold Time 

Write Data Setup Time 
Write Data Hold Time 

RD*, WR* Pulse Width Low 
RD*, WR* Pulse Width High 

Pixel and Control Setup Time 
Pixel and Control Hold Time 

Clock Cycle Time (p13) 
Clock Pulse Width High Time 
Clock Pulse Width Low Time 

Analog Output Delay 
Analog Output RiselFall Time 
Analog Output Settling Time (Note 1) 
Clock and Data Feedthrough (Note 1) 
Glitch Impulse (Note 1) 
DAC-ro-DAC Crosstalk 
Analog Output Skew 

SENSE* Output Delay 

Pipeline Delay 

VAA Supply Current (Note 2) 
normal operation 

sleep enabled (Note 3) 

See test conditions and notes on next page. 
See, also, Figures 7 and 8. 

Fmax 

1 
2 

3 
4 
5 
6 

7 
8 

9 
10 

11 
12 

13 
14 
15 

16 
17 
18 

19 

IAA 

50 MHz Devices 

Min Typ Max 

50 

3 
3 

5 
40 
20 

5 

10 
3 

50 
6*p13 

3 
3 

20 
6 
6 

30 
3 

20 
-30 
75 

-23 
2 

1 

4 4 4 

180 240 

1 1.5 

Bt475/477 

35 MHz Devices 

Min Typ Max Units 

35 MHz 

3 ns 
3 ns 

5 ns 
40 ns 
20 ns 

5 ns 

10 ns 
3 ns 

50 ns 
6*p13 ns 

3 ns 
3 ns 

28 ns 
7 ns 
9 ns 

30 ns 
3 ns 

28 ns 
-30 dB 
75 pV - sec 

-23 dB 
2 ns 

1 !IS 

4 4 4 Clocks 

180 240 rnA 

1 1.5 rnA 
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Bt475/477 
AC Characteristics (continued) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with external voltage reference, RSET = 
147 n, VREF = 1.235 V, SETUP = 7.5 IRE, and 475/471 * (477/471 *) pin = logical one. TTL input values are 0-3 V with 
input ri~fall times :S: 4 ns, measured between the 100percent and 9O-percent points. Timing reference points are at 50 percent 
for inputs and outputs. Analog output load:S: 10 pF. SENSE*, DO-D7 output load ~ 75 pF. See timing notes in Figure 8. As 
the above parameters are guaranteed over the full temperature range, temperature coefficients are not specified or required. 
Typical values are based on nominal temperature, i.e., room temperature, and nominal voltage, i;e:, 5 V. 

Note 1: Clock and data feedthrough is a function of the number of edge rates, and the amount of overshoot and undershoot on 
the digital inputs. For this test, the digital inputs have a lk n 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, and 
-3 dB test bandwidth = 2x clock rate. 

Note 2: At Fmax. IAA (typ) at V AA = 5.0 V. IAA (max) at VAA (max). 
Note 3: External current or voltage reference is disabled during sleep mode, and pixel clock is inhibited. Guaranteed by 

characterization, not tested. 
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Brooktree@ Bt475/477 
Timing Waveforms 

RSO, RSI, RS2 

RD·, WR* 

00-07 (READ) 

00 - D1 (WRITE) 

CLOCK 

PO-P1,OLO-OL3, 
SYNC., BLANK. 

lOR, lOG, lOB 

lOR, lOG, lOB 

SENSE" 

I I 2 I 

VALID * 9 

\0 

4 

~r-S 
I 

3 -
V OATA OUf(RO' =0) 

" ./ - f--6 

t OATA IN (WR' = 0) 

7 

- -8 

Figure 7. MPU ReadIWrite Timing. 

~ 
-J- 17 

39SmV---', ~ 
32S mv----f"r ' 

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

Note 2: Settling time is measured from the 50-percent point of full scale transition to the output 
remaining within ±l LSB (Bt477) or ±1I4 LSB (Bt475). 

Note 3: Output rise/fall time is measured between the IO-percent arid 90-percent points of 
full-scale transition. 

Figure 8. Video Input/Output Timing. 
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Bt47S/477 
Ordering Information 

Color AmbIent 
Model Number Palette Overlay Speed Package Temperature 

RAM Palette Range 

Bt475KPI80 256 x 18 15 x 18 80 MHz 44-pin Plastic 00to+70°C 
I-Lead 

Bt475KPI66 256 x 18 15 x 18 66 MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt475KPI50 256 x 18 15 x 18 50 MHz 44-pin Plastic 0° to +70° C 
I-Lead 

Bt475KPJ35 256 x 18 15 x 18 35 MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt477KPJlI0 256x24 15 x24 110 MHz 44-pin Plastic 0° to +70° C 
I-Lead 

Bt477KPJ80 256 x 24 15 x24 80 MHz 44-pin Plastic 0° to +70° C 
I-Lead 

Bt477KPI66 256 x 24 15 x24 66 MHz 44-pin Plastic 0° to +70° C 
I-Lead 

Bt477KPI50 256x24 15 x24 50 MHz 44-pin Plastic 0° to +700 C 
I-Lead 

Bt477KPJ35 256x24 15 x24 35 MHz 44-pin Plastic 0° to +70° C 
J-Lead 
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Preliminary Information 

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

Distinguishing Features 

• 8S and 75 MHz Operation 
• Supports 8:8:8:8, 24-bit True Color 

and VGA Overlay 
• Supports 8:8:8 24-bit True-Color Format 
• Supports 5:6:5 XGA True-Color Format 
• Supports 5:5:5 TARGA True-Color 

Format 
• 32 x 32 x 2 User-Definable 

Hardware Cursor 
• Bt471147S/476/477/478 Pin Compatible 
• Power-On-Reset for Internal Registers 
• Power-Down Mode 
• Antisparkle Circuitry 
• Analog Output Comparators 
• Triple 6-bit (8-bit) D/A Converters 
• 256 x 18 (24) Color Palette RAM 
• 3 x 18 (24) Cursor Color Palette 
• 15 x 18 (24) Overlay Registers 
• Optional Internal Voltage Reference 
• Programmable Pedestal 

Functional Block Diagram 

PO 

OLO 

SETUP 

• Sync on all Three Channels 
• Standard MPU Interface 
• 44.-pin PLCC Package 

Applications 

• High-Resolution Color 
Graphics 

• CAE/CAD/CAM 
• Image Processing 
• Instrumentation 
• Desktop Publishing 
• Laptop Computers 

Related Products 

• Bt471 • Bt475 
• Bt476 • Bt477 
• Bt478 

OPA 

COMP 

lOR 

lOG 

lOB 

SENSE'" 

6'/8 

DO~D1 RD* WR* RSO RSI RS2 

Brooktree Corporation' 9950 Barnes Canyon Rd.· San Diego, CA 92121 
(619) 452-7580' (800) VIDEO IC' TLX: 383596' FAX: (619) 452-1249 
lA82001 Rev. C 

Bt481 

Bt482 
256-Word Color Palette 
15-, 16-, and 24-bit True 

Color Power-Down 
RAMDACs™ 

Product Description 

The Bt481 and Bt482 RAMDACs are de
signed specifically for high-performance 
color graphics. 

Both the Bt481 and Bt482 support three 
true-color modes: IS-bit (5:5:5, 32K colors) 
TARGA format, 16-bit (5:6:5, 65K colors) 
XGA format, and 24-bit (8:8:8, 16.8M col
ors) true-color format. They also support 8-
bit pseudo-color format (256 colors). 

The Bt482 has a 256 x 18(24) lookup table 
RAM, 15xI8(24) overlay registers, 32 x 32 x 
2 user-definable cursor, 4 x 24 cursor color 
palette and triple 8-bit D/A converters. Both 
6-bit and 8-bit color modes are supported. The 
Bt481 is identical to the Bt482, but the Bt481 
has no 32 x 32 x 2 cursor RAM. Both devices 
can support an external cursor. External cur
sor data is routed through the 3 x 24 cursor col
or palette to provide three modes for color se
lection. Mode 1 is a three-color cursor, Mode 
2 is referred to as PMlWindow or XGA cur
sor, and Mode 3 is referred to as an X
Windows cursor. 

A power-down mode is available on both 
the Bt481 and the Bt482 to reduce power re
quirements when the analog outputs are not 
used. This is useful in laptop computer sys
tems that require the option to drive an exter
nal RGB monitor. 

Both the Bt481 and the Bt482 have on
chip analog output comparators to simplify 
diagnostics and debugging, with the result 
output onto the SENSE* pin. Also included 

.. 



Bt481/482 
Product Description (continued) 

, 

is an on-chip voltage reference to simplify use of the device. 
On power-up, the Bt481 and Bt482 behave as the 

Bt471 or Bt478, including their antisparlde capabilities, 
on-chip voltage reference, and analog output comparators. 

A power-on reset is available on the Bt4811482 devices to 
initialize internal registers. 

The Bt481 and Bt482 generate RS-343-compatible video 
signals into a doubly-terminated 75 n load. 

Detailed Block Diagram. 
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Circuit Description 

MPU Interface 
As illustrated in the functional block diagram, the Bt481 and 
Bt482 support 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 addresses the color palette RAM and 
overlay registers, eliminating the requirement for external 
address 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 3 bytes of color information are concatenated 
into an 18-bit or 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 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 perfonning continuous 
RGB 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 address are copied into the 
RGB 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 
RGB registers and .the address register again increments. A 
block of color val~es in consecutive locations may be read 

RS2 RS1 RSO 

Bt481/482 

by writing the start address and perfonning continuous RGB 
read cycles until the entire block has been read. 

Writing Overlay and Cursor Color Oats 
To write overlay or cursor color data, the MPU writes the 
address register (overlay write mode) with the address of the 
overlay or cursor color 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 
or cursor color registers. After the blue write cycle, the 3 
bytes of color information are concatenated into an 18-bit or 
24-bit word and written to the overlay or cursor color 
location specified by the address register. The address 
register then increments to the next location, which the MPU 
may modify by 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 
perfonning continuous RGB write cycles until the entire 
block has been written. In order to write the cursor color 
registers, bit CR3 in the cursor register must be a logical 
zero (see Table 2). 

Reading Overlay and Cursor Color Data 
To read overlay or cursor color data, the MPU loads the 
address regisret (overlay read mode) with the address of the 
overlay or cursor color location to be read. The contents of 
the overlay or cursor color register at the specified address 
are copied into the RGB registers, and the address register is 
incremented to the next overlay or cursor color location. The 
MPU performs three successive read cycles (6 or 8 bits each 
of red, green, and blue), using RSO-RS2 to select the overlay 
or cursor color registers. Following the blue read cycle, the 
contents of the overlay or cursor color location at the address 
specified by the address register are copied into the RGB 
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 RGB 
read cycles until the f'ltire block has been read. In order to 
read the cursor color registers, bit CR3 in the cursor register 
must be a logical zero (see Table 2). 

Addressed by MPU 

0 0 0 address register (palette & cursor RAM write mode) 
0 I I address register (palette & cursor RAM read mode) 
0 0 I color palette RAM 
0 I 0 pixel read mask register 

I 0 0 address register (overlay & cursor color write mode) 
I I I address register (overJay& cursor color read mode) 
I 0 I overlay registers 
I I 0 command register A 

Table 1. Control Input Truth Table. 
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Bt481/482 BrooktreeQl 
Circuit Description (continued) 

Value RS2 RS1 RSO CR3 Addressed by MPU 

ADDRa. b (counts modulo 3) 00 red value 
01 green value 
10 blue value 

ADDR0-7 (counts binary) $OO-$FF 0 0 1 x color palette RAM 
00000000 1 0 1 x reserved 
00000001 1 0 1 x overlay color 1 

: : : : : : 
0000 1111 1 0 1 x overlay color 15 

00010000 1 0 1 0 reserved 
00010001 1 0 1 0 cursor color register 1 
000100lO 1 0 1 0 cursor color register 2 
00010011 1 0 1 0 cursor color register 3 
$OO-$FF 1 0 1 1 cursor RAM 

Table 2. Address Register (ADDR) Operation. 

15-, 16-, and 24132-Bits-per-Pixel 
Operation 
When the 15-. 16-. or 24/32-bit per pixel modes are activated 
(see Command Register A in the Internal Registers section), 
the inputs accept 16. 24. or 32 bits of pixel information from 
the 8-pin pixel port PO-P7. The 8-bitinputs form a 16- or 24-
bit pixel (B 15~1B23-BO) to directly drive the 8-bit triple vid
eo DACs. The color lookup table and the read mask register 
are bypassed. Internally. the unused LSBs of all DACs are 
forced to zero in 15- or 16-bits-per-pixel modes. The 16- and 
24-bit word (BI5-01B23-BO) is assigned to the DACs in the 
following format: 

8:8:8:8 5:6:5 5:5:5 
True-Color XGA TARGA Comments 

Format Format Format 

B15 Ignored 

B7-BO BI5-Bll BI4-BlO RedDAC 

B15 -B8 BlO-B5 B9-B5 GreenDAC 

B23-B16 B4-BO B4.-BO BlueDAC 
Palette or 

B31-B24 Masked 

15-, 16-, and 24-Bits-per-Pixel 
Dual-Edge Clock 
In the 15- and 16-bit-per-pixel dual-edge clock mode (see 
the command register bits A7-A4 description in the Internal 
Registers section). the least significant byte is latched on the 
rising edge of the pixel clock when BLANK* high is 
latched. Also in this mode. the most significant byte is 
latched on the falling edge of the pixel clock when BLANK* 
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high is latched. Therefore. only one input clock period is re
quired to load a 16-bit pixel. 

In the 32-bit-per-pixel dual-edge dock mode. 32 bits of 
data. 24 bits of true color and 8 bits of palette index are 
latched on two rising and two falling edges. Therefore. only 
two input clock cycles are required to load a 32-bit pixel. If 
palette indexing is not required. logical zeros can be written 
for the palette overlay data. as location zero in the palette 
RAM cannot be accessed in this mode. Or palette overlay 
data can be masked out through the pixel read mask register. 
If the palette index data is not a logical zero or masked. the 
data will address anyone of 255 locations in the palette 
RAM. Palette data has priority over bypass data. 

15-, 16-, and 24-Bits-per-Pixel 
Single-Edge Clock 
In the 15- and 16-bit-per-pixel single-edge clock mode (see 
Command Register A in the Internal Registers section). the 
inputs accept 16 bits of information by using two input clock 
cycles. The least significant byte is latched on the first rising 
edge of the input clock. and the most significant byte is 
latched on the second rising edge of the input clock. The 
bytes are synchronized with the BLANK* signal. The first 
byte latched after BLANK* goes high is the least significant 
byte. Since a pixel is latched in two clock cycles. the input 
clock must be twice as fast as the internal pipeline clock. 
The Bt481 and Bt482 each have an internal divider to gener
ate the pipeline clock from the input clock. 

In the 24-bit-per-pixel single-edge clock mode. the inputs 
accept 24 bits of pixel data by using three input clock cycles. 
The red byte is latched on the first rising edge of the pixel 
clock when BLANK* high is latched. The next two clock 
cycles latch the green and blue bytes. Since a 24-bit pixel is 



Brooktree® 
Circuit Description (continued) 

latched in three input clock cycles, the input clock must be 
three times as fast as the internal pipeline clock. The Bt481 
and Bt482 each have an internal divider to generate the pipe
line clock from the pixel input clock. Palette data has priori
ty over bypass data. 

Additional Information 
When the MPU is accessing the color palette RAM, the ad
dress register resets to $00 following a blue read or write cy
cle to RAM location $FF. While the MPU is accessing the 
overlay color registers, the 4 most significant bits of the ad
dress 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 di
agram) are synchronized by internal logic. Data transfers 
take place in the period between MPU accesses. To reduce 
noticeable sparkling on the CRT during MPU access to the 
color palette RAMs, internal logic maintains the previous 
output color data on the analog outputs while the transfer be
tween lookup table RAMs and the RGB registers occurs. 

To keep track of the red, green, and blue read/write cycles, 
the address register has 2 additional bits (ADDRa and 
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 8 bits of the address register, incremented following a 
blue read or write cycle (ADDR0-7), are accessible to the 
MPU. These bits are used to address color palette RAM loca
tions and overlay registers, as specified in Table 2. The MPU 
may read the address register at any time without modifying 
its contents or the existing read/write mode. The pixel clock 
must be active for MPU accesses to the color palette RAM. 

Accessing Cursor Control Registers 
and Control Register B 
A cursor register, CR; four cursor position registers; and a 
second control register, B, were defined to control the cur
sor, setup select, 6- or 8-bit select, and the sleep modes of 
the Bt4811482. Since there are only three register select lines 
(and all eight combinations have already been used), the cur
sor register; cursor X,Y registers; and Command Register B 
must be accessed indirectly. 

For example, the cursor register is accessed with the fol
lowing sequence of operations: 
I. Set RS2 - RSO = 110 in Command Register A. 
2. Write a logical one to command register bit AO. 
3. Set RS2 - RSO = 000 in address register write mode. 
4. Write address register to 0000 0011. 
5. Set RS2 - RSO = 010 in read mask register. 
6. Read or write cursor register. 

Table 3 contains specifications to indirectly address other 
registers. 

Bt481/482 

Accessing Command Registers 
without the RS2 line 
When the cursor or overlay functionality of the Bt4811482 is 
not used and the Register Select Line 2 (RS2) must be tied 
low at all times, the command registers of the Bt4811482 can 
still be accessed. 

A flag will be set when the pixel read mask register (RS 1 
= 1 and RSO = 0) is read four times consecutively. The next 
write to the pixel read mask register will be directed to Com
mand Register A and can be used to set the bits in that regis
ter. Any access of the command register thereafter will also 
require four consecutive reads to the pixel read mask regis
ter. A write to any address or a read to any address other 
than the pixel read mask register will reset the flag. 

When the extended registers are accessed (Bit AO = 1), 
this feature is disabled. 

Accessing the Cursor RAM Array 
(Bt482 only) 
The 32 x 32 x 2 cursor RAM is accessed in a planar format. 
In the planar format only 7 address bits are used. The eighth 
bit determines which plane (0 or 1) data of the cursor RAM 
array is accessed. A single address presented to the cursor 
RAM accesses eight bit locations in plane 0 or 1, depending 
on the state of address bit 7. 

After each access in the planar format, the address incre
ments. The MPU uses ADDR, a binary address counter, to 
access the cursor RAM array (see Table 2). ADDR is the 
same binary counter used for RGB autoincrementing. Any 
write to ADDR after cursor autoincrementing has 'been ini
tiated resets the cursor auto incrementing logic until cursor 
RAM array has again been accessed. Cursor autoincrement
ing will then begin from the address written. A read from the 
ADDR does not reset the cursor autoincrementing logic. To 
access the 32 x 32 x 2 cursor RAM, a logical one must be 
written to bit CR3 in the cursor register. The cursor register 
must be indirectly accessed. 

Cursor Operation (Bt482 only) 
The Bt482 has an on-chip, three-color, 32 x 32 x 2 pixel 
user-definable cursor. This cursor works with both interlaced 
and noninterlaced systems. 

The pattern for the cursor is provided by the cursor RAM, 
which may be accessed by the MPU at any time. The cursor 
is positioned through the cursor position register (Xp, Yp) 
(see Figure 1). A (O,D) written to the cursor position registers 
will place the cursor completely offscreen. A (1,1) written to 
the cursor position registers will place the lower right pixel 
of the cursor on the upper left corner of the screen. Only one 
cursor pattern per frame is displayed at the location specified 
for both interlaced and noninterlaced display formats, regard
less of the number of updates to (Xp, Yp). The cursor's verti
calor horizontal location is. not affected during any frame 
displayed. There are no restrictions on updating (Xp,Yp) oth
er than both cursor position registers must be written when 
the cursor location is updated. Internal x and y position regis-
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Circuit Description (continued). 

Value RS2 RS1 RSO BitAO Registers 

ADDR 0-7 (counts binary) 00000000 0 1 0 1 Read Mask Register 

00000001 0 1 0 1 Overlay Mask Register 

00000010 0 1 0 1 Command Register B 

00000011 0 1 0 1 Cursor Register 

00000100 0 1 0 1 Cursor X Low Register 

00000101 0 1 0 1 Cursor X High Register 

00000110 0 1 0 1 Cursor Y Low Register 

00000111 0 1 0 1 Cursor Y High Register 

Table 3. Indirect Register Addressing Truth Table. 

BLANK-:J 
x 1-'-------

32x32 
CURSOR
AREA 

DISPLAY AREA 

L 

Y 

Figure 1. Cursor Positioning. 

ters are loaded after the upper byte of Yp has been written to 
ensure one cursor pattern per frame at the correct location. 
The cursor pattern is displayed at the last cursor location 
written. Cursor positioning is relative to BLANK" (see Fig
ure 1). The reference point of the cursor, row 0, column 0, is 
in the lower right corner. The cursor Xp position is relative to 
the fIrSt rising edge of pixel clock when BLANK" is sampled 
at logical one. The cursor Yp position is relative to the fIrSt 
rising edge of pixel clock when BLANK" is sampled at logi
cal one after the vertical blanking iIlterval has been deter
mined. If a BLANK" transition from logical zero to logical 
one does not occur within 2048 pixel clocks, vertical blank
ing has been asserted. 

The cursor pattern can be displayed in an interlaced sys
tem if bit CR4 in the cursor register is a logical one. When 
bit CR4 in the cursor register has been set to logical one, the 
SETUP pin will become the FLD* pin. The SETUP can then 
be controlled only through bit B5 in Command Register B 
(see the Pin Description and Cursor Register sections). If Yp 

4-126 SECTION 4 

is greater than 32 ($0020) and less than or equal to 4095 
($OFFF), the first cursor line displayed depends on the state 
of the FLD* pin and the value of Yp. If Yp is an even num
ber, the data in row 0 of the cursor RAM array will be dis
played during the even field, and the data in row 31 of the 
cursor RAM will be displayed during the odd field, starting 
at the position specified by (Xp,Yp). Each subsequent scan 
line displayed in the even field will correspond to every al
ternate active cursor line after row 0 in the cursor RAM ar
ray. During the odd fields, row 1 of the cursor RAM array is 
displayed on the first odd scan line at the position specified 
by (Xp, Yp). Each subsequent scan line displayed in the odd 
field will correspond to every alternate active cursor line af
ter row 1 in the cursor RAM array. 

IfYp is an odd number, the data in row 0 of the cursor RAM 
array will be displayed during the Odd field, and the data in 
row 31 of the cursor RAM will be displayed during the even 
field, starting at the position specified by (Xp,Yp). Each sub
sequent scan line displayed in the odd field will correspond to 
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Circuit Description (continued) 

every alternate active cursor line after row 0 in the cursor 
RAM array. During even fields, row 1 of the cursor RAM ar
ray is displayed on the first even scan line, at the position 
specified by (Xp, Yp). Each subsequent scan line displayed 
in the even field will correspond to every alternate active cur
sor line after row 1 in the cursor RAM array. 

If Yp is less than 32 ($0020), cursor display does not de
pend on whether Yp is odd or even. If the FLD* pin is a log
ical zero, the first line of the cursor is displayed on scan line 
one. Every alternate active cursor line in the cursor RAM ar
ray relative to the first active cnrsor line in the even field, 
will correspond to subsequent scan lines in the even field. If 
the FLD* pin is a logical one, the second active cursor line 
in the cursor RAM array is displayed on scan line two. Each 
subsequent scan line displayed in the odd field corresponds 
to alternate cursor lines in the cursor RAM array relative to 
the first active cursor line in the odd field. 

If bit CR4 is a logical zero, the cursor must be displayed 
in a noninterlaced system. Scan lines displayed in a frame 
correspond to sequential cursor lines in the cursor RAM 
relative to the first active cursor line in the frame. 

Figure 2 is a visual explanation of planar pixel format 
and cursor RAM array pixel mapping. 

External Cursor Support 
The Bt481 does not have an onboard cursor RAM but can 
support an external cursor. The external cursor data can be 

Bt481/482 

input via the two MSB overlay pins (OL3 and OL2). When 
external cursor data is accepted, only the first four locations 
of the overlay palette can be addressed, since the MSB bits 
become cursor inputs. When a Bt481 is used, bits CR5, 
CR4, and CR3 in the cursor register are set to logical 1, 0, 
and 0, respectively. All cursor X,Y registers are no longer 
valid. The Bt481, like the Bt482, has a 4 x 24 cursor color 
register to support three cursor modes (see Cursor Color 
Support and Table 4). When a Bt482 is used, only one type 
of cursor can be used, either internal or external, at any giv
en time. Bit CR5 in the cursor register controls cursor type. 

Cursor Color Support 

The cursor has three modes for color selection. Bits CRO 
and CRI in the cursor register determine which cursor 
mode is to be used. Mode 1 is a three-color cursor, Mode 2 
is referred to as a PMlWindow cursor, and Mode 3 is re
ferred to as an X-Windows cursor (see Table 4). 

Highlight Logic 

The highlight logic is enabled in Cursor Mode 2 when cur
sor index data (plane 1 and plane 0) is logical one (see Ta
ble 5). When the highlight logic is enabled, the pixel high
lighted will have a unique color becanse the highlight logic 
bit-wise complements the 24/IS-bit palette or bypass data 
supplied to the DACs. 

~----~~C~o~lo~r~3~ 32 
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LSB 1 0 r MSB 
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128 1 1 101100 
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Color 1 Cursor 
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Figure 2. Planar Cursor Pixel Format and Mapping. 
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Circuit Description (continued) 

Cursor InterlacedlNoninterlaced 
Display Operation 
For the cursor display, the output sequence is dependent on 
the CR4 command bit and the FLD* input, e.g., when 
either interlaced or noninterlaced operation is selected, the 
current field is displayed. 

Scan line 1 is always displayed first in the interlaced 
mode and is considered the first line of the EVEN field. In 
the noninterlaced mode, scan line 2 immediately follows 
scan line 1. In the interlaced mode, scan line 2 is 
considered to be the ftrst line of the ODD field and is 

Plane 1 Plane 0 MODE 1 

0 0 PalettelOL Data 

0 1 Cursor Color 1 

1 0 Cursor Color 2 

1 1 Cursor Color 3 

Brooktree@ 

displayed only after the entire EVEN field has been 
displayed and the FLD* pin has been toggled. 

Only the ODD lines or only the EVEN lines will be 
displayed, if the FLD* does not change. 

Figure 3 shows the interlaced and noninterlaced display 
scan. Noninterlaced display scan is equal to one frame. 
Interlaced display scan is equal to one frame with odd and 
even fields. 

MODE 2 MODE 3 

Cursor Color 1 PalettelOL Data 

Cursor Color 2 PalettelOL Data 

PalettelOL Data Cursor Color 1 

PalettelOL Data Cursor Color 2 
Complement 

Table 4. Cursor Color Modes. (Planes 1 and 0 refer to the Internal Cursor RAM.) 

Cursor Mode CRS OL3-0LO PO-P7 Addressed by Pixel Port 

1 0000 $xx palette dataJbypass 
1 0001 $xx overlay color 1 
1 0010 $xx overlay color 2 
1 0011 $xx overlay color 3 

Mode 1 1 OOxx $xx palettelOL data 
Mode 1 1 Olxx $xx cursor color register 1 
Model 1 lOxx $xx cursor color register 2 
Model 1 11xx $xx cursor color register 3 

Mode 2 1 OOxx $xx cursor color register 1 
Mode 2 1 01xx $xx cursor color register 2 
Mode 2 1 lOxx $xx palettelOL data 
Mode 2 1 11 xx $xx palettelOL data complement 

Mode 3 1 OOxx $xx palettelOL data 
Mode 3 1 Olxx $xx palettelOL data 
Mode 3 1 lOxx $xx cursor color register 1 
Mode 3 1 11xx $xx cursor color register 2 

The cursor data has priority over the overlay data. OL3 and OL2 are used for external cursor support. 

Table 5. External Cursor Color and Overlay Control Truth Table (Pixel/OL Read Mask Register = $FF). 
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Noninterlaced 

--------------------------------------------------------------------------------------- LINE 1 
--------------------------------------------------------------------------------------- LINE 2 

--------------------------------------------------------------------------------------- LINE N 

Interlaced 

_______________________________________ ..even field___________________________________ LINE 1 

----------------------------------------odd field -------------______________________ LINE 2 
_______________________________________ ..even field___________________________________ LINE 3 

----------------------------------------odd field ____________________________________ LINE 4 

---------------------------------------- odd field ------------------------------------ LINE N 

Figure 3. Interlaced / Noninterlaced Display Operation. 

6-Bit/8-Bit Color Selection 
The command register bit BI or the 6~/8 pin can be used to 
specify whether the MPU is reading and writing 6 bits or 8 
bits of color infonnation each cycle. The 6*/8 bit (bit BI in 
Command Register B) and the 6*/8 pin (pin #2) are 
logically ANDed. If the 6*/8 bit is a logical one, the 6*/8 
pin controls 6- or 8-bit operation. While the 6*/8 bit 
remains at logical zero, the MPU will read and write 6 bits 
of color infonnation 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 
6 bits of the data bus; DO is the LSB, and D5 is the MSB of 
color data. When color data is written, D6 and D7 are 
ignored. During color read cycles, D6 and D7 will be a 
logical zero_ 

Accessing the cursor RAM array does not depend on the 
resolution of the DACs. If the 6*/8 pin is held low (6-bit 
operation), the Bt4811482 will emulate a Bt471. 

In the 6-bit mode, the Bt4811482's full-scale output 
current will be about 1.5 percent lower than when in the 
8-bit mode. This is because the 2 LSBs of each 8-bit DAC 
are always a logical zero when in the 6-bit mode. 

Power-Down Mode 
The Bt481 and Bt482 incorporate a power-down capability, 
controlled by the SLEEP command bit. While the SLEEP 
bit is a logical zero, the Bt4811482 functions normally. 

While the. SLEEP bit is a logical one, the DACs and 
power to the RAM are turned off. The RAM still retains 
the data. Also, the RAM may still be read or written to 
while the SLEEP bit is a logical one 'if the pixel clock is 
running. The RAM automatically powers up during MPU 

read/write cycles and shuts down when the MPU access is 
complete. The DACs will be turned off during sleep mode 
only if a voltage reference (internal or external) is used. If 
an external current reference is used, external circuitry 
should turn off the current reference (IREF = 0 rnA) during 
sleep mode. 

When an external voltage reference is used, external 
circuitry should turn off the voltage reference (VREF = 0 
V) to further reduce power consumption caused by biasing 
of portions of the internal voltage reference. 

SENSE'" Output 
SENSE* is a logical zero if one or more of the lOR, lOG, 
and lOB outputs have exceeded the internal voltage 
reference level of the SENSE comparator circuit. This 
output is used to determine the presence of a CRT monitor 
and, with diagnostic ~ode, the difference between a loaded 
or unloaded RGB line can be discerned. The reference is 
generated by a voltage divider from the external 1.235 V 
voltage reference on the VREF pin. For proper operation 
of the SENSE circuit, the following levels should be 
applied to the comparator with the lOR, lOG, and lOB 
outputs: 

DAC Low Voltage ~ 310 mV (see Note) 
DAC High Voltage ~ 430 mV (see Note) 

There is an additional ± 1 0 percent tolerance on the above 
levels when the internal voltage reference or an external 
current reference is used. SYNC* should be a logical zero 
for SENSE* to be stable. 

Note: SENSE values are subject to change upon 
completion of characterization_ 
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Circuit Description (continued) 

Controller Interface 
The PO-P7 and OLO-OL3 inputs are used to address the 
color palette RAM and overlay registers, as shown in Table 
6. 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 register are bit-wise logically 
ANDed with the OLO-OL3 inputs. Bit DO of the overlay 
read mask register corresponds to overlay input OLO, and 
bit D3 of the overlay read mask register corresponds to 
overlay input OL3. Bits D4-D7 of the overlay read mask 
register are ignored. Two consecutive write operations must 
be performed to write to the overlay read mask register. 
The first write is to the overlay read mask, and the second 
is to the pixel read mask. All 12 bits will be updated 
concurrently, synchronous to the pixel clock. Command 
Register B in the Internal Register section contains 
information regarding the accessability of the overlay read 
mask register. The addressed locations provide 18 bits or 

CR5 OlD-Ol3 PD-P7 

0 $0 $00 
0 $0 $01 
: : : 
0 $0 $FF 
0 $1 $xx 
: : $xx 
0 $F $xx 
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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. This produces the specific output levels 
reqnired for video applications, as illustrated in Figures 
~. Tables 7-9 detail how the SYNC" and BLANK'" 
inputs modify the output levels. 

The SETUP input pin is logically ORed with the SETUP 
command bit and is used to specify whether a 0 or 7.5 IRE 
blanking pedestal is to be used. If bit CR4 in the cursor 
register is set to logical one, the SETUP pin will become 
the field input (see Cursor Register in the Internal Register 
section) in order to support an interlaced cursor. The 
blanking pedestal can then be controlled only with the 
SETUP command bit (see Command Register B in the 
Internal Register section). 

The analog outputs of the Bt482 can directly drive a 37.5 
n load, such as a doubly-terminated 75 n coaxial cable. 

Addressed by Pixel Port 

color palette RAM location $00 
color palette RAM location $01 

: 
color palette RAM location $FF 

overlay color 1 
: 

overlay color 15 

Table 6. Pixel and Overlay Control Truth Table 
(Pixel Read Mask Register = $FF). 
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NO SYNC SYNC 

MA V MA V 

19.05 0.714 26.67 1.000 -,----.,..,..------------=--- WHITE LEVEL 

1.44 0.054 9.05 0.340 ~-----_+---~L---------BUCKLEVa 

7,S1RE 

0.00 0.000 7.62 0.286 -+--------'--,..--,----'-------- BUNK LEVEL 

40 IRE 

0.00 0.000 ~-------~~-----~---SYNCLEVEL 

Note: 75 n doubly-terminated load; SETUP = 7.5 IRE. VREF = 1.235 V and RSET = 143 n. 
RS-343A levels and tolerances are assumed on all levels. 

Figure 4. RS-343A Composite Video Output Waveforms 
(SETUP = 7.5 IRE). 

Sync Sync 
Disabled Enabled DAC 

Description SYNC· BLANK· Input Data 
lout (rnA) lout (rnA) 

WlllTE 19.05 26.67 I I $FF 
DATA data + 1.44 data + 9.05 I I data 
DATA-SYNC data + 1.44 data + 1.44 0 I data 
BLACK 1.44 9.05 I 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 n doubly-terminated load; SETUP = 7.5 IRE. VREF = 1.235 V and RSET = 143 n. 

Table 7. RS-343A Video Output Truth Table (SETUP = 7.5 IRE). 
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Circuit Description (continued) 

4-132 

NO SYNC SYNC 

MA V MA v 

17.62 0.660 25.24 0.950 ..... -----,.;;-------------=:----- WHITE LEVEL 

0.00 0.000 7.62 0.286 +---------I..-r---.----''---------- BLACKIBLANK LEVEL 

431RE 

0.00 0.000 0.00 0.000 ~-------L-~------------SYNCLEVEL 

Note: 75 Q doubly-tenninated load; SETUP = 0 IRE. VREF = 1.235V and RSET = 143 Q. 

RS-343A levels and tolerances are assumed on all levels. 

Figure 5. RS-343A Composite Video Output Waveforms 
(SETUP = 0 IRE). 

Sync Sync 
Disabled Enabled DAC 

Description SYNC· BLANK* Input Data 
lout (mA) lout (mA) 

WHITE 17.62 25.24 1 1 $FF 
DATA data data + 7.62 I 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 Q doubly-tenninated load; SETUP = 0 IRE. VREF = 1.235 V and RSET = 143 Q. 

Table 8. RS-343A Video Output Truth Table (SETUP = 0 IRE). 
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NO SYNC SYNC 

MA V MA V 

14.25 0.713 20.36 1.018 -.-----,.;;-------------=--- WHITE LEVEL 

100 IRE 

0.00 0.000 6.11 0.305 -I-------l..-...--.-----'--------- BLACKIBLANK LEVEL 

43 IRE 

0.00 0.000 0.00 0.000 -L-------~~---------SYNClliVa 

Note: 50 n load; SETUP = 0 IRE. VREF = 1.235 V and RSET = 176 n. PS/2 levels and tolerances are 
assumed on all levels. 

Figure 6. PS/2 Composite Video Output Waveforms 
(SETUP = 0 IRE). 

Sync Sync 
Disabled Enabled DAC 

Description SYNC' BLANK" Input Data 
lout (rnA) lout (rnA) 

WHITE 14.25 20.36 I 1 $FF 
DATA data data + 6.11 1 1 data 
DATA-SYNC data data 0 1 data 
BLACK 0 6.11 1 1 $00 
BLACK-SYNC 0 0 0 1 $00 
BLANK 0 6.11 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: 50 n load; SETUP = 0 IRE. VREF = 1.235 V and RSET = 176 n. 

Table 9. PS/2 Video Output Truth Table (SETUP = 0 IRE). 
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Internal Registers 

Command Register A 

This register may be written to or read by the MPU at any time. All bits are initialized to logical zero on 
power-up. 

A7 A6 

0 x 

I 0 

1 1 

I 0 

I I 

1 0 

I I 

A3, A2,Al 

AD 

4-134 

AS 

x 

0 

0 

1 

1 

0 

1 

A4 

x Pseudo Color (256 Colors) 

0 5:5:5 Dual-Edge Clock (33K Colors) 

0 5:6:5 Dual-Edge Clock (65K Colors) 

0 5:5:5 Single-Edge Clock (33K Colors) 

0 5:6:5 Single-Edge Clock (65K Colors) 

1 8:8:8:0L Dual-Edge Clock (16.8M Colors) 

1 8:8:8 Single-Edge Clock Only 
(16.8M Colors) 

Reserved (logical zero) 

Extended Register Select 

(0) Extended register set cannot be 
accessed. 

(1) Extended register set can be accessed. 

SECTION 4 

A logical one on Bit A7 enables 15-, 16-, and 241 
32-bit modes when used with Bits A6, A5, and 
A4. If A 7 is a logical zero, pseudo-color mode is 
enabled regardless of the state of A6, A5, or A4. 

Bit A6 determines whether the device is in 15- or 
16-bit-per-pixel mode. 

Bit A5 determines whether the data is input on the 
rising edge of the input clock, or on the rising and 
falling edges of the input clock. A logical zero 
written to this bit indicates a dual-edge clock, and 
a logical one indicates a single-edge clock. 

Bit A4 indicates a 24- or 32-bit input, i.e., a 24-
bit true-color bypass, only, or a 24-bit true-color 
bypass and an 8-bit VGA passthrough. Bit A5 
determines whether the pixels are input 8 bits at 
a time on every rising edge, or 8 bits at a time on 
rising and falling edges of the input clock. When 
bits A4 and A6 are set to logical one, the inputs 
are 24-bit true-color bypass, operating in single
edge clock mode. 

A logical zero must be written to these bits to en
sure proper operation. 

A logical one written to this bit allows the user to 
indirectly access the extended register set. 1n
chided in the extended register set are the cursor 
register and the cursor X,Y registers. 
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Internal Registers (continued) 

Command Register B 

This register is operational only while bit AO in Command Register A is a logical one. This register is initialized 
on power-up. On power-up, bits B7, B6, BS, and BO are set to logical zero; bits B4, B3, B2, and Blare set to log
ical one to enable the Bt4811482 to emulate the Bt478. While the 6*/8 pin is held low, this register will be func
tionally ignored. 

B7 

B6 

BS 

B4 

B3 

B2 

Bl 

BO 

Reserved (logical zero) 

Overlay Register Mask Select 
(0) Overlay register mask inhibited 
(1) Overlay register mask enabled 

SETUP select 
(0) 0 IRE 
(1) 7.5 IRE 

Blue sync enable 
(0) no sync on blue 
(1) sync on blue 

Green sync enable 
(0) no sync on green 
(1) sync on green 

Red sync enable 
(0) no sync on red 
(1) sync on red 

6-bitl8-bit select 

(0) 6-bit 
(1) 8-bit 

SLEEP enable 

(0) normal operation 
(1) sleep mode 

A logical zero must be written to this bit to ensure prop
er operation. 

A logical zero written to this bit inhibits address of the 
overlay registers only during true-color operations. A 
logical one written to this bit enables address of the 
overlay registers only during true-color operations. 

This bit specifies the blanking pedestal to be either 0 or 
7.5 IRE. When the interlaced mode is set (bit CR4 = 1), 
only this bit will be able to control the SETUP select; 
the SETUP pin will become the field input (ODDI 
EVEN). While the 6*/8 pin is held low, the SETUP pin 
will act as the pedestal control rather than the field input. 

This bit specifies whether the rOB output contains sync 
information. 

This bit specifies whether the lOG output contains sync 
information. 

This bit specifies whether the lOR output contains sync 
information. 

On the Bt481 and Bt482, this bit specifies whether the 
MPU is reading and writing 8 bits (logical one) or 6 bits 
(logical zero) of color information each cycle. The 6*/8 
bit and 6*/8 pin are logically ANDed. 

While this bit is a logical zero, the Bt482 functions nor
mally. If this bit is a logical one, the DACs and power to 
the RAM are turned off. The RAM still retains the data 
and may be read or written to while the pixel clock is 
running. The RAM automatically powers-up during 
MPU read/write cycles and shuts down when the MPU 
access is completed. About 1 second is required for the 
Bt482 to output valid video data after enabling normal 
operation (coming out of sleep mode). This time will 
vary depending on the size of the COMP capacitor. 

The DACs will be turned off during sleep mode only 
if a voltage reference (internal or external) is used. If an 
external current reference is used, external circuitry 
should tum the current reference off during sleep mode. 
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Cursor Register 

This register is operational only when Bit AD in Command Register A is a logical one. All bits are initialized 
to logical zero on power-up. 

CR7, CR6 

CR5 

CR4 

CR3 

CR2 

CRO, CRI 

4-136 

Reserved (logical zero) 

Cursor Select 

(0) Internal Cursor Selected 
(1) External Cursor 

Mode/Overlay 

Display Mode Select 

(0) Noninterlaced 
(1) Interlaced 

Cursor RAM or Cursor Palette Select 

(0) Cursor Color Palette Selected 
(1) Cursor RAM Selected 

Reserved (logical zero) 

Cursor Mode Select 

(00) Cursor Disabled 
(01) 3-Color Cursor 
(10) 2-Color/Complement Cursor 
(11) 2-ColorlX-Windows Cursor 

SECTION 4 

A logical zero must be written to these bits to ensure 
proper operation. 

This bit determines whether the internal cursor is 
used or external.cursor data is input with the two 
MSB overlay pins of the Bt482 (OL3 and OL2). 
When the internal cursor is enabled, all 15 locations 
of the overlay palette can be selected. When an ex
ternal cursor is enabled, only the first four locations 
of the overlay palette can be selected. 

When this bit is a logical zero, the display format is 
noninterlaced. When it is a logical one, the display 
format is interlaced, and the odd/even fields are in
put with the SETUP pin. The mode must be set prop
erly to ensure proper operation of the internal cursor. 

A logical one written to this bit enables the user to 
access the 32 x 32 x 2 cursor RAM. A logical zero 
written to this bit enables the user to access the three 
cursor color palette locations. 

A logical zero must be written to this bit to ensure 
proper operation. 

These bits determine the functionality of the onboard 
32 x 32 x 2 cursor. 
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Internal Registers (continued) 

Cursor (x,y) Registers 

These registers specify the (x,y) coordinate of the 32 x 32 x 2 hardware 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). The last value written 
by the MPU to these registers is the value returned on a read. These registers may be written to or read by the 
MPU at any time. 

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 logical zeros. 

Cursor (x) High Cursor (x) Low 
(CXHR) (CXLR) 

Data Bit D3 D2 Dl DO D7 D6 D5 D4 D3 D2 DI DO 

X Address Xll XlO X9 X8 X7 X6 X5 X4 X3 X2 Xl XO 

Cursor (y) High Cursor (y) Low 
(CYHR) (CYLR) 

Data Bit D3 D2 Dl DO D7 D6 D5 D4 D3 D2 Dl DO 

Y Address Yll YlO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 YI YO 

The cursor (x) value to be written is calculated as follows: 

Xp = desired display screen (x) position + 32 (or $0020) 

where 

the (x) reference point for the display screen, x = 0, is the upper left comer of the screen. The Xp po
sition equation places the upper left comer of the cursor RAM array to the desired screen location. This allows 
the cursor position to be defined in the same coordinate space as the screen. 

Values from 0 (or $0000) to 4095 ($OFFF) may be written into the cursor (x) register. If Xp is equal to zero, 
the cursor will be entirely offscreen (see Cursor Operation in the Circuit Description section). 

The cursor (y) value to be written is calculated as follows: 

Yp = desired display screen (y) position + 32 (or $0020) 

where 

the (y) reference point for the display screen, y = 0, is the upper left comer of the screen. The Yp po
sition equation places the upper left comer of the cursor RAM array to the desired screen location. This allows 
the cursor position to be defined in the same coordinate space as the screen. 

Values from 0 (or $0000) to 4095 (or $OFFF) may be written into the cursor (y) register. If Yp is equal to 
zero, the cursor will be entirely offscreen (see Cursor Operation in the Circuit Description section). 
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Pin Descriptions. 

Pin Name & Number Description 

BLANK* 

SETUP or 
FLD* 

SYNC* 

CLOCK 

PO-P7 

OLO-OL3 

CaMP 

VREF 

OPA 

lOR, lOG, 
lOB 

VAA 

4-138 

(7) Composite blank control input (TTL compatible), A logic zero drives the analog outputs to the 
blanking level, as specified in Tables 7-9, BLANK* is latched on the rising edge of CLOCK. When 
BLANK* is a logical zero, the pixel and overlay inputs are ignored, 

(23) SETUP is setup control input (TTL compatible). This input is used to specify either a 0 IRE (logical 
zero) or 7.5 IRE (logical one) blanking pedestal. FLD* is odd/even field input (TTL Compatible). This 
signal should be changed only during vertical blanking. This input ensures proper operation of the 
onboard cursor when interlaced operation (command register bit CR4 = 1) is selected. When it is a 
logical zero, an even field is specified. When this input is a logical one, an odd field is specified. If 
CR4 = 1, SETUP can be controlled only through Bit B5 in Command Register B. This input becomes 
the SETUP control if noninterlaced operation is selected (CR4 = 0). This pin should not be left 
floating. 

(5) Composite sync control input (TTL compatible). A logical zero on this input switches off a 40 IRE 
current source on the analog outputs (see Figures 4-{j). SYNC* does not override any other control or 
data input, as shown in Tables 7-9; therefore, it should be asserted only during the blanking interval. 
It is latched on the rising edge of CLOCK. If sync information is not required on the video outputs, 
SYNC* should be connected to GND. 

(40) Clock input (TTL 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 be driven by a dedicated TTL buffer to avoid reflection-induced jitter. 

(32-39) 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. 

(41-44) Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to provide 
color information, as specified in Table 6. When the overlay palette is accessed, 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. OL2 and OL3 are used for external cursor inputs when external cursor is selected. 

(29) Compensation pin. If an external or the internal voltage reference is used, this pin should be connected 
to OPA. If an external current reference is used, 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 CaMP capacitor must be as 
close to the device as possible to keep lead lengths to an absolute minimum. The PC Board Layout 
Considerations section contains critical layout criteria. 

(31) Voltage reference input. If an external voltage reference is used, it must supply this input with a 1.235 
V (typical) reference. If an external current reference is used, this pin should be left floating, except 
for the bypass capacitor. A 0.1 IlF ceramic capacitor should decouple this input to GND. The 
decoupling capacitor must be as close to the device as possible to keep lead lengths to an absolute 
minimum. When using the internal reference, this pin should not drive any external circuitry other 
than the decoupling capacitor. The PC Board Layout Considerations section contains further 
information. 

(30) Reference amplifier output. If an external or the internal voltage reference is used, this pin must be 
connected to CaMP. When an external current reference is used, this pin should be left floating. The 
PC Board Layout Considerations section contains further information. 

(25-27) Red, green, and blue current outputs. These high-impedance current sources can directly drive a 
doubly-terminated 75 Q coaxial cable. The PC Board Layout Considerations section contains further 
information. 

(4,21,22) Analog power. All VAA pins must be connected together on the same PCB plane to prevent latchup. 

SECTION 4 



Brooldree® Bt481/482 
Pin Descriptions (continued) 

Pin Name & Number Description 

GND (3, 24) Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
latchup. 

IREF (28) Full-scale adjust control. The IRE relationships in Figures 4...Q are maintained, regardless of the 
full-scale output current. When an external or the internal voltage reference is used, 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: 

WR* (16) 

RD* (6) 

RSO, RSI, (17-19) 
RS2 

DO-D7 (8-15) 

6*/8 (2) 

SENSE* (I) 

TRUECOL* (20) 

RSET (0) = K * 1,000 * VREF (V) / lout (rnA) 

K is defined in the table below. It is recommended that a 143 0 RSET resistor be used for 
doubly-terminated 75 0 loads (i.e., RS-343A applications). For PS/2 applications (i.e., 0.7 V into 
500 with no sync), a 1760 RSET resistor is recommended. When an external current reference 
is used, the relationship between IREF and the full-scale output current on each output is: 

IREF (rnA) = lout (rnA) / K 

Mode Pedestal K (with sync) K (no sync) 

6-bit 7.5 IRE 3.078 2.211 
8-bit 7.5 IRE 3.102 2.230 
6-bit o IRE 2.910 2.044 
8-bit o IRE 2.934 2.063 

See the PC Board Layout Considerations section for further information. 

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. RD* and WR* 
should not be asserted simultaneously. 

Read control input (TIL 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. RD* and WR * 
should not be asserted simultaneously. 

Register select inputs (TTL compatible). RSO-RS2 specify the type of read or write operation 
being performed, as detailed in Tables I and 2. 

Data bus (TIL compatible). Data is transferred into and out of the device over this 8-bit 
bidirectional data bus. DO is the least significant bit. 

6-bitl8-bit select input (TTL Compatible). This pin 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, MPU Bit D7 is the most significant bit during read/write cycles. For 6-bit operation, 
MPU Bit 05 is the most significant bit during read/write cycles. (07 and 06 are ignored during 
write cycles and are logical zero during read cycles.) 

Sense output (CMOS compatible). SENSE* is a logical zero if one or more of the lOR, lOG, and 
lOB outputs have exceeded the internal voltage reference level. SENSE* may not be stable while 
SYNC* is toggling. 

True-color mode select input (TTL compatible). This signal is inverted and logically ORed with 
Bit A7 in Command Register A. A logical zero will enable the true-color modes. By programming 
the proper command register bits, the user can choose either 5:5:5, 5:6:5, 8:8:8, or 8:8:8:0L and 
determine whether the pixels are input on a single clock edge or a dual clock edge (see the 
Command Register section for details). The TRUECOL * pin should be tied to VAA to disable the 
hardware selection of the true-color mode. 
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Pin Descriptions (continued) 

4-140 

CLOCK 

OLD 

OLi 

OL2 

OL3 

SENSE' 

6*/8 

GND 

VAA 

SYNC' 

RD' 
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Brooktree® 

IREF 

lOB 

IOG 

IOR 

GND 

SETUPIFLD* 

VAA 

VAA 

HIGHCOL* 

RS2 

RSI 



Brooktree® 
PC Board Layout Considerations 

PC Board Considerations 

For optimum performance of the Bt481/482, proper 
CMOS RAMDAC layout techniques should be stud
ied in the Bt451n18 Evaluation Module Operation 
and Measurements, Application Note (AN-16). This 
application note can be found in Brooktree's Applica
tions Handbook. 

The layout should be optimized for lowest noise on 
the Bt4811482 power and ground planes by providing 
good decoupling. The trace length between groups of 
V AA and GND pins should be as short as possible to 
minimize inductive ringing. 

A well-designed power distribution network is crit
ical to eliminating digital switching noise. The 
ground plane must provide a low-impedance return 
path for the digital circuits. A PC board with a mini
mum of four layers is recommended, with layers 1 
(top) and 4 (bottom) for signals and layers 2 and 3 for 
power and ground. 

Component Placement 

Components should be placed as close as possible to 
the associated RAMDAC pin. Whenever possible, 
components should be placed so traces can be con
nected point to point. 

The optimum layout enables the Bt4811482 to be 
located as close as possible to the power supply con
nector and the video output connector. 

Ground Planes 

For optimum performance, a common digital and an
alog ground plane is recommended. 

Power Planes 

Separate digital and analog power planes are recom
mended. The digital power plane should provide 
power to all digital logic on the PC board, and the an
alog power plane should provide power to all Bt4811 
482 power pins, VREF circuitry, and COMP and 
VREF decoupling. There should be at least a lI8-inch 
gap between the digital power plane and the analog 
power plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figures 7-9. This bead 
should be located within 3 inches of the Bt4811482. 
The bead provides resistance to switching currents, act
ing as a resistance at high frequencies. A low-resistance 
bead should be used, such as Ferroxcube 5659065-3B, 
Fair-Rite 2743001111, or TDK BF45-4001. 

Bt481/482 

Device Decoupling 

For optimum performance, all capacitors should be 
located as close as possible to the device, and the 
shortest possible leads (consistent with reliable opera
tion) should be used to reduce the lead inductance. 
Chip capacitors are recommended for minimum lead 
inductance. Radial lead ceramic capacitors may be 
substituted for chip capacitors and are better than ax
iallead capacitors for self-resonance. Values are cho
sen to have self-resonance above the pixel clock. 

Power Supply Oecoupling 

The best power supply decoupling performance is ob
tained with a 0.1 IlF ceramic capacitor, decoupling 
each of the two groups of VAA pins to GND. For _ 
operation above 75 MHz, a 0.1 IlF capacitor in paral- ~ 
leI with a 0.01 IlF chip capacitor is recommended. 
The capacitors should be placed as close as possible 
to the device V AA and GND pins and connected with 
short, wide traces. 

The 10 IlF capacitor shown in Figures 7-9 is for 
low-frequency power supply ripple; the O.lIlF capac
itors are for high-frequency power supply noise 
rejection. 

When a linear regulator is used, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than or 
equal to 200 mY. This is especially important when a 
switching power supply is used, and the switching 
frequency is close to the raster scan frequency. About 
10 percent of the power supply hum and ripple noise 
less than 1 MHz will couple onto the analog outputs. 

COMP Oecoupling 

The COMP pin must be decoupled to V AA, typically 
with a O.lIlF ceramic capacitor. Low-frequency sup
ply noise will require a larger value. The COMP ca
pacitor must be as close as possible to the COMP and 
V AA pins. A surface-mount ceramic chip capacitor is 
preferred for minimal lead inductance. Lead induc
tance degrades the noise rejection of the circuit. 
Short, wide traces will also reduce lead inductance. 

If the display has a ghosting problem, additional 
capacitance in parallel with the COMP capacitor may 
help. 

VREF Oecoupling 

A 0.1 IlF ceramic capacitor should be used to decou
ple this input to GND. 
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PC Board Layout Considerations (continued) 

Digital Signal Interconnect 
The digital inputs to the Bt4811482 should be isolated as 
much as possible from the analog outputs and other ana
log circuitry. Also, these input signals should not over
lay the analog power plane or analog output signals. 

Most of the noise on the analog outputs will be 
caused by excessive edge rates (less than 3 ns), over
shoot, undershoot, and ringing on the digital inputs. 

The digital edge rates should not be faster than nec
essary, as feedthrough noise is proportional to the digi
tal edge rates. Lower-speed applications will benefit 
from using lower-speed logic (3-5 ns edge rates) to re
duce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time (refer to 
Brooktree Application Notes AN-ll and AN-12). Line 
termination or line-length reduction is the solution. 
For example, logic edge rates of 2 ns require line 
lengths of less than 4 inches without use of termina
tion. Ringing may be reduced by damping the line 
with a series resistor (30-300 U). The RS-select inputs 
and RD*/WR* lines must be verified for proper levels 
with no ringing, undershoot, or overshoot. Ringing on 
these lines can cause improper operation. 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing the digital 
signals at a 90 degree angle to any analog signals. 

The clock driver and all other digital devices must 
be adequately decoupled to prevent noise generated by 
the digital devices from coupling into the analog 
circuitry. 

Clock Interfacing 
The Bt4811482 requires a pixel clock with monotonic 
clock edges for proper operation. Impedance mis
match on the pixel clock line will induce reflections 
on the pixel clock, which may cause erratic operation. 

The Pixel Clock Pulse Width High Time and Pixel 
Clock Pulse Width Low Time minimum specifications 
(see the AC Characteristics section) must not be vio
lated, or erratic operation can occur. 

The pixel clock line must be terminated to prevent 
impedance mismatch. A series termination of 33-68 U 
placed at the pixel clock driver may be used, or a par-

_ allel termination may be used at the pixel clock il}put 
to the RAMDAC. A parallel termination of 220 U to 
VCC and 330 U to ground will provide a Thevinen 
equivalent of a 110 U termination, which is normally 
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sufficient to absorb reflections. The series or parallel 
resistor values should be adjusted to provide the opti
mum clock signal fidelity. 

MPU Control Signal Interfacing 
The Bt4811482 uses the RD*, WR *, and RS lines to de
termine which MPU accesses will take place. Glitches 
or ringing on any of these lines may cause improper 
MPU operation. When a VGA controller with edge rate 
control is used on these lines, a series termination is not 
necessary. In non-VGA controller application or in ap- ' 
plications where the MPU control signals are daisy 
chained, a series termination, pull-down resistors, or ad
ditional capacitance to ground should be used to prevent 
glitches that could cause improper MPU accesses. 

Analog Signal Interconnect 
The Bt4811482 should be located as close as possi

ble to the output connectors to minimize noise pickup 
and reflections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk 
from digital lines; digital traces must not be routed 
under or adjacent to the analog output traces. 

To maximize the high-frequency power supply re
jection, the video output signals should not overlay the 
analog power plane. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. The load resistor connection be
tween the video outputs and GND Should be as close 
as possible to the Bt4811482 to minimize reflections. 
Unused analog outputs should be connected to GND. 

Analog output video edges exceeding the CRT 
monitor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EMI and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 
The Bt4811482 analog output should be protected 
against high-energy discharges, such as those from 
monitor arc-over or from hot-switching AC-coupled 
monitors. 

The diode protection circuit shown in Figures 7-9 
can prevent latchup under severe discharge conditions 
without adversely degrading analog transition times. 
The 1N4148/9 parts are low-capacitance, fast
switching diodes, which are also available in multiple
device packages (FSA250X or FSA270X) or surface
mountable pairs (BA V99 or MMBD7(01). 
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PC Board Layout Considerations (continued) 

Bt481 
Bt482 

ANALOG POWER PLANE 

+ 
C6 

Ll r +5V(VCC) 

CI 

~--~~--~--~~----------------.. ----------~----- GROUND 

R3 

lOR I-------<--t-----j-----j P 

lOG f------~----l---_( 

lOB I---------->------j 

DAC 

OUTPUT 

VAA 

GND 

TO 

VIDEO 

CONNECTOR 

IN4148/9 

TO MONITOR 

IN4148/9 

Note: Each pair of device V AA and GND pins must be separately decoupled. 

Location Description Vendor Part Number 

CI-C5 0.1 J.lF ceramic capacitor Erie RPEll2Z5Ul04M50V 
C6 10 J.lF capacitor Mallory CSR13Gl06KM 
Ll ferrite bead Fair-Rite 2743001111 

Rl, R2, R3 75 n 1 % metal film resistor Dale CMF-55C 
RSET 1 % metal film resistor Dale CMF-55C 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt4811482. 

Figure 7. Typical Connection Diagram and Parts List 
(Internal Voltage Reference). 
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PC Board Layout Considerations (continued) 

Bt481 
Bt482 

Ll r +5V(VCC) 

-r Cl 

~----~--~--~--~--.. ----------------------------- GROUND 

R3 

lOR /------~-+_---,/------{ TO 

VIDEO 

CONNECTOR 
IOGt-------_-t-----{ 

lOB t----------<>-----{ 

DAC 

OUTPUT 

VAA 

~ IN4148/9 ---f+--- TO MONITOR 
IN4148/9 

GND 

Note: Each pair of device V AA and GND pins must be separately decoupled. 

Location Description Vendor Part Number 

CI-CS 0.1 j.lF ceramic capacitor Erie RPE112ZSUI04MSOV 
C6 10 j.lF capacitor Mallory CSR13G106KM 
L1 ferrite bead Fair-Rite 2743001111 

Rl, R2, R3 7S Q 1 % metal film resistor Dale CMF-SSC 
R4 I kQ S % resistor 

RSET I % metal film resistor Dale CMF-SSC 
ZI 1.2 V voltage reference National Semiconductor 

LM38SBZ-1.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt4811482. 
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Figure 8. Typical Connection Diagram and Parts List 
(External Voltage Reference). 
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PC Board Layout Considerations (continued) 

8t481 
8t482 

ANALOG POWER PLANE 

TIL DAC CONfROL 

O=DACS OFF 

1 =DACS ON 

IK 

L! 

+5V(VCC) 

+ 
C6 CI 

COMP 

GND~----"--~--~"~"--"------------"--------"------

RI R2 R3 

lOR I-------+--+-+----{ P 

lOG f----------*---t-------{ P 

lOB I-----------+-----{ P 

DAC 

OUTPUT 

VAA 

GND 

TO 

VIDEO 

CONNECTOR 

IN414819 

TO MONITOR 

IN414819 

GROUND 

Note: Each pair of device V AA and GND pins must be separately decoupled. 

Location Description Vendor Part Number 

Cl-C5 0.1 J.lF ceramic capacitor Erie RPEll2Z5Ul04M50V 
C6 10 JlF capacitor Mallory CSR13G106KM 

C7,C8 I JlF capacitor Mallory CSR13G105KM 
Ll ferrite bead Fair-Rite 2743001111 

Rl,R2, R3 7 S Q 1 % metal film resistor Dale CMF-S5C 
ZI adjustable regulator National Semiconductor LM317LZ 

RSET I % metal film resistor Dale CMF-SSC 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt4811482. 

Figure 9. Typical Connection Diagram and Parts List 
(External Current Reference). 
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Application Information 

Using Multiple Devices 
When multiple Bt482s are used, each Bt482 should 
have its own power plane ferrite bead. If the internal 
reference is used, each Bt482 should use its own in
ternal reference. 

Although the multiple Bt482s may be driven by a 
common external voltage/current reference, higher 
performance may be obtained if each RAMDAC uses 
its own reference. This will reduce the amount of 
color channel crosstalk and color palette interaction. 

Each Bt482 must still have its own RSET resistor, 
analog output termination resistors, power supply by
pass capacitors, COMP capacitor, and reference 
capacitors. 

ESDand Latchup Considerations 
Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can produce 
symptoms of catastrophic failure or erratic device be
havior with somewhat leaky inputs. 

All logic inputs should be held low until power to 
the device has settled to the specified tolerance. 
DAC power decoupling networks with large time 
constants should be avoided. They could delay V AA 
power to the device. Ferrite beads must be used only 
for analog power V AA decoupling. Inductors cause 
a time constant delay that induces latchup. 
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Latchup can be prevented by ensuring that all V AA 
pins are at the same potential and that the V AA sup
ply voltage is applied before the signal pin voltages. 
The correct power-up sequence ensures that any sig
nal pin voltage will never exceed the power supply 
voltage by more than +0.5 V. 

Reference Selection 
An external voltage reference provides about ten 
times the power supply rejection on the analog out
puts than does an external current reference. 

Sleep Operation 
When the internal or external voltage reference is 
used, the DACs will be turned off during sleep mode. 

When an external voltage reference is used, some 
internal circuitry will still be powered during the 
sleep mode, resulting in 0.5 rnA of power supply cur
rent. being drawn (above the rated supply current 
specifications). This unnecessary current drain can be 
disabled by turning off the external voltage reference 
during sleep mode. 

When an external current reference is used, the 
DACs are not turned off during the sleep mode. To 
disable the DACs during sleep mode, the current ref
erence must be turned off. As shown in Figure 9, a 
TTL signal and the 2N2222 transistor are used to dis
able the current reference during sleep mode. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 
85 and 75 MHz Parts 4.75 5.00 5.25 V 

Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 Q 

Voltage Reference Configuration 
Reference Voltage VREF 1.14 1.235 1.26 V 

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 V 

Voltage on any Signal Pin (Note I) GN~.5 VAA + 0.5 V 

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 220 °C 
(I minute) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note I.. This device employs high impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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DC Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 
Bt482 and Bt481 6 6 6 Bits 
Bt482 and Bt481 8 8 8 Bits 

Accuracy (each DAC) 
Integral Linearity Error IL 

Bt482 and Bt481 ±1 LSB 

Differential Linearity Error DL 
Bt482 and Bt481 ±1 LSB 

Gray-Scale Error ±5 % Gray Scale 
Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
Input High Voltage VIH 2.0 VAA + 0.5 V 
Input Low Voltage VIL GND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) llH I IJA 
Input Low Current (Vin = 0.4 V) IlL -1 IJA 
Input Capacitance CIN 5 pF 

(f = 1 MHz, Vin = 2.4 V) 

Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH =-400 IJA) 
Output Low Voltage VOL 0.4 V 

(lOL = 3.2 rnA) 
3-State Current IOZ 50 IJA 
Output Capacitance CDOUT 5 pF 

See test conditions on next page. 
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Brooktree® Bt481/482 
DC Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Gray Scale Current Range 20 rnA 
Output Current 

White Level Relative to Black 
(Note I) 16.74 17.62 18.50 rnA 

Black Level Relative to Blank 
Setup = 7.5 IRE 0.95 1.44 1.90 rnA 
Setup=OIRE 0 5 50 JlA 

Blank Level 
Sync Enabled 6.29 7.62 8.96 rnA 
Sync Disabled 0 5 50 JlA 

Sync Level 0 5 50 JlA 
LSB Size 

Bt482 and Bt481 69.1 JlA 

DAC-to-DAC Matching 2 5 % 
Output Compliance VOC -0.5 +1.5 V 
Output Impedance RAOUT 10 kQ 
Output Capacitance CAOUT 18 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Internal Reference Output VREF TBD TBD TBD V 

Power Supply Rejection Ratio PSRR 0.5 %I%!WAA 
(Note 2) 
(COMP = 0.1 )IF, f = 1 kHz) 

Test conditions to generate RS-343A standard video signals (unless otherwise specified): "Recommended 
Operating Conditions" and external voltage reference with RSET = 143 Q, VREF = 1.235 V, SETUP = 7.5 IRE, and 
6*/8 pin = logical one. As the above parameters are guaranteed over the full temperature range, temperature 
coefficients are not specified or required. Typical values are based on nominal temperature, i.e., room temperature, 
and nominal voltage, i.e., 5 V. 

When the internal voltage reference is used, RSET may require adjustment to meet these limits. Also, the gray-scale 
output current (white level relative to black) will have a typical tolerance of ±1O percent rather than the ±5 percent 
specified above. 

Note 1,' When the Bt482 or Bt481 is in the 6-bit mode, the output levels are approximately 1.5 percent lower than 
these values. 

Note 2,' Guaranteed by characterization, not tested. 
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Bt481/482 Brooldree@ 
AC Characteristics 

85 MHz Devices 75 MHz Devices 
Parameter Symbol Min Typ Max Min Typ Max Units 

Input Clk Rate Pseudo Color Fmax 85 75 MHz 
Input Clk Rate 15-, 16-bit dual-edge clk Fmax 50 50 MHz 
Input Clk Rate 15-, 16-bit single-edge clk Fmax 85 85 MHz 
Input Clk Rate 32-bit dual-edge clk Fmax 50 50 MHz 
Input Clk Rate 24-bit single-edge clk Fmax 85 85 MHz 

RSO--RS2 Setup Time 1 10 10 ns 
RSO--RS2 Hold Time 2 10 10 ns 

RD* Asserted to Data Bus Driven 3 2 2 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 2 2 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 6*p13 6*p13 ns 

Pixel and Control Setup Time 11 3 3 ns 
Pixel and Control Hold Time 12 3 3 ns 
(Pseudo Color and 15-, 16-, and 24-bit 
Single-Edge Clock Mode) 

Pixel and Control Setup Time 20 -1 -1 ns 
Pixel and Control Hold Time 21 7 7 ns 
(15-, 16-, and 32-bit Dual-Edge Clock 
Mode, LSB and MSB) 

ClOCk Cycle Time (p13) 13 11.77 13.33 ns 
Pseudo Color Mode 

Clock Pulse Width High Time (Note 1) 14 4 4 ns 
Clock Pulse Width Low Time (Note 1) 15 4 4 ns 

Single Edge True Color Modes 
Clock Pulse Width High Time (Note 1) 14 5 5 ns 
Clock Pulse Width Low Time (Note 1) 15 5.5 5.5 ns 

Clock Cycle Time (Dual-Edge Clock) 13 20 20 ns 
Clock Pulse Width High Time 14 9 9 ns 
Clock Pulse Width Low Time 15 9 9 ns 

Analog Output Delay 16 30 30 ns 
Analog Output Rise/Fall Time 17 3 3 ns 
Analog Output Settling Time (Note 2) 18 13 13 ns 
Clock and Data Peedthrough (Note 2) -30 -30 dB 
Glitch Impulse (Note 2) 75 75 pV - sec 
DAC-to-DAC Crosstalk -23 -23 dB 
Analog Output Skew 2 2 ns 

SENSE* Output Delay 19 1 1 p.S 

V AA Supply Current (Note 3) lAA 
normal operation 270 270 rnA 
sleep enabled (Note 4) 2 2 rnA 
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Bt481/482 
AC Characteristics (continued) . 

85 MHz Devices 75 MHz Devices 

Parameter Min Typ Max Min Typ Max Units 

Pipeline Delay Clocks 
Pseudo Color 7 7 7 7 7 7 
5:5:5 Dual-Edge Clock Mode 7 7 7 7 7 7 
5:6:5 Dual-Edge Clock Mode 7 7 7 7 7 7 
8:8:8:8 Dual-Edge Clock Mode 8 8 8 8 8 8 

5:5:5 Single-Edge Clock Mode 8 8 8 8 8 8 
5:6:5 Single-Edge Clock Mode 8 8 8 8 8 8 
8:8:8 Single-Edge Clock Mode 9 9 9 9 9 9 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" and external voltage 
reference with RSET = 143 n, VREF,= 1.235 V, SETUP = 7.5 IRE, and 6*/8 pin = logical one. TTL 
input values are 0-3 V with input rise/fall times!'> 3 ns, measured between the IO-percent and 90-percent 
points. Timing reference points are at 50 percent for inputs and outputs unless otherwise noted. Analog 
output load!'> 10 pF. SENSE·, DO-D7 output load!'> 75 pF. See the timing notes on the following page. 
As the above panimeters are guaranteed over the full temperature range. temperature coefficients are not 
specified or required. Typical values are based on nominal temperature, i.e., room temperature, and 
nominal voltage, i.e., 5 V. 

Note 1: These pulse widths are specified at VIL = 0.8 V for clock pulse width low and VIH = 2.0 V for 
clock pulse width high. 

Note 2: Clock and data feedthrough is a function of the number of edge rates, and .the amount of 
overshoot and undershoot on the digital inputs. For this test, the digital inputs have a 1 ill 
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, and -3 dB test bandwidth = 2 
x clock rate. 

Note3: At Fmax. IAA.(typ) at V AA = 5.0 V. IAA (max) at VAA (max). 
Note 4: External current or voltage reference disabled during sleep mode. Test Conditions: +25 0 to +700 

C, pixel and data ports at 0.4 V. 

I 1 2 I 
I 

* VALID RSO. RS1. RS2 

9 

RD", WR* 
10 

4 

C~ 
I 

3 -
1/ 

DATA OUT (RD' =0) 
"- / 

DO - D1 (READ) 

- /--6 

t DATAIN(WR'=O) 

7 

DO - D7 (WRITE) 

- -8 

MPU Read/Write Timing. 
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Bt481/482 Brooktree® 
Timing Waveforms 

Pseudo-Color 
and 15,16,24132-bit 
Single Edge Clock Mode 

15,16,24132-bit 
Double Edge Clock Mode 

4-152 

CLOCK 

PO - P7, OLO - OL3, 

SYNC·, BLANK'" 

PO-P7 

lOR, lOG, lOB 

lOR, lOG, lOB 

SENSE' 

13 

DATA 

11 

12 

99 400 m'430 mY' -
300 m,310mV· . 1.. .... _-+ __________ _ 

17 

____________________ ~1~-__________ _ 
Note 1: Output delay is measured from the 50-percent point of the rising edge of CLOCK to the 

50-percent point of full-scale transition_ 
Note 2: Settling time is measured from the 50-percent point of full-scale transition to the output 

remaining within ±1 LSB. 
Note 3: Output rise/fall time is measured between the lO-percent and 90-percent points of 

full-scale transition. 

Video Input/Output Timing. 
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Bt481/482 
Timing Waveforms 

l5,l6-bit 
Dual Edge Clock Mode 

24132-bit 
Dual Edge Clock Mode 

CWCK ~ 

PO.P7----I-I: ~-----l::=x-
, I 

I I I 
~~I'--------------~I~I ---------

BLANK" J 

lOR, lOG, lOB ----------~r~ 
------4 PIPELINE DELAYS ------

po.P7 

/~-+-------------.jll 

BLANK~ 

lOR, lOG, lOB --------------~I~ 
------ 4 PIPELINE DELAYS 

15-, 16-, and 32-bit-per-Pixel Timing, 
Dual-Edge Clock Mode. 
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Bt481i482 Brooktree® 
Timing Waveforms 

CLOCK ~ 
15- and 16-bit 
Single-Edge Clock Mode 

PO-P7 ~X~_LSB ~X,---+-_MSB -c~~ 

24-bit Single-Edge 
ClockMnde 

4-154 

~--~----------------------~Irl -----
BLANK' ~ 

lOR, lOG, lOB ---------jl~ 

CLOCK 

PO-P7 
____ ~X~_r--~-D--~X~_r-G-RE-E-N--~X~_r--BL-U-E--~~r: ____ _ 

BLANK' ~ 

lOR, lOG, lOB ------------------------------------------~I 

SECTION 4 

15-, 16-, and 24-bit-per-Pixel Timing, 
, Single-Edge Clock Mode. 
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Brooldree® Bt481/482 
Ordering Information 

Color Ambient 
Model Number Palette Overlay Speed Package Temperature 

RAM Palette Range 

Bt481 KPJ85 256 x 24 15 x 24 85 MHz 44-pin Plastic 00 to +700 C 
J-Lead 

Bt481KPJ75 256 x 24 15 x 24 75 MHz 44-pin Plastic 00 to +700 C 
J-Lead 

Bt482KPJ85 256 x 24 15 x 24 85 MHz 44-pin Plastic 00 to +700 C 
J-Lead .. 

Bt482KPJ75 256 x 24 15 x 24 75 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 Applications 

• 85,75 MHz Pipelined Operation • High-Resolution Color 
• 8:1,4:1,2:1,1:1 Multiplexed Pixel Ports Graphics 
• Separate 8-bit VGA Port • CAE/CAD/CAM 
• 32 x 32 x 2 Programmable Cursor • Image Processing 
• Triple 8-bit D/A Converters • Instrumentation 
• Three 256 x 8 Color Palette RAMs • Desktop Publishing 
• Three 3 x 8 Cursor Color Palette 
• Optional Sync on All Three Channels 
• 0 or 7.5 IRE Blanking Pedestal 
• Voltage Reference 
• Analog Output Comparators 
• Antisparkle Circuitry 
• Power-Down Mode 
• 84-pin PLCC Package 
• VRAM Shift Clock 
• VGA Support in a True-Color Window 

Functional Block Diagram 

SCLK LCLK VREF our VREF FSADJUST 

!'CLKO 

PCLKI 

P7-PO(A-D} 

VGA7·VGAO 
PORTSEL 

ODDtEVEN'" 

~~~~~COMP I:H:D/r lOR 

>+~+f---- lOG 

srP++8- 10B 

SENSE'" 

CBLANK* ::L222:i4g:;;:;:::;;:;::~~~~~2J;+===~JZ+stJ CSYNC· 
DISPLAY ENABLE 

RESET*" D7-DO RD'" WR* RS3 - RSO 

Brooktree Corporation· 9950 Barnes Canyon Rd .• San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
L484001 Rev. D 

Bt484 
85 MHz 

Monolithic CMOS 
True-Color 
RAMDAC™ 

Product Description 

The Bt484 RAMDAC is designed specifical
ly for high-performance color graphics. 

Included are four byte-wide pixel input 
ports (multiplexed 4: 1), three 256 x 8 color 
lookup tables with triple 8-bit video D/ A 
converters (configurable for either 6-bit or 
8-bit D/A converter operation), and a pro- . 
grammable 32 x 32 x 2 cursor with its own 
color palette. 

The Bt484 may alternately be configured 
for a lower performance VGA mode, where 
8 bits of VGA pixel data (from a VGA con
troller) are input through a separate VGA 
pixel port. 

Several operational modes are supported 
by the 32 pins allocated for the P7:PO port, 
including 8-bit pseudo color, 16- and 24-bit 
true color, and various packed and sparse 
pixel formats. The color palette may be by
passed in any of the operational modes, 
except VGA. 

The Bt484 generates RS-343A-
compatible video signals into a doubly
terminated 75 n load. 

.. 
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Brooktree® 
Circuit Description 

MPU Interface 

As illustrated in the detailed block diagram, a stan
dard MPU bus interface is supported, giving the 
MPU direct access to the color palette RAM, MPU 
data is transferred into and out of the RAMDAC with 
the DO-D7 data pins. The read/write timing is con
trolled by the RD* and WR* inputs. 

The RSO-RS3 select inputs specify which control 
register the MPU is accessing, as shown in Tables 1 
and 2. The 8-bit address register is used to address 
the color palette RAM, eliminating the requirement 
for external address multiplexers. DO corresponds to 
ADDRO and is the least significant bit. 

Writing Color Palette RAM Data 

To write color data, the MPU writes the address reg
ister (RAM write mode) with the address of the color 
palette RAM location to be modified. The MPU per
forms three successive write cycles (8 bits each of 
red, green, and blue), using RSO-RS3 to select the 
color palette RAM. After the blue write cycle, the 3 
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 
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 perform
ing continuous RGB write cycles until the entire 
block has been written. The Timing Waveforms sec
tion contains further information. 

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 ad
dress are copied into the RGB registers, and the ad
dress register is incremented to the next RAM loca
tion. The MPU performs three successive read cycles 
(8 bits each of red, green, and blue), using RSO-RS3 
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 cop
ied into the RGB registers, and the address register 
again increments. A block of color values in consecu
tive locations may be read by writing the start address 
and performing continuous RGB read cycles until the 
entire block has been read. 

Bt484 

Writing Cursor and Overscan C%r 
Data 

To write cursor color data, the MPU writes the ad
dress register (cursor color write mode) with the ad
dress of the cursor color location to be modified. The 
MPU performs three successive write cycles (8 bits 
each of red, green, and blue), using RSO-RS3 to se
lect the cursor color registers. After the blue write cy
cle, the three bytes of red, green, and blue color infor
mation are concatenated into a 24-bit word and 
written to the cursor color location specified by the 
address register. The address register then increments 
to the next location, which the MPU may modify by 
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 perform
ing continuous RGB write cycles until the entire 
block has been written. 

Reading Cursor C%r Data 

To read cursor color data, the MPU loads the address 
register (cursor color read mode) with the address of 
the cursor color location to be read. The contents of 
the cursor color register at the specified address are 
copied into the RGB registers, and the address regis
ter is incremented to the next cursor color location. 
The MPU performs three successive read cycles (8 
bits each of red, green, and blue), using RSO-RS3 to 

RS3-RSO Access Addressed by MPU 

-

0000 RIW address register; palette/cursor RAM write 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

RIW 6/8-bit color palette data 
RIW pixel mask register 
RIW address register; palette/cursor RAM read 
RIW address register; cursor/overscan color write 
RIW cursor overscan and color data 
RIW command register 0 
RIW address register; cursor/overscan color read 
RIW command register 1 
RIW command register 2 

read only status register 
RIW cursor RAM array data 
RIW cursor x-low register 
RJW cursor x-high register 
RIW cursor y-low register 
RIW cursor y-high register 

Table 1. Control Input Truth Table 
(RS3 = MSB and RSO = LSB). 
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Bt484 Brooktree@ 
Circuit Description (continued) 

ADDR~7 ADDRa,b 
(counts binary) (counts modulo 3) RS3 RS2 RS1 RSO Addressed by MPU 

$OO-$FF 00 0 0 0 1 color palette RAM (red component) 
01 0 0 0 1 color palette RAM (green component) 
10 0 0 0 1 color palette RAM (blue component) 

xxxxxxOO 00 0 1 0 1 overscan color (red component) 
01 0 1 0 1 overscan color (green component) 
10 0 1 0 1 overscan color (blue component) 

xxxx xxOI 00 0 1 0 1 cursor color 1 red component 
01 0 1 0 1 cursor color 1 green component 
10 0 I 0 I cursor color I blue component 

xxxxxxlO 00 0 I 0 I cursor color 2 red component 
01 0 I 0 1 cursor color 2 green component 
10 0 I. 0 I cursor color 2 blue component 

xxxx xxll 00 0 1 0 1 cursor color 3 red component 
01 0 1 0 1 cursor color 3 green component 
10 0 I 0 1 cursor color 3 blue component 

$00-$7F N/A 1 0 1 1 cursor RAM array, plane 0 
$80-$FF N/A 1 0 1 1 cursor RAM array, plane 1 

When addressing the cursor color register or overscan register, the 6 MSBs of the address register are 
don't-care conditions. Therefore, when the address register is read and the previous access was to the cursor 
color registers or overscan register, address register bits [7-2] are returned as either ones or zeros. 

Table. 2. Address Register Operation and Auto Incrementing. 

select the cursor color registers. Following the blue 
read cycle, the contents of the cursor color location at 
the address specified by the address register are cop
ied into the RGB registers, and the address register 
again increments. A block of color values in consecu
tive locations may be read by writing the start address 
and performing continuous RGB 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. 

The MPU interface operates asynchronously to the 
pixel clock. Data transfers that occur between the 
color palette RAM and the color registers (R, G, and 

4-160 SECTION 4 

B in the 1;>lock diagram) are synchronized by internal 
logic and take place in the period between MPU ac
cesses. To reduce noticeable sparkling on the CRT 
screen during MPU access to the color palette RAMs, 
internal logic maintains the previous output color 
data on the analog outputs while the transfer between 
RGB registers and lookup table RAMs occurs. 

To keep track of the red, green, and blue read/write 
cycles, the address register has 2 additional bits(AD
DRa and ADDRb) that count modulo three. They are 
reset to zero when the MPU writes to the address regis
. ter and are not reset to zero when the MPU reads the ad
dress register. The MPU does not have access to these 
bits. The MPU may read the address register at any 
time without modifying its contents or the existing 
read/write mode. 



Brooktree® 
Circuit Description (continued) 

Accessing the Cursor RAM Array 

The 32 x 32 x 2 cursor RAM is accessed in a planar 
format. In the planar format only 7 address bits are 
used. The eighth bit determines which plane (0 or 1) 
data of the cursor RAM array is accessed. A single 
address presented to the cursor RAM accesses eight 
bit locations in plane 0 or 1, depending on the state of 
address bit 7. 

After each access in the planar format, the address 
increments. The MPU uses ADDR, a binary address 
counter, to access the cursor RAM array (see Table 
2). ADDR is the same binary counter used for RGB 
auto-incrementing. Any write to ADDR after cursor 
auto-incrementing has been initiated resets the cursor 
auto-incrementing logic until cursor RAM array has 
again been accessed. Cursor auto-incrementing will 
then begin from the address written. A read from the 
ADDR does not reset the cursor, auto-incrementing 
logic. The color palette RAM and the cursor RAM 
share the same external address register, and MPU 
addressing for this and all other registers is deter
mined by the external register select lines RS3-RSO 
(see Table 1). 

6-Bit IS-Bit Operation 

The command bit CROl is used to specify whether 
the MPU is reading and writing 8 bits or 6 bits of col
or 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 6 bits of the data bus with DO the LSB and D5 

Bt484 

the MSB of color data. When writing color data, D6 
and D7 are ignored. During color read cycles, D6 
and D7 are a logical zero. 

Accessing the cursor RAM array does not depend 
on the resolution of the DACs. 

In the 6-bit mode, the Bt484's full-scale output cur
rent will be about 1.5-percent lower than when in the 
8-bit mode. This is because the 2 LSBs of each 8-bit 
DAC are logical zeros in the 6-bit mode. 

Power-Down Mode 

The Bt484 incorporates a power-down capability 
controlled by command bit CROO. While command 
bit CROO is a logical zero, the Bt484 functions nor
mally. 

While command bit CROO is a logical one, the 
DACs and power to the RAM are turned off. The 
RAM still retains the data. Also, the MPU may read 
or write to the RAM while the pixel clock is running. 
The RAM automatically powers up during MPU 
read/write cycles and shuts down when the MPU ac
cess is completed. The DACs output no current, and 
the three command registers may still be written to or 
read by the MPU. The output DACs require about 1 
second to turn off (sleep mode) or turn on (normal), 
depending on the compensation capacitor used (see 
Video Generation for further information). 

When using an external voltage reference, external 
circuitry should turn off the voltage reference (VREF 
= 0 V) to further reduce power consumption caused by 
biasing of portions of the internal voltage reference. 
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Bt484 
Circuit Description (continued) 

Frame Buffer Clocking 

The video DRAM shift clock (SCLK) is generated by 
the Bt484. SCLK is one eigth, one fourth, or one half 
the pixel clock rate, depending on whether multiplex
ing is 8:1, 4:1, or 2:1, respectively. In the 1:INGA 
mode, SCLK = LCLK. 

PO--P7 (A-D) are pixel data, 8 bits per pixel (4:1 
MUX) and 4 bits per pixel (8: 1 MUX) for 4 and 8 
horizontally consecutive output pixels. PO-P7 (A-D) 
are always latched on the rising edge of LCLK. 

The pixel clock is specified to be either PCLK 0 or 
PCLK 1 by command bit CR24. 

Frame Buffer Pixel Port Interface 

There are four 8-bit pixel ports, (A-D), used to inter
face to the frame buffer memory. 

Video input data ports A through D are designated 
in the following manner to represent the order of pixel 
data presentation: Port A always corresponds to the 
first pixel of the first line of the display. This is the first 
pixel fed to the analog outputs, followed by B, then C, 
and finally D, repeating the pattern ABCD, ABCD, un
til the first scan line is completely displayed. 

For the cursor display, the output sequence de
pends on the CR23 command bit and the ODD! 
EVEN* input. For example, when either interlaced or 
noninterlaced operation is selected, the current field 
is displayed. 

Brooldree~ 

Scan line 1 is displayed first in the interlaced mode 
and is considered the first line of the EVEN field. In 
the noninterlaced mode, scan line 2 immediately fol
lows scan line 1. In the interlaced mode, scan line 2 
is considered to be the first line of the ODD field, and 
is displayed only after the entire EVEN field has been 
displayed and the ODDIEVEN pin has been toggled. 

Only the ODD lines or only the EVEN lines will 
be displayed if the ODDIEVEN does not change. 

Figure 1 shows the interlaced and noninterlaced 
display scan. Noninterlaced display scan is equal to 
one frame. Interlaced display scan is equal to one 
frame with odd and even fields. 

Pixel Read Mask Register 

Each pixel clock cycle, PO-P7 pixel data is bit-wise 
logically ANDed with the contents of the pixel read 
mask register. The result is used to address the color 
palette RAM. The addressed location provides 24 
bits of color information to the three D!A converters. 
Pixel masking is enabled for all modes of operation, 
except when the true-color bypass is enabled. The 
pixel mask register is not initialized at the power-up! 
reset and should be initialized by the user to logical 
ones for proper operation. 

Noninterlaced 

LINE I 
LINE 2 

LINE N 

Interlaced 

___________ ~ ___________________________ ..even field___________________________________ LINE I 
________________________________________ odd field .___________________________________ LINE 2 

________________________________________ even field.___________________________________ LINE 3 
________________________________________ odd field . _________________________________ :::_ LINE 4 

________________________________________ odd field. ______________________ --------____ c LINE N 

Figure 1. Interlaced / Noninterlaced Display Operation. 
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Broold;ree® 
Circuit Description (continued) 

Modes of Operation 

4-Bits/Pixel Operation (8:1 MUX) 

The 32 input bits are multiplexed 8: 1 and are config
ured for 4 bits/pixel. There are eight independent 4-
bit pixel ports, P7:4 (A-D) and P3:0 (A-D). The pix
el bits are latched on the rising edge of LCLK. One 
rising edge of LCLK should occur every eight PCLK 
cycles. SCLK will be equal to the PCLK selected, di
vided by 8. The 4 bits from each port will select 1 of 
16 locations in the palette (in the order presented in 
Table 3). 

8-Bits/Pixel Operation (4:1 MUX) 

The 32 input bits are multiplexed 4: 1 and are config
ured for 8 bits/pixel. There are four independent 8-bit 
pixel ports, (A-D). The pixel bits are latched on the 
rising edge of LCLK. One rising edge of LCLK 
should occur every four PCLK cycles. SCLK will be 
equal to the PCLK selected, divided by 4. The 8 bits 
from each port will select 1 of 256 locations in the 
palette (in the order presented in Table 3). 

16-Bits/Pixel Operation (2:1 MUX) 

The 32 input bits are multiplexed 2: 1 and are config
ured for 16 bits/pixel. Through bit CR12 in Com
mand Register 1, 2:1 multiplexing is specified. There 
are two independent 16-bit pixel ports, (B-A) and 
(D-C). The bits are latched on the rising edge of 
LCLK. One rising edge of LCLK should occur every 
two PCLK cycles. SCLK will be equal to the PCLK 
selected, divided by 2. The pixel bits multiplexed in 
this mode are from the same ports of RGB color for
mats of 5:5:5 or 5:6:5. P7D and P7B are ignored in
ternally when the 5:5:5 color format is selected (in 
the order presented in Table 3). 

Bit CR14 can be programmed in Command Regis
ter I, which enables or disables true-color palette by
pass. When the bypass mode is selected, the pixel data 
bypasses the palette as well as the pixel mask and are 
transferred to the proper MSBs of the respective 
DACs. When the bypass mode is not selected, the pix
el data indexes the proper locations in the palette, and 
the correct color information is passed on to the re
spective DACs. 

Bit CR22 in Command Register 2 determines wheth
er palette addressing is sparse or contiguous. For sparse 
palette addressing, each color component of pixel data 
is mapped to the most significant bits of the respective 
palette address; the least significant bits are set to zero. 

Bt484 

For contiguous palette addressing, each color compo
nent of the pixel data is mapped to the least significant 
bits of the respective palette address; the most signifi
cant bits are set to zero. The color palette values in
dexed, for either sparse or contiguous addressing, are 
transferred to the DACs. 

When 5:5:5 or 5:6:5 color format is selected, the 
display can contain 32 K or 64 K simultaneous colors, 
respectively. The DACs can be configured for 6 or 8 
bits of resolution in this mode. . 

16-Bits/Pixel Operation (1:1 MUX) 

The 1:1 multiplexing mode is selected through CR12 .. 
in Command Register 1. If this mode is s~lected, two 
16-bit pixel ports, (B-A) and (D-C), are latched on 
the rising edge of LCLK and are multiple'xed 1: 1. Se-
lection between the two ports is made by bit CRlO in 
Command Register 1. One rising edge of LCLK 
should occur every PCLK cycle. SCLK is equal to 
the PCLK selected. 

Bit P7D is used to switch between the two ports on a 
pixel-by-pixel basis when 5:5:5 RGB colot format (bit 
CR13 in Command Register 1) and real-time pixel 
port switching (bit CRll in Command Register 1) is 
enabled. If PORTSEL is a logical zero, t11e VGA port 
is multiplexed regardless of the state of P7D. Bit P7B 
is ignored internally when in 5:5:5 mode. Real-time 
pixel port switching is not supported for 5:6:5 RGB 
color format. 

Bits P7B and P7D are ignored internl)Ily if 5:5:5 
RGB color format is selected and real-tillie pixel port 
switching is disabled. Programming bit CRlO in 
Command Register 1 determines switchlllg for both 
5:5:5 and 5:6:5 RGB color formats. 

Bit CR14 can be programmed in Command Regis
ter 1, which enables or disables true-color palette by
pass. When the bypass mode is selectep, the pixel 
data bypasses the palette as well as the pixel mask 
and is transferred to the proper MSBs of the respec
tive DACs. When the bypass mode is not selected, 
the pixel data indexes the proper location~ in the pal
ette, and the correct color information is passed on to 
the respective DACs. .. 

Bit CR22 in Command Register 2. determines 
whether palette addressing is sparse or·contiguous. 
For sparse palette addressing, each color component 
of pixel data is mapped to the most significant bits of 
the respective palette address; the least significant bits 
are set to zero. For contiguous palette addressing, each 
color component of the pixel data is mapped to the 

PC GRAPHICS 4-163 



Bt484 Brooktree® 
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Ports Operating 
PORTSEL CR11 CR10 P7D CR12 CR13 CR16 CR15 MUXed MUX Rate Modes 

0 x x x x x 0 0 VGA(7:0) 1:1 VGA 

1 x x Data x x 1 1 P7:4(A) 8:1 4-BitsIPixel 
P3:0(A) 
P7:4(B) 
P3:0(B) 
P7:4(C) 
P3:0(C) 
P7:4(D) 
P3:0(D) 

I x x Data x x I 0 P7:0(A) 4:1 8-BitsIPixel 
P7:0(B) 
P7:0(C) 
P7:0(D) 

1 x x x 0 0 0 I P7:0(B-A) 2:1 16-BitsIPixel (5:5:5) 
P7:0(D-C) (see Table 4) 

1 x x Data 0 I 0 I P7:0(B-A) 2:1 16-BitsIPixel (5:6:5) 
P7:0(D-C) (see Table 5) 

1 0 0 x i 0 0 1 P7;O(B-A) '-, 16-BitslPixel (5:5:5) L1 

I 0 1 x 1 0 0 1 P7:0(D-C) 1:1 16-BitsIPixel (5:5:5) 

I 1 x 0 1 0 0 1 P7:0(B-A) 1:1 16-Bits/Pixel (5:5:5) (Note 1) 
(see Table 4) 

1 1 x 1 1 0 0 1 P7:0(D-C) 1:1 16-BitsIPixel (5:5:5) (Note 1) 
(see Table 4) 

1 x 0 x 1 1 0 1 P7:0(B-A) 1:1 16-BitsIPixel (5:6:5) 
(see Table 5) 

1 x 1 Data 1 1 0 1 P7:0(D-C) 1:1 16-BitsIPixel (5:6:5) 
(see Table 5) 

1 x x x x x 0 0 P7:0(C-A) 1:1 24-BitsIPixel 
(see Table 6) 

Note 1: At this time, the Bt484 is not operable above 50 MHz in the 16-bits-per-pixel 1: I-multiplexed mode when pixel 
pin P7D is the real-time switch. 

Table 3. Modes of Operation (Pixel Port Configuration). 

least significant bits of the respective palette address; 
the most significant bits are set to zero. The color pal
ette values indexed, for either sparse or contiguous ad
dressing, are transferred to the DACs. 

4-164 SECTION 4 

When 5:5:5 or 5:6:5 color format is selected, the dis
play can contain 32 K or 64 K simultaneous colors, re
spectively. The DACs can be configured for 6 or 8 bits 
of resolution in this mode. 
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Circuit Description (continued) 

Bit MSB LSB 

Format S R R R R R G G G G G B B B B B 

Port 1 S P6B P5B P4B P3B P2B PIB POB P7A P6A P5A P4A P3A P2A PIA POA 

Port 2 S P6D P5D P4D P3D P2D PID POD P7C P6C P5C P4C P3C P2C PIC POC 

If bit CRllin Command Register 1 is a logical zero, then S=CRIO bit, 16-bitlpixel port switch control (1:1 
multiplexing, CRl2 = I). If bit CRll in Command Register I is a logical one, then S=P7D bit, real-time pixel 
port switch (1:1 multiplexing, CRI2 = I). 

Table 4. 5:5:5 RGB Color Format for Both 2:1 and 1:1 Multiplexing Modes. 

Bit MSB LSB 

Format R R R R R G G G G G G B B B B B 

Port 1 P7B P6B P5B P4B P3B P2B PIB POB P7A P6A P5A P4A P3A P2A PIA POA 

Port 2 P7D P6D P5D P4D P3B P2D PID POD P7C P6C P5C P4C P3C P2C PIC POC 

Table 5. 5:6:5 RGB Color Format for Both 2:1 and 1:1 Multiplexing Modes. 

Bit MSB LSB 

Format R R R R R R R R G G G G G G G G B B B B B B B B 

Port P7C P6C P5C P4C P3C P2C PIC POC P7B P6B P5B P4B P3B P2B PIB POB P7A P6A P5A P4A P3A P2A PIA POA 

Note: P7:0(D) are ignored. 

Table 6. 24-Bits/Pixe/ RGB Color Format. 

24-Bits/Pixel Operation (1:1 MUX) 

When 24-bits-per-pixel is selected, there is one 24-bit 
pixel port. The pixel bits, P7:0 (C-A), are latched on the 
rising edge ofLCLK and are multiplexed I: I. One rising 
edge of LCLK should occur every PCLK cycle. SCLK is 
equal to the PCLK selected. The RGB color format in this 
mode is 8:8:8. 

Bit CRI4 can be programmed in Command Register 
I, which enables or disables true-color palette bypass. 
When the bypass mode is selected, the pixel data 
bypasses the palette as well as the pixel mask and is 
transferred to the proper MSBs of the respective DACs. 
When the bypass mode is not selected, the pixel data 
indexes the proper locations in the palette, and the 
independent RGB color values are passed on to the 
respective DACs. When 8:8:8 color format is selected, 
the display can contain 16.8 million simultaneous 

colors. The DACs should be configured for 8 bits of 
resolution in this mode (CRI4=1 andCROI=I). 

VGA Port 

An 8-bit pixel port is provided to support VGA pixel 
data. The data is latched on the rising edge of LCLK. 
One rising edge of LCLK should occur every PCLK cy
cle. SCLK will equal the PCLK selected. A logical zero 
on the PORTSEL pin ensures that the VGA port is se
lected. A logical one on the PORTSEL pin selects the 
pixel port. To use the VGA PORTSEL feature the 
RAMDAC must be configured in the 1:1 multiplexing 
mode through the RAM (CRI4 = 0) or pallette bypass 
(CRI4 = 1). After the RAMDAC has been properly con
figured, the VGA PORTSEL can then be used to select 
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Circuit Description (continued) 

MSB LSB 
Pixel Mask Register 7 6 5 4 3 2 I 0 Ree:ister Bits 
VGAData 7 6 5 4 3 2 1 0 Palette Index 
4 BitslPixel x x x x 3 2 1 0 Palette Index 
8 BitslPixel 7 6 5 4 3 2 1 0 Palette Index 

16 Bits/Pixel 7 6 5 4 3 x x x Red Palette Index 
5:5:5 Format 7 6 5 4 3 x x x Green Palette Index 
SPARSE 7 6 5 4 3 x x x Blue Palette Index 

16 Bits/Pixel x x x 4 3 2 1 0 Red Palette Index 
5:5:5 Format x x x 4 3 2 1 0 Green Palette Index 
CONTIGUOUS x x x 4 3 2 1 0 Blue Palette Index 

16 Bits/Pixel 7 6 5 4 3 x x x Red Palette Index 
5:6:5 Format 7 6 5 4 3 2 x x Green Palette Index 
SPARSE 7 6 5 4 3 x x x Blue Palette Index 

16-Bits/Pixel x x x 4 3 2 I 0 Red Palette Index 
5:6:5 Format x x 5 4 3 2 I 0 Green Palette Index 
CONTIGUOUS x x x 4 3 2 1 0 Blue Palette Index 

24 Bits/Pixel 7 6 5 4 3 2 1 0 Red Palette Index 
8:8:8 Format 7 6 5 4 3 2 1 0 Green Palette Index 

7 6 5 4 3 2 1 0 Blue Palette Index 

Table 7. Pixe/lndex Masking. 

between the pixel port and the VGA port on a pixel-by
pixel basis. The PORTSEL pin can also be used to 
switch between VGA and the pixel ports in 2:1, 4:1, or 
8:1 MUX modes on a frame-by-frame basis. The VGA 
pixels address the color palette when selected. Only 
PCLKO should be used when switching between the 
VGA and pixel ports on a pixel-by-pixel basis. PCKLI 
should be used when switching between the VGA and 
pixel ports on a frame-by-frame basis. The 8-bit VGA 
data forms a common index into the palette, selecting 1 
of 256 colors. Valid data begins at address zero. 

Pixel Read Mask Register 

The pixel data can be inasked with the 8-bit pixel 
mask register before being transferred to the color 
palette. The pixel data is bit-wise logically ANDed 
with the contents_of the pixel read mask register. The 
result is used to address the color palette RAM. The 
addressed location provides 24 bits of color 
information to the three D/A converters. Pixel 
masking is enabled for all modes of operation, except 
when the true-color bypass is enabled. The pixel read 
mask register is not initialized at the power-up/reset 
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and must be initialized by the user to logical ones for 
proper operation (see Table 7). 

Cursor Operation 

The Bt484 has an on-chip, three-color, 32 x 32 x 2 
pixel user-definable cursor. This cursor can be used 
with both interlaced and noninterlaced systems; 

The pattern for the cursor is provided by the cursor 
RAM, which may be accessed by the MPU at any time. 
The cursor is positioned through the cursor position 
register (Xp,Yp) (see Figure 2). A (0, 0) written to the 
cursor position registers will place the cursor off the 
screen. A (1, 1) written to the cursor position registers 
will place the lower right pixel of the cursor on the 
upper left corner of the screen. Only one cursor pattern 
per frame is displayed at the location specified for both 
interlaced and noninterlaced display formats, 
regardless of the number of updates to (Xp,Yp). The 
cursor's vertical or horizontal location is not affected 
during any frame displayed. There are no restrictions 
on updating (Xp, Yp) other than that both cursor 
position registers must be written when the cursor 
location is updated. Internal x- and y-position registers 
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Circuit Description (continued) 

are loaded after the upper byte of Yp has been written 
to ensure one curSor pattern per frame at the correct 
location. The cursor pattern is displayed at the last 
cursor location written. 

Cursor positioning is relative to CDE. The ciIrsor 
position is not dependent upon CBLANK* (see Figure 
2). The reference point of the cursor (row 0, column 
0) is in the lower right comer. The cursor Xp position 
is relative to the first rising edge of LCLK when CDE 
is sampled at logical one. The cursor Yp position is 
relative to the first rising edge of LCLK when CDE is 
sampled at logical one after the CDE vertical blanking 
interval has been determined (see Figure 2). If a CDE 
transition from logical zero to logical oile (as 
determined by LCLK) does not occur within 2048 
PCLKs (2048 LCLKs when in 1:1 MUX mode), CDE 
is in vertical blanking. In 8: I, 4: I, or 2: 1 MUX modes, 
cursor timing is based on the PCLK selected. When 
the MUX rate is 1: I, cursor timing is based on LCLK. 

The cursor pattern can be displayed in an interlaced 
system if bit CR23 in Command Register 2 is a logical 
one. If Yp is greater than 32 ($0020), and less than or 
equal to 4095 ($OFFF), the first cursor line displayed 
depends on the state of the ODDIEVEN* pin and the 
value ofYp. IfYp is an even number, the data in row 0 
of the cursor RAM array will be displayed during the 
even field, and the data in row 31 of the cursor RAM 
array will be displayed during the odd field, starting at 
the position specified by (Xp,Yp). Each subsequent 
scan line displayed in the even field will correspond to 

CBLANK* -.J 

Bt484 

every alternate active cursor line after row 0 in the 
cursor RAM array. During the odd fields, tow 1 of the 
cursor RAM array is displayed on the first odd scan line 
at the position specified by (Xp, Yp). Each subsequent 
scan line displayed in the odd field will correspond to 
every alternate active cursor line after row 1 in the 
cursor RAM array. 

If Yp is an odd number, then the data in row 0 of the 
cursor RAM array will be displayed during the odd 
field, and the data in row 31 of the cursor RAM array 
will be displayed during the even field, Starting at the 
position specified by (Xp,Yp). Each subsequent scan 
line displayed in the odd field will correspond to every 
alternate active cursor line after tow 0 in the cursor 
RAM array. During even fields, row 1 of the cursor 
RAM array is displayed on the first even scan line at the 
position specified by (Xp, Yp). Each subsequeilt scan 
line displayed in the even field will correspond to every 
alternate active cursor line after row 1 in the cursor 
RAM array. 

If Yp is less than 32 ($0020), cursor display does 
not depend on whether Yp is odd or even. If the 
ODDIEVEN* pin is a logical zero, the first line of the 
cursor is displayed on scan line 1. Every alternate 
active cursor line in the cursor RAM array relative to 
the first active cursor line in the even field will 
correspond to subsequent scan lines in the even field. 
If the ODDIEVEN* pin is a logical one, the second 
active cursor line in the cursor RAM array is displayed 
on scan line 2. Each subsequent scan line displayed in 

L 
L CDE -.J X 1-.. ---,..-....::.-----

DISPLAY AREA 

Figure 2. Cursor Positioning. 
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the odd field corresponds to alternate cursor lines in 
the cursor RAM array relative to the first active cursor 
line in the odd field. If bit CR23 is a logical zero, 
the cursor must be displayed in a noninterlaced 
system. Scan lines displayed in a frame correspond to 
sequential cursor lines in the cursor RAM relative to 
the first active cursor line in the frame. 

Figure 3 is a visual explanation of planar pixel 
format and cursor RAM array pixel mapping. 

Cursor C%r Support 

The cursor has three modes for color selection. Bits 
CR21 and CR20 in Command Register 2 determine 
which cursor mode is to be used. Mode I is a 
three-color cursor, mode 2 is referred to as a 
PMlWindow cursor, and mode 3 is referred to as an 
X-Windows cursor (see Table 8). 

Highlight Logic 

The highlight logic is enabled in cursor mode 2 when 
both plane data (plane 1 and plane 0) are logical ones 
(see Table 8). When the highlight logic is enabled, it 
ensures that the pixel highlighted has a unique color. 
This is because the highlight logic bit-wise 
complements the 24- or 18-bit palette or bypass data 
supplied to the DACs. 

Plane 1 Plane 0 MODE 1 

0 0 Palette Data 

0 I Cursor Color I 

I 0 Cursor Color 2 

I I Cursor Color 3 

Brooktree® 

Video 'Generation 

The CSYNC* and CBLANK* inputs are latched on 
the rising edge of LCLK to maintain synchronization 
with the color data, add appropriately weighted 
currents to the analog outputs, and produce the 
specific output levels required for video applications, 
as illustrated in Figures 4 and 5. Tables 9 and 10 detail 
how the CSYNC* and BLANK* inputs modify the 
output levels. 

The CR05 command bit is used to specify whether a 
o or 7.5 IRE blanking pedestal is to be used. 
Command bits CR02, CR03, and CR04 specify 
whether the RGB outputs contain sync information. 

SENSE'" Output 

SENSE* is a logical zero if one or more of the lOR, 
lOG, or lOB outputs have exceeded the internal 
voltage reference level of the SENSE* comparator 
circuit. This output is used to determine the presence 
of a CRT monitor, and through diagnostic code, the 
difference between a loaded or an unloaded RGB line 
can be discerned. The reference is generated by a 
voltage divider from the external 1.235 V voltage 
reference on the VREF pin. For the proper operation 
of the SENSE circuit, the following levels should be 
applied to the comparator by the lOR, lOG, and lOG 
outputs: 

DAC Low Voltage:o; 310 mV 

MODE2 MODE 3 

Cursor Color I Palette Data 

Cursor Color 2 Palette Data 

Palette Data Cursor Color I 

Complement Palette Cursor Color 2 
Data 

Table 8. Overlay Color Modes. 
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Figure 3. Planar Pixel Format and Cursor RAM Array Pixel Mapping. 
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4-170 

NO SYNC SYNC 

MA V MA V 

\9.05 0.714 26.67 1.000 -,---.... :-------------=---- WHITE LEVEL 

1.44 0.054 9.05 0.340 ~-----_+---~~--------BUCKLBVa 

7.5 IRE 

0.00 0.000 7.62 0.286 -r-----~-r_,_~--------~BUNKL~a 

40 IRE 

0.00 0.000 
-'-_______ "'--...1-__________ SYNC LEVEL 

Note: 75 n doubly-terminated load. VREF = 1.235 V. and RSET - 143 n. RS-343A levels and 
tolerances are assumed on all levels. 

Figure 4. Composite Video Output Waveforms (SETUP = 7.5 IRE). 

Sync Sync 
Disabled Enabled DAC 

Description CSYNC* BLANK* Input Data 
lout (mA) lout (mA) 

WHITE 19.05 26.67 1 1 $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 1 $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 n doubly-terminated load. VREF = 1.235 V. and RSET - 143 n. 

Table 9. Video Output Truth Table (SETUP = 7.5 IRE). 

SECTION 4 



Brooktrre® Bt484 
Circuit Description (continued) 

NO SYNC SYNC 

MA V MA V 

17.62 0.660 25.24 0.950 -r----;;..-------------=---- WHITE LEVEL 

0.00 0.000 7.62 0.286 -t---------''-...,-----,-..J--------- BLACKIBLANK LEVEL 

43 IRE 

0.00 0.000 0.00 0.000 -'---------'----'---------- SYNC LEVEL 

Note: 75 Q doubly-terminated load, VREF = l.235 V, and RSET - 143 Q. RS-343A levels and tolerances 
are assumed on all levels. 

Figure 5. Composite Video Output Waveforms (SETUP = 0 IRE). 

Sync Sync 
Disabled Enabled DAC 

Description CSYNC' BLANK" Input Data 
lout (rnA) lout (rnA) 

WHITE 17.62 25.24 1 I $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 Q doubly-terminated load, VREF = 1.235 V, and RSET- 143 Q. 

Table 10. Video Output Truth Table (SETUP = 0 IRE). 
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Internal Registers 

Command Register 0 (RS value = 0110) 

This register may be written to or read by the MPU at any time and is not initialized at power-up. CROO 
corresponds to data bus bit DO, the least significant data bit. All command register bits are set to logical zeros 
when a low signal is asserted on the RESET* pin. 

CR07 

CR06 

CROS 

CR04 
CR03 
CR02 

CROI 

CROO 

4-172 

Reserved. (logical zero) 

Clock Disable ANDed with CROO 

(0) Normal Operation 
(1) Disable Internal Clocking 

Setup Enable 

(0) Disable SETUP (0 IRE) 
(1) Enable SETUP (7.5 IRE) 

Blue Sync Enable 
Green Sync Enable 
Red Sync Enable 

(0) Disable Sync 
(1) Enable Sync 

DAC 6/8-Bit Resolution 

(0) 6-bit Operation 
(1) 8-bit Operation 

Power-Down Enable 

(0) Normal Operation 
(1) Power-Down Operation 

SECTION 4 

This bit is reserved for future expansion. A logical zero 
must be written to this bit to ensure proper operation. 

When this bit and CROO are a logical one, the internal 
clock and SCLK are disabled to further con~erve power 
when in power-down mode. The RAM still retains the 
data, and MPU reads and writes can occur without loss 
of data. When this bit is a logical zero, internal clock
ing is enabled, and SCLK will be generated. 

This bit determines the video blanking pedestal. A logi
cal zero sets a 0 IRE blanking pedestal, and a logical 
one sets 7.5 IRE. 

These bits specify whether the respective lOB, lOG, or 
lOR output is to contain sync information. 

This bit specifies whether the MPU is reading and writ
ing 8 bits (logical one) or 6 bits (logical zero) of color 
information each cycle. 

While this bit is a logical zero, the device operates nor
mally. If this bit is a logical one, the DACs and power 
to the RAM are turned off. The RAM still retains the 
data, and CPU reads and writes can occur with no loss 
of data. 

The DACs will be turned off during sleep mode only if 
a voltage reference (internal or external) is used. 



Brooktrre@ Bt484 
Internal Registers (continued) 

Command Register 1 (RS value = 1000) 

This register may be written to or read by the MPU at any time. The bits in this register are not initialized. 
CRlO corresponds to data bus bit DO, the least significant data bit (see Table 4). All command register bits are 
set to logical zero when a low signal is asserted on the RESET* pin. 

CR17 

CR16,15 

CR14 

CR13 

CR12 

CR11 

CRlO 

Reserved (logical zero) 

BitlPixel Select 

(00) One 24-Bit Pixel 
(01) One or Two 16-BitPixels 
(10) Four 8-Bit Pixels 
(11) Eight 4-Bit Pixels 

True-Color Bypass Enable 

(0) Pixel Addresses Palette 
(1) Pixel Bypasses Palette 

16-Bit RGB Color Format 

(0) 5:5:5 R:G:B Color Format 
(1) 5:6:5 R:G:B Color Format 

16-Bit Multiplexing Rate 

(0) 2: 1 Multiplexing 
(1) 1:1 Multiplexing 

16-Bit Real-Time Switch Enable 

(0) CRlO Controls Selection 
(1) P7D Controls Selection 

16-BitlPixel Port Switch Control 

(0) Multiplex Port [B-AJ 
(1) Multiplex Port [D-C] 

This bit is reserved for future expansion. A logical zero 
must be written to ensure proper operation. 

These bits select the pixel size depth and determine the 
multiplexing rates for 4-, 8-, and 24-bitlpixel operation. 
The 16-bitlpixel multiplexing rate is set by the state of 
CRI2. 

When this bit is a logical zero, the pixel palette is ad
dressed by the pixel data. When this bit is a logical one, 
the RGB pixel data bypasses the color palette and drives 
the DACs directly. True-color bypassing is available 
only for pixel sizes of 16 and 24 bits. 

This bit selects the RGB color format for 16-bitlpixel 
operation. 

When this bit is a logical zero, and CR16 and 15 are set 
to 01, two 16-bit values are latched in during every 
LCLK cycle. When this bit is a logical one, and CR16 
and 15 are set to 01, one 16-bit value is output during 
every LCLK cycle. This bit is ignored if CRI6/CR15 
specify 4-, 8-, or 24-bitlpixel operation. 

This bit is only valid when CR13 = 0 (5:5:5 format) and 
CR12 = 1 (1:1 multiplexing) are specified. When this 
bit is a logical zero, CRlO switches the ports multi
plexed. When this bit is a logical one, pixel port bit P7D 
switches the ports multiplexed. This bit is ignored when 
5:6:5 RGB color format is selected (when bit CR13 is a 
logical one). 

This bit specifies which 16-bit port is selected for either 
5:5:5 (CR13 = 0) or 5:6:5 (CR13 = 1) mode. In order for 
this bit to control which 16-bit port is selected, CR12 
must be a logical one (16-bit 1:1 multiplexing). This bit is 
ignored when real-time port switching is enabled (CR11 
= 1). 
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Internal Registers (continued) 

Command Register 2 (RS value = 1001) 

This register may be written to or read by the MPU at any time and is not initialized at power-up. CR20 
corresponds to data bus bit DO, the least significant data bit. All command register bits are set to logical zero 
when a low signal is asserted on the RESET* pin. 

CR27 SCLK Disabled 
(0) SCLK Enabled 
(1) SCLK Disabled 

CR26 Test Path Enable 

(0) Normal Operation 
(1) Test Path Enabled 

CR25 PORTSEL Mask 

(0) Masked 
(1) Nonmasked 

CR24 CLKSEL Enable 

(0) PCLKO Selected 
(1) PCLKI Selected 

CR23 Display Mode Select 

(0) Noninterlaced 
(1) Interlaced 

CR22 16-BitlPixel Palette Index Select 

(0) Sparse Indexing 
(1) Contiguous Indexing 

CR21,20 Cursor Mode Select 

4-174 

(00) Cursor Disabled 
(01) Three-Color Cursor 
(10) Two-ColorlHighlight 

Cursor 
(11) Two-ColorlX-Windows 

Cursor 
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A logical zero must be written to this bit to enable SCLK to 
be output. A logical one written to this bit three-states the 
SCLKoutput. 

When this bit is set to a logical zero, the device operates 
normally. A logical one enables certain test paths to be in
ternally set up. This involves any input mode and any in
puts that affect access to the color palette RAM. When this 
bit is set to a logical one, the pixel data is accessible on the 
MPU data bus. While this test mode is enabled, the device 
will not operate at speed. 

This bit determines the selection of the input port. It is logi
cally ANDed with the PORTSEL pin. A logical zero selects 
the VOA port. When this bit is a logical one, the PORT
SEL pin selects either the VOA or pixel port. 

When this bit is a logical zero, PCLKO is selected. When 
this bit is a logical one, PCLKI is selected. To eliminate 
glitches on the SCLK output, switching between PCLKs 
should occur only when the multiplexing rate is 8:1 or 4:1. 
To ensure the integrity of the palette, the device should be 
put in sleep mode before switching clocks. 

When this bit is a logical zero, the display format is nonin
terlaced. When the bit is a logical one, the display format is 
interlaced. The mode must be set properly to ensure proper 
operation of the internal cursor. 

When this bit is a logical zero, palette addressing is sparse. 
The ROB color component pixel data is mapped to the 
most significant bits of the ROB palette address. The least 
significant of the palette address bits are set to zero. When 
this bit is a logical one, palette addressing is contiguous. 
The ROB color component pixel data is mapped to the least 
significant bits of the palette address. The most significant 
bits of the address are set to zero. 

These bits determine the functionality of the onboard 32 x 
32 x 2 cursor. 



Bt484 
Internal Registers (continued) 

Pixel Read Mask Register (RS value = 0010) 

The 8-bit pixel read mask register may be written to or read by the MPU at any time, and is not initialized at 
power-up. DO is the least significant bit. The contents of this register are bit-wise ANDed with the pixel data 
prior to addressing the color palette RAM. The pixel read mask register must be initialized by the user to 
logical ones for proper operation. 

Status Register (RS value = 1010) 

The 8-bit status register monitors certain device states and identifies devices. It may be read by the MPU at any 
time; MPU write cycles to this register are ignored. DO is the least significant bit corresponding to SRO. This 
register is not reset during power-up/reset. 

SR7-SR6: These bits are identification values. SR7 = 0 and SR6 = 1. 

SRS-SR4: These bits are revision values. 

SR3: This is the SENSE* bit. If it is a logical zero, one or more of the lOR, lOG, and lOB outputs have 
exceeded the internal voltage reference level (370 mY). This bit is used to determine the presence of a CRT 
monitor, and with diagnostic code, the difference between a loaded or unloaded RGB line can be discerned. 

The SENSE reference has an additional ±1O-percent tolerance when an internal voltage reference is used. 

SR2: (0) Write Cycle 
(1) Read Cycle 

Read/write access status. This bit provides RDIWR status when address register $0, $3, $4, or $7 has been 
written to. When address register $0 or $4 has been written, the device is in the write mode and this bit is a 
logical zero. When address register $3 or $7 has been written, the device is in the read mode and this bit is a 
logical one. 

SRI-SRO: These bits reflect the color component address for the next RDIWR cycle when the palette, cursor 
color registers, or overscan register are accessed. 

Address [a,b] state: (00) Red Color Component 
(01) Green Color Component 
(10) Blue Color Component 
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Bt484 
Internal Registers (continued) 

Cursor (X,y) Registers (RS values: CXLR = 1100, CXHR = 1100, 
CXYL = 1110, and CXYH = 1111) 

Brooktree® 

These registers are used to specify the (x,y) coordinate of the 32 x 32 x 2 hardware cursor. The cursor (x) 
register contains the cursor (x) low register (CXLR) and the cursor (x) high register (CXHR); the cursor (y) 
register contains the cursor (y) low register (CYLR) and the cursor (y) high regis~ (CYHR). The last value 
written by the MPU to these registers is the value returned on a read. These registers may be written to or read 
by the MPU at any time. 

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 logical zeros. 

Cursor (x) High Cursor (x) Low 
(CXHR) (CXLR) 

Data Bit D3 D2 DI DO D7 D6 D5 D4 D3 D2 DI DO 

X Address XlI XlO X9 X8 X7 X6 X5 )(4 X3 X2 Xl XO 

Cursor (y) High Cursor (y) Low 
(CYHR) (CYLR) 

Data Bit D3 D2 Dl DO D7 D6 D5 D4 D3 D2 DI DO 

Y Address Yll YlO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 YI YO 

The cursor (x) value to be written is calculated as follows: 

Xp = desired display screen (x) position + 32 (or $0020) 
where 

the (x) reference point for the display screen, x = 0, is the upper left corner of the screen. The Xp 
position equation places the upper left corner of the cursor RAM array to the desired screen location. This 
allows the cursor position to be defined in the same coordinate space as the screen. 

Values from 0 (or $0000) to 4095 (or $OFFF) may be written into the cursor (x) register. If Xp is equal to 0, 
the cursor will be entirely offscreen (see Cursor Operation in the Circuit Description section). 

The cursor (y) value to be written is calculated as follows: 

Yp = desired display screen (y) position + 32 (or $0020) 
where 

the (y) reference point for the display screen, y = 0, is the upper left corner of the screen. The Yp 
position equation places the upper left corner of the cursor RAM array to the desired screen location. This 
allows the cursor position to be defined in the same coordinate space as the screen. 

Values from 0 (or $0000) to 4095 (or $OFFF) may be written into the cursor (y) register. If Yp is equal to 0, 
the cursor will be entirely offscreen (see Cursor Operation). 

4-176 SECTION 4 



Brooktree@ Bt484 
Pin Descriptions 

Pin Name Pin # Description 

RESET* 47 Reset input (Tl'L compatible). When this signal is low, all the command register bits are setto zero. 
At reset, the device will be in VGA mode. The pixel read mask register is not initialized on reset 

and must be initialized by the user to logical ones for proper operation. 

CBLANK* 65 Composite blank control input (1TL compatible). A logical zero drives the analog outputs to the 
blanking level, as illustrated in Tables 9 and 10. CBLANK* is latched on the rising edge of LCLK. 
When BLANK* is a logical zero, the pixel inputs are ignored. The falling edge of this signal 
determines the polarity of the CSYNC* input pin. The onboard cursor positioning counters are 
referenced to this signal. 

CSYNC* 64 Composite sync control input (1TL compatible). The polarity of this pin is determined on the last 
rising LCLK edge before the falling edge of CBLANK*. CSYNC* does not override any other 
control or data input, as shown in Tables 9 and 10; therefore, it should be asserted only during the 
blanking interval. CSYNC* is latched on the rising edge of LCLK. Bits CR04, CR03, and CR02 in 
Command Register 0 can disable sync on lOB, lOG, or lOR outputs, respectively. 

CDE 63 Composite display enable control input (TTL compatible). The state of this signal and CBLANK* 
determines whether the analog outputs are blanked or contain cursor color, pixel, or overscan data. 
This signal is latched on the rising edge of LCLK. If overscanning is not used, this pin must be tied 
to CBLANK*. The following is a list of combinations of CDE and CBLANK*: 

PORTSEL CDE CLBANK* 
x x 0 Video Blanking 
0 0 1 VGA Pixel Data 
0 1 1 Cursor Color, Pixel Data, or VGA Data 
1 0 1 Overscan Data 
1 1 I Cursor Color or Pixel Data 

ODD I EVEN* 62 Odd/even field input (1TL compatible). This signal should be changed only during vertical blank. 
This input is used to ensure proper operation of the onboard cursor when interlaced operation 
(command bit CR23=1) is selected. When this signal is a logical zero, an even field is specified. 
When this signal is a logical one, an odd field is specified. This input is ignored if npninterlaced 
operation (command bit CR23=0) is selected. 

PCLKO 78 Pixel Clock 0 input (1TL compatible). This clock is selected when CR24 in Command Register 2 is 
a logical zero. The signal on this pin should be the VGA pixel clock. This clock should be specified 
when switching between the pixel and VGA ports ona pixel-by-pixel basis (in 1:1 mode. only) . .It is 
recommended that all clock inputs be driven by a dedicated buffer to avoid reflection-induced jitter. 
Refer to the PC Board Layout Considerations section for critical layout criteria. 

PCLKI 76 

SCLK 

Pixel Clock 1 input (1TL compatible). This clock is selected when CR24 in Command Register 2 is a 
logical one. The signal on this pin is typically the high-speed pixel clock used during multiplexed oper
ation of the pixel port. Refer to the PC Board Layout Considerations section for critical layout criteria. 

83 VRAM shift clock output (1TL compatible). The signal on this pin is equal to the selected pixel 
clock divided by 8, 4, 2, or 1, depending on the operating mode selected. 
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Bt484 Brooktree@ 
Pin Descriptions (continued) 

Pin Name Pin # Description 

LCLK 81 Latch clock input (TIL compatible). The rising edge of this signal latches P7:0 (A-D) or VGA 
[7:0], and CBLANK*, CDE, CSYNC*, and PORTSEL. The information latched by this signal is 
synchronized internally with SCLK. Because of this synchronization process, there is a timing 
window on both sides of SCLK where LCLK must not rise (see AC Characteristics section). This 
timing window is necessary so that data latched by LCLK does not interfere with the setup and 
hold times required by the internal synchronizing latch. Data is synchronized with the selected 
pixel clock after being internally latched with SCLK. When the multiplexing rate is 8:1, 4:1, 2:1, 
or 1:1, this signal is equal to the selected pixel clock divided by 8, 4, 2, or I, respectively. 

P7:0 (A-D) 1-32 Pixel port inputs (TIL compatiblc). This port is sclected if PORTSEL is a logical one. The 
appropriate pins on this port are multiplexed at rates of either 1:1, 2:1, 4:1, or 8:1, depending on the 
operating mode selected. This port is latched on the rising edge of LCLK. PO is the LSB. Unused 
inputs should be connected to GND. 

VGA[7:0] 67-74 VGA port inputs (TTL compatible). This VGA port is selected if PORTSEL is a logical zero and 
only when in a 1: 1 multiplexing mode. This port is always multiplexed 1: 1. This port is latched on 
the rising edge of LCLK. PO is the LSB. Unused inputs should be connected to GND. 

PORTSEL 66 VGA/pixel port select input (TTL compatible). This pin is ANDed with control register bit CR25 
to determine whether the pixel port or VGA port is selected. A logical zero on this pin selects the 
VGA port only when in the 1: 1 multiplexing mode regardless of the state of CR25. A logical one 
selects the pixel port ifCR25=1. If a 1:1 multiplexing rate has been specified, this pin may be used 
to switch between the pixel and VGA ports on a pixel-by-pixel basis. Switching between the VGA 
and pixel ports cannot be done in 2:1, 4:1, or 8:1 MUX modes. This pin should not be left floating. 

WR* 48 Write control input (1TL compatible). DO-D7 data is latched on the rising edge of WR*, and 
RSO-RS3 are latched on the falling edge of WR* during MPU write operations. RD* and WR* 
should not be asserted simultaneously. Refer to MPU Control Signal Interfacing in the PC Board 
Layout Considerations section for detailed layout suggestions. 

RD* 49 Read control input (TTL compatible). To read data from the device" RD* must be a logical zero. 
RSO-RS3 are latched on the falling edge of RD* during MPU read operations. RD* and WR* 
should not be asserted simultaneously. Refer to MPU Control Signal Interfacing in the PC Board 
Layout Considerations section for detailed layout suggestions. 

RSO-RS3 50-53 Register select inputs (TTL compatible). RSO-RS3 specify the type of read or write operation 
being performed, as shown in Tables 1 and 2. Refer to MPU Control Signal Interfacing in the PC 
Board Layout Considerations section for detailed layout suggestions. 

DO-D7 54-61 Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit 
bidirectional data bus. DO is the least significant bit. 

SENSE* 46 Comparator sense output (CMOS compatible). This pin will be low if one or more of the lOR, 
lOG, and lOB analog output levels exceed the internal comparator reference level. The sense 
output can drive only one CMOS load. 

lOR, lOG, lOB 35,37,39 Red, green, and blue current outputs. These high-impedance current sources can directly drive a 
doubly-terminated 75 n coaxial cable. The PC Board Layout Considerations section contains 
further information. 
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Brooktree@ Bt484 
Pin Descriptions (continued) 

Pin Name Pln# 

FSADJUST 33 

VREFOUT 44 

VREFIN 43 

COMP 41 

Description 

Full-scale adjust control. The IRE relationships in Figures 4 and 5 are maintained, regardless of 
the full-scale output current. 

When an external or the internal voltage reference (Figures 6 and 7 in the PC Board Layout 
Considerations section) is used, 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 (0) = K * 1,000 * VREF (V) I lout (rnA) 

K is defined in the table below. It is recommended that a 143 0 RESET resistor be used for 
doubly- terminated 75 0 loads (Le., RS-343A applications). 

Sync Enabled Sync Disabled 

Setup .OIRE 7.5 IRE o IRE 7.5 IRE 

K (8 bits) 2.888 3.055 2.045 2.207 

K (6 bits) 2.867 3.029 2.021 2.183 

Voltage reference output. This output provides a 1.2 V (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 6 and 7.) Up to four Bt484s can be driven by this output. 

Voltage reference input. If an external voltage reference is used (Figure 7), it must supply this 
input with a 1.235 V (typical) reference. A O.ll1F ceramic capacitor must be used to decouple 
this input to GND, as shown in Figures 6 and 7. The decoupling capacitor must be as close to the 
device as possible to keep lead lengths to an absolute minimum. When the internal reference is 
used, this pin should not drive any external circuitry, except the decoupling capacitor (Figure 6). 

Compensation pin. A 0.1 !1F 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. Refer to the PC Board Layout Considerations section for critical hlyout criteria. 

V AA 40,42,45,7 Analog power. All V AA pins must be connected together on the same PCB plane to prevent 
5,77,79 latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 

GND 34,36,38,8 Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
0,82,84 latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 
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Bt484 Brooktree~ 

Pin Descriptions (continued) 

VAA RS3 

PCLKI RS2 

VAA RSI 

PCLKO RSO 

VAA RD· 

OND WR* 

LCLK RESET· 

OND SENSE· 

SCLK VAA 

OND VREFOUT 

POA VREFIN 

PIA VAA 

P2A COMP 

P3A VAA 

P4A lOB 

P5A OND 

P6A lOG 

P7A OND 

POB lOR 

PIB OND 

P2B FSADiUsT 
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Brooktree® 
PC Board Layout Considerations 

PC Board Considerations 

For optimum performance of the Bt484, proper CMOS 
RAMDAC layout techniques should be studied in the 
Bt45 117/8 Evaluation Module Operation and Measure
ments, Application Note (AN-16), before PC board 
layout is begun. This application note can be found in 
Brooktree's Applications Handbook. 

The layout should be optimized for lowest noise on 
the Bt484 power and ground planes by providing good 
decoupling. The trace length between groups of V AA 
and GND pins should be as short as possible to minimize 
inductive ringing. 

A well-designed power distribution network is criti
cal to eliminating digital switching noise. The ground 
plane must provide a low-impedance return path for 
the digital circuits. A PC board with a minimum of 
four layers is recommended, with layers 1 (top) and 4 
(bottom) for signals and layers 2 and 3 for power and 
ground. 

Component Placement 

Components should be placed as close as possible to 
the associated RAMDAC pin. Whenever possible, 
components should be placed so traces can be connect
ed point to point. 

The optimum layout enables the Bt484 to be located 
as close as possible to the power supply connector and 
the video output connector. 

Ground Planes 

For optimum performance, a common digital and ana
log ground plane is recommended. 

Power Planes 

Separate digital and analog power planes are recom
mended. The digital power plane should provide pow
er to all digital logic on the PC board, and the analog 
power plane should provide power to all Bt484 power 
pins, VREF circuitry, and COMP and VREF decou
pIing. There should be at least a lI8-inch gap between 
the digital power plane and the analog power plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figures 6 and 7. This bead 
should be located within 3 inches of the Bt484. The 
bead provides resistance to switching currents, acting 
as a resistance at high frequencies. A low-resistance 
bead should be used, such as Ferroxcube 5659065-3B, 
Fair-Rite 2743001111, or TDK BF45-4ool. 

Bt484 

Device Decoupling 

For optimum performance, all capacitors should be lo
cated as close as possible to the device, and the short
est possible leads (consistent with reliable operation) 
should be used to reduce the lead inductance. Chip ca
pacitors are recommended for minimum lead induc
tance. Radial lead ceramic capacitors may be substitut
ed for chip capacitors and are better than axial lead 
capacitors for self-resonance. Values are chosen to 
have self-resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is ob
tained with a 0.1 IlF ceramic capacitor, decoupling 
each of the two groups of VAA pins to GND. For op
eration above 75 MHz, a 0.1 IlF capacitor in parallel 
with a 0.01 IlF chip capacitor is recommended. The 
capacitors should be placed as close as possible to the 
device V AA and GND pins and connected with short, 
wide traces. 

The 10 IlF capacitor shown in Figures 6 and 7 is for 
low-frequency power supply ripple; the 0.1 IlF capaci
tors are for high-frequency power supply noise rejection. 

When a linear regulator is used, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than or 
equal to 200 mY. This is especially important when a 
switching power supply is used, and the switching fre
quency is close to the raster scan frequency. About 10 
percent of the power supply hum and ripple noise less 
than I MHz will couple onto the analog outputs. 

COMP Decoupling 

The COMP pin must be decoupled to V AA, typically 
with a 0.1 IlF ceramic capacitor. Low-frequency sup
ply noise will require a]arger value. The COMP ca
pacitor must be as close as possible to the COMP and 
V AA pins. A surface-mount ceramic chip capacitor is 
preferred for minimal lead inductance. Lead induc
tance degrades the noise rejection of the circuit. Short, 
wide traces will also reduce lead inductance. 

If the display has a ghosting problem, additional ca
pacitance in parallel with the COMP capacitor may 
help. 

VREF Decoupling 

A 0.1 IlF ceramic capacitor should be used to decou
ple this input to GND. 
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Bt484 Brooktree® 
PC Board Layout Considerations (continued) 

Digital Signal Interconnect 

The digital inputs to the Bt484 should be isolated as 
much as possible from the analog outputs and other ana
log circuitry. Also, these input signals should not over
lay the analog power plane or analog output signals. 

Most· of the noise on the analog outputs will be 
caused by excessive edge rates (less than 3 ns), over
shoot, undershoot, and ringing on the digital inputs. 

The digital edge rates should not be faster than nec
essary, as feedthrough noise is proportional to the digi
tal edge rates. Lower-speed applications will benefit 
from using lower-speed logic (3-5 ns edge rates) to re
duce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time (refer to 
Brooktree Application Notes AN-I! and AN-!2). Line 
termination or line-length reduction is the solution. 
For example, logic edge rates of 2 ns require line 
lengths of less than 4 inches without use of termina
tion. Ringing may be reduced by damping the line 
with a series resistor (30-300 n). The RS-select inputs 
and RD*IWR* lines must be verified for proper levels 
with no ringing, undershoot, or overshoot. Ringing on 
these lines can cause improper operation. 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing the digital 
signals at a 90 degree angle to any analog signals. 

The clock driver and all other digital devices must be 
adequately decoupled to prevent noise generated by the 
digital devices from coupling into the analog circuitry. 

Clock Interfacing 

The Bt484 requires a pixel clock with monotonic 
clock edges for proper operation. Impedance mis
match on the pixel clock line will induce reflections 
on the pixel clock, which may cause erratic operation. 

The Pixel Clock Pulse Width High Time and Pixel 
Clock Pulse Width Low Time minimum specifications 
(see the AC Characteristics section) must not be vio
lated, or erratic operation can occur. 

The pixel clock line must be terminated to prevent 
impedance mismatch. A series termination of 33-68 n 
placed at the pixel clock driver may be used, or a par
allel termination may be used at the pixel clock input 
to the RAMDAC. A parallel termination of 220 n to 
VCC and 330 n to ground will provide a Thevenin 
equivalent of a 110 n termination, which is normally 
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sufficient to absorb reflections. The series or parallel 
resistor values should be adjusted to provide the opti- . 
mum clock signal fidelity. 

MPU Control Signal Interfacing 

The Bt484 uses the RD*, WR*, and RS lines to deter
mine which MPU accesses will take place. Glitches or 
ringing on any of these lines may cause improper MPU 
operation. When a VGA controller with edge rate con
trol is used on these lines, a series termination is not 
necessary. In non-VGA controller application or in ap
plications where the MPU control signals are daisy 
chained, a series termination, pull-down resistors, or ad
ditional capacitance to ground should be used to prevent 
glitches that could cause improper MPU accesses. 

Analog Signal Interconnect 

The Bt484 should be located as close as possible to the 
output connectors to minimize noise pickup and re
flections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk 
from digital lines; digital traces must not be routed 
under or adjacent to the analog output traces. 

To maximize the high-frequency power supply re
jection, the video output signals should not overlay the 
analog power plane. 

For maximum performance;the analog video output 
impedance, cable impedance, and load impedance 
should be the same. The load resistor connection be
tween the video outputs and GND should be as close 
as possible to the Bt484 to minimize reflections. Un
used analog outputs should be connected to GND. 

Analog output video edges exceeding the CRT 
monitor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EMI and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 

The Bt484 analog output should be protected against 
high-energy discharges, such as those from monitor 
arc-over or from hot-switching AC-coupled monitors. 

The diode protection circuit shown in Figures 6 and 
7 can prevent latchup under severe discharge condi
tions without adversely degrading analog transition 
times. The IN4148/9 parts are low-capacitance, fast
switching diodes, which are also available in multiple
device packages (FSA250X or FSA270X) or surface
mountable pairs (BAV99 or MMBD7(01). 



Bt484 
PC Board Layout Considerations (continued) 

Bt484 

!REF 

lOR 

lOG 

lOB 

ANALOG POWER PLANE 

C2-C3 

C6 

Ll r +5V(VCC) 

Cl 

GROUND 

~--~~--~--~~~--------------.. ----------~----- (roWERs~y 
CONNECTOR) 

Rl R2 R3 

P 
TO 

P VIDEO 

CONNECTOR 
P 

VAA 

CV 
IN4148 19 

DAC TO MONIIOR 

OUTPUT IN4148 19 

GND 

Note: For operation above 75 MHz, each group of device VAA and GND pins must be separately 
decoupled with OJ JlF and 0.01 !JF capacitors. 

Location Description Vendor Part Number 

CI-C5 0.1 !JF ceramic capacitor Erie RPE1l2Z5Ul04M50V 
C6 10 jlF capacitor Mallory CSR13Gl06KM 
Ll ferrite bead Fair-Rite 2743001111 

Rl,R2,R3 75 n 1 % metal film resistor Dale CMF-55C 
RSET 1 % metal fIlm resistor Dale CMF-55C 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt484. 

Figure 6. Typical Connection Diagram and Parts List 
(Internal Voltage Reference). 
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PC Board Layout Considerations (continued) 

4-184 

C2-C3 

RSET 

!REF 

IOR~--------~--1---1-----~ 

IOGr-------------~---r------~ 

IOBr-----------------~------4 

Ll 

GROUND 

(POWER SUPPLY 

CONNECTOR) 

Note: For operation above 75 MHz, each group of device V AA and GND pins must be separately decoupled 
with 0.1 J.!F and 0.01 J.!F capacitors. 

Location Description Vendor Part Number 

CI-C5 0.1 J.!F ceramic capacitor Erie RPEI12Z5U104M50V 
C6 10 J.!F capacitor Mallory CSRI3G106KM 
L1 ferrite bead Fair-Rite 2743001111 

Rl, R2, R3 75 n 1 % metal film resistor Dale CMF-SSC 
R4 1 kn 5% resistor 

RSET 143 n I % metal film resistor Dale CMF-SSC 
ZI 1.2 V voltage reference National Semiconductor LM385BZ-I.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt484. 
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Figure 7. Typical Connection Diagram and Parts List 
(External Voltage Reference). 



Brooldree® Bt484 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 Q 

Voltage Reference Configuration VREF V 
Reference Voltage 1.112 1.235 1.359 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VAA (measured to GND) 7.0 V 

Voltage on Any Signal Pin (Note 1) GND-O.5 VAA + 0.5 V 

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

Storage Temperature TS -65 +150 °C 
Junction Temperature TJ +150 °C 

Vapor Phase Soldering TVSOL 220 °C 
(1 minute) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1.' This device employs high-impedance CMOS devices on all signal pins. It shonld be handled as an 
ESD-sensitive device. Voltage on any signal pin that exCeeds the power supply voltage by more than +0.5 
V or more than -0.5 V below ground can induce destructive latchup. 
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Bt484 
Application Information 

Using Multiple Devices 

When multiple Bt484s are used, each Bt484 should 
have its own power plane ferrite bead. If the internal 
reference is used, each Bt484 should use its own in
ternal reference. 

Although the multiple Bt484s may be driven by a 
common external voltage/current reference, higher 
performance may be obtained if each RAMDAC uses 
its own reference. This will reduce the amount of 
color channel crosstalk and color palette interaction. 

Each Bt484 must still have its own RSET resistor, 
analog output termination resistors, power supply by
pass capacitors, COMP capacitor, and reference ca
pacitors. 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can produce 
symptoms of catastrophic failure or erratic device be
havior with somewhat leaky inputs. 

All logic inputs should be held low until power to 
the device has settled to the specified tolerance. 
DAC power decoupling networks with large time 
constants should be avoided. They could delay V AA 
power to the device. Ferrite beads must be used only 
for analog power V AA decoupling. Inductors cause 
a time constant delay that induces latchup. 

4-186 SECTION 4 
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Latchup can be prevented by ensuring that all V AA 
pins are at the same potential and that the V AA sup
ply voltage is applied before the signal pin voltages. 
The correct power-up sequence ensures that any sig
nal pin voltage will never exceed the power supply 
voltage by more than +0.5 V. 

Reference Selection 

An external voltage reference provides about ten 
times the power supply rejection on the analog out
puts than does an external current reference. 

Sleep Operation 

When the internal or external voltage reference is 
used, the DACs will be turned off during sleep mode. 

When an external voltage reference is used, some 
internal circuitry will still be powered during the 
sleep mode, resulting in 0.5 rnA of power supply cur
rent being drawn (above the rated supply current 
specifications). This unnecessary current drain can be 
disabled by turning off the external voltage reference 
during sleep mode. 



Brooktree@ Bt484 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

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

Integral Linearity Error IL ±l LSB 
Differential Linearity Error DL ±I LSB 
Gray-Scale Error ±5 % GrayScale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage VIR 2.0 VAA+O.5 V 
Input Low Voltage VIL GND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) IIH I !LA 
Input Low Current (Vin = 0.4 V) IIL -I !LA 
Input Capacitance CIN 7 pF 

(f = 1 MHz, Yin = 2.4 V) -Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -400 ILA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
3-State Current IOZ 50 !LA 
Output Capacitance CDOUT 7 pF 

See test conditions on next page. 
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Bt484 Brooldree® 
DC Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Gray Scale Current Range 20 rnA 
Output Curreut (Standard RS-343A) 

White Level Relative to Black 16.74 17.62 18.50 rnA 
Black Level Relative to Blauk 

SETUP = 7.5 IRE 0.95 1.44 1.90 rnA 
SETUP=OIRE 0 5 50 IlA 

Blank Level 6.29 7.62 8.96 rnA 
Sync Level 0 5 50 IlA 
LSB Size 69.1 IlA 

DAC-to-DAC Matching 2 5 % 
Output Compliance VOC -D.5 +1.5 V 
Output Impedance RAOUT 10 kn 
Output Capacitance CAOUT 30 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Onboard VREF VREFOUT 1.103 1.225 1.348 V 
Voltage Reference Input Current IVRIN 1.4 2.3 rnA 

Power Supply Rejection Ratio PSRR 0.5 %/%/lVAA 
(COMP = O.lIlF, f = I kHz) 

Test conditions to generate RS-343A standard video signals (unless otherwise specified): "Recommended 
Operating Conditions" with external voltage reference, SETUP = 75 IRE, RSET = 143 n, and VREF = 1.235 V. As 
the above parameters are guaranteed over the full temperature range, temperature coefficients are not specified or 
required. Typical values are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

When the internal voltage reference is used, RSET may require adjustment to meet these limits. Also, the gray-scale 
output current (white level relative to black) will have a typical tolerance of ±1O percent rather than the ±5 percent 
specified above. 

Note 1: When the Bt484 is in the 6-bit mode, the output levels are approximately 1.5-percent lower than these values. 
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Brooldrre® Bt484 
AC Characteristics 

85 MHz Devices 75 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

PCLK 0, PCLK 1 All MUX Rates Fmax 85 75 MHz 

RSO-RS3 Setup Time (Figure 8) 1 10 10 ns 
RSO-RS3 Hold Time 2 10 10 ns 

RO* Asserted to 00-07 Driven 3 2 2 ns 
RD* Asserted to 00-07 Valid 4 40 40 ns 
RD* Negated to DO-D7 3-Stated 5 20 20 ns 
Read DO-07 Hold Time 6 2 2 ns 

Write DO-07 Setup Time 7 10 10 ns 
Write 00-07 Hold Time 8 10 10 ns -RO*, WR* Pulse Width Low 9 50 50 ns 
RD*, WR* Pulse Width High 10 6*pclk 6*pclk ns 

LCLK Rates (Figures 9 and 10) Lmax 
8: 1 Multiplexing 10.63 9.38 MHz 
4: 1 Multiplexing 21.25 18.75 MHz 
2: 1 Multiplexing 42.50 37.50 MHz 
1: 1 Multiplexing or VGA 85 75 MHz 

SCLKRate Smax 
8: 1 Multiplexing 10.63 9.38 MHz 
4:1 Multiplexing 21.25 18.75 MHz 
2: 1 Multiplexing 42.50 37.50 MHz 
1:1 Multiplexing or VGA 50.35 50.35 MHz 

PCLK 0, PCLK 1 Cycle Time 11 11.77 13.33 ns 
All MUX Rates 

PCLK 0, PCLK 1 Pulse Width High 12 5 5 ns 
All MUX Rates 

PCLK 0, PCLK 1 Pulse Width Low 13 4 4 ns 
All MUX Rates 

LCLK Cycle Time 14 
8:1 Multiplexing 94.12 106.61 ns 
4: 1 Multiplexing 47.06 53.33 ns 
2: 1 Multiplexing 23.53 26.67 ns 
1: 1 Multiplexing or VGA 11.77 13.33 ens 

LCLK Pulse Width High 15 
8: 1 Multiplexing 5 5 ns 
4:1 Multiplexing 5 5 ns 
2: 1 Multiplexing 5 5 ns 
1: 1 Multiplexing or VGA 5 5 'ns 

LCLK Pulse Width Low 16 
8: 1 Multiplexing 4 4 ns 
4:1 Multiplexing 4 4 ns 
2: 1 Multiplexing 4 4 ns 
1: 1 Multiplexing or VGA 4 4 ns 

See test conditions at the end of this section. 
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AC Characteristics (continued) 

85 MHz Devices 75 MHz Devices 

Parameter Symbol Min 

SCLK Cycle Time 17 
8: I Multiplexing 94.12 
4:1 Multiplexing 47.06 
2:1 Multiplexing 23.53 
1: 1 Multiplexing or VGA 19.86 

Data Setup to LCLK 18 1 
P7:O(A-D) 

Data Hold from LCLK 19 5 
P7:O(A-D) 

Data Setup and Hold ro LCLK 20 3 
VGA (7:0), CDE, CBLANK* 
CSYNC*, PORTSEL 

SCLK Output Delay (1:1 mode) 21 
SCLK Output Delay (MUX mode) 
Analog Output Delay 
Analog Output RiselFall Time 22 
Analog Output Settling Time (Note I) 23 
Clock and Data Feedtbrough (Note 1) 24 
Glitch Impulse (Note 1) 
SENSE* Output Delay 25 
DAC-to-DAC Crosstalk 
Analog Output Skew 

V AA Supply Current (Note 2) IAA 
Normal Operation 
Sleep Mode (Note 3) 

See test conditions and notes at the end of this section. 
(@) T = SCLK Cycle Time 
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Typ Max Min Typ Max Units 

106.67 ns 
53.33 ns 
26.67 ns 
19.86 ns 

1 ns 

5 ns 

3 ns 

6 11 6 11 ns 
10 20 10 20 ns 

30 30 ns 
3 3 ns 
13 13 ns 

-30 
I I 

-30 
I I 

dB 
75 75 pV -sec I 
1 I /.1s 

-23 -23 dB 
2 2 ns 

mA 
260 330 260 330 rnA 

TBD TBD TBD TBD mA 

Pipeline Delay MIN MAX 

1:INGAmode 8LCLKS 8 LCLKS 

2:1 mode 1 LCLK + 7 PCLKS 1 LCLK + 8 PCLKS 

4:1 mode 1 LCLK + 7 PCLKS 1 LCLK + 10 PCLKS 

8:1 mode 1 LCLK + 7 PCLKS 1 LCLK + 14 PCLKS 

Note: Pipeline Delay (MIN) is the minimum number of clocks 
required to output 1 pixel after all pixels have been latched. 
Pipeline delay (MAX) is the maximum number of clocks required 
to output all pixels after all pixels have been latched. In the 
1:INGA mode, LCLK is the primary clock latching and 
pipelining for the pixels. 



Brooktree® Bt484 
AC Characteristics (continued) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with external voltage reference, SETUP = 
7.5 IRE, VREF = 1.235 V, and RSET = 147 n. TTL input values are 0-3 V with input rise/fall times ~ ns, measured between 
the lO-percent and 90-percent points. Timing reference points at 50 percent for inputs and outputs. Analog output load ::;10 pF; 
SENSE* and DO-D7 output load ::;50 pF. SCLK output load = 50 pF. See timing notes in Figures 8, 9, and 10. As the above 

parameters are guaranteed over the full temperature range, temperature coefficients are not specified or required. Typical values 
are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1: Clock and data feedthrough is a function of the number of edge rates, and the amount of overshoot and undershoot on 
the digital inputs. For this test, the digital inputs have a 1 ill resistor to ground and are driven by 74HC logic. 
Settling time does not include clock and data feed through. Glitch impulse includes clock and data feedthrough, and 
-3 dB test bandwidth = 2x clock rate. 

Note 2: 75 MHz. IAA (typ) at VAA = 5.0 V, and 25°C. IAA (max) at VAA = 5.25 V, and 70°C. 4:1 MUX mode at 
40-percent blanking. Temperature coefficient = 0.4 mAloC for decreasing temperatures. The temperature coefficient 
will increase IAA by 30 rnA at 0° C. 

Note 3: External voltage reference is disabled during sleep mode, all inputs are low, and clock is running. 

PC GRAPHICS 4-191 

.. 



Bt484 Brooktree® 
Timing Waveforms 

4-192 

L 1 2 I 

RSO-RS3 VALID * 9 

10 

4 J-5 I 
3 -

V DATA OUT (RD' =0) 

" 
DO - D7 (READ) 

- 1--6 

1 DATAIN(WR'=O) 

7 

DO - D7 (WRITE) 

- '-- 8 

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

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

Note 3: Output rise/fall time is measured between the lO-percent and 90-percent points of 
full-scale transition. 

Figure 8. MPU ReadlWrite Timing. 
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Timing Waveforms (continued) 

1----17 ---1 

SCLK 

LCLK 

P(7,O). VGA(7,O) -----.. ;==!.!..::==::::j:=::j r------<I>-+--..,. 

CBLANK*. eDl: 

CSYNC'.PORTSEL. ___ -1 '------t--1 '------< 

r---~-22---~~2~4~ 

lOR, 100, lOB _____________________ +-____ ----j 

lOR. 100. lOB 

SENSE* 

PCLKO, 

PCLKI 

430mV--' V-
310mV .............. '-... _. ---11-----------

---------------~ 

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

Note 2: Settling time is measured from the 50-percent point of full-scale transition to the 
output remaining within ±l LSB. 

Note 3: Output rise/fall time is measured between the lO-percent and 90-percent points of 
full-scale transition, 

Figure 9. Video Input/Output Timing (Non-1:1). 
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Bt484 
Timing Waveforms (continued) 

SCLK 

1----- 20 (max) -----I 

(min) 

L = LCLK rising edges 

S 1 = First SCLK rising edge 

S2 = Second SCLK rising edge 

Brooktroo® 

Uns 3ns 

If the pixel data latched by LCLK is to be synchronized correctly with the internal PCLK clock, an LCLK rising edge cannot 
occur in an invalid window as illustrated above. 

If L occurs within the II ns invalid region (X), it is not guaranteed on which rising edge of SCLK (S I or S2) the data will be 
synchronized. If L occurs before the 11 ns invalid region (X), then the data is guaranteed to be synchronized on S 1. If L occurs 
after the 11 ns invalid region (X), then the data will not be synchronized on S 1 and is guaranteed to be synchronized on S2. 

Figure 9 (continued). Video Input/Output Timing (Non-1 :1). 
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Timing Waveforms (continued) 

1----17 ----I 

SCLK 

,----14 ----1 

LCLK 

P(7:0). YGA(7:O). ___ --,. 

CBLANK*.CDE 

CSYNC*.PORTSE1.. 

lOR, lOG, lOB -----------------------f--------i 

lOR, lOG, lOB 

SENSE· 

PCLKO, 

PCLKI 

430mV·-····_··· .... 

310mY .. ·········- .. \.. •. _. _1-________ _ 

23 

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

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

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

Figure 10. Video Input/Output Timing (1:1 MUX Rates). 
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Bt484 Brooktree® 
Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt484KPJ85 85 MHz 84-pin Plastic 0° to +woC 
J-Lead 

Bt484KPJ75 75 MHz 84-pin Plastic 0° to +70°C 
J-Lead 
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Advance Information 

This document contains information on a product under development. The 
parametric information contains target parameters and is subject to change. 

Distinguishing Features 

• 135, 110, 85, 75 MHz Pipelined 
Operation 

• 8:1,4:1,2:1, 1:1 Multiplexed Pixel Ports 
• Separate 8-bit VGA Port 
• 2-Times-Clock Multiplier 
• 64 x 64 x 2 Programmable Cursor 
• Triple 8-bit D/A Converters 
• Three 256 x 8 Color Palette RAMs 
• Three 3 x 8 Cursor Color Palettes 
• Optional Sync on All Three Channels 
• 0 or 7.5 IRE Blanking Pedestal 
• Voltage Reference 
• Analog Output Comparators 
• AntisparkJe Circuitry 
• Power-Down Mode 
• VRAM Shift Clock 
• VGA Support in a True-Color Window 
• 84-pin PLCC Package 

Functional Block Diagram 

l'CLKO 

l'CLKI 

P7.PU(A.D) 

VQA7.VQAO 
PORTSIlL 

ODl>'l!Vl!N* 
CBUNK' 

CSYNC' 
)ISPLAYENABLE 

Applications 

• High-Resolution Color 
Graphics 

• CAFlCAD/CAM 
• Image Processing 
• Instrumentation 
• Desktop Publishing 

Related Products 

• Bt484 

D7-DO RD+' WK· RS3-RSO 

Brooktree Corporation· 9950 Bames Canyon Rd .• San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC ·1LX: 383596· FAX: (619) 452-1249 
1A85001 Rev. A 

Bt485 
135 MHz 

Monolithic CMOS 
True-Color 
RAMDAC™ 

Product Description 

The Bt485 RAMDAC is designed specifical
ly for high-performance color graphics. The 
Bt485 is pin-compatible and functionally 
backwards- compatible to the Bt484. 

Included are four byte-wide pixel input 
ports (multiplexed 4:1), three 256 x 8 color 
lookup tables with triple 8-bit video D/A 
converters (configurable for either 6-bit or 
8-bit D/A converter operation), and a pro
grammable 64 x 64 x 2 cursor with its own 
color palette. 

The Bt485 may alternately be configured 
for a lower performance VGA mode, where 
8 bits of VGA pixel data (from a VGA con
troller) are input through a separate VGA 
pixel port. 

Several operational modes are supported 
by the 32 pins allocated for the P1:PO port 
including 8-bit pseudo color, 16- and 24-bit 
true color, and various packed and sparse 
pixel formats. The color palette may be by
passed in any of the true-color modes. 

The Bt485 generates RS-343A-
compatible video signals into a doubly
terminated 75 n load. 
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Brooktrre® 
Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, a standard 
MPU bus interface is supported, giving the MPU direct 
access to the color palette RAM. MPU data is transferred 
into and out of the RAMDAC with the DO-D7 data pins. 
The read/write timing is controlled by the RD* and WR * 
inputs. 

The RSO-RS3 select inputs specify which control register 
the MPU is accessing, as shown in Tables 1 and 2. The 8-bit 
address register is used to address the color palette RAM, 
eliminating the requirement for external address 
multiplexers. DO corresponds to ADDRO 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 perfonns three 
successive write cycles (8 bits each of red, green, and blue), 
using RSO-RS3 to select the color palette RAM. Mter the 
blue write cycle, the 3 bytes of color infonnation 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 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 ROB write cycles until the entire block has been 
written. The Timing Wavefonns section contains further 
information. 

RS3-RSO Access 

Bt485 

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 
pruette RAM at the specified address are copied into the 
ROB registers, and the address register is incremented to the 
next RAM location. The MPU perfonns three successive 
read cycles (8 bits each of red, green, and blue), using 
RSO-RS3 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 perfonning continuous R, 0, 
B read cycles until the entire block has been read . 

Writing Cursor and Overscan Color 
Data 

To write cursor color data, the MPU writes the address 
register (cursor color write mode) with the address of the 
cursor color location to be modified. The MPU performs 
three successive write cycles (8 bits each of red, green, and 
blue), using RSO-RS3 to select the cursor color registers. 
After the blue write cycle, the 3 bytes of red, green, and blue 
color infonnation are concatenated into a 24-bit word and 
written to the cursor color location specified by the address 
register. The address register then increments to the next 
location, which the MPU may modify by 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 perfonning continuous ROB write 
cycles until the entire block has been written. 

Addressed by MPU 

0000 RIW address register; palette/cursor RAM write 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

RIW 6/8-bit color palette data 
RIW pixel mask register 
RIW address register; palette/cursor RAM read 
RIW address register; cursor/overscan color write 
RIW cursor overscan and color data 
RIW command register 0 
RIW address register; cursor/overscan color read 
RIW command register 1 
RIW command register 2 

read only status register 
RIW cursor RAM array data 
RIW cursor x-low register 
RIW cursor x-high register 
RIW cursor y-low register 
RIW cursor y-high register 

Table 1. Control Input Truth Table 
(RS3 = MS8 and RSO = LS8). 
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Bt485 Brooktree® 
Circuit Description (continued) 

ADDR0-7 ADDRa,b 
CR31 (A9) (counts binary) (counts modulo 3) RS3 RS2 RS1 RSO Addressed by MPU 

N/A $OO-$FF 00 0 0 0 1 color palette RAM (red component) 
01 0 0 0 1 color palette RAM (green component) 
10 0 0 0 1 color palette RAM (blue component) 

N/A xxxxxxOO 00 0 1 0 1 overscan color (red component) 
01 0 1 0 1 overscan color (green component) 
10 0 1 0 1 overscan color (blue component) 

N/A xxxx xxOI 00 0 1 0 1 cursor color 1 red component 
01 0 1 0 1 cursor color 1 green component 
10 0 1 0 1 cursor color 1 blue component 

N/A xxxx xxl0 00 0 1 0 1 cursor color 2 red component 
01 0 1 0 1 cursor color 2 green component 
10 0 1 0 1 cursor color 2 blue component 

N/A xxxx xxii 00 0 1 0 1 cursor color 3 red component 
01 0 1 0 1 cursor color 3 green component 
10 0 1 0 1 cursor color 3 blue component 

N/A $00-$7F N/A 1 0 1 1 cursor RAM array, plane 0 (32 x 32 x 2 cursor only) I 
N/A $80-$FF N/A 1 0 1 1 cursor RAM array, plane 1 (32 x 32 x 2 cursor only) 

0 $000-$ IFF N/A cursor RAM array, plane 0 (64 x 64 x 2 cursor only) 
1 $200-$3FF N/A cursor RAM array, plane 1 (64 x 64 x 2 cursor only) 

When the cursor color register or overscan register is addressed, the 6 MSBs of the address register are don't-care conditions. 
Therefore, when the address register is read and the previous access was to the cursor color registers or overscan register, address 
register bits [7-2] are returned as either ones or zeros. 

Table 2. Address Register Operation and Auto-Incrementing. 

Reading Cursor C%r Data 

To read cursor color data, the MPU loads the address 
register (cursor color read mode) with the address of the 
cursor color location to be read. The contents of the cursor 
color register at the specified address are copied into the 
RGB registers, and the address register is incremented to 
the next cursor color location. The MPU performs three 
successive read cycles (8 bits each ofred, green, and blue), 
using RSO-RS3 to select the cursor color registers. 
Following the blue read cycle, the contents of the cursor 
color location at the address specified by the address 
register are copied into the RGB 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 RGB read cycles until 
the entire block has been read. 
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Additiona//nformation 

When accessing the color palette RAM, the address register 
resets to $00 following a blue read or write cycle to RAM 
location $FF. 

The MPU interface operates asynchronously to the pixel 
clock. Data transfers that occur between the color palette 
RAM and the color registers (R, G, and B in the block 
diagram) are synchronized by internal logic, and take place 
in the period between MPU accesses. To reduce noticeable 
sparkling on the CRT screen during MPU access to the 
color palette RAMs, internal logic maintains the previous 
output color data on the analog outputs while the transfer 
between RGB registers and lookup table RAMs occurs. 

To keep track of the red, green, and blue read/write 
cycles, the address register has 2 additional bits(ADDRa 
and ADDRb) that count modulo three. They are reset to 



Brooldree® 
Circuit Description (continued) 

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 MPU 
may read the address register at any time without 
modifying its contents or the existing read/write mode. 

Accessing the Cursor RAM Array 

The 32 x 32 x 2 cursor RAM is accessed in a planar format. 
In the planar format only 7 address bits are used. The 

eighth bit determines which plane (0 or I) data of the 
cursor RAM array is. accessed. A single address presented 
to the cursor RAM accesses eight bit locations in plane 0 or 
I, depending on the state of address bit 7. 

After each access in the planar format, the address 
increments. The MPU uses ADDR, a binary address 
counter, to access the cursor RAM array (see Table 2). 
ADDR is the same binary counter used for RGB 
auto-incrementing. Any write to ADDR after cursor 
auto-incrementing has been initiated resets the cursor 
auto-incrementing logic until cursor RAM array has again 
been accessed. Cursor auto-incrementing will then begin 
from the address written. A read from the ADDR does not 
reset the cursor, auto-incrementing logic. The color palette 
RAM and the cursor RAM share the· same external address 
register, and MPU addressing for this and all other registers 
is determined by the external register select lines RS3-RSO 
(see Table 1). 

The 64 x 64 x 2 cursor RAM is accessed in a planar 
format. The larger cursor RAM can be accessed after bit 
CR32 in Command Register 3 has been set to a logical one. 
Bits CR30 and CR31 in Command Register 3 become the 
load inputs to the 2 MSBs of a lO-bit address counter; 
therefore, these bits must be written in Command Register 3 
before the lower 8 bits are written to the address counter 
through the MPU port. In the planar format, only 9 address 
bits are used. The tenth bit is to determine which plane (0 or 
1) data of the cursor RAM array is accessed. A single address 
presented to the cursor RAM accesses eight bit locations in 
plane 0 or I, depending on the state of address bit 9. 

After each .. access in the planar format, the address 
increments. The MPU uses ADDR, a lO-bit binary address 
counter, to access the cursor RAM array. The address 
counter is the same 8-bit binary counter used for RGB 
auto-incrementing with CR30 and CR31 as its extended 
MSBs. Any write to the address counter after cursor 
auto-incrementing has been initiated resets the cursor 
auto-incrementing logic until cursor RAM array has again 
been accessed. Cursor auto-incrementing will then begin 
from the address written. A read from the address counter 
does not reset the cursor, auto-incrementing logic. The 
color palette RAM and the cursor RAM share the same 
external address register, and MPU addressing for this and 
all other registers is determined by the external register 
select lines RS3-RSO (see Table I). 

Bt485 

6-Bit /8-Bit Operation 

The command bit CROI is used to specify 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 
6 bits of the data bus, with DO the LSB and DS the MSB of 
color data. When writing color data, D6 and D7 are 
ignored. During color read cycles, D6 and D7 are logical 
zeros. 

Accessing the cursor RAM array does not depend on the 
resolution of the DACs. 

In the 6-bit mode, the Bt48S's full-scale output current 
will be about 1.5-percent lower than when in the 8-bit 
mode. This is because the 2 LSBs of each 8-bit DAC are 
logical zeros in the 6-bit mode. 

Power-Down Mode 

The Bt48S incorporates a power-down capability, 
controlled by command bit CROO. While command bit 
CROO is a logical zero, the Bt48S functions normally. 

While command bit CROO is a logical one, the DACs and 
power to the RAM are turned off. The RAM still retains 
the data. Also, the MPU may read or write to the RAM 
while the pixel clock is running. The RAM automatically 
powers up during MPU read/write cycles and shuts down 
when the MPU access is completed. The DACs output no 
current, and the three command registers may still be 
written to or read by the MPU. The output DACs require 
about I second to tum off (sleep mode) or tum on (normal), 
depending on the compensation capacitor used (see Video 
Generation for further information). 

When an external voltage reference is used, external 
circuitry should tum off the voltage reference (VREF = 0 
V) to further reduce power consumption caused by biasing 
of portions of the internal voltage reference. 

Frame Buffer Clocking 

The video DRAM shift clock (SCLK) is generated by the 
Bt48S. SCLK is one eigth, one fourth, or one half the pixel 
clock rate, depending on whether multiplexing is 8:1,4:1, 
or 2:1, respectively. In the I:IIVGA mode, SCLK = LCLK. 

PO-P7 (A-D) are pixel data, 8 bits per pixel (4:1 MUX) 
and 4 bits per pixel (8: I MUX) for 4 and 8 horizontally 
consecutive output pixels. PO-P7 (A-D) are always 
latched on the rising edge of LCLK. 

The pixel clock is specified to be either PCLK 0 or 
PCLK I by command bit CR24. 

Onboard 2x TTL Clock Multiplier 

The Bt48S provides an onboard 2x TTL clock multiplier 
for high-specd operations. The clock multiplier can be 

PC GRAPHICS 4-201 

1m 



Bt485 
Circuit Description (continued) 

enabled or disabled by programming bit CR33 in Command 
Register 3 (see Accessing Command Register 3 in the 
Internal Registers section). Upon applying a RESET signal, 
the clock multiplier is disabled until bit CR33 is written to a 
logical one. Either PCLOCKO or PCLOCKI can be 
doubled internally. For operations above 90 MHz, the clock 
doubler is recommended. 

The clock multiplier can lower system costs by 
eliminating expensive ECL crystals and clock synthesizers. 
It can also improve system design by eliminating 
conversion logic. 

Frame Buffer Pixel Port Interface 

There arc four 8-bit pixel ports, (A-D), used to interface to 
the frame buffer memory. 

Video input data ports A through D are designated in this 
manner to represent the order of pixel data presentation: 
Port A always corresponds to the first pixel of the first line 
of the display. This is the first pixel fed to the analog 
outputs, followed by B, then C, and finally D, repeating the 
pattern ABCD, ABCD, until the first scan line is 
completely displayed. 

For the cursor display, the output sequence depends on 
the CR23 command bit and the ODDIEVEN* input. For 
example, when either interlaced or noninterlaced operation 
is selected, the current field is displayed. 

Brooktree® 

Scan line I is always displayed first in the interlaced mode 
and is considered the first line of the EVEN field. In the 
noninterlaced mode, scan line 2 immediately follows scan 
line 1. In the interlaced mode, scan line 2 is considered to 
be the first line of the ODD field and is displayed only after 
the entire EVEN field has been displayed and the 
ODDIEVEN pin has been toggled. 

Only the ODD lines or only the EVEN lines will be 
displayed, if the ODDIEVEN does not change. 

Figure I shows the interlaced and noninterlaced display 
scan. Noninterlaced display scan is equal to one frame. 
Interlaced display scan is equal to one frame with odd and 
even fields. 

Pixel Read Mask Register 

Each pixel clock cycle, PO--P7 pixel data is bit-wise 
logically ANDed with the contents of the pixel read mask 
register. The result is used to address the color palette 
RAM. The addressed location provides 24 bits of color 
information to the three D/ A converters. Pixel masking is 
enabled for all modes of operation, except when the true 
color bypass is enabled. The pixel mask register is not 
initialized at the power-up/reset and should be initialized by 
the user to logical ones for proper operation. 

N on interlaced 

LINE I 
LINE 2 

LINE N 

interlaced 

_______________________________________ .even field___________________________________ LINE 1 

---------------------------------------- odd field .----------------------------------- LINE 2 
_______________________________________ .even field___________________________________ LINE 3 

---------------------------------------- odd field .-----------------__________________ LINE 4 

---------------------------------------- odd field .----------------------------------- LINE N 

Figure 1. Interlaced/Noninterlaced Display Operation. 
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Circuit Description (continued) 

Modes of Operation 

4-Bits/Pixel Operation (8:1 MUX) 

The 32 input bits are multiplexed 8: 1 and are configured for 
4 bits/pixel. There are eight independent 4-bit pixel ports, 
P7:4 (A-D) and P3:0 (A-D). The pixel bits are latched on 
the rising edge of LCLK. One rising edge of LCLK should 
occur every eight PCLK cycles. SCLK will equal the PCLK 
selected, divided by 8. The 4 bits from each port will select 1 
of 16 locations (RAM address 0-15) in the palette in the 
order presented in Table 3. 

8-Bits/Pixel Operation (4:1 MUX) 

The 32 input bits are multiplexed 4: I and are configured for 8 
bits/pixel. There are four independent 8-bit pixel ports, 
(A-D). The pixel bits are latched on the rising edge of LCLK. 
One rising edge of LCLK should occur every four PCLK 
cycles. SCLK will be equal to the PCLK selected, divided by 
4. The 8 bits from each port will select I of 256 locations in 
the palette as presented in Table 3. 

16~Bits/Pixel Operation (2:1 MUX) 

The 32 input bits are multiplexed 2: 1 and are configured for 
16 bits/pixel. Multiplexing of 2:1 is selected through bit 
CRI2 in Command Register 1. There are two independent 
16-bit pixel ports, (B-A) and (D-C). The bits are latched on 
the rising edge of LCLK. One rising edge of LCLK should 
occur every two PCLK cycles. SCLK will be equal to the 
PCLK selected, divided by 2. The pixel bits multiplexed in 
this mode are from the same ports of RGB color formats of 
5:5:5 or 5:6:5. P7D and P7B are ignored internally when the 
5:5:5 color format is selected (see Table 3). 

Bit CR14 can be programmed in Command Register 1, 
which enables or disables true-color palette bypass. When 
the bypass mode is selected, the pixel data bypasses the 
palette as well as the pixel mask and is transferred to the 
proper MSBs of the respective DACs. When the bypass 
mode is not selected, the pixel data indexes the proper 
locations in the palette, and the correct color infonnation is 
passed on to the respective OACs. 

Bit CR22 in Command Register 2 determines whether 
palette addressing is sparse or contiguous. For sparse palette 
addressing, each color component of pixel data is mapped to 
the most significant bits of the respective palette address; the 
least significant bits are set to zero. For contiguous palette 
addressing, each color component of the pixel data is mapped 
to the least siguificant bits of the respective palette address; 
the most significant bits are set to zero. The color palette 
values indexed, for either sparse or contiguous addressing, 
are transferred to the DACs. 

When 5:5:5 or 5:6:5 color format is selected, the display 
can contain 32 K or 64 K simultaneous colors. The DACs can 
be configured for 6 or 8 bits of resolution in this mode. 

Bt485 

16-Bits/Pixel Operation (1:1 MUX) 

The 1:1 multiplexing mode is selected through CR12 in 
Command Register 1. When this mode is selected, two 
independent 16-bit pixel ports, (B-A) and (D-C), are 
latched on the rising edge of LCLK and are multiplexed 1: 1. 
Selection between the two ports is made by bit CRIO in 
Command Register 1. One rising edge of LCLK should 
occur every PCLK cycle. SCLK is equal to the PCLK 
selected. 

Bit P7D switches between the two ports on a pixel-by-pixel 
basis when 5:5:5 RGB color format (bit CR13 in Command 
Register I) and real-time pixel port switching is enabled (bit 
CRII in Command Register 1). IfPORTSEL is a logical zero, 
the VGA port is multiplexed regardless of the state ofP7D. Bit _ 
P7B is ignored internally when in 5:5:5 mode. Real-time pixel 
port switching is not supported for 5 :6:5 RGB color format. 

Bits P7B and P7D are ignored internally if 5:5:5 RGB 
color format is selected and real-time pixel port switching is 
disabled. Programming bit CRIO in Command Register I 
determines switching for both 5:5:5 and 5:6:5 RGB color 
formats. 

Bit CRl4 can be programmed in Command Register I, 
which enables or disables true-color palette bypass. When the 
bypass mode is selected, the pixel data bypasses thc palettc as 
well as the pixel mask and is transferred to the proper MSBs 
of the respective DACs. When the bypass mode is not 
selected, the pixel data indexes the proper locations in the 
palette, and the correct color information is passed on to the 
respective OACs. 

Bit CR22 in Command Register 2 determines whether 
palette addressing is sparse or contiguous. For sparse palette 
addressing, each color component of pixel data is mapped to 
the most significant bits of the respective palette address; the 
least significant bits are set to zero. For contiguous palette 
addressing, each color component of the pixel data is mapped 
to the least significant bits of the respective palette address; 
the most significant bits are set to zero. The color palette 
values indexed, for either sparse or contiguous addressing, 
are transferred to the DACs. 

When 5:5:5 or 5:6:5 color format is selected, the display 
can contain 32 K or 64 K simultaneous colors. The DACs can 
be configured for 6 or 8 bits of resolution in this mode. 

24-Bits/Pixel Operation (1:1 MUX) 

When 24 bits/pixel is selected, there is one 24-bit pixel port. 
The pixel bits, P7:0 (C-A), are latched on the rising edge of 
LCLK and are multiplexed 1:1. One rising edge of LCLK 
should occur every PCLK cycle. SCLK is equal to the PCLK 
selected. TheRGB color format in this mode is 8:8:8. 

Bit CR14 can be programmed in Command Register 1, 
which enables or disables true-color palette bypass. When the 
bypass mode is selectcd, the pixel data bypasses the palette as 
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Circuit Description (continued) 

Ports Operating 
PORTSEL CR11 CR10 P7D CR12 CR13 CR16 CR15 MUXed MUX Rate Modes 

0 x x x x x x x VGA(7:0) 1:1 VGA 

1 x x Data x x 1 1 P7:4(A) 8:1 4 BitslPixel 
P3:0(A) 
P7:4(B) 
P3:0(B) 
P7:4(C) 
P3:0(C) 
P7:4(D) 
P3:0(D) 

1 x x Data x x 1 0 P7:0(A) 4:1 8 B i tslPixel 
P7:0(B) 
P7:0(C) 
P7:0(D) 

1 x x x 0 0 0 1 P7:0(B-A) 2:1 16 BitslPixel (5:5:5) 
P7:0(D-C) (see Table 4) 

1 x x Data 0 1 0 1 P7:0(B-A) 2:1 16 BitslPixel (5:6:5) 
P7:0(D-C) (see Table 5) 

1 1 0 1 0 x 1 1 1 0 1 0 I P7:0(B-A) 1 1:1 116 Bits/Pixel (5:5:5) 1 

1 0 1 x 1 0 0 1 P7:0(D-C) 1:1 16 BitslPixel (5:5:5) 

1 1 x 0 1 0 0 1 P7:0(B-A) 1 :1 16 BitslPixel (5:5:5) 
(see Table 4) 

1 1 X 1 1 0 0 1 P7:0(D-C) 1:1 16 BitslPixel (5:5:5) 1 

(see Table 4) 

1 x 0 x 1 1 0 1 P7:0(B-A) 1:1 16 BitslPixel (5:6:5) 
(see Table 5) 

1 x 1 Data 1 1 0 1 P7:0(D-C) 1:1 16 BitslPixel (5:6:5) 
(see Table 5) 

1 x x x x x 0 0 P7:0(C-A) 1:1 24 BitslPixel 
(see Table 6) 

Table 3. Modes of Operation (Pixel Port Configuration). 
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Circuit Description (continued) 

Bit MSB LSB 

Format S R R R R R G G G G G B B B B B 

Port 1 S P6B P5B P4B P3B P2B PlB POB P7A P6A P5A P4A P3A P2A PIA POA 

Port 2 S P6D P5D P4D P3D P2D PlD POD P7C P6C P5C P4C P3C P2C PIC POe 

If bit CRll in Command Register 1 is a logical zero, then S=CRI0 bit, l6-bitlpixel port switch control (1:1 
multiplexing, CR12 = 1). If bit CRII in Command Register 1 is a logical one, then S=P7D bit, real-time pixel 
port switch (1:1 multiplexing, CR12 = 1). 

Table 4. 5:5:5 RGB Color Format for Both 2:1 and 1:1 Multiplexing Modes . 

Bit MSB LSB 

Format R R R R R G G G G G G B B B B B 

Port 1 P7B P6B P5B P4B P3B P2B PlB POB P7A P6A P5A P4A P3A P2A PIA POA 

Port 2 P7D P6D P5D P4D P3D P2D PlD POD P7C P6C P5C P4C P3C P2C PIC POe 

Table 5. 5:6:5 RGB Color Format for Both 2:1 and 1:1 Multiplexing Modes. 

Bit MSB LSB 

Format R R R R R R R R G G G G G G G G B B B B B B B B 

Port P7C P6C P5C P4C P3C P2C PIC POe P7B P6B PSI P4B P3B P2B PlB POB P7A P6A P5A P4A P3A P2A PIA POA 

Note: P7:0(D) are ignored. 
Table 6. 24-Bits/Pixel RGB Color Format. 

well as the pixel mask and is transferred to the proper MSBs of 
the respective DACs. When the bypass mode is not selected, 
the pixel data indexes the proper locations in the palette, and 
the independent RGB color values are passed on to the 
respective DACs. When 8:8:8 color format is selected, the 
display can contain 16.8 million simultaneous colors. The 
DACs should be configured for 8 bits of resolution in this 
mode (CRI4=1 andCROl=I). 

VGA Port 

An 8-bit pixel port is provided to support VGA pixel data. 
The data is latched on the rising edge of LCLK. One rising 
edge of LCLK should occur every PCLK cycle. SCLK will 
equal the PCLK selected. A logical zero on the PORTSEL 
pin ensures that the VGA port is selected. A logical one on 
the PORTSEL pin selects the pixel port. To use the VGA 
PORTSEL feature the RAMDAC must be configured in the 
1:1 multiplexing mode through the RAM (CRI4 = 0) or 

pallette bypass (CRI4 = 1). After the RAMDAC has been 
properly configured, the VGA PORTSEL can then be used 
to select between the pixel port and the VGA port on a 
pixel-by-pixel basis. The PORTSEL pin can also be used to 
switch between VGA and the pixel ports in 2:1, 4:1, or 8:1 
MUX modes on a frame-by-frame basis. The VGA pixels 
address the color palette when selected. Only PCLKO should 
be used when switching between the VGA and pixel ports 
on a pixel-by-pixel basis. PCKLI should be used when 
switching between the VGA and pixel ports on a 
frame-by-frame basis. The 8-bit VGA data forms a common 
index into the palette, selecting I of 256 colors. Valid data. 
begins at address zero. 

Pixel Read Mask Register 

The pixel data has can be masked with the 8-bit pixel read 
mask register before being transferred to the color palette. 
The pixel data is bit-wise logically ANDed with the 

PC GRAPHICS 4-205 

.. 



Bt485 
Circuit Description (continued) 

MSB LSB 
Pixel Mask Register 7 6 5 4 3 2 1 0 Register Bits 
VGAData 7 6 5 4 3 2 1 0 Palette Index 
4 BitslPixel x x x x 3 2 1 0 Palette Index 
8 BitslPixel 7 6 5 4 3 2 1 0 Palette Index 

<J 

16 BitslPixel 7 6 5 4 3 x x x Red Palette Index 
5:5:5 Fonnat 7 6 5 4 3 x x x Green Palette Index 
SPARSE 7 6 5 4 3 x x x Blue Palette Index 

16 BitslPixel x x x 4 3 2 1 0 Red Palette Index 
5:5:5 Fonnat x x x 4 3 2 1 0 Green Palette Index 
CONTIGUOUS x x x 4 3 2 1 0 Blue Palette Index 

16 BitslPixel 7 6 5 4 3 x x x Red Palette Index 
5:6:5 Fonnat 7 6 5 4 3 2 x x Green Palette Index 
SPARSE 7 6 5 4 3 x x x Blue Palette Index 

16 BitslPixel x x x 4 3 2 1 0 Red Palette Index 
5:6:5 Fonnat x x 5 4 3 2 1 0 Green Palette Index 
CONTIGUOUS x x x 4 3 2 1 0 Blue Palette Index 

24 BitslPixel 7 6 5 4 3 2 1 0 Red Palette Index 
8:8:8 Fonnat 7 6 5 4 3 2 1 0 Green Palette Index 

7 6 5 4 3 2 1 0 Blue Palette Index 

Table 7. Pixel Index Masking. 

contents of the pixel read mask register. The result is used 
to address the color palette RAM. The addressed location 
provides 24 bits of color infonnation to the three D/ A 
converters. Pixel masking is enabled for all modes of 
operation, except when the true-color bypass is enabled. 
The pixel read mask register is not initialized at the 
power-up/reset and must be initialized by the user to logical 
ones for proper operation (see Table 7). 

Cursor Operation 

The Bt485 has an on-chip, three-color, 64 x 64 x 2 pixel 
user-definable cursor. A 32 x 32 x 2 pixel user-defineable 
cursor can also be selected by writing bit CR32 in 
Command Register 3. This cursor can be used with both 
interlaced and noninterlaced systems. 

The pattern for the.cursor is provided by the cursor RAM, 
which may be accessed by the MPU at any time. The cursor is 
positioned through the cursor position register (Xp,Yp) (see 
Figure 2). A (0,0) written to the cursor position registers will 
place the cursor off the screen. A (1,1) written to the cursor 
position registers will place the lower right pixel of the cursor 
on the upper left corner of the screen. Only one cursor pattern 
per frame is displayed at the location specified for both 
interlaced and noninterlaced display formats, regardless of 
the number of updates to (Xp,Yp). The cursor's vertical or 
horizontal location is not affected during any frame 
displayed. There are no restrictions on updating (Xp, Yp) 

4-206 SECTION 4 

other than both cursor position registers must be written 
when the cursor location is updated. Internal x-and 
y-position registers are loaded after the upper byte of Yp has 
been written to ensure one cursor pattern per frame at the 
correct location. The cursor pattern is displayed at the last 
cursor location written. 

Cursor positioning is relative to CDE. The cursor 
position is not dependent upon CBLANK* (see Figure 2). 
The reference point of the cursor (row 0, column 0) is in 
the lower right corner. The cursor Xp position is relative to 
the first rising edge of LCLK when CDE is sampled at 
logical one. The cursor Yp position is relative to the first 
rising edge of LCLK when CDE is sampled at logical one 
after the CDE vertical blanking interval has been 
determined (see Figure 2). If a CDE transition from logical 
zero to logical one (as detennined by LCLK) does not 
occur within 2048 PCLKs(2048 LCLKs when in 1:1 MUX 
mode), CDE is in vertical blanking. In 8:1, 4:1, or 2:1 
MUX modes, cursor timing is based on the PCLK selected. 
When the MUX rate is 1:1, cursor timing is based on 
LCLK. 

The 64 x 64 x 2 cursor pattern can be displayed in an 
interlaced system if bit CR23 in Command Register 2 is a 
logical one. If Yp is greater than 64 ($0040), and less thim 
or equal to 4095 ($OFFF), the first cursor line displayed 
depends on the state of the ODDIEVEN* pin and the value 
of Yp. If Yp is an even number, the data in row 0 of the 
. cursor RAM array will be displayed during the even field, 
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and the data in row 63 of the cursor RAM will be displayed 
during the odd field, starting at the position specified by 
(Xp,Yp). Each subsequent scan line displayed in the even 
field will correspond to every alternate active cursor line 
after row 0 in the cursor RAM array. During the odd fields, 
row 1 of the cursor RAM array is displayed on the first odd 
scan line at the position specified by (Xp, Yp). Each 
subsequent scan line displayed in the odd field will 
correspond to every alternate active cursor line after row 1 
in the cursor RAM array. 

If Yp is an odd number, then the data in row 0 of the cursor 
RAM array will be displayed during the odd field, and the 

. data in row 63 of the cursor RAM will be displayed during 
the even field, starting at the position specified by (Xp,Yp). 
Each subsequent scan line displayed in the odd field will 
correspond to every alternate active cursor line after row 0 in 
the cursor RAM array. During even fields, row 1 of the cursor 
RAM array is displayed on the first even scan line at the 
position specified by (Xp, Yp). Each subsequent scan line 
displayed in the even field will correspond to every alternate 
active cursor line after row 1 in the cursor RAM array. 

If Yp is less than 64 ($0040), cursor display does not 
depend on whether Yp is odd or even. If the ODDIEVEN* 
pin is a logical zero, the first line of the cursor is displayed 
on scan line 1. Every alternate active cursor line in the 
cursor RAM array relative to the first active cursor line in 
the even field will correspond to subsequent scan lines in 
the even field. If the ODDIEVEN* pin is a logical one, the 
second active cursor line in the cursor RAM array is 
displayed on scan line 2. Each subsequent scan line 
displayed in the odd field corresponds to alternate cursor 
lines in the cursor RAM array relative to· the first active 
cursor line in the odd field. 

The cursor pattern can be displayed in an interlaced system 
if bit CR23 in Command Register 2 is a logical one. If Yp is 
greater than 32 ($0020), and less than or equal to 4095 
($OFFF), the first cursor line displayed depends on the state 

CBLANK* -.l 
CDE -.l X 1-·--"'------

64x64 
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of the ODDIEVEN* pin and the value of Yp. If Yp is an even 
number, the data in row 0 of the cursor RAM array wiil be 
displayed during the even field, and the data in row 31 of the 
cursor RAM array will be displayed during the odd field, 
starting at the position specified by (Xp,Yp). Each 
subsequent scan line displayed in the even field will 
correspond to every alternate active cursor line after row 0 in 
the cursor RAM array. During the odd fields, row 1 of the 
cursor RAM array is displayed on the first odd scan line at the 
position specified by (Xp, Yp). Each subsequent scan line 
displayed in the odd field will correspond to every alternate 
active cursor line after row 1 in the cursor RAM array . 

If Yp is an odd number, then the data in row 0 of the 
cursor RAM array will be displayed during the odd field, 
and the data in row 31 of the cursor RAM array will be 
displayed during the even field, starting at the position 
specified by (Xp,Yp). Each subsequent scan line displayed 
in the odd field will correspond to every alternate active 
cursor line after row 0 in the cursor RAM array. During 
even fields, row 1 of the cursor RAM array is displayed on 
the first even scan line at the position specified by (Xp, 
Yp). Each subsequent scan line displayed in the even field 
will correspond to every alternate active cursor line after 
row 1 in the cursor RAM array. 

If Yp is less than 32 ($0020), cursor display does not 
depend on whether Yp is odd or even. If the ODDIEVEN* 
pin is a logical zero, the first line of the cursor is displayed 
on scan line 1. Every alternate active cursor line in the 
cursor RAM array relative to the first active cursor line in 
the even field will correspond to subsequent scan lines in 
the even field. If the ODDIEVEN* pin is a logical one, the 
second active cursor line in the cursor RAM arrily is 
displayed on scan line 2. Each subsequent scan line 
displayed in the odd field corresponds to alternate cursor 
lines in the cursor RAM array relative to the first active 
cursor line in the odd field. 

If bit CR23 is a logical zero, the cursor must be 

L 
L 

CURSOR -~lillEL __ ---.:._ 
AREA 

Figure 2. Cursor Positioning. 
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displayed in a noninterlaced system. Scan lines displayed in 
a frame correspond to sequential cursor lines in the cursor 
RAM relative to the first active cursor line in the frame. 

Figure 3 is a visual explanation of planar pixel format 
and cursor RAM array pixel mapping. 

Cursor C%r Support 

The cursor has three modes for color selection. Bits CR21 
and CR20 in Command Register 2 determine which cursor 
mode is to be used. Mode 1 is a three-color cursor, mode 2 
is referred to as a PMlWindow cursor, and mode 3 is 
referred to as an X-Windows cursor (see Table 8). 

Highlight Logic 

The highlight logic is enabled in cursor mode 2 when both 
plane data (plane I and plane 0) are logical ones (see Table 
8). When the highlight logic is enabled, it ensures that the 
pixel highlighted has a unique color. This is because the 
highlight logic bit-wise complements the 24- or I8-bit 
palette or bypass data supplied to the DACs. 

Video Generation 

The CSYNC' and CBLANK* inputs are latched on the 
rising edge of LCLK to maintain synchronization with the 
coior data. They add appropriately weighted currents to the 
analog outputs and produce the specific output levels 
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required for video applications, as illustrated in Figures 4 
and 5. Tables 9 and 10 detail how the CSYNC* and 
BLANK* inputs modify the output levels. 

The CR05 command bit is used to specify whether a 0 or 
7.5 IRE blanking pedestal is to be used. Command bits 
CR02, CR03, and CR04 specify whether the RGB outputs 
contain sync information. 

SENSE* Output 

SENSE* is a logical zero if one or more of the lOR, lOG, 
or JOB outputs have exceeded the internal voltage 
reference level of the SENSE* comparator circuit. This 
output is used to determine the presence of a CRT monitor, 
and, with diagnostic code, the difference between a loaded 
or an unloaded RGB line can be discerned. The reference is 
generated by a voltage divider from the external 1.235 V 
voltage reference on the VREF pin. For the proper 
operation of the SENSE circuit, the following levels should 
be applied to the comparator by the lOR, lOG, and lOG 
outputs: 

DAC Low Voltage::; 260 mV (Note 1) 
DAC High Voltage 2! 410 mV (Note 1) 

Note 1: SENSE values are subject to change upon 
completion of characterization. 

There is an additional ±I O-percent tolerance on the above 
levels when L"lc internal voltage reference is used. If 
SYNC* is logical zero, SENSE* is stable. The SENSE* 
output can drive only one CMOS load. 
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DigHal Noise Gate 

Extemally Input CSYNC·-_,_---1 

CR22, Lock Override~::t:j)---_l 
Lock Control, SRD5 

CRID, Phase LimH Enable 

Generated HSYNC 

a. Actual Implementation. 

CSYNC·_.,----1 

Noise-Gate Start> HCOUN 
Noise-Gate Stop < HCOU·.+----\ 

CR22 = D, CRID = I 

HSYNC_+---......! 

c. Phase Limiting Enabled, 
Noise Gate Transparent. 

n = 350-650 os delay 
PCOUT = P.base-comparator oU1put 

C 
S 0 
T 'u 
A N 
T T 
E E 

R 

C 
0 
U 
N 
T 
E 
R 

PCOUT 

PCOUTC 

CSYNC' 
C 

Noise-Gate Start> HCOUNT 
S 0 
T U 

Noise-Gate Stop < HCOUNT A N PCOUTB 
CR22 = X, CRID = 0 T T 

HSYNC HSI E E 
R 

b. Phase Limiting Disabled, 
Noise Gate Transparent. 
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d. Phase Limiting Disabled, 
Noise Gate Active. 

Figure 3. Planar Pixel Format and Cursor RAM Array Pixel 
Mapping for 80th 32 x 32 and 64 x 64 Cursors. 

Plane 1 PlaneD MODE 1 MODE 2 MODE 3 

0 0 Palette Data Cursor Color I Palette Data 

0 I Cursor Color I Cursor Color 2 Palette Data 

1 0 Cursor Color 2 Palette Data Cursor Color 1 

1 1 Cursor Color 3 Palette Data Complement Cursor Color 2 

Table 8. Overlay Color Modes. 
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Circuit Description (continued) 

4-210 

NO SYNC SYNC 

MA V MA V 

19.05 0.714 26.67 1.000 ..,------,,;:,--------------=---- WHITE LEVEL 

1.44 0.054 9.05 0.340 ~-----_+---~L---------BUCK~va 

7.5 IRE 

0.00 0.000 7.62 0.286 -f-------'--r---r-----'--------- BLANK ~VEL 

40 IRE 

0.00 0.000 ~-------~~----------SYNCLEWL 

Note: 75 n doubly-terminated load, VREF = 1.235 V, and RESET - 147 n. RS-343A levels and 
tolerances are assumed on all levels. 

Figure 4. Composite Video Output Waveforms (SETUP = 7.5 IRE). 

Sync Sync 
Disabled Enabled DAC 

Description CSYNC" BLANK" Input Data 
lout (mA) lout (mA) 

WIDTE 19.05 26.67 1 1 $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 1 $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 n doubly-tenninated load, VREF = 1.235 V, and RESET - 147 n. 

Table 9. Video Output Truth Table (SETUP = 7.5 IRE). 
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Brooktree® Bt485 
Circuit Description (continued) 

NO SYNC SYNC 

MA V MA V 

17.62 0.660 25.24 0.950 .-----,,--------------------~~-----wmrnwva 

100lRE 

0.00 0.000 7.62 0.286 -+-__________ --'-......,.-----,....-..J-_______________ BLACKIBLANK wva 

43lRE 

0.00 0.000 0.00 0.000 
-L... ____________ --L----JL--_________________ SYNC LEva 

Note: 75 0 doubly-terminated load, VREF = 1.235 V, and RESET - 147 O. RS-343A levels and tolerances 
are assumed on all levels. 

Figure 5. Composite Video Output Waveforms (SETUP = 0 IRE). 

Sync Sync 
Disabled Enabled DAC 

Description CSYNC" BLANK" Input Data 
lout (rnA) lout (rnA) 

WHITE 17.62 25.24 I 1 $FF 
DATA data data + 7.62 I 1 data 
DATA-SYNC data data 0 I 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: 750 doubly-terminated load, VREF = 1.235 V, and RESET- 147 o. 

Table 10. Video Output Truth Table (SETUP = 0 IRE). 
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Bt485 Brooldree® 
Internal Registers 

Command Register 0 (RS value = 0110) 

This register may be written to or read by the MPU at any time and is not initialized at power-up. CROO corresponds to 
data bus bit DO, the least significant data bit. All command register bits are set to logical zeros when a low signal is 
asserted on the RESET* pin. 

CR07 

CR06 

CROS 

CR04 
CR03 
CR02 

CROI 

CROO 

4-212 

(0) Command Register 3 
Cannot be Addressed 

(1) Command Register 3 
Can be Addressed 

Clock Disable ANDed with CROO 

(0) Normal Operation 
(1) Disable Internal Clocking 

Setup Enable 

(0) Disable SETUP (0 IRE) 
(1) Enable SETUP (7.5 IRE) 

Blue Sync Enable 
Green Sync Enable 
Red Sync Enable 

(0) Disable Sync 
(1) Enable Sync 

DAC 6/8-Bit Resolution 

(0) 6-bit Operation 
(1) 8-bit Operation 

Power-Down Enable 

(0) Normal Operation 
(1) Power-Down Operation 

SECTION 4 

A logical one written to this bit allows the user to 
indirectly access Command Register 3. 

When this bit and CROO are a logical one, the internal 
clock and SCLK are disabled to further conserve power 
when in power-down mode. The RAM still retains the 
data, and MPU reads and writes can occur without loss of 
data. When this bit is a logical zero, internal clocking is 
enabled and SCLK will be generated. 

This bit determines the video blanking pcdcstal. A logical 
zero sets a 0 IRE blanking pedestal, and a logical one sets 
7.5 IRE. 

These bits specify whether the respective lOB, lOG, or 
lOR outputs are to contain sync information. 

This bit specifies whether the MPU is reading and writing 
8 bits (logical one) or 6 bits (logical zero) of color 
information each cycJe. 

While this bit is a logical zero, the device operates 
normally. If this bit is a logical one, the DACs and power 
to the RAM are turned off. The RAM still retains the data, 
and CPU reads and writes can occur with no loss of data. 

The DACs will be turned off during sleep mode only if a 
voltage reference (internal or external) is used. 



Brooldroo® Bt485 
Internal Registers (continued) 

Command Register 1 (RS value = 1000) 

This register may be written to or read by the MPU at any time and is not initialized at power-up. CR10 corresponds to 
data bus bit DO, the least significant data bit (see Table 7). All command register bits are set to logical zero when a low 
signal is asserted on the RESET* pin. 

CRI7 

CRI6,I5 

CRI4 

CR13 

CRI2 

CRll 

CR10 

Reserved (logical zero) 

BitIPixel Select 

(00) One 24-Bit Pixel 
(01) One or Two 16-Bit Pixels 
(10) Four 8-Bit Pixels 
(11) Eight 4-Bit Pixels 

True-Color Bypass Enable 

(0) Pixel Addresses Palette 
(1) Pixel Bypasses Palette 

16-Bit ROB Color Format 

(0) 5:5:5 R:O:B Color Format 
(1) 5:6:5 R:O:B Color Format 

16-Bit Multiplexing Rate 

(0) 2: I Multiplexing 
(I) 1:1 Multiplexing 

16-Bit Real-Time Switch Enable 

(0) CR 10 Controls Selection 
(l) P7D Controls Selection 

16-BitlPixel Port Switch Control 

(0) Multiplex Port [B-A 1 
(I) Multiplex Port [D-Cl 

This bit is reserved for future expansion. A logical zero must 
be written to ensure proper operation. 

These bits select the pixel size depth and determine the 
mUltiplexing rates for 4-, 8-, and 24-bitlpixel operation. The 
16-bitlpixel multiplexing rate is set by the state of CRI2. 

When this bit is a logical zero, the pixel palette is addressed 
by the pixel data. When this bit is a logical one, the ROB 
pixel data bypasses the color palette and drive the DACs 
directly. True-color bypassing is available only for pixel sizes 
of 16 and 24 bits. 

This bit selects the ROB color format for l6-bitlpixel 
operation. 

When this bit is a logical zero and CRI6 and 15 are set to 01, 
two 16-bit values are latched in during every LCLK cycle. 
When this bit is a logical one and CRI6 and 15 are set to 01, 
one 16-bit value is output during every LCLK cycle. This bit 
is ignored if CRI6/CRI5 specify 4-, 8-, or 24-bitlpixel 
operation. 

This bit is only valid when CR13 '" 0 (5:5:5 format) and 
CRI2", I (1:1 multiplexing) are specified. When this bit is a 
logical zero, CRIO switches the ports multiplexed. When this 
bit is a logical one, pixel port hit P7D switches the ports 
multiplexed. This bit is ignored when 5:6:5 ROB color 
format is selected (when bit CR 13 is a logical one). 

This bit specifics which 16-bit word is selected for either 5:5:5 
(CR13 '" 0) or 5:6:5 (CR13 '" I) modes. In order for this bit to 
control which l6-bit port is selected, CRI2 must be a logical 
one (16-bit 1:1 multiplexing). this bit is ignored when 
real-time port switching is enabled (CRII '" 1). 
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Bt485 Brooktree® 
Internal Registers (continued) 

Command Registet2 (RS value = 1001) 

This register may be written to or read by the MPU at any time and is not initialized at power-up. CR20 corresponds to 
data bus bit DO, the least significant data bit. All command register bits are set to logical zero when a low signal is asserted 
on the RESET* pin. 

CR27 

CR26 

CR25 

CR24 

CR23 

CR22 

CR21,20 

4-214 

SCLK Disabled 
(0) SCLK Enabled 
(I) SCLK Disabled 

Test Path Enable 

(0) Normal Operation 
(1) Test Path Enabled 

PORTSEL Mask 

(0) Masked 
(1) Nonmasked 

CLKSEL Enable 

(0) PCLKO Selected 
(I) PCLKI Selected 

Display Mode Select 

(0) Noninterlaced 
(1) Interlaced 

16-BitlPixel Palette Index Select 

(0) Sparse Indexing 
(1) Contiguous Indexing 

Cursor Mode Select 

(00) Cursor Disabled 
(01) Three-Color Cursor 
(10) Two-ColorlHighlight Cursor 
(11) Two-Color/X -Windows 

Cursor 

SECTION 4 

A logical zero must be written to this bit to enable SCLK 
to be output. A logical one written to this bit three-states 
the SCLK output. 

When this bit is set to a logical zero, the device operates 
normally. A logical one enables certain test paths to be 
internally set up. This involves any input mode and any 
inputs that affect access to the color palette RAM. When 
this bit is set to a logical one, the pixel data is accessible 
on the MPU data bus. While this test mode is enabled, the 
device will not operate at speed. 

This bit determines the selection of the input port. It is 
logically ANDed with the PORTSEL pin. A logical zero 
selects the VGA port. When this bit is a logical one, the 
PORTSEL pin selects either the VGA or pixel port. 

When this bit is a logical zero, PCLKO is selected. When 
this bit is a logical one, PCLKI is selected. To eliminate 
glitches on the SCLK output, switching between PCLKs 
should occur only when the multiplexing rate is 8: 1 or 4: 1. 
To ensure the integrity of the palette, the device should be 
put in sleep mode before switching clocks. 

When this bit is a logical zero, the display format is 
noninter!aced. When the bit is a logical one, the display 
format is interlaced. The mode must be set properly to 
ensure proper operation of the internal cursor. 

When this bit is a logical zero, palette addressing is sparse. 
The RGB color component pixel data is mapped to the 
most significant bits of the RGB palette address. The least 
significant of the palette address bits are set to zero. When 
this bit is a logical one, palette addressing is contiguous. 
The RGB color component pixel data is mapped to the 
least significant bits of the palette address. The most 
significant bit~ of the address are set to zero. 

These bits determine the functionality of the onboard 64 x 
64 x 2 or the 32 x 32 x 2 hardware cursor. 



Brooklree® Bt485 
Internal Registers (continued) 

Command Register 3 
(RS value = 1010, when bit CR07 in Command Register 0 is set to logical one.) 

This register may be written to or read by the MPU at any time and is not initialized at power-up. CR30 corresponds to 
data bus bit DO, the least significant data bit. All command register bits are set to logical zero when a low signal is asserted 
on the RESET* pin. 

CR37 

CR36 

CR35 

CR34 

CR33 

CR32 

CR31,30 

Reserved (Logical Zero) 

Reserved (Logical Zero) 

Reserved (Logical Zero) 

Reserved (Logical Zero) 

2x Clock Multiplier 

(0) 2x Clock Multiplier Disabled 
(1) 2x Clock Multiplier Enabled. 

Cursor Select 

(0) 32x32x2 Cursor 
(1) 64x64x2 Cursor 

MSBs for lO-bit Address Counter 

CR31 =A9 
CR30=A8 

This bit is reserved for future expansion. A logical zero 
must be written to ensure proper operation. 

This bit is reserved for future expansion. A logical zero 
must be written to ensure proper operation. 

This bit is reserved for future expansion. A logical zero 
must be written to ensure proper operation. 

This bit is reserved for future expansion. A logical zero 
must be written to ensure proper operation. 

This bit enables or disables the 2x multiplier. A logical 
one written to this bit enables the 2x on-chip TTL clock 
multiplier for high-speed operation. A logical zero written 
to CR33 will disable the clock multiplier and will allow 
the external clock source to directly drive the logic. 

This bit selects either a 64 x 64 or a 32 x 32 hardware 
cursor. A logical zero written to this bit will select the 32 x 
32 cursor size, and a logical one will select the 64 x 64 
cursor size. 

These bits are the load inputs to the 2 MSBs of the lO-bit 
address counter. The lO-bit address counter can be set to 
access any particular location in the 64 x 64 x 2 cursor 
RAM array. 
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Bt485 Brooktree® 
Internal Registers (continued) 

Pixel Read Mask Register (RS value = 0010) 

The 8-bit pixel read mask register may be written to or read by the MPU at any time, and is not initialized at power-up. DO is 
the least significant bit. The contents of this register are bit-wise ANDed with the pixel data prior to addressing the color palette 
RAM. The pixel read mask register must be initialized by the user to logical ones for proper operation. 

Status Register (RS value = 1010) 

The 8-bit status register monitors certain device states and identifies devices. It may be read by the MPU at any time; MPU write 
cycles to this register are ignored. DO is the least significant bit corresponding to SRO. This register is not reset during 
power-up/reset. 

SR7-SR6: These bits are identification values. SR7=0 and SR6=1. 
SR5-SR4: These bits are revision values. 

SR3: This is the SENSE* bit. If it is a logical zero, one or more of the lOR, lOG, and lOB outputs have exceeded the internal 
voltage reference level (335 m V). This bit is used to determine the presence of a CRT monitor, and, with diagnostic code, the 
difference between a loaded or unloaded RGB line can be discerned. The SENSE reference has an additional ±lO-percent 
tolerance when an internal voltage reference is used. 

SR2: (0) Write Cycle 
(I) Read Cycle 

Read/write access status. This bit provides RDIWR status when the register select bits equal $0, $3, $4, or $7. When address 
register $0 or $4 has been written, the device is in the write mode and this bit is a logical zero. When address register $3 or $7 
has been written, the device is in the read mode and this bit is a logical one. 

SRI-SRO: When read, these bits reflect the color component address for the next RDIWR cycle when the palette, cursor color 
registers, or overscan register are accessed: Address [a,b] state (00) Red Color Componcnt 

(01) Green Color Component 
(10) Blue Color Component 

Accessing Command Register 3 

A fourth Command Register, CR3, was added to address the extended functionality of the Bt485 and to remain backwards 
cOfllpatible to the Bt484. Since there are only 4 register select lines (and all 16 combinations have already been used), CR3 must 
be accessed indirectly. 

Command Register 3 is accessed with the following sequence of operations: 

I. Set RS3-RSO = OliO, Command Register O. 
2. Write a logical one to CR07. 
3. Set RS3-RSO = 0000, address register. 
4. Write address register to 0000 000 I. 
5. Set RS3-RSO = 1010. 
6. Read or write Command Register 3. 

With this indirect addressing, the status register can be accessed by writing 0000 0000 to the address register, as in step 4. The 
status register cannot be written to; it can only be read. 

When a 64 x 64 x 2 cursor is selected (CR32 = 1), CR31 and CR30 must be written to usc a IO-bit counter to address the larger 
RAM array. CR31 and CR30 become the load inputs to the 2 MSBs of the IO-bit address counter. Therefore, to set this counter 
to access a particular location in the 64 x 64 x 2 cursor RAM array, these 2 bits must be written to Command Register 3 before 
the lower 8 bits are written to the address counter through the MPU port. As the IO-bit address counter auto-increments, the new 
values of this counter can be read back through CR31 and CR30. The contents of this register will be reset with the assertion of 
the external RESET* pin. 
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Brooktrre® Bt485 
Internal Registers (continued) 

Cursor (x,y) Registers 
(RS values: CXLR = 1100, CXHR = 1101, CYLR = 1110, and CYHR = 1111) 

These registers are used to specify the (x, y) coordinate of the 64 x 64 x 2 hardware cursor. The cursor (x) register contains 
the cursor (x) low register (CXLR) and the cursor (x) high register (CXHR); the cursor (y) register contains the cursor (y) 
low register (CYLR) and the cursor (y) high register (CYHR). The last value written by the MPU to these registers is the 
value returned on a read. These registers may be written to or read by the MPU at any time. 

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 ignored. 

Cursor (x) High Cursor (x) low 
(CXHR) (CXlR) 

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO 

X Address Xli XIO X9 X8 X7 X6 X5 X4 X3 X2 Xl XO 

Cursor (y) High Cursor (y) low 
(CYHR) (CYlR) 

Data Bit D3 D2 Dl DO D7 D6 D5 D4 D3 D2 D1 DO 

Y Address Yll YlO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 YI YO 

The cursor (x) value to be written is calculated as follows: 

Xp = desired display screen (x) position + 64 (or $0040) 

where 

the (x) reference point for the display screen, x = 0, is the upper left corner of the screen. The Xp position 
equation places the upper left corner of the cursor RAM array to the desired screen location. This allows the cursor 
position to be defined in the same coordinate spaee as the screen. 

Values from 0 (or $0000) to 4095 (or $OFFF) may be written into the cursor (x) register. If Xp is equal to 0, the cursor will 
be offscreen (see Cursor Operation in the Circuit Description section). 

The cursor (y) value to be written is calculated as follows: 

Yp = desired display screen (y) position + 64 (or $0040) 

where 

the (y) reference point for the display screen, y = 0, is the upper left corner of the screen. The Yp position 
equation places the upper left corner of the cursor RAM array to the desired screen location. This allows the cursor 
position to be defined in the same coordinate space as the screen. 

Values from 0 (or $0000) to 4095 (or $OFFF) may be written into the cursor (y) register. If Yp is equal to 0, the cursor will 
be entirely offscreen (see Cursor Operation). 
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Bt485 Brooktree® 
Internal Registers (continued) 

Cursor (x, y) Registers 
(RS values: CXLR = 1100, CXHR = 1101, CYLR = 1110, and CYHR = 1111) 

These registers are used to specify the (x, y) coordinate of the 32 x 32 x 2 hardware cursor. The cursor (x) register contains 
the cursor (x) low register (CXLR) and the cursor (x) high register (CXHR); the cursor (y) register contains the cursor (y) 
low register (CYLR) and the cursor (y) high register (CYHR). The last value written by the MPU to these registers is the 
value returned on a read. These registers 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 logical zeros. 

Cursor (x) High Cursor (x) Low 
(CXHR) (CXLR) 

Data Bit D3 D2 Dl DO D7 D6 D5 D4 D3 D2 DI DO 

X Address Xli XlO X9 X8 X7 X6 X5 X4 X3 X2 Xl XO 

Cursor (y) High Cursor (y) Low 
(CYHR) (CYLR) 

Data Bit D3 D2 DI DO D7 D6 D5 D4 D3 D2 Dl DO 

Y Address Yll YlO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 YI YO 

The cursor (x) value to be written is calculated as follows: 

Xp = desired display screen (x) position + 32 (or $0020) 

where 

the (x) reference point for the display screen, x = 0, is the upper left comer of the screen. The Xp position 
equation places the upper left comer of the cursor RAM array to the desired screen location. This allows the cursor 
position to be defined in the same coordinate space as the screen. 

Values from 0 (or $0000) to 4095 (or $OFFF) may be written into the cursor (x) register. If Xp is equal to 0, the cursor will 
be offscreen (see Cursor Operation). 

The cursor (y) value to be written is calculated as follows: 

Yp = desired display screen (y) position + 32 (or $0020) 

where 

the (y) reference point for the display screen, y = 0, is the upper left corner of the screen. The Yp position 
equation places the upper left corner of the cursor RAM array to the desired screen location. This allows the cursor 
position to be defined in the same coordinate space as the screen. 

Values from 0 (or $0000) to 4095 (or $OFFF) may be written into the cursor (y) register. If Yp is equal to 0, the cursor will 
be entirely offscreen (see Cursor Operation). 
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Brooktree® Bt485 
Pin Descriptions 

Pin Name 

RESET* 

CBLANK* 

CSYNC* 

CDE 

ODD I EVEN* 

PCLKO 

PCLKI 

SCLK 

Pin # Description 

47 Reset input (TIL compatible). When this signal is low, all the command register bits are set to 
zero, and the device is in VGA mode. The pixel read mask register is not initialized on reset and 
must be initialized by the user to logical ones for proper operation (see Pixel Read Mask Register in 
the Circuit Description section). 

65 Composite blank control input (TIL compatible). A logical zero drives the analog outputs to the 
blanking level, as specified in Tables 9 and 10. CBLANK* is latched on the rising edge of LCLK. 
When BLANK* is a logical zero, the pixel inputs are ignored. The falling edge of this signal 
determines the polarity of the CSYNC* input pin. The onboard cursor positioning counters are 
referenced to this signal. 

64 

63 

62 

78 

76 

83 

Composite sync control input (TIL compatible). The polarity of this pin is determined on the last 
rising LCLK edge before the falling edge of CBLANK*. CSYNC* does not override any other 
control or data input, as shown in Tables 9 and 10; therefore, it should be asserted only during the 
blanking interval. It is latched on the rising edge of LCLK. Bits CR04--CR02 in Command 
Register 0 can permanently disable sync on the lOR, lOG, or lOB output. 

Composite display enable control input (TIL compatible). The state of this signal and CBLANK* 
determines whether the analog outputs are blanked or contain cursor color, pixel, or overscan data. 
This signal is latched on the rising edge of LCLK. If overscanning is not used, this pin should be 
tied to CBLANK*. The following is a list of combinations of CDE and CBLANK*: 

PORTSEL CDE CLBANK* 
x x 0 Video Blanking 
0 0 I VGA Pixel Data 
0 I 1 Cursor Color or VGA Data 
1 0 I Overscan Data 
I 1 I Cursor Color or Pixel Data 

Odd/even field input (TIL compatible). This signal should be changed only during vertical blank. 
This input is used to ensure proper operation of the onboard cursor when interlaced operation 
(command bit CR23=1) is selected. When this signal is a logical zero, an even field is specified. 
When this signal is a logical one, an odd field is specified. This input is ignored if noninterlaced 
operation (command bit CR23=O) is selected. 

Pixel Clock 0 input (TIL compatible). This clock is selected when CR24 in Command Register 2 
is a logical zero. The signal on this pin should be the VGA pixel clock. This clock should be 
specified when switehing between the pixel and VGA ports on a pixel-by-pixel basis (in 1:1 mode, 
only). It is recommended that all clock inputs be driven by a dedicated buffer to avoid 
reflection-induced jitter. 

Pixel Clock I input (TIL compatible). This clock is selected when CR24 in Command Register 2 
is a logical one. The signal on this pin is typically the high-speed pixel clock used during 
multiplexed operation of the pixel port. 

VRAM shift clock output (TIL compatible). The signal on this pin is equal to the selected pixel 
clock divided by 8, 4, 2, or I, depending on the operating mode selected. If 2x clock multiplier is 
selected (CR33 = 1), then the SCLK output is equal to pixel clock divided by 4, 2, or I, or pixel 
clock multiplied by 2, in 8:1, 4:1, 2:1, or 1:1 modcs, respectively. 
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Bt485 Brooktree® 
Pin Descriptions (continued) 

Pin Name 

LCLK 

P7:0 (A-D) 

VGA[7:0] 

PORTSEL 

WR* 

RD* 

RSO-RS3 

DO-D7 

SENSE* 

Pin # Description 

81 Latch Clock input (TTL compatible). The rising edge of this signal latches P7:0 (A-D) or VGA 
[7:0], and CBLANK*, CDE, CSYNC*, and PORTSEL. The information latched by this signal is 
synchronized internally with SCLK. Because of this synchronization process, there is a timing 
window on both sides of SCLK where LCLK must not rise (see AC Characteristics section). This 
timing window is necessary so that data latched by LCLK does not interfere with the setup and hold 
times required by the internal synchronizing latch. Data is synchronized with the selected pixel 
clock after being internally latched with SCLK. When the multiplexing rate is 8: 1, 4: 1, 2: 1, or 1: 1, 
this signal is equal to the selected pixel clock divided by 8, 4, 2, or 1, respectively. 

1-32 Pixel port inputs (TTL compatible). This port is selected if PORTSEL is a logical one and 
PORTSEL is not masked by CR25. The appropriate pins on this port are multiplexed at rates of 
either 1: 1, 2: 1, 4: 1, or 8: 1, depending on the operating mode selected. This port is latched on the 
rising edge of LCLK. PO is the LSB. Unused inputs should be connected to GND. 

67-74 VGA port inputs (TTL compatible). This port is selected if PORTSEL is a logical zero. This port is 
multiplexed 1:1. This port is latched on the rising edge of LCLK. PO is the LSB. Unused inputs 
should be connected to GND. 

66 VGNpixel port select input (TTL compatible). This pin is ANDed with control register bit CR25 to 
determine whether the pixel port or VGA port is selected. A logical zero on this pin selects the 
VGA port regardless of the state of CR25. A logical one selects the pixel port if CR25 = 1. This pin 
may be used in i:i mode to switch between the pixel and VGA ports on a pixel-by-pixel basis. This 
pin may also be used to switch between the VGA and pixel ports in 2:1, 4:1, or 8:1 MUX modes on 
a frame-by-frame basis. This pin should not be left floating. 

48 Write control input (TTL compatible). DO-D7 data is latched on the rising edge of WR*, and 
RSO-RS3 are latched on the falling edge of WR* during MPU write operations. RD* and WR* 
should not be asserted simultaneously. 

49 Read control input (TTL compatible). To read data from the device, RD* must be a logical zero. 
RSO-RS3 are latched on the falling edge of RD* during MPU read operations. RD* and WR * 
should not be asserted simultaneously. 

50-53 Register select inputs (TTL compatible). RSO-RS3 specify the type of read or write operation being 
performed, as shown in Tables 1 and 2. 

54-61 Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit 
bidirecticwal data bus. DO is the least significant bit. 

46 Comparator sense output (CMOS compatible). This pin will be low if one or more of the lOR, IOG, 
and lOB analog output levels exceed the internal comparator reference levels. The sense output can 
drive only one CMOS load. 

IOR, IOG, IOB 35,37,39 Red, green, and blue current outputs. These high-impedance current sources can directly drive a 
doubly-terminated 75 n coaxial cable. The PC Board Layout Considerations section contains 
further information. 
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Brooktree® Bt485 
Pin Descriptions (continued) 

Pin Name 

FSADJUST 

VREFOUT 

VREFIN 

COMP 

Pin # Description 

33 Full-scale adjust control. The IRE relationships in Figures 4 and 5 are maintained, regardless of the 
full-scale output current. 

44 

43 

41 

When an external or the internal voltage reference (Figures 6 and 7 in the PC Board Layout 
Considerations section) is used, 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 (n) = K * 1,000 * VREF (V) / lout (rnA) 

K is defmed in the table below. It is recommended that a 147 n RSET resistor be used for 
doubly-tenninated 75 n loads (i.e., RS-343A applications). 

Sync Enabled Sync Disabled 

Setup o IRE 7.5 IRE o IRE 7.5 IRE 

K (8 bits) 3.025 3.195 2.120 2.280 

K (6 bits) 3.000 3.170 2.100 2.260 

K values are subject to change upon completion of characterization. 

Voltage reference output. This output provides a 1.235 V (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 6 and 7.) Up to four Bt485s can be driven by this output. 

Voltage reference input. If an external voltage reference is used (Figure 7), it must supply this input 
with a 1.235 V (typical) reference. A 0.1 JlF ceramic capacitor must be used to decouple this input 
to GND, as shown in Figures 6 and 7. The decoupling capacitor must be as close to the device as 
possible to keep lead lengths to an absolute minimum. When the internal reference is used, this pin 
should not drive any external circuitry, except the decoupling capacitor (Figure 6). 

Compensation pin. A 0.1 JlF ceramic capacitor must 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. 
Refer to the PC Board Layout Considerations section for critical layout criteria. 

V AA 40,42,45, Analog power. All V AA pins must be connected together on the same PCB plane to prevent latchup. 
75, 77, 79 Refer to the PC Board Layout Considerations section for critical layout criteria. 

GND 34, 36, 38, Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
80, 82, 84 latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 
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Bt485 Brooklree® 
Pin Descriptions (continued) 

VAA RS3 

PCLKI RS2 

VAA RSI 

PCLKO RSO 

VAA RD' 

GND WR' 

LCLK RESET' 

GND SENSE' 

SCLK VAA 

GND VREFOUT 

POA VREFlN 

PIA VAA 

P2A COMP 

P3A VAA 

P4A lOB 

P5A GND 

P6A lOG 

P7A GND 

POB lOR 

PIB GND 

P2B FSADJUST 
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Brooktree® 
PC Board Layout Considerations 

PC Board Considerations 

For optimum performance of the Bt485, proper 
CMOS RAMDAC layout techniques should be stud
ied in the Bt45117/8 Evaluation Module Operation 
and Measurements, Application Note (AN-16), be
fore PC board layout is begun. This application note 
can be found in Brooktree's Applications Handbook. 

The layout should be optimized for lowest noise on 
the Bt485 power and ground planes by providing good 
decoupling. The trace length between groups of V AA 
and GND pins should be as short as possible to mini
mize inductive ringing. 

A well-designed power distribution network is crit
ical to eliminating digital switching noise. The 
ground plane must provide a low-impedance return 
path for the digital circuits. A PC board with a mini
mum of four layers is recommended, with layers I 
(top) and 4 (bottom) for signals and layers 2 and 3 for 
power and ground. 

Component Placement 

Components should be placed as close as possible to 
the associated RAMDAC pin. Whenever possible, 
components should be placed so traces can be con
nected point to point. 

The optimum layout enables the Bt485 to be locat
ed as close as possible to the power supply connector 
and the video output connector. 

Ground Planes 

For optimum performance, a common digital and an
alog ground plane is recommended. 

Power Planes 

Separate digital and analog power planes are recom
mended. The digital power plane should provide 
power to all digital logic on the PC board, and the an
alog power plane should provide power to all Bt485 
power pins, VREF circuitry, and COMP and VREF 
decoupling. There should be at least a 1/8-inch gap 
between the digital power plane and the analog pow
er plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figures 6 and 7. This bead 
should be located within 3 inches of the Bt485. The 
bead provides resistance to switching currents, acting 
as a resistance at high frequencies. A low-resistance 
bead should be used, such as Ferroxcube 5659065-3B, 
Fair-Rite 2743001111, or TDK BF45-4001. 

Bt485 

Device Decoupling 

For optimum performance, all capacitors should be 
located as close as possible to the device, and the 
shortest possible leads (consistent with reliable 
operation) should be used to reduce the lead inductance. 
Chip capacitors are recommended for minimum lead 
inductance. Radial lead ceramic capacitors may be 
substituted for chip capacitors and are better than axial 
lead capacitors for self-resonance. Values are chosen to 
have self-resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is 
obtained with a 0.1 JlF ceramic capacitor, decoupling 
each of the two groups of VAA pins to GND. For 
operation above 75 MHz, a 0.1 JlF capacitor in 
parallel with a 0.01 JlF chip capacitor is 
recommended. The capacitors should be placed as 
close as possible to the device V AA and GND pins 
and connected with short, wide traces. 

The 10 JlF capacitor shown in Figures 6 and 7 is 
for low-frequency power supply ripple; the 0.1 JlF 
capacitors are for high-frequency power supply noise 
rejection. 

When a linear regulator is used, the power-up 
sequence must be verified to prevent latchup. A 
linear regulator is recommended to filter the analog 
power supply if the power supply noise is greater 
than or equal to 200 mY. This is especially important 
when a switching power supply is used, and the 
switching frequency is close to the raster scan 
frequency. About 10 percent of the power supply 
hum and ripple noise less than I MHz will couple 
onto the analog outputs. 

COMP Decoupling 

The COMP pin must be decoupled to V AA, typically 
with a 0.1 JlF ceramic capacitor. Low-frequency 
supply noise will require a larger value. The COMP 
capacitor must be as close as possible to the COMP and 
V AA pins. A surface-mount ceramic chip capacitor is 
preferred for minimal lead inductance. Lead 
inductance degrades the noise rejection of the circuit. 
Short, wide traces will also reduce lead inductance. 

If the display has a ghosting problem, additional 
capacitance in parallel with the COMP capacitor may 
help. 

VREF Decoupling 

A 0.1 JlF ceramic capacitor should be used to 
decouple this input to GND. 
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Bt485 Brooktree® 
PC Board Layout Considerations (continued) 

Digital Signal Interconnect 
The digital inputs to the Bt485 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 or analog output 
signals. 

Most of the noise on the analog outputs will be 
caused by excessive edge rates (less than 3 ns), 
overshoot, undershoot, and ringing on the digital inputs. 

The digital edge rates should not be faster than 
necessary, as feedthrough noise is proportional to the 
digital edge rates. Lower-speed applications will 
benefit from using lower-speed logic (3-5 ns edge 
rates) to reduce data-related noise on the analog 
outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time (refer to 
Brooktree Application Notes AN-ll and AN-12). Line 
termination or line-length reduction is the solution. For 
example, logic edge rates of 2 ns require line lengths of 
less than 4 inches without use of termination. Ringing 
may be reduced by damping the line with a series 
resistor (30-300 n). The RS-select inputs and 
RD*IWR* lines must be verified for proper levels with 
no ringing, undershoot, or overshoot. Ringing on these 
lines can cause improper operation. 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing the digital 
signals at a 90 degree angle to any analog signals. 

The clock driver a...l1d all other digital devices must be 
adequately decoupled to prevent noise generated by the 
digital devices from coupling into the analog circuitry. 

Clock Interfacing 

The Bt485 requires a pixel clock with monotonic clock 
edges for proper operation. Impedance mismatch on the 
pixel clock line will induce reflections on the pixel 
clock, which may cause erratic operation. 

The Pixel Clock Pulse Width High Time and Pixel 
Clock Pulse Width Low Time minimum specifications 
(see the AC Characteristics section) must not be 
violated, or erratic operation can occur. 

The pixel clock line must be terminated to prevent 
impedance mismatch. A series termination of 33-68 n 
placed at the pixel clock driver may be used, or a 
parallel termination may be used at the pixel clock 
input to the RAMDAC. A parallel termination of 220 n 
to VCC and 330 n to ground will provide a Thevenin 
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equivalent of a 110 n termination, which is normally 
sufficient to absorb reflections. The series or parallel 
resistor values should be adjusted to provide the 
optimum clock signal fidelity. 

MPU Control Signal Interfacing 
The Bt485 uses the RD*, WR*, and RS lines to 
determine which MPU accesses will take place. Glitches 
or ringing on any of these lines may cause improper 
MPU operation. When a VGA controller with edge rate 
control is used on these lines, a series termination is not 
necessary. In non-VGA controller application or in 
applications where the MPU control signals are daisy 
chained, a series termination, pull-down resistors, or 
additional capacitance to ground should be used to 
prevent glitches that could cause improper MPU 
accesses. 

Analog Signal Interconnect 
The Bt485 should be located as close as possible to the 
output connectors to minimize noise pickup and 
reflections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk/rom 
digital lines; digital traces must not be routed under or 
adjacent to the analog output traces. 

To maximize the high-frequency power supply 
rejection, the video output signals should not overlay 
the analog power plane. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. The load resistor connection 
between the video outputs and GND should be as close 
as possible to the Bt485 to minimize reflections. 
Unused analog outputs should be connected to GND. 

Analog output video edges exceeding the CRT 
monitor bandwidth can be reflected, producing 
cable-length dependent ghosts. Simple pulse filters can 
reduce high-frequency energy, reducing EMI and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 

The Bt485 analog output should be protected against 
high-energy discharges, such as those from monitor 
arc-over or from hot-switching AC-coupled monitors. 

The diode protection circuit shown in Figures 6 and 
7 can prevent latchup under severe discharge conditions 
without adversely degrading analog transition times. 
The IN4148/9 parts are low-capacitance, fast-switching 
diodes, which are also available in multiple-device 
packages (FSA250X or FSA270X) or surface
mountable pairs (BAV99 or MMBD7001). 



Brooktree® 
PC Board Layout Considerations (continued) 

ANALOG POWER PLANE 

C2·C3 

RI R2 R3 

IDR~--------~---r--~------~ 

lOG ~-------------+---~------~ P 

lOB ~----------------~------~ P 

VAA 

C6 

TO 

VIDEO 

CONNECTOR 

IN414819 

Ll 

DAC 

OUTPUT 

TO MONITOR 

IN414819 

GND 

Note: Each set of VA A and GND pins must be separately decoupled. 

CI 

Bt485 

+5V(VCC) 

GROUND 

(POWER SUPPLY 

CONNECTOR) 

Location Description Vendor Part Number 

Cl-CS 0.1 llF ceramic capacitor Erie RPE1l2ZSUI04MSOV 
C6 10 llF capacitor Mallory CSR13G106KM 
Ll ferrite bead Fair-Rile 2743001111 

Rl, R2, R3 7 S n I % metal film resistor Dale CMF-SSC 
RSET 1 % metal film resistor Dale CMF·SSC 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt48S. 

Figure 6. Typical Connection Diagram and Parts List 
(Internal Voltage Reference). 
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PC Board Layout Considerations (continued) 

4-226 

Rl R2 R3 

IOR~--------~--~--4-------~ 

lOG ~------------___ --4-------~ P 

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

DAC 

OUTPUT 

VAA 

GND 

L1 

C6 

TO 

VIDEO 

CONNECTOR 

IN4148/9 

TO MONITOR 

IN4148/9 

r +5V(VCC) 

Cl 

GROUND 

(POWER SUPPLY 

COJ\TNECTOR) 

Note: Each set of VA A and GND pins must be separately decoupled. 

Location Description Vendor Part Number 

CI-C5 0.1 /iF ceramic capacitor Erie RPEI12Z5UlO4M50V 
C6 10 /iF capacitor Mallory CSR13G106KM 
L1 ferrite bead Fair-Rite 2743001111 

Rl, R2, R3 75 Q 1 % metal film resistor Dale CMF-55C 
R4 1 kQ 5% resistor 

RSET 147 Q 1 % metal film resistor Dale CMF-SSC 
ZI 1.2 V voltage reference National Semiconductor LM38SBZ-l.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt485. 

Figure 7. Typical Connection Diagram and Parts List 
(External Voltage Reference). 
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Brooktree® 
Application Information 

Using Multiple Devices 

When multiple Bt485s are used, each Bt485 should 
have its own power plane ferrite bead. If the internal 
reference is used, each Bt485 should use its own in
ternal reference. 

Although the multiple Bt485s may be driven by a 
common external voltage/current reference, higher 
performance may be obtained if each RAMDAC uses 
its own reference. This will reduce the amount of 
color channel crosstalk and color palette interaction. 

Each Bt485 must still have its own RSET resistor, 
analog output termination resistors, power supply by
pass capacitors, COMP capacitor, and reference ca
pacitors. 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can produce 
symptoms of catastrophic failure or erratic device be
havior with somewhat leaky inputs. 

All logic inputs should be held low until power to 
the device has settled to the specified tolerance. 
DAC power decoupling networks with large time 
constants should be avoided. They could delay V AA 
power to the device. Ferrite beads must be used only 
for analog power V AA decoupling. Inductors cause 
a time constant delay that induces latch up. 

Bt485 

Latchup can be prevented by ensuring that all V AA 
pins are at the same potential and that the V AA sup
ply voltage is applied before the signal pin voltages. 
The correct power-up sequence ensures that any sig
nal pin voltage will never exceed the power supply 
voltage by more than +0.5 V. 

Reference Selection 

An external voltage reference provides about ten 
times the power supply rejection on the analog out
puts than does an external current reference. 

Sleep Operation 

When the internal or external voltage reference is 
used, the DACs will be turned off during sleep mode. 

When an external voltage reference is used, some 
internal circuitry will still be powered during the 
sleep mode, resulting in 0.5 rnA of power supply cur
rent being drawn (above the rated supply current 
specifications). This unnecessary current drain can be 
disabled by turning off the external voltage reference 
during sleep mode. 

PC GRAPHICS 4-227 

-



Bt485 Brooktree® 
Recommended Operating Conditions 
(All numbers are preliminary and will be finalized upon completion of characterization) 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 n 
Voltage Reference Configuration VREF V 

Reference Voltage 1.112 1.235 1.359 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 V 

Voltage on Any Signal Pin (Note I) GND-D.5 VAA + 0.5 V 

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

Storage Temperature TS -<i5 +150 °C 
Junction Temperature TJ +150 °C 

Vapor Phase Soldering TVSOL 220 °C 
(1 minure) 

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

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than 
+0.5 V can induce destructive latchup. 
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Brooldree® Bt485 
DC Characteristics 
(All numbers are preliminary and will be finalized upon completion of characterization) 

Parameter Symbol Min Typ Max Units 

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

Integral Linearity Error IL ±l LSB 
Differential Linearity Error DL ±l LSB 
GraYcScaie Error ±5 % Gray Scale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage VIR 2.0 VAA + 0.5 V 
Input Low Voltage VIL GND-D.5 0.8 V 
Input High Current (Vin = 2.4 V) I1H 1 JlA 
Input Low Current (Vin = 0.4 V) IlL .-1 JlA 
Input Capacitance CIN 7 pF 

(f= I MHz,Vin = 2.4 V) 

Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH = -400 JlA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
3-State Current IOZ 50 JlA 
Output Capacitance CDOUT 7 pF 

See test conditions on next page. 
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Bt485 Brooktree® 
DC Characteristics (continued) 
(All numbers are preliminary and will be finalized upon completion of characterization) 

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 = 7.5 IRE 0.95 1.44 1.90 rnA 
SETUP=OIRE 0 5 50 ~A 

Blank Level 6.29 7.62 8.96 rnA 
Sync Level 0 5 50 ~A 
LSB Size 69.1 ~A 

DAC-to-DAC Matching 2 5 % 
Output Compliance VOC -0.5 +1.5 V 
Output Impedance RAOUT 10 kQ 

Output Capacitance CAOUT 30 pF 
(f = 1 MHz, lOUT = 0 rnA) 

Onboard VREF VREFOUT TBD TBD TBD V 
Voltage Reference Input Current IVRIN rnA 

Power Supply Rejection Ratio PSRR 0.5 %I%!!NAA 
(CaMP = 0.1 ~F, f = I kHz) 

Test conditions to generate RS-343A standard video signals (unless otherwise specified): "Recommended 
Operating Conditions" with external voltage reference, SETUP = 7.5 IRE, RSET = 147 Q, and VREF = 1.235 V. As 
the above parameters are guaranteed over the full temperature range, temperature coefficients are not specified or 
required. 

When the internal voltage reference is used, RSET may require adjustment to meet these limits. Also, the gray-scale 
output current (while level relative to black) will have a typical tolerance of ±IO percent rather than the ±5 percent 
specified above. 

Note 1: When the Bt485 is in the 6-bit mode, the output levels are approximately 1.5-percent lower than these 
values. 
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Brooktree® Bt485 
AC Characteristics 
(All numbers are preliminary and will be finalized upon completion of characterization) 

135 MHz Devices 110 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

PCLK 0, PCLK I All MUX Rates Fmax 135 110 MHz 

RSO-RS3 Setup Time (Figure 8) I 10 10 ns 
RSO-RS3 Hold Time 2 10 10 ns 

RD* Asserted to DO-D7 Driven 3 2 2 ns 
RD* Asserted to DO-D7 Valid 4 40 40 ns 
RD* Negated to DO-D7 3-Stated 5 20 20 ns 
Read DO-D7 Hold Time 6 2 2 ns 

Write DO-D7 Setup Time 7 10 10 ns 
Write DO-D7 Hold Time 8 10 10 ns 

RD*, WR* Pulse Width Low 9 50 50 ns 
RD*, WR* Pulse Width High 10 6*pclk 6*pclk ns 

LCLK Rates (Figures 9 and 10) Lmax 
8:1 Multiplexing 16.9 13.75 MHz 
4:1 Multiplexing 33.8 27.5 MHz 
2: 1 Multiplexing 67.5 55 MHz 
1: 1 Multiplexing or VGA 90 90 MHz 

SCLKRatc Smax 
8:1 Multiplexing 16.9 13.75 MHz 
4:1 Multiplexing 33.8 27.5 MHz 
2:1 Multiplexing 42.50 37.50 MHz 
1: 1 Multiplexing or VGA 50.35 50.35 MHz 

PCLK 0, PCLK 1 Cycle Time (Note 1) 11 14.81 18.18 ns 
All MUX Rates 

PCLK 0, PCLK 1 Pulse Width High 12 tbd tbd ns 
All MUX Rates 

PCLK 0, PCLK 1 Pulse Width Low 13 tbd tbd ns 
All MUX Rates 

Duty Cycle 2xPCLK tbd tbd tbd tbd tbd tbd % 

LCLK Cycle Time 14 
8:1 Multiplexing 59.17 72.72 ns 
4:1 Multiplexing 29.58 36.36 ns 
2: 1 Multiplexing 14.81 18.18 ns 
1:1 Multiplexing or VGA 11.11 11.11 ns 

LCLK Pulse Width High 15 
8:1 Multiplexing 4 4 ns 
4: 1 Multiplexing 4 4 ns 
2: 1 Multiplexing 4 4 ns 
1: I Multiplexing or VGA 4 4 ns 

LCLK Pulse Width Low 16 
8: 1 Multiplexing 4 4 ns 
4:1 Multiplexing 4 4 ns 
2: 1 Multiplexing 4 4 ns 
1: 1 Multiplexing or VGA 4 4 ns 

See test conditi9ns at end of this section. 
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Bt485 Brooktree® 
AC Characteristics (continued) 
(All numbers are preliminary and will be finalized upon completion of characterization) 

135 MHz Devices 110 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

SCLK Cycle Time 17 
8: I Multiplexing 59.17 72.72 ns 
4: I Multiplexing 29.58 36.36 ns 
2: 1 Multiplexing 23.53 26.67 ns 
1:1 Multiplexing orVGA 19.86 19.86 ns 

Data Setup to LCLK 18 1 1 ns 
P7:0(A-D) 

Data Hold from LCLK 19 5 5 ns 
P7:0(A-D) 

Data Setup and Hold to LCLK 20 3 3 ns 
VGA(7:0), CDE, CBLANK* 
CSYNC*, PORTSEL ns 

LCLK valid skew with respect to SCLK (Note 2) 21 -3 T-14 -3 T-14 ns 

SCLK Output Delay (1:1 mode) (Note 3) 
SCLK Output Delay (MUX mode) (Note 3) 22 6 11 11 ns 
Analog Output Delay 10 20 20 ns 
Analog Output RiselFall Time 30 30 ns 
Analog Output Settling Time (Note 4) 23 3 ns 
Clock and Data Peedthrough (Note 4) 24 13 ns 
Glitch Impulse (Note 4) 25 -30 dB 
SENSE* Output Delay 75 pV - sec 
DAC-to-DAC Crosstalk 26 1 Ils 
Analog Output Skew -23 dB 

2 2 ns 

V AA Supply Current (Note 5) 
Normal Operation IAA rnA 
Sleep Mode (Note 6) TBD TBD TBD rnA 

TBD TBD TBD rnA 

See test conditions at end of this section. 

Pipeline Delay MIN MAX 

1:INGAmode 8 LCLKS 8 LCLKS 

2:1 mode 1 LCLK + 7 PCLKS 1 LCLK + 8 PCLKS 

4:1 mode 1 LCLK + 7 PCLKS 1 LCLK + 10 PCLKS 

8:1 mode 1 LCLK + 7 PCLKS 1 LCLK + 14 PCLKS 

Pipeline delay (MIN) is the minimum number o( clocks required to output 1 pixel after all pixels have been latched. 
Pipeline delay (MAX) is the maximum number of clocks required to output all pixels after all pixels have been 
latched. In the 1:INGA mode, LCLK is the primary clock latching and pipelining for the pixels. 
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Brooktree® Bt485 
AC Characteristics (continued) 
(All numbers are preliminary and will be finalized upon completion of characterization) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with external voltage reference, SETUP = 
7.5 IRE, VREF = 1.235 V, and RSET = 147 n. TTL input values are 0-3 V with input rise/fall times :::;3 ns, measured between 
the lO-percent and 90-percent points. Timing reference points at 50 percent for inputs and outputs. Analog output load :::;10 pF; 
SENSE* and DO-D7 output load :::;SO pF. SCLK output load = 50 pF. See timing notes in Figures 8 and 9. As the above 

parameters are guaranteed over the full temperature range, temperature coefficients are not specified or required. 

Note 1: To pipeline data at 110 or 135 MHz, the 2 x clock multiplier must be activated. Duty cycle range TBD. 
Note 2: T = SCLK cycle time. Approximate numbers based on Bt484. Actual specifications will be determined upon 

characterization of the Bt485. 
Note 3: Approximate numbers based on Bt484. Actual specifications will be determined upon characterization of the Bt485. 
Note 4: Clock and data feedthrough is a function of the number of edge rates, and the amount of overshoot and undershoot on 

the digital inputs. For this test, the digital inputs have a I ill resistor to ground and are driven by 74HC logic. 
Settling time does not include clock and data feedthrough. Glitch impulse includes clock and data feed through, and 
-3 dB test bandwidth = 2x clock rate. 

Note 5: At 135 MHz. IAA (typ) at VAA = 5.0 V, 25°C. IAA (max) at VAA = 5.25 V, 70°C. 4:1 MUX mode at 40-percent 
blanking. 

Note 6: External voltage reference is disabled during sleep mode, all inputs are low, and clock is running. 

PC GRAPHICS 4-233 



Bt485 Brooktrre® 
Timing Waveforms 

4-234 

L 1 2 I 

RSO-RS3 VALID * 9 

RD*, WR* 
10 

4 J-5 I 
3 -1.- DATA OUT (RD' =0) DO - D7 (READ) 

- 1--6 

t DATA IN (WR' =0) 

7 

DO - D7 (WRITE) 

- I-- 8 

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

Note 2: Settling time is measured from the 50-percent point of full-scale transition to the 
output remaining within ±l LSB. 

Note 3: Output rise/fall time is measured between the IO-percent and 90-percent points of 
full-scale transition. 

Figure 8. MPU Read/Write Timing. 
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Timing Waveforms (continued) 
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Note 1: Output delay is measured from the 50-percent point of the rising edge of CLOCK to the 
50-percent point of full-scale transition. 

Note 2: Settling time is measured from the 50-percent point of full-scale transition to the output 
remaining within ±l LSB. 

Note 3: Output rise/fall time is measured between the lO-percent and 90-percent points of 

Figure 9. Video Input/Output Timing (Non-1:1). 
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Timing Waveforms (continued) 

SCLK 

4-236 

(min) 

L = LCLK rising edges 

S 1 = First SCLK rising edge 

S2 = Second SCLK rising edge 

In ordet for the pixel data latched by LCLK to be synchronized correctly with the internal PCLK clock, an 
LCLK rising edge cannot occur in an invalid window, as illustrated above. 

If L occurs within the 11 ns invalid region (X), it is not guaranteed on which rising edge of SCLK (S 1 or S2) 
the data will be synchronized. If L occurs before the 11 ns invalid region (X). then the data is guaranteed to 
be synchronized on S 1. If L occurs after the 11 ns invalid region (X), then the data will not be synchronized 
on S 1 and is guaranteed to be synchronized on S2. 

Figure 9 (continued). Video Input/Output Timing (Non-1:1). 
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Timing Waveforms (continued) 

SCLK 

LCLK 

VGA(7:0). ---~ 
CBLANK*, CDE, 

CSYNC*, PORTSEL ___ --f 

1-----17 --~-l 

Bt485 

1-----4-23 ____ ~~25~_l 

lOR, lOG, lOB -----------------------+------1 

lOR, lOG, JOB 

SENSE*' 

PCLKO, 

PCLKI 

410 m V ---'<:r-
260mV.............,'T-'-_I-_________ _ 

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

Note 2: Settling time is measured from the 50-percent point of full-scale transition to the output 
remaining within ±l LSB. 

Note 3: Output rise/fall time is measured between the lO-percent and 90-percent points of 
full-scale transition. 

Figure 10. Video Input/Output Timing (1:1 MUX Rates). 
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Bt485 Brooldree® 
Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt485KPJI35 135 MHz 84-pin Plastic 0° to +70°C 
J-Lead 

Bt485KPJIlO 1l0MHz 84-pin Plastic 0° to +70°C 
J-Lead 
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Advance Information 

This document contains information on a product under development. The 
parametric and functional information are target parameters and are subject 
to change without notice. 

Distinguishing Features 
• 135 MHz Pipelined Operation 
• VGA Compatible 
• Mixed Video and Graphics 
• 64-bit GraphicsMdeo Pixel Ports 
• YCrCb-to-RGB Conversion 
• YCrCb 4:2:2 and 2: 1: 1 

Interpolation 
• Uses Brooktree's VideoCache™ 

Technology 
• Horizontal Video Upscaling 
• 64 x 64 x 2 Cursor 
• VRAM Shift Clock Support 
• Enables DRAM Based Motion 

Video Systems 
• Programmable Video Extents 
• Programmable Color Keying 
.' Three 256 x 8 Color Palette RAMs 
• Simplifies Integration of Video into 

Microsoft Windows™ 
• 3 x 24 Cursor Color Palette 

Functional Block Diagram 

HSYNC 

FIFO 
VAllO ROY HFUlL· RESET GP 

R'" W· 07-0 RS3-RSO RESET* 

• Standard MPU Interface 
• Power-Down Mode 
• Directly Implements 

Brooktree's VideoCache™ 
Connector 

• 160PQFP 

. Applications 
• Video Decompression 

Acceleration 
• Multimedia Workstations 
• High-Resolution Graphics 
• Desktop Video 

Related Products 

• Bt812 Video Decoder 
• Bt858 Video Encoder 
• BtVLD Video Loader Device 

FSADJUST VREF VAA GND 

L---..::::t>T--I'~COMP 

VREF 

>r--t-- lOR 

>+0-+-- lOG 

/'TT""~ lOB 

HSYNC· 
OUT 

VSYNC· 
OUT 

Brooktree Corporation. 9950 Barnes Canyon Rd .• San Diego. CA 92121 
(619) 452-7580· (800) VIDEO IC· TLX: 383 596· FAX: (619) 452-1249 
L885001 Rev.A 

Bt88S 
135 MHz 

Monolithic CMOS 
Video CacheDACTM 

Product Description 
The Bt885 is designed specifically for dual or 
unified frame buffer multimedia subsystems. 
A dedicated video port accepts either an 8- or 
16-bit CCIR601 YCrCb .data stream and 
allows onscreen switching on a pixel-by
pixel basis. Mixing occurs within program
mable video extents based on a flexible color 
key mechanism. Bt885 is intended to replace 
multiple RAMDACTM-based multimedia 
subsystems. The Bt885 register set is VGA 
compatible. 

The Bt885 can operate with video decom
pression and Bt812 processor chips using 
programmable interpolation for CCIR601 
4:2:2, 2:1:1, and 1:0.5:0.5 formats so that 
video data mixes with the graphics data at the 
same rate. 

Using Brooktree's 800-byte Video
Cache™ FIFO enables asynchronous deliv
ery of graphics and video, easing system 
bandwidth requirements for video transfer, 
and allows for efficient use of system mem
ory. Non-integer scaling permits arbitrary 
video window sizing. 

The 64 x 64 x 2 bit cursor has its own pal
ette and has priority over the video or graph
ics. The cursor operates in three modes: 
Microsoft Windows™, three color, and X 
Windows. 

The Bt885 supports independent 32-bit 
graphics and 32-bit video pixel ports and is 
compatible with both VRAM and DRAM 
based video subsystems. 

The Bt885 generates RS-343A compatible 
video signals into a doubly-terminated 75 n 
load, or RS-170 compatible video signals 
into a singly-terminated 75 n load. No exter
nal buffering is required. 

Brooldree® 
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RAMDACs-Workstation Graphics 
Contents 

Bt445 150 MHz Triple 256 x 8 RAMDAC with Onboard MIN PLL, and a 5-3 
Highly Flexible Input Pixel Port 

Bt451/457/458 165, 125, 110, 80 MHz Triple 4-bit RAMDAC with 256 x 12 5 - 81 
RAM/Single 8-bit RAMDAC with 256 x 8 RAMITripie 8-bit 
RAMDAC with 256 x 24 RAM, 4:1 or 5:1 Multiplexed Pixel 
Inputs 

Bt454/455 170, 135, 110 MHz Triple 4-bitiSingle 4-bit RAMDAC with 16 x 5 - 115 
12 or 16 x 4 RAM, 4:1 Multiplexed Pixel Inputs 

Bt459 135, 110, 80 MHz Triple 8-bit RAMDAC with 256 x 24 RAM, 5 - 135 
1:1,4:1, or 5:1 Multiplexed Pixel Inputs, 64 x 64 Cursor 

Bt460 135, 110,80 MHz Triple 8-bit RAMDAC with 512 x 24 RAM, 5 - 187 
1:1,4:1, or 5:1 Multiplexed Pixel Inputs, 64 x 64 Cursor 

Bt461/462 170, 135, 110,80 MHz Single 8-bit RAMDAC with 1024 x 8 5 - 239 
RAM, 256 x 8 Alternate RAM, 3:1, 4:1, or 5:1 Multiplexed Pixel 
Inputs 

Bt463 170, 135, 110 Triple 8-bit True-Color Window RAMDAC with (3) 5 - 277 
528 x 8 RAM, 1:1,2:1, or 4:1 Multiplexed Pixel Inputs 

Bt467 230, 170, and 135 MHz Triple 8-bit RAMDAC with 256 x 24 5 - 321 
RAM, 8: 1 Multiplexed Pixel Ports, 

Bt468 220, 200, 170 MHz Triple 8-bit RAMDAC with 256 x 24 RAM, 5 - 357 
8: 1 Multiplexed Pixel Inputs, 64 x 64 Cursor 

Bt492 360 MHz Single 8-bit RAMDAC with 256 x8 RAM 5 - 399 

Bt494 160 MHz Triple 8-bit True-Color RAMDAC, with (3) 256 x 8 5 - 419 
RAM, 1: I, 2: I, or 4: 1 Multiplexed Pixel Inputs 

Bt496 100 MHz CMYK RAMDAC with (3) 256 x 9 RAM, 1:1,2:1,4:1, 5 -455 
8:1, and 32:1 Multiplexed Pixel Inputs 
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Advance 

This document contains information on a product under development. The 
parametric information contains target parameters that are subject to change. 

Distinguishing Features 

• PLL Pixel Clock Generation 
(MIN) 

• Up to 64-Bit Input Pixel Port 
Width 

• JTAG Support 
• 160-pin PQFP Package 

Applications 
• 150, 135, and 110 MHz 

Operation • High-Resolution Color Graphics 

• High-Resolution True-Color 
Support 

• 1:1 to 64:1 Multiplexed Pixel 
Port 

• Bt458 Software Compatible 
• Programmable Pixel Format 
• Three 256 x 8 Color Palette 

RAMs 
• 16 x 24 Overlay Palette 
• 4 x 24 Cursor Palette 
• Digital Pixel Output Port 
• 0 or 7.5 IRE Blanking 
• VRAM Shift Clock Generation 
• System Clock Generation 

Functional Block Diagram 

CLOCK 

CLOCK' 

VlDelK· ~L:C."""'"<';';'::""4·'i'-""'-"'.F~q i 
SClK' 

VtDCLKI 
lDfSCLKI -r.!_--=-"'; 

• CAE/CAD/CAM 
• Image Processing 
• Instrumentation 
• Desktop Publishing 
• Color Flat Panel Displays 

Related Products 

• Bt431 
• Bt458 
• Bt858 

COMP2 
CCMP 

lOR 

lOG 
P(63-0) H+HIDAC~;:"';;~ lOB 

BLANK' 

V$YNC' 
SYNC'/HSYNC' 

PClK 
PSYNC' 
PBLANI(' 
PVSYNC' 
PHSYNC' 
OR(3~) 

II$=f3:4~Z!~4Zf1;[li2J±:mg:E3d==:8j=:OG(3-0) L OB(3~) 

RESET' 

CEO RtN C(2·0) 'TMS TCK TOI TOO 0(7-0) 

Brooktree Corporation· 9950 Barnes Canyon Rd.· San Diego, CA 92121 
(619) 452-7580· (800) VIDEO IC· TLX: 383 596· FAX: (619) 452-1249 
L445001 Rev. C 

Bt445 
150 MHz 

Monolithic CMOS 
Triple 256 x 8 RAMDACTM 

Product Description 

The Bt445 is designed specifically for high
performance, high-resolution color graphics 
applications. The wide input pixel port and .. 
internal multiplexing modes enable ITL-
compatible interfacing to the frame buffer, 
while maintaining PLL-generated 135 MHz, 
or externally provided 150 MHz video data 
rates required for high refresh rate, high-res-
olution color graphics. 

The Bt445 supports PLL pixel clock gen
eration, supporting a variety of frequencies 
using an M/N divisor scheme. This decreases 
system cost due to the elimination of multi
ple crystal oscillators that are used to support 
a variety of monitor and refresh rates. In 
addition, the Bt445 provides the serial 
VRAM clock, video clock, and various 
multi-purpose system clocks_ 

Using a patented pixel port architecture, 
Flexport™, the input pixel port can be con
figured in an almost unlimited variety of 
pixel depths, mUltiplex modes, and input port 
widths. For example, these modes include 1-, 
2-, 4-, 8-, 12-, 16-, and 24-bitlpixel pseudo 
color and true color with overlay and cursor 
palette support. The Bt445 runs 24-bit true 
color, with cursor, overlay, and palette 
bypass support, at pixel rates for 1280 x 1024 
monitors. The Bt445 is also Bt458 software 
compatible. 

Other features include programmable 
setup and digital pixel outputs, as required 
for active matrix TFT support or NTSC 
encoding. 

Brooldree® 
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Circuit Description 

Introduction 
The Bt445 is a flexible ISO-MHz RAMDAC, which 
provides multiple multiplex operating modes with mul
tiple plane depth resolutions, while still maintaining 
Bt458 register compatibility. 

Two phase lock loops are provided to eliminate 
high-speed signals on the PCB and expensive ECL 
crystal oscillators. One is programmable «MIN)/L), 
where M is 6 bits, N is 4 bits, and L can be 1,2,4, or 8) 
and is used to generate the pixel clock frequency. The 
second PLL operates from the same crystal or oscillator 
input as the pixel PLL, and is not programmable. It may 
be used to provide additional clock outputs that may be 
used for the CPU system clocks, and/or SCSI or Ether
net clocks, for example. 

The Bt445's input pixel port can be software-config
ured to be any width from 1-64 pins. This allows maxi
mum versatility for frame buffer configuration. For 
example, the Bt445 can support a frame buffer architec
ture having a 6: 1 multiplexed 8-bit pseudo-color frame 
buffer (48 signals) with 2-bit overlay (12 signals). The 
input port width in this case may be set to 60 pins. A 
pixel display order can be selected to start from the 
lower-numbered bits of the iIl.put pixel port (LSB 
unpacking) or from the higher-numbered bits (Le., the 
pixel port width, MSB unpacking). 

The Bt445 also provides fully programmable multi
plex rates (1:1 to 64:1, any integer value) and fully pro
grammable pixel widths (1 to 32 bits per pixel, any 
integer value). The only restrictions are that the pixel 
port start position, multiplex rate, and pixel width be 
consistent. This means that the number of bits per pixel 
multiplied by the multiplex rate must be less than or 
equal to the number of input port bits configured. Also, 
when configured for 1: 1 multiplexed, the maximum 
pixel rate is limited by the input pixel port rate, as indi
cated in the AC Characteristics section. 

After pixel serialization has occurred, the Bt445 
allows full configurability for source and width selec
tion of the red, green, blue, overlay, cursor, and palette 
bypass fields of the source pixel. For example, in a 16-
bit wide pixel, the red field may come from bits 4--0, 
green may come from bits 9-5, blue may come from 
bits 14-10, and palette bypass control may come from 
bit 15 of the pixel. 
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Pseudo-color modes are supported by sourcing ·the 
red, green, and blue fields from the same bits iIl. the 
source pixel. In fact, any fields of an input pixel may 
appear in any order or be coincident or overlapped with 
other fields. 

The color palette bypass bit controls the selection 
between color palette usage or bypass. Users can use 
the lookup table for gamma correction or they can 
bypass the LUT on a pixel-by-pixel basis. This allows 
users to customize features with ASICs, while provid
ing capabilities for cost-efficient high-resolution 1280 x 
1024 true-color graphics. Color palette bypass is avail
able in all pixel modes, allowing numerous mono
chrome/gray-scale options on the Bt445. 

The Bt445 also provides a digital pixel output port 
from the DAC inputs to support driving an active 
matrix TFT LCD or an NTSC encoder such as the 
Bt858. The Bt445 provides a clock, and the red, green, 
and blue pixel data prior to the decoder of the DACs. In 
addition, the pipelined sync and blank outputs are pro
vided so that users can synchronize their timing to valid 
pixel data. Two modes of operation are provided: 4-4-4 
true color where the high-order nibble of red, green, 
and blue are provided, and an 8-8-8 true-color mode 
where all bits of red, green, and blue are provided at a 
reduced pixel rate. When using the digital output port 
(Le., output bits OR3-0RO, 0G3-0GO, or OB3-0BO), 
the DAC output quality is not guaranteed. 

For battery-powered applications, various power
down modes are available. In one mode, the RAM and 
DACs are turned off. The RAM retains data and may be 
accessed for read or write operations by the MPU. 
Another mode powers down the pixel clock, RAM, and 
DACs. A video RAM shift clock (SCLK*) is provided 
by the Bt445, changing the cycle freq)lency in corre
spondence with the multiplex factor. This simplifies 
timing requirements to develop external logic for 
VRAM timing generation. In addition, the Bt445 pro
vides another output clock (VIDCLK*) which should 
be used for the generation of the CRT timing signals. 
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Circuit Description (continued) 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt445 supports a standard MPU bus interface, allowing 
the MPU to access the internal control registers and 
color palettes. The dual-port color palette RAM, over
lay palette, and cursor color registers allow color updat
ing without contention with the display refresh process. 

Table 1 illustrates how the C(2-O) control inputs 
work in conjunction with the internal address register to 
specify which control register, color palette RAM entry, 
overlay register, or cursor color register will be 
accessed by the MPU. 

The reset pin presets the internal registers, default
ing all internal registers to be compatible with the 4: 1 
multiplex configuration of the Bt458. Features such as 
alternate pixel depth modes and mUltiplex factors are 
available through the use of the C(2) control pin, which 
provides access to the extra features. 

The 8-bit address register (ADDR(7-O» is used to 
address the internal color and control registers, elimi
nating the requirement for external address multiplex
ers. ADDR(O) corresponds to D(O) and is the least 
significant bit. 

Reading/Writing Color Data 

To write color data the MPU loads the address register 
with the address of the color palette RAM location, 
overlay palette, or cursor color register to be modified. 
The MPU performs three successive write cycles (red, 
green, and blue), using C(2-O) to select the color regis
ter. During the blue write cycle, the 3 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 loca
tion, 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 regis
ter 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 
C(2-O) to select either the color palette RAM, overlay 
palette, or cursor color registers. Following the blue 
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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. 

When accessing the color palette RAM, the address 
register resets to $00 after a blue read or write cycle to 
location $FF. To keep track of the red, green, and blue 
read/write cycles, the address register has 2 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 
8 bits of the address register (ADDR(7-O» are accessi
ble to the MPU. 

Additional Information 

Although the color and overlay palette RAMs and cur
sor color registers are dual ported, if the pixel 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. 

The control registers can also be accessed through 
the address register in conjunction with the C(2-O) 
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. 

To prevent pixels from being disturbed during writes 
to the control registers, the MPU data must be valid 
during the entire chip enable time, or the accesses 
should be limited to blanking time. The setup time 
shown in the AC Characteristics section are the mini
mum required to internally capture the data. 

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. This 
is not recommended, as this may cause problems in 
Bt445 code-compatible products. 
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Circuit Description (continued) 

Reset 
C(2-0) ADDR(7-0) Value [Hex] Addressed by MPU 

0 0 0 $xx Address Register 

0 0 I $OO-$FF Primary Color Palette RAM* 

0 I 0 $00 3A ID Register ($3A) 
$01 AO Revision Register ($AO) 
$02 Reserved 
$03 Reserved 
$04 FF Read Enable Register 
$05 0 Blink Enable Register 
$06 43 Command Register 0 
$07 0 Test Register 0 

$08-$FF Reserved 

0 I I $OO-$OF Overlay Color Palette RAM (Note I) 
$IO-$FF Reserved 

I 0 0 $xx Reserved 

I 0 I $00 07 Red MSB Position 
$01 08 Red Width Control 
$02 FF Red Display Enable Control 
$03 0 Red Register Blink Enable 

$04-$07 Reserved ($00) 

$08 07 Green MSB Position 
$09 08 Green Width Control 
$OA FF Green Display Enable Control 
$OB 0 Green Blink Enable Register 

$OC-$OF Reserved ($00) 

$10 07 Blue MSB Position 
$11 08 Blue Width Control 
$12 FF Blue Display Enable Control 
$13 0 Blue Blink Enable Register 

$14-$17 Reserved ($00) 

$18 09 Overlay MSB Position 
$19 02 Overlay Width Control 
$IA 03 Overlay Display Enable Control 
$IB 0 Overlay Blink Enable Register 

$IC-IF Reserved ($00) 

$20 0 Cursor MSB Position 
$21 02 Cursor Width Control 
$22 03 Cursor Display Enable Control 
$23 0 Cursor Blink Register 

$24-$FF Reserved ($00) 

Table 1. Address Register (ADDR) Operation. 
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Circuit Description (continued) 

Reset 
C(2-0) ADDR (7-0) Value [Hex} Addressed by MPU 

1 1 0 $00 OX Test Register 1 
$01 40 Command Register 1 
$02 0 Digital Output Control Register 
$03 03 VIDCLK* Cycle Control Register 
$04 Reserved 
$05 19 Pixel PLL Rate Register 0 
$06 04 Pixel PLL Rate Register 1 
$07 XX PLL Control Register 
$08 04 Pixel Load Control Register 
$09 28 Pixel Port Start Position Register 
$OA 08 Pixel Format Control Register 
$OB 03 MPX Rate Register 
$OC XX Signature Analysis Registers (Note 1) 
$OD OA Pixel Depth Control Register 
$OE 0 Palette Bypass Position 
$OF 01 Palette Bypass Width Control 

$IO--$FF Reserved ($00) 

1 1 1 $00 Cursor Color 0 (Note 1) 
$01 Cursor Color 1 (Note 1) 
$02 Cursor Color 2 (Note 1) 
$03 Cursor Color 3 (Note 1) 

$04-$FF Reserved 

Note 1: Requires modulo 3 loading/reading. 

Table 1. (continued). Address Register (ADDR) Operation. 
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Circuit Description (continued) 

Clock Generation 

The Bt445 has two phase lock loops for generating the 
pixel clock and three system clocks. (See the Func
tional Block Diagram and Figure 1). The pixel clock is 
fully programmable, able to generate over 500 unique 
pixel clock frequencies using a single crystal. 

The advanced phase lock loops (PLLs) contain an 
internal loop filter to provide maximum noise immunity 
and reduce jitter. Except for the reference crystal or 
oscillator, no external components or adjustments are 
necessary. 

The pixel clock generator uses an Mover (L x N) 
scheme to provide precise frequencies. The M, N, and 
L values can be programmed through the command 
registers with a variety of values, which generally pro
vide frequency granularity that averages less than 1 
MHz. M is a binary 6-bit value, N is a binary 4-bit 
value, and L is selectable to be 1,2,4, or 8. Serial clock 
and video clocks are generated from the derived pixel 
clock. 

A second PLL generates a number of various clocks 
(MCLK20, MCLK25, CPUCLK), which may be used 
for the CPU clock and other system clocks. Using a 20 
MHz crystal, a constant 20 MHz and 25 MHz clock is 
available for Ethernet and SCSI clock generation, while 
the CPU clock output is selectable between 25, 33, 40, 
or 50 MHz. The reference crystal used must be an AT 
cut, with series configuration, and operated in the fun
damental mode. An oscillator reference can also be 
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used by capacitively coupling the oscillator's output to 
the XTALl input, as shown in Figure 2. For this config
uration, leave the XTAL2 pin disconnected as shown. 

Both PLLs can be disabled separately to provide 
maximum flexibility in configuring the Bt445 to match 
the system requirements. In order to minimize noise, all 
unused outputs should be disabled via the command 
registers. Additionally, in order to provide minimal 
noise effects to the RAMDAC, all of the clock gener
ated outputs are low drive and must be redriven by a 
buffer before distribution. 

With the assertion of RESET*, the video clock 
defaults into a mode whereby a one-fourth pixel rate 
video clock is automatically generated. This rate is con
sistent with the LD rate needed to use a Bt458 in 4:1 
multiplex mode. The PLLs are also initiated with 
RESET* to generate the system clocks. 

As an alternative to using the PLL for pixel clock 
generation, the Bt445 is also designed to accept differ
ential clock signals (CLOCK and CLOCK* in Figure 
2). These clock inputs can be generated by ECL logic 
operating at +5 V. Note that the CLOCK and CLOCK* 
inputs require termination resistors (220 n to GND) 
that should be located as close to the driving source as 
possible. A 150-0 chip resistor near the RAMDAC 
pins is also needed to ensure proper termination. (See 
Figure 3). 
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Circuit Description (continued) 

CLOCK'--I~' 
>-----'----..J 

CLOCK' 

Oscillator XT AL 1 
r---r~~----~' 

or 
Crystal XT AL2 

6-25 MHz 

I--+--I~SC LK* 

t-----:-+--I~VIDCLK* 

Select 

I----t---.. CPUCLK 

x 5/2 

CPU x 5/3 
Clock x 2 
PLL x 5/4 

·L--------I-~MCLK25 
x 1 1-------+-t~MCLK20 

'--_...1---' 

Figure 1. PLL Clock Generation Block Diagram. 
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Circuit Description (continued) 

+5 

1000pF Bt445 

Oscillator I----II---~ XTAL 1 

XTAL2 

CLOCK 

CLOCK" 

Figure 2. Oscillator Clock Interface. 

81438 OR 81440 81445 

CLOCK CLOCK 

220 
150 

CLOCK' CLOCK' 
VAA 

220 
0.1 JlF 1 l 

VREF VREF 

1 k 
LD/SCLKI 
VIDCLKI 

Figure 3. Differential ECL CLock Interface. 

5-10 SECTION 5 

Brooktrre@ 

VIDCLK' 



Brooktree@ 
Circuit Description (continued) 

Frame Buffer Clocking 
Pixel data may be clocked into the Bt445 in one of two 
modes: with VIDCLK input and output signals, or with 
the SCLK input and output signals. 

Pixel Loading Using SCLK 

System designs that interface VRAM frame buffer 
serial data directly to the Bt445 can use the SCLK* and 
LD/SCLKI signal pairs to load pixel data. In this mode, 
the Bt445 facilitates the generation of the VRAM shift 
clock by providing VRAM serial shift clock, SCLK*. 
SCLK* should be used to clock the VRAM shift regis
ters that provide pixel data to the Bt445. The ratio of 
SCLK* to the pixel clock equals the value set into the 
MPX rate register. 

SCLK* is stopped (in a logical "1" state) during 
blanking to allow the system to reload the VRAM serial 
shift registers. System implementations using "mid
line" transfer may necessitate inserting a VRAM shift 
clock pulse during blanking time to load the shift regis
ter tap address. The system may insert this additional 
clock without incurring additional gate delays by using 
a NAND driver for generating SCLK to the VRAMs. 
The unused input on the NAND driver may be used to 
insert the additional SCLK to load the tap address. The 
SCLK* (active low time) pulse width is nominally two 
pixel clock cycles; as a result, architectures using less 
than 4: 1 multiplexing will not normally use the 
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SCLK*/SCLKI signals for pixel loading. Also refer to 
the AC timing specifications for the maximum rates at 
which the SCLK* may be operated. 

The buffered version of SCLK*, referred to in this 
specification as SCLK, is returned to the Bt445 to be 
used to load the input pixel data. This allows for faster 
serial path operation, as the buffer delay does not add to 
the serial port delay in determining the minimum 
SCLK cycle time at which the system may operate 
(refer to Figures 4 and 5). 

The VIDCLKI signal is still used to load the 
VSYNC*, HSYNC*, SYNC*, and BLANK* signals. 
The VIDCLK rate is independent of the pixel depth; the 
VIDCLK rate is selected by the VIDCLK rate select 
register. 

Pixel Loading Using VIDCLK 

System architectures that preclude using the SCLK .. 
signals for loading pixel data may instead use the VID-
CLK* signal to load pixel data. In this mode of opera-
tion, the LD/SCLKI and VIDCLKI should be 
connected together. 

In this mode, the VIDCLK rate select field should be 
written as the same value as the MPX Rate Register. 
The SCLK* output is disabled (high-z) when the Bt445 
is configureMn this mode. 

I-==~-----.IRAS* Memory 
Data Transfer I--------...CAS* 

Control DT*IOE* 

CRT Timing 
Generator 

.-----1~ SCLK 

LD/SCLKI 

SYNC*/HSYNC* 

XTAL 

Pixel Memory Array 

8t445 SCLK* 

VIDCLK* 

Figure 4. Frame Buffer Clocking Interface, Using SCLK. 
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Circuit Description (continued) 

PCLK 

VIDCLKI 

BLANK* • 

SCLK* 

LD/SCLKI _____ -' 

P(63-O) ~ Group 0 ~ Group'1 >II 

Nonmidline 
Transfer 
Mode 

------------------ ------

SCLK* ~ "-F 
, 'Midline 

LD/SCLKI r--\ r--\. Transfer _________ -l '-----~, Mode 

P(63-O) I Group 0 ,~ Group'1 >II 

'- Pixel Data Valid From 
System-Inserted Shift Clock 

Figure 5. Frame Buffer Interface Timing Diagram Using SCLKI. 
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Circuit Description (continued) 

VIDCLK Generation 

At reset time, the Bt445 is configured to load pixels 
using VIDCLK. The multiplex rate is set to 4:1 (Bt458 
compatible). When changing the VIDCLK rate, the 
VIDCLK* output is guaranteed not to glitch when 
changing from one rate to another. During the transi
tion, the minimum low or high pulse width will be at 
least the low or high width of the faster of the old or 
new VIDCLK rate. For 1:1 and 2:1 VIDCLK* rates, 
the VIDCLK* output will have a 50150 duty cycle; for 
3:1 to 64:1 VIDCLK* rates, the VIDCLK* active (low) 
pulse width is 2 pixel clocks. 

Video Generation 
The VIDCLK* output is a free-running clock typically 
used for clocking the display timing generator. The 
period of VIDCLK* is independent of SCLK* and is 
controlled by the MPU by the VIDCLK* rate register. 
VIDCLK may be the pixel clock divided by any integer 
from 1-64. SYNC* and BLANK* information are reg
istered with each rising edge of VIDCLKI and inserted 
into the pipelined pixel stream at the appropriate time. 

When using SCLK* to clock pixels, SYNC* and 
BLANK* are registered by a different clock from the 
pixel data; therefore, they do not correspond to the 
pixel inputs that are present at the same time. The 
SYNC* and BLANK* inputs are used to provide the 
RAMDAC with timing information. 

Bt445 

When the Bt445 is configured for using VIDCLK 
for loading pixel data, SYNC* and BLANK* corre
spond to the pixel data being loaded on the same clock 
edge. 

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 Figures 6 and 7. 

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 (lOG) may contain sync informa
tion. Tables 2 and 3 detail how the SYNC* and 
BLANK* inputs modify the output levels. 

The D/A converters on the the Bt445 use a seg
mentedarchitecture 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 cur-
rent steering their outputs. An on-chip operational 
amplifier stabilizes the D/A converter's full scale out-
put current against temperature and power supply vari-
ations. 
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Circuit Description (continued) 

RED,BLUE GREEN 

MA V MA V 

19.05 0.714 26.67 1.000 --.------:...----------------=----- WHITE LEVEL 

1.44 0.054 9.05 0.340 -I-------+-----+---------- BLACK LEVEL 

7.5 IRE 

0.00 0.000 7.62 0.286 -+------........ ---..,...---.--'----------- BLANK LEVEL 

40 IRE 

0.00 0.000 
-L. ________ '---<-___________ SYNC LEVEL 

Figure 6. Composite Video Output Waveform (SETUP = 7.5 IRE). 

Description 
Sync No Sync 

SYNC" BLANK" 
DAC 

lout (rnA) lout (rnA) Input Data 

WffiTE 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 RSET = 523 n, VREF = 1.235 V. Blank pedestal = 7.5 IRE. 

Table 2. Video Output Truth Table (SETUP = 7.5 IRE). 
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Circuit Description (continued) 

RED,BLUE GREEN 

MA V MA V 

18.6 0.698 26.67 1.00 --.------,..---------------:;;:----- WHITE LEVEL 

0.00 0.000 8.05 0.302 -t--------'------r---.----''---------- BLACKIBLANK LEVEL 

43 IRE 

0.00 0.000 0.00 0.000 
-L _______ --1_..L-__________ SYNC LEVEL .. 

Figure 7. Composite Video Output Waveform SETUP = 0 IRE}. 

Description 
Sync No Sync 

SYNC· BLANK" 
DAC 

lout (rnA) lout (rnA) Input Data 

WHITE 26.67 18.60 I I $FF 
DATA data + 8.5 data I I data 

DATA-SYNC data data 0 I data 
BLACK 8.05 0 I 1 $00 

BLACK--SYNC 0 0 0 I $00 
BLANK 8.05 0 I 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with RSET = 495 n, VREF = 1.235 V. Blank pedestal = 0 IRE. 

Table 3. Video Output Truth Table (SETUP = 0 IRE). 
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Circuit Description (continued) 

Frame Buffer Interface 

Systems Using VIDCLK* for Loading Pixel 
Data 

To enable pixel data to be transferred from the frame 
buffer at TTL data rates, the Bt445 incorporates inter
nal registers and multiplexers. As illustrated in Figure 
8, on the rising edge of LD/SCLKI and VIDCLKI, sync 
and blank information, color, overlay, cursor, and pal
ette bypass information are all registered. The number 
of pixels supplied for each input cycle depends on the 
multiplex rate as determined by the current mode. Note 
that with this configuration, the sync and blank timing 
will be recognized only with load pixel rate resolution, 
set by the multiplex mode. Typically, the LD/SCLKI 
signal is generated from the inverted signal of the VID
CLK* output of the Bt445. 

Pixel port bits used as overlay inputs have pixel tim
ing, 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. 

LD/SCLKI may be phase shifted in any amount rel
ative to CLOCK or VIDCLK*. As a result, the pixel 
and overlay data are registered on the rising edge of 
LD/SCLKI, independent of the clock phase. 

PCLK 

VIDCLKI, 
LD/SCLKI 

BLANK* 

Brooktree" 

Internal logic maintains an internal LOAD signal, 
synchronous to CLOCK, and is guaranteed to follow 
the LD/SCLKI signal by at least one, but not more than 
TBD, clock cycles. This LOAD signal transfers the reg
istered pixel and overlay data into a second set of regis
ters, which are then internally multiplexed at the pixel 
clock rate. 

Color Selection 

At each pixel port load cycle, one or more pixels con
sisting of color, overlay, cursor, and/or palette bypass 
information are processed by the multiplexing and 
unpacking logic, read masks, blink mask, and com
mand registers. Through 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. 

The color selection process may be broken down 
into the following steps: 

1. Multiplex the input pixels from the pixel port load 
cycle to the pixel clock rate using the appropriate 
pixel port start position, pixel unpacking mode, 
and pixel multiplex mode. 

2. Expand the resulting 1: 1 pixel data to 8 bits each 
of red, green, and blue; 4 bits of overlay; 2 bits of 

P(63-0) MIX Group. Gro!Jp ~ Group. Group 3~ 

Figure 8. Frame Buffer and Pixel Port Timing Diagram, Using VIDCLK*Output. 
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Circuit Description (continued) 

cursor; and 1 bit of palette bypass control. 
Pseudo-color modes will supply the same 8-bit 
result to each of the red, green, and blue colors at 
this point. 

3. Apply the appropriate read masks to the pixel 
data. 

4. Apply the appropriate blink masks to the pixel 
data. 

5. If the palette is bypassed apply the resulting pixel 
data directly to the DAC inputs; otherwise, apply 
the pixel data to the addresses of each of the 
respectively red, green, and blue color palettes. 
Use the results to drive the DACs inputs. 

Pixel Port Start Position Selection 

The Bt445's pixel path architecture allows the con
figurability of the starting position for pixel unpacking. 
This provides the system designer with greater options 
to tailor the Bt445 to the desired frame buffer organiza
tion. The starting position is configured via the Pixel 
Port Start Position Register and may be specified to be 
any position from P(63) to P(O). 

One use could be in systems utilizing double frame 
buffer designs. For example, in an MSB unpacking, 8-
bit pixel, 4: 1 multiplex configuration, frame buffer A 
could be attached to input pixel port bits P(31-O) and 
frame buffer B could be attached to input pixel port bits 
P(63-32). Assuming the other registers have been 
appropriately programmed, the Bt445 would allow 
switching between the frame buffers by simply pro
gramming a $20 (for frame buffer A) or a $40 (for frame 
buffer B) into the Pixel Port Start Position Register. 

Pixel Unpacking Selection 

The Bt445 supports pixel unpacking starting from 
either the low-order side of the input pixel port (LSB 
unpacking) or the high-order side of the input pixel port 
(MSB unpacking). The starting bit for either unpacking 
direction is specified by using the Pixel Port Start Posi
tion Register. For further information, see the Pixel Port 
Start Position Register in the Internal Register section. 
Within each pixel, the MSB is the highest numbered 
bit. 

Pixel Depth Selection 

The Bt445 provides extremely flexible options for 
varIous pixel depths on a frame-by-frame basis; The 
selection of the pixel depth is set via the Pixel Depth 
Register. The pixel depth may be specified to be any 

Bt445 

size from 1-32 bits per pixel. Not all bits of a pixel will 
necessarily be used. The pixel depth must be consistent 
with the pixel port start position and multiplex rate. 

Multiplex Rate Selection 

The Multiplex Rate is selectable independent from 
the pixel depth and pixel port start position. Valid mul
tiplex rates are 1: 1 to 64: 1 (any integer amount). Again, 
the only restriction is that the multiplex rate must be 
consistent with the pixel depth and pixel port start posi
tion. When using VIDCLK to load pixels, the multiplex 
rate should be programmed at the same rate as the VID
CLK* rate to select the cycle time of VIDCLK*. 

Start Position/Pixel Depth/Multiplex 
Rate Restrictions 

The Bt445 is sp~ified to operate at the pixel depths, 
pixel port start positions, and mUltiplex rates that sate _ 
isfy the following relationship: 

For MSB unpacking: 
Start Position - (pixel Depth x Multiplex Rate);::: 0 

For LSB unpacking: 
(Pixel Depth x Multiplex Rate) - Start Position :s; 64 

Programming the Bt445 to configurations not con
sistent with this relationship will yield unspecified 
results that will not be tested or guaranteed. 

Pixel Processing 

The pixel unpacking process, which uses the pixel port 
start position, pixel depth, and multiplex rate, internally 
yields a serialized pixel stream. Each pixel in this serial 
stream may be up to 32 bits wide, as specified by the 
Pixel Depth Register. At this point, the individual fields 
are extracted from each pixel. The fields extracted are: 
Red, Green, Blue, Overlay, Cursor, and Palette Bypass 
Control. The red, green, and blue fields may each be up 
to 8 bits wide, the overlay field may be up to 4 bits 
wide, and the palette bypass control may be 1 bit wide. 
The MSB position and width of each of these fields 
within the pixel is independently specified by the corre- . 
sponding source and width registers. The fields may 
overlap or be noncontiguous. For example, for 8-bit 
pseudo color mode, the red, green, and blue position 
and width registers would specify the same field of the 
pixel. 

WORKSTATION GRAPHICS 5-17 



Bt445 Brooktree" 
Circuit Description (continued) 

High-order Bits of Input 
Resulting 8-bit 

5-Bit Input Pixel Field Pixel to be Low-Order 
Expanded Field 

Appended 

Hex Binary 

$00 o ()()()() 000 $00 
$01 00001 000 $08 
$02 00010 000 $10 
$03 00011 000 $18 
$04 00100 001 $21 
$05 00101 001 $29 
$06 00110 001 $31 
$07 00111 001 $39 
$08 01000 010 $42 
$09 01001 010 $4A 
$OA 01010 010 $52 
SOB 01011 010 $5A 
SOC 01100 011 $63 
SOD 01101 011 $6B 
$OE 01110 011 $73 
$OF 01111 011 $7B 
$10 10000 100 $84 
$11 10001 100 $8C 
$12 10010 100 $94 
$13 10011 100 $9C 
$14 10100 101 $A5 
$15 10101 101 $AD 
$16 10110 101 $B5 
$17 10111 101 $BD 
$18 11000 110 $C6 
$19 I 1001 110 $CE 
$IA 11010 110 $D6 
$lB 1 lOll 110 $DE 
$lC 11100 111 $E7 
$ID 1 1101 III $EF 
$lE 11110 111 $F7 
$lF 11111 III $FF 

If this effect is not desired, the read mask registers may be used to force the appended LSBs to zero. 

Table 4. Expansion of Pixel Color Fields Less Than 8 Bits to an 8-bit Field. Five-bit Pixel Color 
Field Example. 

Generation of Unspecified Pixel Data 
LSBs 

When true-color source pixel data contains less than 8 
bits per color channel, it is expanded to 8 bits by left 
justifying and adding the appropriate LSBs to allow for 
full-scale and best-fit linearity over the DAC output 
range. This allows the use of the same gamma correc-
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tion table for the various pixel modes. Table 4 illus
trates this effect by indicating the actual values applied 
to the red DAC input when in the 16-bit-per-pixeI5-5-5 
mode, with palette bypass. 



Circuit Description (continued) 

Color Palette Bypass Mode 
The color palette bypass control is used to control the 
access to the color palette RAM by the pixel data. The 
overlay and cursor color palette are not affected; they 
are always used i,f overlay or cutsor data is present. 
Bypassing the color palette delivers what would have 
been the palette address directly to the DAC inputs. 

Blinking 
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 Bt445 monitors the BLANK* input 
to determine vertical retrace intervals. A vertical retrace 
interval is recognized by determining the number of 
syncs per blanking time. The Bt445 assumes that a ver
tical retrace occurs whenever more than one sync 
occurs during a blank interval. 

Systems that do not require separate sync for the 
digital output section may provide a composite sync 
input on the SYNC*IHSYNC* input pin; the VSYNC* 
input should be a logical one. The Bt445 generates 
composite SYNC* by logically ORing the SYNC*I 
HSYNC* input with the VSYNC* input. 

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. 

PIxel 0 , , , 

Bt445 

Pixel Output Interface 
The digital pixel output interface can be operated in 
either of two true-color modes: 4-4-4 or 8-8-8. This 
interface also provides the pixel output clock (PCLK), 
pipelined sync (PSYNC*) and pipelined blank 
(PBLANK1I') outputs, and 12 bits of data. The pixel out
put interface signals OR(3-O), 00(3-0), OB(3-O), and 
PCLK are specified to run at a maximum pixel rate of 
55 MHz when in 4-4-4 mode, or 27.5 MHz when in 8-
8-8 mode (see Figure 9). 

4-4-4 True-Color Mode 

When operated in 4-4-4 true-color mode, the pixel 
output interface provides 12 bits of pixel data, (one 
pixel) on each rising or falling edge of the pixel clock 
output, where each group of 4 bits corresponds to the 
most significant nibble of the 3 bytes being provided at 
the red, green, and blue DAC inputs. OR(3-O) carries 
the R(7-4), OG(3-c-O) carries G(7-4), and OB(3-O) car- _ 
ries B(7-4). 

8-8-8 True-Color Mode 

When operated in 8-8-8 true-color mode, the pixel 
output interface provides 24 bits of pixel data each 
PCLK cycle. Each edge of the pixel data carries 12 bits 
of the pixel data, first the high order nibbles of red, 

Pixel 1 
,/II" , , Pixel 2 , 

4-4-4 
True 
Color 
Mode 

8-8·8 
True 
Color 
Mode 

Figure 9. Pixel Output Interface Modes Representative Timing Diagram. 
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Circuit Description (continued) 

green, and blue are presented on the rising edge of the 
pixel clock, then the low-order nibbles are presented on 
the falling edge of the clock. Note that decreased hori
zontal spacial resolution is traded for increased color 
resolution. 

Reset Initialization 
The SO and Sl inputs are used at reset time to load the 
PLL Control Register with the proper CPU output 
clock multiplex rate. This allows for immediate proper 
selection of the CPU clock rate. While RESET* is a 
logical zero, the SO and S 1 inputs flow through and are 
latched as RESET* rises. The CPU output clocks are 
also glitchless during transitions as defined for VID
CLK rate transitions. 

Power-Down Mode 
The Bt445 incorporates a power-down capability, con
trolled by command bits CR13 and CR14. While both 
command bits are a logical zero, the Bt445 functions in 
the normal operating mode. 

The command bits can be set so that the DACs and 
power to the RAM are turned off. Note that the RAM 
still retains the data. The RAM may be read by or writ
ten through the MPU. The RAM automatically powers 
up during MPU read/write cycles and shuts down when 
the MPU access is completed. The DACs output no 
current, and the command registers may still be written 
to or read by the MPU. Note that the output DACs 
require about 1 second to tum off (sleep mode) or turn 
on depending on the compensation capacitor. 

In order to conserve power during TFT-only opera
tion, the DACs can be turned off, shunting valid pixel 
data to the TIL outputs. During this operation, the 
RAM is still active, indexing pixel data to RGB values. 

Boundary Scan Testability Structures 
As the complexity ofRAMDACs increases, the need to 
easily access the RAMDAC for functional verification 
is becoming vital. The Bt445 has incorporated special 
circuitry that allows it to be accessed in full compliance 
with standards set by the Joint Test Action Group 
(]TAG). Conforming to IEEE P1149.1, Standard Test 
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Access Port and Boundary Scan Architecture, the 
Bt445 has dedicated pins which are used for test pur
poses only. 

]TAG uses boundary-scan cells placed at each digi
tal pin, both inputs and outputs. All scan cells are inter
connected into a Boundary-Scan Register (BSR), 
which applies or captures test data used for functional 
verification of the RAMDAC. ]TAG is particularly use
ful for board testers using functional testing methods. 

]TAG consists of four dedicated pins comprising the 
Test Access Port (TAP). These pins are TMS (Test 
Mode Select) TCK (Test Clock), TDI (Test Data Input) 
and IDO (Test Data Out). Complete verification of the 
RAMDAC can be achieved through· these four TAP 
pins. With boundary-scan cells at each digital pin, the 
Bt445 is able to apply and capture the logic level. Since 
all of the digital pins are interconnected as a long shift 
register, the TAP logic has access and control of all the 
necessary pins to verify functionality. The TAP control
ler can shift in any number of test vectors through the 
TDI input and apply them to the internal circuitry. The 
output result is scanned out on the TDO pin and exter
nally checked. While isolating the Bt445 from the other 
components on the board, the user has easy access to all 
Bt445 digital pins through the TAP and can perform 
complete functionality testing without using expensive 
bed-of-nails testers. 

The bidirectional MPU port and all digital outputs 
require extra attention with respect to ]TAG. Because 
]TAG requires full control over each digital pin, addi
tional output enable (OE) cells are included in the BSR 
for the MPU I/O port and various digital outputs. When 
loaded by the JTAG instructions, these OE cells control 
the driving strength of their respective pins. 

With the ]TAG bus, users also have access to a vital 
portion of the Bt445, the Signature Analysis Register 
(see Figure 10). With access to this register, users can 
easily verify expected video data serially through the 
]TAG port. The SAR is located between the lookup 
table and the inputs to the DACs. 

With the power-on reset (POR) circuitry, the Bt445 
will initialize each pin to operate in a RAMDAC mode 
instead of a ]TAG test mode during power-up 
sequence. 
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Circuit Description (continued) 

r-------------------l 

1/0 1/0 

8t445 

110 

Signature 
Analysis 
Register 

JTAG 
Controller 

TCK TOO TDI TMS 

Figure 10. JTAG Block Diagram. 
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Internal Registers 

The following are important programming notes 
regarding future code compatibility: 

• Internal reserved address locations should not be 
accessed. 

• To ensure compatibility with future Bt445 code
compatible devices, reserved values for fields should 
never be written. 

• To ensure compatibility with future Bt445 code
compatible devices, reserved bits should be main
tained with read-modify-writes, which only update 
the unreserved bits. Furthermore, when testing the 
contents of internal registers, reserved fields should 
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be ANDed off prior to making comparisons. 
Although it should not be assumed that these 
reserved bits will always return zeros when read;the 
reset values will always be as shown. 

• It is recommended that the lower 2 bits of overlay 
blink-and-read mask values be read and/or written 
from the extended register space (Le., e(2)=1). 
Although functionally equivalent to accesses from 
the Bt458-compatible address space, new code will 
be easier to modify for future Bt445 code-compati
ble devices if these accesses are made in the 
extended register space. 
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Internal Registers (continued) 

Command Register 0 

The command register may be written to or read by the MPU at any time. Bit 0 corresponds to data bus bit DO. 

Bit(s) 

7 

6 

5,4 

3 

2 

o 

Field Name 

Reserved (logical zero) 

Overlay color 0 disable 

(0) Use overlay color 0 
(I ) 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) 

Overlay Plane 1 blink enable 

(0) Disable blinking 
(1) Enable blinking 

Overlay Plane 0 blink enable 

(0) Disable blinking 
(1) Enable blinking 

Overlay plane 1 display 
enable 

(0) Disable 
(1) Enable 

Overlay plane 0 display 
enable 

(0) Disable 
(1) Enable 

Reset 
Value 

o 

00 

o 

o 

Field Description 

In the Bt458, this bit specifies 4: 1 multiplex mode. In the 
Bt445, this bit is ignored. To configure the Bt445 for Bt458-
compatible 5:1, the extended Bt445 register set must be 
used. 

When the overlay select bits are 0000, this bit specifies 
whether to use the color palette RAM or overlay color 0 to 
provide color information. 

These 2 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 (percent 
on/off). 

If a logical one, this bit forces the overlay bit 1 inputs, if any, 
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 overlay bit 1 
inputs. This bit is also mapped into the Overlay Blink Enable 
Register bit 1. 

If a logical one, this bit forces the overlay bit 0 inputs to tog
gle 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 overlay bit 0 inputs. This 
bit is also mapped into the Overlay Blink Enable Register bit 
O. 

If a logical zero, this bit forces the overlay plane 1 inputs, if 
any, to a logical zero prior to selecting the palettes. A value 
of a logical one does not affect the value of the overlay plane 
1 input. This bit is also mapped into the Overlay Display 
Enable Register bit 1. 

If a logical zero, this bit forces the overlay plane 0 inputs, if 
any, to a logical zero prior to selecting the palettes. A value 
of a logical one does not affect the value of the overlay plane 
o input. This bit is also mapped into the Overlay Display 
Enable Register bit O. 
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Internal Registers (continued) 

Command Register 1 
The command register may be written to or read by the MPU at any time. Bit 0 corresponds to data bus bit DO. 

Bit(s) Field Name 
Reset 

Field Description 
Value 

7 Green sync enable 0 This bit enables or disables sync information from being gener-

(0) Disable sync on lOG 
ated on the lOG output. 

(1) Enable sync on lOG 

6 Pedestal Enable This bit specifies whether a 0 or 7.5 IRE blanking pedestal is to 

(0) 0 IRE 
be generated on the video outputs. A 0 IRE specifies that the 

(1) 7.5 IRE 
black and blank levels are the same. 

5 Reserved 0 Reserved for future expansion. 

4,3 Power Down Enable 00 While these bits are 00, the device operates normally. With the 

(00) Normal Operation 
DACs off standard operation occurs, but the output of the LUT 
is routed directly to the TTL outputs. If these register bits are 

(01) DACs off set for the DACs and power to the RAM is turned off, func-
(10) DACs and RAM off 

tional operation is discontinued. In both power-down modes, 
(11) Disable Internal 

Clocking 
the RAM still retains the data, and CPU reads and writes can 
occur with no loss of data. While the device is in the disable 
internal clocking mode, the internal clock and other output 
clock modes are completely disabled to further conserve power 
when in power-down mode. The RAM still retains the data and 
MPU reads and writes can occur with no loss of data. 

2 Palette Addressing Mode 0 This bit controls the field expansion mode. When this bit is a 

(0) Sparse 
logical zero, pixel fields containing fewer than the normal 
width of the field will be expanded by left justifying the speci-

(1) Contiguous 
fied bits and using group replication onto the unspecified lower 
bits. When this bit is a logical one, the specified bits will be 
right justified with zeros placed onto the unspecified MSBs. 

Signature Analysis Enable 0 This bit enables operation of all signature analysis register 

(0) Disable SAR 
(SAR) clocking. A logical zero is the normal mode, the SAR 

(I) Enable SAR 
disabled. Writing a logical one enables the SAR for operation 
on every pixel. As slightly more power is consumed when the 
SAR is enabled, it is recommended that the SAR be disabled 
when not actually being used. 

0 Reset Pipelined Depth 0 Transitioning this bit from a logical zero to a logical one causes 
the pixel pipeline depth to be initialized. For further informa-
tion, see "Pipeline Delay Initialization" in the Applications 
section. 
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Internal Registers (continued) 

Red MSB Position 

Bit(s) 

7-D 

Field Name 

MSB Position 
($OO)-Pixel Bit 0 
($Ol)-Pixel Bit 1 

($ 1 F)-Pixel Bit 31 
($20)-Reserved 

($FF)-Reserved 

Red Width Control 

Bit(s) 

7-0 

Field Name 

Size 
($OO)-Reserved 
($01)-1 Bit 
($02)-2 Bits 

($08)-8 Bits 
($09)-Reserved 

($FF)-Reserved 

Red Blink Enable Register 

Bit(s) Field Name 

7-0 Blink Enable 

Reset 
Value 

$07 

Reset 
Value 

$08 

Reset 
Value 

$00 

Bt445 

Field Description 

Position of the MSB of the red field within the input pixel. 
This field, in conjunction with the size, detennines which 
bits of the input pixel are used to access the red color palette 
or red DAC output. The value specified should be less than 
the pixel size. 

Field Description 

Number of bits to be used for the red field in a pixel. The size 
and position of the red field must lie within the defined pixel 
size. 

Field Description 

Bits 7-D, corresponding to the expanded (Le., either right 
justified and zero padded, or left justified and MSB repli
cated) pixel planes 7-D, respectively, enable blinking of indi
vidual planes. A logical one in any bit position causes the 
corresponding pixel plane to be turned off in accordance 
with the blink rate counter and duty cycle. A logical zero 
causes the corresponding pixel plane to be unaffected by the 
blink logic. The register is also written with MPU data 
whenever the Bt458-compatible blink register is written. 
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Internal Registers (continued) 

Red Display Enable Control 
This register is also written when the Bt458-compatible read mask register is written. 

Bit(s) Field Name 

7 Enable Bit Plane 7 
(0) Disable 
(1) Enable 

6 Enable Bit Plane 6 
(0) Disable 
(1) Enable 

5 Enable Bit Plane 5 
(0) Disable 
(1) Enable 

4 Enable Bit Plane 4 
(0) Disable 
(1) Enable 

3 Enable Bit Plane 3 
(0) Disable 
(1) Enable 

2 Enable Bit Plane 2 
(0) Disable 
(1) Enable 

Enable Bit Plane 1 
(0) Disable 
(1) Enable 

0 Enable Bit Plane 0 
(0) Disable 
(1) Enable 
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Reset 
Value 

Field Description 

This bit controls the enabling of red bit plane 7. A logical 
zero causes bit 7 of the red field of the pixel to be forced to 
zero. A logical one causes bit 7 of the red field to pass to the 
color palette or DAC. 

This bit controls the enabling of red bit plane 6. A logical 
zero causes bit 6 of the red field of the pixel to be forced to 
zero. A logical one causes bit 6 of the red field to pass to the 
color palette or DAC. 

This bit controls the enabling of red bit plane 5. A logical 
zero causes bit 5 of the red field of the pixel to be forced to 
zero. A logical one causes bit 5 of the red field to pass to the 
color palette or DAC. 

This bit controls the enabling of red bit plane 4. A logical 
zero causes bit 4 of the red field of the pixel to be forced to 
zero. A logical one causes bit 4 of the red field to pass to the 
color palette or DAC. 

This bit controls the enabling of red bit plane 3. A logical 
zero causes bit 3 of the red field of the pixel to be forced to 
zero. A logical one causes bit 3 of the red field to pass to the 
color palette or DAC. 

This bit controls the enabling of red bit plane 2. A logical 
zero causes bit 2 of the red field of the pixel to be forced to 
zero. A logical one causes bit 2 of the red field to pass to the 
color palette or DAC. 

This bit controls the enabling of red bit plane 1. A logical 
zero causes bit I of the red field of the pixel to be forced to 
zero. A logical one causes bit 1 of the red field to pass to the 
color palette or DAC. 

This bit controls the enabling of red bit plane O. A logical 
zero causes bit 0 of the red field of the pixel to be forced to 
zero. A logical one causes bit 0 of the red field to pass to the 
color palette or DAC. 
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Internal Registers (continued) 

Green MSB Position 

Bit(s) 

7-0 

Field Name 

MSB Position 
($OO)-Pixel Bit 0 
($Ol)-Pixel Bit 1 

($IF)-Pixel Bit 31 
($20)-Reserved 

($FF)-Reserved 

Green Width Control 

Bit(s) 

7-0 

Field Name 

Size 
($OO)-Reserved 
($01)-1 Bit 
($02)-2 Bits 

($08)-8 Bits 
($09)-Reserved 

($FF)-Reserved 

Green Blink Enable Register 

Bit(s) Field Name 

7-0 Green Blink Enable 

Reset 
Value 

$07 

Reset 
Value 

$08 

Reset 
Value 

$00 

Bt445 

Field Description 

Position of the MSB of the green field within the input pixel. 
This field, in conjunction with the size, determines which 
bits of the input pixel are used to access the green color pal
ette or green DAC output. The value specified should be less 
than the pixel size. 

Field Description 

Number of bits to be used for the green field in a pixel. The 
size and position of the green field must lie within the 
defined pixel size. 

Field Description 

Bits 7-0, corresponding to the expanded (i.e., either right 
justified and zero padded, or left justified and MSB repli
cated) green pixel planes 7-0, respectively, enable blinking 
of individual planes. A logical one in any bit position causes 
the corresponding pixel plane to be turned off in accordance 
with the blink rate counter and duty cycle. A logical zero 
causes the corresponding pixel plane to be unaffected by the 
blink logic. The register is also written with MPUdata 
whenever the Bt458-compatible blink register is written. 
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Internal Registers (continued) 

Green Display Enable Control 
This register is also written mapped to the Bt458-compatible read mask. 

Bit(s) Field Name 
Reset 

Field Description 
Value 

7 Enable Bit Plane 7 This bit controls the enabling of green bit plane 7. A logical 
(0) Disable zero causes bit 7 of the green field of the pixel to be forced to 
(1) Enable zero. A logical one causes bit 7 of the green field to pass to 

the color palette or DAC. 

6 Enable Bit Plane 6 This bit controls the enabling of green bit plane 6. A logical 
(0) Disable zero causes bit 6 of the green field of the pixel to be forced to 
(1) Enable zero. A logical one causes bit 6 of the green field to pass to 

the color palette or DAC. 

5 Enable Bit Plane 5 This bit controls the enabling of green bit plane 5. A logical 
(0) Disable zero causes bit 5 of the green field of the pixel to be forced to 
(1) Enable zero. A logical one causes bit 5 of the green field to pass to 

the color palette or DAC. 

4 Enable Bit Plane 4 This bit controls the enabling of green bit plane 4. A logical 
(0) Disable zero causes bit 4 of the green field of the pixel to be forced to 
(1) Enable zero. A logical one causes bit 4 of the green field to pass to 

the color palette or DAC. 

3 Enable Bit Plane 3 This bit controls the enabling of green bit plane 3. A logical 
(0) Disable zero causes bit 3 ofthe green field of the pixel to be forced to 
(1) Enable zero. A logical one causes bit 3 of the green field to pass to 

the color palette or DAC. 

2 Enable Bit Plane 2 This bit controls the enabling of green bit plane 2. A logical 
(0) Disable zero causes bit 2 of the green field of the pixel to be forced to 
(1) Enable zero. A logical one causes bit 2 of the green field to pass to 

the color palette or DAC. 

Enable Bit Plane 1 1 This bit controls the enabling of green bit plane 1. A logical 
(0) Disable zero causes bit 1 of the green field of the pixel to be forced to 
(1) Enable zero. A logical one causes bit 1 of the green field to pass to 

the color palette or DAC. 

0 Enable Bit Plane 0 This bit controls the enabling of green bit plane O. A logical 
(0) Disable zero causes bit 0 of the green field of the pixel to be forced to 
(1) Enable zero. A logical one causes bit 0 of the green field to pass to 

the color palette or DAC. 
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Internal Registers (continued) 

Blue MSB Position 

Bit(s) 

7-0 

Field Name 

MSB Position 
($OO)-Pixel Bit 0 
($OI)-Pixel Bit 1 

($ 1 F)-Pixel Bit 31 
($20)-Reserved 

($FF)-Reserved 

Blue Width Control 

Bit(s) 

7-0 

Field Name 

Size 
($OO)-Reserved 
($01)-1 Bit 
($02)-2 Bits 

($08)-8 Bits 
($09)-Reserved 

($FF)-Reserved 

Blue Blink Enable Register 

Bit(s) Field Name 

7-0 Blue Blink Enable 

Reset 
Value 

$07 

Reset 
Value 

$08 

Reset 
Value 

$00 

Bt445 

Field Description 

Position of the MSB of the blue field within the input pixel. 
This field, in conjunction with the size, determines which 
bits of the input pixel are used to access the blue color pal
ette or blue DAC output. The value specified should be less 
than the pixel size. 

Field Description 

Number of bits to be used for the blue field in a pixel. The 
size and position of the blue field must lie within the defined 
pixel size. 

Field Description 

Bits 7-0, corresponding to the expanded (Le., either right 
justified and zero padded, or left justified and MSB repli
cated) blue pixel planes 7-0, respectively, enable blinking of 
individual planes. A logical one in any bit position causes the 
corresponding pixel plane to be turned off in accordance 
with the blink rate counter and duty cycle. A logical zero 
causes the corresponding pixel plane to be unaffected by the 
blink logic. The register is also written with MPU data 
whenever the Bt458-compatible blink register is written. 
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Internal Registers (continued) 

Blue Display Enable Control 

This register is also written when the Bt458-compatible read mask register is written. 

Bit(s) Field Name 

7 Enable Bit Plane 7 
(0) Disable 
(1) Enable 

6 Enable Bit Plane 6 
(0) Disable 
(1) Enable 

5 Enable Bit Plane 5 
(0) Disable 
(1) Enable 

4 Enable Bit Plane 4 
(0) Disable 
(1) Enable 

3 Enable Bit Plane 3 
(0) Disable 
(1) Enable 

2 Enable Bit Plane 2 
(0) Disable 
(1) Enable 

Enable Bit Plane 1 
(0) Disable 
(1) Enable 

0 Enable Bit Plane 0 
(0) Disable 
(1) Enable 

5-30 SECTION 5 

Reset 
Value 

Field Description 

This bit controls the enabling of blue bit plane 7. A logical 
zero causes bit 7 of the blue field of the pixel to be forced to 
zero. A logical one causes bit 7 of the blue field to pass to the 
color palette or DAC. 

This bit controls the enabling of blue bit plane 6. A logical 
zero causes bit 6 of the blue field of the pixel to be forced to 
zero. A logical one causes bit 6 of the blue field to pass to the 
color palette or DAC. 

This bit controls the enabling of blue bit plane 5. A logical 
zero causes bit 5 of the blue field of the pixel to be forced to 
zero. A logical one causes bit 5 of the blue field to pass to the 
color palette or DAC. 

This bit controls the enabling of blue bit plane 4. A logical 
zero causes bit 4 of the blue field of the pixel to be forced to 
zero. A logical one causes bit 4 of the blue field to pass to the 
color palette or DAC. 

This bit controls the enabling of blue bit plane 3. A logical 
zero causes bit 3 of the blue field of the pixel to be forced to 
zero. A logical one causes bit 3 of the blue field to pass to the 
color palette or DAC. 

This bit controls the enabling of blue bit plane 2. A logical 
zero causes bit 2 of the blue field of the pixel to be forced to 
zero. A logical one causes bit 2 of the blue field to pass to the 
color palette or DAC. 

This bit controls the enabling of blue bit plane 1. A logical 
zero causes bit 1 of the blue field of the pixel to be forced to 
zero. A logical one causes bit 1 of the blue field to pass to the 
color palette or DAC. 

This bit controls the enabling of blue bit plane O. A logical 
zero causes bit 0 of the blue field of the pixel to be forced to 
zero. A logical one causes bit 0 of the blue field to pass to the 
color palette or DAC. 
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Internal Registers (continued) 

Overlay MSB Position 

Blt(s) 

7-fJ 

Field Name 

MSB Position 
($OO)-Pixel Bit 0 
($01 )-Pixel Bit 1 

($IF)-Pixel Bit 31 
($20)-Reserved 

($FF)-Reserved 

Overlay Width Control 

Bit(s) 

7-fJ 

Field Name 

Size 
($OO)-Reserved 
($01)-1 Bit 
($02)-2 Bits 
($03)-3 Bits 
($04)-4 Bits 
($05)-Reserved 

($FF)-Reserved 

Overlay Blink Enable Register 

Bit(s) 

7-4 

3-fJ 

Field Name 

Reserved 

Overlay Blink Enable 

Reset 
Value 

$09 

Reset 
Value 

$02 

Reset 
Value 

$0 

$0 

Bt445 

Field Description 

Position of the MSB of the overlay field within the input 
pixel. This field, in conjunction with the size, determines 
which bits of the input pixel are used to access the overlay 
palette or all DAC outputs. The value specified should be 
less than the pixel size. 

Field Description 

Number of bits to be used for the overlay field in a pixel. The 
size and position of the overlay field must lie within the 
defined pixel size. 

Field Description 

Reserved for future expansion. 

Bits 3-fJ, corresponding to the expanded (i.e., either right 
justified and zero padded, or left justified and MSB repli
cated) overlay pixel planes 3-fJ, respectively, enable blinking 
of individual planes. A logical one in any bit position causes 
the corresponding pixel plane to be turned off in accordance 
with the blink rate counter and duty cycle. A logical zero 
causes the corresponding pixel plane to be unaffected by the 
. blink logic. Bits 0 and 1 of this field are also read and written 
by accessing the Bt458-compatible overlay blink controls in 
Command Register O. 
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Internal Registers (continued) 

Overlay Display Enable Control 

Bits 1 and 0 of this register are also mapped to the Bt458-compatible command register 0 bits 1 and O. 

Bit(s) Field Name 

7-4 Reserved 

3 Enable Bit Plane 3 
(0) Disable 
(1) Enable 

2 Enable Bit Plane 2 
(0) Disable 
(1) Enable 

Enable Bit Plane 1 
(0) Disable 
(1) Enable 

0 Enable Bit Plane 0 
(0) Disable 
(1) Enable 
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Reset 
Value 

o 

o 

o 

Field Desc1'lption 

Reserved for future expansion. 

This bit controls the enabling of overlay bit plane 3. A logi
cal zero causes bit 3 of the overlay field of the pixel to be 
forced to zero. A logical one causes bit 3 of the overlay field 
to pass to the overlay palette. 

This bit controls the enabling of overlay bit plane 2. A logi
cal zero causes bit 2 of the overlay field of the pixel to be 
forced to zero. A logical one causes bit 2 of the overlay field 
to pass to the overlay palette. 

This bit controls the enabling of overlay bit plane 1. A logi
cal zero causes bit 1 of the overlay field of the pixel to be 
forced to zero. A logical one causes bit 1 of the overlay field 
to pass to the overlay palette. 

This bit controls the enabling of overlay bit plane O. A logi
cal zero causes bit 0 of the overlay field of the pixel to be 
forced to zero. A logical one causes bit 0 of the overlay field 
to pass to the overlay palette. 
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Internal Registers (continued) 

Cursor MSB Position 

Bit(s) 

7-0 

Field Name 

MSB Position 
($OO)-Pixel Bit 0 
($Ol)-Pixel Bit 1 

($ 1 F)-Pixel Bit 31 
($20)-Reserved 

($FF)-Reserved 

Cursor Width Control 

Bit(s) 

7-0 

Field Name 

Size 
($OO)-Reserved 
($01)-1 Bit 
($02)-2 Bits 
($03)-Reserved 

($FF)-Reserved 

Cursor Blink Register 

Bit(s) 

7-2 

1,0 

Field Name 

Reserved 

Cursor Blink Enable 

Reset 
Value 

$00 

Reset 
Value 

$02 

Reset 
Value 

000000 

00 

Bt445 

Field Description 

Position of the MSB of the cursor field within the input 
pixel. This field, in conjunction with the size, determines 
which bits of the input pixel are used to access the cursor 
palette or all DAC inputs. The value specified should be less 
than the pixel size. 

Field Description 

Number of bits to be used for the cursor field in a pixel. The 
size and position of the cursor field must lie within the 
defined pixel size. 

Field Description 

Reserved for future expansion. 

Bits 1 and 0, corresponding to the expanded (i.e., either right 
justified and zero padded, or left justified and MSB repli
cated) cursor pixel planes 1 and 0, respectively, enable blink
ing of individual planes. A logical one in any bit position 
causes the corresponding pixel plane to be turned off in 
accordance with the blink rate counter and duty cycle. A log
ical zero causes the corresponding pixel plane to be unaf
fected by the blink logic. 
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Internal Registers (continued) 

Cursor Display Enable Control 

Bit(s) Field Name 

7-2 Reserved 

Enable Bit Plane 1 
(0) Disable 
(1) Enable 

0 Enable Bit Plane 0 
(0) Disable 
(1) Enable 

Palette Bypass Position 

Bit(s) 

7-0 

Field Name 

LSB Position 
($OO)-Pixel Bit 0 
($Ol)-Pixel Bit 1 

($lF)-Pixel Bit 31 
($20)-Reserved 

($FF)-Reserved 

Reset 
Value 

0000000 

Reset 
Value 

$00 

Palette Bypass Width Control 

Bit(s) 

7-0 

Field Name 

Size 
($OO)-Reserved 
($01)-1 Bit 
($02)-Reserved 

($FF)-Reserved 
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Reset 
Value 

$01 

Brooklree@ 

Field Description 

Reserved for future expansion. 

This bit controls the enabling of cursor bit plane 1. A logi
cal zero causes bit 1 of the cursor field of the pixel to be 
forced to zero. A logical one causes bit 1 of the cursor field 
to pass to the cursor palette. 

This bit controls the enabling of cursor bit plane O. A logi
cal zero causes bit 0 of the cursor field of the pixel to be 
forced to zero. A logical one causes bit 0 of the cursor field 
to pass to the cursor palette. 

Field Description 

Position of the LSB of the palette bypass field within the 
input pixel. This field, in conjunction with the size, deter
mines which bits of the input pixel are used to control palette 
bypass. The value specified should be less than the pixel 
size. 

Field Description 

Number of bits to be used for the palette bypass field in a 
pixel. The size and position of the palette bypass field must 
lie within the defined pixel size. 
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Internal Registers (continued) 

Pixel Port Start Position Register 

The command register may be written to or read by the MPU at any time. Bit 0 corresponds to data bus bit DO. 

Bit(s) 

7-D 

Field Definition 

Pixel Port Start Position 

($00) Bit 0 
($01) Bit 1 

($3F) Bit 63 
($40) Bit 64 
($41) Reserved 

($FF) Reserved 

Reset 
Value 

$28 

Description 

When MSB unpacked, this register should be loaded with 
the MSB + 1 of the pixel input bits to be used. When LSB 
unpacked, This register contains the LSB number of the 
pixel bits to be used. For example, if MSB unpacking is 
desired using bits 31-D of the input pixel port, then this reg
ister should be loaded with $20. This register selects the 
starting bit position for the pixel unpacking logic. 
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Internal Registers (continued) 

Pixel Format Control Register 

The command register may be written to or read by the MPU at any time. Bit 0 corresponds to data bus bit DO. 

Bit(s) Field Definition 
Reset 

Description 
Value 

7 Pixel Unpacking Order 0 This bit selects the pixel unpacking ordering. When pixels 
are MSB unpacked, the first pixel output will come from the 

(0) MSB Unpacking higher-order bits of the input pixel port. When LSB is 
(1) LSB Unpacking unpacked, the first pixel output will come from the lower-

order bits of the input pixel port. 

6 Reserved 0 Reserved for future expansion. 

5 Cursor Enable 0 This bit enables the input pixel cursor field to select the cur-
sor palette. When this 'bit is a logical zero, the input pixel 

(0) Disable cursor field is ignored. 
(1) Enable 

4 Cursor Color 0 Enable 0 This bit enables the use of cursor color O. When this bit is a 
logical zero, a cursor field value of zero causes the cursor to 

(0) Disable be transparent. When this bit is a logical one, a cursor field 
(1) Enable value of zero causes cursor color 0 to be used. 

3 Overlay Enable This bit enables the input pixel overlay field to select the 
overlay palette. When this bit is a logical zero, the input 

(0) Disable pixel overlay field is ignored. 
(1) Enable 

2 Reserved 0 Reserved for future expansion. 

1,0 Palette Bypass Control 00 This field specifies how the pixel data should address the 
color palette, or bypass it. If the color palette is used, a pixel 

(00) Always use Color will address the color palettes, and its contents would then be 
Palette used as the inputs to the DACs or to drive the pixel output 

(01) Always bypass port. Cursor and overlays always use the color palette. 
Color Palette 

(10) Use input pixel field 
(11) Reserved 
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Internal Registers (continued) 

Pixel Depth Control Register 

The command register may be written to or read by the MPU at anytime. Bit 0 corresponds to data bus bit DO. 

Bit(s) 

7--0 

Field Name 

Pixel Depth Select 

($00) Reserved 
($01) 1 BitlPixel 
($02) 2 BitsIPixel 
($03) 3 BitsIPixel 

($1E) 30 Bits/Pixel 
($IF) 31 BitsIPixel 
($20) 32 BitsIPixel 
($21) Reserved 

($FF) Reserved 

Pixel PLL Rate Register 0 

Reset 
Value 

$OA 

Field Description 

These bits select the pixel depth. The total number of bits per 
pixel, including overlay, cursor, and unused bits in each 
pixel, must be specified. The reset value is consistent with 
the Bt458 (10 bits per pixel, 8 pseudo color plus 2 overlay). 

The command register may be written to or read by the MPU at any time. Bit 0 corresponds to data bus bit DO. 

Bit(s) 

7,6 

5--0 

Field Name 

Reserved (logical zero) 

Multiplier Selection (M) 

($00) Reserved 

($17) Reserved 
($18) Multiply by 24 
($19) Multiply by 25 

($3E) Multiply by 62 
($3F) Multiply by 63 

Reset 
Value 

00 

011001 

Field Description 

Reserved. 

Determines the multiplier factor for the input oscillator fre
quency (M) used in determining the final pixel clock fre
quency. 
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Internal Registers (continued) 

Pixel PLL Rate Register 1 

The command register may be written to or read by the MPU at any time. Bit 0 corresponds to data bus bit DO. 

Bit(s} 

7,6 

5,4 

3-0 

Field Name 

Pixel Clock Divider (L) 

(00) Divide by 1 
(01) Divide by 2 
(10) Divide by 4 
(11) Divide by 8 

Reserved 

Pixel Clock Divisor 
Selection (N) 

(0000) Reserved 
(0001) Reserved 

(0011) Divide by 4 
(0100) Divide by 5 

(1110) Divide by 15 
(1111) Reserved 
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Reset 
Value 

00 

00 

0100 

Field Description 

This bit controls the Pixel PLL divider L. 

Reserved. 

Determines the divisor factor for the input oscillator fre
quency (N) used in determining the final pixel clock fre
quency. 
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Internal Registers (continued) 

PLL Control Register 

The command register may be written to or read by the MPU at any time. Bit 0 corresponds to data bus bit DO. 

Bit(s) Field Name 

7 Pixel Clock PLL Enable 

(0) PLL Disable 
(1) PLLEnabie 

6 MCLKEnable 

(0) MCLKs Disabled 
(1) MCLKs Enabled 

5,4 CPU Clock Selection 

(00) 50 MHz 
(01) 40 MHz 
(10) 33 MHz 
(11) 25 MHz 

3-0 VCO Gain Control 
(OOOO)-Range 0 
(OOOI)-Range 1 
(OOIO)-Range 2 

(011 I)-Range 7 
(1000)-Range 8 

(l111)-Range 15 

Reset 
Value 

Field Description 

This bit determines whether the PLL used to generate the 
pixel clock should be enabled or disabled. Should the 
PLL be disabled, the pixel clock must be input via the 
CLOCK and CLOCK*. 

This bit disables the PLL used to synthesize the master 
clock which eventually generates the CPU clock, 20 MHz 
and 25 MHz clock. A logical zero written to this bit dis
ables (i.e., three-states) PLL operation for these clocks 
only. 

S(I,O) These bits select the CPU frequency for CPUCLK output. 
When RESET* is active, SI and SO select the initial val
ues of these two bits; when RESET* rises, these bits are 
latched. 

1000 PLL VCO Gain Control. 
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Internal Registers (continued) 

VIDCLK* Cycle Control Register 

The command register may be written to or read by the MPU at any time. Bit 0 corresponds to data bus bit DO. 

Bit(s) 

7,6 

5-0 

Field Name 

Reserved 

VIDCLK Cycle Time 
Select 

(000000) CLOCK 
(000001) CLOCKl2 
(0000 1 0) CLOCKl3 
(000011) CLOCKl4 

(111101) CLOCKl62 
(111110) CLOCKl63 
(111111) CLOCKl64 
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Reset 
Value 

00 

000011 

Field Description 

Reserved for future expansion. 

These bits select the VIDCLK* cycle time in pixel clock 
units. 
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Internal Registers (continued) 

Pixel Load Control Register 

The command register may be written to or read by the MPU at any time. Bit 0 corresponds to data bus bit DO. 

Bit(s) 

7-5 

4 

3 

2 

1,0 

Field Name 

Reserved 

SCLK* Control 

(0) Extra pulse not 
needed 

(1) Extra pulse needed 

SCLK* Enable 

(0) SCLK* Disabled 
(1) SCLK* Enabled 

VIDCLK* Enable 

(0) VIDCLK* Disabled 
(1) VIDCLK* Enabled 

Reserved (logical zero) 

Reset 
Value 

000 

o 

o 

00 

Field Description 

Reserved 

This bit specifies whether the first SCLK* pulse after a 
blanked time is needed (logical one) to read the first pixel 
item. A logical zero indicates that the system has externally 
provided the first VRAM shift clock, and the Bt445 may reg
ister valid pixel data with the first SCLK*. 

A logical one must be written to this bit to enable SCLK* to 
be output. A logical zero written to this bit three-states the 
SCLK* output and the system should use VIDCLK* to gen
erate LD/SCLKI. 

A logical one must be written to this bit to enable VIDCLK 
to be output. A logical zero written to this bit three-states the 
VIDCLK* output. 

Reserved. 
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Internal Registers (continued) 

Digital Output Control Register 

The command register may be written to or read by the MPU at any time. Bit 0 corresponds to data bus bit DO. 

Bit(s) Field Name 
Reset 

Field Description 
Value 

7 Operating Mode 0 This bit selects the 4-4-4 or 8-8-8 true-color mode. When this bit is 

(0) 4-4-4 True Color a logical zero, the 4-4-4 mode of operation is selected. In this mode 
the appropriate PCLK edge delivers the high-order nibble of the 

(1) 8-8-8 True Color 
data being delivered to the DAC inputs. When this bit is a logical 
one, the 8-8-8 mode of operation is selected. In this mode the high-
order nibble of each pixel is delivered on each PCLK rising edge, 
and the low-order nibble of each pixel is delivered on the falling 
edge of PCLK. In 8-8-8 mode, the PCLK edge select control is not 
used. 

6 Reserved 0 Reserved. 

5 OR, 00, OB(3-O) Output 0 This bit enables the red, green, and blue digital outputs. This output 
Enable should not be enabled when the pixel rate exceeds that specified by 

(0) Disable 
the AC timing parameters for this output. A logical zero in this bit 
disables (Le., three-states) the red, green, and blue digital outputs. 

(1) Enable 
When three-stated, these outputs will float to valid TTL levels since 
internal pullup resistors are provided. 

4 PVSYNC*, PHSYNC* 0 This bit enables the separate pipelined sync outputs. A logical one 
Output Enable enables the outputs; a logical zero causes these outputs to be three-

(0) Disable 
stated. When three-stated, an internal pullup resistor maintains this 

(1) Enable 
output at a logical one, provided that it is lightly loaded. 

3 PSYNC* Output Enable 0 This bit enables the pixel-synchronized, plpelined sync output sig-

(0) Disable 
nal. It may be used to generate the TTL sync signal required by 
monitors having separate sync. A logical one enables the output; a 

(1) Enable 
logical zero causes this output to be three-stated. When three-stated, 
an internal pullup resistor maintains this output at a logical one, 
provided that it is lightly loaded. 

2 PBLANK* Output Enable 0 This bit enables the pixel-synchronized, pipelined blank output sig-

(0) Disable 
nal. A logical one enables the output; a logical zero causes this output 
to be three-stated. When three-stated, an internal pullup resistor 

(1) Enable 
maintains this output at a logical one, provided that it is lightly loaded. 

PCLK Edge Select 0 This bit selects the edge ofPCLK to which the digital output changes 

(0) Rising edge will be synchronized. A logical zero causes the AC timing parame-
ters for the digital pixel outputs to be referenced to the rising edge of (1) Falling edge 
PCLK. A logical one causes the AC timing parameters for the digital 
pixel outputs to be referenced to the falling edge of PCLK. This bit 
is not used when the 8-8-8 mode of operation is selected. 

0 PCLK Output Enable 0 This bit enables the PCLK output of the digital pixel output port. 

(0) Disable 
This output should not be enabled when the pixel rate exceeds that 
specified by the AC timing parameters for this output. A logical one 

(1) Enable 
enables the outputs; a logical zero causes this output to be three-
stated. When three-stated, an internal pullup resistor maintains this 
output at a logical one, provided that it is lightly loaded. 
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Internal Registers (continued) 

MPX Rate Register 

Bit(s) 

7,6 

5-0 

Field Name 

Reserved 

MPXRate 

($00) 1:1 
($01) 2: 1 
($02) 3:1 
($03) 4:1 

($3E) 63:1 
($3F) 64:1 

Reset 
Value 

00 

$03 

Bt445 

Field Description 

Reserved for future expansion 

Number of pixels loaded per input pixel load cycle. The 
value specified should be consistent with the pixel depth; i.e. 
the number of pixels multiplied by the pixel depth less than 
or equal to the number of bits for which the input port is con
figured. 

WORKSTATION GRAPHICS 5-43 



Bt445 

Internal Registers (continued) 

ID Register 

This 8-bit register may be read by the MPU to deter
mine the type of RAMDAC being used in the system. 
The value is different for each RAMDAC. For the 
Bt445, the value read by the MPU will be $3A. Data 
written to this register is ignored. 

Revision Register 

This 8-bit register is a read-only register, specifying the 
revision of the Bt445. The 4 most significant bits sig
nify the revision letter, A, in hexadecimal form. The 4 
least significant bits do not represent any value and 
should be ignored. 

Read Enable Register 

Writing this Bt458-compatible register location causes 
the red, green, and blue read enable registers to be 
simultaneously written with the MPU data. Each read 
enable register is used to enable (logical one) or disable 
(logical zero) red, green, and blue planes from address
ing the color palette RAM. D(7-O) correspond to bits 
7-0 of the red, green, and blue fields of each pixel, 
respectively. Each register bit is logically ANDed with 
the corresponding field bit input. These registers may 
be written to or read by the MPU at any time and are 
initialized to $FF. An MPU read of this register reads 
the contents of the green read enable register. 

Blink Enable Register 

Writing this Bt458-compatible register location causes 
the red, green, and blue read blink registers to be simul
taneously written with the MPU data. The blink enable 
register is used to enable (logical one) or disable (logi
cal zero) individual bits in the red, green, and blue color 
fields from blinking at the blink rate and duty cycle 
specified by the command register. D(7-O) correspond 
to field bits 7-0, respectively. In order for a bit plane to 
blink, the corresponding bit in the read enable register 
must be a logical one. This register may be written to or 
read by the MPU at any time and is initialized to $00. 
An MPU read of this register reads the contents o( the 
Green Blink Enable Register. 

Signature Analysis Registers (SAR) 

Signature Analysis Operation 

These three 8-bit SARs may be read by the MPU 
while BLANK* is a logical zero. While BLANK* is a 
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logical one, the signatures are being acquired. The 
MPU may write to the output SARs while BLANK* is 
a logical zero to load the seed value. The output SARs 
use data being loaded into the output DACs to calculate 
the signatures. JTAG logic can access the output SAR 
independently of the MPU operation. MPU accesses to 
the SARs require one address register load followed by 
three reads or writes to the red, green, and blue signa
ture registers, respectively. DO corresponds to RO, GO, 
andBO. 

By loading a test display into the frame buffer, a 
given value for the red, green, and blue signature regis
ters will be returned if all circuitry is working properly. 

It is imperative that the MPU adhere to conditions 
required to prevent the disruption of pixel data during 
signature acquisition to ensure consistent results. See 
the AC Characteristics section for further information. 

Test Register 0 

The test register provides Bt458-compatible diag
nostic capability by enabling the MPU to read the 
inputs to the D/A converters. It may be written to or 
read by the MPU at any time, and is initialized to DAC
select equals none. When writing to the register, the 
upper 4 bits (D4-D7) are ignored. The contents of the 
test register are defined in Table 5. 

To use test register 0, the. host MPU writes to it, 
selecting the nibble and the DAC input to be read. This 
specifies which 4 bits of color information the MPU 
wishes to read (R(3-O), G(3-O), B(3-0), R(7-4), G(7-
4), or B(7-4». When the MPU reads test register 0, the 
4 bits of color information from the DAC inputs are 
contained in the upper 4 bits of the MPU data bus, and 
the lower 4 bits contain the red, green, blue, low, or 
high nibble selection information previously written. 
Note that either the pixel clock must be as slow as 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 4 bits of red color 
information being presented to the DI A converters, the 
MPU writes to test register 0, setting the DAC select 
field to 001 and the low nibble select to O. The MPU 
then reads test register 0, keeping the pixel data stable, 
which results in D(7-4) containing the R(7-4) DAC 
input bits, and D(3-O) containing the red, green, blue, 
low, or high nibble enable information, as illustrated in 
Table 6. 
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Internal Registers (continued) 

Data 
Field Name 

Reset 
Description Bit(s) Value 

7-4 DAC Input Data N/A Color information at DAC input (4 bits of red, green, or 
blue). Data written to this field is ignored. 

3 Low Nibble Select 0 Writing a logical one to this field enables the low nibble 
(0) High Nibble (Le., bits 3-0) of the selected DAC input to be read from 
(1) Low Nibble bits 7-4 of this test register. Writing a logical zero to this 

field enables the high nibble (Le., bits 7-4) of the selected 
DAC inputs to be read from bits 7-4 of this test register. 

2-0 DAC Select 000 Blue enable 
(000) None Green enable 
(001) Red Red enable 
(010) Green 
(100) Blue 

All other decodes are 
reserved. 

Table 5. Test Register O. 

MPU Bus Bits Value Read 

7-4 R(7-4) 

3--0 0001 

Table 6. Test Register 0 Example. 
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Internal Registers (continued) 

The comparator, which may be accessed in Test 
Register 1 (see Table 7), enables the MPU to determine 
whether the CRT monitor is connected to the analog 
RGB outputs or not, and whether the DACs are func
tional. When the monitor is not connected or one of the 

analog cables connecting the monitor is open (Le., bro
ken), the voltage present at the corresponding DAC 
output would be higher than predicted, as one of the 
termination resistors would not be present. 

Bit(s) Field Name 
Reset 

Description 
Value 

7,6 Operand 1 Select 00 This field selects Operand 1 of the comparator. For normal 
operation, the operand I and 2 fields should both contain 00. 

(00) Normal Operation 
(01) Select Green DAC 

Output 
(10) Select Red DAC 

Output 
(11) Reserved 

5,4 Operand 2 Select 00 This field selects Operand 2 of the comparator. For normal 
operation, the operand 1 and 2 fields should both contain 00. 

(00) Normal Operation 
(01) Select 145 mV 

Reference 
(10) Select Blue DAC 

Output 
(11) Reserved 

3 Comparison Result N/A This field yields the result of the comparison of the DAC 
and/or reference output. Comparing operands whose values 

(0) Operand 1 < Operand 2 lie within a few LSBs will yield unpredictable results. Data 
(1) Operand 1 > Operand 2 written to this bit is ignored, as this field is read only. This 

result is valid only after the required comparison settling 
time is reached (i.e., 5 Ils after the operand becomes con-
stant). 

2-0 Reserved 000 Reserved. 

Table 7. Test Register 1. 
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Pin Descriptions 

Pin Pin Description 
Count Name 

I BLANK* Composite blank control input (TTL compatible). A logical zero drives the analog outputs 
to the blanking level, as illustrated in Tables 2 and 3. It is registered on the rising edge of 
LD. When BLANK* is a logical zero, the pixel and overlay inputs are ignored. 

I SYNC*/ Composite synclHsync control input (TTL compatible). A logical zero on this input 
HSYNC* switches off an IRE current source on the lOG output (see Figures 6 and 7). SYNC*/ 

HSYNC* does not override any other control or data input, as shown in Tables 2 and 3; 
therefore, it should be asserted only during the blanking interval. It is registered on the ris-
ing edge of VIDCLKI. If sync information is not to be generated on the lOG output, this 
pin should be connected to GND. 

1 VSYNC* Separate sync control inputs (TTL compatible). This signal is registered with each rising 
edge of VIDCLKI and is pipelined to the pixel data rate, then output with pixel timing to 
the PVSYNC* outputs. This signal is not internally used by the Bt445. 

I VIDCLKI Video Clock input (TTL-compatible Schmitt Trigger). The rising edge of this input is 
used to load the SYNC* and BLANK* control inputs. Also, if SCLK* is not used to con-
trol the VRAM frame buffer, pixel inputs (PO-P47) are also loaded with the rising edge of 
this signal. This input is usually driven with a system-buffered/skewed version of the .. 
VIDCLK* output. 

I LD/SCLKI Load Serial Clock Input (TTL-compatible Schmitt Trigger). This signal is used only when 
the Bt445 is configured to provide the VRAM serial clock (SCLK*) output. Pixel data is 
loaded on the rising edge of this signal, except for the first rising edge, which occurs dur-
ing blanking. This input is usually driven with a system-buffered/skewed version of either 
the SCLK* output or VIDCLK*. 

64 P(63""() Pixel Inputs Port (TTL compatible). These inputs are used to specify, on a pixel basis, 
which one of the 256 entries in the color palette RAM, 16 entries of the overlay palette, or 
4 entries of cursor palette is to be used to provide color information. Depending on the 
pixel configuration, up to 64 consecutive pixels per load cycle are input through this port. 
They are registered on the rising edge of VIDCLKI or LD/SCLKI. These inputs have 
internal pullup resistors; therefore, unused pins do not require connection. However, if the 
system configuration allows, the unused pins should be connected to GND. 

2 S(I,O) CPU Clock Rate Select Switch (TTL compatible). These inputs are used to set the initial 
CPU clock rate at reset time. 

3 IOR,JOG, Red, green, and blue video current outputs. These high-impedance current sources are 
lOB capable of directly driving a doubly-terminated 75-Q coaxial cable (Figure 12). 

I SCLK* VRAM shift clock output (TTL-voltage-level compatible, low drive). The signal on this 
pin is equal to the selected pixel clock divided by 1,2,4,8, or 32 depending on the pixel 
depth selected. This clock must be redriven through an inverting buffer prior to the con-
nection to the serial clock of the VRAMs. 

1 VIDCLK* Video Clock Output (TTL-voltage-Ievel compatible, low drive). This output is a divided 
pixel as programmed in the VIDCLK* Cycle Control register. This clock must be 
redriven through an inverting buffer prior to the connection to the CRT timing generation 
logic. 
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Pin Descriptions (continued) 

Pin Pin Description 
Count Name 

I PCLK Pixel Clock (TIL-voltage-level compatible, low drive). This clock is used to synchro-
nize the next stage with the digital outputs. It must be redriven through a noninverting 
buffer prior to the connection to the next stage. This pixel clock has a maximum output 
clock speed of 55 MHz driving a 20 pF load. 

I PSYNC* Composite SYNC control output (TTL-voltage-level compatible, low drive). This signal 
is synchronized with the pixel outputs. 

2 PHSYNC*, Separate SYNC control outputs (TTL-voltage-level compatible, low drive). These sig-
PVSYNC* nals are synchronized with the pixel outputs. 

1 PBLANK* Composite BLANK control output (TTL-voltage-level compatible,low drive). This sig-
nal is synchronized with the pixel outputs. 

12 OR (3-0) Digital Outputs (TTL-voltage-level compatible, low drive). These low-drive outputs 
OG(3-O) represent the 4 MSBs of the red, green, and blue DAC decoder and can be used to drive 
OB (3-0) an active matrix TFT directly. These outputs must be redriven through a noninverting 

buffer prior to the connection to the next stage. 

I CPUCLK CPU Clock (TTL-voltage-level compatible, low drive). This clock is used to derive the 
CPU clock and is selectable between 50, 40, 33, and 25 MHz (when using a 20 MHz 
crystal). This clock must be redriven through a buffer prior to the connection to the next 
stage. This pixel clock has a maximum output clock speed of 50 MHz driving a 20 pF 
load. 

I MCLK20 20 MHz Master Clock (TIL-voltage-level compatible, low drive). This master clock 
generates a constant 20 MHz clock. This clock must be redriven through a buffer prior 
to the connection to the next stage. This pixel clock has a maximum output clock speed 
of 50 MHz driving a 20 pF load. 

I MCLK25 25 MHz Master Clock (TTL-voltage-level compatible, low drive). This master clock 
generates a constant 25 MHz clock. This clock must be redriven through a buffer prior 
to the connection to the next stage. This pixel clock has a maximum output clock speed 
of 50 MHz driving a 20 pF load. 

1 TMS Test Mode Select (TIL compatible). JTAG input pin whose transitions drive the JTAG 
state machine through its sequences. When not performing JTAG operations, this pin 
should be driven to a logic high. 

I TCK Test Clock (TTL compatible). Used to synchronize all JTAG test structures. Maximum 
clock rate for this pin is 50 MHz. When not performing JTAG operations, this pin should 
be driven to a logic high. 

I TDI Test Data In (TTL compatible). JTAG input pin used for loading instructions to the TAP 
controller or for loading test vector data for boundary scan operation. When not per-
forming JTAG operations, this pin should be driven to a logic high. 

I TOO Test Data Out (TTL compatible). JTAG output used for verifying test results of all JTAG 
sampling operations. This output pin is active for certain JTAG sequences, and will be 
three-stated at all other times. When not performing JTAG operations, this pin should be 
left floating. 
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Pin Descriptions (continued) 

Pin 
Count Pin Name Description 

2 COMP, Compensation pins. These pins provide compensation for the internal reference ampli-
COMP2 fier. A 0.1 J.IF ceramic capacitor must be connected between these two pins (Figure 13). 

1 FSADJUST Full-scale adjust control. A resistor (RSET) connected between this pin and GND con-
trols the magnitude of the full-scale video signal (Figure 13). Note that the IRE relation-
ships in Figures 6 and 7 are maintained, regardless of the full-scale output current. 
The relationship between RSET and the full-scale output current on lOG is: 

RSET (Q) = Kl * VREF (V) / lOG (rnA) 

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

IOR, lOB (rnA) = K2 * VREF (V) / RSET (Q) 

where Kl and K2 are defined as: 

Setup lOG IOR,IOB 

7.5 IRE Kl = 11,294 K2 = 8,067 

DIRE Kl = 10,684 K2 = 7,457 .. 
1 VREF Voltage reference input. An external voltage reference circuit, such as the one shown in 

Figure 13, must supply this input with a 1.235 V (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 J.IF 
ceramic capacitor must be used to decouple this input to VAA, as shown in Figure 13. 
The decoupling capacitor must be as close as possible to the device to keep lead lengths 
to an absolute minimum. 

2 CLOCK, Clock inputs. These differential clock inputs are designed to be driven by ECL logic 
CLOCK* configured for single supply (+5 V) operation. The clock rate is typically the pixel clock 

rate of the system. 

1 XTALl Crystal input. This input is either connected to a crystal or driven by a CMOS oscillator. 
The internal phase lock loops generate the pixel and CPU clocks using this input. 

1 XTAL2 Crystal amplifier output. This output is connected to the second terminal of the crystal 
when used. 

1 CE* Chip enable control input (TTL-compatible Schmitt Trigger). This input must be a logi-
cal zero to enable data to be written to or read from the device. During write operations, 
data is internally registered on the rising edge of CE*. Care should be taken to avoid 
glitches on this edge-triggered input. 

1 RIW Read/write control input (TTL compatible). To write data to the device, both CE* and RI 
W must be a logical zero. To read data from the device, CE* must be a logical zero and 
RIW must be a logical one. RIW is registered on the falling edge of CE*. 

3 C(2-O) Command control inputs (TTL compatible). C2, CI, and CO specify the type of read or 
write operation being performed, as illustrated in Table 1. They are registered with the 
falling edge of CE*. 
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Pin Descriptions (continued) 

Signal Pin Number Signal Pin Number Signal PinNumber Signal Pin Number 

BLANK* 148 P25 135 VAA 39 OBO 76 
SYNC*/HSYNC* 147 P26 136 VAA 40 OBI 77 
VSYNC* 150 P27 137 VAA 41 OB2 85 
NC 149 P28 138 VAA 79 OB3 86 

P29 139 VAA 8) 

CLOCK* 18 P30 140 VAA 81 lOR 34 
CLOCK 17 P31 141 VAA 82 lOG 31 
XTALl 20 VAA 119 lOB 28 
XTAL2 21 P32 42 VAA 120 
RANGE 24 P33 43 VAA 121 COMP 26 

P34 44 VAA 122 COMP2 25 
SO 11 P35 45 VAA 160 FSADJUST 38 
Sl 12 P36 46 VREF 37 
RESET* 10 P37 47 GND 3 
CPUCLK 142 P38 48 GND 19 CE* 5 
MCLK20 144 P39 49 GND 22 RJW 6 
MCLK25 143 P40 50 GND 30 C2 9 

P41 51 GND 32 Cl 8 
SCLK* 98 P42 52 GND 36 CO 7 
VIDCLK* 97 P43 53 GND 58 D7 159 
VIDCLKI 146 P44 54 GND 78 D6 158 
LD/SCLKI 145 P45 55 GND 83 D5 157 

P46 56 GND 95 D4 156 
PO 106 P47 57 GND 151 D3 155 
PI 107 D2 154 
P2 108 P48 59 NC 4 Dl 153 
P3 109 P49 60 NC 75 DO 152 
P4 110 P50 61 NC 84 
P5 111 P5 62 NC 1m TMS 16 
P6 112 P52 63 NC 104 TCK 13 
P7 113 P53 64 NC 105 TDI 15 
P8 114 P54 65 TDO 14 
P9 115 P55 66 PCLK % 
PlO 116 P56 67 PBLANK* g) 

Pll 117 P57 68 PSYNC* 100 
P12 118 P58 69 PVSYNC* 101 
P13 123 P59 70 PHSYNC* 102 
P14 124 P60 71 
P15 125 P61 72 ORO 91 

P62 73 ORt 92 
P16 126 P63 74 OR2 93 
P17 127 OR3 94-
P18 128 VAA 1 OGO 87 
P19 129 VAA 2 om 88 
P20 130 VAA 23 OG2 89 
P21 131 VAA 27 OG3 <xl 
P22 132 VAA 29 
P23 133 VAA 33 
P24 134 VAA 35 
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PC Board layout Considerations 

PC Board Considerations 
The Bt445 layout should be optimized for lowest noise 
on the Bt445 power and ground lines by shielding the 
digital inputs and providing good decoupling. The trace 
length between groups of VAA and GND pins should 
be as short as possible to minimize inductive ringing. 

A well-designed power distribution network is criti
cal to eliminating digital switching noise. The ground 
planes must provide a low-impedance return path for 
the digital circuits. A PC board with a minimum of six 
layers is recommended. The ground layer should be 
used as a shield to isolate noise from the analog traces 
with layer 1 (top) the analog traces, layer 2 the ground 
plane (preferable analog ground plane), layer 3 the ana
log power plane, and the remaining layers used for dig
ital traces and digital power supplies. 

The optimum layout enables the Bt445 to be located 
as close as possible to the power supply connector and 
the video output connector. 

Power and Ground Planes 
The power and ground planes need isolation gaps to 

minimize digital switching noise effects on the analog 
signals and components. These gaps need to be at least 
1/8" wide. They are placed so that digital currents can
not flow through a peninsula that contains the analog 
components, signals, and video connector. A sample 
layout is shown in Figure 12. 

Device Decoupling 
For optimum performance, all capacitors should be 
located as close to the device as possible, using the 
shortest leads possible (consistent with reliable opera
tion) to reduce the lead inductance. Chip capacitors are 
recommended for lead inductance. Radial lead ceramic 
capacitors may be substituted for chip capacitors and 
are better than axial lead capacitors for self-resonance. 
Values are chosen to have self-resonance above the 
pixel clock. 

Power Supply Decoupling 
Best power supply decoupling performance is obtained 
by providing a 0.1 !!F ceramic capacitor in parallel with 
a 0.01 !!F chip capacitor to decouple each group of 
VAA pins to GND. The capacitors should be placed as 
close as possible to the device VAA and GND pins. 

The 33 J.IF capacitor shown in Figure 13 is for low
frequency power supply ripple; the 0.1 !!F and 0.01 !!F 
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capacitors are for high-frequency power supply noise 
rejection. The decoupling capacitors should be con
nected at the VAA and GND pins, using short, wide 
traces. 

When using a linear regulator, the power-up 
sequence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is less than 200 mY. 
This is especially important when a switching power 
supply is used and the switching frequency is close to 
the raster scan frequency. Note that about 10 percent of 
power supply hum and ripple noise less than 1 MHz 
will couple onto the analog outputs. 

COMP Decoupling 
The COMP pin must be decoupled to VAA, typically 
using a 0.1 !!F ceramic capacitor. Low-frequency sup
ply noise will require a larger value. The COMP capac
itor must be as close as physically possible to the 
COMP and VAA pins. A surface-mount ceramic chip 
capacitor is preferred for minimal lead inductance, 
which degrades the noise rejection of the circuit. Short, 
wide traces will also reduce lead inductance. 

If the display has a ghosting problem, additional 
capacitance in parallel with the COMP capacitor may 
help fix the problem. 

Digital Signal Interconnect 

The digital inputs to the Bt445 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 and output signals. 

Most noise on the analog outputs will be caused by 
excessive edge rates (less than 3 ns), overshoot, under
shoot, and ringing on the digital inputs. 

The digital edge rates should be no faster than nec
essary, as feedthrough noise is proportional to the digi
tal edge rates. Lower speed applications will benefit 
using lower speed logic (3-5 ns edge rates) to reduce 
data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time. Line ter
mination or line length reduction is the solution. For 
example, logic edge rates of 2 ns require line lengths of 
less than 4 inches without using termination. Ringing 
may be reduced by damping the line with a series resis
tor (30-300 Q). 
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PC Board Layout Considerations (continued) 

Edge of PCB 

Figure 12. Representative Power/Ground Analog Area Layout 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing by 
using damping resistors, and minimizing coupling 
through PC board capacitance by routing 90 degrees to 
any analog signals. 

The clock driver and all other digital devices on the 
circuit board must have adequate decoupling to prevent 
the noise generated by the digital devices from cou
pling into the analog circuitry. 

Analog Signal Interconnect 

The Bt445 should be located as close as possible to the 
output connectors to minimize noise pickup and reflec
tions due to impedance mismatch. 

The video output signals should not overlay the ana
log power plane, to maximize the high-frequency 
power supply rejection. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. 

Analog output video edges exceeding the CRT mon
itor bandwidth can be reflected, producing cable-length 
dependent ghosts. Simple pulse filters can reduce high
frequency energy, reducing EMI and noise. The filter 
impedance must match the line impedance. 

Analog Output Protection 

The Bt445 analog outputs should be protected 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 13 can 
prevent latchup 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-mount
able pairs (BAV99 or MMBD7001). 
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Bt445 : Locate as close as 
: possible to Bt445 

VAA VAA +5 (VCC) 

(@pin23) 
R4 

RANGE 
--:J 

VREF Cl 

XTAL1 GND GROUND 

Xlc= 

XTAL2 

FS ADJUST 
COMP 

lOR ..... 
lOG 

COMP2 lOB 
..... 

VAA 

lN4148! 
DAC 9 

TO MONITOR 
OUTPUT 

lN4148! 
9 

GND 

Diode Protection Circuit 

Location Description Vendor Part Number 

CI-C4,C8,C9 0.1 J.lF ceramic capacitor Erie RPE112Z5Ul04M50V 
C5-C7, Cll 0.01 J.lF ceramic chip capacitor AVX 12102Tl03QA1018 

C10 33 J.lF tantalum capacitor Mallory CSR13F336KM 
C12 4.7 J.lF tantalum capacitor tbd 
Ll ferrite bead Fair-Rite 2743001111 

Rl,R2,R3 75 n 1 % metal film resistor Dale CMF-55C 
R4 1000 n 1 % metal film resistor Dale CMF-55C 

RSET 523 n 1 % metal film resistor Dale CMF-55C 
Xl 20 MHz crystal tbd 
ZI 1.2 Vvoltage reference National Semiconductor LM385Z-1.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar charac
teristics will not affect the performance of the Bt445. 

Figure 13. Typical Connection Diagram and Parts List. 
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Test Features of the 8t445 

The Bt445 contains a dedicated test register and an ana
log output comparator that assist the user in evaluating 
the performance and functionality of the part. This sec
tion is intended to explain the operating usage of these 
test features. 

Signature Register 

When enabled, the output signature registers operate 
with the 24 bits of data that are presented to the DAC 
inputs. These 24-bit vectors represent a single pixel
color, and are presented as inputs simultaneously to the 
red, green, and blue SARs, as well as the three on-chip 
DACs. 

The SARs act as a wide linear feedback shift register 
on each succeeding DAC input. It is important to note 
that in all the multiplexed modes the SARs register 
every pixel. 

The Bt445 will only generate signatures while in 
active-display (BLANK* negated), The SARs are 
available for reading and writing via the MPU port 
when the Bt445 is in a blanking state (BLANK* 
asserted). Specifically, it is safe to access the SARs 
after the DAC outputs are in the blanking state (up to 
24 pixel clock periods after BLANK* is asserted). 

Typically, the user will write a specific 24-bit seed 
value into the SARs. Then, a known pixel stream will 
be input to the chip, for example, one scan-line or one 
frame buffer of pixels. Then, at the succeeding blank 
state, the resultant 24-bit signature can be read by the 
MPU. The 24-bit signature register data is a result of 
the same captured data that is fed to the DACs. Thus, 
overlay, cursor, and palette bypass data validity is also 
tested using the signature registers. 

It is not simple to describe algorithmically the spe
cific linear feedback shift operation used in the Bt445. 
The linear feedback configuration are shown in Figure 
14. 

Bt445 

Experienced users have developed tables of specific 
seeds and pixel streams, and recorded the signatures 
that result from those inputs applied to known-good 
parts. Note that a good signature from one given pixel 
stream can be used as the seed for the succeeding 
stream to be tested. Any signature is deterministically 
created from a starting seed, and the succeeding pixel 
streamfed to the SARs. 

When performing system tests that use the signature 
analysis registers, it is recommended that the pipeline 
delay be reset prior to the test to provide optimal allow
ance for input clock drift. This prevents the disruption 
of pixel data because of pipeline auto-reset, which may 
occur as the phase relation of the input clock drifts, 
with respect to the output clocks. Excessive input clock 
drift may require that signatures be acquired over 
shorter periods when the maximum drift may be more 
tightly controlled. This is especially recommended dur
ing environmental and power supply variation testing. 

Analog Comparator 

The other dedicated test structure in the Bt445 is the 
analog comparator. It allows the user to measure the 
DACs against each other, as well as against a specific 
reference voltage. 

Four combinations of tests are selected via the Test 
Register. With a given setting, the respective signals 
(DAC outputs or the 145 mY reference) will be contin
uously input to the comparator. The result of the com
parator is latched into the Test Register. The capture 
occurs over one LDISCLKI period set by a logical one 
at pin P31. 

Due to the simple design of the comparator, it is rec
ommended that the DAC outputs be stable for 5 J.IS 
before capture. At a display rate of 100 MHz, 5 J.IS cor
responds to 500 pixels. Furthermore, either the color 
palette RAM or the pixel inputs (or both) should be 
configured to guarantee a single continuous output 
from the DACs under test, until capture. 
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Figure 14. Signature Analysis Register Circuit. 
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Initializing the 8t445 

Following the assertion of the reset signal, the Bt445 pixel unpacking logic and pixel formatting logic are initialized 
to the Bt458 4: 1 MPX mode of operation. See Table 8. 

Control Register Value Description 

Pixel Port Start Position 40 4 pixels, each with 8-bit pseudo color and 2-bit overlay. 

Pixel Depth 10 8-bit pseudo color and 2-bit overlay. 

Pixel Multiplex Rate 4 4: 1 Multiplexed. 

Red, Green, Blue Shift $00 8-bit pseudo-color sources Red, Green, and Blue from same 
field starting from low-order bit of pixel. 

Red, Green, Blue Width $08 

Red, Green, Blue Enable $FF All planes used. 

Red, Green, Blue Blink $00 Pixel blinking disabled. 

Overlay Shift $08 Overlay comes in on next high-order pixels above 8-bit 
pseudo-color bits. 

Overlay Width 2 2-bit overlay supported in Bt458. 

Overlay Enable $03 Bit planes 0 and 1 enabled. 

Overlay Blink $00 Overlay blinking disabled. 

Table 8. Reset Initialization. 
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Color Palette Initialization 
Table 9 shows the sequence of MPU writes required to load the color palette entries: 

Internal 
Address 

Operation Description C(2-O) Register MPU Data 

Color Palette RAM Initialization Write $00 to address register 000 - $00 
Write red data to RAM (location $00) 001 $00 $rr 
Write green data to RAM (location $00) 001 $00 $gg 
Write blue data to RAM (location $00) 001 $00 $bb 
Write red data to RAM (location $01) 001 $01 $rr 
Write green data to RAM (location $01) 001 $01 $gg 
Write blue data to RAM (location $01) 010 $01 $bb 
: : : : 
Write red data to RAM (location $FF) 001 $FF $rr 
Write green data to RAM (location $FF) 001 $FF $gg 
Write blue data to RAM (location $FF) 001 $FF $bb 

Overlay Color Palette Initializa- Write $00 to address register 000 - $00 
tion Write red data to overlay (location $0) 011 $00 $rr 

Write green data to overlay (location $0) 011 $00 $gg 
Write blue data to overlay (location $0) 011 $00 $bb 
Write red data to overlay (location $1) 011 $01 $rr 
Write green data to overlay (location $1) 011 $01 $gg 
Write blue data to overlay (location $1) 011 $01 $bb 
: : : : 
Write red data to overlay (location $F) 011 $OF $rr 
Write green data to overlay (location $F) 011 $OF $gg 
Write blue data to overlay (location $F) 011 $OF $bb 

Cursor Palette Initialization Write $00 to address register 000 - $00 
Write red data to cursor (location $0) III $00 $rr 
Write green data to cursor (location $0) III $00 $gg 
Write blue data to cursor (location $0) III $00 $bb 
Write red data to cursor (location $1) III $01 $rr 
Write green data to cursor (location $1) III $01 $gg 
Write blue data to cursor (location $1) III $01 $bb 
: : : : 
Write red data to cursor (location $3) III $03 $rr 
Write green data to cursor (location $3) III $03 $gg 
Write biue data to cursor (location $3) 111 $03 $bb 

Table 9. Color Palette Initialization. 
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Pipeline Delay Initialization 

The Bt445 employs a variable pipeline delay to allow 
for easier system implementation. This scheme allows 
the LD/SCLKI and VIDCLKI signals to drift relative to 
the pixel clock (as would occur with varying environ
mental conditions such as warm-up and power supply 
fluctuations) without corrupting the output pixel data 
stream. The amount of allowable drift depends on the 
MPX Rate; for example, in a 4: 1 MPX mode, the drift 
window is slightly less than 4 pixel clock cycles. This 
compares favorably with fixed-pipeline delay devices 
where the drift is necessarily less than one pixel clock 
to the point of pixel loss or duplication. 

For optimum performance, the pipeline depth should 
be initialized away from the extremes of the drift win
dow to allow for subsequent drift. This is accomplished 
by the transition of the RESET* signal from 0 to 1 or 
under the MPU's control by the transition of the 
RESET PIPELINE field in the Pixel Format Control 
Register from 0 to 1. The MPU should reset the pipe
line whenever any of the following registers or fields 
are changed: the Pixel Port Start Position Register, the 
Pixel Unpacking Order Field, the MPX Rate Register, 
the Pixel Depth Control Register, the PLL Rate Regis
ters, the Pixel Clock PLL Enable Field, The VCO Gain 
Control Field, or the SCLK* Enable field. 

Additionally, when changing any controls affecting 
the pixel PLL rate or VCO gain, sufficient time should 
be allowed for the PLL to stabilize to the new rate prior 
to the MPU issuing the pipeline delay initialization. 

Table 10 illustrates the allowable drift windows for 
LD/SCLKI relative to the pipeline depth initialization 
time for the various MPX modes. 

MPX Rate(s) Minimum 

1:1 0 

2:1 -1 

3:1 -1 

4:1 -2 

5:1 -2 

: : 

63:1 -2 

64:1 -2 

Bt445 

PLL Initialization 

Crystal Frequency Selection 

The crystal frequency should be selected based on 
the required pixel rate(s), the display pixel rate toler
ance, and the required system clock outputs. When 
using the Bt445-generated system clocks, because the 
system clock ratios are fixed, the crystal reference fre
quency is usually dictated by required system clock 
rates. The desired ratio for the PLL can then be com
puted by dividing required the pixel rate by the crystal 
frequency, looking up the M and N values in the ratio 
table for the closest ratio, and ensuring that the display 
can still satisfactorily operate within the best-fit pixel 
rate and associated CRT timings. 

Ratio Selection 

The PLL clock ratio is set by programming the M 
and N values through the MPU port. Reset M and N _ 
values are $18 and $04, respectively, yielding a pixel 
rate of 5 times the crystal reference. 

Table 11 shows the complete range of MIN ratios for 
M ranges from 25-64 and N ranges from 4-15 and L = 
1, for 20.0 and 14.318 MHz crystals. 

Maximum Units 

0 

+1 

+2 

+2 
Pixel Clocks 

+3 

: 

+61 

+62 

External stopping of the CLOCK and CLOCK* signals is not required for 
pipeline delay initialization. 

Table 10. Allowable LDISCLKI Drift. 
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Reference Frequency: 20.0 14.31818 Reference Frequency: 20.0 14.31818 
MIN M N PCLK PCLK VCO MIN M N PCLK PCLK VCO 
3.250 26 8 65.00 N/A tbd 3.909 43 11 78.18 N/A tbd 
3.267 49 15 65.33 N/A tbd 3.917 47 12 78.33 N/A tbd 
3.273 36 11 65.45 N/A tbd 3.923 51 13 78.46 N/A tbd 
3.286 46 14 65.71 N/A tbd 3.929 55 14 78.57 N/A tbd 
3.300 33 10 66.00 N/A tbd 3.933 59 15 78.67 N/A tbd 
3.308 43 13 66.15 N/A tbd 4.000 28 7 80.00 N/A tbd 
3.333 30 9 66.67 N/A tbd 4.067 61 15 81.33 N/A tbd 
3.357 47 14 67.14 N/A tbd 4.071 57 14 81.43 N/A tbd 
3.364 37 11 67.27 N/A tbd 4.077 53 13 81.54 N/A tbd 
3.375 27 8 67.50 N/A tbd 4.083 49 12 81.67 N/A tbd 
3.385 44 13 67.69 N/A tbd 4.091 45 11 81.82 N/A tbd 
3.400 34 10 68.00 N/A tbd 4.100 41 10 82.00 N/A tbd 
3.417 41 12 68.33 N/A tbd 4.111 37 9 82.22 N/A tbd 
3.429 48 14 68.57 N/A tbd 4.125 33 8 82.50 N/A tbd 
3.444 31 9 68.89 N/A tbd 4.133 62 15 82.67 N/A tbd 
3.455 38 11 69.09 N/A tbd 4.143 29 7 82.86 N/A tbd 
3.462 45 13 69.23 N/A tbd 4.154 54 13 83.08 N/A tbd 
3.467 52 15 69.33 N/A tbd 4.167 25 6 83.33 N/A tbd 
3.500 28 8 70.00 N/A tbd 4.182 46 11 83.64 N/A tbd 
3.533 53 15 70.67 N/A tbd 4.200 42 10 84.00 N/A tbd 
3.538 46 13 70.77 N/A tbd 4.214 59 14 84.29 N/A tbd 
3.545 39 11 70.91 N/A tbd 4.222 38 9 84.44 N/A tbd 
3.556 32 9 71.11 N/A tbd 4.231 55 13 84.62 N/A tbd 
3.571 25 7 71.43 N/A tbd 4.250 34 8 85.00 N/A tbd 
3.583 43 12 71.67 N/A tbd 4.267 64 15 85.33 N/A tbd 
3.600 36 10 72.00 N/A tbd 4.273 47 11 85.45 N/A tbd 
3.615 47 13 72.31 N/A tbd 4.286 30 7 85.71 N/A tbd 
3.625 29 8 72.50 N/A tbd 4.300 43 10 86.00 N/A tbd 
3.636 40 11 72.73 N/A tbd 4.308 56 13 86.15 N/A tbd 
3.643 51 14 72.86 N/A tbd 4.333 26 6 86.67 N/A tbd 
3.667 33 9 73.33 N/A tbd 4.357 61 14 87.14 N/A tbd 
3.692 48 13 73.85 N/A tbd 4.364 48 11 87.27 N/A tbd 
3.700 37 10 74.00 N/A tbd 4.375 35 8 87.50 N/A tbd 
3.714 26 7 74.29 N/A tbd 4.385 57 13 87.69 N/A tbd 
3.727 41 11 74.55 N/A tbd 4.400 44 10 88.00 N/A tbd 
3.733 56 15 74.67 N/A tbd 4.417 53 12 88.33 N/A tbd 
3.750 30 8 75.00 N/A tbd 4.429 31 7 88.57 N/A tbd 
3.769 49 13 75.38 N/A tbd 4.444 40 9 88.89 N/A tbd 
3.778 34 9 75.56 N/A tbd 4.455 49 11 89.09 N/A tbd 
3.786 53 14 75.71 N/A tbd 4.462 58 13 89.23 N/A tbd 
3.800 38 10 76.00 N/A tbd 4.500 27 6 90.00 N/A tbd 
3.818 42 11 76.36 N/A tbd 4.538 59 13 90.77 N/A tbd 
3.833 46 12 76.67 N/A tbd 4.545 50 11 90.91 65.08 tbd 
3.846 50 13 76.92 N/A tbd 4.556 41 9 91.11 65.23 tbd 
3.857 27 7 77.14 N/A tbd 4.571 32 7 91.43 65.45 tbd 
3.867 58 15 77.33 N/A tbd 4.583 55 12 91.67 65.62 tbd 
3.875 31 8 77.50 N/A tbd 4.600 46 10 92.00 65.86 tbd 
3.889 35 9 77.78 N/A tbd 4.615 60 13 92.31 66.08 tbd 
3.900 39 10 78.00 N/A tbd 4.625 37 8 92.50 66.22 tbd 

Table 11. Sample Pixel Clock Rates. 
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Reference Frequence: 20.0 14.31818 Reference Frequency: 20.0 14.31818 
MIN M N PCLK PCLK VCO MIN M N PCLK PCLK VCO 
4.636 51 11 92.73 66.38 tbd 5.667 34 6 113.33 81.14 tbd 
4.667 28 6 93.33 66.82 tbd 5.700 57 10 114.00 81.61 tbd 
4.692 61 13 93.85 67.19 tbd 5.714 40 7 114.29 81.82 tbd 
4.700 47 10 94.00 67.30 tbd 5.727 63 11 114.55 82.00 tbd 
4.714 33 7 94.29 67.50 tbd 5.750 46 8 115.00 82.33 tbd 
4.727 52 11 94.55 67.69 tbd 5.778 52 9 115.56 82.73 tbd 
4.750 38 8 95.00 68.01 tbd 5.800 29 5 116.00 83.05 tbd 
4.769 62 13 95.38 68.29 tbd 5.818 64 11 116.36 83.31 tbd 

4.778 43 9 95.56 68.41 tbd 5.833 35 6 116.67 83.52 tbd 

4.800 48 10 96.00 68.73 tbd 5.857 41 7 117.14 83.86 tbd 

4.818 53 11 96.36 68.99 tbd 5.875 47 8 117.50 84.12 tbd 

4.833 29 6 96.67 69.20 tbd 5.889 53 9 117.78 84.32 tbd 

4.846 63 13 96.92 69.39 tbd 5.900 59 10 118.00 84.48 tbd 

4.857 34 7 97.14 69.55 tbd 6.000 30 5 120.00 85.91 tbd 

4.875 39 8 97.50 69.80 tbd 6.100 61 10 122.00 87.34 tbd 

4.889 44 9 97.78 70.00 tbd 6.111 55 9 122.22 87.50 tbd 

4.900 49 10 98.00 70.16 tbd 6.125 49 8 122.50 87.70 tbd 

4.909 54 11 98.18 70.29 tbd 6.143 43 7 122.86 87.95 tbd -4.917 59 12 98.33 70.40 tbd 6.167 37 6 123.33 88.30 tbd 

4.923 64 13 98.46 70.49 tbd 6.200 31 5 124.00 88.77 tbd 

5.000 25 5 100.00 71.59 tbd 6.222 56 9 124.44 89.09 tbd 

5.083 61 12 101.67 72.78 tbd 6.250 25 4 125.00 89.49 tbd 

5.091. 56 11 101.82 72.89 tbd 6.286 44 7 125.71 90.00 tbd 

5.100 51 10 102.00 73.02 tbd 6.300 63 10 126.00 90.20 tbd 

5.111 46 9 102.22 73.18 tbd 6.333 38 6 126.67 90.68 tbd 

5.125 41 8 102.50 73.38 tbd 6.375 51 8 127.50 91.28 tbd 

5.143 36 7. 102.86 73.64 tbd 6.400 32 5 128.00 91.64 tbd 

5.167 31 6 103.33 73.98 tbd 6.429 45 7 128.57 92.05 tbd 

5.182 57 11 103.64 74.19 tbd 6.444 58 9 128.89 92.27 tbd 

5.200 26 5 104.00 74.45 tbd 6.500 26 4 130.00 93.07 tbd 

5.222 47 9 104.44 74.77 tbd 6.556 59 9 131.11 93.86 tbd 

5.250 42 8 105.00 75.17 tbd 6.571 46 7 131.43 94.09 tbd 

5.273 58 11 105.45 75.50 tbd 6.600 33 5 132.00 94.50 tbd 

5.286 37 7 105.71 75.68 tbd 6.625 53 8 132.50 94.86 tbd 

5.300 53 10 106.00 75.89 tbd 6.667 40 6 133.33 95.45 tbd 

5.333 32 .6 106.67 76.36 tbd 6.714 47 7 134.29 96.14 tbd 

5.364 59 11 107.27 76.80 tbd 6.750 27 4 N/A 96.65 tbd 

5.375 43 8 107.50 76.96 tbd 6.778 61 9 N/A 97.05 tbd 

5.400 27 5 108.00 77.32 tbd 6.800 34 5 N/A 97.36 tbd 

5.429 38 7 108.57 77.73 tbd 6.833 41 6 N/A 97.84 tbd 

5.444 49 9 108.89 77.95 tbd 6.857 48 7 N/A 98.18 tbd 

5.455 60 11 109.09 78.10 tbd 6.875 55 8 N/A 98.44 tbd 

5.500 33 6 110.00 78.75 tbd 6.889 62 9 N/A 98.64 tbd 

5.545 61 11 110.91 79.40 tbd 7.000 28 4 N/A 100.23 tbd 

5.556 50 9 111.11 79.55 tbd 7.111 64 9 N/A 101.82 tbd 

5.571 39 7 111.43 79.77 tbd 7.125 57 8 N/A 102.02 tbd 

5.600 28 5 112.00 80.18 tbd 7.143 50 7 N/A 102.27 tbd 

5.625 45 8 112.50 80.54 tbd 7.167 43 6 N/A 102.61 tbd 

5.636 62 11 112.73 80.70 tbd 7.200 36 5 N/A 103.09 tbd 

Table 11 (continued). Sample Pixel Clock Rates. 
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Reference Frequency: 20.0 14.31818 Reference Frequency: 20.0 14.31818 
MIN M N PCLK PCLK VCO MIN M N PCLK PCLK VCO 
7.250 29 4 N/A 103.81 tbd 8.250 33 4 N/A 118.12 tbd 
7.286 51 7 N/A 104.32 tbd 8.286 58 7 N/A 118.64 tbd 
7.333 44 6 N/A 105.00 tbd 8.333 50 6 N/A 119.32 tbd 
7.375 59 8 N/A 105.60 tbd 8.400 42 5 N/A 120.27 tbd 
7.400 37 5 N/A 105.95 tbd 8.429 59 7 N/A 120.68 tbd 
7.429 52 7 N/A 106.36 tbd 8.500 34 4 N/A 121.70 tbd 
7.500 30 4 N/A 107.39 tbd 8.571 60 7 N/A 122.73 tbd 
7.571 53 7 N/A 108.41 tbd 8.600 43 5 N/A 123.14 tbd 
7.600 38 5 N/A 108.82 tbd 8.667 52 6 N/A 124.09 tbd 
7.625 61 8 N/A 109.18 tbd 8.714 61 7 N/A 124.77 tbd 
7.667 46 6 N/A 109.77 tbd 8.750 35 4 N/A 125.28 tbd 
7.714 54 7 N/A 110.45 tbd 8.800 44 5 N/A 126.00 tbd 
7.750 31 4 N/A 110.97 tbd 8.833 53 6 N/A 126.48 tbd 
7.800 39 5 N/A 111.68 tbd 8.857 62 7 N/A 126.82 tbd 
7.833 47 6 N/A 112.16 tbd 9.000 3.6 4 N/A 128.86 tbd 
7.857 55 7 N/A 112.50 tbd 9.143 64 7 N/A 130.91 tbd 
7.875 63 8 N/A 112.76 tbd 9.167 55 6 N/A 131.25 tbd 
8.000 32 4 N/A 114.55 tbd 9.200 46 5 N/A 131.73 tbd 
8.143 57 7 N/A 116.59 tbd 9.250 37 4 N/A 132.44 tbd 
8.167 49 6 N/A 116.93 tbd 9.333 56 6 N/A 133.64 tbd 
8.200 41 5 N/A 117.41 tbd 9.400 47 5 N/A 134.59 tbd 

Table 11 (continued). Sample Pixel Clock Rates. 

Note: All Pixel Clock frequencies shown are prior to the "L" divider section. All of the listed frequencies may be 
divided by 1,2,4, or 8 to provide lower pixel clock rates. 
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Frame Buffer Interface Configurations 

The Bt445 may be operated with an internal PLL or an 
external clock generator. Additionally, the Bt445 may 
be used to generate the VRAM serial shift clock signal, 
or this signal may be generated externally. The follow
ing figures show examples of the frame buffer interface 
when using the Bt445 in various modes. 

Externally Generated Pixel Clock with Exter
nally Generated VRAM Serial Shift Clock 

In this configuration, neither the SCLK* nor VID
CLK* outputs of the Bt445 are used, and thus they 
should be disabled via the command registers. The 

System Bus 
or 

Graphics Pipe line 

Memory 
Controller 

Shift 
Enabl 

lD 

ENAB(S) 

Controls 

Address 

Data 

Bt445 

pixel clock, load clock, and VRAM serial shift clock 
are externally generated by a device such as the Bt438 
or Bt440. Figure 15 illustrates this configuration. 

The multiplex rates supported are limited by the 
modes for which the external clock divider (Le., the 
Bt440 in this case) can be configured. The SYNC* and 
BLANK* information loaded correspond to the pixel 
data loaded on the same LD clock rising edge. The 
maximum pixel clock rate is 150 MHz. 

I Crystall I 
Oscillator 

Oscl osc· Bt445 

ClK Bt440 ClK· lOR ::: LDA lDC lOG 
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Figure 15. Frame Buffer Interface, External Pixel Clock, and Serial Clock Generation. 
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PLL-Generated Pixel Clock with Externally 
Generated VRAM Shift Clock 

reference that is phase related to the pixel clock. The 
memory controller produces a clock gate signal for 
generating the VRAM shift clock from VIDCLK*. Fig
ure 16 illustrates this configuration. 

In this configuration, the Bt445 generates the pixel 
clock internally from the M and N values contained in 
the control registers. The VRAM shift clock is still 
externally generated, but the system must use the 
Bt445's VIDCLK* output, as there is no other system 

The inverting drivers used to generate LD/SCLKI 
and the VRAM shift clock should ideally have corre
lated delays and high-impedance, low capacitance 
inputs. 

System Bus 
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Graphics Pipeline 
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XTAL1 XTAL2 

;-----+1 LDISCLKI 
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Dala 1-__ -+1 P(63-Q) 

r--------------~SYNC· 

r--------------~BLANK* 
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Figure 16. Frame Buffer Interface, with PLL Pixel Clock and no Bt445-Provided Shift Clock. 
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Bt445-Generated VRAM Shift Clock, Exter
nally-Generated Pixel Clock 

In this configuration, the pixel clock is generated in 
an external oscillator. The Bt445 provides two clocks to 
the system: VIDCLK* and SCLK*. VIDCLK* is 
always free running and is used to control the CRT tim
ing generator, usually part of the controller. VIDCLKI 
is used to register the SYNC*, and BLANK* signals. 
LD/SCLKI is used to register the pixel data. Figure 17 
illustrates this configuration. 

SCLK* is asserted as needed to shift out pixel data 
from the VRAMs, according to the MPX rate specified 
by a control register. Generally, VIDCLK* and SCLK* 
do not run at the same rate; hence, the granularity with 
which SYNC* and BLANK* are specified is not the 

Bt445 

same as the MPX rate. As a result, the last group of pix
els loaded with LD/SCLKI at the end of an active scan 
line, may not all be displayed. It should be noted that in 
this configuration, the SYNC* and BLANK* informa
tion does not correlate to the data on the Bt445's pixel 
input port; however, the Bt445 internally aligns the 
CRT timing controls with the pixel data for output. 
Also, the buffer delays for VIDCLK* and SCLK* need 
not be correlated. 

The SCLK control signal supplied by the memory 
controller is used only to insert shift clocks for the pur
pose of loading the shift register tap address required 
by VRAMs supporting split-shift register operations. 

The pixel rate in this configuration may be up to 150 
MHz. 
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Figure 17. Frame Buffe,.lnterface with Externally Generated Pixel Clock and Bt445-Generated SCLK. 
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Applications Information (continued) 

The Bt445-Generated VRAM Shift Clock and 
PLL-Generated Pixel Clock 

This configuration is very similiar to the previous 
one without the PLL generated pixel clock. Here, a rel
atively low frequency crystal is connected to the OSC, 
OSC* inputs, instead of using an ECL oscillator oper
ated on a pseudo-ECL supply (Le., +5 and GND) con
nected to the CLOCK and CLOCK* inputs of the 
Bt445. 

System Bus 
or 

Graphics Pipe line 

SCLK Control 

Memory 
Controller 

VIDCLK 

Controls 

Address 

Data 

Brooktree@ 

In this configuration, the maximum pixel rate is lim
ited by the PLL maximum operational frequency of 135 
MHz. See Figure 18. 
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Serial 

VRAM 
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~ VIDCLK' 

SYNC' 
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Figure 18. Frame Buffer Interface for Bt445-Generated VRAM Serial Clock and Pixel Clock. 
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Applications Information (continued) 

Digital Output Port 

Figure 19 shows a simplified typical connection 
between the Bt445, a CRT display, and a typical VGA 
resolution TFT flat-panel display. The VSYNC* and 
HSYNC* inputs to the Bt445 are not internally used; 
they are only synchronized with the pixel data and pre-

Memory 
Controller 

VRAM 
Array 

DATA & 
CONTROLS 

VIDCLK 

8t445 

Bt445 

sented on the PVSYNC* and PHSYNC* outputs, 
respectively. This allows for variations between CRT 
and flat-panel SYNC signal timings and durations. 
However, the horizontal line rates and pixel rates must 
be identical if both displays are to be driven simulta
neously. 

Generic 
Analog Monitor 

Figure 19. Typical Connection Diagram for Digital Output Port to 640 x 480 TFT Flat-Panel Display. 
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Applications Information (continued) 

Interfacing to High-Resolution Flat
Panel Displays 

Preliminary information suggests that high-resolution 
flat-panel displays will achieve the required pixel rates 
without using excessive clock speeds if more than 1 
pixel per clock cycle is provided, in the same fashion 
that high-resolution Brooktree RAMDACs accept pix
els at the input pixel port. The Bt445's digital output 
port may operate up to 55 MHz, providing the band
width required, for example, for a 1024 x 768 active 

RED 

Brooktroo" 

matrix panel. However, to provide 2 pixels at half the 
clock rate, some intervening logic may be used. Refer 
to Figure 20. 

For proper operation, the control signals PBLANK*, 
PVSYNC*, and PHSYNC* should only change on an 
even pixel. The sample l'ogic shown resets the gener
ated clock and pixel data on each edge of PBLANK*. 
Also note that the clock-to-Q delay on the flip-flop, 
which generates LD Clock to the panel, should be 
faster than the clock-to-Q delay of the pixel data regis
ters. 

8t445 

GREEN BLUE RED 
GREEN BLUE 

1024 X 768 TFT Active Matrix 

Figure 20. Interfacing the 8t445 with a 1024 x 768 TFT Active Matrix Flat Panel. 
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Applications Information (continued) 

Digital Output Connection in 8-8-8 
True-Color Mode 

Bt445 

Figure 21 shows a simplified typical connection dia
gram using 8-8-8 true-color mode, to a Bt858 video 
encoder. 

The registers are used to hold the data presented in 
the first half of the PCLK cycle; data presented during 
the second half of the PCLK cycle is held in the trans
parent latches, which are open during the clock high 

level. The configuration shown assumes that the exter
nal CRT timing generator provides the appropriate 
SYNC* and BLANK* signals at the input of the Bt445 
for running the Bt858 in master mode O. The PCLK 
may need to be re-driven and/or delayed to minimize 
PCLK loading and to meet hold time requirements of 
the Bt858. 

I PCLK PBLANK' PVSYNC" PHSYNC· 

Bt445 
I OR OG OB 

,r!+H 
3 2 1 0 3 2 1 0 ",3..,2""11jooo;.0 ___ -.;;3-;2;..;-1 .,.0 

i-r ..... ,...---~ 11r-'I"I""'1 3 2 1 0 3 2 1 0 

l~DDDD!!~~1 IrDDDD!!JJ 
C3 Octal Latdt Lf G Octal Udch 

r=-~~~~~ Q Q Q Q Q Q Q 01 Q Q Q Q 0 Q Q Q 

~:~:iir~ I I I ~::~~~~;~ I I I I 
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-

~+o!-7_6_5_4 ...... + ...... 3 2 1 0 t l ~:::3210 'I l 76543210 76543210 

I II I IL~ I II I I I L~ 

7 6 5 4 3 2 1 0 

BLANK" VSYNC* HSYNC* 

I 
Red Green Blue 

Bt858 

Figure 21. Interfacing the Bt445 to the Bt858. 
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Bt445 Brooldree" 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 Q 

Reference Voltage VREF 1.20 1.235 1.26 V 
FS ADJUST Resistor RSET 523 Q 

Junction Temperature Tjmax +125 °C 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VAA (measured to GND) 7.0 V 

Voltage on any Signal Pin (Note 1) GND-O.5 VAA+ V 
0.5 

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

Ambient Operating Temperature TA -55 T 
Storage Temperature TS --65 +125 °C 
Junction Temperature TJ +150 

Ceramic Package °C 
Plastic Package +175 T 

+150 
Soldering Temperature TSOL T 

(5 seconds, 114" from pin) 260 

Vapor Phase Soldering (1 minute) TVSOL T 

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 is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

Note 1: This device employs high-impedarice CMOS device on all signal pins. It should be handled as an ESD-sensitive device. 
Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 V can induce destructive latchup. 

5-70 SECTION 5 



Brooktree" Bt445 

DC Characteristics 

Parameter Symbol Min Typ Max Units 

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

Integral Linearity Error IL ±1 LSB 
Differential Linearity Error DL ±l LSB 

Gray-Scale Error ±5 % Gray 
Monotonicity guaranteed Scale 
Coding Binary 

Digital Inputs (except CLOCK, CLOCK*, VIDCLKI, and 
LD/SCLKI) 

Input High Voltage VIH 2.0 VAA+O.5 V 
Input Low Voltage VIL GND-D.5 0.8 V 
Input High Current (Vin = 2.4 V) IIH 1 IJA 
Input Low Current (Vin = 0.4 V) IlL -1 IJA 
Input Capacitance CIN 4 10 pF 
(f = 1 MHz, Yin = 2.4 V) 

Digital Inputs with Internal Pullups (Pixel Inputs and 
JTAGPins) 

Input High Voltage VIH 2.0 VAA+0.5 V 
Input Low Voltage VIL GND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) I1H 60 IJA 
Input Low Current (Vin = 0.4 V) IlL -60 IJA 
Input Capacitance CIN 4 10 pF 
(f = 1 MHz, Yin = 2.4 V) 

Pixel Clock Inputs (CLOCK, CLOCK*) 
Input High Voltage VKIH VAA-l.O VAA+0.5 V 
Input Low Voltage VKIL GND-O.5 VAA-1.6 V 
Input High Current (Vin = 4.0 V) IKIH 1 IJA 
Input Low Current (Vin = 0.4 V) IKIL -1 IJA 
Input Capacitance CKIN 4 10 pF 
(f = 1 MHz, Yin = 4.0 V) 

Clock Inputs (VIDCLKI, LD/SCLKI) 
Positive going threshold VT+ 1.7 V 
Negative going threshold VT- 0.9 V 
Hysteresis (VT+-VT_) 0.8 V 
Input High Current (Vin = 2.4 V) lih 1 IJA 
Input Low Current (Yin = 0.4 V) Iii -1 IJA 
Input Capacitance Cin 4 10 pF 
(f=1 MHz, Yin = 4.0 V) 

Digital Outputs (except D(7-D), PCLK, VIDCLK*, 
SCLK*) 

Output High Current (Voh=2.4 V) loh 1 rnA 
Output Low Current (Vol=O.4 V) 101 1 rnA 
Three-state Current loz 10 IJA 
Load Capacitance (includes board wiring CI 10 pF 
and capacitance at buffer input) 

See test conditions on the next page. 
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Bt445 Brooktree" 
DC Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Digital Outputs with Internal Pullups (except D(7--D), 
VIDCLK*, SCLK*) 

Output High Current (Voh=2.4 V) loh 1 rnA 
Output Low Current (Vol=O.4 V) 101 1 rnA 
Three-state Current loz 60 IlA 
Load Capacitance (includes board wiring Cl 10 pF 
and capacitance at buffer input) 

Digital Outputs (VIDCLK*, SCLK*) 
Output High Current (Voh=2.4 V) loh 1 rnA 
Output Low Current (Vol=O.4 V) 101 1 rnA 
Three-state Current loz 10 IlA 
Load Capacitance (includes board wiring Cl 20 pF 
and capacitance at buffer input) 

Digital Outputs (PCLK) 
Output High Current (Voh=2.4 V) loh 1 rnA 
Output Low Current (Vo!;=O.4 V) 101 1 rnA 
Three-state Current loz 60 IlA 
Load Capacitance (includes board wiring Cl 20 pF 
and capacitance at buffer input) 

Digital Outputs (D(7--D» 
Output High Voltage VOH 2.4 V 

(IOH = -800 1lA) 
Output Low Voltage VOL 0.4 V 

(IOL = 6.4 rnA) 
Three-state Current IOZ 10 IlA 
Output Capacitance CDOUT 10 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 a 5 50 IlA 
Blank Level on lOG 6.29 7.62 8.96 rnA 
Sync Level on lOG 0 5 50 IlA 
LSB Size 69.1 IlA 
DAC- to-DAC Matching 2 5 % 
Output Compliance VOC -1.0 +1.2 V 
Output Impedance RAOUT 50 kn 
Output Capacitance CAOUT 13 20 pF 
(f = 1 MHz, lOUT = 0 rnA) 

Voltage Reference Input Current lREF 10 IlA 

Power Supply Rejection Ratio PSRR 0.5 %1% 
(COMP = 0.11JF, f = 1 kHz) VAA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 n, VREF = 1.235 V. As the 
above parameters are guaranteed over the full temperature range, temperature coefficients are not specified or required. 
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AC Characteristics 

Input Clock 

150 MHz Devices 135 MHz Devices 110 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Units 

Clock Rate Fmax 150 135 110 MHz 
Clock Cycle Time 12 6.7 7.4 9.09 ns 
Clock Pulse Width High 13 2.7 3 4 ns 
Clock Pulse Width Low 14 2.7 3 4 ns 

MPUPort 

150 MHz Devices 135 MHz Devices 110 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Units 

RIW, CO, Cl Setup 1 0 0 0 ns 
RIW, CO, Cl Hold 2 15 15 15 ns 

CE* Low Time 3 50 50 50 ns 
CE* High Time 4 25 25 25 ns 
CE* ,J.. to Data Driven 5 7 7 7 ns 
CE* ,J.. to Data Valid 6 75 75 75 ns 
CE* t to Data Three-Stated 7 15 15 15 ns 

Write Data Setup Time 8 (Note 1) 35 35 35 ns 
Write Data Hold Time 9 3 3 3 ns 

Note 1: The parameter shown guarantees write data capture. To prevent unnecessary pixel disturbances when writing control regis
ters, the write data should be valid throughout the CE* active duration. 

Input Pixel 

150 MHz Devices 135 MHz Devices 110 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Units 

LD/SCLKI LDmax 75 75 75 MHz 
Pixel and Control Setup 10 3 3 3 ns 
Pixel and Control Hold 11 2 2 2 ns 
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Bt445 Brooktree® 
AC Characteristics (continued) 

VIDCLKI 

150 MHz Devices 135 MHz Devices 110 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Units 

VIDCLKI Cycle Time 15 13.3 13.3 13.3 ns 
VIDCLKI Pulse Width High 16 5.32 5.32 5.32 ns 
VIDCLKI Pulse Width Low 17 5.32 5.32 5.32 ns 
BLANK*, HSYNC*/SYNC*, 
VSYNC* Setup 
BLANK*, HSYNC*/SYNC*, 
VSYNC*Hold 

Analog Output 

150 MHz Devices 135 MHz Devices 110 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Units 

Analog Output Delay 18 TBD TBD 20 ns 
Analog Output RiselFall 19 2 2 2 ns 
Analog Output Settling (Note 1) 20 8 8 8 ns 
TTL Output Skew 21 TBD TBD TBD ns 
Clock/Data Feedthrough (Note 2) 35 35 35 pV-sec 
Glitch Impulse (Note 3) 50 50 50 pV-sec 
Analog Output Skew (Note 4) 0 2 0 2 0 2 ns 

Pipeline Delay TBD TBD TBD TBD 6 10 Clocks 

VAA Supply Current (Note 5) IAA TBD TBD TBD rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 n, VREF = 1.235 V. TTL 
input values are 0-3 V, with input rise/fall times $ 3 ns, measured between the 10 percent and 90 percent points. ECL input values 
are VAA - 0.8 to VAA - 1.8 V, with input rise/fall times $ 2 ns, measured between the 20 percent and 80 percent points. Timing 
reference points at 50 percent for inputs and outputs. Analog output load $ 10 pF, DO-D7 output load $ 40 pF. See timing notes in 
Figures 22-26. As the above parameters are guaranteed over the full temperature range, temperature coefficients are not specified 
or required. 

Note 1: Output settling time measured from 50 percent point of full-scale transition to output settling within ±1 LSB. 

Note 2: Clock and data feedthrough is a function of the amount of edge rates, overshoot, and undershoot on the digital inputs. For 
this test, the TTL digital inputs have a 1 ill resistor to GND and are driven by 74 HC logic. Settling time does not include 
clock and data feedthrough. 

Note 3: Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth = 2x clock rate. 

Note 4: Output delay time measured from 50 percent point of the rising clock edge to 50 percent point of full-scale transition. 

Note 5: At Fmax. IAA (typ) at VAA = 5.0 V, TA = 20°C. IAA (max) at VAA = 5.25 V, TA = O°c. 
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AC Characteristics (continued) 

System Clock Generation AC Timing Parameters 

Parameter Symbol Min Typ Max Units 

VAA valid to VIDCLK stable tbd ns 

VAA valid to CPUCLK stable tbd ns 

VAA valid to MCLK stable tbd ns 

RESET* active pulse width 33 tbd ns 

SO, Sl to RESET* setup time 34 tbd ns 

SO, Sl to RESET* hold time 35 tbd ns 

CE* rise to new VIDCLK rate 36 tbd tbd ns 

CE* rise to new CPUCLK rate 37 tbd tbd ns 

SO, Sl to new CPUCLK rate 38 tbd ns 

RESET* to new CPUCLK rate 39 tbd ns 

CPUCLK Fmax 50 MHz .. 
MCLK20 Fmax 20 MHz 

MCLK25 Fmax 25 MHz 

CPUCLK, MCLK20, MCLK25 rise/fall time 5 ns 

CPUCLK, MCLK20, MCLK25 duty cycle 40 50 60 % 

CPUCLK, MCLK20, MCLK25 Jitter tbd 

PLL Clock Generation Timing Parameters 

Parameter Symbol Min Typ Max Units 

Crystal/Oscillator Frequency 6 20 25 MHz 

PLL Clock Generator Multiplicand M 25 63 

PLL Clock Generator Divisor N 4 15 

PLL MIN Ratio tbd tbd 

PLL MIN Generated Pixel Clock Rate 65 135 MHz 

PLL MIN Generated Pixel Clock Accuracy tbd tbd % 

PLL MIN Generated Pixel Clock Jitter tbd 

Above parameters apply to predivided (i.e., before applying IlL) pixel clock generation. 
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AC Characteristics (continued) 

LD/SCLKI I 

P(63-0) 

VIDCLKI I 
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BrookIree" Bt445 

AC Characteristics (continued) 
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Figure 24. Video Output Timing. 
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Figure 25. MPU ReadlWrite Timing. 
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AC Characteristics (continued) 
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Figure 26. Reset, CPU Clock, and VIDCLK" Output Timing. 
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AC Characteristics (continued) 

Digital Pixel Output Port AC Timing Parameters 

Parameter Symbol Min Typ Max Units 

PCLK Cycle Time (Note I) 40 ns 
4-4-4 Mode 18.2 
8-8-8 Mode 36.4 

PCLK Edge to Data, Control Delay 41 15 ns 

PCLK Edge to Data, Control Hold 42 10 ns 

PCLK Pulse High Duty Cycle 43 40 60 % 

PCLK VIDCLK*, SCLK* rise/fall time 3 ns 

PSYNC", PBLANK*, PVSYNC*, PHSYNC* rise/fall time 7 ns 

O(R,G,B)(~) cycle time 36.4 ns 

O(R,G,B)(3-O) rise/fall time 5 ns 

Note 1: The cycle time parameters apply only when the PCLK output is enabled. See Figure 27. III 
:~ 
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~: :04 

40 
~: 

PCLK ~ \ I \ 
:~ 

41 
~: :~ 

41 
~: 

OR(3-0), 
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08(3-0) 
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~ *-
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PSYNC*, PBLANK*, 
PHSYNC*, PVSYNC* 

Figure 27. Pixel Output Port Timings. 

WORKSTATION GRAPHICS 5-7'9 



Bt445 Brooktree" 

Ordering Information 

Speed 
Ambient 

Model Number Package Temperature 
(MHz) 

Range 

Bt445KPF150 150 160-pin Plastic O· to +70· C 
Quad Flatpack 

Bt445KPF135 135 160-pin Plastic O· to +70· C 
Quad Flatpack 

Bt445KPFll0 110 160-pin Plastic O· to +70· C 
Quad Flatpack 
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Distinguishing 
Features 

165, 135, 125, 110, 80 MHz 
Operation 

• 4:1 or 5:1 Input MUX 
• 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 
• +5 V CMOS Monolithic 

Construction 

Applications 

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

Related Products 

• Bt431, Bt438, Bt439 
• Bt459, Bt460, Bt462, Bt468 

Functional Block Diagram 

PO·P? 
(A-E) 

OLO·OLl 
(A-E) 

SYNC" 

CLOCK* CLOCK V AA GNO FS ADJUST VREF 

B~K* ~~cM22===C~_~·.~SG~~·· cSG2L~2Si 

eEt R/W. CO CI DO-D7 

COMP 

IOR(N/C) 

IOG(IOUT) 

lOB (PLL) 

Brooktree Corporation· 9950 Barnes Canyon Rd .• San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO Ie· TLX: 383596· FAX: (619) 452-1249 
L458001 Rev. M 

Bt451 

Bt457 

Bt458 
125 MHz/135 MHz/ 

165 MHz 
Monolithic CMOS 
256 Color Palette 

RAMDAC™ 

Product Description 

The Bt451, Bt457, and Bt458 are pin- _ 
compatible and software-compatible RAM-
DACs designed specifically for high-
performance, high-resolu- tion color graph-
ics. 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 multiplex-
ing enable TTL-compatible interface (up to 
32 MHz) to the frame buffer, while main-
taining the 165 MHz video data rates re-
quired for sophisticated color graphics. 

The Bt451 has a 256 x 12 color lookup ta
ble 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 ta
ble with a single 8-bit video D/ A converter. 
It includes a PLL output to enable subpixel 
synchronization of multiple Bt457s. 

On-chip features include programmable 
blink rates, bit plane masking and blinking, 
color overlay capability, and a dual-port col
or palette RAM. 

Brooldree® 



Bt451/457/458 
Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt451/457/458 supports a standard MPU bus inter
face, 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 presented in Table 1, the CO and CI control in
puts, in conjunction with the internal address regis
ter, specify which control register, color palette 
RAM entry, or overlay register will be accessed by 
the MPU. 

The 8-bit address register (ADDR0-7) is used to 
address the internal RAM and registers, eliminating 
the requirement for external address multiplexers. 
ADDRO corresponds to DO and is the least signifi
cant bit. 

8t451/458 Reading/Writing Color Data 

To write color data, the MPU loads the address regis
ter with the address of the color palette RAM loca
tion 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 3 bytes of color information are con
catenated into a 24-bit word (12-bit word for the 

ADDR0-7 C1 

$xx 0 
$OO-,$FF 0 

$00 I 
$01 I 
$02 I 
$03 I 
$04 I 
$05 1 
$06 1 
$07 1 

CO 

0 
I 
I 
I 
1 
I 
0 
0 
0 
0 

Brooktree® 

Bt451) and written to the location specified by the 
address register. The address register then incre
ments to the next location, which the MPU may 
modify by writing another sequence of red, green, 
and blue data. The Bt451 uses only the 4 most sig
nificant bits of color data (D4-D7) and ignores 
DO-D3. 

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 CI to select either the col
or palette RAM or overlay registers. Following 
the blue read cycle, the address register increments 
to the next location, which the MPU may read by 
reading another sequence of red, green, and blue 
data. The Bt451 outputs only 4 bits of color data 
onto D4-D7 and forces DO-D3 to logical zeros. 

When accessing the color palette RAM, the ad
dress 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 over
lay register 3. To keep track of the red, green, and 
blue read/write cycles, the address register has 2 
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 8 bits of the address regis
ter (ADDRO-7) are accessible to the MPU. 

Addressed by MPU 

address register 
color palette RAM 

overlay color 0 
overlay color I 
overlay color 2 
overlay color 3 

read mask register 
blink mask register 
command register 

control/test register 

Table 1. Address Register (ADDR) Operation. 

5--82 SECTION 5 



Brooldree® 
Circuit Description (continued) 

8t457 ReadinglWriting 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 incre
ments to the next location, which the MPU may 
modify by writing another color. 

Reading color data is similar to writing it, ex
cept the MPU executes read cycles. 

This mode is useful if a 24-bit data bus is availa
ble, as 24 bits of color information (8 bits each of 
red, green, and blue) may be read or written to 
three Bt457s in a single MPU cycle. In this appli
cation, the CE* inputs of all three Bt457s are con
nected together. If only an 8-bit data bus is availa
ble, 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, and green CE* during green write cycle). 

When accessing the color palette RAM, the ad
dress register resets to $00 after a read or write cy
cle to location $FF. When accessing the overlay 
registers, the address register increments to $04 fol
lowing a read or write cycle to overlay register 3. 

8t457 Reading/Writing Color Data 
(RGBMode) 

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 over
lay registers. After the blue write cycle, the ad
dress register then increments to the next location, 
which the MPU may modify by writing another se
quence of red, green, and blue data. Reading color 
data is similar to writing it, except the MPU exe
cutes read cycles. 

Bt451/457/458 

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 ap
plication, 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 ad
dress 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 over
lay register 3. To keep track of the red, green, and 
blue read/write cycles, the address register has 2 
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 8 bits of the address regis
ter (ADDRO-7) are accessible to the MPU. 

Additiona/lnformation 

Although the color palette RAM and overlay regis
ters are dual ported, if the pixel and overlay data 
are addressing the same palette entry being written 
to by the MPU during the write cycle, 1 or more of 
the pixels on the display screen can be disturbed. 
·A maximum of 1 pixel is disturbed if the write 
data from the MPU is valid during the entire chip 
enable time. 

The control registers are also accessed through 
the address register in conjunction with the CO and 
Cl inputs, as specified in Table 1. All control reg
isters may be written to or read by the MPU at any 
time. The address register does not increment fol
lowing read or write cycles to the control registers, 
facilitating read-modify-write operations. 

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. 
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Circuit Description (continued) 

Frame Buffer Interface 

To enable pixel data to be transferred from the 
frame buffer at TTL data rates, the Bt4511457/458 
incorporates internal latches and multiplexers. As 
illustrated in Figure 1, 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) informa
tion, for either 4 or 5 consecutive pixels, are 
latched into the device. With this configuration, 
the sync and blank timing will be recognized only 
with 4- or 5-pixel resolution. Typically, the LD* 
signal is used to clock external circuitry to gener
ate the basic video timing. 

Each clock cycle, the Bt451/457/458 outputs 
color information based on the {A} inputs, fol
lowed by the {B} inputs, then the {C} inputs, etc., 
until all 4 or 5 pixels have been output, at which 
point the cycle repeats. 

The overlay inputs may have pixel timing, facil
itating 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. 

LD+ 

PO.P7{A E}, 

OLD·OLl {A· E},DATA 

Brooktree® 

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 de
rived by externally dividing CLOCK by 4 or 5 in
dependent 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*, inde
pendent of the clock phase. 

Internal logic maintains an internal LOAD sig
nal 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 trans
fers the latched pixel and overlay data into a sec
ond set of latches, which are then internally multi
plexed 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*. 

SYNC*,BLANK* _ ~ __ _ 

lOR. lOG, lOB 

(lOUT -_ B1457) 
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BrooktreeQt 
Circuit Description (continued) 

C%r $e/ection 

Each clock cycle, 8 bits of color information (PO
P1) and 2 bits of overlay information (OLD, aLl) 
for each pixel are processed by the read mask, 
blink mask, and command registers. Through the 
control registers, individual bit planes may be ena
bled or disabled for display, and/or blinked at one 
of four blink rates and duty cycles. 

To ensure blinking does not cause a color 
change to occur during the active display time 
(Le., in the middle of the screen), the Bt45114571 
458 monitors the BLANK* input to determine ver
tical 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. PO is the LSB when 
addressing the color palette RAM. Table 2 is the 
truth table used for color selection. 

CR6 Ol1 OlO PO-P7 

1 0 0 $00 
1 0 0 $01 
: : : : 
1 0 0 $FF 
0 0 0 $xx 
x 0 1 $xx 
x 1 0 $xx 
x 1 1 $xx 

Bt451/457/458 

Video Generation 

Every clock cycle, the selected color information 
from the color palette RAMs or overlay registers is 
presented to the D/A converters. 

The SYNC* and BLANK* inputs are pipelined 
to maintain synchronization with the pixel data. 
They add appropriately weighted currents to the 
analog outputs, producing the specific output lev
els required for video applications, as illustrated in 
Figure 2. 

The varying output current from each of the DI 
A converters produces a corresponding voltage 
level, which is used to drive the color CRT moni
tor. Only the green output (lOG) 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 
currents are routed to either the current output or 
GND by a sophisticated decoding scheme. This 
architecture eliminates the need for precision com
ponent ratios and greatly reduces the switching 
transients associated with turning current sources 
on or off. Monotonicity and low glitch are guaran
teed -by using identical current sources and current 
steering their outputs. An on-chip operational am
plifier stabilizes the D/A converter's full-scale out
put current against temperature and power supply 
variations. 

Addressed by Frame 

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) 

IOR,IOB IOG(lOun 

MA V MA V 

19.05 0.714 26,67 1.000 -.----~~--------------------_=-------willmwva 

1.44 0.054 9.05 0.340 -r-----------+-------4~--------~-----BUCKwva 

7.5 IRE 
0.00 0,000 7.62 0.286 -r-----------L--,.--,----I----------------- BUNK· LEVEL 

40 IRE 

0.00 0.000 -'-_____________ .L-...L-___________________ SYNC LEva 

Note: 75 n doubly-terminated load, RSET = 523 n, and VREF = 1.235 V. RS-343A levels and tolerances 
are assumed on all levels. 

Figure 2. Composite Video Output Waveforms. 

Description lOG (lOUT) IOR,IOB SYNC* BLANK* DAC 
(rnA) (rnA) 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 lOG = 26.67 rnA. RSET = 523 nand VREF = 1.235 V. The Bt451 uses only 
the upper 4 DAC input data bits. 

Tab/e 3. Video Output Truth Tab/e. 
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Brooktree® 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 initializcd. For proper operation, it 
mnst be initialized by the user after power-up. 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 (25175) 
(01) 16 on, 16 off (50/50) 
(10) 32 on, 32 off (50/50) 
(11) 64 on, 64 off (50/50) 

aLl blink enable 

(0) disable blinking 
(1) enable blinking 

OLO blink enable 

(0) disable blinking 
(1) enable blinking 

This bit specifies whether 4: I or 5: I multiplexing is to be 
used for the pixel and overlay inputs. If 4: I is specified, 
the {E} pixel and {E} overlay inputs are ignored and 
should be connected to GND, and the LD* input should be 
one fourth the CLOCK rate. If 5: I is specified, all of the 
pixel and overlay inputs are used, and the LD* input 
should be one fifth the CLOCK rate. 

The pipeline delay of the Bt457/458 can be reset to a fixed 
eight 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 2 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 (percent on/ofO. 

If a logical one, this bit forces the aLl {A-E} inputs to 
toggle between a logical zero and the input value at the 
selected blink rate prior to pallett selection. A value of 
logical zero does not affect the value of the aLl {A-E} 
inputs. In order for overlay I 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 pallett selection. 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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Bt451/457/458 
Internal Registers (continued) 

Command Register (continued) 

CRI 

CRO 

OLI display enable 

(0) disable 
(1) enable 

OLO display enable 

(0) disable 
(1) enable 

Read Mask Register 

Brooktree@ 

If a logical zero, this bit forces the OLl {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. For proper operation, it must be initialized by the user after power-up. 

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. For proper operation, it must be 
initialized by the user after power-up. 
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Brooktree@ Bt451/457/458 
Internal Registers (continued) 

8t4511458 Test Register 

The test register provides diagnostic capability by enabling the MPU to read the inputs to the DI A converters. It may be 
written to or read by the MPU at any time and is not initialized. For proper operation, it must be initialized by the user after 
power-up. When writing to the register, the upper 4 bits (D4-D7) are ignored. 

The contents of the test register are defined 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 
Dl green enable 
DO red enable 

To use the test register, the host MPU writes to it, setting only one of the (red, green, or blue) enable bits. These bits 
specify which 4 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 4 bits of color information from the DAC inputs are contained in the upper 4 
bits, and the lower 4 bits contain the (red, green, blue, and low or high nibble) enable information previously written . 
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 4 bits of red color information being presented to the DI A converters, the MPU writes to the . 
test register, setting only the red enable bit. The MPU then reads the test register, keeping the pixel data stable, which 
results in D4-D7 containing R4-R7 color bits and DO-D3 containing (red, green, blue, and low or high nibble) enable 
information, as illustrated below: 

D7 R7 
D6 R6 
D5 R5 
D4 R4 

D3 0 
D2 0 
Dl 0 
DO 

Since the Bt451 has 4-bit D/A converters, bit D3 of the test register will always be a logical zero. 
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Bt451/457/458 BrooktreeQi 
Internal Registers (continued) 

at457 Contra/nest Register 

The control/test register provides diagnostic capability by enabling the MPU to read the inputs to the 01 A converter. It may 
be written to or read by the MPU at any time and is not initialized. For proper operation, it must be initialized by the user 
after power-up. When writing to the register, the upper 4 bits (04-07) are ignored. 

The contents of the test register are defined as follows: 

07-04 color information 

D3 low (logical one) or high (logical zero) nibble 
02 blue channel enable 
Dl green channel enable 
DO red channel 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 4 bits of color information from the OAC inputs are contained in the upper 4 bits, and the 
lower 4 bits contain whatever was previously written to the register. 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 in which color data is written to and read from, the Bt457. 
If all three enable bits are logical zeros, each write cycle to the color palette RAM or overlay registers loads 8 bits of color 

data. During each read cycle of the color palette RAM or overlay registers, 8 bits of color data are output onto the data 
bus. If a 24-bit data bus is available, three Bt457s can be accessed simultaneously. 

If any of the red, green, or blue enable bits is 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. CE* must be a logical zero during each of the red-green-blue cycles. Only I of the enable bits must be a 
logical one. This mode of operation is useful when only an 8-bit data bus is available and the software· drivers are written 
for RGB operation. 
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Brooktree® Bt451/457/458 
Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

LD* 

PO-P7 
{A-E) 

OLO-OLl 
{A-E) 

lOR, lOG, lOB, 
lOUT 

PLL 

Description 

Composite blank control input (TTL compatible). A logical zero drives the analog outputs to the 
blanking level, as specified in Table 3. BLANK* 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 (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 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*. If sync information is not to be generated on the lOG output, this 
pin should be connected to GND. 

Load control input (TTL compatible). The PO-P7 {A-E). OLO-OLI {A-E). BLANK*, and 
SYNC* inputs are latched on the rising edge ofLD*. While LD* is either one fourth or one fifth the 
CLOCK rate, it may be phase independent of the CLOCK and CLOCK* inputs. LD* may have any 
duty cycle within the limits specified in the AC Characteristics section. 

Pixel select inputs (TTL compatible). These inputs are used to specify, on a pixel basis, which I of 
the 256 entries in the color palette RAM is to be used to provide color information. Either 4 or 5 
consecutive pixels (up to 8 bits per pixel) are input through this port. They are latched on the rising 
edge of LD*. Unused inputs should be connected to GND. 

The {A 1 pixel is output first, followed by the {B) pixel, then the {C) pixel, etc., until all 4 or 5 
pixels have been output, at which point the cycle repeats. 

Overlay select inputs (TTL compatible). These control inputs are latched on the rising edge of LD*. 
In conjunction with bit 6 of the command register, they specify which palette is to be used for color 
information, as follows: 

OL1 OLD CR6 = 1 CR6 = D 

0 0 color palette RAM overlay color 0 
0 I overlay color I overlay color I 
I 0 overlay color 2 overlay color 2 
I I overlay color 3 overlay color 3 

When accessing the overlay palette, the PO-P7 {A-E) inputs are ignored. Ovcrlay information bits 
(up to 2 bits per pixel) for either 4 or 5 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 can directly drive 
a doubly-terminated 75 n coaxial cable (see Figure 4 in the PC Board Layout Considerations 
section). 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 subpixel 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 (rnA) = 3,227 * VREF ( V) I RSET (n) 

If subpixel synchronization of multiple devices is not required, this output should be connected to 
GND (either directly or through a resistor up to 150 n). 
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Pin Descriptions (continued) 

Pin Name 

COMP 

FSADJUST 

VREF 

CLOCK, 
CLOCK'" 

CE* 

RIW 

CO,Cl 

DO--D7 

VAA 

GND 

Description 

Compensation pin. This pin provides compensation for the internal reference'lllllplifier. A 0.1 j.IF 
ceramic capacitor must be connected between this pin andVAA (Figure 4). 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 and to maximize the capacitor's self-resonant frequency to be greater than the LD* 
frequency. The PC Board Layout Considerations section contains critical layout criteria. 

Full-scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full-scale video signal (Figure 3). 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 (or lOUT for the Bt457) is: 

RSET (n) = 11,294 '" VREF ( V) I lOG (rnA) 

The full-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 (n) 

Voltage reference input. An external voltage reference circuit, such as that shown in Figure 4, must 
supply this input with a 1.235 V (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 j.IF ceramic capacitor is used to decouple this input to V AA, 
as shown in Figure 4. If VAA is excessively noisy, better performance may be obtained by 
decoupling VREF to GND. The decoupling capacitor must be as close to the device as possible to 
keep lead lengths to an absolute minimum. Refer to the PC Board Layout Considerations section for 
critical layout criteria. 

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured for 
single-supply (+5 V) operation. The clock rate is typically the pixel clock rate of the system. Refer 
to the PC Board Layout Considerations section for critical layout criteria. 

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*. Glitches should be avoided on this edge-triggered input. 

Read/write control input (TTL compatible). To write data to the device, both CE* and RIW must be 
a logical zero. To read data from the device, CE'" must be a logical zero and RIW must be a logical 
one. RIW 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 presented 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 8-bit 
bidirectional data bus. DO is the least significant bit. 

Analog power. All V AA pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations seCtion for critical layout criteria. 

Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
latchuJi. Refer to the PC Board Layout Considerations section for critical layout criteria. 
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Brooktree@ Bt451/457/458 
Pin Descriptions (continued)-84-Pin J-Lead Package 

P2A 

PIB 

PID 

PIC 

PIB 

PIA 

POB 

POD 

POe 

POB 

POA 

OLIB 

OLID 

OLIC 

OLIB 

OLIA 

OLOB 

OLOD 

OLOe 

OLOB 

OLOA 

Note: Bt457 pin names are in parentheses. 

P4B 

PSA 

PSB 

PSC 

PSD 

PSB 

P6A 

P6B 

P6C 

P6D 

P6B 

P7A 

P7B 

P7C 

P7D 

P7B 

VAA 

GND 

VAA 

GND 

VREF 
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Pin Descriptions (continued}-84-pin PGA Package 

Signal Pin Signal Pin Signal Pin 
Number Number Number 

BLANK* L9 P5A Kll VAA CI2 
SYNC* MIO P5B Ll2 VAA Cll 

LD* M9 P5C KI2 VAA A9 
CLOCK· L8 P5D Jll VAA L7 
CLOCK M8 P5E 112 VAA M7 

VAA A7 
POA GI P6A Hll 
POB G2 P6B HI2 GND BI2 
POe HI P6C GI2 GND BIl 
POD H2 P6D GIl GND M6 
POE 11 P6E FI2 GND B6 

GND A6 
PIA J2 P7A Fll 
PIB KI P7B EI2 COMP AI2 
PIC LI P7C Ell FS ADJUST BIO 
PlD K2 P7D 012 VREF CIO 
PIE L2 P7E 011 

CE~ AS 
P2A K3 OLOA Al RIW B8 
P2B MI OLOB C2 CI A8 
P2C L3 OLOe BI CO B7 
P2D M2 OLOD CI 
P2E M3 OLOE D2 DO C3 

01 B2 
P3A lA OLlA 01 D2 B3 
P3B M4 OLlB E2 D3 A2 
P3C L5 OLIC EI D4 A3 
P3D M5 OLlD FI D5 B4 
P3E L6 OLlE F2 D6 A4 

D7 B5 
P4A MIl lOG (lOUT) AIO 
P4B LIO lOB (PLL) All 
P4C Lll lOR (N/C) B9 
P4D KIO 
P4E MI2 

Note: BI457 pin names are in parentheses. 

5-94 SECTION 5 



Brooktree@ Bt451/457/458 
Pin Descriptions (continued)-84-pin PGA Package 

12 COMP GND VAA P7D P7B P6E P6C P6B PsE PSC PSB P4E 

11 lOB GND VAA P7E P7C P7A P6D P6A PSD P5A P4C P4A 

10 lOG FSADI VREF P4D P4B SYNC' 

VAA lOR BLK· LD' 

CI R/W Bt451/457/458 CLK' CLK 

VAA co VAA VAA 

GND GND (TOP VIEW) P3E GND 

CE' D7 P3C P3D 

D6 D5 P3A P3B 

D4 D2 DO P2A P2C P2E 

D3 Dl OLOB OLOE OLiB OLIE POB POD PIA PlO PIE P2D 

10LOAI OLOe OLOD OLIA OLIC OLiD POA POe POE PIB PIC P2B -A B C D E F G H K L M 

alignment marker (on top) 

12 P4E PSB P5C PSE P6B P6C P6E P7B P7D VAA GND COMP 

11 P4A P4C P5A P5D P6A P6D P7A P7C P7E VAA GND lOB 

10 SYNC' P4B P4D VREF FSADI lOG 

ill" BLK* lOR VAA 

CLK eLK· R/W CI 

VAA VAA CO VAA 

(BOTTOM VIEW) 
GND P3E GND GND 

P3D P3C D7 CE" 

4 P3B P3A D5 D6 

P2E P2C P2A DO D2 D4 

P2D PIE PID PIA POD POB OLlE OLIB OLOE OLOB Dl D3 

P2B PIC PIB POE POe POA OLlO OLiC OLiA OLOD OLOe I OLOA I 
M L K H G F E D C B A 

Pin 81451/458 81457 

AID lOG lOUT 
All lOB PLL 
B9 lOR N/C 
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Bt451/457/458 
PC Board Layout Considerations 

PC Board Considerations 

The Bt451, Bt457, and Bt458 layouts should be opti
mized for lowest noise on their power and ground 
lines by shielding the digital inputs and providing 
good decoupling. The trace length between groups of 
V AA and GND pins should be as short as possible to 
minimize inductive ringing. 

A well-designed power distribution network is criti
cal to eliminating digital swjtching noise. The ground 
plane must provide a low-impedance retum path for 
the digital circuits. A PC board with a minimum of six 
layers is recommended. The ground layer should be 
used as a shield to isolate noise from the analog traces 
with layer 1 (top) the analog traces, layer 2 the ground 
plane, layer3 the analog power plane, and the remain
ing layers used for digital traces and digital power sup
plies. 

The optimum layout enables the Bt451, Bt457, and 
Bt458 to be located as close as possible to the power 
supply connector and the video output connector. 

Power and Ground Planes 

The power and ground planes need isolation gaps to 
minimize digital switching noise effects on the analog 
signals and components. These gaps need to be at least 
1I8-inch wide. They are placed so that digital currents 
cannot flow through a peninsula that contains the ana
log components, signals, and video connector. A sam
ple layout is shown in Figure 3. 

Device Decoupling 

For optimum performance, all capacitors should be lo
cated as close as possible to the device, using the 
shortest possible leads (consistent with reliable opera
tion) to reduce the lead inductance. Chip capacitors 
are recommended for minimum lead inductance. Radi
allead ceramic capacitors may be substituted for chip 
capacitors and are better than axial lead capacitors for 
self-resonance. . Values are chosen to have self
resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is ob
tained by providing a 0.1 j.IF ceramic capacitor in par
allel with a 0.01 j.IF chip capacitor to decouple each 
group of VAA pins to GND. The capacitors should be 
placed as close as possible to the device V AA and 
GNDpins. 
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The 10 j.IF capacitor shown in Figure 4 is for low
frequency power supply ripple; the 0.1 j.IF and 0.01 j.IF 
capacitors are for high-frequency power supply noise 
rejection. The decoupling capacitors should be con
nected at the V AA and GND pins, using short, wide 
traces. 

When using a linear regulator, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than 200 
mY. This is especially important when a switching 
power supply is used and the switching frequency is 
close to the raster scan frequency. Note that about 10 
percent of power supply hum and ripple noise less 
than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

The COMP pin must be decoupled to V AA, typically 
with a 0.1 j.IF ceramic capacitor. Low-frequency sup
ply noise will require a larger value. The COMP ca
pacitor must be as close as physically possible to the 
COMP and V AA pins. A surface-mount ceramic chip 
capacitor is preferred for minimal lead inductance, 
which degrades the noise rejection of the circuit. 
Short, wide traces will also reduce lead inductance. 

If the display has a ghosting problem, additional ca
pacitance in parallel with the COMP capacitor may 
help. 

Digital Signal Interconnect 

The digital inputs to the Bt451, Bt457, and Bt458 
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 and out
put signals. 

Most noise on the analog outputs will be caused by 
excessive edge rates (less than 3 ns), overshoot, under
shoot, and ringing on the digital inputs. 

The digital edge rates should be no faster than nec
essary, as feedthrough noise is proportional to the digi
tal edge rates. Lower speed applications will benefit 
from using lower speed logic (3-5 ns edge rates) to re
duce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time. Line 
termination or line length reduction is the solution. For 
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example, logic edge rates of 2 ns require line lengths 
of less than 4 inches without using termination. Ring
ing may be reduced by damping the line with a series 
resistor (30-300 Q). 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing 90 degrees to 
any analog signals. 

The clock driver and all other digital devices on the 
circuit board must be adequately decoupled to prevent 
the noise generated by the digital devices from 
coupling into the analog circuitry. 

Analog Signal Interconnect 

The Bt451, Bt457, and Bt458 should be located as 
close as possible to the output connectors to minimize 
noise pickup and reflections caused by impedance 
mismatch. 

The analog outputS are susceptible to crosstalk 
from digital lines; digital trac.es must not be routed 
under or adjacent to the analog output traces. 

The video output signals should not overlay the ana
log power plane, to maximize the high-frequency pow
er supply rejection. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. 

Analog output video edges exceeding the CRT 
monitor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters Can re
duce high-frequency energy, reducing EMI and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 

The Bt451, Bt457, and Bt458 analog ou::puts should 
be protected 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 4 can 
prevent latchup 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 (BA V99 or MMBD7(01). 

Figure 3. Sample Layout Showing Power and Ground Plane Isolation Gaps. 
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Bt451/457/458 

RSET 

Rl R2 R3 

FSADJUST 

(N/C) lOR 

(IOUI) lOG 

(PLL) lOB 

Note: Bt457 pin names are in parenthesis. 
Each pair of device VAA and GND pins must 
be separately decoupled with O.IIJF and 0.01 

DAC 
IJF capacitors. 

OUTPUT 

Note 1: Not used with Bt457. 

Location Description 

CI-C4, C8, C9 0.1 IJF ceramic capacitor 
C5-C7 0.01 IJF ceramic chip capacitor 

CIO 10 IJF tantalum capacitor 
Ll ferrite bead 

RI, R2, R3 75 n I % metal film resistor 
R4 1000 n 1 % metal film resistor 

RSET 523 n I % metal film resistor 
Zl 1.2 V voltage reference 

C9 

P 

P 

CD 

+ 
CIO 

(Note 1) 
TO 

VIDEO 

CONNECTOR 

(Note 1) 

VAA 

lN4148/9 

TO MONITOR 

lN4148/9 

GND 

Cl 

+5V(VCC) 

GROUND 

(POWER SUPPLY 

CONNECfOR) 

Vendor Part Number 

Erie RPEI12Z5Ul04M50V 
AVX 12102T103QA1018 
Mallory CSR13Gl06KM 
Fair-Rite 2743001111 
Dale CMF-55C 
Dale CMF-55C 
Dale CMF-55C 
National Semiconductor LM385Z-1.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt4511457/458. R3 is not used with Bt457 (see the Application Information 
section). 

Figure 4. Typical Connection Diagram and Parts List. 
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Application Information 

Clock Interfacing 

Because of the high clock rates at which the 
Bt451, Bt457, and Bt458 may operate, they are de
signed to accept differential clock signals 
(CLOCK and CLOCK*). These clock inputs are 
generated by ECL logic operating at +5 V. 'the 
CLOCK and CLOCK* inputs require termination 
resistors (220 U to GND) that should be located as 
close as possible to the clock driver. A 150 U chip 
resistor connected between the RAMDAC's 
CLOCK and CLOCK* pins is also required to en
sure proper termination. It should be located as 
close as possible to the RAMDAC. (See Figure 5.) 

Applications of 165 MHz require robust ECL 
clock signals with strong pulldown (-20 rnA at 
VOH) and double termination for clock trace 
lengths greater than 2 inches. 

The CLOCK and CLOCK* inputs must be dif
ferential signals and greater than 0.6 V peak to 
peak because of the noise margins of the CMOS 
process. The Bt4511457/458 will not function if it 
uses a single-ended clock with CLOCK* connect
ed to ground. 

+sv 
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Typically, LD* is generated by dividing 
CLOCK by 4 or 5 (depending on whether 4:1 or 
5:1 multiplexing was specified) and translating the 
result to TTL levels. As LD* may be phase shift
ed relative to CLOCK, propagation delays need 
not be considered when the LD* signal is derived. 
LD* may be used as the shift clock for the video 
DRAMs and to generate the fundamental video 
timing of the system (e.g., SYNC* and BLANK*). 

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 Bt4511457/458, and 
set the pipeline delay of the Bt457 and Bt458 to 
eight clock cycles. Figures 5 and 6 illustrate use of 
the Bt438 with the Bt4511457/458. 

When a single Bt457 is used, the PLL output is 5 
ignored and should be connected to GND (either 
directly or through a resistor up to 150 U). 

+sv 
C~KI---_----_>------!C~K 

MONITOR 

PRODUcrs 

970E 

220 

330 

8t451/458 

CLOCK*I---_>---------4>------!CLOCK* 

81438 

WAI---~-----~W' 

lK 

Figure 5. Generating the 8t4511458 Clock Signals. 
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Setting the Pipeline Delay 
(8t457 and 8t458) 

The pipeline delay of the Bt457/458, although 
fixed after a power-up condition, may be anywhere 
from six to ten clock cycles. The Bt457/458 con
tains additional circuitry enabling the pipeline de
lay to be fixed at eight clock cycles. The Bt438 
and Bt439 Clock Generator Chips support this 
mode of operation when they are used with the 
Bt457/458. 

To reset the Bt457/458, it should be powered up 
with LD*, CLOCK, and CLOCK* running. The 
CLOCK and CLOCK* signals should be stopped 
with CLOCK high and CLOCK* low for at least 
three rising edges of LD*. The device can be held 
with CLOCK and CLOCK* stopped for an unlim
ited time. 

CLOCK and CLOCK*. should be restarted so 
that the fIrst edge of the signals is as close as pos
sible 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 
the clocks are restarted, the minimum clock pulse 
width must not be violated. 

+sv 
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When the Bt457/458 is reset to an eight-clock
cycle pipeline delay, the blink counter circuitry is 
not reset. 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 should be logical zeros. Software may 
control blinking through the read mask register 
and overlay display enable bits. 

In standard operation, the Bt457/458 must be re
set only following a power-up or reset condition. 
Under these circumstances the on-chip blink cir
cuitry may be used. 

8t457 Color Display Applications 

For color display applications in which up to four 
Bt457s are being used, it is recommended that the 
Bt439 Clock Generator Chip be used to generate 
the clock and load signals. It supports the 4: 1 and 
5:1 input multiplexing of the Bt457, synchronizes 
the clock and load signals to subpixel resolution, 
and sets the pipeline delay of the Bt457 to eight 
clock cycles. The Bt439 may also be used to inter
face the Bt457 to a TTL clock. Figure 7 illustrates 
use of the Bt439 with the Bt457. 

CLOCK 1-----<1>------+-"-1 CLOCK 
MONITOR 

PRODUCTS 

970E 

220 

330 

Bt457 

CLOCK" f-_---------..jCLOCK* 

Bt438 220 

WAf---------..jLD" 

vruwl------.I'VL-~-IVR~ 

lK 

Figure 6. Generating the 8t457 Clock Signals (Monochrome Application). 
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Subpixel synchronization is supported by the 
PLL output. Essentially, PLL provides a signal to 
indicate the amount of analog output delay of the 
Bt457 relative to CLOCK. The Bt439 compares 
the phase of the PLL signals generated by up to 
four Bt457s, and adjusts the phase of each of the 
CLOCK and CLOCK* signals to the Bt457s to 
minimize the PLL phase difference. There should 
be minimal layout skew in the CLOCK and PLL 
trace paths to ensure proper clock alignment. 
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8t439 
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PLL! 

CLOCK! 
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If subpixel synchronization of multiple Bt457s 
is not necessary, the Bt438 Clock Generator Chip 
may be used rather than the Bt439. In this in
stance, the CLOCK, CLOCK*, and LD* inputs of 
up to four Bt457s are connected together and driv
en by a single Bt438 (daisy chain with single bal
anced termination for <100 MHz or through a 
lOH116 buffer for >100 MHz). The VREF inputs 
of the Bt457s must still have a 0.1 ~ bypass ca· 
pacitor to V AA. The PLL outputs would not be 
used and should be connected to GND (either di
rectly or through a resistor up to 150 Q). 

PLL 

CLOCK 

CLOCK' 
8t457 

W' #1 VAA 

T 
VRBF 

8t457 

VAA #2 

To.! 
VREF 

PLL 

CLOCK 

CLOCK' 
8t457 

LD' 
VAA #3 

To.l 
VRBF 

Figure 7. Generating the 8t457 Clock Signals (Color Application). 
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Using Multiple Devices 

When multiple RAMDACs are used, each RAM
DAC should have its own power plane ferrite 
bead. In addition, a single voltage reference may 
drive multiple devices; however, isolation resis
tors are recommended to reduce color channel 
crosstalk. 

Higher performance may be obtained if each 
RAMDAC has its own voltage reference. This 
may further reduce the amount of color channel 
crosstalk and color palette interaction. 

Each RAMDAC must still have its own RSET 
resistor, analog output termination resistors, power 
supply bypass capacitors, COMP capacitor, and 
VREF capacitor. 

8t457 Nonvideo Applications 

The Bt457 may be used in nonvideo 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 (0) = 7,457 * VREF (V) I lout (rnA) 

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

Imin (rnA) = 610 * VREF (V) I RSET (0) 

Therefore, the total full-scale output current will 
be lout + lmin. 

Initializing the 8t4511458 

Following a power-on sequence, the Bt451/458 
must be initialized. If the clockILD* sequence is 
controlled to reset the pipeline delay of the Bt458 
to a fixed pipeline delay of eight clock cycles, this 
initialization sequence must be performed after the 
reset sequence. The command register must also 
be reinitialized when the multiplex selection is 
changed (e.g., from 4:1 to 5:1 input multiplexing). 
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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 testregister 

Color Palette RAM Initialization 

Write $00 to address register 
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 $01) 
Write green data to RAM (location $01) 
Write blue data to RAM (location $01) 

Write red data to RAM (location $FF) 
Write green data to RAM (location $FF) 
Write blue data to RAM (location $FF) 

Overlay Color Palette Initialization 

Write $00 to address register 
Write red data to overlay (location $00) 
Write green data to overlay (location $00) 
Write blue datato overlay (location $00) 
Write red data to overlay (location $01) 
Write green data to overlay (location $01) 
Write blue data to overlay (location $01) 

Write red data to overlay (location $03) 
Write green data to overlay (location $03) 
Write blue data to overlay (location $03) 

C1,CO 

00 
10 
00 
10 
00 
10 
00 
10 

00 
01 
01 
01 
01 
01 
01 

01 
01 
01 

00 
11 
11 
11 
11 
11 
11 

11 
11 
11 
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Initializing the Bt457 (Monochrome) 

Following a power-on sequence, the Bt457 must 
be initialized. If the clockILD* sequence is con
trolled to reset the pipeline delay of the Bt457 to a 
fixed pipeline delay of eight clock cycles, this ini
tialization sequence must be performed after the 
reset sequence. The command register must also 
be reinitialized when the multiplex selection is 
changed (e.g., 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 

Write $00 to address register 
Write data to RAM (location $00) 
Write data to RAM (location $01) 

Write data to RAM (location $FF) 

Overlay Color Palette Initialization 

Write $00 to address register 
Write data to overlay (location $00) 
Write data to overlay (location $01) 

C1, CO 

00 
10 
00 
10 
00 
10 
00 
10 

00 
01 
01 

01 

00 
11 
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 par
allel to generate true color. A 24-bit MPU data bus 
is available to access all three Bt457s in parallel. 

The operation and initialization are the same as 
the monochrome application of the Bt457. 

Bt451/457/458 

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 to access the Bt457s. 

While accessing the command, read mask, blink 
mask, and control/test and address registers, each 
Bt457 must be accessed individually. While ac
cessing the color palette RAM or overlay registers, 
all three Bt457s are accessed simultaneously. 

Following a power-on sequence, the Bt457s 
must be initialized. If the clockILD* sequence is 
controlled to reset the pipeline delay of the Bt457s 
to a fixed pipeline delay of eight clock cycles, this 
initialization sequence must be performed after the 
reset sequence. The command register must also 
be reinitialized when the multiplex selection is 
changed (e.g., from 4: 1 to 5:1 input multiplexing). 

This sequence will configure the Bt457s as 
follows: 

4: 1 multiplexed operation 
no overlays 
no blinking 
eachBt457 initialized as ared,green, orbluedevice 

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 
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00 
10 
00 
10 
00 
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00 
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00 
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00 
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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 

Color Palette RAM Initialization 

00 
10 
00 
10 
00 
10 
00 
10 

Write $00 to all three address registers 00 
Write red data to RAM (location $00) 01 
Write green data to RAM (location $00) 01 
Write blue data to RAM (location $00) 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 
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Overlay Color Palette Initialization 

Write $00 to all three address registers 
Write red data to overlay (location $00) 
Write green data to overlay (location $00) 
Write blue data to overlay (location $00) 
Write red data to overlay (location $01) 
Write green data to overlay (location $01) 
Write blue data to overlay (location $01) 

Write red data to overlay (location $03) 
Write green data to overlay (location $03) 
Write blue data to overlay (location $03) 

ESD and Latchup Considerations 

00 
11 
11 
11 
11 
11 
11 

11 
11 
11 

Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can pro
duce symptoms of catastrophic failure or erratic 
device behavior with somewhat leaky inputs. 

All logic inputs should be held low until power 
to the device has settled to the specified tolerance. 
DAC power decoupling networks with large time 
constants should be avoided. They could delay 
V AA power to the device. Ferrite beads must be 
used only for analog power V AA decoupling. In
ductors cause a time constant delay that induces 
latchup. 

Latchup can be prevented by ensuring that all 
V AA pins are at the same potential and that the 
V AA supply voltage is applied before the signal 
pin voltages. The correct power-up sequence en
sures that any signal pin voltage will never exceed 
the power supply voltage by more than +0.5 V. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 n 
Reference Voltage VREF 1.20 1.235 1.26 V 
FS ADJUST Resistor RSET 523 n 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 V 

Voltage on Any Signal Pin (Note 1) GND-O.5 VAA + 0.5 V 
Analog Output Short-Circuit 

Duration to Any Power Supply 
or Common ISC 

indefinite 
Ambient Operating Temperature TA 
Storage Temperature TS -55 +125 °C 
Junction Temperature TJ -{i5 +150 °C 

Ceramic Package 
Plastic Package +175 °C 

+150 °C 
Soldering Temperature TSOL 

(5 seconds. 114" from pin) 260 °C 

Vapor Phase Soldering TVSOL 
(1 minute) 220 °C 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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DC 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 (118) LSB 
Differential Linearity Error DL ±1 (1116) LSB 

Gray-Scale Error ±S % Gray Scale 
Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
(except CLOCK, CLOCK*) 
Input High Voltage VIH 2.0 VAA+O.S V 
Input Low Voltage VlL GND-O.S 0.8 V 
Input High Current (Viii = 2.4 V) IIH 1 lJA 
Input Low Current (Vin = 0.4 V) IlL -1 lJA 
Input Capacitance CIN 4 10 pF 

(f = I MHz, Yin = 2.4 V) 

Clock Inputs (CLOCK, CLOCK*) 
Differential Input Voltage AVIN .6 6 V 
Input High Current (Vin = 4.0 V) IKlH I lJA 
Input Low Current (Vin = 0.4 V) IKiL ~1 lJA 
Input Capacitance CKiN 4 10 pF 

(f = I MHz, Yin = 4.0 V) 

Digital Outputs (OO--D7) 
Output High Voltage VOH 2.4 V 

(IOH = -800 lJA) 
Output Low Voltage VOL 0.4 V 

(IOL = 6.4 rnA) 
3-state Current IOZ 10 lJA 
Output Capacitance CDOUT 10 pF 

See test conditions on next page. 
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DC Characteristics (Continued) 

Parameter Symbol MIn Typ Max Units 

Analog Outputs 
Output Cunent 

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.IA 
Blank Level on lOG or lOUT 6.29 7.62 8.96 rnA 
Sync Level on lOG or lOUT 0 5 50 J.IA 
LSB Size 

Bt451 1.175 rnA 
Bt457. Bt458 69.1 J.IA 

DAO-to-DAC Matching (Note I) 2 5 % 
Output Compliance VOC -0.5 +1.2 V 
Output Impedance RAOUT 50 kQ 
Output Capacitance CAOUT 13 20 pF 

(f = I MHz. lOUT = 0 rnA) 

Voltage Reference Input Current lREF 10 J.IA 

Power Supply Rejection Ratio PSRR 0.5 %1 % IlVAA 
(COMP = 0.1 JlF. f = I kHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 Q and 
VREF = 1.235 V. As the above parameters are guaranteed over the full temperature range. temperature coefficients 
are not specified or required. Typical values are based on nominal temperature. i.e .• room temperature. and nominal 
voltage. i.e .• 5 V. 

Note 1: Does not apply to the Bt457. 
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AC Characteristics 

165 MHz Devices 135 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 165 135 MHz 
LD* Rate LDmax 41.25 33.75 MHz 

R/W, CO, Cl Setup Time 1 0 0 os 
R/W, CO, Cl Hold Time 2 15 15 os 

CE* Low Time 3 50 50 os 
CE* High Time 4 25 25 os 
CE* Asserted to Data Bus Driveo 5 7 7 ns 
CE* Asserted to Data Valid 6 75 75 os 
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 os 

Pixel and Control Setup Time 10 3 3 ns 
Pixel and Control Hold Time 11 2 2 ns 

Clock Cycle Time 12 6.06 7.4 ns 
Clock Pulse Width High Time 13 2.6 3 ns 
Clock Pulse Width Low Time 14 2.6 3 ns 

LD* Cycle Time 15 24.24 29.63 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 RiselFall Time 19 2 2 ns 
Analog Output Settling Time 20 8 8 ns 
Clock and Data Feedthrough (Note 1) 35 35 pV-sec 
Glitch Impulse (Note 1) 50 50 pV-sec 
Analog Output Skew (Note 2) 0 2 0 2 ns 

Pipeline Delay 6 10 Clocks 

VAA Supply Current (Note 3) IAA 
Bt451 nJa nJa 320 410 rnA 

Bt458 310 370 235 340 rnA 

Bt457 nJa nJa 207 257 rnA 

See test conditions and notes at the end of this section. 
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Brooktree® Bt451/457/458 
AC Characteristics (continued) 

125 MHz Devices 110 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 125 110 MHz 
LD* Rate LDmax 31.25 27.5 MHz 

RIW, CO, CI Setup Time 1 0 0 ns 
RIW, CO, CI Hold Time 2 IS 15 os 

CE*LowTime 3 50 50 ns 
CE* High Time 4 25 25 ns 
CE* Asserted to Data Bus Driven 5 7 7 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 8 9.09 ns 
Clock Pulse Width High Time 13 3.2 4 ns 
Clock Pulse Width Low Time 14 3.2 4 ns 

LD* Cycle Time IS 32 36.36 ns 
LD* Pulse Width High Time 16 13 15 ns 
LD* Pulse Width Low Time 17 13 IS ns 

Analog Output Delay 18 12 12 ns 
Analog Output RiselFall Time 19 2 2 ns 
Analog Output Settling Time 20 8 8 ns 
Clock and Data Feedthrough (Note I) 35 35 pV-sec 
Glitch Impulse (Note 1) 50 50 pV-sec 
Analog Output Skew (Note 2) 0 2 0 2 ns 

Pipeline Delay 6 10 6 10 Clocks 

V AA Supply Current (Note 3) IAA 
Bt45 I 310 400 295 385 rnA 

Bt458 225 330 210 315 rnA 

Bt457 200 250 190 240 rnA 

.. 
See test conditions and notes at the end of this section. 
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AC Characteristics (continued) 

80 MHz Devices 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 80 MHz 
LD* Rate LDmax 20 MHz 

RfW, CO, C1 Setup Time 1 0 ns 
RfW, CO, CI Hold Time 2 15 ns 

CE*LowTime 3 50 ns 
CE* High Time 4 25 ns 
CE* Asserted to Data Bus Driven 5 7 ns 
CE* Asserted to Data Valid 6 75 ns 
CE* Negated to Data Bus 3-Stated 7 15 ns 

Write Data Setup Time 8 35 ns 
Write Data Hold Time 9 3 ns 

Pixel and Control Setup Time 10 4 ns 
Pixel and Control Hold Time 11 2 ns 

Clock Cycle Time 12 12.5 ns 
Clock Pulse Width High Time 13 5 ns 
Clock Pulse Width Low Time 14 5 ns 

LD* Cycle Time 15 50 ns 
LD* Pulse Width High Time 16 20 ns 
LD* Pulse Width Low Time 17 20 ns 

Analog Output Delay 18 12 ns 
Analog Output RiselFall Time 19 2 ns 
Analog Output Settling Time 20 8 ns 
Clock and Data Feedthrough (Note 1) 35 pV-sec 
Glitch Impulse (Note 1) 50 pV-sec 
Analog Output Skew (Note 2) 0 2 ns 

Pipeline Delay 6 10 Clocks 

VAA Supply Current (Note 3) IAA 
Bt451 265 355 rnA 

Bt458 200 285 rnA 

Bt457 170 220 rnA 

See test conditions and notes on next pa~e. 
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Brooldree@ Bt451/ 457 / 458 
AC Characteristics (continued) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 nand VREF 
= 1.235 V. TTL input values are 0-3 V with input rise/fall times::; 4 ns, measured between the IO-percent and 
9O-percent points. ECL input values are VAA-O.S to VAA-1.S V with input rise/fall times::; 2 ns, measured between 
the 20-percent and SO-percent points. Timing reference points at 50 percent for inputs and outputs. Analog output 
load::; 10 pF and DO-D7 output load::; 75 pF. See timing notes in Figure S. As the above parameters are guaranteed 
over the full temperature range, temperature coefficients are not specified or required. Typical values are based on 
nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1: Clock and data feedthrough is a function of the number of edge rates, and the amount of overshoot and 
undershoot on the digital inputs. For this test, the TTL digital inputs have a 1 k n 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, and -3 dB test bandwidth = 2x clock rate. 

Note 2: Does not apply to the Bt457. 
Note 3: AtFmax. IAA (typ) atVAA =5.0V and TA= 20° C. IAA (max) at VAA = 5.25 V and TA= 0° C. 

Timing Waveforms 

PO.p) [A.BI, 

OLO·OLI [A.EI, 
SYNC', BLANK" 

lOR. lOG, lOB 
(lour - BT4S7) 

16 11 

DATA 

\0 

CLOCK 

II 18 

12 

14 

Note 1: Output delay time is measured from the 50-percent point of the rising clock edge to the 50-percent 
point of full-scale transition. 

Note 2: Output settling time is measured from the 50-percent point of full-scale transition to output settling 
within ±l LSB for the Bt457/45S or ± l/SLSB for the Bt451. 

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

Figure 8. Video Input/Output Timing. 
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Bt451/457/458 Brooktree® 
Timing Waveforms (continued) 

I I r-2-

VALID \ 
/ 

RIW, CO, CI 

3 

CE' 
\ 

~ 1\ / 4 

6 I 

5 I R V DATA OUT (RIW = I) 

" 
DO - D1 (READ) 

f DATA IN (RIW = 0) / 
/1\ 

8 

DO - D1 (WRITE) 

I 0-

MPU Read/Write Timing. 

Ordering Information 

Model Number RAM DACs Speed Package Ambient 
Temperature 

Range 

Bt458LG165 256 x 24 triple 8-bit 165 MHz 84-pin Ceramic 00 to +700 C 
PGA 

Bt458KG135 256 x 24 triple 8-bit 135 MHz 84-pin Ceramic 00 to +700 C 
PGA 

Bt458KG125 256 x 24 triple 8-bit 125 MHz 84-pin Ceramic 00 to +700 C 
PGA 

Bt458KGllO 256 x 24 triple 8-bit 110 MHz 84-pin Ceramic 00 to +700 C 
PGA 

Bt458KG80 256 x 24 triple 8-bit 80 MHz 84-pin Ceramic 00 to +700 C 
PGA 

Bt458LPJl65 256 x 24 triple 8-bit 165 MHz 84-Pin Plastic 00 to +700 C 
J-Lead 

Bt458LPJl35 256x24 triple 8-bit 135 MHz 84-Pin Plastic 00 to +700 C 
J-Lead 
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Brooktree® Bt451/457/458 
Ordering Information (continued) 

Ambient 
Model Number RAM DACs Speed Package Temperature 

Range 

Bt458LPJI25 256x24 triple 8-bit 125 MHz 84-Pin Plastic 0° to +70° C 
J-Lead 

Bt458LPJIlO 256 x 24 triple 8-bit 1l0MHz 84-Pin Plastic 0° to +70° C 
J-Lead 

Bt458LPJ80 256x24 triple 8-bit 80 MHz 84-Pin Plastic 0° to +70° C 
J-Lead 

Bt451KGl35 256 x 12 triple 4-bit 135 MHz 84-pin Ceramic 0° to +70° C 
PGA' 

Bt451KGl25 256 x 12 triple 4-bit 125 MHz 84-pin Ceramic 0° to +70· C 
PGA 

Bt451KGllO 256 x 12 triple 4-bit 1l0MHz 84-pin Ceramic 0° to +70° C 
PGA 

Bt451KG80 256 x 12 triple 4-bit 80 MHz 84-pin Ceramic 0° to +70° C 
PGA 

Bt451KPJI35 256)( 12 triple 4-bit 135 MHz 84-Pin Plastic 0° to +70° C 
J-Lead 

Bt451KPJI25 256 x 12 triple 4-bit 125 MHz 84-Pin Plastic 0° to +70° C 
J-Lead 

Bt451KPJIIO 256 x 12 triple 4-bit 1l0MHz 84-Pin Plastic 0° to +700 C 
J-Lead 

Bt451KPJ80 256 x 12 triple 4-bit 80 MHz 84-Pin Plastic 0° to +70° C 
J-Lead 

Bt457KG135 256 x 8 single 8-bit 135 MHz 84-pin Ceramic 0° to +70° C 
PGA 

Bt457KGl25 256 x 8 single 8-bit 125 MHz 84-pin Ceramic 0° to+70°C 
PGA 

Bt457KGllO 256 x 8 single 8-bit 1l0MHz 84-pin Ceramic 0° to +70° C 
PGA 

Bt457KG80 256x8 single 8-bit 80 MHz 84-pin Ceramic 0° to +70° C 
PGA 

Bt457KPJI35 256x8 single 8-bit 135 MHz 84-Pin Plastic 0° to +70° C 
J-Lead 

Bt457KPJI25 256x8 single 8-bit 125 MHz 84-Pin Plastic 0° to +70° C 
J-Lead 

Bt457KPJIlO 256x8 single 8-bit 1l0MHz 84-Pin Plastic 0° to +70° C 
J-Lead 

Bt457KPJ80 256x8 single 8-bit 80 MHz 84-Pin Plastic 0° to +70° C 
J-Lead 
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Distinguishing 
Features 

• 170,135,110 MHz Operation 
• 4: 1 Multiplexed TIL Pixel Ports 

.• Triple 4-bit D/A Converters 
• 16-Word Dual-Port Color Palette 
• 1 Dual-Port Overlay Palette 
• RS-343A-Compatible Outputs 
• Standard MPU Interface 
• +5 V CMOS Monolithic 

Construction 
• 44-pin PLCC Package 
• Typical Power Dissipation: 1 W 

Applications 

• High-Resolution Color Graphics 
• CAFlCAD/CAM 
• Image Processing 
• Video Reconstruction 
• Desktop Publishing 

Related Products 

• Bt451, Bt457, Bt458, Bt459 
Bt460, Bt468 

Functional Block Diagram 

LD' 

1'O-P3 
(A-D) 

OL(A-D) 

SYNC' 

BLANK' 

CLOCK· CLOCK V AA GND FSADJUST 

CE· RIW co CI 00-03 

Brooktree Corporation· 9950 Barnes Canyon Rd.· San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
1A54001 Rev. K 

Bt454 

Bt455 
170 MHz 

Monolithic CMOS 
16 Color Palette 

RAMDAC™ 

Product Description 
The Bt454 and Bt455 are pin-compatible ~ 
and software-compatible RAMDACs de~ __ 
signed specifically for high-performance, 
high-resolution color graphics. The architec-
ture enables the display of 1600 x 1200 bit-
mapped color graphics (up to 4 bits per pixel 
plus 1 bit of overlay information), minimiz-
ing the necessity 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 42.5 
MHz) to the frame buffer, while maintaining 
the 170 MHz video data rates required for 
sophisticated color' graphics. 

The Bt454 is. a triple 4-bit video RAM
DAC that supports up to 17 simultaneous 
colors from a 4096 color palette. On-chip 
features include a temperature-compensated 
preCision voltage reference, divide-by-4 of 
the clock for load generation, color overlay 
capability, and a dual-port color palette 
RAM_ 

The Bt455 is a single-channel version of 
the Bt454, well suited for high-perfornia:nce 
monochrome or gray-scale applications. 

The Bt454/455 generates RS-343A
compatible video signals and can drive 
doubly-terminated 75 Q coax directly with
out requiring external buffering. Both the 
differential and integral linearity errors of 
the DI A converters are guaranteed to be a 
maximum of ±1I4 LSB over the full temper
ature range. 



Bt454/455 
Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt454/455 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 CI 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 external 
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 CI 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 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 CI 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 reading 
another sequence of red, green, and blue data. 
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When the MPU is 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 uses CO and CI to select the overlay register 
and performs three successive read or write cycles 
(4 bits each of red, green, and blue). ADDR0-3 
are not used. 

To keep track of the red, green, and blue 
read/write cycles, the address register has 2 
additional bits(ADDRa and ADDRb) that count 
modulo three, as presented 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 4 bits of the address 
register (ADDRO-3) are accessible to the MPU 
and are used to address the color palette RAM 
locations. 

Although the Bt455 uses only the green channel, 
it must still go through the count-modulo-three 
write sequence. The values loaded into the red and 
blue color palette should be $0. 

When the MPU is 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 are addressing the same palette entry being 
written to by the MPU, one or more of the pixels 
on the display screen can be disturbed. 

Figure 1 illustrates the MPU read/write timing 
when it is accessing the device. 



Brooktree® Bt454/455 
Circuit Description (continued) 

Value C1 co Addressed by MPU 

ADDRa, b (counts modulo 3) 00 x I red value 
01 x 1 green value 
10 x 1 blue value 

ADDR0-3 (counts binary) $x 0 0 address register 
$O-$F 0 I color palette RAM 

$x I 0 0--> ADDRa, b (Note 1) 
$x I I overlay register 

Note 1: During writes DO-D3 are ignored, during reads 0 --> DO-D3. 

Table 1. Address Register (ADDR) Operation. 

R1W, co. CI ==:x V~lD X~ ______________________ _ 
CE' \ / 

DO - D3 (READ) -----------« DATA OUT (RIW = I) )>------

DO - D3 (WRITE) ___________ -'x DATA IN (RIW =0) x'-------' __ _ 

Figure 1. MPU ReadlWrite Timing. 
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Bt454/455 
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 Bt454/455 incorpomtes internal latches 
and multiplexers. As illustmted in Figure 2, the 
SYNC*, BLANK*, PO-P3 {A-D}, and OL 
{A-D} inputs are latched on the rising edge of 
LDOUT. With this configumtion, the sync and 
blank timing will be recognized only with 4-pixel 
resolution. Typically, the LDOUT signal is used to 
clock external circuitry, generating the basic video 
timing, and to clock the video DRAMs of the 
fmme 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 
chamcter or cursor generation logic. 

LoolIT 

PO.P3 {A·D}, 
OLiA.D}, 

SYNC·. BLANK· 

lOR, lOG, lOB 

(IOlIT .. BT4SS) 

CLOCK 

BrooktreeQl 

The Bt454/455 genemtes the LDOUT signal 
internally by dividing the clock by 4. 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. To prevent 
LDOUT from inducing noise artifacts in the 
analog outputs, LDOUT must be series terminated 
to match the impedance of the LDOUT PCB tmce. 
Resistance values of 33-68 n are recommended. 

When the pixel and overlay data are latched by 
LDOUT, they are internally multiplexed at the 
pixel clock rate. On' each clock cycle, the 
Bt454/455 outputs color information based on the 
{A} inputs, followed by the {B} inputs, then the 
{C} inputs, etc., until all 4 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, 4 bits of color information 
(PO-P3) and 1 bit of overlay information (OL) for 
each pixel are used to determine the sourch of 
color information-a color palette entry in the 
RAM or the overlay register. PO is the LSB when 
addressing the color palette RAM. Table 2 is the 
truth table used for color selection. 

Every clock cycle, the selected information is 
presented to the three 4-bit D/A converters. 

The SYNC* and BLANK* inputs are pipelined 
to maintain synchronization with the pixel data. 
They 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 
DI A converters produces a corresponding voltage 
level that is used to drive the color CRT monitor. 
Only the green output (lOG) on the Bt454 contains 
sync information. Table 3 details how the SYNC* 
and BLANK* inputs modify the output levels. 

The D/A converters on the Bt454/455 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. 

OL Po-P3 

0 $0 
0 $1 
: : 
0 $F 
1 $x 

Bt454/455 

CRT Monitor Interface 

The analog outputs can directly drive a 37.5 n 
load, such as a doubly-terminated 75 n coaxial 
cable, when the outputs are soldered directly to a 
PC board. When the device is socketed, the device 
junction must not exceed a safe operating 
temperature. 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are 
required to prevent device damage, which can 
produce symptoms of catastrophic failure or erratic 
device behavior with somewhat leaky inputs. 

All logic inputs should be held low until power 
to the device has settled to the specified tolerance. 
DAC power decoupling networks with large time 
constants should be avoided. They could delay 
V AA power to the device. Ferrite beads must be 
used only for analog power V AA decoupling. 
Inductors cause a time constant delay that induces 
latchup. 

Latchup can be prevented by ensuring that all 
V AA pins are at the same potential and that the 
V AA supply voltage is applied before the signal 
pin voltages. The correct power-up sequence 
ensures that any signal pin voltage will never 
exceed the power supply voltage by more than 
+0.5 V. 

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) 

5-120 

IOR,IOB IOG,IOUT 

MA V MA V 

19.05 0.714 26.67 1.000 -,-------,..----------------=----- WHITE LEVEL 

1.44 0.054 9.05 0.340 +-------11-----+---------- BLACK LEVEL 

7.5 IRE 

0.00 0.000 7.62 0.286 -/-_____ ---J'--....,..---,_...L-_________ BLANK LEVEL 

40 IRE 

0.00 0.000 -L-_______ --L.~ ___________ SYNC LEVEL 

Note: 75 n doubly-terminated load and RSET = 523 n. RS-343A levels and tolerances are assumed on all 
levels. 

Figure 3. Composite Video Output Waveforms. 

Description IOG,IOUT IOR,IOB SYNC· BLANK· DAC 
(rnA) (rnA) Input Data 

WHITE 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 I $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 n. 

Table 3. Video Output Truth Table. 
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Bt454/455 
Pin Descriptions 

Pin Name 

BLANK" 

SYNC* 

LOOUT 

PO-P3 
{A-O} 

OL{A-O} 

lOR, lOG, lOB, 
lOUT 

GND 

VAA 

FSADJUST 

Description 

Composite blank control input (TTL compatible). A logical zero drives the analog outputs to the 
blanking level, as specified 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 (TTL 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, SYNC* 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 GND. 

Load control output (TTL compatible). The PO-P3 {A-O}, OL {A-Oj, BLANK*, and SYNC* 
inputs are latched on the rising edge of LOOUT. LOOUT is internally generated by dividing the 
clock by 4. LDOUT can drive only one TTL load. LDOUT must be series terminated with a 
33-68 0 .resistor to match the impedance of the PCB trace. Incorrect impedance matching may 
cause display artifacts. 

Pixel select inputs (TTL compatible). These inputs are used to specify, on a pixel basis, which 1 of 
the 16 entries in the color palette RAM is to be used to provide color information. Four consecutive 
pixels (up to 4 bits per pixel) are input through this port. They are latched on the rising edge of 
LOOUT. PO is the LSB. Unused inputs should be connected to GND. 

The {A} pixel is output first, followed by the {B} pixel, then the {C} pixel, etc., until all 4 pixels 
have been output, at which point the cycle repeats. 

Overlay select inputs (TTL compatible). These control inputs are latched on the rising edge of 
LOOUT. They specify which palette is to be used for color infonnation. A logical zero indicates the 
color palette RAM is to provide color infonnation, while a logical one indicates the overlay register 
is to provide color information. When the MPU is accessing the overlay palette, the PO-P3 {A-O} 
inputs are ignored. Unused inputs should be connected to GND. 

Red, green, and blue video current outputs. These high-impedance current sources can directly drive 
a doubly-terminated 75 0 coaxial cable (Figure 5 in the PC Board Layout Considerations section). 
All outputs, whether used or not, Shonld have the same output load. The Bt455 outputs lOUT rather 
than lOR, lOG, and lOB. 

Analog ground. All GNO pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 

Analog power. All V AA pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 

Full-scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full-scale video sigual (Figure 4). 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 (0) = 13,9481 lOG (rnA) 

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

lOR, lOB (rnA) = 9,9631 RSET (0) 
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Pin Descriptions (continued) 

Pin Name 

COMP 

CLOCK, 
CLOCK* 

CE* 

RIW 

CO,Cl 

DO-D3 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 jIF 
ceramic capacitor must be connected between this pin and the adjacent V AA pin (Figure 5). 
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. The PC Board Layout Considerations section contains 
criticaiiayout criteria. 

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured for 
single supply (+5 V) operation. The clock rate is typically the pixel clock rate of the system. Refer 
to the PC Board Layout Considerations section for critical layout criteria. 

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* (Figure 1). Glitches should be avoided on this edge-triggered input. 

Read/write control input (TIL compatible). To write data to the device, both CE* and RIW must be 
a logical zero. To read data from the device; CE* must be a logical zero and RIW must be a logical 
one. RIW is latched on the falling edge of CE*. (See Figure 1.) 

Conimand control inputs (TIL compatible). CO and Cl specify the type of read or write operation 
being performed, as presented in Table 1. They are latched on the falling edge of CE*. 

Data bus (TIL compatible). Data is transferred into and out of the device over this 4-bit 
bidirectional data bus. DO is the least significant bit. 

00 roA 

DI roB 

D2 ~ 

D3 roD 

CS* BLANK· 

R/W SYNC' 

rn ~A 

CI PIB 

(N/C) lOR PIC 

(lOUT) lOG PID 

(N/C) lOB P2A 

Note: Bt455 pin names are in parentheses. 
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PC Board Layout Considerations 

PC Board Considerations 

The Bt454 and Bt455 layouts should be optimized 
for lowest noise on the Bt454 and Bt455 power and 
ground lines by shielding the digital inputs and provid
ing good decoupling. The trace length between groups 
of V AA and GND pins should be as short as possible 
to minimize inductive ringing. 

A well-designed power distribution network is criti
cal to eliminating digital switching noise. The ground 
plane must provide a low-impedance return path for 
the digital circuits. A PC board with a minimum of six 
layers is recommended. The ground layer should be 
used as a shield to isolate noise from the analog traces 
with layer 1 (top) the analog traces, layer 2 the ground 
plane, layer 3 the analog power plane, and the remain
ing layers used for digital traces and digital power 
supplies. 

The optimum layout enables the Bt454 and Bt455 to 
be located as close as possible to the power supply 
connector and the video output connector. 

Power and Ground Planes 

The power and ground planes need isolation gaps to 
minimize digital switching noise effects on the analog 
signals and components. These gaps need to be at least 
1I8-inch wide. They are placed so that digital currents 
cannot flow through a peninsula that contains the ana
log components, signals, and video connector. A sam
ple layout is shown in Figure 4. 

Device Decoupling 

For optimum performance, all capacitors should be 
located as close as possible to the device, using the 
shortest possible leads (consistent with reliable opera
tion) to reduce the lead inductance. Chip capacitors 
are recommended for minimum lead inductance. Radi
allead ceramic capacitors may be substituted for chip 
capacitors and are better than axial lead capacitors for 
self-resonance. Values are chosen to have self
resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is 
obtained by providing a 0.1 IJF ceramic capacitor in 
parallel with a 0.011JF chip capacitor to decouple each 
group of VAA pins to GND. The capacitors should be 
placed as close as possible to the device V AA and 
GNDpins. 

Bt454/455 

The 33 IJF capacitor shown in Figure 5 is for low
frequency power supply ripple; the 0.11JF and 0.011JF 
capacitors are for high-frequency power supply noise 
rejection. The decoupling capacitors should be con
nected at the V AA and GND pins, using short, wide 
traces. 

When using a linear regulator, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than 200 
mY. This is especially important when a switching 
power supply is used and the switching frequency is 
close to the raster scan frequency. Note that about 10 
percent of power supply hum and ripple noise less 
than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

The CaMP pin must be decoupled to V AA, typical
ly with a 0.1 IJF ceramic capacitor. Low-frequency 
supply noise will require a larger value. The CaMP 
capacitor must be as close as physically possible to the 
CaMP and V AA pins. A surface-mount ceramic chip 
capacitor is preferred for minimal lead inductance, 
which degrades the noise rejection of the circuit. 
Short, wide traces will also reduce lead inductance. 

If the display has a ghosting problem, additional ca
pacitance in parallel with the CaMP capacitor may 
help. 

Digital Signa/Interconnect 

The digital inputs to the Bt454 and Bt455 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 and output sig
nals. 

Most noise on the analog outputs will be caused by 
excessive edge rates (less than 3 ns), overshoot, under
shoot, and ringing on the digital inputs. 

The digital edge rates should be no faster than nec
essary, as feedthrough noise is proportional to the digi
tal edge rates. Lower speed applications will benefit 
from using lower speed logic (3-5 ns edge rates) to re
duce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time. Line 
termination or line length reduction is the solution. For 
example, logic edge rates of 2 ns require line lengths 
of less than 4 inches without using termination. Ring-
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Bt454/455 Brooktree® 
PC Board Layout Considerations (continued) 

ing may be reduced by damping the line with a series 
resistor (30-300 Q). 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing 90 degrees to 
any analog signals. 

The clock driver and all other digital devices on the 
circuit board must be adequately decoupled to prevent 
the noise generated by the digital devices from 
coupling into the analog circuitry. 

Analog Signal Interconnect 

The Bt454 and Bt455 should be located as close as 
possible to the output connectors to minimize noise 
pickup and reflections caused by impedance mis
match. 

The analog outputs are susceptible to crosstalk 
from digital lines; digital traces must not be routed 
under or adjacent to the analog output traces. 

The video output signals should not overlay the ana
log power plane, to maximize the high-frequency pow
er supply rejection. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. 

Analog output video edges exceeding the CRT 
monitor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EM! and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 

The Bt454 and Bt455 analog outputs should be pro
tected 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 5 can 
prevent latchup 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). 

Figure 4. Sample Layout Showing Power and Ground Plane 
Isolation Gaps. 
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Brooktrre® Bt454/455 
PC Board Layout Considerations (continued) 

ANALOG POWER PLANE 

.. 1"'-----..,.--- +5V (VCC) 

+ 
C7 Cl 

Bt4S4i4SS 

~----~-~I"'--I"'-~------"----------- GROUND 

~ADmsT~------~~ 

(N/c) lOR f--------------<O----f----f--( 
TO 

(lOUT) lOG ~-----------------<--I--{ P VIDEO 

CONNECTOR 
(N/C) lOB ~------------------~--{ P 

VAA 

G 
IN4148/9 

DAC 
TO MONITOR 

OUTPUT 
IN4148/9 

GND 

Note: Each pair of device VAA and GND pins must be separately decoupled with 0.1 lIP and 0.01 lIP capacitors. 

Location Description Vendor Part Number 

C7 10 lIP tantalum capacitor Mallory CSR13Gl06KM 
Cl, C2, C3, C6, C8 0.1 lIP ceramic capacitor Erie RPElIOZ5U104M50V 

C4,C5 0.01 lIP ceramic chip capacitor Johanson Dielectrics X7R500S41W103KP 
L1 ferrite bead Fair-Rite 2743001111 

Rl,R2,R3 75 n 1 % metal film resistor Dale CMF-55C 
RSET 523 n 1 % metal film resistor Dale CMF-55C 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt454/455. 

Figure 5. Typical Connection Diagram and Parts List. 
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Bt454/455 
'Application Information 

LDOUT Termination 

To reduce reflections on the LDOUT signal, it must 
be series-terminated to match the PCB trace impe
dance. Resistor values of 33-68 n are recommended. 
Impedance mismatch on the LDOUT signal may cause 
display artifacts. 

LDOUT can drive only one TTL load. 

Using Multiple 8t455s 

When mUltiple Bt455s are used, each Bt455 should 
share a common power plane with one ferrite bead. 

Each Bt455 must have its own RSET resistor, ana
log output termination resistors, power supply bypass 
capacitors, and COMP capacitor. 

TTL Clock Interfacing 

Figure 6 illustrates the Bt454/455 interface to a TTL 
clock. The MC1OHl16 is operated from a single +5 V 
supply. The resistor network attenuates the TTL lev
els to MECL input levels. The CLOCK and CLOCK* 
inputs require 220 n pulldown termination resistors, 
which should be located as close to the driver as pos
sible. A 150 n crossing resistor is also required, locat
ed as close to the RAMDAC as possible. 

ECL Clock Generation 

Because of the high clock rates at which the 
Bt454/455 may operate, it is designed to accept dif-

TIL 
CLOCK 

+5V 

Brooktree® 

ferential clock signals (CLOCK and CLOCK*). 
These clock inputs are designed to be generated by 
ECL logic operating at +5 V. The CLOCK and 
CLOCK* inputs require 220 n pUlldown termination 
resistors, which should be located as close to the 
driver as possible. A 150 n crossing resistor is also 
required, located as close to the RAMDAC as 
possible. 

Applications of 170 MHz require robust ECL clock 
signals with strong pulldown (-20 rnA at VOH) and 
double termination for clock trace lengths greater than 
2 inches. 

The CLOCK and CLOCK* inputs must be differen
tial signals because of the CMOS process noise mar
gins. The Bt454/455 will not function if it uses a 
single-ended CLOCK with CLOCK* connected to 
ground. 

A 10K or IOKH ECL crystal oscillator that gener
ates differential outputs, operating between +5 V and 
ground, may be interfaced directly to the B454/455, as 
shown in Figure 7. If the crystal oscillator generates 
only a single-ended output, an MC1OHl16 may be 
used to generate the differential clock signals, as illus
trated in Figure 8. If the MC1OHl16 is not readily 
available, an MCIOHIOI,MCIOH105, or MC1OH107 
may be used. 

Although ECL works well with a single +5 V sup
ply, the TTL power supply lines must be isolated 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. 

CLOCK 

Bt454i455 

Figure 6. Interfacing the 8t4541455 to a TTL Clock. 
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Application Information (continued) 

+5V 

14 

MONITOR 

PRODUCTS 

970E 

1----+-----,------...--1 CLOCK 

220 

150 Bt454/455 

L-....... ----------*---l CLOCK" 

Figure 7. Interfacing to a Differential ECL Oscillator. 

+5V 

14 

MONITOR 

PRODUCTS 

970E 

220 

330 

+5V +5V 
r----_._--lCLOCK 

Bt454/455 

'-----*---lCLOCK* 

(PIN II) 

Figure 8. Interfacing to a Single-Ended ECL Oscillator. 
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Bt454/455 Brooktree® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 n 
FS ADJUST Resistor RSET 523 n 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 V 

Voltage on Any Signal Pin (Note I) GND-D.5 VAA+O.5 V 

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 220 °C 
(1 minute) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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Brooklree® Bt454/455 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

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

Integral Linearity Error IL ±1I4 LSB 
Differential Linearity Error DL ±1I4 LSB 
Gray-Scale Error ±1O % Gray Scale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
(except CLOCK, CLOCK*) 
Input High Voltage VIH 2.0 VAA+O.S V 
Input Low Voltage VIL GN~.5 0.8 V 
Input High Current (Vin = 2.4 V) IIH 1 J.lA 
Input Low Current (Vin = 0.4 V) IlL -1 J.lA 
Input Capacitance CIN 10 pF 

(f = I MHz, Yin = 2.4 V) 

Clock Inputs (CLOCK, CLOCK*) 
Differential Input Voltage L1VIN 0.6 6 V 
Input High Current (Vin = 4.2 V) IKIH 1 J.lA -Input Low Current (Vin = 3.2 V) IKIL -I J.lA 
Input Capacitance CKIN 10 pF 

(f = 1 MHz, Yin = 4.2 V) 

Digital Outputs 
Output High Voltage VOH 

DO-D3 (IOH = -400 J.lA) 2.4 V 
LDOUT (IOH = -12 rnA) 2.4 V 

Output Low Voltage VOL 
DO-D3 (IOL = 3.2 rnA) 0.4 V 
LDOUT (IOL = 24 rnA) 0.5 V 

3-State Current (DO-D3) IOZ 10 J.lA 
Output Capacitance CDOUT 10 pF 

See test conditions on next page. 
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Bt454/455 Brooktree® 
DC Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Output Current 

White Level Relative to Blank 16.81 19.05 21.30 mA 
White Level Relative to Black 15.86 17.62 19.40 mA 
Black Level Relative to Blank 0.95 1.44 1.90 mA 
Blank Level on lOR, lOB 0 5 50 ~ 
Blank Level on lOG or lOUT 6.29 7.62 8.96 rnA 
Sync Level on lOG or lOUT 0 5 50 ~ 
LSB Size 1.175 rnA 

DAC-to-DAC Matching 5 % 
Output Compliance VOC -D.5 +1.4 V 
Output Impedance RAOUT 50 kQ 
Output Capacitance CAOUT 20 pF 

(f = I MHz, lOUT = 0 rnA) 

Power Supply Rejection Ratio PSRR 0.5 %1%t:NAA 
(COMP = 0.1 !!p, f = I kHz) 

Test conditions (unless oilierwise specified): "Recommended Operating Conditions" with RSET = 523 Q. As the 
above parameters are guaranteed over the full temperature range, temperature coefficients are not specified or 
required. Typical values are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 
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Brooktree® Bt454/455 
AC Characteristics 

170 MHz 135 MHz 110 MHz 
Devices Devices Devices 

Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Units 

Clock Rate Fmax 170 135 110 MHz 

RIW, CO, Cl Setup Time I 0 0 0 ns 
RIW, CO, Cl Hold Time 2 15 15 15 ns 

CE*LowTime 3 50 50 50 ns 
CE* High Time 4 25 25 25 ns 
CE* Asserted to Data Bus 5 10 10 10 ns 
CE* Asserted to Data Valid 6 75 75 75 ns 
CE* Negated to Data Bus 

3-Stated 7 15 15 15 ns 

Write Data Setup Time 8 35 35 35 ns 
Write Data Hold Time 9 10 10 10 ns 

LDOUT Pulse Width High 10 9 1l.5 13 ns 
LDOUT Pulse Width Low II 9 11.5 13 ns 
Clock to LDOUT 12 4 7.5 14.3 4 7.5 14.3 4 7.5 14.3 ns 

Pixel and Control Setup Time 13 0 0 0 ns 
Pixel and Control Hold Time 14 3 5 5 ns 

Clock Cycle Time 15 5.88 7.4 9 ns 
Clock Pulse Width High 16 2 3 3.6 ns 
Clock Pulse Width Low 17 2 3 3.6 ns 

Analog Output Delay 18 20 20 20 ns 
Analog Output RiselFall Time 19 2 2 2 ns 
Analog Output Settling Time (Note I) 20 6 9 9 ns 
Clock and Data Feedthrough (Note I) 70 70 70 pV - sec 
Glitch Impulse (Note I) 50 50 50 pV - sec 
Analog Output Skew 0 2 0 2 0 2 ns 

Pipeline Delay 6 6 6 6 6 6 6 6 6 Clocks 

V AA Supply Current (Note 2) IAA 200 tbd 150 tbd 120 200 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 Q. TTL input values 
are 0-3 V with input rise/fall times::; 4 ns, measured between the 1O-percent and 90-percent points. ECL input values are 
3.2-4.2 V with input rise/fall times::; 2 ns, measured between 20-percent and 80-percent points. Timing reference points at 50 
percent for inputs and outputs. Analog output load::; 10 pF and 00-03 output load::; 75 pF. See timing waveforms and notes in 
Figures 9 and 10. As the above parameters are guaranteed over the full temperature range, temperature coefficients are not 
specified or required. Typical values are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1,' Clock and data feedthrough is a function of the number of edge rates, and the amount of overshoot and undershoot on 
the digital inputs. For this test, the TTL digital inputs have a 1 kQ 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, and 
-3 dB test bandwidth = 2x clock rate. 

Note 2: At Fmax. IAA (typ) at VAA = 5.0 V and TA = 20° C. IAA (max) at VAA = 5.25 V, TA = 0° C. 
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Bt454/455 
Timing Waveforms 

1 I 
--2-

R1W, co, CI VALID \ 
I 

3 

CE' 

6 

DO- D3 (READ) 

5 .1 ~ V DATA aliT (RIW = I) 

""" 
DO - D3 (WRITE) DATA IN (RIW =0) \ 

8 

~ 

Figure 9. MPU Read/Write Timing Dimensions. 

LOOUT 

PO-P3 {A-Dj, 

OL[A-Dj, 

SYNC·. BLANK* 

lOR, lOG, lOB 

(lOUT -- BT455) 
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DATA 

13 

14 

12 

CLOCK 

Brooktree® 

4 '" 1 

17 

Note 1: Output delay time is measured from 50-percent point of the rising clock edge to the 50-percent point 
of full-scale transition, 

Note 2: Output settling time is measured from the 50-percent point of full-scale transition to output settling 
within ±1/4 LSB. 

Note 3: Output rise/fall time is measured between the lO-percent and 90-percent points of full-scale transition. 

Figure 10. Video Input/Output Timing. 
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Device Circuit Data 

r-_-------1~-_- VAA 

>-*--TODACS 

IFEEDBACK 

L--+--+--+--G~ 

Equivalent Circuit of the Reference Amplifier. 

Bt454/455 

-~~-___ --.- VAA 

SYNC· 
(lOG ONLy) 

GO-G7 

BLANK'" C(stray + load) 

Equivalent Circuit of the Current Output (lOG or lOUT). 

Bt454/455 
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Bt454/455 
Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt454KPJ 1l0MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt454KPJ135 135 MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt454KPJl70 170 MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt455KPJ110 1l0MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt455KPJ135 135 MHz 44-pin Plastic 0° to +70° C 
J-Lead 

Bt455KPJl70 170 MHz 44-pin Plastic 0° to +70° C 
J-Lead 
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Distinguishing Features 

150, 135, 110, 80 MHz Operation 
• 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 
• 1, 2, 4, or 8 Bits per Pixel 
• Frame Buffer Interleave Support 
• Pixel Panning Support 
• On-Chip User-Definable 64 x 64 

Cursor 
• Programmable Setup (0 or 7.5 IRE) 
• X Windows Support for Overlays/ 

Cursor 
• 132-pin PGA or PQFP Package 

Functional Block Diagram 

CLOCK· CLOCK V AA GND 

Applications 

• High-Resolution Color 
Graphics 

• CAE/CAD/CAM 
• Image Processing 
• Video Reconstruction 

Related Products 

• Bt438, Bt439 
• Bt460, Bt462, Bt468 

FS ADJUST VREF 

COMP 

lOR 

100 

lOB 

PLL 

CE* R1W co Cl DO· D7 

Brooktree Corporation· 9950 Barnes Canyon Rd.· San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
L459001 Rev. N 

Bt459 
150 MHz 

Monolithic CMOS 
256 x 24 Color Palette 

RAMDAC™ 

Product Description 

The Bt459 triple 8-bit RAMDAC is designed 
specifically for high-performance, high
resolution color graphics. The multiple pixel 
ports and internal multiplexing enable 
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, Ix to 16x integer zoom 
support, and independent cursor generation. 

Pixel data may be input as 1, 2, 4, or 8 
bits per pixel. Overlay and cursor 
information may optionally be enabled on a 
pixel-by-pixel basis for X Windows 
hardware support. 

The Bt459 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 
subpixel resolution. 



Bt459 
Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt459 supports a standard MPU bus interface, al
lowing the MPU direct access to the internal con
trol registers and color palettes. The dual-port col
or palette RAMs and dual-port overlay RAM 
allow color updating without contention with the 
display refresh process. 

As detailed in Table I, the CO and CI 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 pal
ette 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 CI to select either the pri
mary color palette RAM, overlay RAM, or cursor 
color registers. After the blue write cycle, the ad
dress register then increments to the next location, 
which the MPU may modify by writing another 
sequence of red, green, and blue data. Reading 
color data is similar to writing it, except the MPU 
executes read cycles when it reads color data. 

When the MPU is 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 has two 
additional bits (ADDRa, ADDRb) that count mod
ulo 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-ll) are ac
cessible to the MPU. ADDR12-ADDRI5 are al
ways a logical zero. ADDRO and ADDR8 corre
spond to DO. 

The only time the address Jegister resets to 
$0000 is after accessing location $OFFF (due to 
wraparound). 

Although the color palette RAM, overlay RAM, 
and cursor color registers are dual ported, if the 
pixel and overlay data is addressing the same pal
ette entry being written to by the MPU during the 
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ADDR0-15 C1,CO Addressed by MPU 

$xxxx 00 address register (ADDR0-7) 
$xxxx' 91 address register (ADDR8-15) 

$OOOO-$OOFF io reserved 
$0100 10 overlay color 0 (Note 1) 

: 10 : 
$OlOF 10 overlay color 15 (Note 1) 

$0181 10 cursor color register 1 (Note 1) 
: : cursor color register 2 (Note 1) 

$0183 10 cursor color register 3 (Note 1) 

$0200 10 ID register ($4A) 
$0201 10 command registecO 
$0202 10 command registec1 
$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 
$02OC 10 red signature register 
$020D 10 green signature register 
$020E 10 blue signature register 
$0220 10 revision register 
$0300 10 cursor command register 
$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 

$OOOO-$OOFF 11 color palette RAM (Note 1) 

Note 1: Indicates a requirement of three read/write 
cycles-RGB. 

Table 1. Address Register (ADDR) Operation. 



Brooktree® 
Circuit Description (continued) 

write cycle, it is possible for one or more of the 
pixels on the display screen to be disturbed. A 
maximum of 1 pixel is disturbed if the write data 
from the MPU is valid during the entire chip ena
ble time. 

The control registers and cursor RAM are also 
accessed through the address register in conjunc
tion with the CO and Cl inputs, as specified in Ta
ble 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 reg
ister increments following a read or write cycle. 

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 tim
ing of the Bt459. 

Bt459 Reading/Writing C%r 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 

Bt459 

to select either the color palette RAM or the over
lay registers. After the blue write cycle, the ad
dress register then increments to the next location, 
which the MPU may modify by writing another se
quence of red, green, and blue data. Reading color 
data is similar to writing it, except the MPU exe
cutes read cycles when it reads color data. 

This mode is useful if only an 8-bit data bus is 
available. Each Bt459is programmed to be a red, 
green, or blue RAMDAC and will respond only to 
the assigned color read or write cycle. In this ap
plication, the Bt459s share a common 8-bit data 
bus. The CE* inputs of all three Bt459s must be 
asserted simultaneously only during color read/ 
write cycles and address register write cycles. 

When accessing the color palette RAM, the ad
dress 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 over- _ 
lay 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 8 bits of the address regis-
ter (ADDRO-7) are accessible to the MPU. 

RIW,CO,Cl ~ VALID X 
~---------------------------------------

CE' \ / 
DO· D7 (READ) -----------« DATA OUT (RIW = 1) )>-----

DO - D7 (WRITE) ___________ ~X DATA IN (RIW =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 TTL data rates, the Bt459 incorporates inter
nal latches and multiplexers. As illustrated in Figure 
2, on the rising edge of LD*, sync and blank informa
tion, color, and overlay information, for either one, 
four, or five consecutive pixels, are latched into the 
device. 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, followed by the 
{C} inputs, etc., until all four or five pixels have been 
output. At this point, the cycle repeats. In the 1: 1 in
put multiplexing mode, the {B}, {C}, {D}, and {E} 
inputs are ignored. 

The overlay inputs may have pixel timing, facilitat
ing 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. 

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 4 or 5, 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. 

Brooktree@ 

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 at
tempt to resynchronize itself to LD*. 

If 1: 1 multiplexing is specified, LD* is also used to 
clock the Bt459 (at a maximum of 50 MHz). The ris
ing edge of LD* still latches the PO-P7 {A}, OLO
OL3 {A}, OLE {A}, SYNC*, and BLANK* inputs. 
However, analog information is output following the 
rising edge of LD* rather than CLOCK. CLOCK must 
still run but is ignored. 

Read and Blink Masking 

Each clock cycle, 8 bits of color information (PO-P7) 
and 4 bits of overlay information (OLO-OL3) for each 
pixel are processed by the read mask, blink mask, and 
command registers. Through the control registers, in
dividual pixel and overlay inputs may be enabled or 
disabled for display, and/or blinked at one of four 
blink rates and duty cycles. 

PO-P7IA_EI,OLEIA:: • 
OW-OL3IA-EI, ~ 

SYNC·.BLANK* - ~ _ - -

lOR, lOG, lOB, I'LL 

CLOCK 

Figure 2. Video Input/Output Timing. 
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Circuit Description (continued) 

To ensure that a color change caused by 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 
(any BLANK* pulse longer than 256 LD* cycles). 

The processed pixel data is used to select which col
or palette entry or overlay register is to provide color 
information. PO is the LSB when the MPU is address
ing the color palette RAMs, and OLO is the LSB when 
addressing the overlay palette RAM. 

The read and blink mask registers are not initial
ized. They must be initialized by the user after power
up for proper operation. 

Pixel Panning 

Panning is achieved through the delay of SYNC* and 
BLANK* by an additional one, two, three, or four clock 
cycles. To support pixel panning, command register_l 
specifies the number of clock cycles to pan. Only the 
pixel inputs and underlays are panned-overlays and 
cursors are not. 

If 0 pixel panning is specified, pixel (A} is output 
first, followed by pixel {B}, followed by pixel {C}, 
etc., until all 4 or 5 pixels have been output. At this 
point, the cycle repeats (assuming the interleave select 
is pixel {AD. 

If I-pixel panning is specified, pixel {B} will be 
first, followed by pixel {C}, followed by pixel {D}, 
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 dis
play line, pixel {A} will be output. Pixels {B}, {C}, 
{D}, and {E} will be output during the blanking inter
val and will not be seen on the display screen. 

The process is similar for panning by 2,3, or 4 pix
els. When a panning value other than 0 pixels is speci
fied, valid pixel data must be loaded into the Bt459 
during the first LD* cycle that BLANK* is a logical 
zero. 

In the 1:1 multiplex mode, O-pixel panning should 
be specified. 

The cursor position does not change relative to the 
edge of the display screen during panning. 

Pixel Zoom 

The Bt459 supports Ix to 16x integer zoom through 
pixel replication. Only the PO-P7 inputs are zoomed. 

Bt459 

If 2x zooming is specified, the {A} pixel is output 
for two clock cycles, followed by the {B} pixel for 
two clock cycles, followed by the {C} pixel for two 
clock cycles, etc. The 3x zooming is similar, except 
each pixel is output for three clock cycles. For 1:1 
multiplexing, only the {A} pixel is output. 

LD* must be the pixel clock (1:1 multiplex mode), 
or one fourth or one fifth the CLOCK rate. Regardless 
of the zoom factor, PO-P7 data is latched every LD* 
cycle. 

During 2x zoom, new PO-P7 data must be presented 
every two LD* cycles. During 3x zoom, new PO-P7 
data must be presented every three LD* cycles. The 
pixel data must be held at the PO-P7 {A-E} 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. 

. In the 1:1 multiplex mode, Ix zoom must be speci
fied. Also, while in the block mode (1, 2, or 4 bits per 
pixel), Ix zoom must be specified. Figure 3 illustrates 
the zoom timing. 

Block Mode Operation 

The Bt459 supports loading of pixel data at 1,2,4, or 
8 bits per pixel. Only the PO-P7 inputs are affected. 

LD* must be the pixel clock (1:1 multiplex mode), 
or one fourth or one fifth the CLOCK rate. Regardless 
of the block mode, PO-P7 data is latched every LD* 
cycle. 

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 information 
must be presented every four LD* cycles. For 1 bit per 
pixel, new PO-P7 information 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. 

Figure 4 illustrates the block mode timing (4 bits 
per pixel). 

Tables 2 and 3 detail the block mode operation and 
address of the color palette RAM. 

In the 1: 1 multiplex mode, 8 bits per pixel must be 
specified. Also, for block modes other than 8 bits per 
pixel, a O-pixel interleave must be selected. 
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Circuit Description (continued) 

W' 

01..0-01.3 (A-EI. 

SYNC·. BLANK·, 

OLE (A-E) 

PO-P7 (A-E) 

LD' 

OLO-OL3 (A-E). 

SYNC·, BLANK·. 

OLE{A-E) 

PO-P7 (A-E) 

__ ~x~ ____ ~x~ ____ ~x~ ____ ~x~ __ __ 
__ ~x~ ______________ ~x~ __________ __ 
_--,I 

A A B B C COO = OUTPUT SEQUENCE 

Figure 3. Zoom Input Timing 
(8 Bits per Pixel, 2x Zoom). 

__ ~x~ ____ ~x~ ____ ~x~ ____ ~x~ __ __ 
__ ~x~ ____________ ~x~ __________ _ 

UA LA UB LB uc LC UD LO = OUTPUT SEQUENCE 

___ ...JI UA=P4-P7{A); LA=PO-P3.{A) 

UB=P4-P7 (B); LB=PO-P3 (B) 

UC=P4-P7 (C); LC=PO-P3 (C) 

UD=P4-P7 (O); W=PO-P3 (O) 

Figure 4. Block Mode Input Timing 
(4cBits per Pixel, 1x Zoom, 4:1 Multiplexing) . 
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Circuit Description (continued) 

Bits per Pixels per Pixels per Pixels per Colors 
Pixel LD* LD* LD* Displayed 

(1:1 muxlng) (4:1 muxlng) (5:1 muxing) 

1 8 32 40 2 
2 N/A 16 20 4 
4 N/A 8 10 16 
8 N/A 4 5 256 

Table 2. Block Mode Operation. 

1 Bit per Pixel 2 Bits per Pixel 4 Bits per Pixel 8 Bits per Pixel 

(RA1-RA7 = 0) (RA2-RA7 = 0) (RA4-RA7 = 0) RA7-RAO= 

RAO= RA1, RAO= RA3-RAO= 

P7A P7A,P6A P7 A, P6A, P5A, P4A P7A,P6A,P5A,P4A,P3A,P2A,PIA,POA 

P6A P5A,P4A P3A, P2A, PIA, POA P7B, P6B, P5B, P4B, P3B, P2B, PIB, POB (4:1) 

: P3A,P2A P7B, P6B, P5B, P4B (4:1) P7C, P6C, P5C, P4C, P3C, P2C, PIC, POC (4:1) 

POA PIA,POA P3B, P2B, PIB, POB (4:1) P7D, P6D, P5D, P4D, P3D, P2D, PlD, POD (4:1) 

P7B (4:1) P7B, P6B (4:1) P7C, P6C, P5C, P4C (4:1) P7E, P6E, P5E, P4E, P3E, P2E, PIE, POE (5:1) 

P6B (4:1) P5B, P4B (4:1) P3C, P2C, PIC, POC (4:1) 

: P3B, P2B (4:1) P7D, P6D, P5D, P4D (4:1) 

POB (4:1) PIB, POB (4:1) P3D, P2D, PlD, POD (4:1) 

P7C (4:1) P7C, P6C (4:1) P7E, P6E, P5E, P4E (5:1) 

P6C (4:1) PSC, P4C (4:1) P3E, P2E, PIE, POE (S:I) 

: P3C, P2C (4:1) 

POe (4:1) PIC, POe (4:1) 

P7D (4:1) P7D, P6D (4:1) 

P6D (4:1) PSD, P4D (4:1) 

: P3D, P2D (4:1) 

POD (4:1) PlD, POD (4:1) 

P7E (5:1) P7E, P6E (5:1) 

P6E (S:I) P5E, P4E (S:I) 

: P3E, P2E (S:I) 

POE (5:1) PIE, POE (S:I) 

Each line represents one pixel clock cycle. A column represents one LD* cycle loading new PO--P7 data. All.entries with "4: 1 " 
descriptor are also valid for S: 1 mode. 

table 3. Block Mode Operation (RA = Color Palette RAM Address). 
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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. The cursor is positioned through the cursor (x,y) 
register. The Bt459 expects (x) to increase to the right 
and (y) to increase down, as displayed on the screen. 
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. (See Figure 5.) 

Three-Color 64 x 64 Cursor 

.The 64 x 64 x 2 cursor RAM provides 2 bits of cursor 
information every clock cycle during the 64 x 64 cur
sor window, selecting the appropriate cursor color reg
ister as follows: 

plane1 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 

A (0,0) enables the color palette RAM and overlay 
RAM to be selected as normal. Each plane of cursor 
information may also be independently enabled or dis
abled 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. 

SYNC' 

BrooldreeQt 

The cursor is centered about the value specified by 
the cursor (x,y) register. Thus, the cursor (x) register 
specifies the location of the thirty-first 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 thirty
first row of the 64 x 64 array (assuming the rows start 
with 0 for the top-most pixel and increment to 63). 

Cross Hair Cursor 

The three-color cross hair cursor is also positioned 
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 1 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) specifies 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 

The cross hair cursor is displayed only 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, the software must en
sure that the cursor (x,y) register does not specify a 
point outside of the cross hair cursor window. 

CURSOR (X,Y) _---t---:~j--------I 
REGISTER 
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64x64 
CURSOR 

AREA 

DISPLAY 
SCREEN 

Figure 5. Cursor Positioning. 



Circuit Description (continued) 

If a full-screen cross hair cursor is desired, the win
dow (x,y) registers should contain $0000, and the win
dow 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 sec
ond sync pulse during vertical blanking. (See Figure 
6.) 

Dual-Cursor Positioning 

Both the user-definable cursor and the cross hair cur
sor may be enabled for display simultaneously, ena
bling the generation of custom cross hair cursors. 
The cursor (x,y) register specifies the location of bit 
(31, 31) of the cursor RAM. As the user-definable 
cursor contains an even number of pixels in the hori
zontal and vertical direction, it will be 1 pixel off from 
being truly centered about the cross hair cursor. 

Figure 7 illustrates dual-cursor display. 
In the 64 x 64 pixel area in which the user-definable 

cursor is 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 

CURSOR (X, Y) 

REGISTER 

DISPLAY 
SCREEN 

Bt459 

color of the displayed cursor will depend on the cursor 
pattern, whether it is logically ORed or XORed, and 
the individual cursor display enable and blink enable 
bits. 

Figure 8 shows the equivalent cursor generation cir
cuitry. 

X Windows Cursor Mode 

In the X Windows mode, planel 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: 

plane1 planeD Selection 

0 0 no cursor 
0 1 no cursor 
1 0 cursor color 2 
1 1 cursor color 3 

Figure 12 in the Internal Registers section shows the 
organization of the cursor RAM while in the X Win
dows mode., 

CROSS HAIR 

CURSOR 

CROSS HAIR 

WINDOW 

Figure 6. Cross Hair Cursor Positioning. 
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Circuit Description (continued) 

5-144 

SYNC·~ 

r------ x -j t 
CROSS HAIR 

CURSOR 

CURSOR (X,y) 

REGISTER 

64x64 

CURSOR 

AREA 

r-----~----~--------_, Y 

!-:::==+'f+-~-+-"----"'-' 

DISPLAY 
SCREEN 

CROSS HAIR 

WINDOW 

Figure 7. Dual-Cursor Positioning. 

J 

64X64X2 

CURSOR RAM 

PLANE 0 

PLANE! 

CR47 

CR45 

CROSS 

HAIR 

CR44 

CR43 --------------------------~ 

BLINK -----::=r'p--------------------------------l----.l 
CR40 

CR2! ------~~------------------------------~ 

Figure 8. Cursor Control Circuitry. 
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Circuit Description (continued) 

Overlay/Underlay Operation 

The overlay inputs (OLO-OL3 and OLE) may operate 
in three modes: normal overlays, X Windows over
lays, or an underlay, as specified in Tables 4 and 5. 

Overlay and underlay information may be displayed ' 
on a pixel basis. Overlays and underlay may both be 
used. If X Windows overlays are used, the underlay is 
not available. 

Cursor1, CR30 CR22 . OLE CROS OL~L3 
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 

Bt459 

The priority of display operation is: 

1. Cursor 
2. Overlays 
3. Pixel Data 
4. Underlays 

The Bt459 must be reset to an eight-cycle pipeline 
delay for proper cursor pixel alignment. 

PO-P7 Addressed by frame buffer Overlay Mode 

$xx cursor color 3 
$xx cursor color 2 
$xx cursor color 1 

$xx overlay color 15 nonna! 
: : 

$xx overlay color 1 
$xx overlay color 0' 

$00 RAM location $00 
$0'1 RAM location $01 

: : 
$FF RAM location $FF 

$xx overlay color 15 X Windows 
: : 

$xx overlay color 1 
$xx overlay color 0' 

$00 RAM location $00 
$0'1 RAM location $0'1 

: : 
$FF RAM location $FF 

$xx overlay color 15 underlay 
: : 

$xx overlay color 1 
$00 overlay color a (underlay) 

$00 RAM location $00 
$0'1 RAM location $0'1 

: : 
$FF RAM location $FF 

Figure 8 shows generation of Cursor! and CursorO control bits. 

Table 4. Palette and Overlay Select Truth Table. 
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Bt459 
Circuit Description (continued) 

In normal overlay mode, the overlay enable inputs 
OLE {A-E} are ignored. Typically, only 15 overlays 
are available. Graphics information (PO-P7) is dis
played only when no overlay information is present 
(OLO-OL3 = 0000). 

In the X Windows overlay mode, the overlay enable 
inputs specify whether overlay information is present 
(OLE = 1) or not (OLE = 0). If OLE = I! overlay in-

BrooktreeQl 

formation is displayed as determined by OLO-OL3. If 
. OLE = 0, the OLO-OL3 inputs are ignored and PO-P7 
pixel data is displayed. 

In the underlay mode (CR30 = 1), if OLE = 0, pixel 
data is displayed. If OLE = 1, the underlay is dis
played if PO-P7 = 0; if Pb-P7 * 0, pixel data is dis
played. Overlay color 0 is used for underlay color 
information. 

PO-P7 Pixel Inputs 

1:1 Mux Block Interleave Panning Zooming Overlays Underlay 
Mode 

Block Mode no - yes yes nls nla nla 

Interleave nls yes - yes yes yes yes 

Panning nls nls yes - yes n/a yes 

Zooming nls nls yes yes - nla nla 

Overlays yes yes yes nla nla - yes 

Underlay yes yes yes yes nla yes -

Cursor nla nla nla nla nla nla nla 

yes: fully functional together. 
nls: functions not supported together. 
nla: 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 infor
mation are presented to the three 8-bit Of A converters. 

The SYNC* and BLANK* inputs, pipelined to 
maintain synchronization with the pixel data, add ap
propriately weighted currents to the analog outputs, 
producing the specific output levels required for video 
applications, as illustrated in Figures 9 and 10. Com
mand Register 2 specifies whether a 0 IRE or 7.5 IRE 
blanking pedestal is to be generated and whether 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 Of 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. 

Bt459 

The Of 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 pre
cision 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 cur
rent 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) 

RED,BLUE GREEN 

MA V MA V 

19.05 0.714 U.67 1.000 --.----;;;.---------------:;;;;::----- WHITE LEVEL 

1.44 0.054 9.05 0.340 -t--------t-----,f--------- BLACK LEVEL 

7.5 IRE 
0.00 0.000 7.62 0.286 -r-----~-~~~~--------B~KLEVa 

40 IRE 

0.00 0.000 ...L. _______ .l.--L.. __________ SYNC LEVEL 

Note: 75 n doubly-tenninated load, RSET = 523 n, and VREF = 1.235 V. Blank pedestal = 7.5 IRE. RS-343A levels and 
tolerances are assumed on all levels. 

5-148 

Figure 9. Composite Video Output Waveform (SETUP = 7.5 IRE). 

Description lOG IOR,IOB SYNC" BLANK" DAC 
(rnA) (rnA) Input Data 

WHITE 26.67 19.05 I I $FF 
DATA data + 9.05 data + 1.44 I I data 
DATA-SYNC data + 1.44 data + 1.44 0 I data 
BLACK 9.05 1.44 I I $00 
BLACK-SYNC 1.44 1.44 0 I $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 and VREF = 1.235 V. Blank 
pedestal = 7.5 IRE. 

Table 6. Video Output Truth Table (SETUP = 7.5 IRE). 

SECTION 5 



Brooktree® Bt459 
Circuit Description (continued) 

RED. BLUE GREEN 

MA V MA V 

18.60 0.698 U.67 1.000 -y---....... --------------:::;::----- WHITE LEVEL 

0.00 0.000 8.OS 0.302 -t-------'---..-,...--L.-------- BLACKIBLANK LEVEL 

43JRE 

0.00 0.000 -'-______ ----L_'-_________ SYNC LEVEL 

Note: 75 n doubly-tenninated load, RSET = 495 n, and VREF = 1.235 V. Blank pedestal = 0 IRE. RS-343A levels and 
tolerances are assumed on all levels. 

Figure 10. Composite Video Output Waveform (SETUP = 0 IRE). 

Description lOG 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 $()() 
BLACK-SYNC 0 0 0 1 $()() 
BLANK 8.05 0 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with full-scale lOG = 26.67 mAo RSET = 495 n and VREF = 1.235 V. Blank 
, pedestal = 0 IRE. 

Table 7. Video Output Truth Table (SETUP = 0 IRE). 
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Internal Registers 

Command Register_O 

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) I: 1 multiplexing 
(11) 5:1 multiplexing 

Overlay 0 enable 

(0) use color palette RAM 
(I) use overlay color 0 

reserved (logical zero) 

Blink rate selection 

(00) 16 on, 48 off (25175) 
(01) 16 on, 16 off (50150) 
(10) 32 on, 32 off (50150) 
(11) 64 on, 64 off (50150) 

Block mode 

(00) 8 bits per pixel 
(01) 4 bits per pixel 
(10) 2 bits per pixel 
(11) I bit per pixel 

5-150 SECTION 5 

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 
one fourth the CLOCK rate. If 5: 1 is specified, all of the 
pixel and overlay inputs are used, and the LD* input 
should be one fifth the CLOCK rate. If 1: 1 is specified, the 
{B}, {C}, {D}, and {E} inputs are ignored. 

In the I: I multiplex mode, the maximum clock rate is 66 
MHz. LD* is used for the pixel clock. Although CLOCK 
is ignored in the I: f mode, it must remain running. 

It is possible to reset the pipeline delay of the Bt459 to a 
fixed eight clock cycles. In this instance, each time the 
input multiplexing is changed, the Bt459 must again be 
reset to a lixed 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 2 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 (percent on/off). The counters that determine the 
blink rate are reset when command registecO is written to. 

These bits specify whether the pixel data is input as 1, 2, 4, 
or 8 bits per pixel. Only the PO--P7 inputs are affected. 



Brooldree® Bt459 
Internal Registers (continued) 

Command Registe,_1 

This register may be written to or read by the MPU at any time and is not initialized. CRlO corresponds to data bus bit DO. 

CR17-CR15 Pan select 

(000) o pixels 
(001) I pixel 
(010) 2 pixels 
(011) 3 pixels 
(100) 4 pixels 
(101) reserved 
(110) reserved 
(lll) reserved 

CR14 reserved (Iogiciu zero) 

CR13-CRI0 Zoom factor 

(0000) Ix 
(0001) 2x 

(llll) 16x 

{pixel A} 
{pixel B} 
{pixel C} 
{pixeID} 
{pixel E} 

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 A} indicates pixel A will be 
output first following the blanking interval, {pixel B} 
indicates pixel B will be output first, {pixel C} indicates 
pixel C will be output first, etc. 

Only pixel and underlay information is panned. Overlay 
and cursor information is not panned. 

In the 1: I multiplex mode, 0 pixels should be specified. 

These bits specify the amount of zooming to implement. 
For 2x zoom, pixel {A} is output for two clock cycles, 
followed by pixel {B} for two clock cycles, followed by 
pixel {C} for two clock cycles, etc. For 3x zoom, pixel 
{A} is output for three clock cycles, and so on. 

In the 1:1 multiplex mode, only the {A} pixels are output, 
and Ix zoom should be selected. 

Only PO-P7 are zoomed. 
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Bt459 
Internal Registers (continued) 

Command Registe,_2 

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 
(I) enable sync 

Pedestal enable 

(0) 0 IRE pedestal 
(I) 7.5 IRE pedestal 

Load palette RAM select 

(00) normal 
(01) red RAMDAC 
(10) green RAMDAC 
(II) blue RAMDAC 

PLL select 

(0) SYNC* 
(I) BLANK* 

X Windows overlay select 

(0) normal overlays 
(I) X Windows overlays 

X Windows cursor select 

(0) normal cursor 
(I) X Windows cursor 

Test mode select 

(0) signature analysis test 
(I) data strobe test 

5-152 SECTIONS 

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 with 
three write cycles (red, green, and blue), and color data is 
output with 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 to be input and output with 
(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* to generate PLL information. 

This bit specifies whether the overlays are to operate 
normally (logical zero) or in an X Windows environment 
(logical one). 

This bit specifies whether the cursor is to operate normally 
(logical zero) or in an X Windows-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. 



Bt459 
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} 
(10 1) reserved 
(110) reserved 
(111) reserved 

Overlay interleave enable 

(0) iJiterieaving 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 listed 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 I-pixel interleave select, ABCD would 
be repeated every fourth scan line. 

When the Bt459 is in the I: 1 input multiplex mode, a 
value of 0 pixels(ooo) must be specified. 

These bits are used to support panning in the Y direction 
with an interleaved frame buffer. Because of the 
interleave capability, the value of the first pixel must be 
specified 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 when the Bt459 is in the 1:1 
multiplex mode. 

This bit specifies whether OLO-OL3 and OLE are to be 
interleaved. If interleaving is enabled, the interleave factor 
and first pixel selection are the same as that for PO-P7. If 
interleaving is disabled, pixel {A} is output first, and no 
interleaving occurs. 

If command bit CR22 is a logical zero, this bit enables or 
disables the underlay display. If CR22 is a logical one, 
this bit is ignored. 

lethe underlay is enabled (and CR22 is a logical zero), the 
OLE inputs function as follows: If OLE = 0, PO-P7 data 
is displayed. If OLE = I, the underlay is displayed if 
PO-P7 = 0, if PO-P7 ¢ 0, normal pixel data is displayed. 
The underlay uses overlay color 0 to provide underlay 
color information~ 
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Bt459 Brooktree® 
Internal Registers (continued) 

Interleave Register (continued) 

5:1 multiplexing 4:1 multiplexing 

interleave output scan line output scan line 
select sequence number sequence number 

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+l DABC n+l 
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+l 
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 coin-

BLANK" 

Bt459 

cident with the falling edge of BLANK* but must 
remain low at least 16 LD* cycles after the falling 
edgeofBLANK*. 

If zooming is not required (Ix zoom), the IZE* 
should be a logical zero or be connected directly to 
GND. 

IZE* ------------~~~~--~Wm 
Figure 11. Interleave and Zoom Operation (3x Zoom Example). 
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Bt459 
Internal Registers (continued) 

10 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 ad
dressing 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. For proper operation, it 
must be initialized by the user after power-up. 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 registecO: This register may be written to or 
read by the MPU at any time and is not initialized. For proper operation, it must be initialized by the user after 
power-up. 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-ED, and D3 corre
sponds to overlay plane 3 (OL3 {A-ED. 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. For proper operation, it 
must be initialized by the user after power-up. 

Overlay Blink Mask Register 

The 8-bit overlay blink mask register is used to enable (logical one) or disable (logical zero) an overlay plane 
from blinking at the blink rate and duty cycle specified by command registecO. DO corresponds to overlay 
plane 0 (QLO {A-ED, and D3 corresponds to overlay plane 3 (OL3 {A-ED. In order for an overlay plane to 
blink, the corresponding bit in the overlay read mask register must be a logical one. D4-D7 are always a logi
cal zero. 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it 
must be initialized by the user after power-up. 

Revision Register (Revision B only) 

This 8-bit register is a read-only register, specifying the revision of the Bt459. The 4 most significant bits sig
nify the revision letter B in hexidecimal form. The 4 least significant bits do not represent any value and 
should be ignored. Data written to this register is ignored. 

Since the Revision A device does not have a revision register, address $0220 will contain the last data read 
to or written from the internal bus. 
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Brooktree® Bt459 
Internal Registers (continued) 

Red, Green, and Blue Signature Registers 

Signature Operation 

These three 8-bit signature registers (one each for red, green, and blue) may be read by the MPU while 
BLANK* is a logical zero. While BLANK* is a logical one, the three registers are concatenated and a 24-bit 
signature is acquired. The MPU may read from or 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 deterministic value for the red, green, and blue signature 
registers will be read from these registers if all circuitry is working properly. The Application Information, 
Test Register section contains more information. 

Data Strobe Operation 

If command bit CR20 selects "data strobe testing," the operation of the signature registers changes. 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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Bt459 
Internal Registers (continued) 

Test Register 

This 8-bit register is used to test the Bt459. If 1: 1 pixel multiplexing is specified, signature analysis is per
formed on every pixel; if 4: I pixel multiplexing is specified, signature analysis is performed on every fourth 
pixel; if 5:1 pixel multiplexing is specified, signature analysis is performed 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 pixer'inputs, as follows: 

02-00 Selection 

000 pixel A 
001 pixelB 
010 pixelC 
011 pixelD 
100 pixelE 
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 RGB outputs to each other and to a 150 mV reference. This enables 

the MPU to determine whether the CRT monitor is connected to the analog RGB outputs and whether the 
DACs are functional. 

07, D6 + 
>----lD Q D3 

D5, D4 
07 06 05 04 03 

red green blue 145 mVref. result 
select select select select 

CURSOR -------' 

07-04 If 03 = 1 If 03 = 0 

0000 normal operation - -
1010 red DAC compared to blue DAC red> blue blue> red 
1001 red DAC compared to 150 mV reference red> 150 mV red < 145 mV 
0110 green DAC compared to blue DAC green> blue blue> green 
0101 green DAC compared to 150 mV reference green> 150 mV green < 145 mV 

The above table lists the valid comparison combinations. A logical one enables that function to be com
pared; the result is D3. The comparison result is strobed into D3 on the left edge of the 64 x 64 cursor area. 
The output levels of the DACs should be constant for 5 J.IS before the left edge of the cursor. 

For normal operation, D3-D7 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 planet display enable 

(0) disable plane 1 
(1) enable planet 

64 x 64 cursor planeO display enable 

(0) disable planeO 
(1) enable planeO 

Cross hair cursor plane 1 display 
enable 

(0) disable plane 1 
(1) enable planel 

Cross hair cursor planeO display 
enable 

(0) disable planeO 
(1) enable planeO 

Cursor format 

(0) XOR 
(1) OR 

Cross hair thickness 

(00) 1 pixel 
(01) 3 pixels 
(to) 5 pixels 
(11) 7 pixels 

Cursor blink enable 

(0) blinking disabled 
(1) blinking enabled 

This bit specifies whether planel of the 64 x 64 
cursor is to be displayed (logical one) or not (logical 
zero). 

This bit specifies whether planeO of the 64 x 64 
cursor is to be displayed (logical one) or not (logical 
zero). 

This bit specifies whether planel of the cross hair _ 
cursor is to be displayed (logical one) or not (logical 
zero). 

This bit specifies whether planeO of the cross hair 
cursor is to be displayed (logical one) or not (logical 
zero). PlaneO and planet contain the same 
information. 

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 1, 3, 5, or 7 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 registecO. 
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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 cas
caded 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 DS D4 D3 D2 D1 

X Address Xll XIO X9 X8 X7 X6 XS X4 X3 X2 Xl 

Cursor (y) High Cursor (y) Low 
(CYHR) (CYLR) 

Data Bit. D3 D2 D1 DO D7 D6 DS D4 D3 D2 D1 

Y Address Yll YIO Y9 Y8 Y7 Y6 YS Y4 Y3 Y2 . YI 

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 

DO 

XO 

DO 

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 04-07 ofWXHR and WYHR are always a logical zero. 

Window (x) High Window (x) Low 
(WXHR) (WXLR) 

OataBit D3 02 D1 DO 07 06 05 04 03 D2 D1 00 

X Address XlI XlO X9 X8 X7 X6 X5 X4 X3 X2 Xl XO 

Window (y) High Window (y) Low 
(WYHR) (WYLR) 

OataBit 03 02 D1 DO 07 D6 05 04 03 02 D1 DO 

Y Address Yll YIO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 YI YO 

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: I input multiplexing 
H = number of pixels between the first rising edge of LO* 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 

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 regis
ters 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 win
dow 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 reall 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 Window Width Low 
(WWHR) (WWLR) 

OataBit 03 02 D1 DO 07 06 05 04 03 02 D1 DO 

X Address XlI XIO X9 X8 X7 X6 X5 X4 X3 X2 Xl XO 

Window Height High Window Height Low 
(WHHR) (WHLR) 

OataBit 03 02 D1 00 07 06 05 04 03 02 D1 00 

Y Address Yll YIO Y9 Y8 Y7 Y6 Y5 Y4 Y3 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. The minimum window height is 2 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 define the pixel pattern within the 64 x 64 pixel cursor window and is not 
initialized. 

For Revision A, the cursor RAM should not be written to by the MPU during the horizontal sync time and 
for the two LD* cycles after the end of the horizontal sync. The cursor RAM may otherwise be written to or 
read by the MPU at any time without contention. If writing to the cursor RAM asynchronously to horizontal 
sync, it is recommended that the user position the cursor offscreen in the Y direction [Le., write to the cursor 
(y) registers and wait for the vertical sync interval to move the cursor offscreen], write to the cursor RAM, 
then reposition the cursor back to the original position. An alternative is to perform a write-then-read se
quence, and if the correct cursor RAM data was not written, perform another write then read sequence. Since 
the contention occurs only during horizontal sync at the Y locations coincident with the cursor, the second 
write/read sequence bypasses the window of time when cursor RAM is in contention. 

For Revision B, cursor contention has been eliminated. The cursor RAM may be written to or read by the 
MPU at any time without contention. 

During MPU accesses to the cursor RAM, the address 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. Addressing starts at lo
cation $400 as specified in Table 1. 

In the X Windows mode, plane 1 serves as a cursor display enable while planeD selects one of two cursor 
colors (if enabled). 

In both modes of operation, planel = D7, D5, D3, D1; and planeD = D6, D4, D2, DO. 

UPPER LEFT CORNER AS 

DISPLAYED ON SCREEN 

64 

PIXELS 

. 64 

PIXELS 

BYTE $400 BYTE $401 

BYTE $410 BYTE $411 

BYTE$7FO BYTE$7Fl 

/' 4PIXELS ~ 
107• D61 D5. D41 03. 021 Dl. DO 1 

Normal Mode: 

BYTE$40F 

BYTE$41F 

BYTE$7FF 

00 = color palette or overlay RAM 
01 = cursor color 1 
10 = cursor color 2 
II = cursor color 3 

X-Windows Mode: 

00 = color palette or overlay RAM 
01 = color palette or overlay RAM 
10 = cursor color 2 
11 = cursor color 3 

Figure 12. Cursor RAM as Displayed on the Screen. 
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Bt459 Brooktree@ . 
Pin Descriptions 

Pin Name 

BLANK" 

SYNC* 

LD* 

PO--P7 
{A-E} 

OLO-OL3 
{A-E} 

OLE {A-E} 

lOR, lOG, lOB 

PLL 

lZE* 

VAA 

GND 

Description 

Composite blank control input (TIL compatible). A logical zero drives tbe analog output to tbe 
blanking level, as specified in Tables 6 and 7. BLANK" is latched on tbe rising edge of LD*. When 
BLANK* is a logical zero, tbe pixel and overlay inputs are ignored. 

Composite sync control inputs (TIL compatible). A logical zero typically switches off a 40 IRE 
current source on tbe lOG output (see Figures 9 and 10). SYNC* does not override any otber 
control or data input, as shown in Tables 6 and 7; tberefore, it should be asserted only during tbe 
blanking interval. SYNC* is latched on tbe rising edge of LD*. 

Load control input (TIL compatible). The PO--P7 {A-E}, OLO-OL3 {A-E}, OLE {A-E}, 
BLANK*, and SYNC* inputs are latched on tbe rising edge of LD*. While LD* is tbe output clock 
(1:1 multiplex mode) or while LD* is one fourth or one fiftb of CLOCK, LD* may be phase 
independent of tbe CLOCK and CLOCK* inputs. LD* may have any duty cycle witbin tbe limits 
specified in tbe AC Characteristics section. 

Pixel select inputs (TIL compatible). These inputs are used to specify, on a pixel basis, which 
location of tbe color palette RAM is to be used to provide color information (see Table 4). Eitber I, 
4, or 5 consecutive pixels (up to 8 bits per pixel) are input tbrough tbis port. They are latched on tbe 
rising edge ofLD*. Unused inputs should be connected to GND. Typically, tbe {A} pixel is output 
first, fallowed by tbe {B} pixel, followed by tbe {C} pixel, etc., until all pixels (I, 4, or 5) have 
been output, at which point tbe cycle repeats. 

Overlay select inputs (TIL compatible). These inputs are latched on tbe rising edge of LD* and, in 
conjunction witb CR05 in command registecO, specify which palette is to be used for color 
information, as detailed in Table 4. When tbe overlay palette RAM is being accessed, tbe PO--P7 
{A-E} inputs are ignored. Overlay information (up to 4 bits per pixel) for eitber I, 4, or 5 
consecutive pixels is input tbrough tbis port. Unused inputs should be connected to GND. 

Overlay enable inputs (TIL compatible). In tbe X Windows mode for overlays, a logical one 
indicates overlay information is to be displayed. A logical zero indicates PO--P7 information is to be 
displayed. In tbe normal mode for overlays, tbese inputs are ignored. They are latched on tbe rising 
edge ofLD*. Unused inputs should be connected to GND. 

Red, green, and blue current outputs. These high-impedance current sources can directly drive a 
doubly-terminated 75 0 coaxial cable (Figure 13). All outputs, whetber used or not, should have tbe 
same output load. 

Phase lock loop output current. This high-impedance current source is used to enable multiple 
Bt459s to be synchronized witb subpixel resolution when used witb an external PLL. A logical one 
for SYNC" or BLANK* (as specified by CR23 in command registec2) results in no current being 
output onto tbis pin, while a logical zero results in tbe following current being output: 

PLL (rnA) = 3,227 * VREF (V) I RSET (0) 

If subpixel synchronization of multiple devices is not required, tbis output should be connected to 
GND eitber directly or tbrough a resistor of up to 150 O. 

Interleave zoom enable input (TIL compatible). This input should be a logical zero for a minimum 
of 16 LD* cycles after tbe falling edge of BLANK" during scan lines tbat require an interleave shift 
If zoom while interleaving is not supported, this pin may be connected directly to GND. 

Analog power. All V AA pins must be connected togetber on tbe same PCB plane to prevent 
latchup. 

Analog ground. All GND pins must be connected togetber on tbe same PCB plane to prevent 
latchup. 
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Pin Descriptions (continued) 

Pin Name 

CaMP 

FSADJUST 

VREF 

CLOCK, 
CLOCK* 

CE* 

RIW 

CO,CI 

DO--D7 

Description 

, 
Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 IJF 
ceramic capacitor must be connected between this pin and VAA (Figure 13). When the capacitor is 
connected to V AA rather than to GND, the highest possible power supply noise rejection is 
provided. The CaMP capacitor must be as close to the device as possible to keep lead lengths to an 
absolute minimum and maximize the capacitor's self-resonant frequency to be greater than the LD* 
frequency. The PC Board Layout Considerations section contains critical layout criteria. 

Full-scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full-scale video signal (Figure 13). The IRE relationships in Figures 9 and 10 are 
maintained regardless of the full-scale output current. 

The relationship between RSET and the full-sc~e output current on lOG is: 

RSET (n) = KI * VREF (V) I lOG (mA) 

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

lOR, lOB (rnA) = K2 * VREF (V) I RSET (n) 

where KI and K2 are defined as: 

Setup lOG IOR,IOB 

7.5 IRE Kl = 11,294 K2 = 8,067 

DIRE KI = 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 1.235 V (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 IJF ceramic capacitor is used to decouple this input 
to VAA, as shown in Figure 13. If VAA is excessively noisy, better performance may be obtained 
by decoupling VREF to GND. 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 V) 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. 

Read/write control input (TTL compatible). To write data to the device, both CE* and RIW must be 
a logical zero. To read data from the device, CE* must be a logical zero and RIW must be a logical 
one. RIW is latched on the falling edge of CE*. 

Command control inputs (TTL compatible). CO and CI specify the type of read or write operation 
being performed, as specified in Table I. They are latched on the falling edge of CE*. 

Data bus (TTL compatible). Data is transferred into and out· of the device over this 8-bit 
bidirectiomil data bus. DO is the least significant bit. 
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Bt459 
Pin Descriptions (continued)-132-pin PGA Package 

Pin Pin Pin 
Signal Number Signal Number Signal Number 

BLANK* LI OLOA El GNO HI 
SYNC'" 10 OLOB F2 GNO H2 

LO'" A5 OLOe Fl GNO H3 
CLOCK Kl OLOO G3 GNb C7 
CLOCK* K2 OLOE G2 GNO 012 

IZE'" B5 GNO M8 
OLIA Ml GNO M7 

POA E3 OLIB L2 GNO N7 
POB D2 OLIC Nl 
POe 01 OLID L3 COMP N9 
POO E2 OLIE M2 FSAOJUST MIO 
POE F3 VREF P9 

OL2A M3 
PIA Al OL2B N2 CE* P13 
PlB 03 OL2C PI RIW N12 
PIC C2 OL20 P2 Cl P12 
PID Bl OL2E N3 CO Mll 
PIE Cl 

OL3A M4 DO L13 
P2A A3 OL3B P3 01 M14 
P2B B3 OL3C N4 02 LI2 
P2C A2 OL30 P4 03 M13 
P20 C3 OL3E M5 04 N14 
P2E B2 05 P14 

OLEA N5 06 N13 
P3A A8 OLEB P5 07 M12 
P3B A7 OLEC M6 
P3C B7 OLEO N6 reserved 014 
P30 A6 OLEE P6 reserved 013 
P3E B6 reserved F14 

lOG PIO reserved F13 
P4A C9 lOB Pll reserved E14 
P4B B9 lOR NIO reserved 113 
P4C A9 PLL Nll reserved 114 
P40 C8 reserved H12 
P4E B8 VAA 11 reserved H13 

VAA J2 reserved H14 
P5A Bll VAA J3 reserved C5 
P5B All VAA C6 reserved A4 
P5C CIO VAA F12 reserved B4 
P50 BlO VAA M9 reserved C4 
P5E AlO VAA P7 reserved C14 

VAA P8 reserved C13 
P6A A14 VAA N8 reserved B14 
P6B A13 reserved C12 
P6C B12 reserved B13 
P6D Cll reserved LI4 
P6E A12 reserved K12 

reserved 112 
P7A E13 reserved K14 
P7B E12 reserved K13 
P7C 014 
P70 013 
P7E 012 
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Pin Descriptions (continued)-132-pin PGA Package 

Alignment 
Marker 
(on Top) 

14 

13 

12 

11 

10 

6 

14 

13 

12 

11 

10 

4 

D1 D4 DS 

D3 D6 CE' 

PQl P6C NIC P7E P7B VAA GND NIC NIC NIC D2 D7 RIW CI 

PSD PSA P6D co PLL 10D 

P5E PSD PSC FS AD] [OR [OG 

P4C P4D P4A 

Bt459 
VAA COMP VREF 

PJA P4E P4D GND VAA VAA 

PJD P3C GND GND GND VAA 

PJD PJE VAA 
(TOP VIEW) 

OLEC OLED OLEE 

LD* JZE* NIC OUE OLEA OLEB 

NIC NIC NIC OUA OL3C OUD 

P2A P2D P2D PID POA POE OLOD GND V AA SYNC' OLID 0L2A O1.2E OUD 

P2C P2E PIC POD POD OLOD OLOE GND VAA CLK' OLlB OLlE O1.2D O1.2D 

8 PID PIE roc OLOA OLOe NIC GND VAA CLK DLK' OLIA OLIC O1.2C 

A D C D E F G H K L M N P 

DS D4 D1 NIC NIC NIC NIC NIC NIC P7C NIC NIC P6A 

CE' D6 D3 DO NIC NIC NIC NIC NIC P7 A P7D NIC NIC 

CI RIW D7 D2 NIC NIC GND VAA P7D P7E NIC P6C P6E 

[OD PLL CO P6D PSA P5D 

[OG [OR FS AD] PSC PSD P5E 

VREF COMP VAA P4A P4D P4C 

VAA VAA GND P4D P4E P3A 

(BOTTOM VIEW) 
VAA GND GND GND P3C P3D 

OLEE OLED OLEC VAA PJE PJD 

OLEB OLEA OUE N/c IZE* LD* 

OUD 0L3C OUA NIC NIC 

OUD OUE OUA OLlD SYNC' V AA GND OLOD POE POA PID P2D P2D P2A 

OUD OUD OLlE OLlB CLK' VAA GND OLOE OLOD POD POD PIC P2E P2C 

oue OLIC OLIA 'DLK' CLK VAA GND NIC OLOe OLOA roc PIE PID B 
P N M L K H G F E D C D A 
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Pin Descriptions (continued)-132-pin PQFP Package 

Pin Pin Pin 
Number Signal Number Signal Number Signal 

1 OLOE 44 P6E 88 PLL 
2 OLOD 45 P6D 89 lOB 
3 OLOe 46 P6C 
4 OLOB 47 P6B 9()' FSADJUST 
5 OLOA 48 P6A 91 lOR 

92 lOG 
6 POE 49 reserved 93 VAA 
7 POD 50 reserved 94 VAA 
8 POe 51 reserved 95 COMP 
9 POB 96 VREF 
10 POA 52 P7E 97 GND 

53 P7D 98 VAA 
11 PIE 54 P7C 99 VAA 
12 PIO 55 P7B 100 GND 
13 PIC 56 P7A 101 GND 
14 P1B 
15 PIA 57 reserved 102 OLEE 

58 VAA 103 OLED 
16 P2E 59 VAA 104 OLEC 
17 P2D 60 reserved 105 OLEB 
18 P2C 61 reserved 106 OLEA 
19 P2B 62 GND 
20 P2A 63 GND 107 OL3E 

64 reserved 108 OL3D 
21 reserved 65 reserved 109 OL3C 
22 reserved 110 OL3B 
23 reserved 66 reserved III OL3A 
24 reserved 67 reserved 
25 lZE* 68 reserved 112 OL2E 

69 reserved 113 OL2D 
26 LD* 70 reserved 114 OL2C 
27 VAA 115 OL2B 

71 reserved 116 OL2A 
28 P3E 72 reserved 
29 P3D 73 reserved 117 OLIE 
30 GND 74 reserved 118 OLIO 
31 P3C 75 reserved 119 OL1C 
32 P3B 120 OLIB 
33 P3A 76 DO 121 OLIA 

77 D1 
34 P4E 78 D2 122 SYNC· 
35 P4D 79 D3 123 BLANK* 
36 P4C 80 D4 124 CLOCK* 
37 P4B 81 D5 125 CLOCK 
38 P4A 82 D6 

83 D7 126 VAA 
39 P5E 127 VAA 
40 P5D 84 CE* 128 GND 
41 P5C 85 RfW 129 GND 
42 P5B 86 Cl 
43 P5A 87 CO 130 reserved 

131 reserved 
132 reserved 
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Pin Descriptions (continued)--132-pin PQFP Package 
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Bt459 
PC Board Layout Considerations 

PC Board Considerations 

For optimum performance of the Bt459, proper CMOS 
RAMDAC layout techniques should be studied in the 
Bt451n1S Evaluation Module Operation and Measure
ments, Application Note (AN-16), before PC board 
layout is begun. This application note can be found in 
Brooktree's Applications Handbook. 

The layout should be optimized for lowest noise on 
the Bt459 power and ground planes by providing good 
decoupling. The trace length between groups of V AA 
and GND pins should be as short as possible to mini
mize inductive ringing. 

A well-designed power distribution network is criti
cal to eliminating digital switching noise. The ground 
plane must provide a low-impedance return path for 
the digital circuits. A PC board with a minimum of six 
layers is recommended. The ground layer should be a 
shield to isolate noise from the analog traces with layer 
1 (top) for the analog traces, layer 2 for the ground 
plane, layer 3 for the analog power plane, and the re
maining layers used for digital traces and digital power 
supplies. 

Component Placement 

Components should be placed as close as possible to 
the associated RAMDAC pin. Whenever possible, 
components should be placed so traces can be connect
ed point to point. 

The optimum layout enables the Bt459 to be located 
as close as possible to the power supply connector and 
the video output connector. ' 

Ground Planes 

For optimum performance, a common digital and ana
log ground plane is recommended. 

Power Planes 

Separate digital and analog power planes are recom
mended. The digital power plane should provide pow
er to all digital logic on the PC board, and the analog 
power plane should provide power to all Bt459 power 
pins, VREF circuitry, and COMP and VREF decou
pling. There should be at least a liS-inch gap between 
the digital power plane and the analog power plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figure 13. This bead 
should be located within 3 inches of the Bt459. The 
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bead proVIdes resistance to switching currents, acting 
as a resistance at high frequencies. A low-resistance 
bead should be used, such as Ferroxcube 5659065-3B, 
Fair-Rite 2743001111, or TDK BF45-4001. 

Device Decoupling 

For optimum performance, all capacitors should be lo
cated as close as possible to the device and should use 
the shortest possible leads (consistent with reliable op
eration) to reduce the lead inductance. Chip capacitors 
are recommended for minimum lead inductance. Radi
allead ceramic capacitors may be substituted for chip 
capacitors and are better than axial lead capacitors for 
self-resonance. Values are chosen to have self
resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling is obtained with a 
0.1 J.IF ceramic capacitor in parallel with a om J.IF 
chip capacitor, decoupling each of the four groups of 
V AA pins to GND. The capacitors should be placed as 
close as possible to the device V AA and GND pins, 
and should be connected with short, wide traces. 

The 33 J.IF capacitor shown in Figure 13 is for low
frequency power supply ripple. The 0.1 J.IF and 0.01 
J.IF capacitors are for high-frequency power supply 
noise rejection. 

When a linear regulator is used, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than or 
equal to 200 mY. This is especially important when a 
switching power supply is used and the switching fre
quency is close to the raster scan frequency. About 10 
percent of the power supply hum and ripple noise less 
than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

The COMP pin must be decoupled to V AA, typically 
with a 0.1-J.IF ceramic capacitor. Low-frequency sup
ply noise will require a larger value. The COMP ca
pacitor must be as close as possible to the COMP and 
V AA pins. A surface-mount ceramic chip capacitor is 
preferred for minimal lead inductance, which degrades 
the noise rejection of the circuit. Short, wide traces 
will also reduce lead inductance. 

If the display has a ghosting problem, additional ca
pacitance in parallel with the COMP capacitor may 
help. 



Brooktree® Bt459 
PC Board Layout Considerations (continued) 

VREF Oecoupling 

A 0.1 ~ ceramic capacitor should be used to decouple 
this input to V AA. If V AA is excessively noisy, better 
performance may be obtained by decoupling VREF to 
GND. Altemate PCB pads (one to VAA and one to 
GND) are recommended for the VREF decoupling 
capacitor. 

Digital Signal Interconnect 

The digital inputs to the Bt459 should be isolated as 
much as possible from the analog outputs and other an
alog circuitry. Also, these input signals should not 
overlay the analog power and output signals. 

Most noise on the analog outputs will be caused by 
excessive edge rates (less than 3 ns), overshoot, under
shoot, and ringing on the digital inputs. 

The digital edge rates should not be faster than nec
essary, as feedthrough noise is proportional to the digi
tal edge rates. Lower-speed applications will benefit 
from using lower-speed logic (3-5 ns edge rates) to re
duce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time (refer to 
Brooktree Application Notes AN-ll and AN-12). Line 
termination or line-length reduction is the solution. For 
example, logic edge rates of 2 ns require line lengths 
of less than 4 inches without using termination. Ring
ing may be reduced by damping the line with a series 
resistor (30-300 Q). 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing the digital 
signals at a 90 degree angle to any analog signals. 

The clock driver and all other digital devices must 
be adequately decoupled to prevent noise generated by 
the digital devices from coupling into the analog 
circuitry. 

Analog Signal Interconnect 

The Bt459 should be located as close as possible to the 
output connectors to minimize noise pickup and reflec
tions due to impedance mismatch. 

The analog outputs are susceptible to crosstalk/rom 
digital lines; digital traces must not be routed under or 
adjacent to the analog output traces. 

To maximize the high-frequency power supply re
jection, the video output signals should not overlay the 
analog power plane. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. The load resistor connection be
tween the video outputs and GND should be as close 
as possible to the Bt459 to minimize reflections. Un
used analog outputs should be connected to GND. 

Analog output video edges exceeding the CRT mon
itor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EM! and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 

The Bt459 analog output should be protected 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 13 can 
prevent latchup under severe discharge conditions with
out adversely degrading analog transition times. The 
IN4148/9 parts are low-capacitance, fast-switching 
diodes, which are also available in multiple-device 
packages (FSA250X or FSA270X) or surface
mountable pairs (BA V99 or MMBD7001). 
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Bt459 Brooktree® 
PC Board Layout Considerations (continued) 

CIO 

Cll 

L1 

+5V(VCC) 

+ 
Zl Cl2 

TCI Bt459 

GROUND 

(POWER SUPPLY 

CONNECfOR) 

PLL RSET 

RI R2 R3 

FSADJUST 

lOR 
TO 

100 VIDEO 

CONNECIOR 

lOB 

VAA 

0 
IN4148/9 

DAC 
TO MONITOR 

OUTPUT 
IN4148/9 

GND 

Note: Each pair of device V AA and GND pins must be separately decoupled with 0.1 ~ and 0.01 ~ capacitors. 

Location Description Vendor Part Number 

CI-C5, ClO, CII 0.1 ~ ceramic capacitor Erie RPEllOZ5U104M50V 
C6-C9 0.01 ~ ceramic chip capacitor AVX 12 lO2T lO3QA 10 I 8 

CI2 33 ~ tantalum capacitor Mallory CSRI3F336KM 
L1 ferrite bead Fair-Rite 2743001111 

RI, R2, R3 75 n 1% metal film resistor Dale CMF-55e 
R4 1000 n I % metal film resistor Dale CMF-55C 

RSET 523 n I % metal film resistor Dale CMF-5SC 
ZI 1.2 V voltage reference National Semiconductor LM385Z-I.2 

The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics will not 
affect the performance of the Bt459. 

Figure 13. Typical Connection Diagram and Parts List. 
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Brooktroo® 
Application Information 

Clock Interfacing 

Because of 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 generated by ECL logic operating at +5 V. The 
CLOCK and CLOCK* inputs require termination re
sistors (220 Q to GND) that should be located as close 
as possible to the clock driver. A 150 Q chip resistor 
connected between the RAMDAC's CLOCK and 
CLOCK* pins is also required to ensure proper termi
nation. It should be located as close as possible to the 
RAMDAC. (See Figure 14.) 

The CLOCK and CLOCK* inputs must be differen
tial signals and greater than 0.6 V peak-to-peak be
cause of 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 multi
plexing was specified), and translating the result to 
TTL levels. As LD* may be phase shifted relative to 
CLOCK, the designer need not worry about propaga
tion 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, it is recommended that the Bt438 Clock 
Generator Chip be used to generate the clock and 

+5V 

MONITOR 

PRODUCTS 

970E 

220 

330 

8t438 

Bt459 

load signals. It supports the 4:1 and 5:1 input multi
plexing of the Bt459, and will optionally set the pipe
line delay of the Bt459 to eight clock cycles. The 
Bt438 may also be used to interface the Bt459 to a 
TTL clock. Figure 14 illustrates the Bt438 used with 
the Bt459. 

When using a single Bt459, the PLL output is ig
nored and should be connected to GND (either directly 
or through a resistor of up to 150 Q). 

Using Multiple 8t459s 

For display applications where up to four Bt459s are 
being used, it is recommended that the Bt439 Clock 
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 subpixel resolution 
and sets the pipeline delay of the Bt459 to eight clock 
cycles. The Bt439 may also be used to interface the 
Bt459 to a TTL clock. Figure 15 illustrates the Bt439 _ 
used with the Bt459. 

Subpixel synchronization is supported by the PLL 
output. Essentially, PLL provides a signal to indicate 
the amount of analog output delay of the Bt459, rela
tive to CLOCK. The Bt439 compares the phase of the 
PLL signals generated by up to four Bt459s, and ad
justs the delay of each of the CLOCK and CLOCK* 
signals to the Bt459s to minimize the PLL delay differ
ence. There should be minimal layout skew in the 
CLOCK and PLL trace paths to ensure proper clock 
alignment. 

H~------'--ICLOCK 

220 
150 8t459 

H~------+-ICLOCK' 

220 

f----------JLD· 

VREF I-------'\I\r--~--I VREF 

lK 

Figure 14. Generating the 81459 Clock Signals. 
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. Bt459 
Application Information (continued) 

If subpixel synchronization of multiple Bt459s is 
not necessary, the Bt438 Clock Generator Chip may be 
used rather than the Bt439. In this instance, the 
CLOCK, CLOCK*, and LD* inputs of up to four 
Bt459s are connected together and driven by a single 
Bt438 (daisy chain with single balanced termination 
for <100 MHz or through a lOH116 buffer for >100 
MHz). The VREF inputs of the Bt459s must still have 
a 0.1 !.IF bypass capacitor to V AA, and individual volt
age references. The designer must minimize skew on 

+sv 
+sv 

MONITOR 220 

PRODUCTS 

970E 
330 

81439 

+sv PLLI 

CLOCKI 

@ 
FROM 
BT4S9 

70 u%T 

220 150 ®T 8 :r 

Brooklree® 

the CLOCK and CLOCK* lines. The PLL outputs of 
the Bt459s will not be used and should be connected to 
GND (either directly or through a resistor of up to 150 
!l). 

When multiple Bt459s are used, each Bt459 should 
have its own power plane ferrite bead and voltage ref
erence. Each Bt459 must still have its own RSET re
sistor, analog output terminati.on resistors, power sup
ply bypass capacitors, COMP capacitor, and VREF 
capacitor. 

PLL 

CLOCK 

CLOCK" 
8t459 

VAA 
w-

#1 

IK 

VREF 

LM38SZ.1.2 

8t459 

VAA #2 

IK 

VREF 

LM38SZ.1.2 

PLL 

CLOCK 

CLOCK" 
8t459 

LD-
VAA #3 

IK 

VREF 

Figure 15. Generating the Clock Signals for Multiple Bt459s. 
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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, Bt439, and Bt440 Clock Generator 
Chips support this mode of operation when used with 
the Bt459. It is strongly recommended that the Bt438, 
Bt439, or Bt440 be used for clock generation when 
multiple Bt459s are used or when a fixed pipeline of 
eight clock cycles is necessary. 

Bt459 

ment, the power-up that occurs prior to initialization of 
the command registers cannot be used to assume the 
fixed pipeline. An additional reset is required after 
command register writes. 

When the Bt459 is reset to an eight-clock-cycle 
pipeline delay, the blink counter circuitry is not reset. 
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. Blink
ing may be done under software control through the 
read mask register and overlay display enable bits. 

The Bt459 must be reset to an eight-clock-cycle 
pipeline delay for proper cursor pixel alignment. 

To reset the Bt459, it should be powered up with 
LD*, CLOCK; and CLOCK* running. The CLOCK 
and CLOCK* signals should be stopped with CLOCK. 
high and CLOCK* low for at least three rising edges 
of LD*. There is no upper limit on how long the de
vice can be held with CLOCK and CLOCK* stopped. 

/ Interleave Operation 

CLOCK and CLOCK* should be restarted 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 the clocks are restarted, 
the minimum clock pulse width must not be violated. 

To ensure that the Bt459 has the proper configura
tion, all the command registers must be initialized 
prior to a fixed pipeline reset. Because of this require-

Scan Line Output Sequence 

0 ABCDABCD ... 
1 DABCDABC ... 
2 CDABCDAB. .. 
3 BCDABCDA ... 
4 ABCDABCD ... 
5 DABCDABC ... 
6 CDABCDAB. .. 
7 BCDABCDA ... 
: : 

Table 9. Interleave Example. 

To support interleaved frame buffers, the Bt459 may 
be configured for various interleave factors, as shown 
in Table 8. Table 9 is an example of interleave opera
tion for 4: 1 multiplexing, an interleave select of 3, and 
starting with pixel {A}. Table 10 is an example of the 
same operation with pixel {B } selected as the starting 
pixel (with the display panned down three 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. 
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Bt459 
Application Information (continued) 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can produce 
symptoms of catastrophiC failure or erratic device be
havior with somewhat leaky inputs. 

All logic inputs should be held low until power to 
the device has settled to the specified tolerance. DAC 
power decoupling networks with large time constants 
should be avoided. They could delay V AA power to 
the device. Ferrite beads must be used only for analog 
power V AA decoupling. Inductors cause a time con
stant delay that induces latchup. 

Latchup can be prevented by ensuring that all V AA 
pins are at the same potential and that the V AA supply 
voltage is applied before the signal pin voltages. The 
correct power-up sequence ensures that any signal pin 
voltage will never exceed the power supply voltage by 
more than +0.5 V. 

Test Features of the 8t459 

The Bt459 contains two dedicated test registers and an 
analog output comparator that assist the user in evalu
ating the performance and functionality of the part. 
This section explains the operating use of these test 
features. 

Signature Register (Signature Mode) 

The signature register, in the active mode, operates 
with the 24 bits of data that are output fro,m the color 
palette RAM. These 24-bit vectors represent a single 
pixel color. They are presented as inputs simultaneous
ly to the red, green, and blue signature analysis regis
ters (SARs), as well as to the three on-chip DACs. 

The SARs act as a 24-bit wide linear feedback shift 
register on each succeeding pixel that is latched. It is 
important to note that in either the 4: I or 5: I multi
plexed mode the SARs latch only 1 pixel per load 
group, Thus, the SARs are operating on only every 
fourth or fifth pixel in the multiplexed modes. The 
user determines which pixel phase (A, B, C, D, or E) is 
latched to generate new signatures by setting bits DO
D2 in the test register. 

In 1: 1 mux mode, the SARs will generate signatures 
truly on each succeeding pixel in the input stream. In 
this case, the user should always select pixel "A" (Test 
Register DO, D 1, and D2 = 000) when in the 1: 1 mode, 
since the "A" pixel pins are the only active pixel 
inputs, 
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The Bt459 will only generate signatures while it is 
in "active-display" (BLANK* negated). The SARs are 
available for reading and writing via the MPU port 
when the Bt459 is in a blanking state (BLANK* as
serted). Specifically, it is safe to access the SARs after 
the DAC outputs are in the blanking state (up to 15 
pixel clock periods after BLANK* is asserted). 

Typically, the user will write a specific 24-bit seed 
value into the SARs. Then, a known pixel stream, 
e.g., one scan line or one frame buffer of pixels, will 
be input to the chip. At the succeeding blank state, the 
resultant 24-bit signature can be read by the MPU. The 
24-bit signature register data is a result of the same 
captured data that is fed to the DACs. Thus, overlay 
and cursor data validity is also tested with the signa
ture registers. 

Assuming the chip is running 4:1 or 5:1 mux modes, 
the above process would be repeated with all different 
pixel phases (A, B, C, etc.) selected. 

The linear feedback configuration is shown in Fig
ure 16. Each register internally uses XORs at each in
put bit (Dn) with the output (result) by 1 least signifi
cant bit (Qn- J). 

Experienced users have developed tables of specific 
seeds and pixel streams, and recorded the signatures 
that result from those inputs applied to known-good 
parts, A good signature from one given pixel stream 
can by used as the seed for the succeeding stream to be 
tested. Any signature is deterministically created from 
a starting seed, and the succeeding pixel stream is fed 
to the SARs. 

Signature Register (Data-Strobe Mode) 

Setting command bit CR20 to "I" puts the SARs into 
data-strobe mode. In this instance, the linear feedback 
circuits of the SARs are disabled, which stops the gen
eration of signatures by the SARs. Instead, the SARs 
capture and hold the respective pixel phase that is 
selected. 

Any MPU data written to the SARs is ignored. 
However, each pixel color value that is strobed into 
the SARs can be directly checked. To read out a cap
tured color in the middle of a pixel stream, the user 
should first freeze all inputs to the Bt459. The levels 
of most inputs do not matter except that CLOCK 
should be high and CLOCK'" should be low. Then, the 
user may read out the pixel color by doing three suc
cessive MPU reads from the red, green, and blue 
SARs, respectively. 
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Application Information (continued) 

In general, the color read out will correspond to a 
pixel latched on the previous load. However, because 
the data path is pipelined, the color may come from an 
earlier load cycle. To read successive pixels: 

1. Toggle LD*. 
2. Pulse the CLO.CK pins according to the mux state 

(one, four, or five periods). 
3. Hold all pixel-related inputs. 
4. Perform the three MPU reads as described. 

This process is best done on a sophisticated VLSI 
semiconductor tester. 

Analog Comparator 

The other dedicated test structure in the Bt459, the an
alog output comparator, allows the user to measure the 
DACs against each other, as well as against a specific 
reference voltage. 

Four combinations of tests are selected through the 
test register. With a given setting, the respective sig
nals (DAC outputs or the 145 mV reference) will be 
continuously input to the comparator. The result of 
the comparator is latched into the test register on each 

RO·R7 
FROM LOOKUP TABLE 

• MPUSARREADBIT 

of the 64 scan lines of the 64 x 64 user-defined cursor 
block. (The 64 x 64 cursor must be enabled for dis
play.) On each of these 64 scan lines, the capture oc
curs over one LD* period that corresponds to the cur
sor (x) position, set by the 12-bit cursor (x) register. 

To obtain a meaningful comparison, the cursor 
should be located on the visible screen. There is no 
significance to the cursor pattern data in the cursor 
RAM. For a visual reference, the capture point occurs 
over the left-most edge of the 64 x 64 cursor block. 

Because the comparator is a simple design, it is rec
ommended that the DAC outputs be stable for 5 J.IS be
fore capture. At a display rate of 100 MHz, 5 J.IS corre
sponds to 500 pixels. In this case, the cursor (x) 
position should be set to well over 500 pixels to ensure 
an adequate supply of pixels. Furthermore, either the 
color palette RAM or the pixel inputs (or both) should 
be configured to gnarantee a single continuous output 
from the DACs under test, until capture. 

Typically, users will create screen-wide test bands 
of various colors. Various comparison cases are set up 
by moving the cursor up and down (by changing the 
12-bit cursor (y) register) over these bands. For each 
test, the result is obtained by reading test register bit 
D3. 

GO.G7 BO.B7 
FROM LOOKUP TABLE FROM LOOKUP TABLE 

Figure 16. Signature Analysis Register Circuit. 
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Application Information (continued) 

Initializing the 8t459 

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, and no interleave 
• 64 x 64 block cursor and no cross hair cursor 
• 8 bits per pixel, no panning, and no zoom 
• sync enabled on lOG and a 7.5 IRE blanking 

pedestal 

Control Register Initialization 

Write $01 to address register low 
Write $02 to address register high 
Write $40 to command registecO 
Write $00 to command registec1 
Write $CO to command register_2 
Write $FF to pixel read mask register 
Write $00 to reserved location 
Write $00 to pixel blink mask register 
Write $00 to reserved location 
Write $00 to overlay read mask register 
Write $00 to overlay blink mask register 
Write $00 to interleave register' 
Write $00 to test register 

Write $00 to address register low 
Write $03 to address register high 
Write $CO to cursor command register 
Write $00 to cursor (x) low register 
Write $00 to cursor (x) high register 
Write $00 to cursor (y) low register 
Write $00 to cursor (y) high register 
Write $00 to window (x) low register 
Write $00 to window (x) high register 
Write $OOto window (y) low register 
Write $00 to window (y) high register 
Write $00 to window width low register 
Write $00 to window width high register 
Write $00 to window height low register 
Write $00 to window height high register 
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Load Cursor RAM Pattern 

Write $00 to address register low 
Write $04 to address register high 
Write $FF to cursor RAM (location $000) 
Write $FF to cursor RAM (location $001) 

Write $FF to cursor RAM (location $3FF) 

Color Palette RAM Initialization 

Write $00 to address register low 
Write $00 to address register high 
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 $01) 
Write green data to RAM (location $01) 
Write blue data to RAM (location $01) 

Write red data to RAM (location $FF) 
Write green data to RAM (location $FF) 
Write blue data to RAM (location $FF) 

Overlay Color Palette Initialization 

Write $00 to address register low 
Write $01 to address register high 
Write red data to overlay (location $0) 
Write green data to overlay (location $0) 
Write blue data to overlay (location $0) 
Write red data to overlay (location $1) 
Write green data to overlay (location $1) 
Write blue data to overlay (location $1) 

Write red 'data to overlay (location $F) 
Write green data to overlay (location $F) 
Write blue data to overlay (location $F) 

Cursor Color Palette Initialization 

Write $81 to address register low 
Write $01 to address register high 
Write red data to cursor (location $0) 
Write green data to cursor (location $0) 
Write blue data to cursor (location $0) 
Write red data to cursor (location $1) 
Write green data to cursor (location $1) 
Write blue data to cursor (location $1) 
Write red data to cursor (location $2) 
Write green data to cursor (location $2) 
Write blue data to cursor (location $2) 

00 
01 
10 
10 

10 

00 
01 
11 
11 
11 
11 
11 
11 

11 
11 
11 

00 
01 
10 
10 
10 
10 
10 
10 

10 
10 
10 

00 
01 
10 
10 
10 
10 
10 
10 
10 
10 
10 



Brooktree@ Bt459 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 n 
Reference Voltage VREF 1.20 1.235 1.26 V 
FS ADJUST Resistor RSET 523 n 
Air Flow (Note 1) 50 l.f.p.m. 

Note 1: Required for Bt459KPF150 only. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 6.5 V 

Voltage on Any Signal Pin GND-O.5 VAA+O.5 V 
(Note 1) 

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 

PQFP TJ +150 °C 
PGA TJ +175 °C 

Soldering Temperature TSOL 260 °C 
(5 seconds, 114" from pin) 

Vapor Phase Soldering TVSOL 220 °C 
(l minute) 

I ~ 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods mar affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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DC Characteristics 

Parameter Symbol Min Typ Max Units 

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

Integral Linearity Error IL ±I LSB 
Differential Linearity Error DL ±I LSB 

Gray Scale Error ±5 % GrayScale 
Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
(except CLOCK, CLOCK*) 
Input High Voltage VIH 2.0 VAA+0.5 V 
Input Low Voltage VIL GND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) I1H 1 IJA 
Input Low Current (Vin = 0.4 V) IlL -I IJA 
Input Capacitance CIN 4 10 pF 

(f = 1 MHz, Yin = 2.4 V) 

Clock Inputs (CLOCK, CLOCK"') 
Differential Input Voltage dVIN .6 6 V 
Input High Current (Vin = 4.0 V) . IKIH I IJA 
Input Low Current (Vin = 0.4 V) IKIL -I IJA 
Input Capacitance CKIN 4 10 pF 

(f = I MHz, Yin = 4.0 V) 

Digital Outputs (DO-D7) 
Output High Voltage VOH 2.4 V 

(lOH = -400 IJA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
3-state Current IOZ 10 IJA 
Output Capacitance CDOUT 10 pF 

See test conditions on next page. 
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DC 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=OIRE 0 5 50 IJA 

Blank Level on lOG 6.29 7.62 8.96 rnA 
Blank Level on lOR, lOB 0 5 50 IJA 
Sync Level on lOG 0 5 50 IJA 
LSB Size 69.1 IJA 

DAC-to-DAC Matching 2 5 % 
Output Compliance VOC ...{l.5 +1.2 Volts 
Output Impedance RAOUT 50 k.Q 

Output Capacitance CAOUT 13 20 pF 
(f = 1 MHz, lOUT = 0 rnA) 

PLL Analog Output PLL 
Output Current 

SYNC*IBLANK* = 0 6.00 7.62 9.00 rnA 
SYNC*IBLANK* = 1 0 5 50 IJA 

Output Compliance ...{l.5 +2.5 Volts 
Output Impedance 50 kQ 
Output Capacitance 8 IS pF 

(f = 1 MHz, PLL = 0 rnA) 

Voltage Reference Input Current IREF 
Rev. A 500 IJA 
Rev.B 10- IJA 

Power Supply Rejection Ratio PSRR 0.5 %1 % !!VAA 
(COMP = 0.1 IJF, f = 1 kHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 Q and 
VREF = 1.235 V. SETUP = 7.5 IRE. As the above parameters are guaranteed over the full temperature range, 
temperature coefficients are not specified or required. Typical values are based on nominal temperature, i.e., room 
temperature, and nominal voltage, i.e., 5 V. 
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AC Characteristics 

Parameter Symbol Min/Typ/ 150 135 110 80 Units 
Max MHz MHz MHz MHz 

Clock Rate Fmax max 150 135 110 80 MHz 
LD* Rate LDmax 

1: 1 multiplexing max 50 50 50 50 MHz 
4: 1 multiplexing max 37.50 33.75 27.5 20 MHz 
5:1 multiplexing max 30 27 22 16 MHz 

R1W, CO, Cl Setup Time I min 0 0 0 0 ns 
R1W, CO, CI Hold Time 2 min 10 10 10 10 ns 

CE*LowTime 3 min 40 40 40 40 ns 
CE* High Time 4 min 20 20 20 20 ns 
CE* Asserted to Data Bus Driven 5 min 10 10 10 10 ns 
CE* Asserted to Data Valid 6 max 75 75 75 75 ns 
CE* Negated to Data Bus 3-Stated 7 max 15 15 15 15 ns 

Write Data Setup Time 8 min 15 15 15 15 ns 
Write Data Hold Time 9 min 2 2 2 2 ns 

Pixel and Control Setup Time 10 min 3 3 3 3 ns 
Pixel and Control Hold Time 11 min 2 2 2 2 ns 

Clock Cycle Time 12 min 6.67 7.4 9.09 12.5 ns 
Clock Pulse Width High Time 13 min 2.7 3.2 4 5 ns 
Clock Pulse Width Low Time 14 min 2.7 3.2 4 5 ns 

LD* Cycle Time 15 
1: 1 multiplexing min 20 20 20 20 ns 
4:1 multiplexing min 26.67 29.63 36.36 50 ns 
5:1 multiplexing min 33.33 37.04 45.45 62.5 ns 

LD* Pulse Width High Time 16 
1: 1 multiplexing min 7 7 7 7 ns 
4:1 or 5:1 multiplexing min 11 12 15 20 ns 

LD*Pulse Width Low Time 17 
1: 1 multiplexing min 7 7 7 7 ns 
4:1 or 5:1 multiplexing min 11 12 15 20 ns 

See test conditions on next page. 
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AC Characteristics (continued) 

Parameter Symbol MinlTyp/ 150 135 110 80 Units 
Max MHz MHz MHz MHz 

Analog Output Delay 18 typ 12 12 12 12 ns 
Analog Output RiselFall Time 19 typ 1.5 1.5 1.5 2 ns 
Analog Output Settling Time 20 max 8 8 8 12 ns 
Clock and Data Feedthrough typ -28 -28 -28 -28 dB 

(Note I) 
Glitch Impulse (Note 1) typ 50 50 50 50 pV - sec 
Analog Output Skew typ 0 0 0 0 ns 

max 2 2 2 2 ns 

Pipeline Delay min 6 6 6 6 Clocks 
max 10 10 10 10 Clocks 

V AA Supply Current (Note 2) IAA typ 260 240 220 200 rnA 
max 385 360 335 300 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 n and VREF 
= 1.235 V. TIL input values are 0-3 V with input rise/fall times ~ 4 ns, measured between the lO-percent and 
90-percent points. ECL input values are V AA-D.8 to V AA-1.8 V with input rise/fall times ~ 2 ns, measured between 
the 20-percent and 80-percent points. Timing reference points at 50 percent for inputs and outputs. Analog output 
load ~ 10 pF and DO-D7 output load ~ 75 pF. See timing notes in Figure 18. As the above parameters are guaranteed 
over the full temperature range, temperature coefficients are not specified or required. Typical values are based on 
nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Signature Analysis Register (SAR) functionality is not guaranteed at 150 MHz. 

Note 1: Clock and data feedtbrough is a function of the number of edge rates, and the amount of overshoot and 
undershoot on the digital inputs. For this test, the TTL digital inputs have a 1 kQ 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; and -3 dB test bandwidth = 2x clock rate. 

Note 2: AtFmax. IAA (typ) at VAA =5.0 V and TA = 20° C. IAA (max) at VAA =5.25 V and TA = 0° C. 
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Timing Waveforms 
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Figure 17. MPU Read/Write Timing Dimensions. 
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Note 1: Output delay time is measured from 50-percent point of the rising clock edge to 50-percent point of 
full-scale transition. 
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Note 2: Output settling time is measured from 50-percent point of full-scale transition to output settling 
within ±l LSB. 

Note 3: Output rise/fall tirneis measured between 100percent and 90-.percent points offull-scale. transition. 

Figure 18. Video Input/Output Timing. 
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Bt459 
Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt459KGl50 150 MHz 132-pin Ceramic PGA 0° to +70° C 

Bt459KGl35 135 MHz 132-pin Ceramic PGA 0° to +70° C 

Bt459KGllO 110 MHz 132-pin CeramicPGA 0° to +70° C 

Bt459KG80 80 MHz 132-pin Ceramic PGA 0° to +70° C 

Bt459KPF150 150 MHz 132-pin Plastic 0° to +70° C 
Quad Flatpack with 50 LFPM Airflow 

Bt459KPF135 135 MHz 132-pin Plastic 0° to +70° C 
Quad Flatpack 

Bt459KPFllO 1l0MHz 132-pin Plastic 0° to +70° C 
Quad Flatpack 

Bt459KPF80 80 MHz 132-pin Plastic 0° to +70° C 
Quad Flatpack 
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Advance Information 

This document contains information on a product under development. The 
parametric information contains target parameters and is subject to 
change. 

Distinguishing Features 

• 135,110 MHz Operation 
• 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 
• 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 

Applications 

• High-Resolution Color 
Graphics 

• CAE/CAD/CAM 
• Image Processing 
• Video Reconstruction 

Related Products 

• Bt438, Bt439 
• Bt459, Bt462, Bt468 

Functional Block Diagram 

PO·pg 
(A.E) 

OLO~OL3 

(A· E) 

OLE(A·E) 

a.OCK* CLOCK V AA GND FSADJUST VREF 

lOR 

lOG 

lOB 

CURAC 

I~S==22it'====;; P'"-'-r""'~'--=-"'L.; .. '<' ,t-- CURDIS* 

PLL 

CE* R/W co CI 00·07 

Brooktree Corporation· 9950 Barnes Canyon Rd.· San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
IA60001 Rev. E 

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- reso
lution color graphics. The multiple pixel ports 
and internal multiplexing enable 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 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, programma
ble setup (0 or 7.5 IRE), pixel panning sup
port, and Ix to 16x integer zoom 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 syn
chronization of multiple devices with sub
pixel resolution. 

The Bt460 generates RS-343A compatible 
red, green, and blue video signals, and can 
drive doubly-terminated 75 n 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 tempera
ture range. 
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Bt460 
Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt460 supports a standard MPU bus interface, al
lowing the MPU direct access to the internal control 
registers and color palettes. The dual-port color pal
ette RAMs and dual-port overlay RAM allow color 
updating without contention with the display refresh 
process. 

As shown in Table 1, the CO and Cl control in
puts, in conjunction with the internal address regis
ter, specify which control register or color palette 
location will be accessed by the MPU. The 16-bit 
address register eliminates the requirement for ex
ternal 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 loca
tion to be modified. The MPU performs three suc
cessive 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 increments to the next location, which the 
MPU may modify by writing another sequence of 
red, green, and blue data. Reading color data is sim
ilar to writing it, 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 cy
cles, the address register has 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 regis
ter (ADDRO-ll) are accessible to the MPU. 
ADDR12-ADDR15 are always a logical zero. 
ADDRO and ADDR8 correspond to DO. 

The address register resets to $0000 only after lo
cation $OFFF is accessed (because of wraparound). 

Although the color palette RAM, overlay RAM, 
and cursor color registers are dual ported, if the pix
el and overlay data is addressing the same palette 
entry being written to by the MPU during the write 
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ADDR0-15 C1, CO Addressed by MPU 

$xxxx 00 address register (AOORO - 7) 
$xxxx 01 address register (AOOR8 - 15) 

$OOOO-$OOFF 10 reserved 
$0100 10 overlay color 0 (Note 1) 

: 10 : 
$OIOF 10 overlay color 15 (Note 1) 

$0181 10 cursor color register 1 (Note 1) 
: : cursor color register 2 (Note-1) 

$0183 10 cursor color register 3 (Note 1) 

$0200 10 ID register ($4B) 
$0201 10 command registecO 
$0202 10 command registec1 
$0203 10 command registec2 
$0204 10 pixel read mask register low 
$0205 10 pixel read mask register high 
$0206 10 pixel blink mask register low 
$0207 10 pixel blink mask register high 
$0208 10 overlay read mask register 
$0209 10 overlay blink mask register 
$020A 10 interleave register 
$020B 10 test register 
$02OC 10 red output signature register 
$0200 10 green output signature register 
$020E 10 blue output signature register 
$020F 10 command registec3 
$0210 10 input signature register 
$0220 10 revision register ($B) 
$0300 10 cursor command register 
$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 

$OOOO-$OIFF 11 color palette RAM (Note 1) 

Note 1: Requires three read/write cycles-RGB. 

Table 1. Address Register (ADDR) Operation. 



Brooktrre® 
Circuit Description (continued) 

cycle, 1 or more of the pixels on the display screen 
can be disturbed. A maximum of 1 pixel is dis
turbed if the write data from the MPU is valid dur
ing the entire chip enable time. 

The control registers and cursor RAM are also 
accessed through the address register in conjunc
tion 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. When accessing the con
trol registers and cursor RAM, the address register 
increments following a read or write cycle. 

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 Bt460. 

Single-Channel RAMDAC Operation 

The Bt460 may be configured (through command 
registec2) to be a single-channel RAMDAC, ena
bling three Bt460s to be used in parallel for a 24-
bit true-color system. The Bt460s share a common 
8-bit data bus (DO-D7). 

Bt460 

Each Bt460 must be configured to be either a 
red, green, or blue RAMDAC through command 
registec2. Only the green channel (lOG) of each 
RAMDAC is used; the lOR and lOB outputs 
should be connected to GND either directly or 
through a resistor up to 75 n. 

To load the color palettes, the MPU performs the 
normal (red, green, blue) write cycles to all three 
RAMDACs simultaneously. The red Bt460 loads 
color data only during the the red write cycle, the 
green Bt460 loads color data only during the green 
write cycle, and the blue Bt460 loads color data 
only during the blue write cycle. 

To read the color palettes, the MPU performs 
the normal (red, green, blue) read cycles from all 
three RAMDACs simultaneously. The red Bt460 
outputs color data only during the the red read cy
cle, the green Bt460 outputs color data only during 
the green read cycle, and the blue Bt460 outputs 
color data only during the blue read cycle. 

Extemal circuitry must decode when the MPU 
is reading or writing to the color palettes and assert 
CE* to all three Bt460s simultaneously. 

R/W, co, CI =:x VALID x~ ______________________ _ 
CEO \ / 

DO • D7 (READ) -----------« DATA OUT (R/W = 1) )>------

DO • D7 (WRITE) ___________ ~x DATAIN(R/W=O) x'--___ _ 
Figure 1. MPU ReadIWrite Timing. 
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Frame Buffer Interface 

To enable pixel data to be transferred from the frame 
buffer at TTL data rates, the Bt460 incorporates inter
nal latches and multiplexers. As illustrated in Figure 
2, on the rising edge of LD*, sync and blank informa
tion, color, and overlay information, for 1, 4, or 5 con
secutive pixels are latched into the device. With this 
configuration, the sync and blank timing will be recog
nized only with 1-,4-, or 5-pixel resolution. Typically, 
the LD* signal is used to clock external circuitry, gen
erating the basic video timing, and to clock the video 
DRAMs. 

For 4:1 or 5:1 input multiplexing, the Bt460 outputs 
color information each clock cycle based on the {A} 
inputs, followed by the {B} inputs, then the {C} in
puts, etc., until all 4 or 5 pixels have been output, at 
which point the cycle repeats. In the 1:1 input multi
plexing mode, the {B}, {C}, {D}, and {E} inputs are 
ignored. 

The overlay inputs may have pixel timing, facilitat
ing 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. 

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 

W" 

PO.PSIA.E),OLEIA.E), ~ 

Brooktree® 

externally dividing CLOCK by 4 or 5, 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 at
tempt to resynchronize itself to LD*. 

If 1: 1 multiplexing is specified, LD* is also used to 
clock the Bt460 (at a maximum of 50 MHz). The rising 
edge of LD* still latches the PO-P8 {A}, OLO-OL3 
{A}, OLE {A}, SYNC*, and BLANK* inputs. Howev
er, analog information is output following the rising 
edge of LD* rather than CLOCK. CLOCK must still 
run but is ignored. 

OLO.OllIA.E), ~ 

SYNC",BLANK" - _ - - -

lOR, 100. lOB, PLl 

CLOCK 

Figure 2. Video Input/Output Timing. 
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Pixel Addressing of Color Palette RAM 

Typically, the P8 pixel input port is used to select the low
er (P8 = 0) or upper (P8 = 1) 256 entries in the color palette 
RAM. 

Alternately, the Bt460 can use the cross hair cursor 
window to select the lower (outside the cursor window) 
or upper (inside the cursor window) 256 entries in the 
color palette RAM. In this case, the P8 pixel inputs are 
logically ORed with the lower/upper selection by the 
cursor window. Use of the P8 pixel inputs for palette se
lection can be disabled by the pixel read mask register 
(high). 

Read and Blink Masking 

Each clock cycle, 9 bits of color information (PO-P8) 
and 4 bits of overlay information (OLO-OL3) for each 
pixel are processed by the read mask, blink mask, and 
command registers. Through the use of the control reg
isters, individual pixel and overlay inputs may be ena
bled or disabled for display, and/or blinked at one of 
four blink rates and duty cycles. 

To ensure that blinking does not cause a color 
change during the active display time (Le., in the mid
dle of the screen), the Bt460 monitors the BLANK* 
input to determine vertical retrace intervals (any 
BLANK* pulse longer than 256 LD* cycles). 

The processed pixel data is then used to select 
which color palette entry or overlay register is to pro
vide color information. PO is the LSB when addressing 
the color palette RAMs, and OLO is the LSB when ad
dressing the overlay palette RAM. Table 2 illustrates 
the truth table used for color selection. 

Pixel Panning 

To support pixel panning, command registecl speci
fies the number of clock cycles to pan. Only the pixel 
inputs and underlays are panned-overlays are not. To 
pan, SYNC* and BLANK* should be delayed an addi
tional one, two, three, or four clock cycles. 

If O-pixel panning is specified, pixel (A} is output 
first, followed by pixel {B}, followed by pixel {C}, 
etc., until all 4 or 5 pixels have been output, at which 
point the cycle repeats (assuming the interleave select is 
pixel {AD. 

Bt460 

If I-pixel panning is specified, pixel (B} will be 
first, followed by pixel {C}, then pixel {D}, etc. Pixel 
{A} will have been processed during the last clock cy
cle of the blanking interval and will not be on the dis
play 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 dis
play screen. 

The process is similar for panning by 2, 3, or 4 
pixels. 

When a panning value other than 0 pixels is speci
fied, valid pixel data must be loaded into the Bt460 
during the first LD* cycle that BLANK* is a logical 
zero. 

In the 1:1 multiplex mode, O-pixel panning should 
be specified. 

The cursor position does not change relative to the 
edge of the display screen during panning. 

Pixel Zoom 

The Bt460 supports Ix to 16x integer zoom through 
the use of pixel replication. Only the PO-P8 inputs are 
zoomed. 

If 2x zooming is specified, the {A} pixel is output 
for two clock cycles, followed by the {B} pixel for two 
clock cycles, then the {C} pixel for two clock cycles, 
etc. The 3x zooming is similar, except each pixel is 
output for three clock cycles. For 1:1 multiplexing, 
only the {A} pixel is output. 

LD* must always be the pixel clock (1: 1 multiplex 
mode), or one fourth or one fifth the CLOCK rate. Re
gardless of the zoom factor, PO-P8 data is latched eve
ry LD* cycle. 

During 2x zoom, new PO-P8 data must be presented 
every two LD* cycles. During 3x zoom, new PO-P8 
data must be presented every three LD* cycles. The 
pixel data must be held at the PO-P8 {A-E} inputs for 
the appropriate number of LD* cycles until new PO-P8 
information is needed. OLO-OL3, OLE, SYNC*, and 
BLANK* information are still latched every LD* cy
cle. 

In the 1:1 multiplex mode, Ix zoom must be speci
fied. Also, while in the block mode (1, 2, or 4 bits per 
pixel), Ix zoom must be specified. 

Figure 3 illustrates the zoom timing. 
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Cursor1, CR30 CR22 OLE CROS OLG-OL3 PO-P8 Addressed by frame buffer Overlay Mode 
CursorO 

11 x x x x $x $xxx cursor color 3 
10 x x x x $x $xxx cursor color 2 
01 x x x x $x $xxx cursor color I 

00 0 0 x x $F $xxx overlay color 15 nonna! 
: : : : : : : : 

00 0 0 x x $1 $xx overlay color I 
00 0 0 x I $0 $xx overlay color 0 

00 0 0 x 0 $0 $000 RAM location $000 
00 0 0 x 0 $0 $001 RAM location $001 
: : : : : : : : 

00 0 0 x 0 $0 $IFF RAM location $IFF 

00 x I I x $F $xxx overlay color 15 X Windows 
: : : : : : : : 

00 x I I x $1 $xxx overlay color I 
00 x I I x $0 $xxx overlay color 0 

00 x I 0 0 $x $000 RAM location $000 
00 x I 0 0 $x $001 RAM location $001 
: : : : : : : : 

00 x I 0 0 $x $IFF RAM location $IFF 

00 I 0 x x $F $xxx overlay color 15 underlay 
: : : : : : : : 

00 I 0 x x $1 $xxx overlay color I 
00 I 0 I x $0 $000 overlay color 0 (underlay) 

00 I 0 0 0 $x $000 RAM location $000 
00 I 0 x 0 $x $001 RAM location $001 
: : : : : : : : 

00 I 0 x 0 $x $IFF RAM location $1 FF 

Refer to Figure 8 for generation of Cursorl and CursorO control bits. 

Table 2. Palette and Overlay Select Truth Table. 

LD" 

Ol.o.OL3 (A·E). X X X SYNC·. BLANK· '---__ ----'x'--__ 
PO.ps (A.E) X X 

Figure 3. Zoom Input Timing (2x Zoom). 
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Block Mode Operation 

The Bt460 supports loading of the PO-P7 pixel data at 
1,2,4, or 8 bits per pixel. 

LD* must always be the pixel clock (1:1 multiplex 
mode), or one fourth or one fifth the CLOCK rate, re
gardless of the block mode. Regardless of the block 
mode, PO-P8 data is latched every LD* cycle. 

For 8 bits per pixel (or 9 if the P8 pixel inputs are 
being used), new PO-P7 information must be present
ed every LD* cycle. For 4 (or 5) bits per pixel, new 
PO-P7 information must be presented every two LD* 
cycles. For 2 (or 3) bits per pixel, new PO-P7 informa
tion must be presented every four LD* cycles. For 1 
(or 2) bits per pixel, new PO-P7 information must be 
presented every eight LD* cycles. 

Bt460 

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. 

Tables 3 and 4 show the block mode operation and 
color palette RAM addressing. 

Figure 4 illustrates the block mode timing (4 bits per 
pixel). 

In the 1: 1 multiplex mode, 8 bits per pixel must be 
specified. Also, for block modes other than 8 bits per 
pixel, a O-pixel interleave must be selected. 

Bits per Pixels per Pixels per Pixels per Colors 
Pixel LO* LO* LO* Oisplayed 

(1:1 muxing) (4:1 muxing) (5:1 muxing) 

1 (2) 8 32 40 2 (4) 
2 (3) N/A 16 20 4 (8) 
4 (5) N/A 8 10 16 (32) 
8 (9) N/A 4 5 256 (512) 

Numbers in parentheses indicate number of bits per pixel and number of colors if P8 
pixel inputs are also used. 

LD* 

OI1l.0L3 {A.E}, 

SYNC·, BLANK., 

P8{A.E}.OLE{A·E} 

PO-P1 {A·E} 

BLANK· 

Table 3. PO-P7 Block Mode Operation. 

__ ~x~ ____ ~x~ ____ ~x~ ____ ~x~ __ __ 
__ ~x~ ____________ ~x~ __________ __ 

UA LA UB LB UC LC UD LD = OUTPUT SEQUENCE 

___ -'I UA=P4.P7,P8{A}; LA=PO-P3.P8{A} 

UB=P4-P7.P8{B}; LB=PO-P3,P8{B} 

UC=P4-P1.P8{C}; LC=PO.P3,P8{C} 

UD=P4-P7,P8 {D}; LD=PO-P3, P8 {D} 

Figure 4. Block Mode Input Timing 
(4 Bits per Pixel, 1x Zoom, 4:1 Multiplexing). 
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1 Bit per Pixel 2 Bits per Pixel 4 Bits per Pixel 8 Bits per Pixel 
(RA1-RA7 = 0) (RA2-RA7 = 0) (RA4-RA7 = 0) RA7-RAO= 

RAO= RA1, RAO= RA3-RAO= 

P7A P7A,P6A P7 A, P6A, P5A, P4A P7 A, P6A, P5A, P4A, P3A, P2A, PIA, POA 
P6A P5A,P4A P3A, P2A, PIA, POA P7B, P6B, P5B, P4B, P3B, P2B, PIB, POB (4:1) 

: P3A,P2A P7B, P6B, P5B, P4B (4:1) P7C, P6C, P5C, P4C, P3C, P2C, PIC, POe (4:1) 
POA PIA,POA P3B, P2B, PIB, POB (4:1) P7D, P6D, P5D, P4D, P3D, P2D, PlO, POD (4:1) 

P7B (4:1) P7B, P6B (4:1) P7C, P6C, P5C, P4C (4:1) P7E, P6E, P5E, P4E, P3E, P2E, PIE, POE (5:1) 
P6B (4:1) P5B, P4B (4:1) P3C, P2C, PIC, POC (4:1) 

: P3B, P2B (4:1) P7D, P6D, P5D, P4D (4:1) 
POB (4:1) PIB, POB (4:1) P3D, P2D, PlO, POD (4:1) 
P7C (4:1) P7C, P6C (4:1) P7E, P6E, P5E, P4E (5: 1) 
P6C (4:1) P5C, ~4C (4:1) P3E, P2E, PIE, POE (5:1) 

: P3C, P2C (4:1) 
POe (4:1) PIC, POe (4:1) 
P7D (4:1) P7D, P6D (4:1) 
P6D (4:1) P5D, P4D (4:1) 

: P3D, P2D (4:1) 
POD (4:1) PlO, POD (4:1) 
P7E (5:1) P7E, P6E (5:1) 
P6E (5:1) P5E, P4E (5:1) 

: P3E, P2E (5:1) 
POE (5:1) PIE, POE (5:1) 

Note: Each line represents one pixel clock cycle. A column represents one LD* cycle loading new PO-P7 data. All entries with "4: I 00 

descriptor are also valid for 5: I mode. The P8 pixel inputs are unaffected by the block mode and address the RA8 inputs of the RAM. 

Table 4. Block Mode Operation (RA = Color Palette RAM Address). 

On-Chip Cursor Operation 

The Bt460 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 through the cursor (x,y) reg
ister. The Bt460 expects (x) to increase to the right and 
(y) to increase down, as shown on the display screen. 
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. (See Figure 5.) 
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Three-C%r 64 x 64 Cursor 

The 64 x 64 x 2 cursor RAM provides 2 bits of cursor 
information every clock cycle during the 64 x 64 cur
sor window, selecting the appropriate cursor color reg
ister as follows: 

plane1 planeO cursor color 

0 0 cursor not displayed 
0 I cursor color register 1 
I 0 cursor color register 2 
1 I cursor color register 3 

, 

A (0,0) enables the color palette RAM and overlay 
RAM to be selected as normal. Each plane of cursor 
information may also be independently enabled or dis
abled for display through the cursor command register 
(bits CR47 and CR46). 

The cursor pattern and color may be changed by 
changing the contents of the cursor RAM. 
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The cursor is centered about the value specified by 
the cursor (x,y) register. Thus, the cursor (x) register 
specifies the location of the thirty-first column of the 
64 x 64 array (assuming the columns start with 0 for 
the leftmost pixel and increment to 63). Similarly, the 
cursor (y) register specifies the location of the thirty
first row of the 64 x 64 array (assuming the rows start 
with 0 for the topmost pixel and increment to 63). 

Cross Hair Cursor 

Cursor positioning for the three-color cross hair cursor 
is also done through the cursor (x,y) register. The in
tersection of the cross hair cursor is specified by the 
cursor (x,y) register. If the thickness of the cross hair 
cursor is greater than 1 pixel, the center of the intersec
tion 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 ofthe cross hair 
cursor as follows: 

SYNC* 

Bt460 

CR45 CR44 cross hair color 

0 0 cross hair not displayed 
0 I cursor color register 1 
I 0 cursor color register 2 
1 1 cursor color register 3 

The cross hair cursor is displayed only 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, the software must en
sure that the cursor (x,y) register does not specify a 
point outside o/the cross hair cursor window. 

If a full-screen cross hair cursor is desired, the win
dow (x,y) registers should contain $0000, and the win
dow- 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 sec
ond sync pulse during vertical blanking. (See Figure 
6.) 

CURSOR (X,Y) _---t-----j;Z.+--------t-' 
REGISTER 

64x64 

CURSOR 

AREA 

DISPLAY 
SCREEN 

Figure 5. Cursor Positioning. 

SYNC'~ 
CROSS HAIR 

CURSOR 

t- x --j 
r----+---~~--------, Y 

CURSOR (X, Y) 

REGISTER 

DISPLAY 
SCREEN 

CROSS HAIR 

WINDOW 

Figure 6. Cross Hair Cursor Positioning. 
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Dual Cursor Positioning 

Both the user-definable cursor and the cross hair cur
sor may be enabled for display simultaneously, ena
bling 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-definable cursor contains an even 
number of pixels in the horizontal and vertical direc
tions, it will be 1 pixel from true center about the cross 
hair cursor. 

Figure 7 illustrates display of dual cursors. 
In the 64 x 64 pixel area in which the user-definable 

cursor is 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 depend on the 
cursor pattern, whether it is 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 

When the Bt460 is in the X-Windows mode, plane 1 of 
the cursor RAM is a cursor display enable and planeD 
of the cursor RAM selects either cursor color 2 or 3. 

The operation is as follows: 

planel planeO Selection 

0 0 no cursor 
0 I no cursor 
I 0 cursor color 2 
I I cursor color 3 

Brooktree@ 

Refer to Cursor RAM in the Internal Registers section 
for further information. 

Cursor Output (CURAC) 

The Bt460 optionally outputs a TIL-compatible CU
RAC signal. CURAC information precedes informa
tion output onto lOR, lOG, and lOB by five pixel 
clock cycles. 

The CURAC pin may operate in one of two modes, 
as determined by command bit CR66. In the first 
mode, only cursor information is output onto CURAC. 
The cursorO and cursorl signals in Figure 8 are ORed 
together and output onto CURAC. 

In the second mode, CURAC is also a logical one 
outside the cross hair window, including during blank
ing intervals. CURAC is a logical one inside the cross 
hair window while cursor information is output. 

The CURDIS* input pin is used to three-state the 
CURAC output asynchronously to the clocks. 

For a cursor positioned over an edge of the screen, 
CURAC (if enabled) is not driven low by a blanking 
condition. To avoid display noise around the cursor, it 
is recommended to enable and use CURAC only with a 
full block pattern in the cursor RAM. In addition, CU
RAC should be disabled during active use of the cross 
hair cursor. 

CROSS HAIR 
SYNC· ~ CURSOR ~ 

/' r--X I 
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CURSOR (X.Y) 

REGISTER 

64x64 

CURSOR 
AREA 

r-----t----7L--------, Y 

-===fEr-...... ..L.. ....... --., ..... __ .... _-_ .. __ .. _ ......... 1. 

DISPLAY 
SCREEN 

CROSS HAIR 
WINDOW 

Figure 7. Dual Cursor Positioning. 
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64X64X2 

CURSOR RAM 

PLANE 1 

CR47 

CR45 

CROSS 

HAIR 

CR44 

CR43 

BLINK 

CR40 

CR21 

Bt460 

CURSOR 1 

CURSOR 0 

Figure 8. Cursor Control Circuitry. 

Overlay / Underlay Operation 

The overlay inputs (OLO-OL3 and OLE) may operate 
in three modes: normal overlays, X-Windows over
lays, or providing underlay, as specified in Tables 2 
and 5. 

Overlay and underlay information may be displayed 
on a pixel basis. Overlays and underlay may both be 
used. If X-Windows overlays are used, the underlay is 
not available. 

The priority of display operation is: 

1. Cursor 
2. Overlays 
3. Pixel data 
4. Underlays 

The Bt460 must be reset to an eight-cycle pipeline 
delay for proper cursor pixel alignment. 

In normal overlay mode, the overlay enable inputs, 
OLE {A-E} are ignored, and, typically, only 15 over
lays are available. Graphics information (PO-P8) is dis
played only when no overlay information is present 
(OLO-OL3 = 0000). 

In the X-Windows overlay mode, the overlay enable 
inputs specify whether overlay information is present 
(OLE = 1) or not (OLE = 0). If OLE = 1, overlay infor
mation is displayed as determined by OLO-OL3. If 
OLE = 0, the OLO-OL3 inputs are ignored and PO-P8 
pixel data is displayed. 

In the underlay mode (CR30 = 1), if OLE = 0, pixel 
data is displayed. If OLE = 1 and PO-P8 = 0, the un
derlay is displayed; if PO-P8 '" 0, then pixel data is 
displayed. Overlay color ° is used for underlay color 
information. 
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PO-P8 Pixel Inputs 

1:1 Mux Block Interleave Panning Zooming Overlays Underlay 
Mode 

Block Mode no - yes n/s n/s n/a n/a 

Interleave n/s yes - yes yes yes yes 

Panning n/s n/s yes - yes n/a yes 

Zooming n/s n/s yes yes - n/a n/a 

Overlays yes yes yes n/a n/a - yes 

Underlay yes yes yes yes n/a yes -

Cursor n/a n/a n/a n/a n/a n/a n/a 

yes: fully functional together. 
n/s: functions not supported together. 
n/a: functions operate together, but do not affect each other. 

Table 5. Features and Function Compatibility Table. 

Video Generation 

Every clock cycle, the selected 24 bits of color infor
mation are presented to the three 8-bit DI A converters. 

The SYNC* and BLANK* inputs are pipelined to 
maintain synchronization with the pixel data. They add 
appropriately-weighted currents to the analog outputs, 
producing the specific output levels required for video 
applications, as illustrated in Figures 9 and 10. Com
mand registec2 specifies whether a 0 IRE or 7.5 IRE 
blanking pedestal is to be generated and whether 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 DI A converters 
produces a corresponding voltage level, which is used 

5-198 SECTION 5 

to drive the CRT monitor. Tables 6 and 7 detail how 
the SYNC* and BLANK* inputs modify the output 
levels. 

The D/A converters on the Bt460 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 pre
cision 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 cur
rent steering their outputs. An on-chip operational am
plifier stabilizes the full-scale output current against 
temperature and power supply variations. 
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SYNC SYNC 
DISABLED ENABLED 

MA V MA V 

19.05 0.714 21>.67 1.000 _,_---=,.-------------=---- WHITE LEVEL 

1.44 0.054 9.05 0.340 +------+------j~-------- BLACK LEVEL 
7.SIRE 

0.00 0.000 7.62 0.286 -r-----~-~_,_~~--------B~KLE~ 

40 IRE 

0.00 0.000 ....L. _______ ..I......-I.... __________ SYNC LEVEL 

Note: 75 n doubly-terminated load. RSET = 523 n. and VREF = 1.235 V. Blank pedestal = 7.5 IRE. RS-343A levels 
and tolerances are assumed on all levels. 

Figure 9. Composite Video Output Waveform (SETUP = 7.5 IRE). 

Description Sync No Sync SYNC* BLANK* DAC 
lout (mA) lout (mA) Input Data 

WHITE 26.67 19.05 I I $FF 
DATA data + 9.05 data + 1.44 I I data 
DATA-SYNC data + 1.44 data + 1.44 0 I data 
BLACK 9.05 1.44 I 1 $00 
BLACK-SYNC 1.44 1.44 0 I $00 
BLANK 7.62 0 I 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with RSET = 523 n and VREF = 1.235 V. Blank pedestal = 7.5 IRE, 

Table 6. Video Output Truth Table (SETUP = 7.5 IRE). 

WORKSTATION GRAPHICS 5-199 



Bt460 Brooktree® 
Circuit Description (continued) 

SYNC SYNC 
DISABLED ENABLED 

MA V MA V 

18.60 0.698 26.67 1.000 -.-----,.-----------------------~-------WHITELEVa 

0.00 0.000 8.05 0.302 -+-__________ ----'~__.___.--..J------------------ BLACKIBLANK LEVEL 

43 IRE 

0.00 0.000 -'----------------'----'--------------------- SYNC LEVEL 

Note: 75 n doubly-terminated load. RSET = 495 n, a!!d VREF = 1.235 V. Blank pedestal = 0 IRE. RS-343A levels and 
tolerances are assumed on all levels. 

Figure 10_ Composite Video Output Waveform (SETUP = 0 IRE). 

Description Sync No Sync SYNC" BLANK" DAC 
lout (mA) lout (mA) Input Data 

WHITE 26.67 - 18.60 I I $FF 
DATA data + 8.05 data I I data 
DATA-SYNC data data 0 I data 
BLACK 8.05 0 I 1 $00 
BLACK-SYNC 0 0 0 1 $00 
BLANK 8.05 0 I 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with RSET = 495 nand VREF = 1.235 V. Blank pedestal = 0 IRE. 

Tab/~ 7. Video Output Truth Table (SETUP = 0 IRE). 
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Bt460 
Internal Registers 

Command register_O 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it must be 
initialized by the user after power-up. CROO corresponds to data bus bit DO. . 

CR07,CR06 

CR05 

CR04 

CR03,CR02 

CR01,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 £lite selection 

(00) 16 on, 48 off (25n5) 
(01) 16 on, 16 off (50150) 

. (10) 32 on, 32 off (50150) 
(11) 64 on, 64 off (50150) 

Block mode 

(00) 8 bits per pixel 
(01) 4 bits per pixel 
(10) 2 bits per pixel 
(11) I 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 
one fourth the CLOCK rate. If 5: I is specified, all of the 
pixel and overlay inputs are used, and the LD* input 
should be one-fifth the CLOCK rate. If 1: 1 is specified, the 
{B}, {C}, {D}, and {E} inputs are ignored. 

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, it must remain running. 

The pipeline delay of the Bt460 can be reset to a fixed 
eight clock cycles. In this instance, each time the input 
multiplexing is changed, the Bt460 must again be reset to 
a fixed pipeline delay. . 

When the Bt460 is in the nonnal overlay mode, this bit 
specifies whether to use the color palette RAM or overlay 
color 0 to provide color infonnation when the overlay 
inputs are $0 (see Table 2). 

These 2 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 (percent on/off). 

These bits specify whether the PO-P7 pixel data is input as 
I, 2, 4, or 8 bits per pixel. Only the PO-P7 inputs are 
affected. 
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Internal Registers (continued) 

Command register_1 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it must be 
initialized by the user after power-up. CRIO corresponds to data bus bit DO. 

CRI7 - CRI5 

CRI4 

CR13--CRIO 

Pan select 

(000) o pixels 
(001) I pixel 
(010) 2 pixels 
(Oil) 3 pixels 
(100) 4 pixels 
(101) reserved 
(110) reserved 
(111) reserved 

reserved (logical zero) 

Zoom factor 

(0000) Ix 
(000 1 ) 2x 

(1111) .16x 

5-202 SECTION 5 

{pixel A} 
{pixeIB} 
{pixel C} 
{pixelD} 
{pixelE} 

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 ()()() in the I: I 
multiplex mode. The {pixel A} indicates pixel A will be 
output first following the blanking interval, {pixel B} 
indicates pixel B will be output first, then {pixel C}, etc. 

Only pixel and underlay information is panned. Overlay 
and cursor information is not panned. 

In the I: I multiplex mode, 0 pixels should be specified. 

These bits specify the amount of zooming to implement 
For 2x zoom, pixel {A} is output for two clock cycles, 
followed by pixel {B} for two clock cycles, then pixel 
{C}, etc. For 3x zoom, pixel {A} is output for three clock 
cycles, followed by pixel {B} for three clock cycles, then 
pixel {C}, etc. 

In the 1:1 multiplex mode, only the {A} pixels are output, 
and Ix zoom should be selected. 

Only PO-P8 are zoomed. 



Brooktree® Bt460 
Internal Registers (continued) 

Command register_2 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it must be 
initialized by the user after power-up. CR20 corresponds to data bus bit DO. 

CR27 

CR26 

CR25,CR24 

CR23 

CR22 

CR21 

CR20 

reserved (logical zero) 

Pedestal enable 

(0) 0 IRE pedestal 
(I) 7.5 IRE pedestal 

Load palette RAM select 

(00) normal 
(01) red RAMDAC 
(10) green RAMDAC 
(II) blue RAMDAC 

PLL select 

(0) SYNC* 
(I) BLANK* 

X Windows overlay select 

(0) normal overlays 
(1) X Windows overlays 

X Windows cursor select 

(0) normal cursor 
(I) X Windows cursor 

Test mode select 

(0) signature analysis test 
(I) data strobe test 

This bit specifies whether a 0 or 7.5 IRE blanking pedestal 
is to be generated on the video outputs. A 0 IRE specifies 
that the black and blank levels are the same. 

If (00) is specified, color data is loaded into the Bt460 
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 (II) enable the Bt460 to emulate a 
single-channel RAMDAC using only the green channel 
(lOG). 

This bit specifies whether the PLL output uses SYNC* or 
BLANK* to generate 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 modc 
(logical one). 

This bit determines the method of high-speed test used. 
The Signature Analysis Registers (SARs) are used to hold 
the test result for both test methods. 
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Bt460 Brooktree® 
Internal Registers (continued) 

Command Register_3 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it must be 
initialized by the user after power-up. CR60 corresponds to data bus bit DO. 

CR67 

CR66 

CR65 

CR64 

CR63 

CR62 

CR61 

CR60 

5-204 

reserved (logical zero) 

CURAC output format 

(0) cursor only 
(I) cursor + outside window 

Analysis register MSB select 

(0) P7 
(I) P8 

Analysis register clock control 

(0) every LD* cycle 
(I) every CLOCK cycle 

Red sync enable 

(0) disable sync on lOR 
(I) enable sync on lOR 

Green sync enable 

(0) disable sync on lOG 
(I) enable sync on lOG 

Blue sync enable 

(0) disable sync on lOB 
(1) enable sync on lOB 

c-
Lookup table MSB select 

(0) P8 
(I) cursor window 

SECTION 5 

This bit specifies whether the CURAC output is a logical 
one only while cursor information is being output (logical 
zero) or, also, outside the cross hair cursor window 
(logical one). 

This bit specifies whether pixel input P7 or P8 is used as 
the most significant bit in the input SAR. 

Bits DO-D6 of the input SAR are test pixel inputs PO-P6, 
respectively. 

This bit controls the rate of operation of all SAR clocking. 
The normal mode is (D), with pixel position (A, B, C, D, or 
E) determined by the test register. A special mode for chip 
testing is (I). (In this instance, SAR operation is not 
guaranteed for CLOCK rates above 30 MHz.) 

This bit enables or disables generation of sync information 
on the lOR output. 

This bit enables or disables generation of sync information 
on the lOG output. 

This bit enables or disables generation of sync information 
on the lOB output. 

This bit specifies whether to use the P8 pixel inputs or the 
cursor window to provide the most significant bit of the 
9-bit address to the 512-entry RAM. 



BrookIree~ Bt460 
Internal Registers (continued) 

Interleave Register 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it must be 
initialized by the user after power-up. 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 
(00 I) I pixel 
(010) 2 pixels 
(011) 3 pixels 
(100) 4 pixels 
(10 1) reserved 
(110) reserved 
(lll) reserved 

First pixel select 

(000) pixel I A} 
(001) pixel IB} 
(010) pixel I c} 
(Oll) pixel ID} 
(1 (0) pixel IE} 
(101) reserved 
(ll 0) reserved 
(lll) reserved 

Overlay interleave enable 

(0) interleaving disabled 
(I) interleave enabled 

Underlay enable 

(0) underlay disabled 
(1) underlay enabled 

These bits specify the order in which the pixels ate to be 
output, as shown in Table S. 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 S means that the 
output sequence repeats every x scan lines. Thus, for 4: I 
multiplexing and a I-pixel interleave select, ABCD would 
be repeated every fourtb scan line. 

In the 1:1 input multiplex mode, a value of 0 pixels(OOO) 
must be specified. 

These bits are used to support panning in the Y direction 
with an interleaved frame buffer. Because the pixels ,can 
be interleaved, it is necessary to specify the value of the 
first pixel on the first scan line following a vertical retrace. 
The pixel IE} selection is only used in the 5:1 multiplex 
mode. 

These bits are ignored in the 1:1 multiplex mode. 

This bit specifies whether OLO-OL3 and OLE are to be 
interleaved. If interleaving is enabled, the interleave factor 
and first pixel selection are the same as that for PO-PS. If 
interleaving is disabled, pixel I A} is 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 = 0, PO-PS data is 
displayed. If OLE = I, the underlay is displayed when 
PO-PS = O. If PO-PS "# 0, then normal pixel data is 
displayed. The underlay uses overlay color 0 to provide 
underlay color information. 
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Bt460 Brooldrre@ 
Internal Registers (continued) 

Interleave Register (continued) 

5:1 multiplexing 4:1 multiplexing 

interleave output scan line output scan line 
select sequence, number sequence number 

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+l DABC n+l 
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+l 
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 indi
cates 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 

BLANK' 

IZE' 

Bt460 

edge ofBLANK* but must remain low at least 16 LD* 
cycles after the falling edge of BLANK*. 

If no zooming is done (Ix zoom), the IZE* should 
always be a logical zero or be connected directly to 
GND. 

Figure 11. Interleave and Zoom Operation (3x Zoom Example). 
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Bt460 Brooktrre® 
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 Bt460, the value read by the MPU will be $4B. Data written to 
this register is ignored. 

Pixel Read Mask Register Low 

The 8-bit pixel read mask register low 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 in
put. This register may be written to or read by the MPU at any time and is not initialized. For proper operation, 
it must be initialized by the user after power-up. DO corresponds to PO, and D7 corresponds to P7. 

Pixel Read Mask Register High 

The 8-bit pixel read mask register high 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. For proper operation, it 
must be initialized by the user after power-up. DO corresponds to P8, and DI-D7 are always logical zeros. 

Pixel Blink Mask Register Low 

The 8-bit pixel blink mask register low 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 registecO. This register may be written to or 
read by the MPU at any time and is not initialized. For proper operation, it must be initialized by the user after 
power-up. DO corresponds to PO, and D7 corresponds to P7. 

Pixel Blink Mask Register High 

The 8-bit pixel blink mask register high 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 registecO. This register may be written to or 
read by the MPU at any time and is not initialized. For proper operation, it must be initialized by the user after 
power-up. DO corresponds to P8, and DI-D7 are always logical zeros. 

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 corre
sponds to overlay plane 3 (OL3 (A-E}). Bits DO-D3 are logically ANDed with the corresponding overlay 
plane input. D4-D7 are always logical zeros. 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it 
must be initialized by the user after power-up. 

Overlay Blink Mask Register 

The 8-bit overlay blink mask register is used to enable (logical one) or disable (logical zero) an overlay plane 
from blinking at the blink rate and duty cycle specified by command regIster_D. DO corresponds to overlay 
plane ° (OLD (A-E}), and D3 corresponds to overlay plane 3 (OL3 (A-E}). In order for an overlay plane to 
blink, the corresponding bit in the overlay read mask register must be a logical one. D4-D7 are always logical 
zeros. 

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) 

Revision Register (Revision B Only) 

This 8-bit register is a read-only register; specifying the revision of the Bt459. The 4 most significant bits sig
nify the revision letter B, in hexadecimal form. The 4 least significant bits do not represent any value and 
should be ignored. Data written to this register is ignored. 

Since Revision A device does not have a revision register, address $0220 will contain the last data read to or 
written from the internal bus. 

Red, Green, and Blue Output Signature Registers 

Signature Operation 

These three 8-bit signature registers (one each for red, green, and blue) 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 
read from or 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 deterministic value for the red, green, and blue signature 
registers will be read from these registers if all circuitry is working properly. The Application Information sec
tion contains more test register information. 

Data Strobe Operation 

If command bit CR20 selects "data strobe testing," the operation of the signature registers changes. 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 
I 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. 

Input Signature Register 

Signature Operation 

This 8-bit input signature register may be read by the MPU while BLANK* is a logical zero. While BLANK* 
is a logical one, the signature is being acquired. The MPU may write to the input signature register while 
BLANK* is a logical zero to load the seed value. The input signature register uses PO-P7 or PO-P6 and P8 
data (selected by command bit CR65) addressing the palette RAM to calculate the signatures. The 8 bits of 
data latched in the input signature register may be masked (forced low) by the read mask registers. 

When a test display is loaded into the frame buffer, a given value for the input signature register will be re
turned if all circuitry is working properly. 

Data Strobe Operation 

If command bit CR20 selects "data strobe testing," the operation of the input signature register changes slight-
1y. Rather than determining the signature, it captures and holds the 8 bits of pixel data addressing the color pal
etteRAM. 

Each LD* cycle, the input signature register captures the 8 bits of pixel data addressing the color palette 
RAM. As only lof the (A-E) pi~els can be captured each LD* cycle (or clock cycle per command bit CR64), 
DO-D2 of the test register are used to specify which pixel (A-E) is to be captured. 
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Bt460 Brooktrre® 
Internal Registers (continued) 

Test Register 

This 8-bit register is used to test the Bt460 .. 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: 1 pixel 
multiplexing is specified, signature analysis is done on every fifth pixel. 00-02 are used for 4: 1 and 5: 1 mul
tiplexing to specify whether to use the A, B, C, 0, or E pixel inputs, as follows: 

02- 00 SelectIon 

000 pixel A 
001 pixelB 
010 pixelC 
011 pixelD 
100 pixelE 
101 reserved 
110 reserved 
111 reserved 

In 1:1 multiplexing mode, 00-02 should be set to 000 (pixel A). 
03-07 are used to compare the analog RGB outputs to each other and to a 150 mY reference. This enables 

the MPU to determine whether the CRT monitor is connected to the analog RGB outputs and whether the 
OACs are functional. 

07. D6 + 
~---,D Q D3 

07 06 05 04 03 
DS. D4 

red green blue . 150mVref. result 
select select select select CURSOR -------' 

07-04 If 03 = 1 If 03=0 

0000 normal operation - -
1010 red DAC compared to blue DAC red> blue blue> red 
1001 red DAC compared to 150 mVreference red> 150mV red < 150mV 
0110 green DAC compared to blue DAC green> blue blue> green 
0101 green DAC compared to 150 mV reference green> 150mV green < 150 mV 

The above tabie iists the valid comparison combinations. A lOgical one enaDies that function to be com
pared; the result is 03. The comparison result is strobed into 03 on the left edge of the 64 x 64 cursor area. 
The output levels of the OACs should be constant for 5 ~ before the left edge of the cursor. 

For normal operation, 03-07 must be logical zeros. 
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Internal Registers (continued) 

Cursor Command Register 

This command register is used to control various cursor functions of the Bt460. It may be written to or read by 
the MPU at any time and is not initialized. For proper operation, it must be initialized by the user after 
power-up. CR40 corresponds to data bus bit DO. 

CR47 

CR46 

CR45 

CR44 

CR43 

64 x 64 cursor planel display enable 

(0) disable planel 
(I) enable planel 

64 x 64 cursor planeO display enable 

(0) disable planeO 
. (1) enable planeO 

Specifies whether plane I 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 plane 1 display enable Specifies whether plane 1 of the cross hair cursor is 
to be displayed (logical one) or not (logical zero). 

(0) disable planel 
(1) enable plane 1 

Cross hair cursor planeO display enable 

(0) disable planeO 
(1) enable planeO 

Cursor format 

(0) XOR 
(1) OR 

Specifies whether planeO of the cross hair cursor is 
to be displayed (logical one) or not (logical zero). 
PlaneO and plane 1 contain the same information. 

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. 

CR42, CR41 Cross hair thickness This bit specifies whether the vertical and horizontal 
thickness of the cross hair is 1, 3, 5, or 7 pixels. The 
segments are centered about the value in the cursor 
(x,y) register. 

CR40 

(00) 1 pixel 
(01) 3 pixels 
(10) 5 pixels 
(11) 7 pixels 

Cursor blink enable 

(0) blinking disabled 
(1) blinking enabled 

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 registecO. 
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Bt460 Brooktree® 
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. For proper operation, it must be initialized by the user after power-up. 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 logical zeros. 

Cursor (x) High Cursor (x) Low 
(CXHR) (CXLR) 

Data Bit D3 02 D1 DO 07 06 05 04 D3 02 01 

X Address Xll XIO X9 X8 X7 X6 X5 X4 X3 X2 Xl 

Cursor (y) High Cursor (y) Low 
(CYHR) (CYLR) 

Data Bit 03 02 01 DO 07 06 05 04 D3 02 01 

Y Address Yll YlO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 Yl 

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. 

DO 

XO 

DO 

YO 

Values from $OFCO (-64) to $OFBF (+4031) may be loaded into the cursor (y) register. The negative values 
($OFCO to $OFFF) are used when 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 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. For proper operation, it must be initialized by the user after power-up. The window position is not updat
ed 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 04-07 ofWXHR and WYHR are always logical zeros. 

Window (x) High Window (x) Low 
(WXHR) (WXLR) 

Data Bit D3 D2 DI DO D7 D6 D5 D4 D3 D2 DI DO 

X Address XlI XlO X9 X8 X7 X6 X5 X4 ~3 X2 Xl XO 

Window (y) High Window (y) Low 
(WYHR)' (WYLR) 

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO 

Y Address Yll YIO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 YI YO 

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 first rising edge of LO* 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. 

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 regis
ters with $OFFF. 

The cursor window may also be used to specify whether PO-P7 address the lower (outside the cursor win
dow) or upper (inside the cursor window) 256 entries in the color palette RAM. 
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Window-Width and -Height Registers 

These registers are used to specify the width and height (in pixels) of the cross hair cursor window. The win
dow-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. For proper operation, it must be initialized by the user after power-up. 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 logical 
zeros. 

Window Width High Window Width Low 
(WWHR) (WWLR) 

Data Bit D3 D2 DI DO D7 D6 D5 D4 D3 D2 DI DO 

X Address XlI XlO X9 X8 X7 X6 X5 X4 X3 X2 Xl XO 

Window Height High Window Height Low 
(WHHR) (WHLR) 

Data Bit D3 D2 DI DO D7 D6 D5 D4 D3 D2 D1 DO 

Y Address Yll YlO Y9 Y8 Y7 Y6 Y5 Y4 Y3 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 2 pixels. 

Values from $0000 to $OFFF may be written to the window-width and -height registers. 
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Cursor RAM 

This 64 x 64 x 2 RAM is used to define the pixel pattern within the 64 x 64-pixel cursor window and is not 
initialized. 

For Revision A, the cursor RAM should not be written to by the MPU during the horizontal sync time and 
for the two LO* cycles after the end of the horizontal sync. The cursor RAM may otherwise be written to or 
read by the MPU at any time without contention. If writing to the cursor RAM asynchronously to horizontal 
sync, it is recommended that the user position the cursor off-screen in the Y direction (write to the cursor (y) 
registers and wait for the vertical sync interval to move the cursor off-screen), write to the cursor RAM, then 

. reposition the cursor back to the original position. An alternative is to perform a write-then-read sequence, and 
if the correct cursor RAM data was not written, perform another write-then-read sequence. Since the conten
tion occurs only during horizontal sync at the Y locations coincident with the cursor, the second write/read se
quence bypasses the window of time when cursor RAM is in contention. 

For Revision B, cursor contention has been eliminated. The cursor RAM may be written to or read by the 
MPU at any time without contention. 

~uring MPU accesses to the cursor RAM, the address register is used to address the cursor RAM. Figure 12 il
lustrates the internal format of the cursor RAM as it appears on the display screen. Addressing starts at location 
$400 as specified in Table I. 

In the X-Windows mode, planel serves as a cursor display enable while planeD selects one of two cursor 
colors (if enabled). _ 

Note: In both modes of operation, planel = 07, 05, 03, and 01; and planeD = 06, 04, 02, and 00. 

UPPER LEFJ' CORNER AS 
OISPLA YEO ON SCREEN 

64 

PIXELS 

I 

64 

PIXELS 

BYTE $400 BYTE$40! BYTE$40F 

BYTE$4!O BYTE $411 BYTE$4!F 

BYTES7FO BYTES7F! BYTES7FF 

/ 4 PIXELS ~ 
107.061 05.04103.021 Dl. DO 1 

Nonnal Mode: 

00 = color palette or overlay RAM 
01 = cursor color I . 
10 = cursor color 2 
II = cursor color 3 

X·Windows Mode: 

00 = color palette or overlay RAM 
01 = color paleite or overlay RAM 
10 = cursor color 2 
II = cursor color 3 

Figure 12. Cursor RAM as Displayed on the Screen. 

WORKSTATION GRAPHICS 5-215 



Bt460 Brooldree® 
Pin Descriptions 

Pin Name 

BLANK" 

SYNC* 

LD* 

PO-P8 
{A-E) 

OLO-OL3 
{A-E) 

OLE {A-E) 

lOR, lOG, lOB 

IZE* 

CURAC 

CURDIS* 

Description 

Composite blank control input (TIL compatible). A logical zero drives the analog output to the 
blanking level, as specified 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 specified 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-P8 {A-E}, OLO-OL3 {A-E), OLE {A-E}, 
BLANK*, and SYNC" inputs are latched on the rising edge of LD*. While LD* is the output clock 
(l~l multiplex mode) or is one fourth or one fifth of CLOCK, it may be phase independent of the 
CLOCK and CLOCK* inputs. LD* may have any duty cycle within the limits specified in the AC 
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 2). One, four, 
or five consecutive pixels (up to 9 bits per pixel) are input through this port. They are latched on the 
rising edge of LD*. Unused inputs should be connected to GND. Typically, the {A) pixel is output 
first, followed by the {B) pixel, then {C}, etc., until alii, 4, or 5 pixels have been output, at which 
point the cycle repeats. P8 {A-E} have internal pulldown devices; if left floating, {A-E} assume 
logical zero states. 

Overlay select inputs (TTL compatible). These inputs are latched on the rising edge of LD* and, in 
conjunction with CR05 in command registecO, specify which palette is to be used for color 
information, as presented in Table 2. When the MPU is accessing the overlay palette RAM, the 
PO-P8 {A-E) inputs are ignored. Overlay information (up to 4 bits per pixel) for 1, 4, or 5 
consecutive pixels is 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 PO-P8 information is to be 
displayed. In the normal mode for overlays, these inputs are ignored. They are latched on the rising 
edge ofLD*. Unused inputs should be connected to GND. 

Red, green, and blue current outputs. These high-impedance current sources can directly drive a 
doubly-terminated 75 n coaxial cable (see Figure 14 in the PC Board Layout Considerations 
section). All outputs, whether used or not, should have the same output load. 

Interleave zoom enable input (TIL compatible). This input should be a logical zero for a minimum 
of 16 LD* cycles after the falling edge ofBLANK* during scan lines that require an interleave shift. 
If zoom-while-interleaving is not supported, this pin should be connected directly to GND. 

Cursor active output. This output is a logical one while cursor or cross hair window information is 
heing output. It is output following the rising edge of CLOCK (see Figure 21 in the Timing 
Waveforms section). 

Cursor disable input. A logical zero three-states the CURAC output asynchronously to the clocks. 
A logical one enables cursor information to be output onto CURAC. CURDIS* has an internal 
pulldown device; if left floating, it assumes a logical zero state (see Figure 21). 
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Pin Name 

COMP 

FSADJUST 

VREF 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 JlF 
ceramic capacitor must be connected between this pin and VAA (Figure 14). 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 and maximize the capacitor's self-resonant frequency to be greater than the LD* 
frequency. Refer to the PC Board Layout Considerations section for critical layout criteria. 

Full-scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
maguitude of the full-scale video signal (Figure 14). 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 output current on lOG is: 

RSET (0) = K1 * VREF ( V) I lOG (rnA) 

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

lOR. lOB (rnA) = K2 * VREF ( V) I RSET (0) 

where K1 and K2 are defined as: 

Setup lOG IOR,IOB 

7.5 IRE K1 = 11.294 K2= 8.067 

o IRE K1 = 10.684 K2=7,457 

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 14. 
must supply this input with a 1.235 V (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 JlF ceramic capacitor is used to decouple this input to 
VAA. as shown in Figure 13. If VAA is excessively noisy. better performance may be obtained by 
decoupling VREF to GND. The decoupling capacitor must be as close to the device as possible to 
keep lead lengths to an absolute minimum. Refer to the PC Board Layout Considerations section for 
critical layout criteria. . 
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Pin Name Description 

PLL 

CLOCK, 
CLOCK* 

CE* 

RJW 

CO,CI 

DO-D7 

VAA 

GND 

5-218 

Phase lock loop output current. This high-impedance current source is used to enable multiple 
Bt460s to be synchronized with subpixel resolution when used with an external PLL. A logical one 
for SYNC* or BLANK* (as specified by CR23 in command registec2) 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) I RSET (Q) 

If subpixel synchronization of multiple devices is not required, this output should be connected to 
GND (either directly or through a resistor up to 150 Q). 

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured for 
single-supply (+5 V) operation. The clock rate is typically the pixel clock rate of the system. Refer 
to the PC Board Layout Considerations section for critical layout criteria. 

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*. Glitches should be avoided on this edge-triggered input. 

Read/write control input (TIL compatible). To write data to the device, both CE* and RJW must be 
a logical zero. To read data from the device, CE* must be a logical zero and RJW must be a logical 
one. RJW 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 shown in Table I. They are latched on the falling edge of CE* . 

Data bus (TIL compatible). Data is transferred into and out of the device over this 8-bit 
bidirectional data bus. DO is the least significant bit. 

Analog power. All V AA pins must be connected tqgether on the same PCB plane to prevent latchup. 
Refer to the PC Board Layout Considerations section for critical layout criteria. 

Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 
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Signal Pin Signal Pin Signal Pin 
Number Number Number 

BLANK* Ll P8A GI4 GND HI 
SYNC* K3 P8B G13 GND H2 

LD* A5 P8C Fl4 GND H3 
CLOCK KI P8D F13 GND C7 

CLOCK* K2 P8E EI4 GND GI2 
lZE* B5 GND M8 

OLOA EI GND M7 
POA E3 OLOB F2 GND N7 
POB D2 OLOC FI 
POe DI OLOD G3 COMP N9 
POD E2 OLOE G2 FS ADJUST MIO 
POE F3 VREF P9 

OLlA MI 
PIA Al OLlB L2 CE* P13 
PIB D3 OLlC NI RIW NI2 
PIC C2 OLID L3 CI PI2 
PID BI OLlE M2 CO Mll 
PIE CI 

OL2A M3 DO Ll3 
P2A A3 OL2B N2 01 MI4 
P2B B3 OL2C PI D2 Ll2 
P2C A2 OL2D P2 D3 M13 
P2D C3 OL2E N3 D4 NI4 
P2E B2 D5 PI4 

OL3A M4 D6 N13 
P3A A8 OL3B P3 D7 MI2 
P3B A7 OL3C N4 
P3C B7 OL3D P4 reserved Jl3 
P3D A6 OL3E M5 reserved Jl4 
P3E B6 reserved H12 

OLEA N5 reserved H13 
P4A C9 OLEB P5 reserved H14 
P4B B9 OLEC M6 reserved B4 
P4C A9 OLED N6 reserved C4 
P4D C8 OLEE P6 reserved C14 
P4E B8 reserved C13 

lOG PIO reserved BI4 
P5A Bll lOB Pll reserved CI2 
P5B All lOR NIO reserved B13 
P5C CIO PLL Nll reserved Ll4 
P5D BIO reserved KI2 
P5E AIO CURAC A4 reserved 112 

CURDIS* C5 reserved KI4 
P6A AI4 reserved K13 
P6B AI3 VAA 11 
P6C BI2 VAA 12 
P6D Cll VAA J3 
P6E Al2 VAA C6 

VAA FI2 
P7A E13 VAA M9 
P7B EI2 VAA P7 
P7C 014 VAA P8 
P7D DB VAA N8 
P7E 012 
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alignment 
marker 
(on top) 

5-220 

14 P6A NIC NiC P7C PSE P8C P8A NIC NiC NiC NiC DI D4 DS 

13 P6B NIC NiC P7D n A P8D PSB NIC NiC NiC DO D3 D6 CEo 

12 P6B P6C NiC P7E P7B V AA GND NiC NiC NiC D2 D7 RIW CI 

II PSB PSA P6D CO PLL lOB 

10 PSE PSD PSC FS ADJ lOR lOG 

P4C P4B P4A 

Bt460 
VAA COMP VRBF 

P3A P4E P4D GND VAA VAA 

P3B P3C GND GND GND VAA 

P3D P3E VAA 
(TOP VIEW) 

OLEC OLED OLEE 

OLlE OLEA OLEE 

URAC NiC NIC OLlA OL3C OL3D 

P2A P2B P2D PIB POA POE OLOD GND VAA SYNC" OLiD OL2A OL2E OLlB 

P2C P2E PIC POB POD OLOB OLOE GND VAA CLK' OLiB OLiE OL2B OL2D 

a PID PIE POe OLOA OLOC NiC GND VAA CLK BLK' OLIA OLIC OL2C 

A B C D E F G H K L M N P 

14 DS D4 DI NIC NiC NIC NiC P8A PSC P8E P7C NiC NiC P6A 

13 CE" D6 D3 DO- NiC NiC NiC P8B P8D P7 A P7D NiC NiC P6B 

12 CI RIW D7 D2 NiC NiC NiC GND V AA P7B P7E NiC P6C P6E 

II lOB PLL co P6D PSA PSB 

10 lOG lOR FS ADJ P5C P5D P5E 

VRBF COMP VAA P4A P4B 1'4C 

VAA VAA GND P4D P4E P3A 

(BOTTOM VIEW) 
VAA GND GND GND P3C P3B 

OLEE OLED OLEC VAA P3E P3D 

OLEE OLEA OLlB CURD'" IZE* LD'" 

OLlD 0L3C OLlA NiC N/C CURAC 

OL3B OUE OL2A OLiD SYNC" VAA GND OLOD POE POA PIB P2D P2B P2A 

OL2D OL2B OUE OLiB CLK" VAA GND OLOE OLOB POD POB PIC P2E P2C 

oue OLIC OLiA BLK" CLK VAA GND NIC OLOC OLOA POe PIE PID B 
P N M L K H G F E D C B A 
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PC Board Layout Considerations 

PC Board Considerations 

The Bt460 layout should be optimized for lowest noise 
on the Bt460 power and ground lines by shielding the 
digital inputs and providing good decoupling. The 
trace length between groups of V AA and GND pins 
should be as short as possible to minimize inductive 
ringing. 

A well-designed power distribution network is criti
cal to eliminating digital switching noise. The ground 
plane must provide a low-impedance return path for 
the digital circuits. A PC board with a minimum of six 
layers is recommended. The ground layer should be 
used as a shield to isolate noise from the analog traces 
with layer 1 (top) the analog traces, layer 2 the ground 
plane, layer 3 the analog power plane, and the remain
ing layers used for digital traces and digital power 
supplies. 

The optimum layout enables the Bt460 to be located 
as close as possible to the power supply connector and 
the video output connector. 

Power and Ground Planes 

The power and ground planes need isolation gaps to 
minimize digital switching noise effects on the analog 
signals and components. These gaps need to be at least 
liS-inch wide. They are placed so that digital currents 
cannot flow through a peninsula that contains the ana
log components, signals, and video connector. A sam
ple layout is shown in Figure 13. 

Device Decoupling 

For optimum performance, all capacitors should be lo
cated as close as possible to the device; using the 
shortest possible leads (consistent with reliable opera
tion) to reduce the lead inductance. Chip capacitors 
are recommended for minimum lead inductance. Radi
allead ceramic capacitors may be substituted for chip 
capacitors and are better than axial lead capacitors for 
self-resonance. Values are chosen to have self
resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is ob
tained by providing a 0.1 j.IF ceramic capacitor in par
allel with a 0.01 j.IF chip capacitor to decouple each 
group of V AA pins to GND. The capacitors should be 
placed as close as possible to the device V AA and 
GNDpins. 

Bt460 

The 33 j.IF capacitor shown in Figure 14 is for low
frequency power supply ripple; the 0.1 j.IF and 0.01 j.IF 
capacitors are for high-frequency power supply noise 
rejection. The decoupling capacitors should be con
nected at the V AA and GND pins, using short, wide 
traces. 

When using a linear regulator, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than 200 
mY. This is especially important when a switching 
power supply is used and the switching frequency is 
close to the raster scan frequency. Note that about 10 
percent of power supply hum and ripple noise less 
than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

The COMP pin must be decoupled to V AA, typically 
with a 0.1 j.IF ceramic capacitor. Low-frequency sup
ply noise will require a larger value. The COMP ca
pacitor must be as close as physically possible to the 
COMP and V AA pins. A surface-mount ceramic chip 
capacitor is preferred for minimal lead inductance, 
which degrades the noise rejection of the circuit. 
Short, wide traces will also reduce lead inductance. 

If the display has a ghosting problem, additional ca
pacitance in parallel with the COMP capacitor may 
help. 

Digital Signal Interconnect 

The digital inputs to the Bt460 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 and output signals. 

Most noise on the analog outputs will be caused by -
excessive edge rates (less than 3 ns), overshoot, under-
shoot, and ringing on the digital inputs. -

The digital edge rates should be no faster than nec
essary, as feedthrough noise is proportional to the digi
tal edge rates. Lower speed applications will benefit 
from using lower speed logic (3-5 ns edge rates) to re
duce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time. Line 
termination or line length reduction is the solution. For 
example, logic edge rates of 2 ns require line lengths 
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of less than 4 inches without using termination. Ring
ing may be reduced by damping the line with a series 
resistor (30-300 Q). 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing 90 degrees to 
any analog signals. 

The clock driver and all other digital devices on the 
circuit board must be adequately decoupled to prevent 
the noise generated by the digital devices from 
coupling into the analog circuitry. 

Analog Signal Interconnect 

The Bt460 should be located as close as possible to the 
output connectors to minimize noise pickup and re
flections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk 
from digital lines; digital traces must not be routed 
under or adjacent to the analog output traces. 

Edge of PCB 

The video output signals should not overlay the ana
log power plane, to maximize the high-frequency pow
er supply rejection. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. 

Analog output video edges exceeding the CRT mon
itor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EMI and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 

The Bt460 analog outputs should be protected 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 14 can 
prevent latchup 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-deviee 
packages (FSA250X or FSA270X) or surface
mountable pairs (BA V99 or MMBD7001). 

Digital Area 

RAMDAC 

I 

.-J 

Figure 13. Sample Layout Showing Power and Ground Plane Isolation Gaps. 
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ANALOG POWER PLANE 

Cll 

~ _____ .,.. ___ +SV(VCC) 

Cl 

Bt460 

GROUND 

~.,..--~-~-~~~-----~-----~--.. WOWERSUWLY 
CONNECTOR) 

PIL RSET 
R2 R3 

FS ADJUST r-----' 
IORI----------4>----t--t----{ 

TO 

lOOi------------t-----{ P VIDEO 

CONNECTOR 

IOBI----------_----{ P 

VAA 

0 IN4148/9 
DAC 

TO MONITOR 
OUTPUT 

IN4148/9 

GND 

Note: Each pair of device VAA and GND pins must be separately decoupled with 0.1 !IF and O.oI !IF capacitors. 

Location Description Vendor Part Number 

CI-C5, CI0, Cll 0.1 !IF ceramic capacitor Erie RPEll0Z5Ul04M50V 
C6-C9 0.01 !IF ceramic chip capacitor AVX 12102T103QAI018 

C12 10 !IF tantalum capacitor Mallory CSR13G106KM 
Ll ferrite bead Fair-Rite 2743001111 

Rl,R2,R3 75n 1 % metal film resistor Dale CMF-55C 
R4 1000 n 1 % metal film resistor Dale CMF-55C 

RSET 523 n 1 % metal film resistor Dale CMF-55C 
ZI 1.2 V voltage reference National Semiconductor LM385Z-1.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt460. 

Figure 14. Typical Connection Diagram and Parts List. 
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Clock Interfacing 

Because of the high clock rates at which the Bt460 
may operate, it is designed to accept differential 
clock signals (CLOCK and CLOCK*). These clock 
inputs are generated by ECL logic operating at +5 V. 
The CLOCK and CLOCK* inputs require termina
tion resistors (220 n to GND) that should be located 
as close as possible to the clock driver. A 150 n chip 
resistor connected between the RAMDAC's CLOCK 
and CLOCK* pins is also required to ensure proper 
termination. It should be located as close as possible 
to the RAMDAC. 

The CLOCK and CLOCK* inputs must be diffe
rential signals and greater than 0.6 V peak to peak be
cause of the noise margins of the CMOS process. The 
Bt460 will not function when a single-ended clock is 
used with CLOCK* connected to ground. 

Typically, LD* is generated by dividing CLOCK 
by 4 or 5 (depending on whether 4:1 or 5:1 multiplex
ing was specified) and translating it to TTL levels. As 
LD* may be phase shifted relative to CLOCK, the 
designer need not consider propagation delays when 
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 (e.g., 
SYNC* and BLANK*). 

... SV 

... sv 
CLOCK 

MONITOR 220 
PRODUCTS 

970E 
330 

CLOCK· 

Bt438 

LDA 

VREF 

Brooldree@ 

When a single Bt460 is used for display, it is rec
ommended that the Bt438 Clock Generator Chip be 
used to generate the clock and load signals. It sup
ports the 4: 1 and 5: I input multiplexing of the Bt460 
and will also set the pipeline delay of the Bt460 to 
eight clock cycles. The Bt438 may also be used to in
terface the Bt460 to a TTL clock. Figure 15 illus
trates use of the Bt438 with the Bt460. 

When a single Bt460 is used, the PLL output is ig
nored and should be connected to GND (either direct
ly or through a resistor up to 150 n). 

Using Multiple 8t460s 

When up to four Bt460s are used for display, it is rec
ommended that the Bt439 Clock Generator Chip be 
used to generate the clock and load signals. It sup
ports the 4: 1 and 5: 1 input multiplexing of the Bt460, 
synchronizes them to subpixel resolution, and sets the 
pipeline delay of the Bt460 to eight clock cycles. The 
Bt439 may also be used to interface the Bt460 to a 
TTL clock. Figure 16 illustrates use of the Bt439 
with the Bt460. 

Subpixel synchronization is supported by the PLL 
output. Essentially, PLL provides a signal to indicate 
the amount of analog output delay of the Bt460, rela
tive to CLOCK. The Bt439 compares the phase of the 

CLOCK 

220 150 
Bt460 

CLOCK· 

220 

LD' 

VREF 
100 

Figure 15. Generating the Bt460Clock Signals. 
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Application Information (continued) 

PLL signals generated by up to four Bt460s, and ad
justs the phase of each of the CLOCK and CLOCK* 
signals to the Bt460s to minimize the PLL phase dif
ference. There should be minimal layout skew in the 
CLOCK and PLL trace paths to ensure proper clock 
alignment. 

If subpixel synchronization of multiple Bt460s is 
not necessary, the Bt438 Clock Generator Chip may 
be used rather than the Bt439. In this instance, the 
CLOCK, CLOCK*, and LD* inputs of up to four 
Bt460s are connected together and driven by a single 
Bt438 (daisy chain with single balanced termination 
for <100 MHz or through a lOH1l6 buffer for >100 
MHz). The VREF inputs of the Bt460s must still be 
isolated by 100 Q resistors, as shown in Figure 15, 
and have a 0.1 J.lF bypass capacitor to V AA. The de-

+sv 

+5V 

MONITOR 

PRODUCTS 

970E 

8t439 

+SV 

@ 
FROM 
BT460 

70 ~r 

220 150 @T@I 

signer must minImize skew on the CLOCK and 
CLOCK* lines. The PLL outputs of the Bt460s will 
not be used and should be connected to GND (either 
directly or through a resistor up to 150 Q). 

When multiple Bt460s are used, each Bt460 should 
have its own power plane ferrite bead. In addition,a 
single voltage reference may drive multiple devices; 
however, isolation resistors are recommended to re
duce color channel crosstalk. 

Higher performance may be obtained if each Bt460 
has its own voltage reference. This may further re
duce the amount of color channel crosstalk and color 
palette interaction. 

Each Bt460 must still have its own RSET resistor, 
analog output termination resistors, power supply by
pass capacitors, COMP capacitor, and VREF 
capacitor. 

PLL 

CLOCK 

CLOCK· 
8t460 

LD' 
#1 VAA 

To. 1 

VREF 

PLLI PLL 

CLOCKI CLOCK 

CLOCK' 
8t469 

LD' 
VAA #2 

To.l 
VREF 

PLL 

CLOCK 

CLOCK' 
8t460 

't-D· 
VAA #3 

VREF 

To. 1 

VREF 

Figure 16. Generating the Clock Signals for Multiple 8t460s. 
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Bt460 
Application Inf()rmation (continued) 

Setting the Pipeline Delay 

The pipeline delay of the Bt460, although fixed after a 
power-up condition, may be anywhere from six to ten 
clock cycles. The Bt460 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 they are used 
with the Bt460. 

To reset the Bt460, it should be powered up, with 
LD*, CLOCK, and CLOCK* running. The CLOCK 
and CLOCK* signals should be stopped with CLOCK 
high and CLOCK* low for at least three rising edges 
of LD*. The device can be held with CLOCK and 
CLOCK* stopped for an unlimited time. 

CLOCK and CLOCK* should be restarted 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 I clock 
cycle or follows the rising edge of LD* by no more 
than 1.5 clock cycles.) When the clocks are restarted, 
the minimum clock pulse width must not be violated. 

To ensure that the Bt460 has the proper cl)nfiura
tion, all the command registers must be initialized 
prior to a fixed pipeline reset. Because of this require
ment, the power-up that occurs prior to initialization of 
the command registers cannot be used to ensure the 
fixed pipeline. An additional reset is required after 
command register writes. 

The resetting of the Bt460 to an eight-clock-cycle 
pipeline delay does not reset the blink counter circuit
ry. Therefore, if the multiple Bt460s are used in paral
lel, the on-chip blink counters may not be synchron-

Scan Line Output Sequence 

0 ABCDABCD ... 
1 DABCDABC. .. 
2 CDABCDAB ... 
3 BCDABCDA ... 
4 ABCDABCD ... 

" DABCDABC ... 
6 CDABCDAB. .. 
7 BCDABCDA ... 
: : 

Table 9. Interleave Example. 
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ized. In this instance, the blink mask register should be 
$00 and the overlay blink enable bits a logical zero. 
Blinking can be software controlled by using the read 
mask register and overlay display enable bits. 

The Bt460 must be reset to an eight-cycle pipeline 
delay for proper cursor pix~l alignment. 

Interleave Operation 

To support interleaved frame buffers, the Bt460 may 
be configured for various interleave factors, as speci
fied in Table 8. Table 9 is an example of interleave op
eration for 4: I multiplexing, an interleave select of 3, 
and starting with pixel {A}. Table 10 is an example of 
the same operation with pixel {B} selected as the start
ing pixel (with the display panned down three scan 
lines). 

Scan line number 0 corresponds to the top of the dis
play screen and is the first displayed scan line after a 
vertical blanking interval. The output sequence is 
shown, starting at the leftmost displayed pixel. 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can produce 
symptoms of catastrophic failure or erratic device be
havior with somewhat leaky inputs. 

Latchup can be prevented by ensuring that all V AA 
pins are at the same potential and that the V AA supply 
voltage is applied before the signal pin voltages. The 
correct power-up sequence ensures that any signal pin 
voltage will never exceed the power supply voltage by 
more than +0.5 V. 

Scan Line Output Sequence 

0 BCDABCDA. .. 
1 ABCDABCD ... 
2 DABCDABC ... 
3 CDABCDAB ... 
4 BCDABCDA. .. 
5 ABCDABCD ... 
6 DABCDABC. .. 
7 CDABCDAB ... 
: : 

Table 10. Interleave Example. 



Brooktree® 
Application Information (continued) 

Test Features of the Bt460 

The Bt460 contains three dedicated test registers and 
an analog output comparator that assist the user in eva
lu-ating the performance and functionality of the part. 
This section explains the operating use of these test 
features. 

Signature Registers (Signature Mode) 

The input signature register is 8 bits wide, capturing 
pixel information prior to the lookup table. Since the 
pixel path is 9 bits wide, the P7 or P8 pixel input, in 
conjunction with the PO-P6 pixel inputs, is selected for 
capture by command bit CR65. 

The output signature· register, in the active mode, 
operates with the 24 bits of data that are output from 
the color palette RAM. These 24-bit vectors represent 
a single pixel color, and are presented as inputs simul
taneously to the red, green, and blue output Signature 
Analysis Registers (SARs), as well as to the three on
chip DACs. The output SARs act as a 24-bit-wide line
ar feedback shift register on each succeeding pixel that 
is latched. 

When the device is in either the 4:1 or 5:1 multi
plexed mode, the SARs only latch 1 pixel per load 
group. Thus the SARs are operating on only every 
fourth or fifth pixel in the multiplexed modes. The 
user determines which pixel phase (A, B, C, D, or E) is 
latched to generate new signatures by setting bits DO
D2 in the test register. 

In 1:1 mux mode, the SARs will generate signatures 
truly on each succeeding pixel in the input stream. In 
this case, the user should always select pixel "A" (test 
register DO, Dl, and D2 = 000) when in the 1:1 mode, 
since the "A" pixel pins are the only active pixel 
inputs. 

The Bt460 will only generate signatures while in 
"active-display" (BLANK* negated). The SARs are 
available for reading and writing via the MPU port 
when the Bt460 is in a blanking state (BLANK* as
serted). Specifically, it is safe to access the SARs after 
the DAC outputs are in the blanking state (up to 15 
pixel clock periods after BLANK* is asserted). 

Typically, the user will write a specific 8-bit or 24-
bit seed value into the SARs. Then, a known pixel 
stream, e.g., one line or one frame buffer of pixels, 
will be input to the chip. Then, at the succeeding blank 
state, the resultant 8-bit or 24-bit signature can be read 
by the MPU. The 24-bit signature register data is a re-

Bt460 

suit of the same captured data that is fed to the DACs. 
Thus, overlay and cursor data validity is also tested us
ing the signature registers. 

Assuming the chip is running 4: 1 or 5: 1 mux modes, 
the above process would be repeated with all different 
pixel phases-A, B, C, etc.-being selected. 

It is not simple to specify the algorithm which speci
fies the linear feedback shift operations used in the 
Bt460. The linear feedback configurations are shown 
in Figures 17 and 18. Each register internally uses 
XORs at each input bit (Dn) with the output (result) by 
1 least significant bit (Qn-l). 

Experienced users have developed tables of specific 
seeds and pixel streams and recorded the signatures that 
result from those inputs applied to known-good parts. 
A good signature from one given pixel stream can be 
used as the seed, for the sqcceeding stream to be tested. 
Any signature is deterministically created from a start
ing seed, and the succeeding pixel stream is fed to the 
SARs. Maximum frequency supported by the SARs is 
135 MHz. 

Signature Registers (Data-Strobe Mode) 

Setting command bit CR20 to one puts the SARs into 
data-strobe mode. In this instance, the linear feedback 
circuits of the SARs are disabled, which stops the 
SARs from generating signatures. Instead, the SARs 
capture and hold the respective pixel phase that is 
selected. 

Any MPU data written to the SARs is ignored. How
ever, each pixel value that is strobed into the SARs can 
be directly checked. To read values captured in the 
middle of a pixel stream, the user should first freeze 
all inputs to the Bt460. The levels of most inputs do 
not matter except that CLOCK should be high and 
CLOCK* should be low. Then, the user may read the 
pixel color by doing three successive MPU reads from 
the red, green, and blue output SARs, respectively. 
Likewise, the input SAR may be read with one MPU 
read. 

In general, the color readout will correspond to a 
pixel latched on the previous load. However, because 
of the pipelined data path, the color may come from an 
earlier load cycle. To read successive pixels: LD* 
should be toggled, the CLOCK pins should be pulsed 
according to the mux state (one, four, or five periods), 
and all pixel-related inputs should be held and the three 
MPU reads performed as described. This overall pro
cess is best done on a sophisticated VLSI semiconduc
tor tester. 
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Application Information (continued) 

RO.R7 GO·G7 BO.B7 

FROM LOOKUP TABLE FROM LOOKUP TABLE FROM LOOKUP TABLE 

• MPU SAR READ BIT 

Figure 17. Output Signature Analysis Register Circuit. 

po.P6, P70RP8 

• MPU SAR READ BIT 

Figure 18. Input Signature Analysis Register Circuit. 
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Analog Comparator 

The other dedicated test structure in the Bt460 is the 
analog output comparator. It allows the user to meas
ure the DACs against each other, as well as against a 
specific reference voltage. 

Four combinations of tests are selected through the 
test register. With a given setting, the respective sig
nals (DAC outputs or the 145 mV reference) will be 
continuously input to the comparator. The result of the 
comparator is latched into the test register on. each of 
the 64 scan lines of the 64 x 64 user-defined cursor 
block. (The 64 x 64 cursor must be enabled for dis
play.) On each of these 64 scan lines, the capture oc
curs over one LD* period that corresponds to the cur
sor (x) position, set by the 12-bit cursor (x) register. 

To obtain a meaningful comparison, the cursor 
should be located on the visible screen. There is no 
significance to the cursor pattern data in the cursor 

Bt460 

RAM. For a visual reference, the capture point actual
ly occurs over the leftmost edge of the 64 x 64 cursor 
block. 

Because of the comparator's simple design, it is rec
ommended that the DAC outputs be stable for 5 J.IS be
fore capture. At a display rate of 100 MHz, 5 J.IS corre
sponds to 500 pixels. In this case, the cursor (x) 
position should be set to well over 500 pixels to ensure 
an adequate supply of pixels. Furthermore, either the 
color palette RAM or the. pixel inputs (or both) should 
be configured to guarantee a single continuous output 
from the DACs under test, until capture. 

Typically, users will create screen-wide test bands 
of various colors. Various comparison cases are set up 
by moving the cursor up and down (by changing the 
12-bit cursor (y) register) over these bands. For each 
test, the result is obtained by reading test register bit 
D3. 
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Initializing the 8t460 

Following a power-on sequence, the Bt460 must be 
initialized. This sequence will configure the Bt460 
as follows: 

4: 1 multiplexed operation 
no overlays, no blinking, no interleave 
64 x 64 block cursor, no cross hair cursor 
9 bits per pixel, no panning, no zoom 
sync enabled on lOG, 7.5 IRE blanking pedestal 

Control Register Initialization CI, CO 

Write $01 to address register low 00 
Write $02 to address register high 01 
Write $40 to command register_O 10 
Write $00 to command register_l 10 
Write $CO to command registec2 10 
Write $FF to pixel read mask register low 10 
Write $01 to pixel read mask register high 10 
Write $00 to pixel blink mask register low 10 
Write $00 to pixel blink mask register high 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 $OF to address register low 00 
Write $14 to command registec3 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 \llindo'N \vidt..lJ. J1Jgh register 10 
Write $00 to window height low r~gister 10 
Write $00 to window height high register 10 
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Load Cursor RAM Pattern 

Write $00 to address register low 
Write $04 to address register high 
Write $FF to cursor RAM (location $000) 
Write $FF to cursor RAM (location $001) 

Write $FF to cursor RAM (location $3FF) 

Color Palette RAM Initialization. 

Write $00 to address register low 
Write $00 to address register high 
Write red data to RAM (location $000) 
Write green data to RAM (location $000) 
Write blue data to RAM (location $000) 
Write red data to RAM (location $001) 
Write green data to RAM (location $001) 
Write blue data to RAM (location $001) 

Write red data to RAM (location $1FF) 
Write green data to RAM (location $IFF) 
Write blue data to RAM (location $1FF) 

Overlay Color Palette Initialization 

Write $00 to address register low 
Write $01 to address register high 
Write red data to overlay (location $0) 
Write green data to overlay (location $0) 
Write blue data to overlay (location $0) 
Write red data to overlay (location $1) 
Write green data to overlay (location $1) 
Write blue data to overlay (location $1) 

Write red data to overlay (location $F) 
Write green data to overlay (location $F) 
Write blue data to overlay (location $F) 

Cursor Color Palette Initialization 

Write $81 to address register low 
Write $01 to address register high 
Write red data to cursor (location $0) 
Write green data to cursor (location $0) 
Write blue data to cursor (location $0) 
Write red data to cursor (location $1) 
Write green data to cursor (location $1) 
Write blue data to'cursor (location $1) 
Write red data to cursor (location $2) 
Write green data to cursor (location $2) 
Write blue data to cursor (location $2) 

00 
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10 
10 

10 

00 
01 
11 
11 
11 
11 
11 
11 

11 
11 
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00 
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10 
10 
10 
10 
10 
10 
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10 
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01 
10 
10 
10 
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10 
10 
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Brooktree~ Bt460 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 n 
Reference Voltage VREF 1.20 1.235 1.26 V 
FS ADJUST Resistor RSET 523 n 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 6.5 V 

Voltage on Any Signal Pin (Note I) GND -0.5 VAA + 0.5 V 

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

Ambient Operating Temperature TA -55 +125 °C 
Storage Temperature TS "'{)5 +150 °C 
Junction Temperature TJ +150 °C 

Soldering Temperature TSOL 260 °C 
(5 seconds, 114" from pin) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an . 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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DC Characteristics 

Parameter Symbol Min Typ Max Units 

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

Integral Linearity Error IL ±I LSB 
Differential Linearity Error DL ±I LSB 

Gray-Scale Error ±5 % Gray Scale 
Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
(except CLOCK, CLOCK") 
Input High Voltage VIH 2.0 VAA+0.5 V 
Input Low Voltage VIL GND-O.5 0.8 V 

. Input High Current (Vin = 2.4 V) llH 
P8 {A-E}, CURDIS" 60 IlA 
Other Inputs I IlA 

Input Low Current (Vin = 0.4 V) llL -I IlA 
Input Capacitance CIN 4 10 pF 

(f = I MHz, Yin = 2.4 V) 

Clock Inputs (CLOCK, CLOCK") 
Differential Input Voltage dVIN 0.6 6 V 
Input High Current (Vin = 4.0 V) IKIH L IlA 
Input Low Current (Vin = 0.4 V) IKIL -I IlA 
Input Capacitance CKIN 4 10 pF 

(f = I MHz, Yin = 4.0 V) 

Digital Outputs (DO-D7, CURAC) 
Output High Voltage VOH 2.4 V 

(IOH = -400 1lA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
3-state Current IOZ 10 IlA 
Output Capacitance CDOUT 10 pF 

See test conditions on next page. 
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DC 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 l7.62 18.50 rnA 
Black Level Relative to Blank 

SETUP = 7.5 IRE 0.95 1.44 1.90 rnA 
SETUP=OIRE 0 5 50 lJA 

Blank Level - Sync Enabled 6.29 7.62 8.96 rnA 
Blank Level - Sync Disabled 0 5 50 lJA 
Sync Level (If Enabled) 0 5 50 lJA 
LSB Size 69.1 lJA 

DAC-to-DAC Matching 2 5 % 
Output Compliance VOC -0.5 +1.2 V 
Output Impedance RAOUT 50 kn 
Output Capacitance CAOUT 13 20 pF 

(f = I MHz. lOUT = 0 rnA) 

PLL Analog Output PLL 
Output Current 

SYNC*IBLANK* = 0 6.00 7.62 9.00 rnA 
SYNC*IBLANK* = I 0 5 50 lJA 

Output Compliance -1.0 +2.5 V 
Output Impedance 50 ill 
Output Capacitance 8 15 pF 

(f= I MHz •. PLL=O rnA) 

Voltage Reference Input Current IREF 100 lJA 

Power Supply Rejection Ratio PSRR 0.5 %1%6VAA 
(CaMP = 0.11lF. f = I kHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 n and 
VREF = 1.235 V. SETUP = 7.5 IRE. As the above parameters are guaranteed over the full temperature range. 
temperature coefficients are not specified or required. Typical values are based on nominal temperature. i.e.. room 
temperature. and nominal voltage. i.e .• 5 V. 
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AC Characteristics 

Parameter Symbol MinlTyp/ 135 110 Units 
Max MHz MHz 

Clock Rate Fmax max 135 110 MHz 
LD* Rate LDmax 

1: I multiplexing max 50 50 MHz 
4: 1 multiplexing max 33.75 27.5 MHz 
5:1 multiplexing max 27 22 MHz 

RIW, CO, Cl Setup Time 1 min 0 0 ns 
RIW, CO, Cl Hold Time 2 min 10 10 ns 

CE*LowTime 3 min 40 40 ns 
CE* High Time 4 min 20 20 ns 
CE* Asserted to Data Bus Driven 5 min 10 10 ns 
CE* Asserted to Data Valid 6 max 75 75 ns 
CE* Negated to Data Bus 3-Stated 7 max 15 15 ns 

Write Data Setup Time 8 min 15 15 ns 
Write Data Hold Time 9 min 2 2 ns 

Pixel and Control Setup Time 10 min 3 3 ns 
Pixel and Control Hold Time 11 min 2 2 ns 

Clock Cycle Time 12 min 7.4 9.09 ns 
Clock Pulse Width High Time 13 min 3.2 4 ns 
Clock Pulse Width Low Time 14 min 3.2 4 ns 

LD* Cycle Time 15 
1: 1 multiplexing min 20 20 ns 
4: 1 multiplexing min 29.63 36.36 ns 
5:1 multiplexing min 37.04 45.45 ns 

LD* Pulse Width High Time 16 
1: 1 multiplexing min 7 7 ns 
4: 1 or 5: 1 multiplexing min 12 15 ns 

LD* Pulse Width Low Time 17 
1: 1 multiplexing min 7 7 ns 
4: 1 or 5: 1 multiplexing min 12 15 ns 

CURAC Output Delay 18 typ 18 18 ns 
CURAC Disable Time 19 typ tbd tbd ns 
CURAC Enable Time 20 typ tbd tbd ns 

See test conditions on next page 
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AC Characteristics (continued) 

Parameter Symbol MlnlTypl 135 110 Units 
Max MHz MHz 

Analog Output Delay 21 typ 12 12 ns 
Analog Output Rise/Fall Time 22 typ 1.5 1.5 ns 
Analog Output Settling Time 23 max S S ns 
Clock and Data Feedthrough (Note 1) typ tbd tbd dB 
Glitch Impulse (Note 1) typ 50 50 pV - sec 
DAC-to-DAC Crosstalk typ tbd tbd dB 
Analog Output Skew typ 0 0 ns 

max 2 2 ns 

Pipeline Delay min 6 6 Clocks 
max 10 10 Clocks 

V AA Supply Current (Note 2) IAA typ 390 360 rnA 
max 420 400 rnA 

Test conditions (uuless otherwise specified): "Recommended Operating Conditions" with RSET = 523 n and 
VREF = 1.235 V. TTL input values are 0-3 V with input rise/fall times S 4 ns, measured between the 
lO-percent and 9O-percent points. ECL input values are VAA~.S to VAA-l.S V with input rise/fall times S 
2 ns, measured between the 20-percent and SO-percent points. Timing reference points at 50 percent for 
inputs and outputs. Analog output load S 10 pF and DO-D7 output load S 75 pF. CURAC output load S 5 pF. 
See timing wavefonns and notes in Figures 19-2l. As the above parameters are guaranteed over the full 
temperature range, temperature coefficients are not specified or required. Typical values are based on 
nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1: Dock and data feedthrough is a function of the number of edge rates, and the amount of overshoot 
and undershoot on the digital inputs. For this test, the TTL digital inputs have a 1 ill 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, and -3 dB test bandwidth = 2x clock rate. 

Note 2: At Fmax. IAA (typ) at VAA = 5.0 V and TA = 200 C. IAA (max) at VAA = 5.25 V and TA = 00 C. 
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Timing Waveforms 
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Figure 19. MPU Read/Write Timing Dimensions. 
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Note 1: Output delay time'1s measured from the 50-percent point of the rising clock edge to the 
50-percent point of full-scale transition. 
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Note 2: Output settling time is measured from the 50-percent point of full-scale transition to output 
settling within ±l LSB. 
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Note 3: Output rise/fall time is measured between the lO-percent and 90-percent points of full-scale 
transition. 

Figure 20. Video Input/Output Timing. 
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Timing Waveforms (continued) 

CLOCK 

lOR, lOB, lOG 

CURAC DATA(N) 

CURDIS· .. 
Figure 21. Cursor Output Timing. 

Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt460KGl35 135 MHz 132-pin Ceramic 00 to +700 C 
PGA 

Bt460KGllO 110 MHz 132-pin Ceramic 00 to +700 C 
PGA 
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Preliminary Information 

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

Distinguishing 
Features 

• 1701160, 135, 110, 80 MHz 
Operation 

• 3:1,4:1,or5:1 PixelInputMuxing 
• 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 or PQFP Package 

Functional Block Diagram 

W' 

FO·P9 
(A·E) 

ALT 
(A-B) 

OLO·OlA 
(A'E) 

CLOCK. CLOCK V AA GND 

Applications 

• High-Resolution Color 
Graphics 

• True-Color Graphics Systems 
• CAE/CAD/CAM 
• Image Processing 
• Video Reconstruction 

Related Products 

• Bt431, Bt438, Bt439 
• Bt459, Bt460, Bt468 

PS ADJUST VREf 

COMP 

lOUT 

PI.L 

CE* RIW co \ Cl 00- D7 

Brooktree Corporation· 9950 Bames Canyon Rd.· San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
lA61001 Rev. I 

Bt461 

Bt462 
170 MHz 

Monolithic CMOS 
lK x 8 Color Palette 

RAMDAC™ 

Product Description 

The Bt4611462 single-channel RAMDAC is 
designed specifically for high-performance, 
high- resolution color graphics. The multiple 
pixel ports and internal multiplexing enable 
TTL- compatible interface (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. 

The Bt462 also supports an optional 
underlay mode. Only 15 overlays are 
available when the underlay is used. 

Color data may be written to and read 
from the Bt4611462 by the MPU each cycle, 
or during red, green, and blue cycles. The 
MPU interface operates asynchronously to 
the pixel data, simplifying system design. 

The PLL current output enables the syn
chronization of multiple Bt4611462s with 
subpixel resolution. 

.. 



Bt461/462 
Circuit Description 

MPU Interface 
As illustrated in the functional block diagram, the 
Bt4611462 supports a standard MPU bus interface, al
lowing the MPU direct access to the internal control 
registers and color palettes. The dual.port color pal
ette RAMs and dual-port overlay RAM allow color up
dating without contention with the display refresh 
process. 

As presented in Table 1, the CO and Cl control in
puts, 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 reg
ister eliminates the requirement for external address 
multiplexers. ADDRO is the least significant bit. 

The two modes in which the MPU reads and writes 
color data to the device, as controlled by command 
registecO, are as follows: The first mode (normal 
mode), loads color data into the device each write cy
cle, and outputs color data from the device each read 
cycle. The second mode (ROB mode) loads color data 
into the device in red, green, and blue write cycles, and 
outputs 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. 

ADDR0-15 C1 CO 

$xxxx {) 0 
$xxxx 0 1 

$OOOO-$OOFF 1 0 
$0100 1 0 

: : : 
$OllF 1 0 
$0200 1 0 
$0201 1 0 
$0202 1 0 
$0203 1 0 
$0204 1 0 
$0205 1 0 
$0206" 1 0 
$0207 1 0 
$0208 1 0 
$0209 1 0 
$02OC 1 0 

$0000-$03FF I I 

BrooktreeGt 

ReadingIWriting Color Data 
(Normal Mode) 
To write color data, the MPU loads the address regis
ter 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 cy
cle, using CO and C 1 to select either the primary color 
palette RAM, alternate color palette RAM, or the over
lay palette RAM. The address register then increments 
to the next location, which the MPU may modify by 
writing another color. Reading color data is similar to 
writing it, except the MPU executes read cycles. 

This mode is useful if a 24-bit data bus is available, 
as 24 bits of color information (8 bits each of red, 
green, and blue) may be read or written to three Bt4611 
462s in a single MPU cycle. In this application, the 
CE* inputs of all three Bt4611462s are connected to
gether. If only an 8-bit data bus is available, the CE* 
inputs must be individually selected during the appro
priate color write cycle (red CE* during red write cy
cle, green CE* during green write cycle, and blue CE* 
during blue write cycle). 

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 regis
ter increments after each read or write cycle. 

Addressed by MPU 

address register low (ADDR0-7) 
address register high (ADDR8-9) 

alternate color palette RAM 
overlay color 0 

: 
overlay color 31 

ID register 
command registecO 
command registec1 
command register_2 

pixel read mask register low 
pixel read mask register high 
pixel blink mask register low 
pixel blink mask register high 

overlay read mask register 
overlay blink mask register 

test register 

primary color palette RAM 

Table 1. Address Register (ADDR) Operation. 
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Circuit Description (continued) 

ResdingIWriting C%r Dsts 
(RGBMode) 
To write color data, the MPU loads the address regis
ter 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 in
crements to the next location, which the MPU may 
modify by writing another sequence of red, green, and 
blue data. Reading color data is similar to writing it, 
except the MPU executes read cycles. 

This mode is useful if only an 8-bit data bus is avail
able. Each Bt4611462 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 Bt4611462s share a common 8-bit data bus. The 
CE* inputs of all three Bt461/462s must be asserted si
multaneously 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 cy
cles, the address register has 2 additional bits (ADDRa 
and 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. 

Bt461/462 

The other 10 bits of the address register (ADDR0-9) 
are accessible to the MPU. 

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. 

CE* must be a logical zero during each of the red, 
green, and blue read/write cycles. 

Additions//nformation 
Although the color palette RAMs and overlay RAM 
are dual ported, if the pixel and overlay data are ad
dressing the same palette entry being written to by the 
MPU during the write cycle, 1 or more of the pixels on 
the display screen can be disturbed. A maximum of 1 
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 specified in Table 1. All control registers 
may be written to or read by the MPU at any time. 
The address register does not incff,ment following read 
or write cycles to the control registers, facilitating 
read-modify-write operations. ADDRO and ADDR8 
correspond to DO. ADDRIO-ADDR15 are always 
logical zeros. 

If an invalid address is loaded into the address regis
ter, data written to the device will be ignored and in
valid data will be read by the MPU. 

Figure 1 illustrates the MPU read/write timing of 
the Bt4611462. 

RIW. co, CI ==>< VMID )(~ __________________________________________ _ 

CEO \ / 
DO. D1 (READ) -------------------« DATA our (RJW = I) )>------

DO. D1 (WRITE) ______________________ --'x DATA IN (RIW =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 TTL data rates, the Bt4611462 in
corporates internal latches and multiplexers. As il
lustrated in Figure 2, on the rising edge of LD*, 
sync and blank information, color, and overlay in
formation for 3, 4, or 5 consecutive pixels are 
latched into the device. With this configuration, 
the sync and blank timing will be recognized only 
with 3-, 4-, or 5-pixel resolution. Typically, the 
LD* signal is used to clock external circuitry, gen
erating the basic video timing, and to clock the 
video DRAMs. 

Typically, the {A} pixel is output first, followed 
by the {B} pixel, then the {C} pixel, etc., until all 
3, 4, or 5 pixels have been output, at which point 
the cycle repeats. 

The overlay inputs may have pixel timing, facil
itating 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. 

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 de-

LD* 

rived by externally dividing CLOCK by 3, 4, or 5, 
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*, inde
pendent of the clock phase. 

Internal logic maintafus an internal LOAD sig
nal, 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 trans
fers the latched pixel and overlay data into a sec
ond set of latches, which are then internally multi
plexed at the pixel clock rate. 

If 3: I multiplexing is specified, only one rising 
edge of LD* should occur every three clock cy
cles. If 4: 1 multiplexing is specified, only one ris
ing edge of LD* should occur every four clock cy
cles. 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* sig
nal and will continuously attempt to resynchronize 
itself to LD*. 

The 3:1 multiplexing may not be used at the 170 
MHz pixel clock rate. 

PO-P9(A-E}. ALT(A-E} ~ 

OLO-OU(A-E}. ~. . 
SYNC*,BLANK* _ ~ __ _ 

lOUT, PLL 

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 5 bits of overlay information 
(OLO-OlA) for each pixel are processed by the 
read mask, blink mask, and command registers. 
Through the control registers, individual pixel and 
overlay inputs may be enabled or disabled for dis
play, and/or blinked at one of four blink rates and 
duty cycles. 

To ensure that blinking does not cause a color 
change during the active display time (Le., in the 
middle of the screen), the Bt4611462 monitors the 
I\LANK* input to determine vertical retrace inter
vals, i.e., 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. PO is the LSB when ad
dressing 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 CROS OLO-OL4 

x x x $IF 
: : : : 
x x x $01 
x x I $00 

0 x 0 $00 
0 x x $00 
: : : : 
0 x x $00 

x 0 0 $00 
x 0 x $00 
: : : : 
x 0 x $00 

1 1 0 $00 
: : x : 
: : : : 
1 1 x $00 

Bt461/462 

Alternate Color Palette RAM 

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 registecO 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 AL T 
enable bit in command register_O is a logical zero, 
the ALT {A-E} inputs are ignored, as specified in 
Tables 2 and 3. 

The primary color palette RAM may be pixel 
bypassed with the AL Tinputs. In this instance, 
the alternate color palette RAM should be loaded 
either so that each byte contains its corresponding 
address ($OO-$FF) or with a gamma correction 
factor. The ALT inputs would then specify, on a 
pixel basis, whether to bypass the primary color 
palette RAM: 

PO- P9 Addressed by frame buffer 

$xxx overlay color 31 
: : 

$xxx overlay color I 
$xxx overlay color 0 

$000 primary RAM location $000 
$001 primary RAM location $001 

: : 
$3FF primary RAM location $3FF 

$000 primary RAM location $000 
$001 primary RAM location $001 

: : 
$3FF primary RAM location $3FF 

$xOO alternate RAM location $00 
$xOI alternate RAM location $01 

: 
$xFF alternate RAM location $FF 

Table 2. Bt461-Palette and Overlay Select Truth Table. 

WORKSTATION GRAPHICS 5-243 



Bt461/462 Brooktree® 
Circuit Description (continued) 

CR22 CR04 AlT CROS Ol4 OlO-Ol3 PO-P9 Addressed by Frame Buffer 

x x x x 1 1111 $xxx overlay color 31 
: : : : : : : : 
: : : : 1 0000 : overlay color 16 
: : : : 0 1111 : overlay color 15 
: : : x : : : : 
x x x 1 0 0000 $xxx overlay color 0 

0 0 x 0 0 0000 $000 primary RAM location $000 
x : : x : : $001 primary RAM location $00 I 
: : : : : : : : 
x 0 x x 0 0000 $3FF primary RAM location $3FF 

0 x 0 0 0 0000 $000 primary RAM location $000 
x : : x : : $001 primary RAM location $001 
: : : : : : : : 
x x 0 x 0 0000 $3FF primary RAM location $3FF 

x I 1 x 0 0000 $xOO alternate RAM location $00 
: : : : : : : : 
x 1 1 x 0 0000 $xFF alternate RAM location $FF 

1 x x x 0 1111 $xxx overlay color 15 
: : : : : : : : 

: : x 0 0001 $xxx overlay color 1 
I x x 0 1 0000 $000 overlay color 0 (underlay) 

Table 3. Bt462-Palette and Overlay Select Truth Table. 
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Circuit Description (continued) 

Pixel Panning 

To support pixel panning, command register_l 
specifies by what number of clock cycles to pan. 

If O-pixel panning is specified, pixel (A} is out
put first, followed by pixel {B}, then pixel {C}, 
etc., until all 3, 4, or 5 pixels have been output, at 
which point the cycle repeats. 

If I-pixel panning is specified, pixel (B} will be 
first, followed by pixel {C}, then pixel {D}, etc. 
Pixel {A} will have been processed during the last 
clock cycle of the blanking interval and will not be 
on the display screen. At the end of the active dis
play line, pixel {A} will be output. Pixels {B}, 
{C}, {D}, and {E} will be output during the 
blanking interval and will not be on the display 
screen. 

The process is similar for panning by 2, 3, or 4 
pixels. 

When a panning value other than 0 pixels is 
specified, valid pixel data must be loaded into the 
Bt4611462 during the first LD* cycle that 
BLANK* is a logical zero. 

The pixel, overlay, and ALT inputs are all 
panned. 

Underlay Operation (8t462 Only) 

An underlay plane can be obtained by converting 
overlay plane 4 (OL4) to underlay operation (com
mand register bit CR22). In this mode of opera
tion, only 15 overlays (OLO-OL3) are available, as 
specified in Table 3. 

During underlay operation, the corresponding 
overlay plane 4 (OL4) overlay read mask register 
bit must be a logical zero for proper operation. 

Underlays may be displayed on a pixel basis. 
Both overlays and the underlay may be used si
multaneously. The priority of the display 
information is: 

1. Overlays (OLO-OL3) 
2. Pixel data (PO-P9) 
3. Underlay (OL4) 

Bt461/462 

Video Generation 

Every clock cycle the selected 8 bits of color infor
mation are presented to the 8-bit D/A converter. 

The SYNC* and BLANK* inputs are pipelined 
to maintain synchronization with the pixel data. 
They add appropriately weighted currents to the 
analog outputs, producing the specific output lev
els required for video applications, as illustrated in 
Figures 3 and 4. Command register2 specifies 
whether a 0 IRE or 7.5 IRE blanking pedestal is to 
be generated and whether 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 con
verter produces a corresponding voltage level, 
which is used to drive the CRT monitor. Tables 4 
and 5 detail how the SYNC* and BLANK* inputs 
modify the output levels. 

The D/A converter on the Bt4611462 uses a seg
mented architecture in which bit currents are rout
ed to either the current output or GND by a sophis
ticated decoding scheme. This architecture 
eliminates the need for precision component ratios 
and greatly reduces the switching transients asso
ciated with turning current sources on or off. 
Monotonicity and low glitch are guaranteed by use 
of identical current sourCes and current steering 
their outputs. An on-chip operational amplifier 
stabilizes the full-scale output current against tem
perature and power supply variations. 
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Circuit Description (continued) 

CR27=0 CR27= 1 

MA V MA V 

19.05 0.714 26.67 1.000 -.---;;;;-------------=:----- WHITE LEVEL 

1.44 0.054 9,05 0.340 -J-------+-----jf---------- BLACK LEVEL 

7.5 IRE 
0.00 0.000 7.62 0.286 -l--------'--.,--,---''--------- BLANK LEVEL 

40 IRE 

0.00 0.000 .....L... ____ ~ __ -L--'-__________ SYNC LEVEL 

Note: 75 n doubly-terminated load, RSET = 523 n, and VREF = 1.235 V. Blank pedestal = 7.5 IRE. RS-343A levels 
and tolerances are assumed on all levels. 

Figure 3. Composite Video Output Waveform (SETUP = 7.5 IRE). 

Description lOUT (mA) lOUT (mA) SYNC· BLANK· DAC 
(CR27 = 1) (CR27 = 0) Input Data 

WHITE 26.67 19.05 1 1 $FF 
DATA data + 9.05 data + 1.44 I 1 data 
DATA-SYNC data + 1.44 data + 1.44 0 1 data 
BLACK 9.05 1.44 I I $00 
BLACK-SYNC 1.44 1.44 0 1 $00 
BLANK 7.62 0 I 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with full-scale lOUT = 26.67 rnA. RSET = 523 n and VREF = 1.235 V. Blank pedestal = 7.5 IRE. 

Table 4. Video O/Jtput Truth Table (SETUP = 7.5 IRE). 
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Circuit Description (continued) 

CR27=0 CR27= 1 

MA V MA V 

18.60 0.698 26.67 1.000 -.--""----------~;;c_--- WHITE LEVEL 

0.00 0.000 8.OS 0.302 + _____ -'---,._,..--....L-________ ULACKIBLANK LEVEL 

43 IRE 

0.00 0.000 
-L.. ______ .......l._L-_________ SYNC LEVEL 

Note: 75 n doubly-terminated load, RSET = 495 n, and VREF = 1.235 V. Blank pedestal = 0 IRE. RS-343A levels and 
tolerances are assumed on all levels. 

Figure 4. Composite Video Output Waveform (SETUP = 0 IRE). 

Description lOUT (mA) lOUT (mA) SYNC· BLANK· DAC 
(CR27 = 1) (CR27 = 0) Input Data 

WHITE 26.67 18.60 I I $FF 
DATA data + 8.05 data I I data 
DATA-SYNC data data 0 I data 
BLACK 8.05 0 1 I $00 
BLACK-SYNC 0 0 0 I $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 nand VREF = 1.235 V. Blank pedestal = 0 IRE. 

Table 5. Video Output Truth Table (SETUP = 0 IRE). 
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Bt461/462 Brooldree@ 
Internal Registers 

Command Reg;ste,_O 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it 
must be initialized by the user after power-up. 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(50/50) 
(10) 32 on, 32 off (50/50) 
(11) 64 on, 64 off (50/50) 

reserved (logical zero) 

reserved (logical zero) 

5-248 SECTION 5 

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 GND, and the LD* input should be one third the 
CLOCK rate. 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 one fourth the 
CLOCK rate. If 5: 1 is specified, all of the pixel and 
overlay inputs are used, and the LD* input should be 
one fifth the CLOCK rate. 

The pipeline delay of the Bt4611462 can be reset to a 
fixed eight clock cycles. In this instance, each time 
the input multiplexing is changed, the Bt461/462 
must again be reset to a fixed-pipeline delay. 

The 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 0 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 2 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 (percent on/oft). 
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Internal Registers (continued) 

Command Register_1 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it 
must be initialized by the user after power-up. CR10 corresponds to data bus bit DO. 

CR17-CR15 Pan select 

(000) o pixels 
(001) 1 pixel 
(010) 2 pixels 
(011) reserved 
(100) 3 pixels 
(101) 4 pixels 
(110) reserved 
(111) reserved 

CRl4-CRlO reserved (logical zero) 

{pixel A} 
{pixel B} 
{pixel C) 

{pixel D} 
{pixel E} 

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 first, {pixel C} 
indicates pixel C will be output first, etc. These bits 
are typically modified only during the vertical 
retrace interval. 

The pixel, overlay, and ALT inputs are all panned. 
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Internal Registers (continued) 

Command Register_2 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it must be 
initialized by the user after power-up. CR20 corresponds to data bus bit DO. 

CR27 

CR26 

CR25, CR24 

CR23 

CR22 

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) red RAMDAC 
(10) green RAMDAC 
(11) blue RAMDAC 

PLL select 

(0) SYNC* 
(1) BLANK* 

Bt461-reserved (logical zero) 

Bt462-Underlay enable 
(0) overlay plane 4 
(1) underlay plane 0 

CR21 reserved (logical zero) 

CR20 

5-250 

Test enable 

(0) disable test register 
(1) enable test register 

SECTION 5 

This bit specifies whether sync infonnation 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. 
A 0 IRE specifies that the black and blank levels are 
the same. 

If (00) is specified, color data is loaded into the 
Bt4611462 each write cycle, and color data is output 
each read cycle. If (01), (10), or (11) is specified, the 
Bt4611462 expects color data to be input and output 
using (red, green, and blue) cycles. The exact value 
indicates during which one of the three color cycles 
it is to load or output color infonnation. 

This bit specifies whether the PLL output uses the 
SYNC* or BLANK* input to generate PLL infonna
tion. 

This bit is always a logical zero on the Bt461. 

On the Bt462, this bit specifies whether overlay 
plane 4 (OU) should be converted to an underlay 
plane (logical one) or used as a nonnal overlay plane 
(logical 0). 

A logical one enables the P9 {A-E} inputs to serve 
as a trigger for the test register. A logical zero ena
bles normal operation. 
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Internal Registers (continued) 

10 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 Bt4611462, the value read by the MPU will be $4D for the 
Bt461 and $4C for the Bt462. Data 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 

07 D6 05 D4 03 02 D1 00 D7 D6 05 04 03 02 01 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. For proper operation, it must be initialized by the user after 
power-up. 

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 registecO. 

pixel blink mask register high pixel blink mask register low 

07 06 D5 D4 03 02 D1 DO D7 06 05 04 03 D2 D1 00 

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. For proper operation, it 
must be initialized by the user after powerup. 
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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. 00 corresponds to overlay plane 0 (OLO {A-ED, and 04 
corresponds to overlay plane 4 (0L4 {A-En. Each register bit is logically ANDed with the corresponding 
overlay plane input. Bits 05-07 are logical zeros. This register may be written to or read by the MPU at any 
time and is not initialized. For proper operation, it must be initialized by the user after power-up. 

On the Bt462, the overlay read mask register for overlay plane 4 (0L4) must be a logical zero when in the 
underlay mode. 

Overlay Blink Mask Register 

The 8-bit overlay blink mask register is used to enable (logical one) or disable (logical zero) an overlay plane 
from blinking at the blink rate and duty cycle specified by command registecO. 00 corresponds to overlay 
plane 0 (OLD {A-En, and 04 corresponds to overlay plane 4 (OL4 {A-En. In order for an overlay plane to 
blink, the corresponding bit in the overlay read mask register must be a logical one. Bits 05-07 are logical 
zeros. This register may be written to or read by the MPU at any time and is not initialized. For proper 
operation, it must be initialized by the user after power-up. 

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-OL4 
{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 passed 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 passed from the color palette to the 
O/A converter, a logical one on P9C latches the {C} color, 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 rcegister 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. 
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Pin Name 

BLANK'" 

SYNC'" 

LD'" 

1'0-1'9 
{A-E} 

OLO-OL4 
{A-E} 

ALT{A-E} 

lOUT 

PLL 

Description 

Composite blank control input (TIL compatible). A logical zero drives the analog output to the 
blanking level, as specified in Tables 4 and 5. BLANK'" is latched on the rising edge ofLD*. 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 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 4 and 5; therefore, it should be asserted only during 
the blanking interval. SYNC* is latched on the rising edge ofLD'". 

Load control input (TTL compatible). The 1'0-1'9 {A-E}, OLO-OL4 {A-E}, BLANK*, and 
SYNC" inputs are latched on the rising edge of LDoO. While LD* is one third, one fourth, or one 
fifth the CLOCK rate, it may be phase independent of the CLOCK and CLOCK* inputs. LDoO may 
have any duty cycle within the limits specified in the AC Characteristics section. 

Pixel select inputs (TTL 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). Through this port, 3, 4, or 5 consecutive pixels (up to 10 bits per pixel) are input. 
They are latched on the rising edge ofLD"'. Unused inputs should be connected to GND. Typically, 
the {A} pixel is output first, followed by the {B} pixel, then the {e} pixel, etc., until all 3,4, or 5 
pixels have been output, at which point the cycle repeats. 

Overlay select inputs (TTL compatible). These inputs are latched on the rising edge of LDoO. In 
conjunction with CR05 in command registecO, they specify which palette is to be used for color 
information, as presented in Table 2. When accessing the overlay palette RAM, the 1'0-1'9 {A-E} 
and ALT {A-E} inputs are ignored. Overlay information bits (up to 5 bits per pixel) for 3,4, or 5 
consecutive pixels are input through this port. Unused inputs should be connected to GND. 

Palette select inputs (TIL compatible). These inputs are latched on the rising edge of LD*. They 
specify which color palette RAM is to be used for color information; as presented 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 can directly drive a doubly-terminated 
75 0 coaxial cable (Figure 6 in the PC Board Layout Considerations section). 

Phase lock loop output current. This high-impedance current source is used to enable mUltiple 
Bt4611462s to be synchronized with subpixel resolution when used with an external PLL. A logical 
one on the SYNC'" or BLANKoO input (as specified by CR23 in command register_2) results in no 
output of current onto this pin, while a logical zero results in the following current output: 

PLL (rnA) = 3,227 * VREF (V) I RSET (0) 

If subpixel synchronization of multiple devices is not required, this output should be connected to 
GND (either directly or through a resistor up to 1500). 

WORKSTATION GRAPHICS 5-253 



Bt461/462 Brooktree® 
Pin Descriptions (continued) 

Pin Name 

VAA 

GND 

CaMP 

FS ADJUST 

VREF 

CLOCK, 
CLOCK* 

CE* 

R/W 

CO, Cl 

DO--D7 

Description 

Analog power. All V AA pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 

Analog ground. All GND pins must be connected together on the "Same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 

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 6). When the capacitor is 
connected to V AA rather than to GND, the highest possible power supply noise rejection is 
provided. The CaMP capacitor must be as close to the device as possible to keep lead lengths to an 
absolute minimum and to maximize the capacitor's self-resonant frequency to be greater than the 
LD* frequency. The PC Board Layout Considerations section contains critical layout critria. 

Full-scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full-scale video signal (Figure 6). The IRE rclationships 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 
pedestal is: 

RSET (n) = 11,294 * VREF (V) I lOUT (rnA) 

The relationship between RSET and the full-scale output current on lOUT for a 0 IRE blanking 
pedestal is: 

RSET (n) = 10,684 * VREF (V) I lOUT (rnA) 

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 5, 
must supply this input with a 1.235 V (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 J.lF ceramic capacitor is used to decouple this input 
to VAA, as shown in Figure 6. If VAA is excessively noisy, better performance may be obtained by 
decoupling VREF to GND. The decoupling capacitor must be as close to the device as possible to 
keep lead lengths to an absolute minimum. Refer to the PC Board Layout Considerations section for 
critical layout criteria. 

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured for 
single-supply (+5 V) operation. The clock rate is typically the pixel clock rate of the system. Refer 
to the PC Board Layout Considerations section for critical layout criteria: 

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). Glitches should be avoided on this edge-triggered input. 

Read/write control input (TTL compatible). To write data to the device, both CE* and R/W must be 
logical zeros. 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 CI specify the type of read or write operation 
being performed, as presented 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 8-bit 
bidirectional data bus. DO is the least significant bit. 
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Pin Descriptions (continued)-132-pin PGA Package 

Signal Pin Signal Pin Signal Pin 
Number Number Number 

BLANK* LI P8A 014 VAA 11 
SYNC'" K3 P8B 013 VAA J2 

LD'" A5 P8C FI4 VAA 13 
CLOCK KI P8D F13 VAA C6 
CLOCK'" K2 P8E EI4 VAA FI2 

VAA M9 
POA E3 P9A 113 
POB D2 P9B Jl4 GND HI 
POe 01 P9C HI2 GND H2 
POD E2 P9D H13 GND H3 
POE F3 P9E HI4 GND C7 

GND 012 
PIA Al ALTA LI4 GND M8 
PIB D3 ALTB KI2 
PIC C2 ALTC K13 COMP N9 
PlD BI ALTD KI4 FSADJUST MIO 
PIE CI ALTE Jl2 VREF P9 

P2A A3 OLOA EI CE* P13 
P2B B3 OLOB F2 R/W NI2 .. 
P2C A2 OLOC FI CI PI2 
P2D C3 OLOD G3 CO MIl 
P2E B2 OLOE G2 

DO LI3 
P3A A8 . OLIA MI 01 MI4 
P3B A7 OLIB L2 D2 LI2 
P3C B7 OLIC NI D3 M13 
P3D A6 OLID L3 D4 NI4 
P3E B6 OLIE M2 D5 PI4 

D6 N13 
P4A C9 OL2A M3 D7 MI2 
P4B B9 OL2B N2 
P4C A9 OL2C PI reserved 01 
P4D C8 OL2D P2 reserved NIl 
P4E B8 OL2E N3 reserved M7 

reserved N7 
P5A Bll OL3A M4 reserved P7 
P5B All OL3B P3 reserved P8 
P5C CIO OL3C N4 reserved N8 
P5D BIO OL3D P4 
P5E AIO OLJE M5 reserved B5 

reserved C5 
P6A AI4 OL4A N5 reserved A4 
P6B A13 OL4B P5 reserved B4 
P6C BI2 OL4C M6 reserved C4 
P6D Cll OL4D N6 
P6E AI2 OL4E P6 reserved CI4 

reserved C13 
P7A E13 lOUT PIO reserved BI4 
P7B EI2 reserved PH reserved CI2 
i>7c 014 PLL NIO reserved B13 
P7D 013 
P7E 012 
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alignment 
marker 
(on top) 

5-256 

14 P6A N/C NiC P7C P8E P8C P8A P9E P9B ALTD ALTA DI D4 D5 

13 P6B N/C NiC P7D P7A P8D P8B P9D P9A ALTC DO D3 D6 CE' 

12 P6E P6C N/C P7E P7B VAA GND P9C ALTE ALTB D2 D7 RIW CI 

II P5B P5A P6D CO N/C N/C 

10 P5E P5D P5C FS ADJ PLL lOUT 

P4C P4B P4A 

Bt461/462 
VAA COMP VREF 

P3A P4E P4D GND NiC N/C 

P3B P3C GND N/C N/C N/C 

P3D P3E VAA 
(TOP VIEW) 

OL4C OL4D OL4E 

LD' N/C N/C OL3E OL4A OL4B 

N/C N/C N/C OL3A OL3C OL3D 

P2A P2B P2D PIB POA POE OLOD GND VAA SYNC' OLID OL2A OL2E OL3B 

P2C P2E PIC POB POD OLOB OLOE GND VAA CLK' OLIB OLIE OL2B OL2D 

B PID PIE roc OLOA OLOe N/C GND VAA CLK BLK' OLIA OLIC OL2C 

A B C D E F G H K L M N P 

14 D5 D4 DI ALTA ALTD P9B P9E P8A P8C P8E P7C N/C N/C PM 

13 CE' D6 D3 DO ALTC P9A P9D P8B P8D P7A P7D N/C N/C P6B 

12 CI RIW D7 D2 ALTB ALTE P9C GND VAA P7B P7E N/C P6C P6E 

II N/C N/C co P6D P5A P5B 

10 lOUT PLL FS ADJ P5C P5D P5E 

VREF COMP VAA P4A P4B P4C 

N/C N/C GND P4D P4E P3A 

(BOTTOM VIEW) 
NiC N/C N/C GND P3C P3B 

OL4E OL4D OL4C VAA P3E P3D 

OL4B OL4A OL3E N/C N/C LD' 

OL3D OL3C OL3A N/C N/C N/C 

OL3B OL2E OL2A OLID SYNC' VAA GND OLOD POE POA PIB P2D P2B P2A 

OL2D OL2B OLIE OLIB CLK' VAA GND OLOE OLOB POD POB PIC P2E P2C 

OL2C OLIC OLIA BLK' CLK VAA GND N/C OLOe OLOA roc PIE PID B 
P N M L K H G F E D C B A 
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Pin Descriptions {continued)-132-pin PQFP Package (Bt462 Only) 

Pin Signal Pin Signal Pin Signal 
Number Number Number 

1 OLOE 44 P6E 88 reserved 
2 OLOD 45 P6D 89 reserved 
3 OLOC 46 P6C 
4 OLOB 47 P6B 90 FSADJUST 
5 OLOA 48 P6A 91 PLL 

92 lOUT 
6 POE 49 reserved 93 VAA 
7 POD 50 reserved 94 VAA 
8 POC 51 reserved 95 COMP 
9 POB 96 VREF 
10 POA 52 P7E 97 GND 

53 P7D 98 reserved 
11 PIE 54 P7C 99 reserved 
12 PlD 55 P7B 100 GND 
13 PIC 56 P7A 101 reserved 
14 PlB 
15 c PIA 57 P8E 102 OL4E 

58 VAA 103 OL4D 
16 P2E 59 VAA 104 OL4C 
17 P2D 60 P8D 105 OL4B .. 
18 P2C 61 P8C 106 OL4A 
19 P2B 62 GND 
20 P2A 63 GND 107 OL3E 

64 P8B 108 OL3D 
21 reserved 65 P8A 109 OL3C 
22 reserved 110 OL3B 
23 reserved 66 P9E 111 OL3A 
24 reserved 67 P9D 
25 reserved 68 P9C 112 OL2E 

69 P9B 113 OL2D 
26 LD* 70 P9A 114 OL2C 
27 VAA 115 OL2B 

71 ALTE 116 OL2A 
28 P3E 72 ALTD 
29 P3D 73 ALTC 117 OLlE 
30 GND 74 ALTB 118 OLlD 
31 P3C 75 ALTA 119 OLlC 
32 P3B 120 OLlB 
33 P3A 76 DO 121 OLlA 

77 Dl 
34 P4E 78 D2 122 SYNC* 
35 P4D 79 D3 123 BLANK* 
36 P4C 80 D4 124 CLOCK* 
37 P4B 81 D5 125 CLOCK 
38 P4A 82 D6 

83 D7 126 VAA 
39 P5E 127 VAA 
40 P5D 84 CE* 128 GND 
41 P5C 85 RIW 129 GND 
42 P5B 86 Cl 
43 P5A 87 CO 130 reserved 

131 reserved 
132 reserved 
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Brooktree® 
PC Board Layout Considerations 

PC Board Considerations 

The Bt461 and Bt462 layout should be optimized for 
lowest noise on their power and ground lines by 
shielding the digital inputs and providing good decou
piing. The trace length between groups of V AA and 
GND pins should be as short as possible to minimize 
inductive ringing. 

A well-designed power distribution network is criti
cal to eliminating digital switching noise. The ground 
plane must provide a low-impedance return path for 
the digital circuits. A PC board with a minimum of six 
layers is recommended. The ground layer should be 
used as a shield to isolate noise from the analog traces 
with layer 1 (top) the analog traces, layer 2 the ground 
plane, layer 3 the analog power plane, and the remain
ing layers used for digital traces and digital power 
supplies. 

The optimum layout enables the Bt461 and Bt462 to 
be located as close as possible to the power supply 
connector and the video output connector. 

Power and Ground Planes 

The power and ground planes need isolation gaps to 
minimize digital switching noise effects on the analog 
signals and components. These gaps need to be at least 
lI8-inch wide. They are placed so that digital currents 
cannot flow through a peninsula that contains the ana
log components, signals, and video connector. A sam
ple layout is shown in Figure 5. 

Device Decoupling 

For optimum performance, all capacitors should be lo
cated as close as possible to the device, using the 
shortest possible leads (consistent with reliable opera
tion) to reduce the lead inductance. Chip capacitors 
are recommended for minimum lead inductance. Radi
al lead ceramic capacitors may be substituted for chip 
capacitors and are better than axial lead capacitors for 
self-resonance. Values are chosen to have self
resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is ob
tained by providing a 0.1 J.IF ceramic capacitor in par
allel with a 0.01 J.IF chip capacitor to decouple each 
group of VAA pins to GND. The capacitors should be 
placed as close as possible to the device V AA and 
GNDpins. 

Bt461/462 

The 10 J.IF capacitor shown in Figure 6 is for low
frequency power supply ripple; the 0.1 J.IF and 0.01 J.IF 
capacitors are for high-frequency power supply noise 
rejection. The decoupling capacitors should be con
nected at the V AA and GND pins, using short, wide 
traces. 

When using a linear regulator, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than 200 
mY. This is especially important when a switching 
power supply is used and the switching frequency is 
close to the raster scan frequency. Note that about 10 
percent of power supply hum and ripple noise less 
than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

The COMP pin must be decoupled to V AA, typically 
with a 0.1 J.IF ceramic capacitor. Low-frequency sup
ply noise will require a larger value. The COMP ca
pacitor must be as close as physically possible to the 
COMP and V AA pins. A surface-mount ceramic chip 
capacitor is preferred for minimal lead inductance, 
which degrades the noise rejection of the circuit. 
Short, wide traces will also reduce lead inductance. 

If the display has a ghosting problem, additional ca
pacitance in parallel with the COMP capacitor may 
help. 

Digital Signal Interconnect 

The digital inputs to the Bt461 and Bt462 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 and output 
signals. 

Most noise on the analog outputs will be caused by 
excessive edge rates (less than 3 ns), overshoot, under
shoot, and ringing on the digital inputs. 

The digital edge rates should be no faster than nec
essary, as feedthrough noise is proportional to the digi
tal edge rates. Lower speed applications will benefit 
from using lower speed logic (3-5 ns edge rates) to re
duce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time. Line 
termination or line length reduction is the solution. For 
example, logic edge rates of 2 ns require line lengths 
of less than 4 inches without using termination. Ring-
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PC Board Layout Considerations (continued) 

ing may be reduced by damping the line with a series 
resistor (30-300 Q). 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing 90 degrees to 
any analog signals. 

The clock driver and all other digital devices on the 
circuit board must be adequately decoupled to prevent 
the noise generated by the digital devices from 
coupling into the analog circuitry. 

Analog Signal Interconnect 

The Bt461 and Bt462 should be located as close as 
possible to the output connectors to minimize noise 
pickup and reflections caused by impedance 
mismatch. 

The analog outputs are. susceptible to crosstalk 
from digital lines; digital traces must not be routed 
under or adjacent to the analog output traces. 

Edge of PCB 

The video output signals should not overlay the ana
log power plane, to maximize the high-frequency pow
er supply rejection. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. 

Analog output video edges exceeding the CRT 
monitor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EMI and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 

The Bt461 and Bt462 analog outputs should be pro
tected 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 6 can 
prevent latchup 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 MMBD7(01). 

Figure 5. Sample Layout Showing Power and Ground Plane Isolation Gaps. 
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Cll 

..... ----..... --- +5V(VCC) 

+ 
Cl2 Cl 

Bt461/462 

GROUND 

~----,...-.,..--..I.------..,j,-----..I.--- (POWER SUPPLY 

CONNECTOR) 

RSET 

Rl 
FS ADJUST 1--------' 

IOUTI---------------{ P 

TO 

PLL PLL CIRCUITRY 

(OPTIONAL) 

DAC 

OUTPUT 

VAA 

GND 

TO 

VIDEO 

CONNECTOR 

IN4148/9 

TO MONITOR 

IN4148 19 

Note: Each pair of device VAA and GND pins must be separately decoupled with 0.1 J.IF and 0.01 J.IF capacitors. 

Location Description Vendor Part Number 

CI-C5, ClO, CII 0.1 J.IF ceramic capacitor Erie RPEllOZ5UI04M50V 
C6-C9 0.01 J.IF ceramic chip capacitor AVX 12102T103QA1018 

CI2 10 J.IF tantalum capacitor Mallory CSR13G106KM 
Ll ferrite bead Fair-Rite 2743001111 
Rl 75 n I % metal film resistor Dale CMF-55C 
R2 1000 n I % metal film resistor Dale eMF-55C 

RSET 523 n 1 % metal film resistor Dale eMF-55e 
ZI 1.2 V voltage reference National Semiconductor LM385Z-1.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt4611462. 

Figure 6. Typical Connection Diagram and Parts List. 
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Nonvideo Applications 

The Bt4611462 may be used in nonvideo applica
tions by disabling the video-specific control sig
nals. Bits CR26 and CR27 in command registec2 
should be set 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 (Q) = 7,457 * VREF (V) / lout (rnA) 

Using Multiple Devices 

When multiple Bt4611462s are used, each Bt4611 
462 should have its own power plane ferrite bead. 
In addition, although a single voltage reference 
may drive multiple device's, isolation resistors are 
recommended to reduce color channel crosstalk. 

Higher performance may be obtained if each 
Bt4611462 has its own voltage reference. This 
may further reduce the amount of color channel 
crosstalk and color palette interaction. 

Each Bt4611462 must have its own RSET resis
tor, analog output termination resistors, power sup
ply bypass capacitors, CaMP capacitor, and 
VREF capacitor. 

Because of differences in pipe lining and analog 
output delay, it is recommended that Bt461s not be 
mixed with Bt462s. 
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Clock Interfacing 

Because of the high clock rates at which the Bt461 
and Bt462 may operate, it is designed to accept 
differential clock signals (CLOCK and CLOCK*). 
These clock inputs are generated byECL logic op
erating at +5 V. The CLOCK and CLOCK* inputs 
require termination resistors (220 Q to GND) that 
should be located as close as possible to the clock 
driver. A 150 Q chip resistor connected between 
the RAMDAC's CLOCK and CLOCK* pins is 
also required to ensure proper termination. It 
should be located as close as possible to the RAM
DAC. (See Figure 7.) 

Applications of 160 MHz require robust ECL 
clock signals with strong pulldown (-20 rnA at 
VOH) and double termination for clock trace 
lengths greater than 2 inches. 

The CLOCK and CLOCK* inputs must be dif
ferential signals and greater than 0.6 V peak to 
peak because of the noise margins of the CMOS 
process. The Bt4611462 will not function if it uses 
a single-ended clock with CLOCK* connected to 
ground. 

Typically, LD* is generated by dividing 
CLOCK by 3, 4, or 5 (depending on whether 3:1, 
4:1, or 5:1 multiplexing was specified) and trans
lating the result to TTL levels. As LD* may be 
phase shifted relative to CLOCK, propagation de
lays need not be considered when the LD* signal 
is derived. LD* may be used as the shift clock for 
the video DRAMs and to generate the fundamental 
video timing of the system (e.g., SYNC* and 
BLANK*). 
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Application Information (continued) 

Setting the Pipeline Delay 

The pipeline delay of the Bt461, although fixed af
ter a power-up condition, may be anywhere from 6 
to 10 clock cycles. The pipeline delay of the 
Bt462, although fixed after a power-up condition, 
may be anywhere from 8 to 12 clock cycles. The 
Bt4611462 contains additional circuitry enabling 
the pipeline delay to be fixed (8 clock cycles for 
the Bt461 and 10 clock cycles for the Bt462). The 
Bt438 and Bt439 Clock Generator Chips support 
this mode of operation when used with the Bt4611 
462. 

To reset the Bt4611462, it should be powered up 
with LD*, CLOCK, and CLOCK* running. The 
CLOCK and CLOCK* signals should be stopped 
with CLOCK high and CLOCK* low for at least 
three rising edges of LD*. The device can be held 
with CLOCK and CLOCK* stopped for an unlim
ited time. 

CLOCK and CLOCK* should be restarted so 
that the first edge of the signals is as close as pos
sible 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 
the clocks are restarted, the minimum clock pulse 
width must not be violated. 

+5V 

+5V 

Bt461/462 

When the Bt4611462 is reset to a fixed pipeline 
delay, the blink counter circuitry is also reset. If 
the Bt4611462 is periodically reset (for example, at 
every vertical sync interval), the on-chip blink 
counter will not function correctly. In this in
stance, the blink mask register should be $00, and 
the overlay blink enable bits should be logical ze
ros. Software may control blinking through the 
read mask register and overlay display enable bits. 

In standard operation, the Bt4611462 must be re
set only following a power-up or reset condition. 
Under these circumstances the on-chip blink cir
cuitry may be used. 

Monochrome Display Applications 

For monochrome display applications where a sin
gle Bt4611462 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 Bt4611 
462, and sets the pipeline delay of the Bt461/462 
to 8 (Bt461) or 10 (Bt462) clock cycles. The Bt438 
may also be used to interface the Bt4611462 to a 
TTL clock. Figure 7 illustrates use of the Bt438 
with the Bt4611462. 

When a single Bt4611462 is used, the PLL out
put is ignored and should be connected to GND 
(either directly or through a resistor up to 150 Q). 

CLOCKI-..------..--JCLOCK 
MONITOR 

PRODUCTS 

970E 

220 

330 

220 150 
Bt461/462 

CLOCK' f--_-----_e_-ICLOCK' 

Bt438 220 

LDAI---------JLD· 

VREF f-------..I I'--______ -IVREF 

lK 

Figure 7. Generating the 8t4611462 Clock Signals 
. (Monochrome Application). 
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Bt461/462 Brooktree® 
Application Information (continued) 

Color Display Applications 

For color display applications where up to four Bt4611 
462s 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 Bt4611462, synchronizes the 
Bt4611462s to subpixel resolution, and sets the pipe
line delay of the Bt461 to 8 clock cycles and the Bt462 
to 10 clock cycles. The Bt439 may also be used to in
terface the Bt4611462 to a TTL clock. Figure 8 illus
trates use of the Bt439 with the Bt4611462. 

Subpixel synchronization is supported by the PLL 
output. Essentially, PLL provides a signal to indicate 
the amount of analog output delay of the Bt461/462, 
relative to CLOCK. The Bt439 compares the phase of 

+5V 

+5V 

MONITOR 

PRODUCTS 

970E 

+5V 

220 

330 
Bt439 

the PLL signals generated by up to four Bt4611462s. 
The Bt439 then adjusts the phase of the CLOCK and 
CLOCK* signals to each Bt4611462 to minimize the 
PLL phase difference. There should be minimal lay
out skew in the CLOCK and PLL trace paths to ensure 
proper clock alignment. -:l 

If subpixel synchronization of multiple Bt4611462s 
is not necessary, the Bt438 Clock Generator Chip may 
be used rather than the Bt439. In this instance, the 
CLOCK, CLOCK*, and LD* inputs of up to four 
Bt4611462s are connected together and driven by a sin
gle Bt438 (daisy chain with single balanced termina
tion for <100 MHz or through a lOH116 buffer for 
> 100 MHz). Skew must be minimized on the CLOCK 
and CLOCK* lines. The PLL outputs are not used and 
should be connected to GND (either directly or 
through a resistor'up to 150 Q). 

PLL 

CLOCK 

CLOCK* 
Bt4611462 

LD' 
#1 VAA 

To. I 
VREP 

PLLlI-----1f-----{ 

CLOCK I 

PROM 
BT4611462 TOr BT439 

70 

@~@~ 
220 =? 150 =? 

I • 
VREPt----. 

Bt461/462 

VAA #2 

TOI 
VREP 

PLL 

CLOCK 

CLOCK' 
Rt461 1462 

LD' 
VAA #3 

T o.l 

VREF 

Figure 8. Generating the 8t4611462 Clock Signals (Color Application). 
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Brooktree@ 
Application Information (continued) 

Initializing the 8t4611462 
(Monochrome) 

Following a power-on sequence, the Bt4611462 must 
be initialized. This sequence will configure the 
Bt4611462 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 registecO 
Write $02 to address register low 
Write $00 to command registecl 
Write $03 to address register low 
Write $CO to command tegistec2 
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 RAM (location $3FF) 11 

Bt461/462 

Overlay Color Palette Initialization 

Write $00 to address register low 
Write $01 to address register high 
Write data to overlay (location $00) 
Write data to overlay (location $01) 

Write data to overlay (location $lF) 

Alternate Color Palette Initialization 

Write $00 to address register low 
Write $00 to address register high 
Write data to alternate (location $00) 
Write data to alternate (location $01) 

Write data to alternate (location $FF) 

WORKSTATION GRAPHICS 
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Bt461/462 
Application Information (continued) 

Initializing the Bt4611462 (Color) 
8-bit MPU Data Bus 

In this example, three Bt461/462s are being used 
in parallel to generate true color. An 8-bit MPU 
data bus is available to access the Bt4611462s. 

While accessing the command, read mask, blink 
mask, controVtest, and address register, the MPU 
must access each Bt461/462 individually. While 
the MPU is accessing the color palette RAM, 
alternate RAM, or overlay registers, all three 
Bt4611462s may be accessed simultaneously. 

Following a power-on sequence, the Bt4611462s 
must be initialized. This sequence will configure 
the Bt4611462s as follows: 

4: 1 multiplexed operation 
no overlays 
no blinking, no panning 
initialize each one as a red, green, or blue device 
sync on all outputs, 7.5 IRE blanking pedestal 

Control Register Initialization 

Red Bt461/462 

5-266 

Write $01 to address register low 
Write $02 to address register high 
Write $40 to command register_O 
Write $02 to address register low 
Write $00 to command registecl 
Write $03 to address register low 
Write $DO to command registec2 
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 overlav read mask . • c-
Write $09 to address register low 
Write $00 to overlay blink mask 

SECTION 5 

Cl,CO 

00 
01 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 
00 
10 

Brooktree® 

Green Bt461/462 

Write $01 to address register low 
Write $02 to address register high 
Write $40 to command register_O 
Write $02 to address register low 
Write $00 to command registec1 
Write $03 to address register low 
Write $EO to command registec2 
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 

Blue Bt461/462 

Write $01 to address register low 
Write $02 to address register high 
Write $40 to command register_O 
Write $02 to address register low 
Write $00 to command registecl 
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 ~ask 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 
10 
00 
10 
00 
10 
00 
10 
00 
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Brooktree® 
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 $001) 11 
Write green data to RAM (location $001) 11 
Write blue data to RAM (location $001) 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 $00) 10 
Write green data to alternate (location $00) 10 
Write blue data to alternate (location $00) 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 

Bt461/462 

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 $00) 10 
Write green data to overlay (location $00) 10 
Write blue data to overlay (location $00) 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 $1F) 
Write green data to overlay (location $IF) 
Write blue data to overlay (location $lF) 

10 
10 
10 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can pro
duce symptoms of catastrophic failure or erratic de
vice behavior with somewhat leaky inputs. 

Latchup can be prevented by ensuring that all V AA 
pins are at the same potential and that the V AA sup
ply voltage is applied before the signal pin voltages. 
The correct power-up sequence ensures that any 

signal pin voltage will never exceed the power sup
ply voltage by more than +0,5 V. 
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Bt461/462 Brooktree® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 Q 

Reference Voltage VREF 1.20 1.235 1.26 V 
FS ADJUST Resistor RSET 523 Q 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 6.5 V 

Voltage on Any Signal Pin (Note 1) GND-O.5 VAA + 0.5 V 

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 

PGA TJ +150 °C 
PQFP TJ +175 °C 

Soldering Temperature TSOL 260 °C 
(5 seconds, 114" from pin) 

Vapor Phase Soldering TVSOL 220 °C 
(1 minute) 

AirFlow 
PGA 0 l.f.p.m. 
PQFP 50 l.f.p.m. 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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Brooktree@ Bt461/462 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

lOUT Analog Output 
Resolution 8 8 8 Bits 
Accuracy 

Integral Linearity Error IL ±I LSB 
Differential Linearity Error DL ±I LSB 

Gray Scale Error ±5 % Gray Scale 
Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
(except CLOCK, CLOCK*) 
Input High Voltage VIH 2.0 VAA+0.5 V 
Input Low Voltage VIL GND-O.5 0.8 V 
Input High Current (Vin = 2.4V) IIH I IJA 
Input Low Current (Vin = O.4V) IlL -I IJA 
Input Capacitance CIN 4 10 pF 

(f = I MHz, Yin = 2.4V) 

Clock Inputs (CLOCK, CLOCK*) 
Differential Input Voltage aVIN .6 6 V 
Input High Current (Vin = 4.0V) IKIH 1 IJA 
Input Low Current (Vin = 0.4V) IKIL -1 IJA 
Input Capacitance CKIN 4 10 pF 

(f = 1 MHz, Yin = 4.0V) 

Digital Outputs (DO-D7) 
Output High Voltage VOH 2.4 V 

(IOH = -400 IJA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
3-state Current IOZ 10 IJA 
Output Capacitance CDOUT 10 pF 

See test conditions on next page. 
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Bt461/462 Brooklree® 
DC 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=OIRE 0 5 50 !JA 

Blank Level 6.29 7.62 8.96 rnA 
Sync Level 0 5 50 !JA 
LSB Size 69.1 !JA 

Output Compliance VOC -1.0 +1.2 V 
Output Impedance RAOUT 50 kQ 
Output Capacitance CAOUT I3 20 pF 

(f = 1 MHz, lOUT = 0 rnA) 

PLL Analog Output PLL 
Output Current 

SYNC*IBLANK* = 0 6.00 7.62 9.00 rnA 
SYNC*IBLANK* = 1 0 5 50 !JA 

Output Compliance -1.0 +2.5 V 
Output Impedance 50 kQ 
Output Capacitance 15 pF 

(f= 1 MHz, PLL =0 rnA) 

Voltage Reference Input Current IREF 10 !JA 

Power Supply Rejection Ratio PSRR 0.5 %/%!J.VAA 
(COMP = 0.1 J.IF, f = 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 Q and 
VREF = 1.235 V. SETUP = 7.5 IRE. As the above parameters are guaranteed over the full temperature range, 
temperature coefficients are not specified' or required. Typical values are based on nominal temperature, i.e., room 
temperature, and nominal voltage, i.e., 5 V. 
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BrookIree@ Bt461/462 
AC Characteristics 

Bt461 1701 170/160 MHz Devices 135 MHz Devices 
Bt462 160 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 170/160 135 MHz 
LD* Rate LOmax 42.5/40 45 MHz 

RIW, CO, Cl Setup Time 1 0 0 ns 
RIW, CO, Cl Hold Time· 2 15 15 ns 

CE*LowTime 3 60 60 ns 
CE* High Time 4 25 25 ns 
CE* Asserted to Data Bus Driven 5 7 7 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 Setup Time 10 3 3 ns 
Pixel and Control Hold Time 11 2 2 ns 

Clock Cycle Time 12 5.88/6.25 7.4 ns 
Clock Pulse Width High Time 13 2.612.8 3.2 ns 
Clock Pulse Width Low Time 14 2.6/2.8 3.2 ns 

LD* Cycle Time 15 23.5/25 22.2 ns 
LD* Pulse Width High Time 16 11 8 ns 
LD* Pulse Width Low Time 17 11 8 ns 

Analog Output Delay 18 
Bt461 11 11 ,ns 
Bt462 5 5 ns 

Analog Output RiseIFall Time 19 2 2 ns 
Analog Output Settling Time 20 6 8 ns 
Clock and Data Feedthrough (Note 1) tbd tbd dB 
Glitch Impulse (Note 1) 50 50 pV - sec 

Pipeline Delay 
Bt461 6 10 6 10 Clocks 
Bt462 8 12 8 12 Clocks 

V AA Supply Current (Note 2) IAA 
Bt461 350 470 330 445 mA 
Bt462 344 388 319 365 mA 

See test conditions and notes at the end of this section. 

DC specifications to remain unchanged. 

WORKSTATION GRAPHICS 5-271 



Bt461/462 Brooldree® 
AC Characteristics (continued) 

110 MHz Devices 80 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 110 80 MHz 
LD* Rate LDmax 36.7 26.7 MHz 

RfW, CO, Cl Setup Time 1 0 ns 
RfW, CO, Cl Hold Time 2 15 ns 

CE*LowTime 3 0 60 ns 
CE* High Time 4 25 ns 
CE* Asserted to Data Bus Driven 5 15 7 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 60 50 ns 
Write Data Hold Time 9 0 ns 

<OJ 

Pixel and Control Setup Time 10 4 ns 
Pixel and Control Hold Time 11 7 2 ns 

Clock Cycle Time 12 12.5 ns 
Clock Pulse Width High Time 13 5 ns 
Clock Pulse Width Low Time 14 5 ns 

LD* Cycle Time 15 37.5 ns 
LD* Pulse Width High Time 16 12 ns 
LD* Pulse Width Low Time 17 35 12 ns 

Analog Output Delay 18 0 
Bt461 11 11 ns 
Bt462 5 5 ns 

Analog Output RiselFall Time 19 2 3 ns 
Analog Output Settling Time 20 3 8 12 ns 
Clock and Data Feedthrough (Note I) tbd tbd dB 
GlitCh Impulse (Note I) 2 50 50 pV - sec 

Pipeline Delay 
Bt461 10 6 10 Clocks 
Bt462 9.09 12 8 12 Clocks 

V AA Supply Current (Note 2) IAA 4 
Bt461 320 430 300 410 rnA 
Bt462 4 301 344 267 312 !!LJ\ 

See test conditions and notes on next page. 
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Brooktree® Bt461/462 
AC Characteristics (continued) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 nand VREF = 1.235 
V. TTL input values are 0-3 V with input rise/fall times ~ 4 ns, measured between the 10-percent and 90-percent points. ECL 
input values are VAA-D.S to VAA-1.S V with input rise/fall times ~ 2 ns, measured between the 20-percent and SO-percent 
points. Timing reference points at 50 percent for inputs and outputs. Analog output load ~ 10 pF and DO-D7 output load:::; 75 
pF. See timing waveforms and notes in Figures 9 and 10. As the above pammeters are guaranteed over the full temperature 
mnge, temperature coefficients are not specified or required. Typical values are based on nominal temperature, i.e., room 
temperature, and nominal voltage, i.e., 5 V. 

Note 1: Clock and data feedthrough is a function of the number of edge rates, and the amount of overshoot and undershoot on 
the digital inputs. For this test, the TTL digital inputs have a I ill 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, and 
-3 dB test bandwidth = 2x clock rate. 

Note 2: At Fmax. IAA (typ) at VAA = 5.0 V, TA = 20° C. IAA (max) at VAA = 5.25 V, TA = 0° C. 

Timing Waveforms 

LD' 

PO·P7 {A.E), ALT {A.E) 

OLD.OIA{A.E), 

SYNC*, BLANK* 

lOUT, PLL 

15 

16 17 

DATA 

10 

CWCK 

1l 

12 

13 

14 

Note 1: Output delay time is measured from the 50-percent point of the rising clock edge to the 50-percent 
point of full-scale transition. 

Note 2: Output settling time is measured from the 50-percent point of full-scale transition to output settling 
within ±l LSB. 

Note 3: Output rise/fall time is measured between the IO-percent and 90-percent points of full-scale 
transition. 

Figure 9. Video Input/Output Timing. 
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Timing Waveforms (continued) 
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Figure 10. MPU ReadIWrite Timing Dimensions. 
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BrooktreeGP Bt461/462 
Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt461KG170 170 MHz 132-pin Ceramic 0° to +70° C 
PGA 

Bt461KG135 135 MHz 132-pin Ceramic 0° to +70° C 
PGA 

Bt461KG11O 110 MHz 132-pin Ceramic 0° to +70° C 
PGA 

Bt461KG80 80 MHz 132-pin Ceramic 0° to +70° C 
PGA 

Bt462KG160 160 MHz 132-pin Ceramic 0° to +70° C 
PGA 

Bt462KG135 135 MHz 132-pin Ceramic 0° to +70° C 
PGA 

Bt462KG110 110 MHz 132-pin Ceramic 0° to +70° C 
PGA 

Bt462KG80 80 MHz 132-pin Ceramic 0° to +70° C 
PGA 

Bt462KPFl60 160 MHz 132-pin Plastic 0° to +70° C 
Quad Flatpack 

Bt462KPFB5 135 MHz 132-pin Plastic 0° to +70° C 
Quad Flatpack 

Bt462KPFllO 110 MHz 132-pin Plastic 0° to +70° C 
Quad Flatpack 

Bt462KPF80 80 MHz 132-pin Plastic 0° to +70° C 
Quad Flatpack 

WORKSTATION GRAPHICS 5-275 





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 

• 135, 110 MHz Operation 
• Multiple Display Modes on a 

Pixel Basis 
• Multiple Color Maps 
• Variabl~ Palette Sizes 
• Up to 8 Overlay Planes 
• Reconfigurable Pixel Port 
• 1:1,2:1, or4:1 Multiplexed 

Pixel Ports 
• Three 528 x 8 Color Palette 

RAMs 
• Programmable Setup 

(0 or 7.5 IRE) 
• X-Windows Support 
• Input and Output Signature 

,Registers 

• ITAG Support 
• 169-pin PGA Package 

Applications 

• High Resolution Color Graphics 
• Medical Imaging 
• Visualization 
• CAE/CAD/CAM 
• Image Processing 
• Video Reconstruction 

Related Products 

• Bt431, Bt438 

Functional Block Diagram 

CLOCK. a.OCK VAA GND 

00·D7 

FS ADJUST VREF 

TMS TCK TOI TOO 
(!TAG) 

Brooktree Corporation' 9950 Barnes Canyon Rd .• San Diego, CA 92121-2790 
(619) 452-7580' (800) VIDEO IC' TLX: 383596' FAX: (619) 452-1249 
IA63001 Rev. D 

Bt463 
135 MHz 

Monolithic CMOS 
TrueVu™ RAMDAC™ 

Product Description 

The Bt463 is a high-performance RAMDAC 
designed specifically for true-color and 
pseudo- color graphics addressing multiple 
lookup tables for different windows. It has 
three 528 x 8 lookup tables with triple 8-bit 
D/A converters to support 24-bit true-color 
and 9~bit pseudo-color operation. 

The TrueVu™ RAMDAC allows differ
ent display modes of operation for each pix
el. Using a proprietary window type scheme, 
each set of pixel and overlay data has 4 type 
bits that map the accompanying pixel data to 
a user-defined display mode. The type bits 

, address a window type table that ultimately 
determines the description of the pixel data. 
With this scheme, arbitrary plane depth and 
unique visual display type can be achieved 
on a pixel basis. For example, separate win
dows displaying 24~plane true color, 8-plane 
pseudo color, and 12-plane double-buffer 
true color, each with a separate color map, 
can exist within a single frame. The size of 
each lookup table is user configurable and 
can vary from 16-512 addresses. 

On-chip features include programmable 
1: 1, 2: 1, or 4: 1 input multiplexing of the pix
els, bit plane masking, and a programmable 
setup (0 or 7.5 IRE). The Bt463 has signifi
cant testability features, including input and 
output signature analysis registers, and fully 
supports the Joint Test Action Group 
(IT AG) specification. . 



Bt463 
Architecture 

Introduction 

Because X Windows is becoming the de facto 
standard, each window should have its unique col
or map and display type. Each window should be 
able to use its own private color map and define its 
own interpretation of pixel values in the frame buf
fer with a variety of possible visual types. In addi
tion, since each window is independent of other 
windows, the hardware must be able to accommo
date multiple visual types within a single frame of 
graphics display. Thus, the ability to switch to dif
ferent color maps and visual types on a pixel-by
pixel basis is essential. The Bt463 has been de
signed specifically to address multiple windows 
and display types. The Bt463 is extremely flexible, 
permitting multiple visual types to be displayed si
multaneously and efficiently supporting multiple 
virtual color maps within the physical color map. 

Pixel Pin Mapped 

Location Function 

PO-P7 RO-R7 

P8-P15 GO-G7 

Pl6-P23 BO-B7 

P24-P27 OLO-OL3 

PO-P8 PO-P8 

P24-P27 OLO-OL3 

P8-P15 PO-P7 

Pl6-P19 OLO-OL3 

PO-P7 RO-R7 

P8-P15 GO-G7 

Pl6-P23 BO-B7 

P24-P27, WTO-WT3 OLO-OL7 

P4-P7 RO-R3 

P12-P15 r'!1\ r!") 
UV-UJ 

P20-P23 BO-B3 

P24-P27 OLO-OL3 

PI-P7 RI-R7 

P9-P15 Gl-G7 

P18-P23 B2-;B7 

P16,P8,PO,P17 OLO, OLl, OL2, OL3 

Overview 

Window type data is sent to the True- . 
Vu™RAMDAC with each pixel. The window type 
addresses a 16 x 24 window type table, which con
verts pixels from a virtual color map index to a 
physical color map index prior to sending them to 
the lookup table. In addition to specifying the 
physical color map location and display type, the 
window type table can determine the number of 
planes, location of the frame buffer data, and loca
tion of overlay data, and can select specific over
lay planes for each window. 

Even though the Bt463 has 24-plane true color 
capability, the assignment of red, green, and blue 
pins is not fixed to preassigned locations. The Bt463 
is flexible, allowing pixel or overlay data to be in 
practically any location of the 28-bit pixeVoverlay 
word and to be shifted into position to address the 
lookup table. With this flexibility, the Bt463 can be 
configured in a variety of ways. A number of possi
ble configurations is listed in Table 1. 

. Display Mode 

24-bit true color 
4-plane overlay 

, 
9-bit pseudo color 

4-plane overlay 

8-bit pseudo color 
4-plane overlay 

24-bit true color· 
8-plane overlay 

12~bit tru.e ccler 
4-plane overlay 

24-bit true color 
4-plane overlay 

Table 1. Example PixellOverlay Configurations and Display Modes. 
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Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt463 supports a standard MPU bus interface, allow
ing the MPU direct access to the internal control regis
ters, window type table, and color palettes. The dual
port color palette RAMs allow color updating without 
contention with the display refresh process. 

As presented in Table 2, the CO and CI control in
puts, in conjunction with the internal address register, 
specify which control register or color palette loca
tion will be accessed by the MPU. The 12-bit address 
register eliminates the requirement for external ad
dress multiplexers. ADDRO is the least significant 
bit. ADDRO and ADDR8 correspond to data bus. bit 
DO. ADDR12-ADDR15 are ignored during MPU 
write cycles and return logical zeros when read by the 
MPU. 

The control registers and window type table are 
also accessed through the address register in conjunc
tion with the CO and Cl inputs, as shown in Table 2. 
All control registers may be written to or read by the 
MPU at any time. When the MPU is accessing the 
control registers, the window type table, and the color 
palette RAM, the address register increments follow
ing a read or write cycle. 

Writing/Reading Color Palette RAM 

To write color data, the MPU loads the address regis
ter with the address of the color palette RAM or cur
sor color 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 the color 
palette RAM or cursor color register. After the blue 
write cycle, the address register then increments to 
the next location, which the MPU may modify by 
writing another sequence of red, green, and blue data. 

To read the color palette RAM or cursor color reg
ister, the MPU loads the address register with the ad
dress of the color palette RAM location or cursor col
or register to be read. Reading color data is similar to 
writing it, except the MPU executes read cycles. 

When accessing the cursor color registers, the ad
dress register increments to $0102 following a blue 
read or write cycle. The color palette RAM does not 
have a wraparound feature after the last valid address. 
However, any attempt to write past $020F does not 
affect previous data load cycles. The address register 
will reset to $0000 after incrementing past $OFFF. 

Bt463 

Writing/Reading Window Type Table 

To write the window type table, the MPU writes the 
address register with the table location to be modi
fied. The MPU performs three successive write cy
cles (BO-B7, B8-B15, then Bl6-B23) with BO the 
least significant bit. The MPU uses CO and Cl to se
lect the window type table. BO, B8, and B16 corre
spond to data bus bit DO. After the third write cycle, 
the 3 bytes of the table entry are concatenated into a 
24-bit word and written to the window type table ad
dress specified by the address register. The address 
register then increments to the next location, which 
the MPU may modify by writing another sequence of 
3 bytes to the window type table. To avoid irregular 
window displays on the screen, MPU accesses to the 
window type table are restricted to horizontal and 
vertical retrace periods. 

ADDR0-16 C1,CO Addressed byMPU 

$xxxx 00 address register (ADDR0-7) 
$xxxx 01 address register (ADDR8-11) 

$0100 10 cursor color 0 (Note I) 
$0101 10 cursor color I (Note I) 

$0200 10 ID register ($2A) 
$0201 10 command registecO 
$0202 10 command registecl 
$0203 10 command register_2 
$0205 10 PO-P7 read mask register 
$0206 10 P8-PI5 read mask register 
$0207 10 PI6-P23 read mask register 
$0208 10 P24-P27 read mask register 
$0209 10 PO-P7 blink mask register (Note 3) 
$020A 10 P8-P15 blink mask register (Note 3) 
$020B 10 PI6-P23 blink mask register (Note 3) 
$020C 10 P24-P27 blink mask register (Note 3) 
$020D 10 test register 
$020E 10 input signature register (Note 2) 
$020F 10 output signature register (Note I) 

$0220 10 revision register ($A) 

$0300-$030F 10 window type table (Note I) 

$0000-$020F 11 color palette RAM (Note I) 

Note 1: Requires tbree read/write cycles. 
Note 2: Two out of tbree valid read/~rite cycles. 
Note 3: The blink function is nonoperational for tbe current 

revision, Revision B. 

Table 2. Address Register (ADDR) Operation. 
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Circuit Description (continued) 

To read the window type table data, the MPU 
loads the address register with the address of the 
type table to be read. Contents of the type table 
are copied into a 24-bit register, and the address 
register is incremented to the next window type ta
ble entry. The MPU performs three successive 
read cycles (BO-B7, B8-BI5, then BI6-B23) with 
BO the least significant bit. The MPU uses CO and 
Cl to select the window type table. BO, B8, and 
B16 correspond to data bus bit DO. 

Additional Information 

When accessing the color palette RAM, window 
type table, signature analysis registers, or cursor 
color registers, the address register increments af
ter every third read/write cycle for each addressa
ble location. To keep track of the red, green, and 
blue read/write cycles, the address register has 2 
additional bits (ADDRa and 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-ll) are ac
cessible to the MPU. 

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. 

For 8-bit registers, the address increments after 
every read/write cycle. 

Bmoktree® 

Figure 1 illustrates the MPU read/write timing 
of the Bt463. 

Frame Buffer Interface 

To enable pixel data to be transferred from the 
frame buffer at TTL data rates, the Bt463 incorpo
rates internal latches and multiplexers. As illus
trated in Figure 2, on the rising edge of LD*, sync 
and blank information, color, window type, and 
overlay information for either 1, 2, or 4 consecu
tive pixels are latched into the device. With this 
configuration, the sync and blank timing will be 
recognized only with 1-, 2-, or 4-pixel resolution. 
Typically, the LD* signal is used to clock external 
circuitry, generating the basic video timing, and to 
clock the video DRAMs. 

For 1:1, 2:1, or 4:1 input multiplexing, the Bt463 
outputs color information each clock cycle based 
on the {A} inputs, followed by the {B} inputs, then 
the {C} inputs, etc., until 1,2, or 4 pixels have been 
output, at which point the cycle repeats. 

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 de
rived by externally dividing CLOCK by 2 or 4, in
dependent 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*, inde
pendent of the clock phase. 

RfW. co, Cl ==>< VALID x'-______________________ _ 
CE* \ / 

DO· D7 (READ) -----------« DATA OUT(RfW = 1) )>-------

DO - D7 (WRITE) ___________ ~X DATA IN(RfW =0) X'--___ _ 

Figure 1. MPU Read/Write Timing. 
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Circuit Description (continued) 

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 1:1 multiplexing is specified, the CLOCK and 
CLOCK'" signals are ignored and pixel data is 
latched on the rising edge of LD*. If 2: 1 multiplex
ing is specified, only one rising edge of LD* should 
occur every two clock cycles. If 4: 1 multiplexing is 
specified, only one rising edge of LD* should occur 
every four 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*. 

Color Palette RAM 

The color lookup table consists 'of three independent 
RAMs with variable size color maps. Multiple color 
maps can be assigned within each of the three 528 x 
8 lookup tables. The minimum color map size is 16 
colors. The color map can be as large as 512 colors. 

Color generated by pixel or overlay data is inde
pendent of the absolute physical address of the look
up table. Pixel, overlay, and underlay data are refer
enced relative. to their own color maps. The start 

lOUT 

CLOCK 

Bt463 

address indicating the beginning of each physical 
color map is added to the pixel data to generate the 
address for the final color. The start address is speci
fied through the window type table. 

Window Type-Table 

Window type data is sent to the RAMDAC with 
each pixel. The window type addresses a 16 x 24 
window type table, selecting one of sixteen 24-bit 
window type words. The window type word recon
figures the mapping of the input pixels to the RAM
DAC, pixel by pixel. Each color map requires a 
pointing index to convert pixels from a virtual color 
map index to a physical color map index. In addition 
to specifying the physical color map location and 
display type, the window type table can determine 
the number of planes, location of the frame buffer 
data, and location of overlay data, and can select spe
cific overlay planes for each window. 

Even though the Bt463 has 24-plane true-color ca
pability, the assignment of red, green, and blue pins 
is not fixed to preassigned locations. The Bt463 is 
flexible, providing capabilities to have pixel or over
lay data in practically any location of the 28-bit pixel! 
overlay word. The pixels are shifted into position 
where they address the lookup table. With this flexi
bility, the Bt463 can be configured in a variety of 
ways, such as those listed in Table 1. 

Figure 2. Video Input/Output Timing. 
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Circuit Description (continued) 

Associated with each set of pixel data is a 4-bit 
window type word (WTO-WT3). The window 
type addresses 1 of 16 possible entries of the win
dow type table. Each 24-bit window type entry is 
associated with a particular configuration mode 
that specifies the number of planes, window dis
play type, start address of the physical color map, 
shift constant, overlay location, and bypass opera
tion. Multiple windows using the same configura
tion mode can address the same entry of the win
dow type table, as illustrated in Figure 3. It is 
recommended that the window type table be load
ed by the MPU during vertical retrace to minimize 
disruptions during the display process. 

The window type table provides the capability 
to switch back and forth between different display 
modes and individual color maps on a pixel-by
pixel basis. For example, the Bt463 can switch 
from 24-plane true color to 12-plane true color to 
8-plane pseudo color, all within a single frame of 
graphic data. This allows users to personalize color 
maps specific to individual windows. 

Users can optionally designate the fifteenth and 
sixteenth codes of the window type table to be 
used as a cursor. These two window type codes di
rectly address the cursor palette, bypassing all pix-

Window 
Type Entry #1 
ColormapA 

Brooldree® 

el manipulation operations. This feature eliminates 
the need to use the overlay ports as an interface to a 
hardware cursor. Window type $E is defined as cur
sor color 0 and $F is cursor color 1. 

The window type table words consist of seven 
different fields that map the function of the accom
panying pixel data. The seven fields, shown in Fig
ure 4, are: shift, number of planes, display mode, 
overlay location, overlay mask, start address, and 
lookup table bypass. These fields are described in 
detail in the following sections. 

Window Type Table Fields 

Shift <84:80> 

This field specifies the plane position where active 
planes begin. If the active planes are in higher or
der bits, the shift field can shift these bits into the 
least significant position that will address the RAM. 
For instance, a value of 8 specifies active planes to 

begin at position P8. This field is particularly use
ful for double-buffer applications. The shift value 
applies to the entire 28-bit pixel/overlay input. Le
gal values are 0 through 27. However, the number 
of planes plus the shift value should not exceed 28 
within one window type table entry. 

Window 
Type Entry #9 
ColormapB 

Window 
Type Entry #4 
ColormapB 

Window 
Type Entry #7 

Window ColormapC 
T"np. Hntn:1 H.d 
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ColormapB 
, 

Window 
Type Entry #1 
ColormapA 

Figure 3. Multiple Windows Using Different Color Maps. 
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Circuit Description (continued) 

Number of Planes <B8:B5> 

This field determines the number of active planes 
used for pixel data. Zeros will be inserted in bit 
planes above the specified MSB. For true-color 
modes, the appropriate value in this field corresponds 
to the number of planes per channel. For instance, a 
24-plane true-color window should specify eight as 
the number of planes. Legal values for this field are 0 
through 8 for true-color and 0 through 9 for pseudo
color windows. Zero planes correspond to the color at 
the start address location regardless of pixel data, de
pendent on overlay and cursor data. This is useful for 
generating background color or flood color while the 
window is being changed or moved. The number of 
planes plus the shift value should not exceed 28 for 
the pseudo-color mode. The number of planes times 3 
plus the shift value shound not exceed 28 for the true
color mode. 

Display Mode <B11 :B9> 

This field determines the display mode of the pixel 
data. Valid display options are true color, pseudo 
color, bank select, 12-plane double-buffer true color, 
and pseudo color with load interleave. Table 3 con
tains full display mode descriptions. 

Overlay Location <B12> 

The overlay location field specifies the source loca
tion of the overlay planes. A logical zero specifies 
overlay data to come from P<27:24>. The overlay lo
cation is fixed to these four pixel locations, unaffect
ed by any shift in the shift fields. A logical one in this 
field specifies overlay data to come from the least sig
nificant bits of the pixel data (true-color mode) or the 
four planes above the pixel planes (pseudo-color 
mode). The overlay locations for the true color mode 
are P<17, 0, 8, 16> with P16 the LSB of the overlay 
word. The overlay location is affected by the shift val
ue and only uses these variable locations after the 
shift operation has been completed. 

Overlay Mask <B16:B13> 

The overlay mask field is used to enable (logical one) 
or disable (logical zero) an overlay plane from ad
dressing the overlay palette. B13 corresponds to OLO. 
B13-B16 are logically ANDed with the correspond
ing overlay plane input. The selected overlay planes 

Bt463 

are then compacted into the LSB positions with the 
higher significant bits filled with zeroes. This fea
ture allows the user to assign specific overlay 
planes to individual windows. Two or more separ
ate overlay images can be generated independently 
and switched on a pixel-by-pixel basis with the 
same or different overlay palette. 

Start Address <B22:B17> 

The start address specifies the beginning of the 
physical address of each color map. Pixel data ad
dresses the lookup table independent of the absolute 
physical location of the color map. The start address 
constitutes the 6 MSBs of the start rows of the color 
maps. Color address is generated by adding the pix
el data with the start address in the physical color 
map. The maximum valid physical address resulting 
from this addition is $020F. Color maps start on 16 
row boundaries and are allocated in blocks of 16. 
Thus, a binary value of 000001 corresponds to the 
physical address location of $0010. It is not neces
sary to fill the entire block with color-map colors. 
The resultant value from pixel data plus the start ad
dress should not exceed the 528-address space of 
the lookup table. Various color maps can be dis
joint; they may overlap or be subsets of other color 
maps. Minimum color map size is 16, while the 
maximum contiguous color map size is 512 colors. 
Legal values are 000000 through 100000. 

Lookup Table Bypass <B23> 

Up to 24 bits of pixel information are input with 
PO-P27 inputs. Even in the bypass mode, pixel 
manipulation still occurs with the 8 lowest signifi
cant bits used for each DAC. After shifting, pixels 
that are in the LSB positions, PO-P7, are mapped 
as RO-R7, bypass the red color palette, and drive 
the red DAC directly. Similarly, P8-P15 pixels are 
mapped as GO-G7 and drive the green DAC di
rectly. Pl6-P23 are mapped as BO-B7 and drive 
the blue DAC directly. The bypass mode can only 
be used in the eight-plane mode. 

With the display mode set to pseudo color, the 
bypass bit will generate 256 shades of gray scale. 
Eight bits of color information are applied equally 
to each of the three DACs. 

In the bypass mode, overlays are still effective 
in either the four- or eight-plane mode and address 
the overlay palette. 

WORKSTATION GRAPHICS 5-283 



Bt463 Brooktree® 
Circuit Description (continued) 

Display Mode 

True Color 

Pseudo Color 

Bank Select 

Twelve-Plane 
True Color 
(Load Interleave) 
(See Figure 6.) 

Pseudo Color 
(Load Interleave) 
(See Figure 6.) 

Start 
Address 

Figure 4. Window Type Table Fields. 

Field Description 

{)(){) An equal number of red, green, and blue pixel planes are input through the pixel port. The 
number of bits of true color depends on the "number of planes" field in the window type table. 
Eventually, pixel data must be shifted so that the least significant bit of the red pixel word is PO, 
green is P8, and blue is P16. The maximum number of active planes is eight for the true-color 
modes. Correspondingly, the number of planes for the pixel data is 3 times the value in this field 
for true color. For example, a value of 8 in the plane field yields 24-plane true color. A value of 
4 in the plane field yields a 12-plane true-color configuration. 

001 All three color palette RAMs are addressed by the same planes of pixel data. Pixel data for the 
pseudo color must come from a contiguous set of planes. The maximum number of active 
planes is nine for the pseudo-color mode. The number of available planes ranges from 
zero-nine. 

010 Overlay bits are concatenated as the MSBs to the pixel data to address a different portion of the 
lookup table without changing pixel data. Bank select is especially useful for highlighting or 
color contrasting by changing overlay inputs rather than regenerating the frame buffer image. 
The number of planes per channel is zero-eight. The planes used for bank select also depend on 
the overlay mask. Refer to Figure 5 for more details on the bank-select mode. 

011 Reserved 

100 Twelve-plane true color is generated by using the lower or upper nibble (4 bits) from 8 bits each 
of red, green, and blue. Either the upper or lower nibble is latched on each load clock across a 
scan line, depending on the value of the shift field immediately after blank has been 
substantiated. The load cycle will begin with the lower nibble for a shift value of $00. If the 
shift value is $04 immediately after blank, the load cycle will begin with the upper nibble. The 
output sequence continues to alternate between lower nibble and upper nibble for each load 
sequence throughout the entire scan line. This display mode preassigns the mapped function 
for the pixel inputs. PO-P7 are red, P8-P15 are green, and PI6-P23 are blue. Refer to Table 4 
for more details. 

101 Eight-plane pseudo-color data is generated from either the lower nibble bits or upper nibble bits 
of red and green pixel data. The green nibble bits are concatenated with the red nibble bits to 
generate the 8-bit pseudo-color pixel word. The red nibble bits are the least significant bits. 
Either the upper or lower nibble is latched on each load clock across a scan line, depending on 
the value of the shift field immediately after blank has been substantiated. The load cycle will 
begin with the lower nibble for a shift value of $00. If the shift value is $04 immediately after 
blank, the load cycle will begin with the upper nibble. The output sequence continues to 
alternate between lower nibble and upper nibble for each load sequence throughout the entire 
scan line. Refer to Table 5 for more details. 

110 Reserved 

III Reserved 
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Circuit Description (continued) 

Pixel Mapped Pbi;elWord Lower Nibble Pixel Word Upper Nibble 
Location Function 12-bit True-Color Output 12-bit True-Color Output 

Lower Nibble Sequence Upper Nibble Sequence 

PO-P7 RO-R7 RO-R3 R4-R7 
P8-P15 GO-G7 GO-G3 ALBLCLDL 04-07 AHBHCHDH 
Pl6-P23 BO-B7 BO-B3 B4-B7 

Table 4. 12-Bit True-Color (Load Interleave) Mapping and Output Sequence. 

~ ,----------, 

Start Address 
(Bank Select = 0000) ---+--------CciiOio---------

Bank Select = 0001 

Bank Select =0011 

Color I 

Color 14 
Color 15 ---r -------(;olo;.-ij---------
Color 1 

Color 14 
_______ ~t'ltl,L _____ _ 

---r-------C;;i.;;ii--------
Color I 

Color 14 _______ CllII!r_1S _______ _ 

$02OF '-----------

Number of Planes = 4 

~ ,------------, 

Start Address 
(Bank Select = 0000) --+r-------~~I:;;.-~--------

Color I 
Color 2 

Color 253 
Color 254 
Color 255 

Bank Select = 0001 ---.j------------------------
Color 0 
Color I 
Color 2 

Color 253 
Color 254 
Color 255 

$020F '------------' 

Number of Planes = 8 

Figure 5. Color Map Allocation With Bank Select. 

Pixel Mapped Pixel Word 8-bit Lower Nibble Pixel Word 8-blt Upper Nibble 
Location Function Pseudo-Color Output Pseudo-Color Output 

Lower Nibble Sequence Upper Nibble Sequence 

PO-P7 RO-R7 
P8-P15 GO-G7 GO-G3, RO-R3 ALBLCL~ 04-07, R4-R7 AHBHCH~ 
Pl6-P23 BO-B7 

Table 5. B-Bit Pseudo-Color (Load Interleave) Mapping and Output Sequence. 
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Circuit Description (continued) 

B~NK~r---------------------------------------~~ 

'-- load ~ load -1- load load load r-- cycle - I - cycle - I ,- cycle ~ cycle + cycle ~ 
odd even odd 

ALBLCLDL AHB~HDH ALBLCLDL AHBH 

ALBLCLDL AHBHCHDH ALBLCLDL AHBH 

ALBLCLDL AHB~HDH ALBLCLDL AHBH CLDL AHBHCHDH ALBLCL 

: 
: (Shift = $00) 

: 

AHBHCHDH ALBLCLDL AHBHCHDH ALBLCLDLAHBHCHDH ALBLCL 

: 

: (Shift = $04) 

iBLCLDL AHBHCHDH ALBLCLDL 

iBLcLDL AHBHCHDH ALBLCLDL 
: 

: (Shift = $00) 

Figure 6. Load Interleave Output Sequence. 

Video Generation 

Every clock cycle, the color information (up to 24 
bits) is presented to the three 8-bit D/A converters. 

The SYNC* and BLANK* inputs are pipelined 
to maintain synchronization with the pixel data. 
They add appropriately weighted currents to the 
analog outputs, producing the specific output lev
els required for video applications, as illustrated in 
Figures 7 and 8. Command registec2 specifies 
whether a 0 IRE or 7.5 IRE blanking pedestal is to 
be generated and whether 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. 

5-286 SECTlON 5 

The varying output current from the DI A con
verters 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. 

The D/A converters on the Bt463 use a segment
ed architecture in which bit currents are routed to 
either the current output or GND by a sophisticat
ed decoding scheme. This architecture eliminates 
the need for precision component ratios and great
ly 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. 



Brooktree~ Bt463 
Circuit Description (continued) . 

SYNC SYNC 
DISABLED ENABLED 

MA V MA V 

19.05 0.714 26.67 1.000 --.---..,..------------=---- WHITE LEVEL 

1.44 0.054 9.05 0.340 -r------+----,r---------BUCKWVEL 
7.SIRE 

0.00 0.000 7.62 0.286 -r------L-r---r----I'----------- BUNK WVEL 

40 IRE 

0.00 0.000 ~-------~~----------SYNCW~ 

Note: 75 n doubly-terminated load, RSET = 523 n, and VREF = 1.235 V. Blank pedestal = 7.5 IRE. :RS-343A levels 
and tolerances are assumed on all levels. 

Figure 7. Composite Video Output Waveform (SETUP = 7.5 IRE). 

Description Sync No Sync SYNC· BLANK· DAC 
lout (mA) lout (mA) Input Data 

WHITE 26.67 19.05 I I $FF 
DATA data + 9.05 data + 1.44 I I data 
DATA-SYNC data + 1.44 data + 1.44 0 I data 
BLACK 9.05 1.44 I I $00 
BLACK-SYNC 1.44 1.44 0 I $00 
BLANK 7.62 0 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with RSET = 523 nand VREF = 1.235 V. Blank pedestal = 7.5 IRE. 

Table 6. Video Output Truth Table (SETUP = 7.5 IRE). 
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Circuit Description (continued) 

SYNC SYNC 
DISABLED ENABLED 

MA V MA V 

18.60 0.698 26.67 J.()()() --.---,.------------=---- WHITE LEVEL 

100 IRE 

0.00 O.()()() 8.05 0.302 -r--------'L-...,....---,;-...J---------- BLACKIBLANK LEVEL 

43 IRE 

0.00 O.()()() -'-_______ -L--''---__________ SYNC LEVEL 

Note: 75 n doubly-terminated load. RSET = 495 n. and VREF = 1.235 V. Blank pedestal = 0 IRE. RS-343A levels and 
tolerances are assumed on all levels. 

Figure 8. Composite Video Output Waveform (SETUP = 0 IRE). 

Description Sync No Sync SYNC" BLANK" DAC 
lout (mA) lout (mA) 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 RSET = 495 nand VREF = 1.235 V. Blank pedestal = 0 IRE. 

Table 7. Video Output Truth Table (SETUP = 0 IRE). 
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Circuit Description (continued) 

Overlay and Underlay Operation 

The Bt463 has capabilities for multiple plane overlay 
and underlay operation. The overlay palette may be 
indexed to each of the independent color maps as 
specified by the user. Overlay color is determined by 
subtracting $10 from the start address referenced in 
the window type table and adding the overlay value. 

Overlay data can originate from a number of sourc
es, The source location of the overlays is determined 
by the window type word and command register. All 
display modes can use pixel ports 24 to 27 for the 
overlay address. Also, in pseudo-color applications, 
the overlay information can originate from the four 
planes above the pixel planes. For instance, if pixel 
information is being addressed from PO to P7, then 
overlay planes may come from P8 through Pll with 
P8 the LSB of the overlay word. 

In true-color applications, overlay information can 
also be addressed from the least significant bits of the 
red, green, and blue pixel data. Two LSBs are used 
from the blue pixel port. The overlay word <OL3 :OLO> 
consists of P17, PO, P8, and P16 (after shift operation) 
with P16 the LSB of the overlay word. The overlay ena
ble mask bits designate whether some or all of , the LSB 
pixel data is to be used as overlay planes. 

In~tead of multiple overlay palettes, a fixed overlay 
location can be chosen for all window type entries. 
The location of the cOIl)lllon overlay palette is fixed 
independent of the start address of the window type ta~ 
ble. The common overlay palette is located at address
es $0201 to $020F. 

Bt463 

Underlay operations with various planes can be 
achieved by changing command register bit CR12 to 
underlay operation. When this bit is set for underlay 
operation, OL3 determines whether the remaining 
overlay planes should be interpreted as overlay or un
derlay. If underlays are unavailable as specified in 
the command register, then the overlay ports are re
stricted to cursor and overlay operation only. To ob
tain overlay and underlay operation, the overlay mask 
must be set to $F. All other values of the overlay 
~ask. would result in a compacted overlay word, 
Yielding only underlay operation. 

In the standard mode, the Bt463 uses four overlay! 
underlay planes, providing a palette of 16 colors. 
However, the Bt463 has a special mode in which the 
window type bits serve as the upper nibble to the over
lay port. When a command register bit is set, eight 
overlay planes become available. However, no win
dow operation is available, as these window type ports 
are used strictly for overlay ports. Hardware cursor is 
still available through OLO and OLI. Both true-color 
and pseudo-color operations are available in the eight
overlay-plane mode. The physical location of the 
overlay palette is fixed to a preassigned location. 

If a color map start address is specified to be 
,$0000, then overlay colors are located at physical ad
dress $0201-$020F. Other start addresses are shown 
in Figure 9, a diagram of the overlay and pixel palette 
color-map scheme. Tables 8 and 9 detail overlay op
eration for different modes. 

~ r---------~ 

Start Address 
Color Map I 

Start Address 
Color Map 2 

Start Address 
Color Map 3 

Overlay palette 

Pixel palette 

Overlay palette 

Pixel palette 

Overlay palette 

Pixel palette 

$02OF '--________ --.J 

T 
Color Map I 

+ Color Map 2 

t 
Color Map 3 

t 
Figure 9. Example Overlay and Pixel Palette Color Map Scheme. 
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Bt463 Brooktree® 
Circuit Description (continued) 

Window Type Overlay 
Display Field Location Overlay Location 
Mode <B11:B9> <B12> <OL3:0LO> 

True 000 0 P<27:24> 
Color 000 1 P <17, 0, 8,16> 

Pseudo 001 0 P<27:24> 
Color 001 1 P <planes+3:planes> 

Bank 010 0 P <27:24> 
Select 010 1 P <17, 0, 8,16> 

l2-Plane True Color 100 0 P <27:24> 
(Load Interleave) 100 1 P <17, 0, 8, 16> 

Pseudo Color 101 0 P <27:24> 
(Load Interleave) 101 1 not available 

Table B. Overlay Location Truth Table. 

Underlay Mapped 
Enable Function Pixel Port Physical Ram Location Operating 
(CR12) <OL3: OLO> <P9:PO> Addressed by Frame Buffer Mode 

X 0000 $000 Start Address + $000 
/ 

X 0000 $001 S tart Address + $001 pixel 
: : : : data 
x 0000 $IFF S tart Address + $1 FF 

0 1111 $xxx Start Address-$lO+ $F 
: : : : overlay 
0 0010 $xxx Start Address-$lO + $2 only 
0 0001 $xxx Start Address-$10 + $1 

1 1111 $xxx Start Address-$10 + $F 
1 1110 $xxx Start Address-$lO + $E 
1 1101 $xxx Start Address-$lO + $D 
1 1100 $xxx Start Address-$10 + $C 
1 1011 $xxx Start Address-$lO + $B overlay 
1 1010 $xxx Start Address-$lO + $A 
1 1001 $xxx Start Address-$lO + $9 
1 1000 $xxx Start Address-$lO + $8 

1 0111 $000 Start Address- $10 + $7 
1 0110 $000 Start Address-$lO + $6 
1 0101 $000 Start Address-$lO + $5 
1 0100 $000 Start Address-$lO + $4 underlay 
1 0011 $000 Start Address-$lO + $3 
1 0010 $000 Start Address-$lO + $2 
1 0001 $000 Start Address-$lO + $1 

Table 9. Palette and Overlay Select Truth Table 
(No Hardware Cursor Interfacing the Overlay Port) (CR<11:10> = 00,8<16:13> = $F). 
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Circuit Description (continued) 

Hardware Cursor Interface 

The Bt463 has numerous configurations for interfacing 
with a hardware cursor. Using two entry codes of the 
window type table for a two-color cursor provides the 
best method of maximizing overlay plane availability 
without sacrificing a large number of window type 
entries. 

Otherwise, the overlay ports can be used directly as 
cursor ports but require setting command register bits 
CRlO and CRII to configure the RAMDAC for either 
a single-plane cursor or dual-plane cursor through the 
overlay port. Adding cursor planes through the overlay 
port reduces the available colors for overlays and 
underlays. 

Single-Plane Cursor (Overlay Port) 

In the single-plane cursor mode, OLO directly address
es the cursor color palette and overrides all other in-

Underlay Mapped 
Enable Function Pixel Port 
(CR12) <Ol3: OlO> <P9:PO> 

x ()()()() $000 
x 0000 $001 
: : : 
x ()()()() $IFF 

x xxxi $xxx 

0 1110 $xxx 
0 1100 $xxx 
0 1010 $xxx 
0 1000 $xxx 
0 OlIO $xxx 
0 0100 $xxx 
0 0010 $xxx 

x xxxi $xxx 

1 1110 $xxx 
1 1100 $xxx 
I 1010 $xxx 
1 1000 $xxx 

I OlIO $000 
1 0100 $000 
1 0010 $000 

Bt463 

puts. By setting a command register, mapped function 
OL3 determines whether OLI and OL2 serve as over
lay or underlays. Only seven combinations of overlays/ 
underlays are available. Refer to Table 10 for more 
details. 

Dual-Plane Cursor (Overlay Port) 

In the dual-plane cursor mode, both mapped functions 
OLO and OLl become cursor planes with OLO the least 
significant bit. With the underlay enabled, OL3 deter
mines whether OL2 serves as an overlay or an underlay. 
Refer to Table 11 for more details. 

Dual-Plane Cursor (Window Type Port) 

In the dual-plane cursor mode, mapped functions $E 
and $F of the window type table are used to select Cur
sor 0 and Cursor 2. Refer to Table 12 for more details. 

Physical Ram location Operating 
Addressed by Frame Buffer Mode 

Start Address + $000 
Start Address + $001 pixel 

: data 
Start Address + $1 FF 

Cursor Color 0 cursor 

Start Address-$lO + $E 
Start Address-$lO + $C 
Start Address-$lO + $A overlay 
Start Address-$lO + $8 only 
Start Address-$lO + $6 
Start Address-$lO + $4 
Start Address-$lO + $2 

Cursor Color 0 cursor 

Start Address-$lO + $E 
Start Address-$lO + $C overlay 
Start Address-$lO + $A 
Start Address-$lO + $8 

Start Address-$lO + $6 
Start Address-$lO + $4 underlay 
Start Address-$lO + $2 

Table 10. Palette and Overlay Select Truth Table 
(Single-Plane Hardware Cursor interlacing the Overlay Port) (CR<11:10> = 01,8<16:13> = $F). 

WORKSTATION GRAPHICS 5-291 



Bt463 
Circuit Description (continued) 

Underlay Mapped 
Enable Function Pixel Port Physical Ram location Operating 
(CR12) <Ol3: OlO> <P9:PO> Addressed by Frame Buffer Mode 

x 0000 $000 Start Address + $000 
x 0000 $001 Start Address + $001 pixel 
: : : : data 
x 0000 $IFF Start Address + $IFF 

x xxOI $xxx Cursor Color 0 cursor 
x xxIx $xxx Cursor Color 1 

0 1100 $xxx Start Address-$10 + $C overlay 
0 1000 $xxx Start Address-$lO + $8 only 
0 0100 $xxx Start Address-$l0 + $4 

x xxOl $xxx Cursor Color 0 cursor 
x xxIx $xxx Cursor Color I 

1 1100 $xxx Start Address-$l0 + $C overlay 
I 1000 $xxx Start Address-$l0 + $8 

I 0100 $000 Start Address-$l0 + $4 underlay 

Table 11. Palette and Overlay Select Truth Table 
(Dual·Plane Hardware Cursor Interfacing the Overlay Port) (CR<11:10> = 10, 8<16:13> = $F). 

Mapped 
Function 

<WT3:WTO> 

0000 Window Type Table Field 0 

0001 Window Type Table Field 1 

: : 

1101 Window Type Table Field $D 
-------- - - - -C~r_;o; Colo; O-$E - - - -

1110 
1111 

Cursor Color 1 $F 

CRll and CRI0 = 10 Two Cursor Plane 
CR13 = 1 Limited Window Type Table to 14 Entries 

5-292 

Table 12. Cursor and Window Type 
Select Truth Tables. 

SECTION 5 

Boundary Scan Testability Structures 

As the complexity of RAMDACs increases, the 
need to easily access the RAMDAC for functional 
verification is becoming vital. The Bt463 has incor
porated special circuitry that allows it to be accessed 
in full compliance with standards set by the JTAG. 
Conforming to the IEEE PI 149.1, Standard Test Ac
cess Port and Boundary Scan Architecture, the 
B t463 has dedicated pins that are used for testability 
purposes only. 

IT AG's approach to testability uses boundary scan 
cells placed at each digital pin, both inputs and out
puts. All scan cells are interconnected into a Boun
dary Scan Register (BSR) that applies or captures test 
data used for functional verification of the RAM
DAC. The JTAG approach is particularly useful for 
board testers that use functional testing methods. 



Circuit Description (continued) 

The JTAG approach is with four dedicated pins 
comprising the Test Access Port (TAP). These pins 
are TMS (Test Mode Select), TCK (Test Clock), TDI 
(Test Data Input), and TDO (Test Data Out). These 
four TAP pins can completely verify the RAMDAC. 
With boundary scan cells at each digital pin, the Bt463 
can apply and capture the logic level. Since all of the 
digital pins are interconnected as a long shift register, 
the TAP logic has access to and control of all the nec
essary pins to verify functionality. The TAP controller 
can shift in any number of test vectors through the TDI 
input and apply them to the internal circuitry. The out
put result is scanned on the TDO pin and externally 
checked. While isolating the Bt463 from the other 
components on the board, the user has easy access to 
all Bt463 digital pins through the TAP and can per
form complete functionality tests without expensive 
bed-of-nails testers. 

The bidirectional MPU port is given special atten
tion with respect to the JTAG standards. Because 
JTAG requires control over each digital pin, an addi
tional Output Enable (OE) function is included in the 
BSR for the MPU pins. In conjunction with the JT AG 
instruction, the output enable will configure the MPU 
port as an input or output. 

L 
A 

PIXEL T 
AND C 

H 
OVERLAY E 

DATA S 

Bt463 

With the JT AG bus, users also have access to a vital 
portion of the Bt463, the Output Signature Analysis 
Register (OSAR) (See Figure to). With access to this 
register, users can easily verify expected video data se
rially through the JT AG port. The OSAR is located 
between the lookup table and the inputs to the DACs. 

The Power-On Reset (POR) circuitry ensures that 
the Bt463 initializes each pin to operate in a RAM
DAC mode instead of a JT AG test mode during power
up sequence. 

A variety of verification procedures can be performed 
through the TAP controller. Through a set of eight in
structions, the Bt463 can verify board connectivity at all 
digital pins, generate artificial pixel vectors on chip, 
check signatures on system pixel streams, and scan vec
tors in and out of the pixel shifter and signature analysis 
register. The instructions are accessible through a simple 
state machine. 

Note: Since the boundary scan (JTAG) circuitry is 
intended for gross functional verification, it is tested and 
guaranteed operational at VAA ~ 5.0 V and VIL on 
JTAG pins at 0.6 V maximum. Maximum JTAG clock 
speed (TCK) is 50 MHz. 

Figure 10. JTAG Block Diagram. 
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Bt463 Brooktree® 
Internal Registers 

Command Registe,_O 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it 
must be initialized by the user after power-up. CROO corresponds to data bus bit DO. 

CR07,CR06 

CR05, CR04 

CR03,CR02 

Multiplex select 

(00) reserved 
(01) 4: 1 multiplexing 
(10) 1: 1 multiplexing 
(11) 2: 1 multiplexing 

reserved (logical zero) 

Blink rate selection 

(00) 16 on, 48 off (25175) 
(01) 16 on, 16 off (50150) 
(10) 32 on, 32 off (50150) 
(11) 64 on, 64 off (50150) 

reserved (logical zero) 

5-294 SECTIONS 

These bits specify whether 1:1, 2:1, or 4:1 
multiplexing is to be used for the pixel and overlay 
inputs. If 2: 1 is specified, the {C} and {D} pixel 
and overlay inputs are ignored and should be 
connected to GND, and the LD* input should be one 
half the CLOCK rate. If 4: 1 is specified, all of the 
pixel and overlay inputs are used, and the LD* input 
should be one fourth the CLOCK rate. . If 1: 1 is 
specified, the {B}, {C}, and {D} inputs are ignored. 

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, it 
must remain running. 

The pipeline delay of the Bt463 can be reset to a 
fixed 13 clock cycles. In this instance, each time the 
input multiplexing is changed, the Bt463 must again 
be reset to a fixed pipeline delay. 

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 (percent on/off). 
The counters that determine the blink rate are reset 
when command register_O is written to. The blink 
function is nonoperational for the current revision, 
Revision B. 



Brooktreeqt Bt463 
Internal Registers (continued) 

Command Register_1 

This register may be written to or read by the MPU at any time and,is not initialized. For proper operation, it 
must be initialized by the user after power-up. CRIO correspond,s to data bus bit DO. 

CR17 reserved (logical zero) 

CR16 

CR15 

CR14 

Overlay mapping 

(0) Mapped to start address 
(1) Mapped to common 

palette 

Contiguous Plane Configuration 

(0) 24/28 planes contiguous 
(1) 12116 planes contiguous 

Overlay planes select 

(0) 4 overlay planes 
(1) 8 overlay planes 

This bit determines the physical address location of 
the overlay. In the standard mode, overlays are 
addressed with respect to the start address specified 
in the start address field of the window type table. 
The alternate mapping option addresses the same 
portion of the color map for overlays, regardless of 
the start address location. In this mode, the overlays 
must be located at physical address locations 
$0201-$020F. 

This bit allows the Bt463 to be used with 12- or 
16-plane systems with an easy field upgrade to 24/28 
planes. In the 12116 plane configuration, up to 12 
planes of true color are available. Red must be 
entered at P<3:0>, blue at P<4:7>, and green at 
P<11 :8>. No shift is of use with 12-plane true color, 
and the shift value in the window type word should 
be set to O. The standard pseudo-color mode is 
available, up to nine planes. In this mode" the shift 
value should be between 0 and either 11 (12-plane 
systems) or 15 (16-plane systems). In 16-plane 
systems, the four planes of overlay should be entered 
at P<15:12>. If the alternate location overlay is 
selected, then overlays are input at P<5;O,8,4> for 
the true-color mode or at P<P+3:P> for the 
pseudo-color mode, Unused pixel pins must be 
grounded. 

This bit inacts a special mode that configures the 
Bt463 for eight overlay planes. This mode can be 
used for either the standard true-color or 
pseudo-color display modes. For true-color 
applications, the red pixel port corresponds to 
PO-P7, green corresponds to P8-P15, and blue 
corresponds to Pl6-P23. The 4 least significant 
overlay bits, OLO-OL3, are assigned pixel port 
P24-P27. The window type port is converted into 
the 4 most significant bits of the overlay port where 
WTO-WT3 correspond to 0L4-0L7, respectively. 
All 16 window type entries must be loaded and must 
be set to the same value. The recommended 
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Internal Registers (continued) 

Command Registe,_1 (continued) 

CR13 

CR12 

CRII-CRlO 

Window type entries 

(0) 16 entries 
(1) 14 entries 

Underlay enable 

(0) underlays disabled 
(1) underlays enabled 

Overlay configuration 

(00) no cursor 
(01) one cursor plane 
(10) two cursor planes 
(11) reserved 

5-296 SECTION 5 

Brooklree® 

configuration is true color, no shift, eight planes, all 
overlay inputs enabled, and the standard overlay 
location. Although different window display modes 
are no longer available, pixel operation is still user 
defined, based on the window type word placed in 
all 16 type entries. The only field with a restriction is 
the start address, which should have a value of 
010000 ($0100). Thus, the physical locations of the 
pixel lookup table and the overlay palette are 
preassigned with the pixel color palette starting from 
$0100 and ending at $OlFF, while the overlay 
palette RAM is located at $OOOO-$OOFF. 

This bit determines the number of entries available 
in the window type table. If 14 entries are selected, 
then the two window type codes, $E and $F, 
correspond to cursor color 0 and cursor color 1, 
respectively. 

This bit determines the underlay availability. When 
this bit is set to a logical one, underlays operation is 
achieved when the OL3 plane is a logical zero. 

These bits configure the overlay port so that overlay 
pins may be used as a hardware cursor port. By 
configuring this register, these overlay ports will 
directly address the cursor palette. If the overlay 
ports are used for cursors, they must be used on OLO 
and OLl. OLO is the least significant cursor bit. 
OLO must be used for the single-cursor mode. This 
overlay configuration register applies to the standard 
four-plane mode or the eight-plane overlay option. 



Brooktree® Bt463 
Internal Registers (continued) 

Command Register_2 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it 
must be initialized by the user after power-up. CR20 corresponds to data bus bit DO. 

CR27 

CR26 

CR25-CR23 

CR22 

CR21 

CR20 

Sync enable 

(0) disable sync 
(1) enable sync 

Pedestal enable 

(0) 0 IRE pedestal 
(1) 7.5 IRE pedestal 

reserved (logical zero) 

Input SAR capture selection 

(0) lower 16 bits 
(1) upper 16 bits 

Analysis register clock control 

(0) every LD* cycle 
(1) every CLOCK cycle 

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. A 0 
IRE specifies that the black and blank levels are the 
same. 

This bit specifies whether the 16-bit input Signature 
Analysis Register (SAR) should capture the lower or 
upper 16 bits of the pixel path. The input SAR is 
guaranteed operational only for the 110 MHz speed 
grade on the current revision (B). 

This bit controls the rate of operation of all SAR 
clocking. Logical zero is the normal mode with 
pixel position (A, B, C, or D) determined by the test 
register. Logical one is a special mode for chip 
testing. (In this instance, SAR operation is not 
guaranteed for clock rates above 30 MHz.) 

This bit determines the method of high-speed test 
used. The SARs are used to hold the test result for 
both test methods. 
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Bt463 Brooktree® 
Internal Registers (continued) 

10 Register 

This S-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 Bt463, the value read by the MPU will be $2A. Data written to 
this register is ignored. 

Pixel Read Mask Register 

The 2S-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. The masking function is independent of all the operations specified by the window type entries, 
masking the pixel ports prior to pixel manipulation. This register may be written to or read by the MPU at any 
time and is not initialized. For proper operation, it must be initialized by the user after power-up. DO 
corresponds to PO, PS, P16, and P24. 

Pixel Blink Mask Register 

The 2S-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 registecO. The blinking function is 
independent of all the operations specified by the window type entries, blinking the pixel ports prior to pixel 
manipulation. This register may be written to or read by the MPU at any time and is not initialized. For proper 
operation, it must be initialized by the user after power-up. DO corresponds to PO, PS, P16, and P24. The blink 
function is nonoperational for the current revision, Revision B. 

Revision Register 

This S-bit register is a read-only register, specifying the revision of the Bt463. The 4" most significant bits 
signify the revision letter in hexadecimal form. The 4 least significant bits do not represent any value and 
should be ignored. 
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Internal Registers (continued) 

Red, Green, and Blue Output Signature Analysis Registers (OSARs) 

Signature Operation 

These three 8-bit signature analysis 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 OSARs while 
BLANK* is a logical zero to load the seed value. The OSARs use data being loaded into the output DACs to 
calculate the signatures. IT AG logic can access the OSAR independent of the MPU operation. MPU accesSes 
to the OSARs require one address register load to address $020F, followed by three reads or writes to the red, 
green, and blue signature registers, respectively. DO corresponds to RO, GO, and BO. 

When a test display is loaded into the frame buffer, a given value for the red, green, and blue signature 
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. 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-D) pixels can be captured each LD* cycle, DO-D2 of the test register are used to specify which 
pixel (A-D) is to be captured. 

Input Signature Analysis Registers (ISARs) 

Signature Operation 

This 16-bit signature analysis register 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 ISAR while 
BLANK* is a logical zero to load the seed value. The ISAR uses PO-PIS or PI6-P27, and WTO-WT3 
(selected by command bit CR22) to calculate the signatures. The 16 bits of data latched in the ISAR may be 
masked (forced low) by the read mask registers. MPU accesses to the ISAR require one address register load 
to $020E, followed by three reads or writes to, respectively, lower byte, upper byte, and dummy access. DO 
corresponds to PO and P8, or to P16 and P24. 

When a test display is loaded into the frame buffer, a given value for the ISAR will be returned if all 
circuitry is working properly. 

Note: The input signature analysis register is operational at frequencies < 120 MHz only. 

Data-Strobe Operation 

If command bit CR20 selects "data strobe testing," the operation of the ISAR changes. Rather than 
determining the signature, it captures and holds the 16 bits of pixel data addressing the color palette RAM. 

Each LD* cycle, the ISAR captures the 16 bits of pixel data addressing the color palette RAM. As only one 
of the (A-D) pixels can be captured each LD* cycle, DO-D2 of the test register are used to specify which pixel 
. (A-D) is to be captured. 
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Internal Registers (continued) 

Test Register 

This 8-bit register is used to test the Bt463. If 1: 1 pixel multiplexing is specified, signature analysis is done on 
every pixel; if 2: 1 pixel multiplexing is specified, signature analysis is done on every second pixel; if 4: 1 pixel 
multiplexing is specified, signature analysis is done on every fourth pixel. DO-D2 are used for 2:1 and 4:1 
multiplexing to specify whether to use the A, B, C, or D pixel inputs, as follows: 

02- 00 Selection 

000 pixel A 
001 pixelB 
010 pixelC 
011 pixelD 
100 reserved 
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 RGB outputs to each other and to a 145 mV reference. This enables 

the MPU to determine whether the CRT monitor is connected to the analog RGB outputs and whether the 
DACs are functional. 

07 06 05 04 03 

red green blue 145 mVref. result 
select select select select 

07-04 If 03 = 1 If 03=0 

0000 normal operation - -
1010 red DAC compared to blue DAC red> blue blue> red 
1001 red DAC compared to 145 mV reference red> 145 mV red < 145 mV 
0110 green DAC compared to blue DAC green> blue blue> green 
0101 green DAC compared to 145 mV reference green> 145 mV green < 145 mV 

The table above lists the valid comparison combinations. A logical one enables comparison of that func
tion; the result is D3. 'file output levels of the DACs should be constant for 5 ~s to allow enough time for 
detection. The captuie occurs ~vcr one LD* period set by a logical one at any of the pixel pin8 P16A; P16R; 
Pl6C, or P16D. 

For normal operation, D4-D7 must be logical zeros. 
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Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

LD* 

PO-P27 
{A-D} 

WTO-WT3 
{A-D} 

lOR, lOG, lOB 

TCK 

TMS 

TDI 

TDO 

VAA 

GND 

Description 

Composite blank control input (TTL compatible). A logical zero drives the analog output to the 
blanking level, as specified in Tables 6 and 7. BLANK* 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 10 and II). SYNC* does not override any other 
control or data input, as shown in Tables 6 and 7; therefore, SYNC*should be asserted only during 
the blanking interval. SYNC* is latched on the rising edge of LD*. 

Load control input (TTL compatible). The PO--P27 {A-D}, WTO--WT3 {A-DJ, BLANK*, and 
SYNC* inputs are latched on the rising edge of LD*. While LD* is the output clock (1:1 multiplex 
mode) or is one half or one fourth of CLOCK, it may be phase independent of the CLOCK and 
CLOCK* inputs. LD* may have any duty cycle within the limil~ specified in the AC 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. The function of each of 
these pixel ports is configurable depending on the entry of the window type table. Overlay data may 
exist from various locations of this pixel port. If data exists in the assigned overlay input port, then 
pixel data inputs are ignored. Overlay information (up to 4 bits per pixel) for I, 2, or 4 consecutive 
pixels is input through this POlt. One, two, or four consecutive pixels (up to 24 bits per pixel) are 
input through this port. All 4 pixels (112 bits) are latched on the rising edge ofLD*. Unused inputs 
should be connected to GND. Typically, the {A} pixel is output first, followed by the {B} pixel, 
then the {C} pixel, etc., until all 1, 2, or 4 pixels have been output, at which point the cycle repeats. 

Window type inputs (TTL compatible). These inputs are latched on the rising edge of LD*. The 
window type references a location within the window type table, which configures the 
corresponding pixel data or overlay data into user-defined display modes. Unused inputs should be 
connected to GND. 

Red, green, and blue current outputs. These high-impedance current sources can directly drive a 
doubly-terminated 75 Q coaxial cable (Figure 14 in the Application Information section). All 
outputs, whether used or not, should have the same output load. 

Test Clock (TTL compatible). This pin is used to synchronize all JTAG test structures. Maximum 
clock rate for this pin is 50 MHz. When JT AG operations are not being performed, this pin is pulled 
low by internal circuitry. 

Test Mode Select (TTL compatible). This is a JTAG input pin whose transitions drive the JTAG 
state machine through its sequences. When JTAG operations are not being performed, this pin is 
pulled high by internal circuitry. 

Test Data Input (TTL compatible). This is a JT AG input pin used to load instructions to the TAP 
controller or to load test vector data for boundary scan operation. When JTAG operations are not 
being performed, this pin is pulled high by internal circuitry. 

Test Data Output (TTL compatible). This is a JTAG output used to verify test results of all JTAG 
sampling operations. This output pin is active for certain JT AG sequences and will be three-stated at 
all other times. When JT AG operations are not being performed, this pin should be left floating. 

Analog power. All V AA pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 

Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 
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Pin Descriptions (continued) 

Pin Name 

COMP 

FSADJUST 

VREF 

CLOCK, 
CLOCK* 

CE* 

1,",1'1"1:7 
ru .. 

CO,Cl 

DO-D7 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 J.IF 
ceramic capacitor must be connected between this pin and VAA (Figure 12 in the PC Board Layout 
Considerations section). 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. The PC Board Layout Considerations section 
contains critical layout criteria. 

Full-scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
maguitude of the full-scale video signal (Figure 12). 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 output current on lOG is: 

RSET (0) = Kl * VREF (V) I lOG (mA) 

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

lOR, lOB (rnA) = K2 * VREF (V) I RSET (0) 

where Kl and K2 are defined as: 

Setup lOG IOR,IOB 

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 12, 
must supply this input with a 1.235 V (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 J.IF ceramic capacitor is used to decouple this input 
to V AA, as shown in Figure 12. If V AA is excessively noisy, better performance may be obtained 
by decoupling VREF to GND. The decoupling capacitor must be as close to the device as possible to 
keep lead lengths to an absolute minimum. Refer to the PC Board Layout Considerations section for 
critical layout criteria. 

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured for 
single-supply (+5 V) operation. The clock rate is typically the pixel clock rate of the system. Refer 
to the PC Board Layout Considerations section for critical layout criteria. 

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*. Glitches should be avoided on this edge-triggered input. 

I T'to .,". .... • ~~ ...... "..., ' ••••• '1 ... ".'1 _ ..................... ~ .'1 

At:awwru.~ ~UlltrUJ InpUI. ~J JL compaUDlC). lU WIlle uaut to me ueVlCC, DUUl Lon'" anu J.(JVV must. De 

logical zeros. 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 CI specify the type of read or write operation 
being performed, as presented in Table 1. They are latched on the falling edge of CE*. 

l\>ata bus (TTL compatible). Data is transferred into and out of the device over this 8-bit 
*directional 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· 11 P9A AIO PI9A TI3 
SYNC* HI P9B BIO PI9B U13 

LD* H3 P9C B9 PI9C RI3 
CLOCK· J3 P9D Cto PI9D U14 
CLOCK J2 

PIOA AI2 P20A RI2 
"POA F2 PIOB Cll P20B Ull 
POB G3, PIOC All P20C TI2 
POC FI PlOD Bll P20D U12 
POD G1 

PllA AI4 P2IA Tll 
PIA F3 PllB BI2 P2IB U9 
PIB DI PllC A13 P2IC Rll 
PIC E2 PllD CI2 P2ID Uto 
PID EI 

PI2A AI6 P22A RIO 
P2A C2 PI2B C13 P22B U8 
P2B BI PI2C AI5 P22C TIO 
P2C D2 PI2D B13 P22D T9 
P2D - CI -P13A CI4 P23A T7 
P3A C3 P13B BI5 P23B U6 
P3B D3 PI3C AI7 P23C T8 
P3C E3 P13D BI4 P23D U7 
P3D B2 

PI4A DI5 P24A R6 
P4A Al PI4B BI6 P24B U4 
P4B B3 PI4C EI5 P24C R7 
P4C C4 PI4D CI5 P24D U5 
P4D D4 

PI5A DI6 P25A T5 
P5A A3 PI5B CI7 P25B U2 
P5B C5 PI5C CI6 P25C T6 
P5C A2 PI5D BI7 P25D U3 
P5D B4 

PI6A TI6 P26A T4 
P6A A5 PI6B TI7 P26B R4 
P6B B6 PI6C RI6 P26C R5 
P6C A4 PI6D R17 P26D U1 
P6D B5 

PI7A RI5 P27A R3 
P7A A7 PI7B RI4 P27B N3 
P7B C7 PI7C PI5 P27C T3 
P7C A6 PI7D U17 P27D TI 
P7D C6 

PI8A TI4 TMS DI7 
P8A A9 PI8B U15 TCK EI6 
P8B B8 PI8C TI5 TDI EI7 
P8C A8 PI8D U16 TDO FI7 
P8D B7 
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Pin Descriptions (continued) 

Signal Pin Signal Pin Signal Pin 
Number Number Number 

WTOA PI lOR Fl6 VAA C8 
WTOB P3 lOG Hl5 VAA 017 
WTOC RI lOB Fl5 VAA Hl7 
WTOD T2 VAA 115 

CaMP Kl5 VAA K2 
WTIA MI FSADJUST Hl6 VAA R8 
WTIB P2 VREF 016 VAA Ml6 
WTIC NI 
WTlD R2 CE* Nl5 GND C9 

RIW Nl6 GND G2 
WT2A Ll CI Pl7 GND 015 
WT2B N2 CO Pl6 GND H2 
WT2C L3 GND Ll5 
WT2D M3 GND Ml5 

GND R9 
WT3A KI 
WT3B L2 
WT3C K3 
WT3D M2 

DO Nl7 
DI Ll6 
D2 Ml7 
D3 K16 
D4 L17 
D5 116 
D6 K17 
D7 117 
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Pin Descriptions (continued) 

17 P13C PI5D PI5B TMS TDJ TOO VAA VAA D7 D6 D4 D2 DO CI P16D P16B Pl7D 

16 PI2A PI4B PI5C PI5A TCK lOR VREF FSADJ D5 D3 D1 VAA R/W CO PI6C PI6A PIBD 

15 PI2C P13B PI4D PI4A PI4C lOB GND lOG VAA COMP GND GND CE' PI7C PI7A PIBC PIBB 

14 PlIA P13D P13A Pl7B PIBA PI9D 

13 PlIC PI2D PI2B PI9C PI9A PI9B 

12 PIOA PlIB PlID P20A P20C PZOD 

11 PIOC PlOD PIOB Bt463 P21C PZIA P20B 

10 P9A P9B P9D P22A P22C PZlD 

PBA P9C GND 
(TOP VIEW) 

GND PZ2D P21B 

PBC PBB VAA VAA P23C P22B 

P7A PBD P7B PZ4C P23A P23D 

P7C P6B P7D P24A PZ5C P23B 

P6A P6D P5B P26C P2SA P24D 

P6C P5D P4C P4D P26B P26A PZ4B 

PSA P4B P3A P3B P3C PIA POB LD' eLK* WDC WT2C WT2D P27B WTOB P27A P27C P25D 

P5C P3D PZA PZC PIC POA GND GND CLK VAA WT3B WT3D WT2B WTIB WTlD WTOD P25B 

B P2B PZD PIB PID POC POD SYNC· BLK* WT3A WT2A WTIA WTIC WTOA WTOC PZ7D P26D 

A B C D E F G H K L M N P R T U 

alignment marker (on top) 
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Pin Descriptions (continuedr 169-pin PGA Package 

17 P17D PI6B PI6D CI DO D2 D4 D6 D7 VAA VAA TOO TDl TMS PI5B PI5D P13C 

16 PI8D PI6A PI6C CO RIW VAA D1 D3 os FSADJ VREF lOR TCK PI5A PI5C PI4B PI2A 

15 PI8B PI8C PI7A PI7C CE' GND GND COMP VAA lOG GND lOB PI4C PI4A PI4D P13B PI2C 

14 PI9D PI8A PI7B P13A P13D PIIA 

13 PI9B PI9A PI9C PI2B PI2D P11C 

12 P20D PZOC P20A P11D P11B PIOA 

11 PZOB P21A P21C PIOB PlOD PIOC 

10 P2ID P22C P22A 

(BOTTOM VIEW) 
P9D P9B P9A 

PZIB PZ2D GND GND P9C PSA 

PZ2B P23C VAA VAA P8B P8C 

P23D PZ3A P24C P7B P8D P7A 

P23B ri5C PZ4A P7D P6B P7C 

P24D P25A P26C P5B P6D P6A 

PZ4B PZ6A P26B P4D P4C P5D P6C 

P25D P27C P27A WTOB PZ7B WT2D WT2C WT3C eLK· LD' POB PIA P3C P3B P3A P4B P5A 

PZ5B WTOD WTID WTIB WTIB WT3D WT3B VAA CLK GND GND POA PIC P2C P2A P3D P5C 

P26D P27D WTOC WTOA WTIC WTIA WTIA WT3A BLK* SYNC* POD POe PID PIB P2D P2B S 
U T R N M L K H G F E D C B A 
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PC Board Layout Considerations 

PC Board Considerations 

The Bt463 layout should be optimized for lowest noise 
on the Bt463 power and ground lines by shielding the 
digital inputs and providing good decoupling. The trace 
length between groups of V AA and GND pins should 
be as short as possible to minimize inductive ringing. 

A well-designed power distribution network is criti
cal to eliminating digital switching noise. The ground 
plane must provide a low-impedance return path for the 
digital circuits. A PC board with a minimum of six 
layers is recommended. The ground layer shou,Id be 
used as a shield to isolate noise from the analog traces 
with layer 1 (top) the analog traces, layer 2 the ground 
plane, layer 3 the analog power plane, and the remaining 
layers used for digital traces and digital power supplies. 

The optimum layout enables the Bt463 to be located 
as close as possible to the power supply connector and 
the video output connector. 

Power and Ground Planes 

The power and ground planes need isolation gaps to 
minimize digital switching noise effects on the analog 
signals and components. These gaps need to be at least 
lI8-inch wide. They are placed so that digital currents 
cannot flow through a peninsula that contains the ana
log components, signals, and video connector. A sam
ple layout is shown in Figure 11. 

Device Decoupling 

For optimum performance, all capacitors should be lo
cated as close as possible to the device, using the 
shortest possible leads (consistent with reliable opera
tion) to reduce the lead inductance. Chip capacitors 
are recommended for minimum lead inductance. Radi
al lead ceramic capacitors may be substituted for chip 
capacitors and are better than axial lead capacitors for 
self-resonance. Values are chosen to have self
resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is ob
tained by providing a O.1IlF ceramic capacitor in par
allel with a 0.01 IlF chip capacitor to decouple each 
group of V AA pins to GND. The capacitors should be 
placed as close as possible to the device V AA and 
GNDpins. 

The 33 IlF capacitor shown in Figure 12 is for low
frequency power supply ripple; the 0.1 J.lF and 0.01 J.lF 

Bt463 

capacitors are for high-frequency power supply noise 
rejection. The decoupling capacitors should be connect
ed at the V AA and GND pins, using short, wide traces. 

When using a linear regulator, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than 200 
mY. This is especially important when a switching 
power supply is used and the switching frequency is 
close to the raster scan frequency. Note that about 10 
percent of power supply hum and ripple noise less 
than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

The COMP pin must be decoupled to V AA, typically 
with a 0.1 IlF ceramic capacitor. Low-frequency sup
ply noise will require a larger value. The COMP ca
pacitor must be as close as physically possible to the 
COMP and V AA pins. A surface-mount ceramic chip 
capacitor is preferred for minimal lead inductance, 
which degrades the noise rejection of the circuit. 
Short, wide traces will also reduce lead inductance. 

If the display has a ghosting problem, additional ca
pacitance in parallel with the COMP capacitor may 
help. 

Digital Signal Interconnect 

The digital inputs to the Bt463 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 and output signals. 

Most noise on the analog outputs will be caused by 
excessive edge rates (less than 3 ns), overshoot, under
shoot, and ringing on the digital inputs. 

The digital edge rates should be no faster than nec
essary, as feed through noise is proportional to the dig
ital edge rates. Lower speed applications will benefit 
from using lower speed logic (3-5 ns edge rates) to re
duce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time. Line 
termination or line length reduction is the solution. 
For example, logic edge rates of 2 ns require line 
lengths of less than 4 inches without using termina
tion. Ringing may be reduced by damping the line 
with a series resistor (30-300 Q). 
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PC Board Layout Considerations (continued) 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing 90 degrees to 
any analog signals. 

The clock driver and all other digital devices on the 
circuit board must be adequately decoupled to prevent 
the noise generated by the digital devices from 
coupling into the analog circuitry. 

Analog Signal Interconnect 

The Bt463 should be located as close as possible to the 
output connectors to minimize noise pickup and re
flections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk 
from digital lines; digital traces must not be routed 
under or adjacent to the analog output traces. 

The video output signals should not overlay the ana
log power plane, to maximize the high-frequency pow
er supply rejection. 

Edge of PCB 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. 

Analog output video edges exceeding the CRT 
monitor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EMI and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 

The Bt463 analog outputs should be protected against 
high-energy discharges, such as those from monitor 
arc-over or from "hot-switching" AC-coupled moni
tors. 

The diode protection circuit shown in Figure 12 can 
prevent latchup 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 (BA V99 or MMBD7001). 

Figure 11. Sample Layout Showing Power and Ground Plane Isolation Gaps. 
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PC Board Layout Considerations (continued) 

Cll 

.. ,...----"""--- +5V(VCC) 

+ 
Cl2 Cl 

Bt463 

GROUND 

~----'I""'-.,..-.,...I.'I""'-----------.l.--- (POWERSUPPLY 

CONNECTOR) 

RSET 

R2 R3 

FS ADJUST 1-------' 

IORI-------+---I--+----{ P TO 

VIDEO 
IOG~-~------+--t_--~ P CONNECTOR 

IOB~----------~--~ P 

VAA 

0 
lN4l48/9 

DAC 
TO MONITOR 

OUTPUT 
lN4l48/9 

GND 

Note: Each pair of device VAA and GND pins must be separately decoupled with 0.1 ~F and 0.01 ~F capacitors. 
EM! may be compromised with ferrite bead in circuit. 

Location Description Vendor Part Number 

C1-C5, ClO, Cll 0.1 ~F ceramic capacitor Erie RPE1lOZ5UJ04M50V 
C6-C9 0.01 ~F ceramic chip capacitor AVX 12102T103QAlO18 

C12 33 ~F tantalum capacitor Mallory CSR13F336KM 
L1 ferrite bead Fair-Rite 2743001111 

R1,R2,R3 75 n 1 % metal film resistor Dale CMF-55C 
R4 1000 n 1 % metal film resistor Dale CMF-5SC 

RSET 523 n 1 % metal film resistor Dale CMF-55C 
Zl 1.2 V voltage reference National Semiconductor LM385Z-1.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt463. 

Figure 12. Typical Connection Diagram and Parts List. 
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Application Information 

Clock Interfacing 

Because of the high clock rates at which the Bt463 
may operate, it is designed to accept differential 
clock signals (CLOCK and CLOCK*). These clock 
inputs are generated by ECL logic operating at +5 V. 
The CLOCK and CLOCK* inputs require termina
tion resistors (220 n to GND) that should be located 
as close as possible to the clock driver. A 150 n chip 
resistor connected between the RAMDAC's CLOCK 
and CLOCK* pins is also. required to ensure proper 
termination. It should be located as close as possible 
to the RAMDAC. 

The CLOCK and CLOCK* inputs must be diffe
rential signals and greater than 0.6 V peak to peak be
cause of the noise margins of the CMOS process. 
The Bt463 will not function if a single-ended clock is 
used with CLOCK* connected to ground. 

Typically, LD* is generated by dividing CLOCK 
by 2 or 4 (depending on whether 2: 1 or 4: 1 multiplex
ing was specified) and translating the result to TTL 
levels. As LD* may be phase shifted relative to 
CLOCK, propagation delays need not be a concern 
when the LD* signal is derived. LD* may be used as 
the shift clock for the video DRAMs and to generate 
the fundamental video timing of the system (e.g., 
SYNC* and BLANK*). 

For display applications in which a single Bt463 is 
being used, it is recommended that the Bt438 Clock 
Generator Chip be used to generate the clock and 
load signals. It supports the 4: 1 input multiplexing of 
the Bt463 and will also set the pipeline delay of the 
Bt463 to 13 clock cycles. The Bt438 may also be 
used to interface the Bt463 to a TTL clock. Figure 13 
illustrates use of the Bt438 with the Bt463. 

+sv 

+5V 
CLOCK 

MONITOR 220 
PRooucrs 

9700 
330 ' 

CLOCK" 

81438 

LOA 

VREF 

Settirfg the Pipeline Delay 

The pipeline delay of the Bt463, although fixed af
ter a power-up condition, may be anywhere from 
11-15 clock cycles. The Bt463 contains additional 
circuitry enabling the pipeline delay to be fixed at 
13 clock cycles. The Bt438 Clock Generator Chip 
supports this mode of operation when used with 
the Bt463. 

To reset the Bt463, it should be powered up, 
with LD*, CLOCK, and CLOCK* running. The 
CLOCK and CLOCK* signals should be stopped 
with CLOCK high and CLOCK* low for at least 
three rising edges of LD*. The device can be held 
with CLOCK and CLOCK* stopped for an unlim
ited time. 

CLOCK and CLOCK* should be restarted so 
that the first edge of the signals is as close as pos
sible 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 
the clocks are restarted, the minimum clock pulse 
width must not be violated. 

When the Bt463 is reset to a 13-clock-cycle 
pipeline delay, the blink counter circuitry is not re
set. Therefore, if multiple Bt463s are used in par
allel, the on-chip blink counters may not be syn
chronized. In this instance, the blink mask register 
should be $00, and the overlay blink enable bits 
should be logical zeros. Software may control 
blinking through the read mask register and over
lay display enable bits. 

~'-----------+-~CLOCK 

220 150 

8t463 

~_-----------~CLOCK" 
I 

T220 
LO-

VAA 

T 

I' 
To,1 

VREF 

lK 

FilJure 13. Generating the 8t463 Clock Signals. 
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Application Information (continued) 

ESD and Latchup Considerations 

ESD-sensitive handling procedures are required to 
prevent device damage, which can produce symp
toms of catastrophic failure or erratic device behavior 
with somewhat leaky inputs. 

All logic inputs should be held low until power to 
the device has settled to the specified tolerance. DAC 
power decoupling networks with large time constants 
should be avoided. They could delay V AA power to 
the device. Ferrite beads must be used only for ana
log power V AA decoupling. Inductors cause a time 
constant delay that induces latchup. 

Latchup can be prevented by ensuring all V AA 
pins are at the same potential and that the V AA sup
ply voltage is applied before the signal pin voltages. 
The correct power-up sequence ensures that any sig
nal pin voltage will never exceed the power supply 
voltage by more than +0.5 V. 

Test Features of the 8t463 

The Bt463 contains two dedicated test registers and 
an analog output comparator that assist the user in 
evaluating the performance and functionality of the 
part. This section is intended to explain the operating 
use of these test features. 

Signature Registers (Signature Mode) 

. The input signature register is 16 bits wide, capturing 
pixel information prior to the lookup tables. Since 
the pixel path is 28 bits wide, the lower or upper 16 
bits are selected for capture by command bit CR22. 
The input signature analysis register (SAR) is opera
tional at frequencies <120 MHz 

The output signature register, in the active mode, 
operates with the 24 bits of data that are output from 
the color palette RAM. These 24-bit vectors repre
sent a single pixel color and are presented as inputs 
simultaneously to the red, green, and blue SARs, as 
well as to the three on-chip DACs. 

The SARs act as a 16-bit- or 24-bit-wide linear feed
back shift register on each succeeding pixel that is 
latched. In either the 2: 1 or 4: 1 multiplexed mode, the 
SARs latch only 1 pixel per load group. Thus, the 
SARs are operating on only every second or fourth pix
el in the multiplexed modes. The user determines 
which pixelphase (A, B, C, or D) is latched to generate 
new signatures by setting bits DO-D2 in the test 
register. 

In 1: 1 mux mode, the SARs will generate signa
tures on each succeeding pixel in the input stream. In 
this case, the user should select pixel "A" (test regis-

Bt463 

ter DO, 01, and D2 = 000) when the Bt463 is in the 
1:1 mode, since the "A" pixel pins are the only ac
tive pixel inputs. 

The Bt463 will generate signatures only while it 
is in "active-display" (BLANK* negated). The 
SARs are available for reading and writing through 
the MPU port when the Bt463 is in a blanking state 
(BLANK* asserted). Specifically, it is safe to ac
cess the SARs after the DAC outputs are in the 
blanking state (up to 15 pixel clock periods after 
BLANK* is asserted). 

Typically, the user will write a specific 16-bit or 
24-bit seed value into the SARs. Then, a known pix
el stream, e.g., one scan line or one frame buffer of 
pixels, will be input to the chip. At the succeeding 
blank state, the resultant 16-bit or 24-bit signature 
can be read by the MPU. The 24-bit signature regis
ter data is a result of the same captured data that is 
fed to the DACs. Thus, overlay and cursor data va
lidity is also tested with the signature registers. 

Assuming the chip is running 2: 1 or 4: 1 mux 
modes, the above process would be repeated with 
all different pixel phases-A, B, C, or D-selected. 
The linear feedback configurations are shown in 
Figures 14 and 15. 

Experienced users have developed tables of spe
cific seeds and pixel streams, and recorded the sig
natures that result from those inputs applied to 
known-good parts. A good signature from one giv
en pixel stream can by used as the seed for the suc
ceeding stream to be tested. Any signature is deter
ministically created from a starting seed, and the 
succeeding pixel stream is fed to the SARs. 

Signature Registers (Data-Strobe Mode) 

When command bit CR20 is set to a logical one, 
the SARs are put in data-strobe mode. In this in
stance, the linear feedback circuits of the SARs are 
disabled, which stops the generation of signatures 
by the SARs. Instead, the SARs capture and hold 
the respective pixel phase selected. 

Any MPU data written to the SARs is ignored. 
However, each pixel color value that is strobed into 
the SARs can be directly checked. To read values 
captured in the middle of a pixel stream, the user 
should first freeze all inputs to the Bt463. The lev-. 
els of most inputs are insignificant except that 
CLOCK should be high and CLOCK* should be 
low. Then, the user may read the pixel color by do
ing three successive MPU reads from the red, 
green, and blue SARs, respectively. Likewise, the 
input SAR may be read with two MPU reads. 
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Application Information (continued) 

In general, the color readout will correspond to a pix
el latched on the previous load. However, because the 
data path is pipelined, the color may come from an ear
lier load cycle. To read successive pixels, LD* should 
be toggled, the CLOCK pins should be pulsed accord
ing to the mux state (one, two, or four periods), and alI 
pixel-related inputs should be held and the three MPU 
reads perfonned as described. This process is best done 
on a sophisticated VLSI semiconductor tester. 

Analog Comparator 

The other dedicated test structure in the Bt463 is the 
analog comparator. It allows the user to measure the 
DACs against each other as well as against a specific 
reference voltage. 

po. P1 OR P16. P23 
FROM INPUT PINS 

Brooktree~ 

Four combinations of tests are selected through 
the test register. With a given setting, the respec
tive signals (DAC outputs or the 145 mV refer
ence) will be continuously input to the comparator. 
The result of the comparator is latched into the 

test register. The capture occurs over one LD* pe
riod set by a logical one at pixel port P16 (A-D). 

Because the comparator's design is simple, it is 
recommended that the DAC outputs be stable for 5 
Jls before capture. At a display rate of 100 MHz, 5 
JlS corresponds to 500 pixels. The color palette 
RAM or the pixel inputs (or both) should be con
figured to guarantee a single continuous output 
from the DACs under test, until capture. 

P8 - PI5 OR P24. 1'27, WTO· Wf3 

FROM INPUT PINS 

• MPU SAR READ BIT 

Figure 14. Input Signature Analysis Register Circuit. 

5-312 

RO-R7 

FRQMLOOKUPTABLE 

• MPU SAR READ BIT 
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~gure 15. Output Signature Analysis Register Circuit. 
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Brooktree~ Bt463 
Application Information (continued) 

Initializing the 8t463 

Following a power-on sequence, the Bt463 must 
be initialiZed. This sequence will configure the 
Bt463 as follows: 

4: 1 multiplexed operation 
4 overlay planes on P<27:23> 
sync enabled on lOG, 7.5 IRE blanking pedestal 
no cursor interface 
24-plane true color 
start address at $0001 
16 window entries 

Color Palette RAM Initialization 

Write $00 to address register low 
Write $00 to address register high 
Write red data to RAM (location $000) 
Write green data to RAM (location $000) 
Write blue data to RAM (location $000) 
Write red data to RAM (location $001) 
Write green data to RAM (location $001) 
Write blue data to RAM (location $001) 

Write red data to RAM (location $20F) 
Write green data to RAM (location $20F) 
Write blue data to RAM (location $20F) 

Control Register Initialization CI, CO Cursor Color Palette Initialization 

Write $01 to address register low 
Write $02 to address register high 
Write $40 to command register 0 
Write $00 to command register 1 
Write $CO to command register 2 
Write $00 to reserved location 
Write $FF to pixel read mask register PO- P7 
Write $FF to pixel read mask register P8- P15 
Write $FF to pixel read mask register P16- P23 
Write $FF to pixel read mask register P24- P27 
Write $00 to pixel blink mask register PO- P7 
Write $00 to pixel blink mask register P8-P15 
Write $00 to pixel blink mask register P16- P23 
Write $00 to pixel blink mask register P24- P27 
Write $00' to test register 

Write $00 to address register low 
Write $03 to address register high 
Write $00 to BO-B7 register (location $0) 
Write $El to B8-B15 register (location $0) 
Write $03 to B16-B23 register (location $0) 
Write $00 to BO-B7 register (location $1) 
Write $El to B8-B15 register (location $1) 
Write $03 to B16-B23 register (location $1) 

00 Write $00 to address register low 
01 Write $01 to address register high 
10 Write red data to cursor (location $0) 
10 Write green data to cursor (location $0) 
10 Write blue data to cursor (location $0) 
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) (Note 1) 
10 Write green data to cursor (location $2) 
10 (Note 1) 
10 Write blue data to cursor (location $2) 
10 (Note I) 
10 Write red data to cursor (location $3) (Note 1) 
10 Write green data to cursor (location $3) 

(Note 1) 
00 Write blue data to cursor (location $3) 
01 (Note 1) 
10 
10 
10 
10 
10 
10 

Write $00 to BO-B7 register (location $F) 10 
Write $El to B8-B15 register (location $F) 10 
Write $03 to B16-B23 register (location $F) 10 
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Bt463 Brooktree~ 

Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 0 
Reference Voltage VREF 1.20 1.235 1.26 V 
FS ADJUST Resistor RSET 523 0 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 6.5 V 

Voltage on Any Signal Pin (Note I) GND-O.5 VAA+0.5 V 

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 

PGA TJ +170 °C 

Soldering Temperature TSOL 260 °C 
(5 seconds, 114" from pin) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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Brooktroo® Bt463 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Resolution (Each DAC) 8 8 8 Bits 
Accuracy (Each DAC) 

Integral Linearity Error IL ±1 LSB 
Differential Linearity Error DL ±1 LSB 

Gray-Scale Error ±5 % GrayScale 
Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
(except CLOCK, CLOCK*) 
Input High Voltage VIH 2.0 VAA+0.5 V 
Input Low Voltage VIL GN])...{).5 0.8 V 
Input High Current (Vin = 2.4 V) IIH 80 /-LA 
Input Low Current (Vin = 0.4 V) IlL -80 /-LA 
Input Capacitance CIN 4 15 pF 

(f = 1 MHz, Yin = 2.4 V) 

Clock Inputs (CLOCK, CLOCK*) 
Differential Input Voltage AVIN 0.6 6 V .. 
Input High Current (Vin = 4.0V) IKIH 1 /.LA 
Input Low Current (Vin = 0.4 V) IKIL -1 /-LA 
Input Capacitance CKIN 4 15 pF 

(f = 1 MHz, Yin = 4.0V) 

Digital Outputs (DO-D7) 
Output High Voltage VOH 2.4 V 

(IOH = 400 /-LA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
3-state Current IOZ 10 /-LA 
Output Capacitance CDOUT 10 pF 

See test conditions on next page. 
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Bt463 Brooldree® 
DC 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 = 0 IRE 0 5 50 !LA 

Blank Level on lOG 6.29 7.62 8.96 rnA 
Blank Level on lOR, lOB 0 5 50 !LA 
Sync Level on lOG 0 5 50 !LA 
LSB Size 69.1 IlA 

DAC-to-DAC Matching 2 5 % 
Output Compliance VOC -D.5 +1.2 V 
Output Impedance RAOUT 50 kQ 

Output Capacitance CAOUT 13 20 pF 
(f = I MHz, lOUT = 0 rnA) 

Voltage Reference Input Current IREF 90 !LA 

Power Supply Rejection Ratio PSRR 0.5 %1%t'1VAA 
(COMP = 0.1 !!F, f = 1 kHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 Q and 
VREF = 1.235 V. SETUP = 7.5 IRE. As the above parameters are guaranteed over the full temperature range, 
temperature coefficients are not specified or required. Typical values are based on nominal temperature, i.e., room 
temperature, and nominal voltage, i.e., 5 V. 

All JTAG DC parameters are tested to a minimum V AA = 5.0 V with VIL on JTAG pins at 0.6 V maximum. 
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Brooktree@ Bt463 
AC Characteristics 

Parameter Symbol Min/Typ/ 135 110 Units 
Max MHz MHz 

Clock Rate Fmax max 135 110 MHz 
LD* Rate LDmax 

I: I multiplexing max 67.5 55 MHz 
2: 1 multiplexing max 67.5 55 MHz 
4: I multiplexing max 33.75 27.5 MHz 

R/W, CO, CI Setup Time I min 0 0 ns 
R/W, CO, Cl Hold Time 2 min 15 15 ns 

CE* Low Time 3 min 50 50 ns 
CE* High Time 4 min 25 25 ns 
CE* Asserted to Data Bus Driven 5 min 7 7 ns 
CE* Asserted to Data Valid 6 max 75 75 ns 
CE* Negated to Data Bus 3-Stated 7 max 20 20 ns 

Write Data Setup Time 8 min 35 35 ns 
Write Data Hold Time 9 min 3 3 ns 

TMS, TDI Setup Time 10 min 8 8 ns 
TMS, TDI Hold Time 11 min 6 6 ns -
TCK LowTime 12 min 10 10 ns 
TCK High Time 13 min 10 10 ns 
TCK Asserted to TDO Driven 14 min 5 5 ns 
TCK Asserted to TDO VaIid 15 max 20 20 ns 
TCK Negated to TDO 3-Stated 16 max 20 20 ns 

Pixel and Control Setup Time 17 min 3 3 ns 
Pixel and Control Hold Time 18 min 2 2 ns 

Clock Cycle Time 19 min 7.4 9.09 ns 
Clock Pulse Width High Time 20 min 3.2 4 ns 
Clock Pulse Width Low Time 21 min 3.2 4 ns 

LD* Cycle Time 22 
1: I multiplexing min 14.81 18.18 ns 
2: 1 multiplexing min 14.81 18.18 ns 
4: I multiplexing min 29.63 36.36 ns 

LD* Pulse Width High Time 23 
1: I multiplexing min 6 7 ns 
2: I multiplexing min 6 8 ns 
4: 1 multiplexing min 12 15 ns 

LD* Pulse Width Low Time 24 
I: I multiplexing min 6 7 ns 
2: I multiplexing min 6 8 ns 
4: I multiplexing min 12 15 ns 

.. 
See test condItions on next page. 
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Bt463 Brooklree® 
AC Characteristics (continued) 

5-318 

Parameter Symbol MinlTyp/ 135 ···110 Units 
Max MHz MHz 

Analog Output Delay 25 typ 35 35 ns 
Analog Output RiselFall Time 26 typ 1.5 1.5 ns 
Analog Output Settling Time 27 max 8 8 ns 
Clock and Data Feedthrough (Note I) typ tbd tbd dB 
Glitch Impulse (Note I) typ 50 50 pV - sec 
DAC-to-DAC Crosstalk typ tbd tbd dB 
Analog Output Skew typ 0 0 ns 

max 2 2 ns 

Pipeline Delay min 11 11 Clocks 
max 15 IS Clocks 

V AA Supply Current (Note 2) IAA typ 500 450 rnA 
max tbd tbd rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 Q 
and VREF = 1.235 V. TTL input values are 0-3 V with input rise/fall times S; 4 ns, measured between the 
lO-percent and 90-percent points. ECL input values are V AA-O.8 to V AA-1.8 V with input rise/fall times S; 

2 ns, measured between the 20-percent and 80-percent points. Timing reference points at 50 percent for 
inputs and outputs. Analog output load S; 10 pF, and DO-D7 output load S; 75 pF. As the above parameters 
are guaranteed over the full temperature range, temperature coefficients are not specified or required. Typical 
values are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

All JTAG AC parameters are tested to a minimum V AA = 5.0 V with VIL on JTAG pins at 0.6 V maximum. 

Note 1: Clock and data feedthrough is a function of the number of edge rates, and the amount of overshoot 
and undershoot on the digital inputs. For this test, the TTL digital inputs have a I kQ 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, and -3 dB test bandwidth = 2x clock rate. 

Note 2: At Fmax; IAA (typ) at VAA =5.0 V, and TA = 20° C. IAA (max) atVAA = 5.25 V, and TA= 0° C. 

See timing waveforms and notes in Figures 16-18. 
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Timing Waveforms 

I I 
-1-

RIW, co, CI VALID \ 
I 

3 

4 

6 

DO. D7 (READ) 

s I ~ 1.....- DATA OUT (RIW = I) 

" .....-

DO • D7 (WIIl'rn) 
/1\ 

DATAIN(RIW=O) 

8 

~ 

Figure 16. MPU ReadlWrlte Timing Dimensions. 
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V VALID AND DRIVING 

" 
TDO 

Note 1: TMS and TDI are sampled on the rising edge of TCK. 
Note 2: TOO. changes after the falling edge of TCK. 

Figure 17. JTAG Timing. 
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22 

23 24 

LD' 

PO·P27 {A.D). 

WTO·WT3 {A.D). 

SYNC'. BLANK' 

18 

lOR. lOG. lOB 

19 

20 

CLOCK 

21 

Note 1: Output delay time is measured from the 50-percent point of the rising clock edge to the 
50-percent point of full-scale transition. 

Note 2: Output settling time is measured from the 50-percent point of full-scale transition to output 
settling within ±l LSB. 

Note 3: Output rise/fall time is measured between the lO-percent and 90-percent points of full-scale 
transition. 

Figure 18. Video Input/Output Timing. 

Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt463KG135 135 MHz 169-pin Ceramic 00 to +700 C 
PGA 

Bt463KGllO 110 MHz 169-pin Ceramic 00 to +700 C 
PGA 
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Advance Information 

This document contains infonnation on a product under development. The 
parametric and functional information are target parameters and are subject to 
change without notice. Please consult Brooktree regarding the most updated 
datasheet before design. 

Distinguishing 
Features 

• 230, 170, 135 MHz Operation 
• 8:1 Multiplexed TIL Pixel Ports 
• Register Compatibility with Bt458 
• 256-Word Dual-Port Color Palette 
• 4-Word Dual-Port Overlay Palette 
• RS-343A-Compatible Outputs 
• Bit Plane Read and Blink Masks 
• Programmable Offset 
• Standard MPU Interface 
• 145-pin PGA Package 
• +5 V CMOS Monolithic 

Construction 

Applications 

• High-Resolution Color Graphics 
• CAFJCAD/CAM 
• Image Processing 
• Video Reconstruction 

Related Products 

• Bt431 , Bt438, Bt439, Bt458 

Functional Block Diagram 

LD' 

ro·PI 
(A. II) 

OLO·OLl 
(A.II) 

SYNC' 

BLANK' 

Brooktree Corporation· 9950 Barnes Canyon Rd .• San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC .1LX: 383 596· FAX: (619) 452-1249 
L467001 Rev. A 

Bt467 
230 MHz 

Monolithic CMOS 
256-Color· Palette 

RAMDACTId 

Product Description 

The Bt467 is designed specifically for high- _ 
performance, high-resolution color graphics. The 
architecture enables the display of 1600 x 1280 
bit-mapped color graphics (up to 8 bits per pixel 
plus up to 2 bits of overlay information). This 
minimizes the requirements for costly ECL inter-
facing, as most of the high-speed (pixel clock) 
logic is contained on chip. The 8: 1 multiple pixel 
ports and intenial multiplexing enable TIL-
compatible interface (up to 29 MHz) to the frame 
buffer, while maintaining the 230-MHz video 
data rates required for 76 Hz systems. 

The Bt467 contains a 256 x 24 color lookup ta
ble with triple 8-bit video D/A converters. The 
Bt467 is also register-compatible with the Bt458, 
providing Bt458 software/device driver compati
bility. In addition, extended registers are optional, 
providing such features as testability enhanCe
ments, sync output, and pedestal option. The 
Bt467 has 0 IRE setup with no composite sync on 
the green channel. An output is provided for either 
separate sync or PLL for synchronization; 

On-chip features include programmable blink 
rates, bit plane masking and blinking, color over
lay capability, and a dual-port color palette RAM. 

The Bt467 generates RS-343A-compatible red, 
green, and blue and can drive doubly-terminated 75 
n coax directly, without requiring external buffer
ing. The differential and integral linearity errors of 
the D/A converters are guaranteed to be a maxi
mum of ±1 LSB over the full temperature range. 



Bt467 
Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the Bt467 
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 RAM allow color updating 
without contention with the display refresh process. 

As shown in Table 1, the CO, Cl, and CEXT control 
inputs, in conjunction with the internal address register, 
specify which control register, color palette RAM entry, 
or overlay RAM will be accessed by the MPU. CEXT is 
used to specify Bt458 register compatibility or access to 
the extended register set. 

The 8-bit address register (ADDR0-7) is used to 
address the internal RAM and registers, eliminating the 
requirement for external address multiplexers. ADDRO 
corresponds to DO and is the least significant bit. 

ADDR0-7 CEXT C1 CO 

$xx X 0 0 

$OO-$FF X 0 1 

$00 X 1 1 
$01 X I 1 
$02 X 1 1 
$03 X 1 1 

$00 X I 0 
$01 X 1 0 
$02 X I 0 
$03 X 1 0 
$04 X 1 0 
$05 X 1 0 
$06 X 1 0 
$07 X 1 0 

$08 1 1 0 
$09 1 1 0 
$OA 1 1 0 
$OB 1 1 0 
$OC 1 1 0 
$OD 1 1 0 
$OE 1 1 0 
$OF 1 1 0 

Brooldree® 

8t467 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 RAM to be modified. The MPU performs three 
successive write cycles (red. ~reen, and blue), using CO and 
CI to select either the color palette RAM or overlay RAM. 
After the blue write cycle, the 3 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 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 RAM to be read. The MPU peiforms three 
successive read cycles (red, green, and blue), using CO and 
CI to select either the color palette RAM or overlay RAM. 
Following the blue read cycle, the address register 
increments to the next location, which the MPU may read 
by reading another sequence of red, green, and blue data. 

Addressed by MPU 

address register 

color palette RAM 

overlay color 0 
overlay color I 
overlay color 2 
overlay color 3 

ID Register ($80) 
Revision Register 

reserved ($00) 
reserved ($00) 

read mask register 
blink mask register 
command register 

test register 

command register 1 
command register 2 

reserved ($00) 
L __ L ___ ~_O-__ 1 

U:;~ll(;e;l~U:;l '-

red signature 
green signature 
blue signature 
reserved ($00) 

Table 1. Address Register (AOOR) Operation .. 
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Brooktree® 
Circuit Description (continued) 

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 2 additional bits that count modulo three. 
They are reset to zero when the MPU reads or writes to 
the address register. In the 8t458 register-compatibility 
mode, the MPU does not have access to these bits. 
However, in the extended register mode, the modulus 
three is accessible as read-only register bits through 
Command Register I. This provides the state of these 2 
bits after the last color was loaded. These 2 bits provide 
the state of the read/write cycle after the last color is 
loaded. 

Bt467 

Additional Information 

Although the color palette RAM and overlay registers 
are dual ported, if the pixel and overlay data are 
addressing the same palette entry being written to by the 
MPU during the write cycle, 1 or more of the pixels on 
the display screeu may be disturbed. A maximum of 1 
pixel is disturbed if the write data from the MPU is valid 
during the entire chip enable time. 

The control registers can also be accessed through the 
address register in conjunction with the CO, C 1, and 
CEXT inputs, as specified 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. 

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 I 
illustrates the MPU read/write timing of the 8t467. 

R1W, CO, CI, CEXT J VAUD X~ ____________ ~ __________________________________ __ 
\ / 

DO • D7 (READ) -------------------~< DATA OUT (RIW: I) )>------

DO • D7 (WRITE) X DATAIN(RIW:O) 

--------------------- x'--____ __ 

Figure 1. MPU Read/Write Timing. 
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Bt467 
Circuit Description (continued) 

Frame Buffer Interface 

To enable the transfer of pixel data from the frame buffer 
at TTL data rates, the Bt467 incorporates internal latches 
and multiplexers. As illustrated in Figure 2, on the rising 
edge of LD"', sync and blank information, color 
information (up to 8 bits per pixel), and overlay 
information (up to 2 bits per pixel), for 8 consecutive 
pixels, are latched into the device. With this configuration, 
the sync and blank timing will be recognized only with 
8-pixel resolution. Typically, the LD'" signal is used to 
clock external circuitry to generate the basic video timing. 

At each clock cycle, the Bt467 outputs color information 
based on the {A} inputs, followed by the {B} inputs, 
followed by the {C} inputs, etc., until all 8 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 character or cursor generation logic. 

LD' 

PO·p? {A·H}. 

OLO·OLi {A.H}. 

SYNC"', BLANK'" 

lOR. lOG, lOB 

CLOCK 

Brooktree® 

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 eight, 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 eight 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. 

Only one rising edge of LD* should occur every eight 
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 input/Output Timing. 
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Brooktree® 
Circuit Description (continued) 

Read and Blink Masking 

At each clock cycle, 8 bits of color infonnation (PO-P7) 
and 2 bits of overlay information (OLO, OLl) for each 
pixel are processed by the read mask, blink mask, and 
command registers. These registers are not initialized. 
They must be initialized by the user after power up for 
proper operation. Through 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 caused by blinking does 
not occur during the active display time (i.e., in the middle 
of the screen), the Bt467 monitors the BLANK* input to 
determine vertical retrace intervals. A vertical retrace 
interval occurs when 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. PO is the LSB when addressing the color 
palette RAM. Table 2 is the truth table used for color 
selection. 

Video Generation 

At every clock cycle, the selected color information from 
.the color palette RAMs or overlay registers is presented to 
the D/A converters. 

The BLANK* input, pipelined to maintain 
synchronization with the pixel data, adds an 
appropriately-weighted current to the analog outputs, 
producing the specific output levels required for video 
applications, as illustrated in Figures 3 and 4. 

CR06 OL1 OLD PO-P7 

1 0 0 $00 
1 0 0 $01 
: : : : 
1 0 0 $FF 
0 0 0 $xx 
x 0 I $xx 
x 1 0 $xx 
x 1 I $xx 

Bt467 

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. Tables 
3-6 detail how the BLANK* input modifies the output 
levels. 

The D/A converters on the Bt467 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 use of identical current sources and 
current-steering their outpuis. An on-chip operational 
amplifier stabilizes the D/A converter's full-scale output 
current against temperature and power supply variations. 

The Bt467 does not have a sync current source on the 
green channel (lOG) as does the Bt458. However, to 
generate a sync on green (lOG), the PLUsync signal can, 
be programmed to generate sync current. Sync on green 
can be generated by tying the lOG and PLUSync output 
siguals together. This combination will supply the 
appropriate sync current (see Figures 5 and 6). This 
output sigual combination should be properly terminated 
to ground through a 75 n resistor. 

Addressed by frame 

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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Bt467 Brooktree® 
Circuit Description (continued) 

IOR,IOG,IOB 

MA V 

19.05 0.714 -,-----.=---------------- WHITE LIlVEL 

100RE 

0.00 0.000 --'-_____ ----L ____ --------- BLACKIBLANK LEVEL 

Note: 75 n doubly-terminated load. RSET = 487 n. and VREF = 1.235 V. Blank pedestal = 0 IRE. RS-343A levels and 
tolerances are assumed on all levels. Forfull-scale voltage ofO.7DO V. RSET = 495 n. 

Figure 3. Composite Video Output Waveform (SETUP = 0 IRE). 

Description lOR, lOG, lOB BLANK* DAC 
(mA) Input Data 

WHITE 19.05 I $FF 

DATA data I data 
BLACK 0 1 $00 

BLANK 0 0 $xx 

Note: Typical with full-scale lOG = 19.05 rnA. RSET = 487 n, and VREF = 1.235 V. Blank pedestal = 0 IRE. For 
full-scale voitage oiO.7GO V. R~T = 495 n. 

Table 3. Video Output Truth Table (SETUP = 0 IRE). 
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Brooktree® Bt467 
Circuit Description (continued) 

lOR. lOG. lOB 

MA V 

19.05 0.714 .---"'-----------=---- WHITE LEVEL 

1.44 0.054 -1-------+-------/'---------- BLACK LEVEL 

7.5 IRE 

0.00 0.000 -1-_____ ----L ___ --' ________ BLANK LEVEL 

Note: 75 n doubly-terminated load, RSET = 487 n, and VREF = 1.235 V. Blank pedestal = 7.5 IRE. RS-343A levels 
and tolerances assumed on all levels. For full-scale voltage of 0.700 V, RSET = 495 n. 

Figure 4. Composite Video Output Waveform (SETUP = 7.5 IRE). 

Description lOR, lOG, lOB BLANK" DAe 
(mA) Input Data 

WHITE 19.05 I $FF 
DATA data + 1.44 1 data 
BLACK 1.44 1 $00 
BLANK 0 0 $xx 

Note: Typical with full-scale lOG = 19.05 rnA. RSET = 487 n, and VREF = 1.235 V. Blank pedestal = 7.5 IRE. For 
full-scale voltage of 0.700 V, RSET = 495 n. 

Table 4. Video Output Truth Table (SETUP = 7.5 IRE). 
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Bt467 
Circuit Description (continued) 

RBD.BLUl! GREEN 

MA V MA V 

18.60 0.698 26.67 1.000 -r----=-------------:::::----- WHITE LEVEL 

0.00 0.000 8.OS 0.302 -+--------'--..,.-..--1--------- BLACKIBLANK LEVEL 

43\RE 

0.00 0.000 -L.. ______ --L-.J'--__ ------- SYNC LEVEL 

Note: 75 n doubly-terminated load, RSET = 487 n, and VREF = 1.235 V. Blank pedestal = 0 IRE. RS-343A levels and 
tolerances are assumed on all levels. 

5-328 

Figure 5. Composite Video Output Waveform (SETUP = 0 IRE) 
PLUSYNC Externally Tied To lOG. 

Description lOG 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 = 487 n, and VREF = 1.235 V. 
Blank pedestal = 0 IlW. 

Table 5. Video Output Truth Table (SETUP = 0 IRE). 
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Brooktree® Bt467 
Circuit Description (continued) 

RED, BLUE GREEN 

MA V MA V 

19.05 0.714 26.67 1.000 ---=--_. WHITE LEVEL 

1.44 0.054 9.05 0.340 -t-------+-----I~------- BLACK LEVEL 

7.5 IRE 

0.00 0.000 7.62 0.286 -t--------l--r--,--~-------- BLANK LEVEL 

40 IRE 

0.00 0.000 
-'--_______ .L--'-_____ . ____ SYNC LEVEL 

Note: 75 n doubly-terminated load, RSET = 487 n, and VREF = 1.235 V. RS-343A lcvels and tolcrances are assumed 
on all levels, 

Figure 6. Composite Video Output Waveform (SETUP = 7.5 IRE) 
PLUSYNC Externally Tied To lOG. 

Description lOG IOR,IOB SYNC' BLANK' DAC 
(rnA) (rnA) 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 lOG = 26,67 mAo RSET = 487 n, and VREF = 1,235 V. 
Blank pedestal = 7.5 IRE. 

Table 6. Video Output Truth Table (SETUP = 7.S IRE). 
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Bt467 Brooldree® 
Internal Registers 

Command Register 

The command register may be written to or read by the MPU at any time and is not initialized. This register is not 
initialized. It must be initialized by the user after power up for proper operation. CRO corresponds to data bus bit DO. 

CR07 

CR06 

CR05,CR04 

CR03 

CR02 

CR01 

CROO 

Multiplex select 

(0) 8: 1 multiplexing 
(1) 8:1 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 

OLl display enable 

(0) disable 
(1) enabie 

v 

OLD display enable 

(0) disable 
(1) enable 

5-330 SECTION 5 

It is only possible to set the pipeline delay of the Bt467 to 
a fixed 8-clock cycle. 

When the overlay display bits are 00, this bit specifies 
whether to use the color palette RAM or overlay color 0 to 
provide color information. 

These 2 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 (percent on/off). 

If a logical one, this bit forces the OLl {A-HI 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 values of the OLl 
{A-HI inputs. In order for overlay I bit plane to blink, bit 
CR01 must be set to a logical one. 

If a logical one, this bit forces the OLO {A-HI 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 values of the OLO 
{A-H I inputs. In order for overlay 0 bit plane to blink, bit 
CROO must be set to a logical one. 

If a logical zero, this bit forces the OLl {A-HI inputs to a 
logical zero prior to selecting the palettcs. A value of a 
logical one does not affect the values of the OLl {A-HI 
inputs. 

If a logical zero, this bit forces the OLD {A-H I inputs to a 
logical zero prior to selecting the palettes. A value of a 
logical one does not affect the values of the OLO {A-HI 
inputs. 



Brooldree® Bt467 
Internal Registers (continued) 

Command Register 1 

The command register may be written to or read by the MPU at any time and is not initialized. This register is not 
initialized. It must be initialized by the user after power up for proper operation. CRIO corresponds to data bus bit DO. 

CRI?, CRI6 

CRI5 

CRI4 

CR13 

CRI2 

CRll 

CRIO 

Address counters 

(0,0) red 
(0,1) green 
(1,0) blue 
(1,1) undefined 

reserved (logical zero) 

reserved (logical zero) 

reserved (logical zero) 

reserved (logical zero) 

reserved (logical zero) 

reserved (logical zero) 

This is a read-only register bit that specifies the location of 
the modulus a,b addresses. This is useful to determine the 
last location written to during the load of the palette RAM. 
These bits are read only. 
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Bt467 Brooktree~ 

Internal Registers (continued) 

Command Register 2 

The command register may be written to or read by the MPU at any time and is not injtialized. It must be initialized by the 
user after power up for proper operation. CR20 corresponds to data bus bit DO. 

CR27 

CR26 

CR25,CR24 

CR23 

CR22 

CR21 

CR20 

5-332 

reserved (logical zero) 

Pedestal enable 

(0) 0 IRE pedestal 
(1) 7.5 IRE pedestal 

Load palette RAM select 

(00) normal 
(01) red RAMDAC 
(10) green RAMDAC 
(11) blue RAMDAC 

PLL generate 

(0) SYNC* 
(1) BLANK* 

PLUSYNC 

(0) disable 
(1) enable 

PLUSYNC select 

(O)PLL 
(1) SYNC 

Test mode select 

v 
(0) signature analysis test 
(1) data strobe test 

SECTION 5 

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 Bt467 
using three write cycles (red, green, and blue). Color data 
is output using three read cycles (red, green, and blue). 

Modes (01), (10), and (11) enable the Bt467 to emulate a 
single-channel RAMDAC using only the green channel. 
The Bt467 expects color data to be input and output using 
(red, green, blue) cycles. The exact value indicates during 
which one of the three color cycles the Bt467 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. 

If (0) is specified, the PLUSYNC output is disabled. If (1) 
is specified, the PLUSYNC output is enabled, and CR2l 
should be used to select PLL or SYNC. 

If (0) is specified, PLUSYNC outputs PLL current. CR23 
should be used to select SYNC or BLANK to generate the 
PLL information. If (1) is specified, PLUSYNC outputs 
SYNC current. 

This bit determines the methmi of high-speed test used. 
The signature analysis registers are used to hold the test 

-result for both test methods. . 



Brooktree® Bt467 
Internal Registers (continued) 

Read Mask Register 

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-H}), and D7 correspond to bit plane 7 (P7 (A-H}). 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. It must be initialized by the user after power up for proper operation. 

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-H}), and D7 corresponds to bit 
plane 7 (P7 (A-H}). 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. It must be initialized by the user after 
power up for proper operation. 

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 Bt467, the value read by the MPU will be $80. Data written to this register is 
ignored. If this location is read from the Bt458, the value returned will be $00. 

Revision Register 

This 8-bit register is a read-only register, specifying the revision of the Bt467. If this location is read from the Bt458, the 
value returned will be $01. The 4 most significant bits signify the revision letter in hexadecimal form. The 4 least 
significant bits do not represent any value and should be ignored. For the Bt467, the value read by the MPU will be $B2. 

Reserved Register ($02 and $03) 

These registers are not identically compatible with the Bt458. For the Bt467, if these registers are read, they will return a 
value of ($00) to the data bus. For the Bt458, if these same locations are read, the data present on the data bus will be 
returned. 
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Bt467 Brooktree® 
Internal Registers (continued) 

8t467 Test Register 

The test register provides diagnostic capability by enabling the MPU to read the inputs to the 01 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 4 bits (04-07) are 
ignored. 

The contents of the test register are defined as follows: 

D7-D4 Color Information (4 bits of red, green, or blue) 

03 low (logical one) or high Oogical zcro) nibble 
02 blue enable 
01 green enable 
DO red enable 

To use the test register, the host MPU writes to it, setting only one of the (red, green, blue) enable bits. These bits specify 
which 4 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 4 bits of color information from the OAC inputs are contained in the upper 4 bits, and the 
lower 4 bits contain the (red, green, blue, low, or high nibble) enable information previously written. Either the CLOCK 
must be slowed 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 4 bits of red color information being presented to the 01 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 D4-07 containing R4-R7 color bits and 00-03 containing (red, green, blue, low, or high nibble) enable 
information, as listed below. 

07 R7 
D6 R6 
05 R5 
D4 R4 

D3 0 
02 0 
D1 0 
DO 1 
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Brooktree® 
Internal Registers (continued) 

Signature Registers (Signature Mode) 

In the active mode, the signature register operates with 
the 24 bits of data that are output from the color palette 
RAM. These 24-bit vectors represent a single pixel 
color and are presented as inputs simultaneously to the 
red, green, and blue signature analysis registers (SARs), 
as well as to the three on-chip DACs. 

The SARs act as a 24-bit-wide linear feedback shift 
register on each succeeding pixel that is latched. In 8:1 
multiplexed mode, the SARs only latch 1 pixel per load 
group. Thus, the SARs are operating only on every 
eighth pixel in the multiplexed mode. The user 
determines which pixel phase (A, B, C, D, E, F, G, or 
H) is latched to generate new signatures by setting bits 
DO-D2 in Test Register 1. 

The Bt467 will generate signatures only while it is in 
"active-display" (BLANK* negated). The SARs are 
available for reading and writing by the MPU port when 
the Bt467 is in a blanking state (BLANK* asserted). It 
is safe to access the SARs after the DAC outputs are in 
the blanking state (up to 15 pixel clock periods after 
BLANK* is asserted). 

Typically, the user will write a specific 24-bit seed 
value into the SARs. Then, a known pixel stream, e.g., 
one scan-line or one frame buffer's worth of pixels, will 
be input to the chip. Then, at the succeeding blank state, 
the resultant 24-bit signature can be read by the MPU. 
The 24-bit signature register data is a result of the same 
captured data that is fed to the DACs. Thus, overlay 
data validity is also tested with the signature registers. 

The Bt467 linear feedback configuration is shown in 
Figure 7. 

Bt467 

Experienced users have developed tables of specific 
seeds and pixel streams, and recorded the signatures that 
result from those inputs applied to known-good parts. A 
good signature from one given pixel stream can be used 
as the seed for the succeeding stream to be tested. Any 
signature is deterministically created from a starting 
seed, and the succeeding pixel stream is fed to the 
SARs. 

Signature Registers (Data-Strobe Mode) 

Setting command bit CR20 to a logic one puts the SARs 
into data strobe mode. In this instance, the linear 
feedback circuits of the SARs are disabled, which stops 
the SARs from generating signatures. Instead, the SARs 
capture and hold the respective pixel phase selected. 

Any MPU data written to the SARs is ignored. 
However, each pixel color value that is strobed into the 
SARs can be directly checked. To read values captured 
in the middle of a pixel stream, the user should first 
freeze all inputs to the B t467. The levels of most inputs 
do not matter except that CLOCK should be high and 
CLOCK* should be low. Then, the user can read the 
pixel color by doing three successive MPU reads from 
the red, green, and blue SARs, respectively. 

In general, the color read-out will correspond to a 
pixel latched on the previous load. However, because 
the data path is pipelined, the color may come from an 
earlier load cycle. To read successive pixels, LD* 
should be toggled. the CLOCK pins should be pulsed 
according to the mux state, and all pixel-related inputs 
should then be held and the three MPU reads should be 
performed as described. This process is best done on a 
sophisticated VLSI semiconductor tester. 
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Bt467 Brooldree® 
Internal Registers (continued) 

RD-R7 GD-G7 BO-B7 

FROM LOOKUP TABLE FROM LOOKUP TABLE FROM LOOKUP TABLE 

CR20 

• MPU SAR READ BIT 

Figure 7. Signature Analysis Register Circuit. 
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Brooktree@ Bt467 
Internal Registers (continued) 

Test Register 1 

This 8-bit register is used to test the Bt467. Signature analysis is performed on every eighth pixel. DO-D2 are used for 8: 1 
multiplexing to specify whether the A, B, C, D, E, F, G, or H pixel inputs are to be used, as follows: 

D2-DO Selection 

000 pixel A 
001 pixelB 
010 pixelC 
011 pixelD 
100 pixelE 
101 pixelF 
110 pixelG 
III pixelH 

D3-D7 are used to compare the analog RGB outputs to each other and to a 145 mV reference. This enables the MPU to 
determine whether the CRT monitor is connected to the analog RGB outputs and whether the DACs are functional. 

D7 D6 D5 D4 D3 

red green blue 145 mVref. result 
select select select select 

D7-D4 IfD3 = I IfD3 =0 

0000 normal operation - -
1010 red DAC compared to blue DAC red> blue blue> red 
1001 red DAC compared to 145 mV reference red> 145 mV red < 145 mV 
0110 green DAC compared to blue DAC green> blue blue> green 
0101 green DAC compared to 145 mV reference green> 145 mV green < 145 mV 

The above table lists the valid comparison combinations. A logical one enables that function to be compared; the result is 
D3. The output levels of the DACs should be constant for 5 IlS to allow enough time for detection. The capture occurs over 
one LD* period set by a logical one at any of the pixel pins. 

For normal operation, D3-D7 must be logical zeros. 
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Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

LD* 

PO-P7 
{A-H} 

OLO--OLl 
{A-H} 

Description 

Composite blank control input (TTL compatible). A logical zero drives the analog outputs to the blanking 
level, as specified 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 inputs (TTL compatible). A logical zero typically switches off a 40 IRE current 
source on the PLUSYNC output (see Figures 5 and 6). SYNC* does not override any other control or data 
input, as shown in Tables 5 and 6; 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-P7 {A-H}, OLO--OLl {A-H}, BLANK*, and SYNC* inputs 
are latched on the rising edge of LD*. LD* may be phase independent of the CLOCK and CLOCK* inputs. 
LD* may have any duty cycle within the limits specified in the AC Characteristics section. 

Pixel select inputs (TTL 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. Eight consecutive pixels are in
put through this port. They are latched on the rising edge of LD~. Unused inputs should be connected to 
GND. 

The {A} pixel is output first, followed by the {B} pixel, followed by the {C} pixel, etc., until all 8 pixels 
have been output, at which point the cycle repeats. 

Overlay select inputs (TTL compatible). These control inputs are latched on the rising edge of LD* and, in 
conjunction with bit 6 of the command register, specify which palette is to be used for color infqrmation, as 
follows: 

OL1 OLO CR06 = 1 CR06= 0 

0 0 color palette RAM overlay color 0 
0 1 overlay color 1 overlay color 1 
1 0 overlay color 2 ovcrlay color 2 
1 1 overlay color 3 overlay color 3 

When accessing the overlay palette, the PO-P7 {A-H} inputs are ignored. Overlay information bits (up to 2 
bits per pixel) for 8 consecutive pixels are input through this port. Unused inputs should be connected to 
GND. 

lOR. lOG, lOB Red, green, and blue video current outputs. These high-impedance current sources can directly drive a doub
ly-terminated 75 Q coaxial cable (see Figure 5). 

PLUSYNC* Phase lock loop current output. This high-impedance current source is used to enable synchronization of 
multiple Bt467s with subpixel resolution when used with an external PLL. This function is accessible 
through the extended command registers. A logical one on the BLANK* input results in no current output 
onto this pin, while a logical zero results in the foiiowing current output: 

5-338 

PLL (rnA) = 3,227 * VREF ( V) I RSET (Q) 

If subpixel synchronization of multiple devices is not required, this output should be connected to GND (ei
ther directly or through a resistor of up to 150 Q). The Bt467 does not have a SYNC current source on the 
green channel (lOG) as does the Bt458. However, to generate a SYNC on green (lOG), the PLUSYNC sig
nal can be programmed to generat!}" SYNC current. SYNC can be generated by tying the lOG and PLU 
SYNC output signals together. This combination will supply the appropriate SYNC current (see Figures 5 
and 6). This output signal combination should be properly terminated to ground through a 75 Q resistor. 
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Brooldrre@ Bt467 
Pin Descriptions (continued) 

Pin Name 

CaMP 

FS ADJUST 

VREF 

CLOCK, 
CLOCK* 

CE* 

R!W 

CO,CI,CEXT 

DO-D7 

VAA 

GND 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A O. I ILF 
ceramic capacitor must be connected between this pin and V AA (see Figure 8 in the PC Board 
Layout Considerations section). Connecting the capacitor to V AA rather than to GND provides the 
highest possible power supply noise rejection. The CaMP capacitor must be as close to the device 
as possible to keep lead lengths to an absolute minimum and to maximize the capacitor's 
self-resonant frequency to be greater than the LD* frequency. Refer to PC board layout 
considerations for critical layout criteria. 

Full-scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full-scale video signal (see Figure 8). The IRE relationships in Figures 3-6 are 
maintained, regardless of the full-scale output current. 

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

RSET (n) = 10,684* VREF (V) I lOG (rnA) 

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

lOR, lOG, lOB, (rnA) = 7,457* VREF (V) I RSET (n) 

Voltage reference input. An external voltage reference circuit must supply this input with a 1.235 V 
(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 VAA. If VAA is excessively noisy, 
better performance may be obtained by decoupling VREF to GND. The decoupling capacitor must 
be as close to the device as possible to keep lead lengths to an absolute minimum (see Figure 8.) 

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured for 
single-supply (+5 V) 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*. Glitches should be avoided 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*. 

Command control inputs (TTL compatible). CO, Cl, and CEXT specify the type of read or write 
operation being performed, as shown in Table 1. CEXT provides the contml input for Bt458 register 
compatibility or access to the extended register set. These Inputs are latched on the falling edge of 
CE*. 

Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit 
bidirectional data bus. DO is the least significant bit. 

Analog power. All V AA pins must be connected together on the same PCB plane to prevent latchup. 

Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
latchup. 
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Bt467 Brooktree® 
Pin Descriptions (continued) 

Signal Pin Signal Pin Signal Pin 
Number Number Number 

BLANK* KI P5A KI5 DO B9 
SYNC· 12 P5B 115 DI B8 

LD* K3 P5C K13 D2 AIO 
CLOCK 11 P5D KI4 00 A9 
CLOCK* K2 P5E LI4 D4 CIO 

P5P LI5 D5 BIO 
POA PI P5G MI5 D6 Bll 
POB P2 P5H LI3 D7 All 
POC N2 
POD Nl P6A DI5 VAA C3 
POE MI P6B E15 VAA C7 
POP L3 P6C PI5 VAA C8 
POG L2 P6D FI4 VAA C13 
POH M2 P6E 014 VAA D4 

P6F GI5 VAA G13 
PIA R4 P6G 114 VAA H3 
PIB N5 P6H HI5 VAA H13 
PIC N4 VAA J3 
PID P4 P7A BI5 VAA N3 
PIE R2 P7B BI4 VAA NI3 
PIF R3 P7C CI4 
PIG P3 P7D CI5 GND A5 
PlH RI P7E EI4 GND A7 

P7F EI3 GND C4 
P2A P7 P7G F13 GND C9 
P2B R7 P7H 014 GND D13 
P2C R6 GND G3 
P2D N7 OLOA 01 GND H2 
P2E N6 OLOB E3 GND HI4 
P2F P6 OLOC D3 GND 113 
P2G P5 OLOD D2 GND M3 
P2H R5 OLOE BI GND NI2 

OLOP CI 
P3A RIO OLOG C2 reserved A2 
P3B PIO OLOH Al reserved LI 
P3C P9 reserved AI2 
P3D N9 OLIA G2 reserved CI2 
P3E R8 OLIB HI reserved AI4 
P3P R9 OLIC FI reserved B13 
P3G N8 OLID 01 reserved Cll 
P3H P8 OLIE F3 reserved BI2 

OLIF F2 reserved A13 
P4A M13 OLIG E2 reserved AI5 
P4B M14 OLIH EI reserved P13 
P4C P15 reserved RI2 
P4D N15 lOR A8 reserved Pll 
P4E NI4 lOG B7 reserved NIO 
P4F RI5 lOB A6 reserved R13 
P4G R14 PLUSYNC* A4 reserved P12 
P4H PI4 reserved NIl 

CE'!' B2 reserved Rll 
COMP C6 RIW B3 

PS ADJUST A3 CO B5 
VREF B6 CI C5 

CEXT B4 
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Brooktree® Bt467 
Pin Descriptions (continued) 

15 N/c P7A P70 P6A P6B P6C P6F P6H P5B P5A P5F P5G P40 P4C P4F 

14 N/C P7B P7C P7H P7E P60 P6E GND P6G P50 P5E P4B P4E P4H P4G 

\3 N/c N/c YAA GNO P7F P7G YAA YAA GNO P5C P5H P4A YAA N/C N/C 

12 N/C N/C N/C GNO N/C N/C 

11 07 06 N/C N/C N/c N/C 

iO 02 05 D4 Bt467 N/C P3B P3A 

D3 DO GNO P30 P3C P3F 

lOR 01 VAA P3G P3H P3E 

(TOP VIEW) 
GNO lOG VAA P20 P2A P2B 

lOB YREF COMP P2E P2F P2C 

GNO CO CI PIB P2G P2H 

PUl CEXT GND YAA PIC PID PIA 
SYNC" 

FSADJ R/W YAA OLOe OLOB OLiE GND VAA YAA LD* POF GND YAA PIG PIF 

N/C CE* OLOG OLOD OLiG OLiF OLiA GND SYNC'" eLK'" POG POH POe POB PIE 

~ OLOE OLOF OLOA OLiH OLiC OLiD OLiB CLK BLK* N/C POE POD POA PlH 

/ A B C D E F G H K L M N P R 

Alignment 
Marker 

(on Top) 
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Pin Descriptions (continued) 

15 P4F P4C P4D P5G P5F P5A P5B P6H P6F P6C P6B P6A P7D P7A N/C 

14 P4G P4H P4E P4B P5E P5D P6G GND P6E P6D P7E P7H P7C P7B N/C 

13 N/C N/C VAA P4A P5H P5C GND VAA VAA P7G P7F GND VAA N/C N/C 

12 N/C N/C GND N/C N/C N/C 

11 N/C NIC N/C N/C D6 D7 

10 P3A P3B N/C Bt467 D4 D5 D2 

P3F P3C P3D GND DO D3 

P3E P3H P3G VAA DI lOR 

(BOTTOM VIEW) 
P2B P2A P2D VAA lOG GND 

P2C P2F P2E CaMP VREF lOB 

P2H P2G PIB CI co GND 

PIA PID PIC VAA GND CEXT PLU 
SYNC'" 

PIF PiG VAA GND POF LD' VAA VAA GND OLiE OLOB OLOC VAA RIW FSADJ 

PIE POB POC POH POG eLK'" SYNC· GND aLIA OLiF OLiG OLOD OLOG CE' N/C 

PIH POA POD POE N/C BLK* CLK OLIB OLiD OLiC OLiR OLOA OLOF aLOE B 
R P N M L K H G F E D C B A 

"" Alignment 
Marker 

(on Top) 
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Brooktree® 
PC Board Layout Considerations 

PC Board Considerations 

For optimum performance of the Bt467, proper CMOS 
RAMDAC layout techniques should be studied in the 
Bt451nlS Evaluation Module Operation and Measurements, 
Application Note (AN-16). This application note can be 
found in Brooktree's Applications Handbook. 

The layout should be optimized for lowest noise on the 
Bt467 power and ground Iplanes by providing good 
decoupJing. The trace length between groups of V AA and 
GND pins should be as short as possible to minimize 
inductive ringing. 

A well-designed power distribution network is critical to 
eliminating digital switching noise. The ground plane must 
provide a low-impedance return path for the digital circuits. 
A PC board with a minimum of six layers is recommended. 
The ground layer should be used as a shield to isolate noise 
from the analog traces with layer I (top) for the analog 
traces, layer 2 for the ground plane, layer 3 for the analog 
power plane, and the remaining layers used for digital traces 
and digital power supplies. 

Component Placement 

Ccomponents should be placed as close as possible to the 
associated RAMDAC pin. Whenever possiple, components 
should be placed so traces can be connected point to point. 

The optimum layout enables the Bt467 to be located as 
close as possible to the power supply connector and the 
video output connector. 

Ground Planes 

For optimum performance, a common digital and analog 
ground plane is recommended. 

Power Planes 

Separate digital and analog power planes are recommended. 
The digital power plane should provide power to all digital 
logic on the PC board, and the analog power plane should 
provide power to all Bt467 power pins, VREF circuitry, and 
COMP and VREF decoupling. There should be at least a 
liS-inch gap between the digital power plane and the analog 
power plane. 

The analog power plane should be connected to the digital 
power plane (VCC) at a single point through a ferrite bead, 
as illustrated in Figure S. This bead should be located within 
3 inches of the Bt467. The bead provides resistance to 
switching currents, acting as a resistance at high frequencies. 
A low-resistance bead should be used, such as Ferroxcube 
5659065-3B, Fair-Rite 2743001111, or TDK BF45-4001. 

Bt467 

Device Decoupling 

For optimum performance, all capacitors should be located 
as close as possible to the device, and the shortest possible 
leads (consistent with reliable operation) should be used to 
reduce the lead inductance. Chip capacitors are 
recommended for minimum lead inductance. Radial lead 
ceramic capacitors may be substituted for chip capacitors 
and are better than axial lead capacitors for self-resonance. 
Values are chosen to have self-resonance above the pixel 
clock. 

Power Supply Oecoupling 

The best power supply decoupling performance is obtained 
with a 0.1 /IF ceramic capacitor in parallel with a 0.01 /IF 
chip capacitor, decoupling each of the groups of V AA pins 
to GND. The capacitors should be placed as close as 
possible to the device V AA and GND pins and connected 
with short, wide traces. 

The 33 /IF capacitor shown in Figure S is for 
low-frequency power supply ripple; the 0.1 /IF and O.OI-/lF 
capacitors are for high-frequency power supply noise 
rejection. 

When a linear regulator is used, the power-up sequence 
must be verified to prevent latchup. A linear regulator is 
recommended to filter the analog power supply if the power 
supply noise is greater than or equal to 200 m V. This is 
especially important when a switching power supply is used, 
and the switching frequency is close to the raster scan 
frequency. About 10 percent of the power supply hum and 
ripple noise less than 1 MHz will couple onto the analog 
outputs. 

COMP Oecoupling 

The COMP pin must be decoupled to V AA, typically with a 
0.1 flF ceramic capacitor. Low-frequency supply noise will 
require a larger value. The COMP capacitor must be as close 
as possible to the COMP and V AA pins. A surface-mount 
ceramic chip capacitor is preferred for. minimal lead 
inductance. Lead inductance degrades the noise rejection of 
the circuit. Short, wide traces will also reduce lead 
inductance. 

If the display has a ghosting problem, additional 
capacitance in parallel with the COMP capacitor may help. 

VREF Oecoupling 

A 0.1 /IF ceramic capacitor should be used to decouple this 
input to V AA. If V AA is excessively noisy, better 
performance may be obtained by decoupling VREF to GND. 
Providing alternate PCB pads (one to VAA and one to 
GND) is recommended for the VREF decoupling capacitor. 
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Bt467 Brooldree® 
PC Board Layout Considerations (continued) 

Digital Signal Interconnect 

The digital inputs to the Bt467 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 and output signals. 

Most noise on the analog outputs will be caused by 
excessive edge rates (less than 3 ns), overshoot, undershoot, 
and ringing on the digital inputs. 

The digital edge rates should not be faster than necessary, 
as feedthrough noise is proportional to the digital edge rates. 
Lower-speed applications will benefit from using 
lower-speed logic (3-5 ns edge rates) to reduce data-related 
noise on the analog outputs. 

Transmission lines will mismatch if the lines do not match 
the source and destination impedance. This will degrade 
signal fidelity if the line length reflection time is greater than 
one fourth the signal edge time (refer to Brooktree 
Application Notes AN-l1 and AN-12). Line termination or 
line-length reduction is the solution. For example, logic edge 
rates of 2 ns require line lengths of less than 4 inches 
without use of termination. Ringing may be reduced by 
damping the line with a series resistor (30-300 Q). 

Radiation of digital signals can also be picked up by the 
analog circuitry. This is prevented by reducing the digital 
edge rates (rise/fall time), minimizing ringing with damping 
resistors, and minimizing coupling through PC board 
capacitance by routing the digital signals at a 90 degree 
angle to any analog signals. 

The clock driver and all other digital devices must be 
adequately decoupled to prevent noise generated by the 
digital devices from coupling into the analog circuitry. 

5-344 SECTION 5 

Analog Signal Interconnect 

The Bt467 should be located as close as possible to the 
output connectors to minimize noise pickup and reflections 
caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk from 
digital lines.. digital traces must not be routed under or 
adjacent to the analog output traces. 

To maximize the high-frequency power supply rejection, 
the video output signals should not overlay the analog power 
plane. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance should be 
the same. The load resistor connection between the video 
outputs and GND should be as close as possible to the Bt467 
to minimize reflections. Unused analog outputs should be 
connected to GND. 

Analog output video edges exceeding the CRT monitor 
bandwidth can be reflected, producing cable-length 
dependent ghosts. Simple pulse filters can reduce 
high-frequency energy, reducing EMI and noise. The filter 
impedance must match the line impedance. 

Analog Output Protection 

The Bt467 analog output should be protected 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 8 can 
prevent latchup under severe discharge conditions without 
adversely degrading analog transition times. The lN4l48/9 
parts are low-capacitance, fast-switching diodes, which are 
also available in multiple-device packages (FSA250X or 
FSA270X) or surface-mountable pairs (BA V99 or 
MMBD7001). 



Brooklree® Bt467 
PC Board Layout Considerations (continued) 

C1l 

Bt467 

RSET 

R2 R3 

FSADJUST 

lOR P 

lOG 

lOB P 

G 
DAC 

OUTPUT 

VAA 

GND 

EMI may be compromised with ferrite bead 
in circuit. 

Ll 

TO 

VIDEO 

Cl 

+5V(VCC) 

GROUND 

(POWER SUPPLY 

CONNECTOR) 

CONNECTOR 

lN4l48/9 

TO MONITOR 

lN4I48/9 

Note: Each pair of device VAA and GND pins must be separately decoupled with 0.1 flF and 0.01 flF capacitors. 

Location Description Vendor Part Number 

CI-C5, CIO, Cll 0.1 flF ceramic capacitor Erie RPElIOZSUl04M5DV 
C6-C9 0.01 flF ceramic ch,ip capacitor AVX 121D2TlD3QAlO18 

CI2 33 flF tantalum capacitor Mallory CSR13F336KM 
L1 ferrite bead Fair-Rite 274300llll * 

RI,R2,R3 7 S n I % metal film resistor Dale CMF-S5C 
R4 1000 n I % metal film resistor Dale CMF-SSC 

RSET 523 n I % metal film resistor Dale CMF-SSC 
ZI 1.2 V voltage reference National Semiconductor LM38SZ-I.2 

* Or equivalent only. 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the 8t467. 

Figure 8. Typical Connection Diagram and Parts List. 
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Bt467 
Application Information 

Clock Interfacing 

Because of the high clock rates at which the Bt467 may 
operate, it is designed to accept differential clock signals 
(CLOCK and CLOCK"'). These clock inputs are 
generated by ECL logic operating at +5 V. The CLOCK 
and CLOCK'" inputs require termination resistors (220 n 
to GND) that should be located as close as pOssible to the 
clock driver. A 150 n chip resistor connected between 
the RAMDAC's CLOCK and CLOCK'" pins is also 
required to ensure proper termination. It should be 
located as close as possible to the RAMDAC. (See 
Figure 9.) 

The CLOCK and CLOCK'" inputs must be differential 
signals and greater than 0.6 V peak-to-peak due to the 
noise margins of the CMOS process. The Bt467 will not 
function using a single-ended clock with CLOCK'" 
connected to ground. 

CLOCK 

220 

XTALI 

CLOCK" 

220 

XTAL2 

LDA 

CLOCK 
GENERATOR 

lK 
VREF 

VAA 

Brooktree® 

Typically, LD'" is generated by dividing CLOCK by 
eight 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 only if fixed pipeline is not required. 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 Bt467 is being 
used, it is recommended that the Bt438 Clock Generator 
Chip be used to generate the clock and load signals. It 
supports the 8: 1 input multiplexing of the Bt467 , and 
will also optionally set the pipeline delay of the Bt467 to 
8 clock cycles. The Bt438 may also be used to interface 
the B t467 to a TTL clock. Figure 9 illustrates use of the 
Bt438 with the Bt467. 

CLOCK 

150 

CLOCK* 

RAMDAC 

LD* 

T 0.1 
VREF 

Figure 9. Generating the 8t467 Clock Signals. 
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Brooktree® 
Application Information (continued) 

Setting the Pipeline De/ay 

The pipeline delay of the Bt467, although fixed after a 
power-up condition, may be anywhere from 6 to 13 clock 
cycles. The Bt467 contains additional circuitry enabling 
the pipeline delay to be fixed at 8 clock cycles. The 
Bt438 Clock Generator Chip supports this mode of 
operation when used with the Bt467. 

To reset the Bt467, 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. 

Resetting the Bt467 to an 8 clock cycle pipeline delay 
does not reset the blink counter circuitry. Therefore, if 
multiple Bt467s are used in parallel, the on-chip blink 
counters may not be synchronized. In this instance, the 
blink mask registers should be $00. Blinking may be 
done under software control via the read mask registers. 

ESD and Latchup Considerations 

ESD-sensitive handling procedures are required to 
prevent device damage, which can produce symptoms of 
catastrophic failure or erratic device behavior with 
somewhat "leaky" inputs. 

All logic inputs should be held low until power to the 
device has settled to the specified tolerance. Avoid DAC 
power decoupling networks with large time constants, 
which could delay V AA power to the device. Ferrite 
beads must only be used for analog power V AA 
decoupling. Inductors cause a time constant delay that 
induces latchup. 

Bt467 

Latchup can be prevented by ensuring all V AA pins are 
at the same potential, and that the V AA supply voltage is 
applied before the signal pin voltages. The correct 
power-up sequence ensures that any signal pin voltage 
will never exceed the power supply voltage by more than 
+0.5 V. 

8t467 C%r Disp/ay Applications 

For color display applications when 1-4 Bt467s are being 
used, it is recommended that the Bt439 Clock Generator 
Chip be used to generate the clock and load signals. It 
supports the 8:1 input multiplexing of the Bt467, 
synchronizes them to sub-pixel resolution, and sets the 
pipeline delay of the Bt467 to eight clock cycles. The 
Bt439 may also be used to interface the Bt467 to a TTL 
clock. Figure IO illustrates use of the Bt439 with the 
Bt467. 

Sub-pixel synchronization is supported via the PLL 
output. Essentially, PLL provides a signal to indicate the 
amount of analog output delay of the Bt467, relative to 
CLOCK. The Bt439 compares the phase of the PLL 
signals generated by 1-4 Bt467s, and adjusts the phase of 
each of the CLOCK and CLOCK* signals to the Bt467s 
to minimize the PLL phase difference. There should be 
minimal layout skew in the CLOCK and PLL trace paths 
to assure proper clock alignment. 

If sub-pixel synchronization of multiple Bt467s 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 1-4 Bt467s are connected 
together and driven by a single Bt438 (daisy chain with 
single balanced termination for <100 MHz or through a 
IOH116 buffer for >100 MHz). The VREF inputs of the 
Bt467s must still have a 0.1 IlF bypass capacitor to V AA. 
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Application Information (continued) 

PLL 
+5V 

CLOCK 

14 
CLOCK'" 

MONITOR Bt467 
PRODUCTS LD* 

#1 VAA 
970E T 

Bt439 
VREF 

+sv PLLi 

CLOCK 1 

@ 
FROM Bt467 
BT467 

TO VAA #2 
BT439 

TOl 
VREF 

PLL @T@I CLOCK 

330· 100 
CLOCK'" 

Bt467 
LD* 

VAA #3 
VREF 

TOl 
VREF 

Figure 10. Generating the 8t467 Clock Signals (True-Color Application). 
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Application Information (continued) 

Using Multiple Devices 

When multiple RAMDACs are used, each RAMDAC 
should have its own power plane ferrite bead. In addition, a 
single voltage reference may drive multiple devices; 
however, isolation resistors are recommended to reduce 
color channel crosstalk. 

Higher performance may be obtained if each RAMDAC 
has its own voltage reference. This may further reduce the 
amount of color channel crosstalk and color palette 
interaction. 

Each RAMDAC must still have its own RSET resistor, 
analog output termination resistors, power supply bypass 
capacitors, COMP capacitor, and VREF capacitor. 

8t467 Nonvideo Applications 

The Bt467 may be used in nonvideo applications by 
disabling the video-specific control signals. BLANK* 
should be a logical one. 

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

RSET (0) = 7,457 * VREF (V) I lout (rnA) 

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

Imin (rnA) = 610 * VREF (V) I RSET (0) 

Therefore, the total full-scale output current will be lout + 
Imin. 

Initializing the 8t467 
(8t458 Register-Compatible Mode) 

Following a power-on sequence, the Bt467 must be 
initialized. If the clockILD* sequence is controlled to reset 
the pipeline delay of the Bt467 to a fixed pipeline delay of 
eight clock cycles, this initialization sequence must be 
performed after the reset sequence. CEXT is held low. 

This sequence will configure the Bt467 as follows: 

• 8:1 multiplexed operation 
• 0 IRE pedestal 
• no overlays 
• no blinking 
• sync output enabled 

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 
Write $09 to address register 
Write $06 to command register 2 
Write $OB to address register 
Write $00 to test register I 

Color Palette RAM Initialization 

Write $00 to address register 
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 $01) 
Write green data to RAM (location $01) 
Write blue data to RAM (location $01) 

Write red data to RAM (location $FF) 
Write green data to RAM (location $FF) 
Write blue data to RAM (location $FF) 

Overlay Color Palette Initialization 

Write $00 to address register 
Write red data to overlay (location $00) 
Write green data to overlay (location $00) 
Write blue data to overlay (location $00) 
Write red data to overlay (location $01) 
Write green data to overlay (location $01) 
Write blue data to overlay (location $01) 

Write red data to overlay (location $03) 
Write green data to overlay (location $03) 
Write blue data to overlay (location $03) 
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Bt467 Brooktree® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 Q 

Reference Voltage VREF 1.20 1.235 1.26 V 
FS ADJUST Resistor RSET 487 Q 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VAA (measured to GND) 6.5 V 

Voltage on Any Signal Pin (Note I) GND-D.5 VAA + 0.5 V 

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. 114" from pin) 

Vapor Phase Soldering TVSOL 220 °C 
(1 minute) 

Stresses above t..~ose listed under "~Absolute Maximum Ratings" may C(lllSe 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 is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin ,that exceeds the power supply voltage by more than +0.5 V can 
induce destructive latchup. 
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Brooktree@ Bt467 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

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

Integral Linearity Error lL ±1 LSB 
Differential Linearity Error DL ±1 LSB 

Gray-Scale Error ±5 % Gray Scale 
Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
(except ~OCK, CLOCK*) 
Input High Voltage VlH 2.0 VAA + 0.5 V 
Input Low Voltage VlL GND--O.5 0.8 V 
Input High Current (Vin = 2.4 V) lIH 1 IIA 
Input Low Current (Vin = 0.4 V) IlL -1 itA 
Input Capacitance CIN 4 10 pF 

(f = 1 MHz, Yin = 2.4 V) 

Clock Inputs (CLOCK, CLOCK*) 
Differential Clock Inputs LiVIN .6 V -Input High Current (Vin = 4.0 V) IKIH I IIA 
Input Low Current (Vin = 0.4 V) IKIL -1 IIA 
Input Capacitance CKIN 4 10 pF 

(f = 1 MHz, Yin = 4.0 V) 

Digital Outputs (OO-D7) 
Output High Voltage VOH 2.4 V 

(IOH = -800 itA) 
Output Low Voltage VOL 0.4 V 

(IOL = 6.4 rnA) 
3-state Current IOZ 10 IIA 
Output Capacitance CDOUT 10 pF 

See test conditions on next page. 
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Bt467 Brooktree@ 
DC 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 = () IRE 0 5 50 I1A 
SETUP = 7.5 IRE .95 1.44 1.90 rnA 

Blank Level on lOR, lOG, lOB 0 5 50 I1A 

LSB Size 75 I1A 

DAC-to-DAC Matching (Note 1) 2 5 % 
Output Compliance VOC -D.5 +1.2 V 
Output Impedance RAOUT 50 kQ 

Output Capacitance CAOUT 13 20 pF 
(f = I MHz, lOUT = 0 rnA) 

PLL Analog Output PLL 
Output Current 

SYNC*IBLANK* = 0 6 7.62 9 rnA 
SYNC*IBLANK* = 1 0 5 50 I1A 

Output Compliance -1.0 +2.5 V 
Output Impedance 50 ill 
Output Capacitance 10 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Voltage Reference Input Current IREF 10 100 I1A 

Power Supply Rejection Ratio PSRR 0.5 %I%/),.VAA 
(COMP = O.II1F, f = I kHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 487 Q and 
VREF = 1.235 V. As the above parameters are guaranteed over the full temperature range, temperature coefficients 
are not specified or required. 
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Brooktree® Bt467 
AC Characteristics 

Parameter Symbol MinlTyp/ 230 170 135 Units 
Max MHz MHz MHz 

Clock Rate Fmax max 230 170 135 MHz 
LD* Rate LDmax 28.75 21.25 16.9 MHz 

RIW, CO, CI, EXT Setup Time I min 0 0 0 TIS 

RIW, CO, CI, EXT Hold Time 2 min 10 10 10 ns 

CE*LowTime 3 min 45 45 45 ns 
CE* High Time 4 min 25 25 25 ns 
CE* Asserted to Data Bus Driven 5 min 7 7 7 ns 
CE* Asserted to Data Valid 6 max 45 45 45 ns 
CE* Negated to Data Bus 3-Stated 7 max 15 15 15 ns 

Write Data Setup Time 8 min 20 20 20 ns 
Write Data Hold Time 9 min 0 0 0 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 4.34 5.88 7.4 ns 
Clock Pulse Width High Time 13 min 1.9 2.5 3.2 ns 
Clock Pulse Width Low Time 14 min 1.9 2.5 3.2 ns 

LD* Cycle Time 15 min 34.8 47 59 ns 
LD* Pulse Width High Time 16 min 14 20 24 ns 
LD* Pulse Width Low Time 17 min 14 20 24 ns 

Analog Ouput Delay 18 typ 12 12 12 ns 
Analog Ouput RiselFall Time 19 typ 2 2 2 ns 
Analog Output Settling Time 20 max tbd tbd tbd ns 
Clock and Data Feedthrough typ tbd tbd tbd dB 
Glitch Impulse (Note 1) typ 50 50 50 pV-sec 
Analog Output Skew max 1 I 1 ns 

Pipeline Delay min 6 6 6 Clocks 
max 13 13 13 Clocks 

V AA Supply Current (Note 2) IAA typ 450 380 360 rnA 
max tbd tbd tbd rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 487 nand 
VREF = 1.235 V. TTL input values are 0-3 V with input rise/fall times ~ 4 ns, measured between the IO-percent 
and 90,percent points. ECL input values are VAA-O.8 to VAA-1.8 V with input rise/fall times $ 2 ns, measured 
between the 20-percent and 80-percent points. Timing reference points at 50 percent for inputs and outputs. 
Analog output load ~ 10 pF and DO-D7 output load $ 75 pF. (See Figures II and 12 in the Timing Waveforms 
section.) As the above parameters are guaranteed over the full temperature range, temperature coefficients are not 
specified or required. Typical values are based on nominal temperature, i.e., room temperature, and nominal 
voltage, i.e., 5 V. 

Note 1: Glitch impulse includes clock and data feedthrough, and -3 dB test bandwidth = 2 x clock rate. 

Note 2: At Fmax. IAA (typ) at VAA = 5.0 V and TA = 25° C. IAA (max) at VAA = 5.25 V and TA = 0° c. 
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Bt467 
Timing Waveforms (continued) 

LD' 

PO-P7{A-HI. 
OLO-OLI {A-HI. 

SYNC'. BLANK' 

lOR, lOG. lOB 

IS 

16 

~ 

17 

DATA 
/ 

10 

-

CLOCK 

BrookIreea» 

r--ll 18 20 J 

19 

12 

13 

14 

Note 1: Output delay time is measured from the 50-percent point of the rising clock edge to the 
50-percent point of full-scale transition. 

Note 2: Output settling time is measured from the 50-percent point of full-scale transition to output 
settling within ±1 LSB for the Bt467. 

Note 3: Output rise/fall time is measured between the lO-percent and 90-percent points of full-scale 
transition. 

Figure 11. Video Input/Output Timing. 

I I f-2--l 

R1W. co. CI. CEXT VAUD )I 
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CE' 
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00 - D1 (!I..EAD) 

DO - D7 (WRITE) 

5 I I R L '! DATA OUT (RIW = 1) 

'~I----------------§~ )j( DATA IN (RIW = 0) 

----~~--- 9 ---

Figure 12. MPU Read/Write Timing. 
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Brooktree® Bt467 
Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt467KG230 230 MHz 145 PGA 00 to +700 C 

Bt467KG170 170 MHz 145 PGA 00 to +700 C 

Bt467 KG 135 135 MHz 145PGA 00 to +700 C 
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Preliminary Information 

This document contains information on a product under development. The 
parametric information contains target parameters and is subject to 
change. 

Applications Distinguishing 
Features 

• High-Resolution Color Graphics 
• CAFICAD/CAM 
• Image Processing 
• Video Reconstruction 

• 220, 200, 170 MHz Operation 
• 8: 1 Multiplexed Pixel Ports 
• 256 x 24 Color Palette RAM 
• 16 x 24 Overlay Color Palette 
• Pixel Panning Support Related Products 
• On-Chip User-Definable Cursor 
• RS-343A-Compatible Outputs • Bt438, Bt439 
• Programmable Setup (0 or 7.5 IRE) 
• X-Windows Support for Cursor 
• Standard MPU Interface 
• 145-pin PGA Package 
• +5 V CMOS Monolithic 

Functional Block Diagram 

ill' 

po.P7 
(A. II) 

OLD-01.3 
(A. II) 

SYNC' 

BlANK' 

CLOCK· CLOCK. V AA GND FS ADJUST VREF 

CE* RIW co CI DO-D7 

COMP 

[OR 

[00 

lOB 

PlL 

Brooktree Corporation· 9950 Barnes Canyon Rd .• San Diege, CA 92121-2790 
(619) 452-7580' (800) VIDEO IC' TLX: 383596. FAX: (619) 452-1249 
1A68001 Rev. E 

Bt468 
220 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 1TL-compatible 
interface to the frame buffer, while maintainin$ 
the 220 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. 

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 synchroni
zation of multiple devices with subpixel 
resolution. 

The Bt468 generates RS-343A-compatible 
red, green', and blue video signals. It can drive 
doubly-terminated 50 n or 75 n coax directly 
without requiring external buffering. The diffe
rential and integral linearity errors of the D/ A 
converters are guaranteed to be a maximum of 
±1 LSB over the full temperature range. 

Brooldree® 



Bt468 
Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 8t468 
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 presented in Table I, the CO and CI 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 
CI 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 writing 
another sequence of 'red, green, and blue data. Reading 
color data is similar to writing it, except the MPU 
executes read cycles. 

When the MPU is 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 has 2 additional bits 
(ADDRa and ADDRb) that count modulo three. They 
are reset to zero when \he 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-Il) are accessible to the MPU. 
ADDRI2-ADDRI5 are always logical zeros. ADDRO 
and ADDR8 correspond to DO. 

5-3S8 SECTIONS 

ADDR0-15 C1,CO Addressed by MPU 

$xxxx 00 address register (ADDR0-7) 
$xxxx 01 ~dress register (ADDR8-15) 

$OOOO-$ooFF 10 reserved 
$0100 10 overlay color 0 (Note I) 

: 10 : 
$OIOF 10 overlay color 15 (Note I) 

$0181 10 cursor color register I (Note I) 
: : cursor color register 2 (Note 1) 

$0183 10 cursor color register 3 (Note I) 

$0200 10 ID register ($4F) 
$0201 10 command register_O 
$0202 10 command registecl 
$0203 10 command registec2 
$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 reserved ($00) 
$0208 10 test register 
$020C 10 red output signature register 
$020D 10 green output signature register 
$020E 10 blue output signature register 
$0220 10 revision register 
$0300 10 cursor command register 
$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 

$OOOO-$ooFF II color palette RAM (Note I) 

Note 1.' Requires three read/write cycles-ROB. 

Table 1. Address Register (ADDR) Operation. 



Brooklree® 
Circuit Description (continued) 

Additional Information 

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, I or more 
of the pixels on the display screen can be disturbed. A 
maximum of I pixel is disturbed if the write data from 
the MPU is valid during the entire chip enable time. 

The control registers and cursor RAM are also 
accessed through the address register in conjunction 
with the CO and CI inputs, as shown in Table 1. All 
control registers may be written to or read by the MPU 
at any time. When the control registers and cursor RAM 
are accessed, the address register increments following a 
read or write cycle. 

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 
Bt468. 

Bt468 

Single-Channel RAMDAC Operation 

The Bt468 may be configured (through command 
registec2) to be a single-channel RAMDAC, enabling 
three Bt468s to be used in parallel for a 24-bit true-color 
system. The Bt468s share a common 8-bit data bus 
(DO-D7). 

Each Bt468 must be configured to be either a red, 
green, or blue RAMDAC through command registec2. 
Only the green channel (lOG) of each RAMDAC· is 
used; the lOR and lOB outputs should be connected to 
GND either directly or through a resistor up to 75 n. 

To load the color palettes, the MPU performs the 
normal (red, green, and blue) write cycles to all three 
RAMDACs simultaneously. The red Bt468 loads color 
data only during the the red write cycle, the green Bt468 
loads color data only during the green write cycle, and 
the blue Bt468 loads color data only during the blue 
write cycle. 

To read the color palettes, the MPU performs the 
normal (red, green, and blue) read cycles from all three 
RAMDACs simultaneously. The red Bt468 outputs 
color data only during the the red read cycle, the green 
Bt468 outputs color data only during the green read 
cycle, and the blue Bt468 outputs color data only during 
the blue read cycle. 

External circuitry must decode when the MPU is 
reading or writing to the color palettes and assert CE* to 
all three Bt468s simultaneously. 

WW,CO,CI ~~ ___ V_A_LID ____ ~)(~ ________________________________________________ __ 

CE* \~----~/ 
DO - D7 (READ) ----------------------« DATA OUT (WW = I) )>-------

DO - D7 (WRITE) 
______________ -,-________ ~)( DATA IN (WW = 0) x'--___ _ 

Figure 1. MPU Read/Write Timing. 
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Bt468 
Circuit Description (continued) 

Frame Buffer Interface 

To enable pixel data to be transferred from the frame 
buffer at TTL data rates, the Bt468 incorporates internal 
latches and multiplexers. As illustrated in Figure 2, on 
the rising ~ge of LD*, sync and blank information, 
color, and overlay information, for 8 consecutive pixels 
are latch~ into the device. With this configuration, the 
sync and blank timing will be recognized only with 
8-pixel resolution. Typically, the LD* signal is used to 
clock external circuitry, generating the basic video 
timing, and to clock the video DRAMs. 

Typically, the Bt468 outputs color information each 
clock cycle based on the {A} inputs, followed by the 
{B} inputs, then the {C} inputs, etc., until all 8 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, the 
overlay inputs may be controlled by external circuitry. 

LD· 

J'O.P7 [A. HI. 

01.0-01.3 [A-HI. 
SYNC·, BLANK· 

lOR. lOG, lOB, 

PU. 

CLOCK 

Brooktree® 

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 8 , 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 six, 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. 

Only one rising edge of LD* should occur every eight 
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 Input/Output Timing. 
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Circuit Description (continued) 

Read and Blink Masking 

Each clock cycle, 8 bits of color information (po-P7) 
and 4 bits of overlay information (OLO-OL3) for each 
pixel are processed by the read mask, blink mask, and 
command registers. Through 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 blinking does not cause a color change 
to occur during the active display time (i.e., in the 
middle of the screen), the Bt468 monitors the SYNC· 
and BLANK· input to determine vertical retrace 
intervals (any BLANK* pulse longer than 256 LD* 
cycles). 

The processed pixel data is then used to select which 
color palette entry or overlay register is to provide color 
information. PO is the LSB when addressing the color 
palette RAMs, and OLD is the LSB when addressing the 
overlay palette RAM. Table 2 is the truth table used for 
color selection. 

CursorI, CursorO CR05 OLO-OL3 

11 x $x 
10 x $x 
01 x $x 

00 x $F 
: : : 

00 x $1 
00 1 $0 

00 0 $0 
00 0 $0 
: : : 

00 0 $0 

Bt468 

Pixel Panning 

To support pixel panning, command registecl specifies 
by what number of clock cycles to pan. 

If O-pixel panning is specified, pixel (A} is output 
frrst, followed by pixel {B}, then pixel {C}, etc., until all 
8 pixels have been output, at which point the cycle 
repeats. 

If I-pixel panning is specified, pixel (B} will be first, 
followed by pixel {C}, then pixel {D}, etc. Pixel {A} 
will have been processed during the last clock cycle of 
the blanking interval and will not be on the display 
screen. At the end of the active display line, pixel {A} 
will be output. Pixels {B} through {H} will be output 
during the blanking interval and will not be on the 
display screen. 

The process is similar for panning by 2-7 pixels. 
When a panning value other than 0 pixels is specified, 

valid pixel data must be loaded into the Bt468 during the 
first LD* cycle that BLANK* is a logical zero. 

The PO-P7 and OLO-OL3 inputs are all panned. 
Cursor position is also panned. If the user desires to 
keep the cursor position the same relative to the edge of 
the display, the X register of the cursor position should 
be updated when the pixel panning register is updated. 

Panning is done by delaying the SYNC* and 
BLANK* signals an additional one to seven clock 
cycles. 

PO-P7 Addressed by frame buffer 

$xx cursor color 3 
$xx cursor color 2 
$xx cursor color 1 

$xx overlay color 15 
: : 

$xx overlay color 1 
$xx overlay color 0 

$00 RAM location $00 
$01 RAM location $01 

: : 
$FF RAM location $FF 

Note: Refer to Fignre 6 for generation of Cursorl and CursorO control bits. 

Table 2. Palette and Overlay Select Truth Table. 
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Bt468 
Circuit Description (c;ontinued) 

On-Chip Cursor Operation 

The 8t468 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. 
The cursor is positioned through the cursor (x,y) 
register. The 8t468 expects (x) to increase to the right 
and (y) to increase down, as shown on the display 
screen. 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 first 
falling edge of SYNC· that is after a vertical sync has 
been detected. Vertical sync is detected as the second 
falling edge during blank. 

The 8t468 must be reset to an eight-cycle pipeline 
delay for proper cursor pixel alignment. 

Three-Color 64 x 64 Cursor 

The 64 x 64 x 2 cursor RAM provides 2 bits of cursor 
information every clock cycle during the 64 x 64 cursor 
window, selecting the appropriate cursor color register 
as follows: 

plane) planeO cursor color 

0 0 cursor not displayed 
0 ) cursor color register ) 
1 0 cursor color register 2 
I I cursor color register 3 

HSYNC' 

Brooktrre@ 

A (0,0) enables the color palette RAM and overlay 
RAM to be selected as normal. Each plane of cursor 
information may also be independently enabled or 
disabled for display through 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 
color registers, color palette RAM, or overlay RAM 
provides 24 bits of color information during the 
appropriate clock cycle, depending on the cursor pattern 
values. 

The cursor is centered about the value specified by 
the cursor (x,y) register. Thus. the cursor (x) register 
specifies the location of the thirty-first column of the 64 
x 64 array (assuming the columns start. with 0 for the 
leftmost pixel and increment to 63). Similarly. the cursor 
(y) register specifies the location of the thirty-first row 
of the 64 x 64 array (assuming the rows start with 0 for 
the topmost pixel and increment to 63). (See Figure 3.) 

CURSOR(X,Y) _---+---:J;zr--------~ 

5-362 

REGISTER 

SECTION 5 

64x64 v ~ 
CURSOR 

AREA '--~_~_~_LA_EN_Y _________ ____III 

Figure 3. Cursor Positioning. 



Brooktree® 
Circuit Description (continued) 

Cross Hair Cursor 

The cursor for the three-color cross hair cursor is also 
positioned 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 1 pixel, the center of the 
intersection is the reference position. 

When 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 

0 
0 
I 
1 

CR44 cross hair color 

0 
I 
0 
1 

cross hair not displayed 
cursor color register 1 
cursor color register 2 
cursor color register 3 

HSYNC'~ 

t--- x --~.o-l; 
! 

CURSOR (X,Y) 

REGISTER 

DISPLAY 
SCREEN 

Bt468 

The cross hair cursor is displayed only 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, the software must 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. (See Figure 4.) 

CROSS HAIR 

CURSOR 

CROSS HAIR 

WINDOW 

Y 

Figure 4. Cross Hair Cursor Positioning. 
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Bt468 
Circuit Description {continued} 

Dual-Cursor Positioning 

Both the user-definable cursor and the cross hair cursor 
may be enabled for display simultaneously, enabling the 
generation of custom cross hair cursors. Both cursor 
planes use the same cursor (x,y) registers. 

As previously mentioned, the cursor (x,y) register 
specifies the location of bit (31,31) of the cursor RAM. 
As the user-definable cursor contains an even number of 
pixels in the horizontal and vertical directions, it will be 
I pixel from true center about the cross hair cursor. 

Figure 5 illustrates dual-cursor display. 
In the 64 x 64 pixel area in which the user-definable 

cursor is 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 depend on the cursor pattern, 
whether they are logically ORed or XORed, and the 
individual cursor display enable and blink enable bits. 

Figure 6 shows the equivalent cursor generation 
circuitry. 

The Bt468 must be reset to ail eight-cycle pipeline 
delay for proper cursor pixel alignment. 

HSYNC·~ 

r-- x --o-j 

BrooktreeQl 

X-Windows Cursor Mode 

In the X-Windows mode, plane I 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: 

planel planeO Selection 

0 0 no cursor 
0 1 no cursor 
1 0 cursor color 2 
1 1 cursor color 3 

Figure 9 in the Internal Registers section shows the 
organization of the cursor RAM while in the 
X-Windows mode. 

If the cursor is configured for X-Windows mode, the 
cross hair cursor will not be displayed. 

CROSS HAIR 

CURSOR t 
r------+----~~---------, Y 
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CURSOR (X,Y) 

REGISTER 

64x64 

CURSOR 

AREA 

SECTION 5 

DISPLAY 
SCREEN 

CROSS HAIR 

WINDOW 

Figure 5. Dual·Cursor Positioning. 



Circuit Description (continued) 

Video Generation 

Every clock cycle, the selected 24 bits of color 
information are presented to the three 8-bit DI A 
converters. 

The SYNC* and BLANK* inputs are pipelined to 
maintain synchronization with the pixel data. They add 
appropriately weighted currents to the analog outputs, 
producing the specific output levels required for videp 
applications, as illustrated in Figures 7 and 8. Command 
registec2 specifies whether a 0 IRE or 7.5 IRE 
blanking pedestal is to be generated and whether 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 Bt468 can drive either doubly-terminated 50 n 
or 75 n coax directly. If a 50 n double termination is 
used, then a typical RSET value is 348 n for a 7.5 IRE 

64X64X2 

CURSOR RAM 

PLANE 0 

PLANEl 

CR46 

CR47 __ ---l 

CR45 ----, 

CROSS 

HAIR 

CR44 

CR43 

BUNK 

CR40 __ ---l 

CR2l 

Bt468 

/ 

blanking pedestal and 332 n for a 0 IRE blanking 
pedestal. For a 75 n double termination, a typical 
RSET is 523 n for a 7.5 IRE blanking pedestal and 495 
n for a 0 IRE blanking pedestal. 

The varying output current from the DI A converters 
produces a corresponding voltage level that is used to 
drive the CRT monitor. Tables 3 and 4 detail how the 
SYNC· and BLANK* inputs modify the output levels. 

The D/A converters on the Bt468 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. 

CURSORl 

MUX CURSOR 0 

Figure 6. Cursor Control Circuitry. 
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Bt468 Brooldrre® 
Circuit Description (continued) 

RED,BLUE GREEN 

MA V MA V 

28.56 0.714 40.00 1.000 .... --.......,.~------------=----- WHITE LEVEL 

2.16 0.054 13.6 0.340 +-------.l~---_f_--------- BLACK LEVEL 

7.51RE 

0.00 0.000 11.44 0.286 -+--------''----r---.--'---------- BLANK LEVEL 

40 IRE 

0.00 0.000 ---'---------'----'----------- SYNC LEVEL 

Note: 50 n doubly-terminated load, RSET = 348 n, and VREF = 1.235 V. RS-343A levels and tolerances are assumed 
on all levels. 

Figure 7. Composite Video Output Waveform (SETUP = 7.5 IRE). 

Description lOG lOR, lOB CSYNC* BLANK* DAC 
(rnA) (rnA) Input Data 

WHITE 40 28.56 1 I $FF 
DATA data + 13.6 data + 2.16 I I data 
DATA-SYNC data + 2.16 data + 2.16 0 I data 
BLACK 13.6 2.16 I I $00 
BLACK-SYNC 2.16 2.16 0 I $00 
BLANK 11.44 0 1 0 $xx 
SYNC 0 0 0 0 $xx 

lVote.- Typical ~yitli full-scale lOG == 40 m .. A"" RSET = 348 Q and VREF = 1,235 V. 

Table 3. Video Output Truth Table (SETUP = 7.5 IRE). 
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Brooktree® Bt468 
Circuit Description (continued) 

RED,BLUE GREEN 

MA V MA V 

27.90 0.698 40.00 1.000 --.-----,;:------------=--- WHITE LEVEL 

0.00 0.000 12.08 0.302 -1--------'--,---.---''--------- BLACKIBLANK LEVEL 

431RE 

0.00 0.000 
--'-_______ "--....1-_________ SYNC LEVEL 

Note: 50 n doubly-terminated load, RSET = 332 n, and VREF = 1.235 V. RS-343A levels and tolerances are assumed 
on all levels. 

Figure 8. Composite Video Output Waveform (SETUP = 0 IRE). 

Description lOG IOR,IOB CSYNC* BLANK* DAC 
(rnA) (rnA) Input Data 

WHITE 40 27.9 1 1 $FF 
DATA data + 12.1 data I I data 
DATA-SYNC data data 0 I data 
BLACK 12.1 0 I I $00 
BLACK-SYNC 0 0 0 I $00 
BLANK 12.1 0 I 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with full-scale lOG = 40 rnA. RSET = 332 nand VREF = 1.235 V. 

Table 4. Video Output Truth Table (SETUP = 0 IRE). 
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Bt468 Brooktree® 
Internal Registers 

Command Register_O 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it must be 
initialized by the user after power-up. CROO corresponds to data bus bit DO. 

CRO? 

CR06 

CR05 

CR04 

CR03, CR02 

CR01,CROO 

reserved (logical one) 

reserved (logical zero) 

Overlay 0 enable 

(0) use color palette RAM 
(1) use overlay color 0 

reserved (logical zero) 

Blink rate selection 

(00) 16 on, 48 off (25175) 
(01) 16 on, 16 off (50/50) 
(10) 32 on, 32 off (50/50) 
(11) 64 on, 64 off (50/50) 

reserved (logical zero) 

5-368 SECTION 5 

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 2.) 

These 2 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 (percent ooloff). 



Brooktreeo» Bt468 
Internal Registers (continued) 

Command Register_1 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it must be 
initialized by the user after power-up. CRIO corresponds to data bus bit DO. 

CR17-CR15 

CRl4-CRIO 

Pan select 

(000) 0 pixels 
(00 I) I pixel 
(010) 2 pixels 
(011) 3 pixels 
(100) 4 pixels 
(101) 5 pixels 
(110) 6 pixels 
(111) 7 pixels 

reserved (logical zero) 

{pixel A} 
{pixeIB} 
{pixel C} 
{pixeID} 
{pixel E} 
{pixel F} 
{pixel G} 
{pixel H} 

These bits specify the number of pixels to be panned. 
These bits are typically modified only during the vertical 
retrace interval. The {pixel A} indicates pixel A will be 
output first following the blanking interval, {pixel B} 
indicates pixel B will be output first, then pixel {C}, etc. 
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Internal Registers (continued) 

Command Registe,_2 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it must be 
initialized by the user after power-up. 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) red RAMDAC 
(10) green RAMDAC 
(11) blue RAMDAC 

PLL select 

(0) SYNC* 
(1) BLANK* 

reserved (logical zero) 

X-Windows cursor select 

(0) normal cursor 
(1) X-Windows cursor 

Test-mode select 

(0) signature analysis test 
(I) data strobe test 

5-370 SECTIONS 

This bit specifies whether sync information is to be output 
onto the 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 Bt468 in 
three write cycles (red, green, and blue), and color data is 
output in three read cycles (red, green, and blue). 

Modes (01), (10), and (II) enable the Bt468 to emulate a 
single-channel RAMDAC with only the green channel 
(lOG). 

This bit specifies whether the PLL output uses SYNC* or 
BLANK* to generate PLL information. 

This bit specifies whether the cursor is to operate normally 
(logical zero) or in an X-Windows-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) 

10 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 Bt468, the value read by the MPU will be $4F. 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. For proper operation, it must be initialized by the user after 
power-up. 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 registecO. This register may be written to or read by the MPU at any time 
and is not initialized. For proper operation, it must be initialized by the user after power-up. 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-H}), and D3 corresponds to overlay 
plane 3 (OL3 {A-H}). Bits DO-D3 are logically ANDed with the corresponding overlay plane input. D4-D7 are always 
logical zeros. 

This register may be written to or read by the MPU at any time .and is not initialized. For proper operation, it must be 
initialized by the user after power-up. 

Overlay Blink Mask Register 

The 8-bit overlay blink mask register is used to enable (logical one) or disable (logical zero) an overlay plane from 
blinking at the blink rate and duty cycle specified by command registecO. DO corresponds to overlay plane 0 (OLO 
{A-H}), and D3 corresponds to overlay plane 3 (OL3 {A-H}). In order for an overlay plane to blink, the corresponding 
bit in the overlay read mask register must be a logical one. D4-D7 are always logical zeros. 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it must be 
initialized by the user after power-up. 

Revision Register (Revision B only) 

This 8-bit register is read-only, specifying the revision of the Bt468. The 4 most significant bits signify the revision letter 
B, in hexidecimal form. The 4 least significant bits do not represent any value and should be ignored. Data written to this 
register is ignored. 

Since Revision A device does not have a revision register, address $0220 will contain the last data read to or written from 
the interoal bus. 
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Internal Registers (continued) 

Red, Green, and Blue Output Signature Registers 

Signature Operation 

These three 8-bit signature registers (one each for red, green, and blue) 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 read from or 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 deterministic value for the red, green, and blue signature registers will be 
read from these registers if all circuitry is working properly. Test Features of the Bt468 in the the Application Information 
section contains more information. 

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. 

5-372 SECTION 5 
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Internal Registers (continued) 

Test Register 

This 8-bit register is used to test the Bt468. 00-02 are used to specify which pixel input to use, as follows: 

02-00 Selection 

000 pixel A 
001 pixelB 
010 pixelC 
011 pixel 0 
100 pixel E 
101 pixel F 
llO pixel G 
III pixel H 

03-07 are used to compare the analog RGB outputs to each other and to a 145 mV reference. This enables the MPU to 
determine whether the CRT monitor is connected to the analog RGB outputs and whether the OACs are functional. 

~---,o Q 03 D7 06 05 04 03 07. D6 + 

os. D4 

red green blue 145 mVref. result 
select select select select 

CURSOR -------' 

07-04 If 03 = 1 If 03 =0 

0000 normal operation - -
1010 red OAC compared to blue OAC red> blue blue> red 
1001 red OAC compared to 145 mVreference red> 145 mV red < 145 mV 
0110 green OAC compared to blue OAC green> blue blue > green 
0101 green OAC compared to 145 mV reference green> 145 mV green < 145 mV 

The table above lists the valid comparison combinations. A logical one enables that function to be compared; the result is 
03. The comparison result is strobed into 03 on the left edge of the 64 x 64 cursor area. The output levels of the OACs 
should be constant for 5 J.IS before the left edge of the cursor. 

For normal operation, 03-07 must be logical zeros. 
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Internal Registers (continued) 

Cursor Command Register 

This command register is used to control various cursor functions of the 8t468. It is not initialized and may be written to 
or read by the MPU at any time. For proper operation, it must be initialized by the user after power-up. CR40 corresponds 
to data bus bit DO. 

CR47 

CR46 

CR45 

CR44 

CR43 

CR42,CR41 

CR40 

64 x 64 cursor plane 1 display enable 

(0) disable plane I 
(1) enable planel 

64 x 64 cursor planeO display enable 

(0) disable planeO 
(1) enable planeO 

Cross hair cursor plane I display enable 

(0) disable planel 
(I) enable plane 1 

Cross hair cursor planeO display enable 

(0) disable planeO 
(1) enable planeO 

Cursor format 

(0) XOR 
(1) OR 

Cross hair thickness 

(00) 1 pixel 
(01) 3 pixels 
(10) 5 pixels 
(11) 7 pixels 

Cursor blink enable 

(0) blinking disabled 
(1) blinking enabled 

5-374 SECTIONS 

Specifies whether plane 1 of the 64 x 64 cursor is to be 
displayed (logical one) or not (logical zero). 

Specifies whether planeD of the 64 x 64 cursor is to be 
displayed (logical one) or not (logical zero). 

Specifies whether planel of the cross hair cursor is to be 
displayed (logical one) or not (logical zero). 

Specifies whether planeO of the cross hair cursor is to be 
displayed (logical one) or not (logical zero). PlaneO and 
planel contain the same information. 

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 I, 3, 5, or 7 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 regislecO. 



Brooldree® Bt468 
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. For proper operation, 
they must be initialized by the user after power-up. 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 D4-07 of CXHR and CYHR are always logical zeros. 

Cursor (x) High Cursor (x) Low 
(CXHR) (CXLR) 

OataBit D3 02 D1 00 D7 D6 05 D4 03 02 D1 00 

X Address XlI XIO X9 X8 X7 X6 X5 X4 X3 X2 Xl XO 

Cursor (y) High Cursor (y) Low 
(CYHR) (CYLR) 

Oata Bit D3 D2 01 DO 07 D6 05 04 03 02 D1 DO 

Y Address Yll YlO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 Yl YO 

The cursor (x) value to be written is calculated as follows: 

Cx = desired display screen (x) position + H-72 

where H = number of pixels between the first rising edge of CLOCK 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 first falling edge of SYNC* that is two or more clock cycl~s after vertical sync 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 when 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 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. For proper operation, they must 
be initialized by the user after power-up. 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 l2-bit window (x) register. Similarly, WYLR and WYHR are cascaded to form 
a 12-bit window (y) register. Bits D4-D7 ofWXHR and WYHR are always logical zeros. 

Window (x) High Window (x) Low 
(WXHR) (WXLR) 

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO 

X Address Xll XIO X9 X8 X7 X6 X5 X4 X3 X2 Xl XO 

Window (y) High Window (y) Low 
(WYHR) (WYLR) 

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO 

Y Address Yll YIO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 Yl YO 

The window (x) value to be written is calculated as follows: 

Wx = desired display screen (x) position + H-40 

where H = number of pixels between the first rising edge of CLOCK following the falling edge of SYNC* 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 first falling edge of SYNC* that is two or more clock cycles after vertical sync to 
active video. 

Values from $0000 to $OFFF may be written to the window (x) and window (y) registers. A fuil-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. For proper operation, they must 
be initialized by the user after power-up. 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 l2-bit window-width register. Similarly, WHLR and WHHR are cascaded to 
form a l2-bit window-height register. Bits 04-07 ofWWHR and WHHR are always logical zeros. 

Window Width High Window Width Low 
(WWHR) (WWLR) 

Oata Bit 03 02 D1 00 07 06 05 04 D3 02 D1 00 

X Address XlI XIO X9 X8 X7 X6 X5 X4 X3 X2 Xl XO 

Window Height High Window Height Low 
(WHHR) (WHLR) 

OataBit D3 02 01 00 D7 06 05 04 D3 02 01 00 

Y Address Yll YlO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 Yl YO 

The actual window width is 16 pixels more than the value specified by the window-width register. The actual window 
height is 16 pixels more than the value specified by the window-height register. Therefore, the minimum window width is 
16 pixels, and the minimum window height is 16 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 define the pixel pattern within the 64 x 64 pixel cursor window and is not initialized. The 
cursor RAM should not be written to by the MPU during the horizontal sync time and for the two LD* cycles after the end 
of the horizontal sync. The cursor RAM may otherwise be written to or read by the MPU at any time without contention. 

If writing to the cursor RAM asynchronously'to horizontal sync, it is recommended that the cursor be positioned off-screen 
in the Y direction (write to the cursor (y) registers and wait for the vertical sync interval to move the cursor off-screen), 
write to the cursor RAM, then reposition the cursor back to the original position. An alternative is to perform a 
write-then-read sequence, and if the correct cursor RAM data was not written, perform another write-then-read sequence. 
Since the contention occurs only during horizontal sync at the Y locations coincident with the cursor, the second write/read 
sequence bypasses the window of time when cursor RAM is in contention. 

During MPU accesses to the cursor RAM, the address register is used to address the cursor RAM. Figure 9 illustrates the 
internal format of the cursor RAM as it appears on the display screen. Addressing starts at location $400 as specified in 
Table 1. 

When the Bt468 is in the X-Windows mode, plane I serves as a cursor display enable while planeO selects one of two 
cursor colors (if enabled). 

Note: In both modes of operation, plane 1 = D7, D5, D3, Dl; and planeO = D6, D4, D2, DO. 

5-378 

UPPER LEFf CORNER AS 

DISPLAYED ON SCREEN 

64 
PIXELS 

. 64 . 
PIXELS 

BYTE $400 BYTE$40! BYTE$40F 

BYTE $410 BYTE $411 BYTE$4!F 

BYTE$7Rl BYTE$7F! BYTE$7FF 

/ 4PIXELS ~ 
107,06105,04103,021 DI,OO 1 

Normal Mode: 

00 = color palette or overlay RAM 
01 = cursor color 1 
10 = cursor co1or 2 
11 = cursor color 3 

X-Windows Mode: 

00 = color palette or overlay RAM 
01 = color palette or overlay RAM 
10 = cursor color 2 
11 = cursor color 3 

Figure 9. Cursor RAM as Displayed on the Screen. 
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Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

LD* 

PO-P7 
{A-H} 

OLO-OL3 
{A-H} 

lOR, lOG, lOB 

PLL 

COMP 

Description 

Composite blank control input (TIL compatible). A logical zero drives the analog output to the 
blanking level, as specified 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 inputs (TIL compatible). A logical zero typically switches off a 40 IRE 
current source on the lOG output (see Figures 7 and 8). 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. SYNC* is latched on the rising edge of LD*. 

Load control input (TTL compatible). The PO-P7 {A-H}, OLO--OL3 {A-H}, BLANK*, and 
SYNC* inputs are latched on the rising edge of LD*. While LD* is one eighth of CLOCK, it may be 
phase independent of the CLOCK and CLOCK* inputs. LD* may have any duty cycle within the 
limits specified in the AC 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 2). Eight 
consecutive pixels (8 bits per pixel) are input through this port. They are latched on the rising edge 
of LD*. Unused inputs should be connected to GND. Typically, the {A} pixel is output first, 
followed by the {B} pixel, then the (C} pixel, etc., until all 8 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 registecO, specify which palette is to be used for color 
information, as shown in Table 2. When accessing the overlay palette RAM, the PO-P7 (A-H} 
inputs are ignored. Overlay information (up to 4 bits per pixel) for 8 consecutive pixels are input 
through this port. Unused inputs should be connected to GND. 

Red, green, and blue current outputs. These high-impedance current sources can directly drive a 
doubly-terminated 50 0 coaxial cable (Figure II in the PC Board Layout Considerations section). 
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 
Bt468s to be synchronized with subpixel resolution when used with an external PLL. A logical one 
for SYNC* or BLANK* (as specified by CR23 in command registec2) 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) I RSET (0) 

If subpixel synchronization of multiple devices is not required, this output should be connected to 
GND (either directly or through a resistor up to 1500). 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 J.IF 
ceramic capacitor must be connected between this pin and VAA (Figure 11). 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 and maximize the capacitor's self-resonant frequency to be greater than the LD* 
frequency. The PC Board Layout Considerations section contains critical layout criteria. 
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Pin Descriptions (continued) 

Pin Name 

VAA 

GND 

FSADJUST 

VREF 

CLOCK, 
CLOCK* 

CE* 

RJW 

CO,CI 

DO-D7 

Description 

Analog power. All V AA pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 

Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 

Full-scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full-scide video signal (Figure II). The IRE relationships in Figures 7 and 8 are 
maintained, regardless of the full-scale output current. 

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

RSET (0) = KI * VREF (V) I lOG (rnA) 

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

lOR, lOB (rnA) = K2 * VREF (V) I RSET (0) 

where KI and K2 are defined as: 

Setup lOG lOR, lOB 

7.5 IRE KI = 11,294 K2 = 8,067 

o IRE KI = 10,684 K2 = 7,457 

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 10, 
must supply this input with a 1.235 V (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 IJF ceramic capacitor is used to decouple this input 
to V AA, as shown in Figure II. IF V AA is excessively noisy, better performance may be obtained 
by decoupling VREF to GND. The decoupling capacitor must be as close to the device as possible to 
keep lead lengths to an absolute minimum. Refer to the PC Board Layout Considerations section for 
critical layout criteria. 

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured for 
single-supply (+5 V) operation. The clock rate is typically the pixel clock rate of the system. Refer 
to the PC Board Layout Considerations section for critical layout criteria. 

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). Glitches should be avoided on this edge-triggered input. 

Read/write control input (TTL compatible). To write data to the device, both CE* and RJW must be 
logical zeros. To read data from the device, CE* must be a logical zero and RJW must be a logical 
one. RJW is latched on the falling edge of CE*. (See Figure I.) 

Command control inputs (TTL compatible). CO and Cl specify the type of read or write operation 
being performed, as shown in Table I. They are latched on the falling edge of CE*. 

Data bus (TTL compatible). Data is transferred into and out of the device over this 8-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* KI P5A DI5 OL2A PI 
SYNC* 12 P5B EI5 OL2B P2 

LD* K3 P5C FI5 OL2C N2 
CLOCK Jl P5D FI4 OL2D NI 
CLOCK* K2 P5E GI4 OL2E MI 

P5F GI5 OL2F L3 
POA P7 P5G Jl4 OL2G L2 
POB R7 P5H HI5 OL2H M2 
POC R6 
POD N7 P6A BI5 OL3A R4 
POE N6 P6B BI4 OL3B N5 
POF P6 P6C CI4 OL3C N4 
POG P5 P6D CI5 OL3D P4 
POH R5 P6E EI4 OL3E R2 

P6F E13 OL3F R3 
PIA RIO P6G F13 OL3G P3 
PIB PIO P6H DI4 OL3H RI 
PIC P9 
PIO N9 P7A AI2 DO B9 
PIE R8 P7B Cll DI B8 
PIF R9 P7C CI2 D2 AIO 
PIG N8 P7D BI2 D3 A9 
PlH P8 P7E AI4 04 CIO 

P7F A13 05 BIO 
P2A P13 P7G B13 06 Bll 
P2B R13 P7H AI5 07 All 
P2C RI2 
P2D PI2 OLOA Dl VAA C3 
P2E Pll OLOB m VAA C7 
P2F Nll OLOC D3 VAA C8 
P2G NIO OLOD D2 VAA C13 
P2H Rll OLOE BI VAA D4 

OLOF CI VAA GI3 
P3A M13 OLOG C2 VAA H3 
P3B MI4 OLOH Al VAA H13 
P3C PI5 VAA J3 
P3D NI5 OLIA G2 VAA N3 
P3E NI4 OLIB HI VAA N13 
P3F RI5 OLIC FI 
P3G RI4 OLIO GI GND A5 
P3H PI4 OLIE F3 GND A7 

OLIF F2 GND C4 
P4A KI5 OLIG E2 GND C9 
P4B Jl5 OLlH EI GND D13 
P4C K13 GND G3 
P4D KI4 lOR A8 GND H2 
P4E LI4 lOG B7 GND H14 
P4F LI5 lOB A6 GND Jl3 
P4G MI5 PLL A4 GND M3 
P4H L13 GND NI2 

CE* B2 
COMP C6 RIW B3 reserved A2 

FSADJUST A3 CO B5 reserved B4 
VREF B6 CI C5 reserved LI 
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Pin Descriptions (continued) 

IS P7H P6A P6D P5A PSB P5C P5f P5H P4B P4A P4F P4G P3D P3C P3F 

14 P7E P6B P6C P6H P6E P5D P5E GND P5G P4D P4E P3B P3E P3H P3G 

13 P7F P7G VAA GND P6F P6G VAA VAA GND P4C P4H P3A VAA P2A PZB 

12 P7A P7D P7C GND P2D P2C 

11 D7 D6 P7B P2F PZE PZH 

10 D2 D5 D4 

Bt468 
P2G PIB PIA 

D3 DO GND PID PIC PIF 

lOR D1 VAA PIG PIH PIE 

GND lOG VAA 
(TOP VIEW) 
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lOB VREF COMP POE POF POe 

GND CO CI OL3B POG POH 
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N/C CE' OLOG OLOD OLlG OLlF OLiA GND SYNC· eLK'" OL2G OL2H OL2C OL2B OUE 

~ OLOE OLOF OLOA OLlH OLlC OLlD OLlB CLK BLK* N/C OL2E OL2D OL2A OL3H 
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IS P3F P3C P3D P40 P4F P4A P4B PSH !'SF PSC PSB PSA P6D P6A P7H 

14 P30 P3H P3E P3B P4E P4D PSG OND !'SE PSD P6E P6H P6C P6B P7E 

13 P2B P2A VAA P3A P4H P4C OND VAA VAA P6G P6F OND VAA P70 P7F 

12 P2C P2D OND P7C P7D P7A 

11 P2H P2E P2F P7B D6 D7 

10 PIA PIB P20 

Bt468 
D4 DS D2 

PIF PIC PID GND DO D3 

PIE PIU PIO VAA D1 lOR 

POB POA POD 
(BOTTOM VIEW) 

VAA lOG GND 

POe POF POE CGMP VREF lOB 

POH POG OUB CI CO OND 

OL3A OUD oue VAA OND N/C PLL 

OUF 0L3G VAA OND OL2P LD' VAA VAA OND OLIE OLOB OLOe VAA RIW FSADI 

OUE OUB oue 0L2H OUO eLK· SYNC' OND OLIA OLIP OLIO OLOD OLOG CEo N/C 

OL3H OUA OUD OUE N/c BLK' CLK OLIB OLID OLIC OLIH OLOA OLOP OLOE R 
R P N M L K H 0 P E D C B A 

'" alignment 
marker 
(on top) 
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PC Board Considerations 

The Bt468 layout should be optimized for lowest noise on 
the Bt468 power and ground lines by shielding the digital 
inputs and providing good decoupling. The trace length 
between groups of V AA and GND pins should be as short as 
possible to minimize inductive ringing. 

A well-designed power distribution network is critical to 
eliminating digital switching noise. The ground plane must 
provide a low-impedance return path for the digital circuits. 
A PC board with a minimum of six layers is recommended. 
The ground layer should be used as a shield to isolate noise 
from the analog traces with layer 1 (top) the analog traces, 
layer 2 the ground plane, layer 3 the analog power plane, 
and the remaining layers used for digital traces and digital 
power supplies. 

The optimum layout enables the Bt468 to be located as 
close as possible to the power supply connector and the 
video output connector. 

Power and Ground Planes 

The power and ground planes need isolation gaps to 
minimize digital switching noise effects on the analog 
signals and components. These gaps need to be at least 
1I8-inch wide. They are placed so that digital currents 
cannot flow through a peninsula that contains the analog 
components, signals, and video connector. A sample layout 
is shown in Figure 10. 

Device Decoupling 

For optimum performance, all capacitors should be located 
as close as possible to the device, using the shortest possible 
leads (consistent with reliable operation) to reduce the lead 
inductance. Chip capacitors are recommended for minimum 
lead inductance. Radial lead ceramic capacitors may be 
substituted for chip capacitors and are better than axial lead 
capacitors for self-resonance. Values are chosen to have 
self-resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is obtained 
by providing a 0.1 !JF ceramic capacitor in parallel with a 
0.01 !JF chip capacitor to decouple each group of V AA pins 
to Gr--m. The capacitors should be 'placed as close as 
possible to the device V AA and GND pins. 

The 10 !JF capacitor shown in Figure II is for 
low-frequency power supply ripple; the 0.1 !JF and 0.01 !JF 
capacitors are for high-frequency power supply noise 
rejection. The decoupling capacitors should be connected at 
the V AA and GND pins, using short, wide traces. 
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When using a linear regulator, the power-up sequence 
must be verified to prevent latchup. A linear regulator is 
recommended to filter the analog power supply if the power 
supply noise is greater than 200 mY. This is especially 
important when a switching power supply is used and the 
switching frequency is close to the raster scan frequency. 
Note that about 10 percent of power supply hum and ripple 
noise less than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

The COMP pin must be decoupled to VAA, typically with a 
0.1 !JF ceramic capacitor. Low-frequency supply noise will 
require a larger value. The COMP capacitor must be as close 
as physically possible to the COMP and V AA pins. A 
surface-mount ceramic chip capacitor is preferred for 
minimal lead inductance, which degrades the noise rejection 
of the circuit. Short, wide traces will also reduce lead 
inductance. 

If the display has a ghosting problem, additional 
capacitance in parallel with the COMP capacitor may help. 

Digital Signal Interconnect 

The digital inputs to the Bt468 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 and output signals. 

Most noise on the analog outputs will be caused by 
excessive edge rates (less than 3 ns), overshoot, undershoot, 
and ringing on the digital inputs. 

The digital edge rates should be no faster than necessary, 
as feedthrough noise is proportional to the digital edge rates. 
Lower speed applications will benefit from using lower 
speed logic (3-5 ns edge rates) to reduce data-related noise 
on the analog outputs. 

Transmission lines will mismatch if the lines do not match 
the source and destination impedance. This will degrade 
signal fidelity if the line length reflection time is greater than 
one fourth the signal edge time. Line termination or line 
length reduction is the· solution. For example, logic edge 
rates of 2 ns require line lengths of less than 4 inches 
without using termination. Ringing may be reduced by 
damping the line with a series resistor (30-300 Q). 

Radiation of digital signals can also be picked up by the 
analog circuitry. This is prevented by reducing the digital 
edge rates (rise/fall time), minimizing ringing with damping 
resistors, and minimizing coupling through PC board 
capacitance by routing 90 degrees to any analog signals. 
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The clock driver and all other digital devices on the circuit 
board must be adequately decoupled to prevent the noise 
generated by the digital devices from coupling into the 
analog circuitry. 

Analog Signal Interconnect 

The Bt468 should be located as close as possible to the 
output connectors to minimize noise pickup and reflections 
caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk from 
digital lines; digital traces must nat be routed under or 
adjacent to the analog output traces. 

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

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance should be 
the same. 

Analog output video edges exceeding the CRT monitor 
bandwidth can be reflected, producing cable-length 
dependent ghosts. Simple pulse filters can reduce 
high-frequency energy, reducing EMI and noise. The fIlter 
impedance must match the line impedance. 

Analog Output Protection 

The Bt468 analog outputs should be protected 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 11 can 
prevent latchup under severe discharge conditions without 
adversely degrading analog transition times. The IN4I48/9 
are low-capacitance, fast-switching diodes, which are also 
available in multiple-device packages (FSA250X or 
FSA270X) or surface-mountable pairs (BA V99 or 
MMBD7001). 

Figure 10. sample Layout Showing Power and Ground Plane Isolation Gaps. 
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8t468 

CIS 

+ T CI6 

+SV(VCC) 

CI 

GROUNO """'.,..---,....-"1"'"-"1"'"..1.0,....-----""""-----.... --- (POWERSUPPLY 

CONNECTOR) 

PLL RSET 

R2 R3 

FS ADJUST f------' 

roRr-------*--+--r-----~ P TO 

VIDEO 
lOG r-----------------*---r-----~ P CONNECTOR 

IOBf---------------------~----~ P 

VAA 

CD 
IN4148/9 

OAC 
TO MONITOR 

OUTPUT 
IN4148 19 

GNO 

Note: Each pair of device V AA and GND pins must be separately decoupled with 0.1 fJF and 0.01 fJF capacitors. 

Location Description Vendor Part Number 

CI-C7, C14, CIS 0.1 fJF ceramic capacitor Erie RPEIIOZSUl04MSOV 
C8-C13 0.01 fJF ceramic chip capacitor AVX 12102Tl03QA1018 

C16 10 fJF tantalum capacitor Mallory CSR13Gl06KM 
Ll ferrite bead Fair-Rite 2743001111 

Rl,R2,R3 50 n 1 % metal film resistor Dale CMF-SSC 
DA 1000 n 1 % metal film resistor Dale eMF-SSC "' .. 

RSET 348 n 1 % metal film resistor Dale CMF-SSC 
ZI 1.2 V voltage reference National Semiconductor LM38SZ-1.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt468. 

Figure 11. Typical Connection Diagram and Parts List. 
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Application Information 

Clock Interfacing 

Because of the high clock rates at which the Bt468 may 
operate, it is designed to accept differential clock signals 
(CLOCK and CLOCK*). These clock inputs are generated 
by ECL logic operating at +5 V. The CLOCK and 
CLOCK* inputs require termination resistors (220 Q to 
GND) that should be located as close as possible to the 
clock driver. A 150 Q chip resistor connected between the 
RAMDAC's CLOCK and CLOCK* pins is also required to 
ensure proper termination. It should be located as close as 
possible to the RAMDAC. 

The CLOCK and CLOCK* inputs must be differential 
signals and greater than 0.6 V peak to peak because of the 
noise margins of the CMOS process. The Bt468 will not 
function if a single-ended clock is used with CLOCK* 
connected to ground. 

For 170 MHz and greater applications, robust ECL clock 
signals with strong pulldown (-20 mA at VOH) and double 
termination are required if clock trace lengths are greater 
than 2 inches. 

Typically, LD* is generated by dividing CLOCK by 8 
and translating the result to TTL levels. As LD* may be 
phase shifted relative to CLOCK, propagation delays need 
not be considered when the LD* signal is being derived. 
LD* may be used as the shift clock for the video DRAMs 
and to generate the fundamental video timing of the system 
(e.g., SYNC* and BLANK*). 

For display applications in which a single Bt468 is being 
used, it is recommended that the Bt438 Clock Generator 
Chip be used to generate the clock and load signals. It 
supports the 8:1 input multiplexing of the Bt468 and sets the 
pipeline delay of the Bt468 to eight clock cycles. Figure 12 
illustrates use of the Bt438 with the Bt468. 

When a single Bt468 is used, the PLL output is ignored 
and should be connected to GND (either directly or 
through a resistor up to 150 Q). 

.5V 
CLOCK 

MONITOR 220 
PRODUCTS 

970E 
330 

CLOCK· 

Bt438 

LDA 

VREF 

Bt468 

Using Multiple 8t468s 

For display applications in which up to four Bt468s are 
being used, it is recommended that the Bt439 Clock 
Generator Chip be used to generate the clock and load 
signals. It supports the 8: 1 input multiplexing of the 
Bt468, synchronizes the signals to subpixel resolution, 
and sets the pipeline delay of the Bt468 to eight clock 
cycles. Fignre 13 illustrates use of the Bt439 with the 
Bt468. 

Subpixel synchronization is supported by the PLL 
output. Essentially, PLL provides a signal to indicate the 
amount of analog output delay of the Bt468, relative to 
CLOCK. The Bt439 compares the phase of the PLL 
signals generated by up to four Bt468s and adjusts the 
phase of each of the CLOCK and CLOCK* signals to 
the Bt468s, minimizing the PLL phase difference. There 
should be minimal layout skew in the CLOCK and PLL 
trace paths to ensure proper clock alignment. 

If subpixel synchronization of multiple Bt468s is not 
necessary, the Bt438 Clock Generator Chip may be used 
rather than the Bt439. In this instance, the CLOCK, 
CLOCK*, and LD* inputs of up to four Bt468s are 
connected together and driven by a single Bt438 (daisy 
chain with single balanced termination for <100 MHz or 
through a IOH116 buffer for >100 MHz). Skew must be 
minimized on the CLOCK and CLOCK* lines. The PLL 
outputs are not used and should be connected to GND 
(either directly or through a resistor up to 150 Q). 

When multiple Bt468s are used, each Bt468 should 
have its own power plane ferrite bead. In addition, a 
single voltage reference may drive multiple devices; 
however, isolation resistors are recommended to reduce 
color channel crosstalk. 

Each Bt468 must still have its' own RSET resistor, 
analog output termination resistors, power supply bypass 
capacitors, CaMP capacitor, and VREF capacitor. 

CLOCK 

Bt468 

CLOCK· 

LD' 

VAA 

O.I'I 

VREF 

lK 

Figure 12. Generating the 8t468 Clock Signals. 
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PlL 
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PLL 
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BT468 

LD* roT #2 
BT439 VAA 

70 To.1 
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Figure 13. Generating the Clock Signals for Multiple 8t468s. 

Setting the Pipeline Delay 

The pipeline delay of the Bt468, although fixed after a 
power-up condition, may be anywhere from six to ten 
clock cycles. The Bt468 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 Bt468 

To reset the Bt468, it should be powered up with LD*, 
CLOCK, and CLOCK* running. The CLOCK and 
CLOCK* signals should be stopped with CLOCK high and 
CLOCK* low for at least three rising edges of LD*. The 
device can be held with CLOCK and CLOCK* stopped for 
an unlimited time. 

CLOCK and CLOCK* should be restarted so that the 
first edge of the signals is as close as possible to the rising 
edge of LD*. (The fulling edge of CLOCK leads the rising 
edge of LD* by no more than I clock cycle or follows the 
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rising edge of LD* by no more than 1.5 clock cycles.) 
When the clocks are restarted, the minimum clock pulse 
width must not be violated. 

In order to ensure that the Bt468 has the proper 
configuration, all of the command registers must be 
initialized prior to a fixed-pipeline reset. Because of this 
requirement, the power-up that occurs prior to 
initialization of the command registers cannot be used to 
ensure the fixed pipeline. An additional reset is required 
after command register writes. 

When the Bt468 is reset to an eight-clock-cycle pipeline 
delay, the blink counter circuitry is not reset. Therefore, if 
the multiple Bt468s 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 logical zeros. Software may control blinking through 
the read mask register and overlay display enable bits. 

The Bt468 must be reset to an eight-clock-cycle pipeline 
delay for proper cursor pixel alignment. 
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ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are required to 
prevent device damage, which can produce symptoms of 
catastrophic failure or erratic device behavior with 
somewhat leaky inputs. 

All logic inputs should be held low until power to the 
device has settled to the specified tolerance. DAC power 
decoupling networks with large time constants should be 
avoided. They could delay V AA power to the device. 
Ferrite beads must be used only for analog power V AA 
decoupling. Inductors cause a time constant delay that 
induces latchup. 

Latchup can be prevented by ensuring that all V AA pins 
are at the same potential and that the V AA supply voltage is 
applied before the signal pin voltages. The correct power-up 
sequence ensures that any signal pin voltage will never 
exceed the power supply voltage by more than +0.5 V. 

Test Features of the 8t468 

The Bt468 contains two dedicated test registers and an 
analog output comparator that assist the user in evaluating 
the performance and functionality of the part. This section 
explains the operating use of these test features. /' 

Signature Register (Signature Mode) 

The signature register, in the active mode, operates with 
the 24 bits of data that are output from the color palette 
RAM. These 24-bit vectors represent a single pixel color 
and are presented as inputs simultaneously to the red, 
green, and blue signature analysis registers (SARs), as well 
as to the three on-chip DACs. 

RO-R7 

Bt468 

The SARs act as a 24-bit-wide linear feedback shift 
register on each succeeding pixel that is latched. The 
SARs latch only 1 pixel per load group. Thus the SARs 
are operating on only every eighth pixel in the multiplexed 
modes. The user determines which pixel phase (A, B, C, 
D, E, F, G, or H) is latched for generating new signatures 
by setting bits DO-D2 in the test register. 

The Bt468 will only generate signatures while in 
active-display (BLANK* negated). The SARs are 
available for reading and writing through the MPU port 
when the Bt468 is in a blanking state (BLANK* asserted). 
Specifically, it is safe to access the SARs after the DAC 

outputs are in the blanking state (up to 15 pixel clock 
periods after BLANK* is asserted). 

Typically, the user will write a specific 24-bit seed value 
into the SARs. Then, a known pixel stream, e.g., one scan 
line or one frame buffer of pixels, will be input to the chip. 
Then, at the succeeding blank state, the resultant 24-bit 
signature can be read by the MPU. The 24-bit signature 
register data is a result of the same captured data that is fed 
to the DACs. Thus, overlay and cursor data validity is also 
tested with the signature registers. 

The above process is repeated with all different pixel 
phases-A, B, C, etc.,-selected. 

The linear feedback configuration is shown in Figure 14. 
Each register internally uses XORs at each input bit (Dn) 
with the output (result) by I least significant bit (Qn-J). 

Experienced users have developed tables of specific 
seeds and pixel streams, and recorded the signatures that 
result from those inputs applied to known-good parts. A 
good signature from one given pixel stream can be used as 
the seed, for the succeeding stream to be tested. Any 
signature is deterministically created from a starting seed, 
and the succeeding pixel stream is fed to the SARs. 

GO·G7 BO·B7 
FROM LOOKUP TABLE FROM LOOKUP TABLE FROM LOOKUP TABLE 

• MPU SAR READ BIT 

Figure 14. Signature Analysis Register Circuit. 
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Signature Register (Data-Strobe Mode) 

Setting command bit CR20 to one puts the SARs into 
data-strobe mode. In this instance. the linear feedback 
circuits of the SARs are disabled. which stops the 
generation signatures by the SARs. Instead. the SARs 
capture 'and hold the respective pixel phase that is selected. 

Any MPU data written to the SARs is ignored. However. 
each pixel color value that is strobed into the SARs can be 
directly checked. To read a captured color in the middle of 
a pixel stream. the user should first freeze all inputs to the 
Bt468. The levels of most inputs are insignificant except 
that CLOCK should be high and CLOCK* should be low. 
Then. the user may read out the pixel color by doing three 
successive MPU reads from the red. green. and blue SARs. 
respectively. 

In general. the color readout will correspond to a pixel 
latched on the previous load. However. because the data 
path is pipelined. the color may come from an earlier load 
cycle. To read successive pixels. LD* should be toggled. 
the CLOCK pins should be pulsed according to the mux 
state (eight periods). and all pixel-related inputs should be 
held and the three MPU reads performed as described. This 
overall process is best done on a sophisticated VLSI 
semiconductor tester. 
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Analog Comparator 

The other dedicated test structure in the Bt468 is the 
analog output comparator. It allows the user to measure 
the DACs against each other as well as against a specific 
reference voltage. 

Four combinations of tests are selected through the 
test register. With a given setting. the respective signals 
(DAC outputs or the 145 mV reference) will be 
continuously input to the comparator. The result of the 
comparator is latched into the test register on each of the 
64 scan lines of the 64 x 64 user-defined cursor block. 
(The 64 x 64 cursor must be enabled for display.) On 
each of these 64 scan lines. the capture occurs over one 
LD* period that corresponds to the cursor (x) position. 
set by the 12-bit cursor (x) register. 

To obtain a meaningful comparison. the cursor should 
be located on the visible screen. There is no significance 
to the cursor pattern data in the cursor RAM. For a 
visual reference. the capture point actually occurs over 
the leftmost edge of the 64 x 64 cursor block. 

Because of the comparator's simple design, it is 
recommended that the DAC outputs be stable for 5 lIS 
before capture. At a display rate of I ()() MHz, 5 lIS 
corresponds to 500 pixels. In this case, the cursor (x) 
position should be set to well over 500 pixels to ensure 
an adequate supply of pixels. Furthermore, either the 
color palette RAM or the pixel inputs (or both) should 
be configured to guarantee a single continuous output 
from the DACs under test, until capture. 

Typically, users will create screen-wide test bands of 
various colors. Various comparison cases are set up by 
moving the cursor up and down (by changing the 12-bit 
cursor (y) register) over these bands. For each test, the 
result is obtained by reading test register bit D3. 
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Initializing the 8t468 

Following a power-on sequence, the Bt468 must be 
initialized. This sequence will configUre the Bt468 as 
follows: 

8:1 multiplexed operation 
no overlays, no blinking, no panning 
64 x 64 block cursor, no cross hair cursor 
sync enabled on lOG, 7.5 IRE blanking pedestal 

Control Register Initialization 

Write $01 to address register low 
Write $02 to address register high 
Write $40 to command registecO 
Write $00 to command registecl 
Write $CO to command registec2 
Write $FF to pixel read mask register 
Write $00 to reserved location 
Write $00 to pixel blink mask register 
Write $00 to reserved location 
Write $00 to overlay read mask register 
Write $00 to overlay blink mask register 
Write $00 to reserved location 
Write $00 to test register 

Write $00 to address register low 
Write $03 to address register high 
Write $CO to cursor command register 
Write $00 to cursor (x) low register 
Write $00 to cursor (x) high register 
Write $00 to cursor (y) low register 
Write $00 to cursor (y) high register 
Write $00 to window (x) low register 
Write $00 to window (x) high register 
Write $00 to window (y) low register 
Write $00 to window (y) high register 
Write $00 to window width low register 
Write $00 to window width high register 
Write $00 to window height low register 
Write $00 to window height high register 

CI,CO 

00 
01 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

00 
01 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Load Cursor RAM Pattern 

Write $00 to address register low 
Write $04 to address register high 
Write $FF to cursor RAM (location $000) 
Write $FF to cursor RAM (location $(01) 

Write $FF to cursor RAM (location $3FF) 

Color Palette RAM Initialization 

Write $00 to address register low 
WJ;ite $00 to address register high 
Write red data to RAM (location $00) 
Write green data to RAM (location $00) 
Write blue data to RAM (location $(0) 
Write red data to RAM (location $01) 
Write green data to RAM (location $01) 
Write blue data to RAM (location $01) 

Write red data to RAM (location $FF) 
Write green data to RAM (location $FF) 
Write blue data to RAM (location $FF) 

Overlay Color Palette Initialization 

Write $00 to address register low 
Write $01 to address register high 
Write red data to overlay (location $0) 
Write green data to overlay (location $0) 
Write blue data to overlay (location $0) 
Write red data to overlay (location $1) 
Write green data to overlay (location $1) 
Write blue data to overlay (lOCation $1) 

Write red data to overlay (location $F) 
Write green data to overlay (location $F) 
Write blue data to overlay (location $F) 

Cursor Color Palette Initialization 

Write $81 to address register low 
Write $01 to address register high 
Write red data to cursor (location $0) 
Write green data to cursor (location $0) 
Write blue data to cursor (location $0) 
Write red data to cursor (location $1) 
Write green data to cursor (location $1) 
Write blue data to cursor (location $1) 
Write red data to cursor (location $2) 
Write green data to cursor (location $2) 
Write blue data to cursor (location $2) 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 

Ambient Operating Temperature TA 0 +70 °C 

Output Load RL 25 Q 

Reference Voltage VREF 1.20 1.235 1.26 V 

FS ADJUST Resistor RSET 348 Q 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 6.5 V 

Voltage on any Signal Pin (Note I) GND--O.5 VAA + 0.5 V 

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, 114" from pin) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1,' This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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DC Characteristics 

Parameter Symbol Min Typ Max Units 

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

Integral Linearity Error IL ±I LSB 
Differential Linearity Error DL ±I LSB 

Gray-Scale Error ±5 % Gray Scale 
Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
(except CLOCK, CLOCK") 
Input High Voltage VIH 2.0 VAA+0.5 V 
Input Low Voltage VIL GND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) IIH 1 JIA 
Input Low Current (Vin = 0.4 V) IlL -I JIA 
Input Capacitance CIN 4 10 pF 

(f = 1 MHz, Yin = 2.4 V) 

Clock Inputs (CLOCK, CLOCK") 
Input Differntial Voltage ~VIN .6 6 V 
Input High Current (Vin = 4.0 V) IKIH 1 JIA 
Input Low Current (Vin = 0.4 V) IKIL -I JIA 
Input Capacitance CKIN 4 10 pF 

(f = I MHz, Yin = 4.0 V) 

Digital Outputs (DO-D7) 
Output High Voltage VOH 2.4 V 

(IOH = -400 JIA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
3-state Current IOZ 10 JIA 
Output Capacitance CDOUT 10 pF 

See test conditions on next page. 
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Bt468 Brooktree® 
DC Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Output Current 

White Level Relative to Blank 26.56 28.56 30.56 rnA 
White Level Relative to Black 25.08 26.40 27.72 rnA 
Black Level Relative to Blank 

SETUP = 7.5 IRE 1.48 2.16 2.84 rnA 
SETUP=OIRE 0 5 SO flA 

Blank Level on lOG 9.44 11.44 13.44 rnA 
Blank Level on lOR. lOB 0 5 SO flA 
Sync Level on lOG 0 5 SO flA 
LSB Size 103.5 flA 

DAC-to-DAC Matching 5 % 
Output Compliance VOC -0.5 +1.2 V 
Output Impedance RAOUT SO kQ 
Output Capacitance CAOUT 13 20 pF 

(f = 1 MHz. lOUT = 0 rnA) 

PLL Analog Output PLL 
Output Current 

SYNC*IBLANK* = 0 9 11.44 14 rnA 
SYNC*IBLANK* = 1 0 5 SO flA 

Output Compliance -1.0 +2.5 V 
Output Impedance 50 kQ 
Output Capacitance 10 pF 

(f= 1 MHz. PLL = 0 rnA) 

Voltage Reference Input Current IREF 10 flA 

Power Supply Rejection Ratio PSRR 0.5 %I%AVAA 
(COMP = 0.1 1If. f = 1 kHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 348 Q and 
VREF = 1.235 V. SETUP = 7.5 IRE with '50 Q double termination. As the above parameters are guaranteed over the 
full temperature range. temperature coefficients are not specified or required. Typical values are based on nominal 
temperature. i.e .• room temperature. and nominal voltage. i.e .• 5 V. 
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Bt468 
AC Characteristics 

220/200 MHz Devices 170 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 220/200 170 MHz 
LD*Rate LDmax 27.5/25 21.25 MHz 

RIW, CO, Cl Setup Time 1 0 0 ns 
RIW, CO, Cl Hold Time 2 10 10 ns 

CE*LowTime 3 45 45 ns 
CE* High Time 4 25 25 ns 
CE* Asserted to Data Bus Driven 5 7 7 ns 
CE* Asserted to Data Valid 6 45 45 ns 
CE* Negated to Data Bus 3-Stated 7 15 15 ns 

Write Data Setup Time 8 20 20 ns 
Write Data Hold Time 9 0 0 ns 

Pixel and Control Setup Time 10 3 3 ns 
Pixel and Control Hold Time 11 2 2 ns 

Clock Cycle Time 12 4.515 5.88 ns 
Clock Pulse Width High Time 13 212.2 2.5 ns 
Clock Pulse Width Low Time 14 212.2 2.5 ns 

LD* Cycle Time 15 36/40 47 ns 
LD* Pulse Width High Time 16 13.5115 20 ns 
LD* Pulse Width Low Time 17 13.5/15 20 ns 

Analog Output Delay 18 12 12 ns 
Analog Output RiselFall Time 19 1 1 n$ 
Analog Output Settling Time 20 tbd tbd ns 
Clock and Data Feedthrough (Note 1) tbd tbd dB 
Glitch Impulse (Note 1) 50 50 pV -sec 
DAC-to-DAC Crosstalk tbd tbd dB 
Analog Output Skew 0 1 0 1 ns 

Pipeline Delay 6 13 6 13 Clocks 

V AA Supply Cuirent (Note 2) IAA 450 tbd 430 tbd rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 348 nand VREF = 1.235 V. 
TTL input values are 0-3 V with input rise/fall times ~ 4 ns, measured between the lO-percent and 90-percent points. ECL input 
values are VAA...{).8 to VAA-1.8 V with input rise/fall times ~ 2 ns, measured between the 20-percent and 80-percent points. 
Timing reference points at 50 percent for inputs and outputs. Analog output load ~ 10 pF and DO-D7 output load ~ 75 pF. See 
timing waveforms and notes in Figures 15 and 16. As the above parameters are guaranteed over the full temperature range, 
temperature coefficients are not specified or required. Typical values are based on nominal temperature, i.e., room temperature, 
and nominal voltage, i.e., 5 V. 

Note I: Clock and data feedthrough is a function of the number of edge rates, and the amount of overshoot and undershoot on 
the digital inputs. For this test, the TTL digital inputs have a 1 kG 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, and 
-3 dB test bandwidth = 2x clock rate. 

Note 2: At Fmax. IAA (typ) at VAA = 5.0 V and TA = 25° C. IAA (max) at VAA = 5.25 V and TA = 0° C. 
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Bt468 
Timing Waveforms 

I I f-L. 
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DATA IN (RIW = 0) \ 
/ 
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Figure 15. MPU Read/Write Timing Dimensions. 
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Note 1: Output delay time is measured from the 50-percent point of the rising clock edge to the 50-percent 
point of full-scale transition. 

5-396 

Note 2: Output settling time is measured from the 50-percent point of full-scale transition to output settling 
within ±1 LSB. 

Note 3: Output rise/fall time is measured between the lO-percent and 90-percent points of full-scale 

Figure 16. Video Input/Output Timing. 
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Brooktreee Bt468 
Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt468KG220 220 MHz 145-pin Ceramic 00 to +700 C 
PGA 

Bt468KG200 200 MHz 145-pin Ceramic 00 to +700 C 
PGA 

Bt468KGl70 170 MHz 145-pin Ceramic 00 to +700 C 
PGA 
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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 
• 500 ps Typical RiseIFall Time 

Applications 

• Graphics Terminals 
• CAFJCAD/CAM 
• Image Processing 
• Instrumentation 
• Desktop Publishing 

• RS-343A Compatible Output 
• 0 or 7.5 IRE Blanking Pedestal Related Products 
• 1 V Drive Into 25 n Output Loads 
• lOOK ECL-Compatible Pixel Inputs 
• Divide-by-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 

• Bt424 

Functional Block Diagram 

TTL TIL EeL ECL 
vee OND VEE vee VREPOUT PS ADJUST VREF.1N 

COMP 

lOur 

IOUP 

SETUP 

VBB 

Brooktree Corporation' 9950 Barnes Canyon Rd .• San Diego. CA 92121-2790 
(619) 452-7580' (800) VIDEO IC' TLX: 383596' FAX: (619) 452-1249 
IA9200l Rev. H 

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 
Bt492 interface with 180 MHz pixel data, 
simplifying interface with the frame buffer. 
On-chip divide- by-2 of the clock is provid
ed, generating the 180 MHz differential load 
clocks. The pixel, DIV2IN, and. blank in
puts, and the DIV20UT and DN20UT* 
outputs, are lOOK ECL compatible. The 
blanking signal is pipelined to maintain syn
chronization with the pixel data. 

The MPU interface signals (OO-D7, CS *, 
RDA*, RDB*, and WR*) are TTL compati
ble. During MPU accesses to the RAM, the 
address is input through the pixel ports 
(PAO-PA 7 and PBO-PB7). 

An on-chip voltage reference is available, 
or an external reference may be used. A sin
gle external resistor controls the full-scale 
output current. 

The Bt492 generates an RS-343A
compatible video Signal and can drive either 
doubly- terminated 75 n or 50 n coax di
rectly without requiring external buffering. 
Both the differential and integral linearity er-

. rors of the D/A converters are guaranteed to 
be a maximum of ±1I2 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 an MPU interface. 

MPU data is input and output through the DO
D7 data lines. During MPU accesses to the color 
palette RAMs, the RAMs are addressed through 
the PAx, PBx, and OLx inputs, and the internal 
pipeline registers are transparent. During MPU 
write cycles (WR * = Q), data is written to both 
RAMs. The MPU may read either RAM through 
the RDA* and RDB* control inputs. (See Figure 
1.) 

BLANK should be asserted during MPU access
es to prevent the data values associated with the 
MPU address from appearing at the analog out
puts. 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 PAD-PA7 and OLA inputs (even 
data), and PBD-PB7 and OLB inputs (odd data) is 
latched on the falling edge of DIV20UT*, as illus
trated in Figure 2. 

The OLx inputs determine whether the PxD-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 
they drive the 8-bit video D/A converter. 

DIV21N is defined to be one half the CLOCK 
rate. To simplify system design, the Bt492 outputs 
a DIV20UT* signal which, when connected to the 
DIV21N pin, generates a clock equal to one half 
the CLOCK rate. For a color system requiring 
three Bt492s, the DIV20UT signals may be syn
chronized by connecting the DIV20UT* signal on 
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one of the devices to the DIV2IN pins of all three 
devices. Signal paths must be kept short and equal 
for each connection. The unused DIV20UT sig
nals from the remaining Bt492s can be used to 
clock the shift registers driving the Bt492 pixel 
inputs. 

The BLANK input is also latched on the falling 
edge of DIV20UT*. This input overrides the 
PAD-PA7, OLA, PBD-PB7, and OLB inputs. 
Blanking information is output synchronously with 
the even pixel data. 

Full-scale output current is set by an external re
sistor (RSET) between the FS ADJUST pin and 
ECL VCC. RSET has a typical value of 1092 n 
for generation of RS-343A video into a 37.5 n 
load, or 729 n for generation of RS-343A video 
into a 25 n load. The on-chip voltage reference 
(VREF OUT) may be used to provide the refer
ence for the VREF IN pins of up to three Bt492s, 
or an external reference may be 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 n resistor to ECL VCC 
(assuming a doubly- terminated 50 n load). The 
IOUT* output is used to generate the positive vid
eo signal. 

The DI A converter on the Bt492 uses a segment
ed architecture in which bit currents are routed to 
either lOUT or IOUT* by a sophisticated decoding 
scheme. This architecture eliminates the need for 
precision component ratios and greatly reduces the 
switching transients associated with turning sourc
es on or off. Monotonicity and low glitch are guar
anteed when identical current sources and current 
steering their outputs are used. An on-chip opera
tional amplifier stabilizes the full-scale output cur
rent against temperature and power supply 
variations. 

The analog outputs of the Bt492 can directly 
drive either a 37.5 nor 25 n load, such as a doub
ly-terminated 75 n or 50 n coaxial cable. 



Bt492 
Circuit Description (continued) 

CS",PAO-PA7, 

PBO - PB7, OLA, OLB 

RDA", RDB", WR" 

READ (DO - 07) 

WRlTE (DO - 07) 

DIV20UT* 

PAO-PA7, PBO-PB7, 

===><~ ____________ V_~ __ ID ____________ --J)(~ ____________ __ 

\'-----------/ 

----------« DATAOUT(RDA* OR RDB' =0) )>---------

__________ -J)(~ __ D_A_TA_m_~_"_=-m--J)(~--------

Figure 1_ MPU Read/Write Timing_ 

OLA, OLB, BLANK , -----_f.J 

CLOCK 

lOUT" 
I. PIPELINE DELAY I OUTPUT DELAY ~ ", .. --------<~.-. -----.... PBO-PB7, 

PAO - PA7, BLANK __________________ . BLANK 

Figure 2_ Video Input/Output Timing_ 
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Bt492 Brooktree@ 
Circuit Description (continued) 

5-402 

MA MA V 

RSET= RSET= 
729 1092 

00.00 00.00 0.000 WHITE LEVEL 

.26.40 .17.60 .0.660 BLACK LEVEL 
7.5 IRE 

.28.56 .19.05 .0.714 BLANK LEVEL 

Note: RSET = 729 0 (50 0 doubly-terminated load) or 10920 (75 0 doubly·terminated load), and VREF 
IN = -1.2 V. RS-343A levels and tolerances are assumed on all levels. 

Figure 3. Composite Video Output Waveforms (lOUr). 

RSET= RSET= 
7290 10920 

Description lour lour BLANK DAC 
(mA) (mA) Input Data 

WffiTE 0 0 0 $FF 
DATA data data 0 data 
BLACK -26.40 -17.62 0 $00 
BLANK I $xx 

SETUP = ECL VCC -26.40 -17.62 
SETUP = float -28.56 -19.05 

Note: Typical with VREF IN = -1.2 V. 

Table 1. Video Output Truth Table. 
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Brooldree® Bt492 
Pin Descriptions 

Pin Name 

BLANK 

PAO-PA7, 
PBO-PB7 

OLA,OLB 

CLOCK, 
CLOCK* 

DIV2IN, 
DIV2IN* 

DIV20UT*, 
DIV20UT 

lOUT, 
IOUT* 

COMP 

SETUP 

FSADJUST 

Description 

Composite blank control input (ECL compatible). A logical one drives the analog output to the 
blanking level, as specified in Table 1. It is latched on the falling edge of DIV20UT*. 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. PAD 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 I 
of 16 available data words in the overlay palette. OLA and OLB are latched on the falling edge of 
DIV20UT* 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 CLOCKl2 inputs (ECL compatible). These clocks must be one half the CLOCK rate. 
They may be configured for single-ended operation by connecting DIV2IN* to VBB. 

CLOCKl2 differential outputs (ECL compatible). When DIV20UT* is connected to the DIV21N 
pin, these outputs are one half the CLOCK rate. When not connected to DIV2IN, they generate a 
signal that is DIV21N synchronized to CLOCK and inverted. 

Differential video current outputs. These high-impedance current sources can directly drive either a 
doubly-terminated 50 0 or 75 0 coaxial cable (Figures 4 and 5 in the PC Board Layout 
Considerations section). 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 ¢' 
ceramic chip capacitor and a 0.001 ¢' ceramic chip capacitor must be connected between this pin 
and A VEE (Figures 4 and 5). The COMP capacitors must be as close to the device as possible to 
keep lead inductance to an absolute minimum. The PC Board Layout Considerations section 
contains critical layout criteria. 

Pedestal control input. If SETUP is connected to ECL VCC, the blanking pedestal on the output is 
disabled, making the black and blanking levels the same (0 IRE). If SETUP is 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 VCC controls the 
magnitude of the full-scale video signal (Figures 4 and 5). The IRE rclationships in Figure 3 are 
maintained, regardless of the full-scale output current. 

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

RSET (0) = K * VREF IN (V) / lOUT (mA) 

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

Note: The RSET value may require adjustment to generate the specified video levels because of 
variations in processing and depending on whether the internal or an external reference is used. 
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Bt492 Brooktree® 
Pin Descriptions (continued) 

Pin Name 

VREFOUT 

VREFIN 

CS* 

RDA*,RDB* 

WR* 

DO-D7 

VBB 

TILVCC 

TILGND 

ECLVCC 

DVEE 

AVEE 

Alignment Pin 

Description 

Voltage reference output. This output provides a -1.2 V (typical) reference and may be connected to 
the VREF IN inputs of up to three Bt492s. When driving multiple Bt492s, 100 Q of interconnect 
resistance should be used to minimize noise pickup. If VREF OUT 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 in the 
Application Information section, or the VREF OUT pin must supply this input with a -1.2 V 
(typical) reference. A 0.01 !If ceramic chip capacitor in parallel with a 0.001 !If 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 possible to keep lead inductance to an 
absolute minimum. 

Chip select control input (TIL compatible). This input must be a logical zero to enable MPU data to 
be written to or read from the device. When CS* is a logical one, DO-D7 are three-stated. While 
CS* is a logical zero, the PAO-PA7, PBO-PB7, aLA, 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 (TIL compatible). To read data from RAM A, both CS* and RDA* must be 
logical zeros. To read data from RAM B, both CS* and RDB* must be logical zeros. MPU 
addressing on PAx, PBx, and OLx must be valid while RDA* or RDB* isa logical zero. CS*, 
RDA*, and RDB* must not be logical zeros simultaneously (see Figure 9 in the Timing Waveforms 
section). 

Write control input (TIL compatible). To write data to the device, both CS* and WR* must be 
logical zeros. 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 logical zeros simultaneously (see Figure 10 in the Timing Waveforms section). 

Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit 
bidirectional data bus. DO is the least significant bit. 

A -1.3 Voutput. A 0.01 !If decoupling capacitor to ECL VCC reduces threshold jitter. 

TIL power. All TTL VCC pins must be connected together. 

TIL ground. All TIL GND pins must be connected together. 

ECL ground. All EeL 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: A ferrite bead must be used to connect the AVEE power pins to the analog power plane, 
as illustrated in Figures 4 and 5. 

The alignment pin is connected to the metallic cavity lid, which is electrically isolated. 
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Brooktree® Bt492 
Pin Descriptions (continued) 

Signal Pin Signal Pin Signal Pin 
Number Number Number 

CLOCK HI DO EID VBB C2 
CLOCK* G2 DI D11 

D2 DIO ITLVCC F11 
DIV2IN DI D3 C11 

DIV2IN* D2 D4 CID ITLGND FID 
DIV20UT E2 D5 Bll ITLGND Ell 
DIV20UT* EI D6 AID ITLGND A9 

D7 BID ITLGND B9 
BLANK H2 

CS* B7 ECLVCC A6 
PAO J2 RDA* A7 ECLVCC FI 
PAl KI ROB* B8 ECLVCC L6 
PA2 L2 WR* A8 ECLVCC KID 
PA3 L3 ECLVCC K11 
PA4 K3 lOUT 110,111 
PA5 L4 IOUT* HIO, HII DVEE A5 
PA6 K4 DVEE B6 
PA7 L5 SETUP K7 DVEE F2 
OLA K5 COMP L8 DVEE GI 

VREFIN K8 DVEE K6 
PBO CI VREFOUT K9 DVEE L7 
PBI B2 FS ADJUST L9 
PB2 BI AVEE GIO 
PB3 A2 N/C K2 AVEE Gil 
PB4 B3 N/C 11 
PB5 A3 N/C LIO alignment C3 
PB6 B4 pin (LID) 
PB7 A4 
OLB B5 
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Bt492 BrooktreeGD 

Pin Descriptions (continued) 

11 D5 D3 DI TGND TYCC AVEB lOur" lOur EVCC 

10 D6 D7 D4 D2 DO TGND AVEB IOIIT* lOur EVCC NIC 

TGND TGND VREFO FSADJ 

WK" ROO" VREF\ COMP 

ROA" es· Bt492 SETUP DVEB 

EVCC DVEB DVEE EVCC 

DVEE OLD OLA PA7 

4 P07 PB6 
(TOP VIEW) 

PA6 PAS 

POS PB4 PA4 PA3 

P03 POI VOO DIV2I" DIV20 DYEE C\.K" OLANK PAO NIC PA2 

D P02 POO DIV21 DIV20" EVCC DYEE eLK N/C PAl 

A 0 e D E F G H K L 

alignment marker (on top) 

11 EVCC lOur IOIIT* AVEB TYCC TGND DI D3 DS 

10 NIC EVCC lOur lOur· AVEB TGND DO D2 D4 D7 D6 

FSADJ VREFO TGND TGND 

COMP VRilFI ROB· WR" 

DVEE SETUP es" RDA* 

EVCC DVEE (BOTTOM VIEW) DVEE EVCC 

PA7 OLA OLO DVEE 

4 PAS PM P06 P07 
ALIGNMENT PIN 

PA3 PA4 
(ONBOTI~) 

PB4 POS 

PAl N/c PAD OLANK CLK" DVEB DIV20 DIV21" VOB POI P03 

I I PAl NIC CLK DVEB EVCC DIV20" DIV21 POO P02 DI 
L K H G F E D e 0 A 
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Brooktree® 
PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise 
on the Bt492 power and ground lines by shielding 
the digital inputs and providing good decoupling. 
The trace length between groups of A VEE and 
ECL VCC pins should be as short as possible 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, pow
er supply bypass circuitry for the Bt492, the ana
log output traces, and all the digital signal traces 
leading 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 sin
gle point through a ferrite bead, as illustrated in 
Figures 4 and 5. This bead should be located 
within 3 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 circuit
ry, and any output amplifiers. 

Portions of the regular PCB power and ground 
planes must not overlay portions of the analog 
power or ground planes, unless they can be ar
ranged so that the plane-to-plane noise is common 
mode. This will reduce plane-to-plane noise 
coupling. 

Bt492 

Supply Decoupling 

In addition to the ferrite beads between the analog 
and regular PCB power and ground planes, another 
ferrite bead must be installed between the A VEE 
power pins and the analog power plane, as illus
trated in Figures 4 and 5. The ferrite bead must be 
as close as possible to the A VEE pins. 

For the best performance, three chip capacitors 
in parallel (0.1 ~, 0.01 ~, and 0.001 ~) 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 A VEE pins, as illus
trated in Figures 4 and 5. 

COMP Decoupling 

Ceramic chip capacitors are recommended for 
minimum lead inductance. Radial lead ceramic ca
pacitors may be substituted for chip capacitors and 
are better than axial lead capacitors for self
resonance. 

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 re
flections. 

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

Analog Signal Interconnect 

The video output signals should overlay the analog 
ground plane rather than the analog power plane, 
to maximize the high-frequency power supply 
rejection. 

The analog transmission lines must have 
matched impedance throughout, including connec
tors and transitions between printed circuitry wir
ing and coaxial cable. 
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Bt492 Brooktree® 
PC Board Layout Considerations (continued) 

I 

TILVCC~ __________________________________________________ _ 

+5V 

L2 
ANALOG POWER PLANE 

8t492 C2,C4,C8 
L! 

.4.5V 

Cl 

TILGND, GROUND ECLVCC 

FSADJUST 

lOUT 

TO 
VIDEO IOUT* CONNECTOR 

Location Description Vendor Part Number 

CI 0.1 j.IF ceramic capacitor Mallory CK05BXlO4K 
C2,C3 0.1 j.IF ceramic chip capacitor Johanson Dielectrics X7R-500S4IWI04KP 
C4-C7 0,01 j.IF ceramic chip capacitor Johanson Dielectrics X7R-500S4IWl03KP 
C8-Cll 0,001 j.IF ceramic chip capacitor Johanson Dielectrics NPO-500S41NI02JP 

el2 10 j.IF capacitor Mallory CSR13G106KM 
Ll,L2 ferrite bead Fair-Rite 2743001111 

Rl 24.9 Q I % metal film resistor Dale CMF-SSC 
R2 49.9 Q 1 % metal film resistor Dale CMF-SSC 

RSET 732 Q 1 % metal film resistor Dale CMF-5SC 

I 

Note: The vendor numbers above 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 Q load on 
IOUT*. 

Figure 4. Typical Connection Diagram and Parts List 
(Dual Supply Operation). 
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Brooldree® Bt492 
PC Board Layou.t Considerations (continued) 

TILGND~--------------------------------------------------- GROUND 
TILVCC~--------------------------------------------------- +5V 

L2 
ANALOG POWER PLANE 

D~E~~~----------------~---------t 
Bt492 C2,C4,C8 

Ll 

GROUND 

CI2 CI 

+5V 
R2 

lOUT 1--------' 
TO 

roUT·I--------~~-------~ VIDEO CONNECTOR 

Location Description Vendor Part Number 

CI 0, I jlF ceramic capacitor Mallory CK05BXI04K 
C2,C3 OJ jlF ceramic chip capacitor Johanson Dielectrics X7R-500S4IWI04KP 
C4-C7 0.0 I jlF ceramic chip capacitor Johanson Dielectrics X7R-500S41 WI03KP 
C8-CII 0.001 jlF ceramic chip capacitor Johanson Dielectrics NPO-500S4INI02JP 

CI2 10 jlF capacitor Mallory CSR13G106KM 
Ll,L2 ferrite bead Fair-Rite 2743001111 

RI 24.9 n I % metal film resistor Dale CMF-55C 
R2 49.9 n 1% metal film resistor Dale CMF-55C 

RSET 732 n I % metal film resistor Dale CMF-55C 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt492. RI, R2, and RSET values assume doubly-terminated 50 n load on 
IOUT*. 

Figure 5. Typical Connection Diagram and Parts List 
(Single Supply Operation). 

WORKSTATION GRAPHICS 5-409 



Bt492 
Application Information 

Terminated ECL Inputs 

All ECL inputs of the Bt492 should be terminated 
with normal ECL termination practices. In addi
tion, all of the ECL digital inputs have internal 
pull down junctions. Thus, if an ECL digital input 
is left floating, it assumes 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 VREF OUT pin should be left floating. 

The VREF IN pin still requires bypass capaci
tors to ECL VCC. 

Single-Supply Operation 

The Bt492 may be operated from a single +5 V 
supply when the power supply pins are connected 
as shown: 

TTL VCC = +5 V 
TTLGND=OV 
ECL VCC = +5 V 
DVEE, A VEE = 0 V 

The current mirror on the analog output is required 
to reference the video signal to ground rather than 
+5V. 

ECLVCC 

LM38SBZ-1.2 

VREFIN 

lK 

DVEE 

Figure 6. External Voltage Reference. 
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Differential Clock Inputs 

The Clock and Clock* inputs should be terminated 
using normal ECL termination practices and cross
terminated with 150 n to improve the common 
mode input voltage rejection. See Figure 7. 

Using Multiple 8t492s 

For color applications, three Bt492s may be used, 
as illustrated in Figure 8. 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 separ
ate shift registers (Bt424s). The MPU TTL ad
dress bus is also interfaced to the Bt492 pixel in
puts with the Bt424s. 

The DIV20UT -DIV2IN connections generate 
CLOCK*/2 and ensure the three Bt492s operate in 
a synchronous fashion. When the timing window 
for DIV21N is being analyzed, the propagation de
lay of the CLOCK and DIV20UT signals must be 
included through the transmission lines of the 
physical layout on the PC board. 

Although the Bt492s share the voltage reference 
and analog power/ground planes, each Bt492 must 
have its own power supply decoupling, COMP de
coupling, VREF IN decoupling, A VEE ferrite 
bead, RSET resistor, and lOUT termination 
resistors. 

Optimum layout should minimize CLOCK and 
DIV2 line length. Low dielectric stripline is rec
ommended, and the propagation delays between 
CLOCK and DIV2 should match as closely as 
possible. 

ECL 
OSC 

CLOCK 

CLOCK* 

Figure 7. Differential Clock Input 
Termination. 
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Application Information (continued) 

(2) 

50 $ 
-2Y 

ODD 
PIXELS 

PIXELS EVEN --, 

I 
(2) BT424 

SHIFf 

REG[STERS 

, 

/ 

2 

/ 

CLOCK12 

CLOCK'/2 

8 
/ MPU ADDRESS BUS (TIL) 

T / 

(2) BT424 

SHIFf CLOCK CLOCK· 
"> REGISTERS 

I j 
8 

/ PAO,_PA7 
/8 

PBO-PB7 

DN20UT > fr"N~ 
Bt492 

DN2[N 

[ DN21N' 
50 YBB 

[OR 

IOR* 

-2Y 

-
8 

/ PAO-PA7 
/8 

/ PBO-PB7 

DN20UT 

) DIV20trr* Bt492 
~ DIV2IN* 

>- [ DN2[N 
50 

YBB 

[00 

[00' 

-2Y 

.A 

sot ~OV 
50f 

-2Y -2Y 

8 
/ PAO-PA7 

/8 
/ PBO_PB7 

DN20UT 

B"9)-~ DIV20Uf* 

DIV2IN* 

50~ [ DIY2[N 

YBB 

[OB 

10B* 

-2Y 

Figure 8. Using Multiple 81492s. 
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Bt492 Brooldree® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

EeL Power Supply DVEE, -4.2 -4.5 -5.5 V 
ECLGround AVEE 0 V 
TIL Power Supply ECLVCC 4.75 5 5.25 V 
TIL Ground TIL VCC 0 V 
Ambient Operating Temperature TILGND 0 +70 DC 

Output Load TA 25 n. 
Reference Voltage RL -1.15 -1.21 -1.27 V 
FS ADJUST Resistor VREFIN 729 n. 

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 mounted either in the test socket or on the printed circuit board. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

ECLSupply DVEE, --6.5 V 
(measured to ECL VCC) AVEE 

TIL Supply (measured to GND) +7.0 V 
TILVCC 

Voltage on Any ECL Input Pin ECLVCC DVEE V 

Voltage on Any TIL Pin TILGND TTLVCC V 
-D.5 +0.5 

Analog Output Short Circuit 
Duration to Any Common indefinite 

Ambient Operating Temperature -55 +125 DC 

Storage Temperature TA -65 +150 DC 

Junction Temperature TS +175 DC 

TJ 
Soldering Temperature 260 DC 

(5 seconds, 114 inch from pin) TSOL 

Junction to Ambient 

I StiIl Air 28 DC/W 
,~ Or' In:, 4UULf<M 

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 is not illlplied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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Brooktree® Bt492 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution 8 8 8 Bits 
Accuracy 

Integral Linearity Error IL ±112 LSB 
Differential Linearity Error DL ±112 LSB 
Gray Scale Error 

Internal Reference ±1O % Gray Scale 
External Reference ±5 % Gray Scale 

Monotonicity guaranteed 
Coding Binary 

TIL Digital Inputs 
Input High Voltage VIH 2.0 TILVCC V 

+0.5 
Input Low Voltage VIL TILGND 0.8 V 

...(l.5 
Input High Current (Vin = 2.4 V) I1H 70 llA 
Input Low Current (Vin = 0.4 V) IlL -700 llA 
Input Capacitance CIN 6 pF 

(f = 1 MHz, Yin = 2.4 V) 

TIL Digital Outputs 
Output High Voltage VOH 2.4 V 

(IOH =-2 rnA) 
Output Low Voltage VOL 0.5 V 

(lOL = 20 rnA) 

ECL Digital Inputs 
Input High Voltage VIH -1165 -880 mV 
Input Low Voltage VIL -1810 -1475 mV 
Input High Current I1H 220 llA 
Input Low Current IlL 0.5 llA 
Input Capacitance CIN 6 pF 

(f = 1 MHz, Yin = VlHmax) 

CLOCK, CLOCK* Differential ±400 mV 
Input Voltage 

ECL Digital Outputs 
Output High Voltage VOH -1025 -880 mV 
Output Low Voltage VOL -1810 -1620 mY· 

See test conditions on next page. 
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Bt492 Brooktree® 
DC Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Analog Output 
Gray Scale Current Range -10 -40 rnA 
Output Current (Note 1) 

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

SETUP = ECL VCC 0 0 0 rnA 
SETUP = float -2.05 -2.16 -2.28 rnA 

Blank Level Relative to White -27.13 -28.56 -30 rnA 
LSB Size -103.5 IJA 

Output Compliance VOC -1.2 + 1.5 V 
Output Impedance ROUT 10 KQ 
Output Capacitance COUT 9 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Reference Input Current IREFIN 10 IJA 
Reference Output Voltage VREFOUT -1.15 -1.21 -1.27 V 
Reference Output Current IREFOUT -200 IJA 
VREF OUT Tempco ±75 ppm 

VBB Output Voltage VBB -1260 -1320 -1380 mV 
(load = 500 IJA) 

Power Supply Rejection Ratio PSRR 0.1 %/% 
(COMP = 0.001 IJF II 0.01 IJF, dAVEE 
f= 1 kHz) 

DVEE + A VEE Supply Current lEE 455 rnA 
TIL VCC Supply Current ICC 100 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET adjusted for -28.56 
rnA full-scale output current, VREF IN = -1.21 V, and SETUP = float. All ECL inputs have 50 Q to -2.0 V. 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 mounted either in the test socket or on the printed circuit board. Typical values 
are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1: When using internal reference, RSET may require adjustment to meet these limits. 
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Brooldree® Bt492 
AC 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 10 ns 
RDx* Negated to Data Bus 3-Stated 5 15 ns 

WR * Pulse Width Low 6 55 ns 
Write Data Setup Time 7 30 ns 
Write Data Hold Time 8 5 ns 

Pixel and Control Setup Time 9 0 ns 
Pixel and Control Hold Time 10 1.5 ns 

Clock Cycle Time 11 2.8 ns 
Clock Pulse Width High 12 I ns 
Clock Pulse Width Low 13 1 ns 

DIV20UT Delay 14 0.5 1.5 ns 
DIV2IN Setup Time 15 0.5 ns 

(to rising edge of CLOCK) 
DIV2IN Hold Time 16 1 ns 

(to rising edge of CLOCK) 

Analog Output Delay 17 2 4 ns 
Analog Output RiselFall Time 1 ns 
Analog Output Settling Time 18 3 5 ns 
Clock and Data Feedthrough tbd dB 

Pipeline Delay 3 3 3 Clocks 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET adjusted for -28.56 
rnA full-scale output current, VREF IN = -1.21 V, and SETUP = float. ECL input values are -D.95 to -1.69 V with 
input rise/fall times ~ 1 ns, measured between the 20-percent and 80-percent points. TTL input values are 0-3 V with 
input rise/fall times ~ 4 ns, measured between the lO-percent and 90-percent points. Timing reference points at 50 
percent for inputs and outputs. All ECL inputs have 50 n to -2.0 V, unless otherwise specified. Analog output load ~ 
10 pF. See timing notes in Figure 11. Typical values are based on nominal temperature, i.e., room temperature, and 
nominal voltage, i.e., 5 V. 
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Timing Waveforms 

5-416 

CS·, PAD - PA7, 

PBO-PB7, OLA, OLB 

RDA·, ROB· 

READ (DO - D7) 

CS·, PAD-PA7, 

PDO - PB7, OLA, OLB 

WR· 

WRIT!! (DO - D7) 

SECTIONS 

----, 

----, 

I 

I 

Brooktree~ 

2_ 

~ VALID 

4 - J5 3 

V DATA OUT 

" /' 

Figure 9. MPU Read Timing. 

2- -
VALID 

6 

t DATA IN 

7 

- ;-- 8 

Figure 10. MPU Write Timing. 



Brooklree® 
Timing Waveforms (continued) 

DIV2IN 

DIV20UP" 

PAO.PA?, PBO.PB?, 

OLA, OLB, BLANK 

CLOCK 

lOUT'" 

17 

Note 1.' Output delay is measured from the 50-percent point of the rising edge of CLOCK to the 
50-percent point of full·scale transition. 

Note 2.' Settling time is measured from the 50-percent point of full·scale transition to the output 
remaining within ±l percent. 

Note 3.' Output rise/fall time is measured between the lO-percent and 90-percent points of full-scale 
transition, 

Figure 11. Video Input/Output Timing. 

Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt492KG360 360 MHz 68·pin Ceramic 00 to +700 C 
PGAwith 

Alignment Pin 
and Heatsink 
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Advance Information 

This document contains information on a product under development. The 
parametric and functional information are target parameters and are 
subject to change without notice. 

Distinguishing Features 

• 160 MHz, 110 MHz Operation 
• 1:1,2:1, or4:1 Multiplexed Pixel Ports 
• Pseudo Color or True Color Support 
• Double-Buffered Pseudo Color Support 
• Three 256 x 8 Color Palette RAMs 
• Programmable Setup (0 or 7.5 IRE) 
• 2 Overlay Planes 
• 2 Cursor Planes 
• Input and Output Signature Registers 
• JT AG Support 
• 169-pin PGA Package 

Functional Block Diagram 

CLOCK· CLOCK V AA GND 

RO-R7 3 
(A-D) -+-!"-'r'--'-"-i .•. 

()(I.G7 

~t~? 3 
(A-D) 

OLO,OLl 
(A-D) 

IRO,CURI 
(A-D) 
DDS 

(A-D) 
SYNC· 

BLANK· 

CE* RIW co Cl DO-D7 

Applications 

• High-Resolution Color 
Graphics 

• Medical Imaging 
• Visualization 
• CAE/CAD/CAM 
• Image Processing 
• Video Reconstruction 

Related Products 

• Bt431, Bt438, Bt463 

FS ADJUST VREF 

TMS TCK TDl 100 
()TAG) 

lOR 

lOG 

lOB 

Brooktree Corporation· 9950 Barnes Canyon Rd.· San Diego, CA 92121 
(619) 452-7580· (800) VIDEO IC· TLX; 383 596· FAX: (619) 452-1249 
L494001 Rev. A 

Bt494 
160 MHz 

Monolithic CMOS 
RAMDACM 

Product Description 

The Bt494 is a high-performance RAMDAC 
designed for high-resolution, true-color 
graphics. It has three 256 x 8 lookup tables 
with triple 8-bit D/ A converters to support 
24-bit true color for monitors with up to 
1600 x 1280 resolution. The Bt494 also sup
ports single- or double-buffered 8-bit pseudo 
color. The Bt494 contains two overlay 
planes and a dedicated two-plane cursor 
port. 

On-chip features include programmable 
1: 1, 2: 1, or 4: 1 input multiplexing of the pix
els, bit plane masking, and a programmable 
setup (0 or7.5 IRE). 

The Bt494 supports double-buffered pseu
do color by using the DBS input pin to 
switch on a pixel- by-pixel basis from the 
red port to the green port. 

The Bt494 has significant testability fea
tures, including input and output signature 
analysis registers, and fully supports the Joint 
Test Action Group (JTAG) specification. 

The Bt494 is pin and software compatible 
to the Bt463 and is offered in a pin grid ar
ray package. 



Bt494 
Circuit Description 

MPU Interlace 

As illustrated in the functional block diagram, the 
Bt494 supports a standard MPU bus interface, allow
ing the MPU direct access to the internal control reg
isters and color palettes. The dual-port color palette 
RAMs allow color updating without contention with 
the display refresh process. 

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 (Table I). The 12-bit address register elimi
nates the requirement for external address multiplex
ers. ADDRO is the least significant bit. ADDRO and 
ADDR8 correspond to data bus bit DO. ADDR12-
ADDR15 are ignored during MPU write cycles and 
return logical zeroes when read by the MPU. 

The control registers are also accessed through the 
address register in conjunction with the CO and Cl in
puts, as shown in Table 1. ~ll control registers may 
be written to or read by the MPU at any time. When 
the control registers and the color palette RAM are 
accessed, the address register increments following a 
read or write cycle. 

Writing/Reading Color Palette RAM 

To write color data, the MPU loads the address regis
ter with the address of the color palette, overlay pal
ette, or cursor color register to be modified. The 
MPU performs three successive write cycles (8 bits 
each of red, green, and blue), using CO and Cl to se
lect the color palette RAM or cursor color register. 
After the blue write cycle, the address register then 
increments to the next location, which the MPU may 
modify by writing another sequence of red, green, 
and blue data. 

To read the color palette RAM or cursor color reg
ister, the MPU loads the address register with the ad
dress of the color palette RAM location or cursor col
or register to be read. Reading color data is similar to 
writing it, except the MPU executes read cycles. 

When accessing the cursor color registers, the ad
dress register increments to $0102 foHowing a biue 
read or write cycle. The color palette RAM does not 
have a wraparound feature after the last valid address. 
However, any attempt to write past $020F does not 
affect previous data load cycles. The address register 
will reset to $0000 after incrementing past $OFFF .• 

5-420 SECTIONS 

Brooktree® 

ADDRG-16 C1,CO Addressed by MPU 

$xxxx 00 address register (ADDR0-7) 
$xxxx 01 <J address register (ADDR8-II) 

$0100 10 cursor color 0 (Note I) 
$0101 10 cursor color I (Note 1) 

$0200 10 ID register ($2C) 
$0201 10 command registecO 
$0203 10 command registec2 
$0205 10 RO-R7 read mask register 
$0206 10 GO-G7 read mask register 
$0207 10 BO-B7 read mask register 
$0208 10 CUR and OL read mask register 
$0209 ,10 RO-R7 blink mask register 
$020A 10 GO-G7 blink mask register 
$020B 10 BO-B7 blink mask register 
$020C 10 CUR and OL blink mask register 
$020D 10 test register 
$020E 10 input signature register (Note 2) 
$020F 10 output signature register (Note 1) 

$0220 10 revision register ($A) 

$OOOO-$OOFF 11 color palette RAM (Note 1) 

$0201 11 overlay color 1 (Note 1) 
$0202 11 overlay color 2 (Note 1) 
$0203 11 overlay color 3 (Note 1) 

Note 1: Requires three read/write cycles. 
Note 2: Two out of three valid read/write cycles. 

Table 1. Address Register (ADDR) Operation. 



Brooktrre® 
Circuit Description (continued) 

Additional Information 

When accessing the color palette RAM, overlay pal
ette RAM, signature analysis registers, or cursor col
or registers, the address register increments after eve
ry third read/write cycle for each addressable 
location. To keep tracJc of the red, green, and blue 
read/write cycles, the address register has 2 addition
al bits (ADDRa and 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 ad-

Bt494 

dress register (ADDRO-ll) are accessible to the 
MPU. 

If an invalid address is loaded into the address reg
ister, data written to the device will be ignored and 
invalid data will be read by the MPU. 

For 8-bit registers, the address increments after 
every read/write cycle. 

Figure 1 illustrates the MPU read/write timing of 
the Bt494. 

RIW. co. CI =:x __ V_AL_ID_--'X'-______________________ _ 

CE' \'----------'/ 
DO - D7 (READ) -----------« DATA OUT (RIW = I) )>------

DO - D7 (WRITE) ___________ ---'x DATA IN (RIW =0) x~ ___ _ 
Figure 1. MPU Read/Write Timing. 
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Bt494 
Circuit Description (continued) 

Frame Buffer Interface 

To enable transfer of pixel data from the frame buffer 
at TTL data rates, the Bt494 incorporates internal 
latches and multiplexers. As illustrated in Figure 2, 
on the rising edge of LD*, sync and blank informa
tion, color, and overlay information for either I, 2, or 
4 consecutive pixels are latched into the device. With 
this configuration, the sync and blank timing will be 
recognized only with 1-, 2-, or 4-pixel resolution. 
Typically, the LD* signal is used to clock external 
circuitry, generating the basic video timing, and to 
clock the video DRAMs. 

For 1:1, 2:1, or 4:1 input multiplexing, the Bt494 
outputs color information each clock cycle based on 
the {A} inputs, followed by the {B} inputs, then the 
{C} inputs, etc., until 1, 2, or 4 pixels have been out
put, at which point the cycle repeats. 

To simplify the frame buffer interface timing, LD* 
may be phase shifted in any amount relative to 
CLOCK. This enables computation of the LD* signal 
by externally dividing CLOCK by 2 or 4, indepen
dent of the propagation delays of the LD* generation 
logic. As a result, the pixel, overlay, and cursor data 

Brooktree® 

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 (in 4:1 mode), clock cycles. This LOAD signal 
transfers the latched pixel, overlay, and cursor data 
into a second set of latches, which are then internally 
multiplexed at the pixel clock rate. 

If 1: 1 multiplexing is specified, the CLOCK and 
CLOCK* signals are ignored and pixel data is 
latched on the rising edge of LD*. If 2: 1 multiplexing 
is specified, only one rising edge of LD* should oc
cur every two clock cycles. If 4: 1 multiplexing is 
specified, only one rising edge of LD* should occur 
every four 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*. 

Color Palette RAM 

The color lookup table consists of three independent 
256-entry RAMs. 

RO-R7, G0-07, BO-B7 {A~:: 
CURO-CURl,OLO-OLl,DBS (A-D)} ~ = 

SYNC"', BLANK'" 

5-422 

lOUT ------T---1/ 
~ ~ '\ r 
~ ~ ~ LJ' CLOCK 

Figure 2. Video Input/Output Timing. 
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Circuit Description (continued) 

Video Generation 

Every clock cycle, up to 24 bits of color information 
are presented to the three 8-bit D/A converters. 

The SYNC* and BLANK* inputs are pipelined to 
maintain synchronization with the pixel data. They 
add appropriately weighted currents to the analog 
outputs, producing the specific output levels re
quired for video applications, as illustrated in Fig
ures 3 and 4. Command registec2 specifies whether 
a 0 IRE or 7.5 IRE blanking pedestal is to be gener
ated and whether 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 DI A converters 
produces a corresponding voltage level, which is used 

Bt494 

to drive the CRT monitor. Tables 2 and 3 detail how 
the SYNC* and BLANK* inputs modify the output 
levels. 

The D/A converters on the Bt494 use a segmented 
architecture in which bit currents are routed to either 
the current output or GND by a sophisticated decod
ing 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 cur
rent steering their outputs. An on-chip operational 
amplifier stabilizes the full-scale output current 
against temperature and power supply variations. 
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Bt494 
Circuit Description (continued) 

SYNC SYNC 
DISABLED ENABLED 

MA V MA V 

19.05 0.714 26.67 1.000 __._----,;;:-------------=---- WHITE LEVEL 

1.44 0.054 9.05 0.340 -r------+----,r---------B~CKWVa 

7.5\RE 
0.00 0.000 7.62 0.286 -r-----~-~__._~L---------B~KWVa 

40IRB 

0.00 0.000 
--1--_______ -'---'-__________ SYNC WVEL 

Note: 75 n doubly-terminated load, RSET = 523 n, and VREF = 1.235 V. Blank pedestal = 7.5 IRE. 
RS-343A levels and tolerances are assumed on all levels. 

Figure 3. Composite Video Output Waveform (SETUP = 7.5 IRE). 

Description Sync No Sync SYNC" BLANK" DAC 
lout (mA) lout (mA) Input Data 

WlDTE 26.67 19.05 I I $FF 
DATA data + 9.05 data + 1.44 1 I data 
DATA-SYNC data + 1.44 data + 1.44 0 I data 
BLACK '" 9.05 1.44 1 I $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 RSET = 523 n and VREF = 1.235 V. Blank pedestal = 7.5 IRE. 

Table 2. Video Output Truth Table (SETUP = 7.5 IRE). 
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Brooklree® Bt494 
Circuit Description (continued) 

SYNC SYNC 
DISABLED ENABLED 

MA V MA V 

18.60 0.698 26.67 1.000 -,----=------------=---- WHITE LEVEL 

0.00 0.000 8.05 0.302 -t--------'--..--,---''--------- BLACKlBLANK LEVEL 

43 IRE 

0.00 0.000 -'--_______ .1.--'--__________ SYNC LEVEL 

Note: 75 Q doubly-tenninated load, RSET = 495 Q and VREF = 1.235 V. Blank pedestal = 0 IRE. 
RS-343A levels and tolerances are assumed on all levels. 

Figure 4. Composite Video Output Waveform (SETUP = 0 IRE). 

Description Sync No Sync SYNC" BLANK" DAC 
lout (rnA) lout (rnA) Input Data 

WHITE 26.67 18.60 1 1 $FF 
DATA data + 8.05 data 1 1 data 
DATA-SYNC data data 0 I data 
BLACK 8.05 0 1 1 $00 
BLACK-SYNC 0 0 0 I $00 
BLANK 8.05 0 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with RSET = 495 Q and VREF = 1.235 V. Blank pedestal = 0 IRE. 

Table 3. Video Output Truth Table (SETUP = 0 IRE). 

WORKSTATION GRAPHICS 5-425 



Bt494 Brooktree® 
Circuit Description (continued) 

Hardware Cursor Interface 

Pins CURO and CURl (A-D) can be used to interface the Bt494 with one or two Bt431 hardware cursor chips. 
Table 4 contains more details. 

CUR1 CURO CURSOR COLOR 

0 0 RAM Palette or Overlays 
0 1 0 
1 0 I 
1 1 1 

Table 4. Cursor Interface Operation. 

Overlay Operation 

Pins OLO and aLl (A-D) provide two-plane normal overlay inputs. Three overlay colors are available. These 
must be in CLUT RAM address locations: $0201, $0202, and $0203. Refer to Table 5. 

OlO Ol1 Overlay Color RAM Address location 

0 0 - -
0 1 1 $0201 
1 0 2 $0202 
1 1 3 $0203 

Table 5. Overlay Interface Operation. 

Boundary-Scan Testability Structures 

As the complexity of RAMDACs increases, the need 
to easily access the RAMDAC for functional verifica
tion is becoming vital. The Bt494 has incorporated 
special circuitry that allows it to be accessed in full 
compliance with standards set bJ' the JT AG. Con
forming to the IEEE P1149.1 Standard Test Access 
Port and Boundary Scan Architecture, the Bt494 has 
dedicated pins that are used for testability purposes 
only. 

JTAG's approach to testability uses boundary-scan 
cells placed at each digital pin, both inputs and out
puts. All scan cells are interconnected into a Boun
dary-Scan Register (BSR), which applies or captures 
test data used for functional verification of the RAM-
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DAC. The JTAG approach is particularly useful for 
board testers that use functional testing methods. 

JT AG consists of four dedicated pins comprising 
the Test Access Port (TAP). These pins are TMS 
(Tesi ivIode Select), ICK (Test Clock), TD! (Test 
Data Input), and TDO (Test Data Out). These four 
TAP pins can completely verify the RAMDAC. With 
boundary-scan cells at each digital pin, the Bt494 can 
apply and capture the logic level. Since all of the dig
ital pins are interconnected as a long shift register, 
the TAP logic has access to and control of all the nec
essary pins to verify functionality. The TAP control
ler can shift in any number of test vectors through the 
TDI input and apply them to the internal circuitry. 



Brooldree® 
Circuit Description (continued) 

The output result is scanned out on the TOO pin and 
externally checked. The Timing Waveform section 
contains timing information. While isolating the 
Bt494 from the other components on the board, the 
user has easy access to all B t494 digital pins through 
the TAP and can perform complete functionality tests 
without expensive testers. 

The bidirectional MPU port is given special atten
tion with respect to JTAG. Because JTAG requires 
control over each digital pin, an additional Output 
Enable (OE) function is included in the BSR for the 
MPU pins. In conjunction with the JTAG instruction, 
the OE will configure the MPU port as an input or 
output. 

With the JTAG bus, users also have access to a vi
tal portion of the Bt494, the Output Signature Analy
sis Register (OSAR). See Figure 5. With access to 
this register, users can easily verify expected video 
data serially through the JTAG port. The OSAR is 10-

Bt494 

cated between the lookup table and the inputs to the 
OACs. 

The Power-On Reset (POR) circuitry ensures that 
the Bt494 initializes each pin to operate in a RAM
OAC mode instead of a JT AG test mode during pow
er-up sequence. 

A variety of verification procedures can be per
formed through the TAP controller. Through a set of 
eight instructions, the Bt494 can verify board connec
tivity at all digital pins, generate artificial pixel vec
tors on chip, check signatures on system pixel 
streams, and scan vectors in and out of the pixel shift
er and signature analysis register. The instructions are 
accessible through a simple state machine. 

Note: Since the boundary scan (JTAG) circuitry is 
intended for gross functional verification, it is tested 
and guaranteed operational at VAA >= 5.0 volts and 
VIL on JTAG pins at 0.6 volts max. Maximum IT AG 
clock speed (TCK) is 50 MHz. 

Figure 5. JTAG Block Diagram. 
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Bt494 Brooktree® 
Internal Registers 

Command Register_O 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it 
must be initialized by the user after power up. CROO corresponds to data bus bit DO. 

CR07,CR06 

CR05 

CR04 

CR03,CR02 

Multiplex select 

(00) reserved 
(01) 4: 1 mUltiplexing 
(10) 1: 1 multiplexing 
(11) 2: 1 multiplexing 

Mode select 
(0) True color 
(1) Pseudo color 

reserved (logical zero) 

Blink rate selection 

(00) 16 on, 48 off (25/75) 
(01) 16 on, 16 off (50150) 
(10) 32 on, 32 off (50150) 
(11) 64 on, 64 off (50150) 

CROI, CROO reserved (logical zero) 
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These bits specify whether 1: 1, 2: 1, or 4: 1 multiplexing is 
to be used for the pixel and overlay inputs. If 2: 1 is 
specified, the {C} and {D} pixel and overlay inputs are 
ignored and should be connected to GND, and the LD* 
input should be one half the CLOCK rate. If 4: 1 is 
specified, all of the pixel and overlay inputs are used, and 
the LD* input should be one fourth the CLOCK rate. If 
1: 1 is specified, the {B}, {C}, and {D} inputs are ignored. 

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, it must remain running. 

The pipeline delay of the Bt494 can be reset to a fixed 13 
clock cycles. In this instance, each time the input 
multiplexing is changed, the Bt494 must be reset again to 
a fixed pipeline delay. 

This bit specifies whether the chip is operating in true 
color or pseudo-color mode. When in PC mode, the DBS 
pin selects either R7-RO pins (DBS = 0) or B7-BO pins 
(DBS = 1) as the pseudo-color pixel port. 

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 (percent on/off). The counters that determine the 
blink rate are reset when writing to command registecO. 
For the blink function to operate properly, SYNC* must 
toggle only once on horizontal retrace and two times or 
. __________ ........ ! __ 1 __ .. ___ _ 

l11Ul(; UU VCIU\,;i:tl lCUd~C. 
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Internal Registers (continued) 

Command Registe,_2 

This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it 
must be initialized by the user after power up. CR20 corresponds to data bus bit DO. 

CR27 

CR26 

CR25-CR23 

CR22 

CR21 

CR20 

Sync enable 

(0) disable sync 
(I) enable sync 

Pedestal enable 

(0) 0 IRE pedestal 
(1) 7.5 IRE pedestal 

reserved (logical zero) 

Input SAR capture selection 

(0) lower 16 bits 
(1) upper 16 bits 

Analysis register clock control 

(0) every LD* cycle 
(1) every CLOCK cycle 

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. A 0 
IRE specifies that the black and blank levels are the 
same. 

This bit specifies whether the 16-bit input signature 
analysis register (SAR) should capture the lower or 
upper 16 bits of the pixel path. When CR22 is 
selected as a logical one, 3 of the upper 16 bits will 
be ground. The input SAR is guaranteed operational 
only for the 110 MHz speed grade on the current 
revision. 

This bit controls the rate of operation of all signature 
analysis register (SAR) clocking. Logical zero is the 
normal mode with pixel position (A, B, C, or D) 
determined by the test register. Logical one is a 
special mode for chip testing. (In this instance, SAR 
operation is not guaranteed for clock rates above 30 
MHz.) 

This bit determines the method of high-speed test 
used. The SARs are used to hold the test result for 
both test methods. 
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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 Bt494, the value read by the MPU will be $2C. Data written to 
this register is ignored. 

Pixel Read Mask Register 

The 24-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. For proper operation, it 
must be initialized by the user after power up. DO corresponds to RO, BO, GO, and CURO. 

Pixel Blink Mask Register 

The 24-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 registecO. This register may be written to or 
read by the MPU at any time and is not initialized. For proper operation, it must be initialized by the user after 
power up. DO corresponds to RO, BO, GO, and CURO. For the blink function to operate properly, SYNC* must 
toggle no more than once on horizontal retrace and more than once on vertical retrace. 

Revision Register 

This 8-bit register is a read-only register, specifying the revision of the Bt494. The 4 most significant bits 
signify the revision letter in hexadecimal form. The 4 least significant bits do not represent any value and 
should be ignored. 
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Internal Registers (continued) 

Red, Green, and Blue Output Signature Analysis Registers (OSAR) 

Signature Operation 

These three 8-bit signature analysis 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 OSARs while BLANK* 

. is a logical zero to load the seed value. The OSARs use data loading into the output DACs to calculate the 
signatures. JTAG logic can access the OSAR independently of the MPU operation. MPU accesses to the OSARs 
require one address register load to address $020F, followed by three reads or writes to the red, green, and blue 
signature registers. DO corresponds to RO, GO, and BO. 

When a test display is loaded into the frame buffer, a given value for the red, green, and blue signature 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-D) pixels can be captured each LD* cycle, DO-D2 of the test register are used to specify which pixel 
(A-D) is to be captured. 

Input Signature Analysis Registers (ISAR) 

Signature Operation 

This 16-bit signature analysis register 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 ISAR while BLANK* is 
a logical zero to load the seed value. The ISAR uses RO-R7, GO-G7, BO-B7, CURO-CUR1, OLO-OLl, and 
DBS (selected by command bit CR22) to calculate the signatures. When CR22 is a logical one, the upper 16 bits 
are used. BO-B7, CURO-CUR1, OLO-OLl, DBS, and the remaining 3 bits are ground (logical zero). The 16 bits 
of data latched in the ISAR may be masked (forced low) by the read mask registers. MPU accesses to the ISAR 
require one address register load to $020E, followed by three reads or writes to lower byte, upper byte, and 
dummy acces~. DO corresponds to RO, BO, GO, and CURO. 

When a test display is loaded into the frame buffer, a given value for the ISAR will be returned if all circuitry is 
working properly. 

Note: The input signature analysis register is operational at frequencies < 120 MHz only. 

Data-Strobe Operation 

If command bit CR20 selects "data strobe testing," the operation of the ISAR changes slightly. Rather than 
determining the signature, it just captures and holds the 16 bits of pixel data addressing the color palette RAM. 

Each LD* cycle, the ISAR captures the 16 bits of pixel data addressing the color palette RAM. As only 1 of the 
(A-D) pixels can be captured each LD* cycle, DO-D2 of the test register are used to specify which pixel (A-D) 
is to be captured. 
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Internal Registers (continued) 

Test Register 

This 8-bit register is used for testing the Bt494. If 1: 1 pixel multiplexing is specified, signature analysis is done 
on every pixel; if 2: 1 pixel multiplexing is specified, signature analysis is done on every second pixel; if 4: 1 
pixel multiplexing is specified, signature analysis is done on every fourth pixel. DO-D2 are used for 2: 1 and 
4: 1 multiplexing to specify whether to use the A, B, C, or D pixel inputs, as follows: 

02-00 Selection 

000 pixel A 
001 pixelB 
010 pixelC 
011 pixelD 
100 reserved 
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 RGB outputs to each other and to a 145 mV reference. This enables the 
MPU to determine whether the CRT monitor is connected to the analog RGB outputs and whether the DACs 
are functional. 

07 06 05 04 03 

red green blue 145 mVref. result 
select select select select 

07-04 If 03 = 1 If 03=0 

0000 normal operation - -
1010 red DAC compared to blue DAC red> blue blue > red 
100] red DAC compared to 145 mV reference red> 145 mV red < 145 mV 
0110 green DAC compared to blue DAC green> blue blue> green 
0101 green DAC compared to 145 mV reference green> 145 mV green < 145 mV 

The table above lists the valid comparison combinations. A logical one enables comparison of that function; 
the result is D3. The output levels of the DACs should be constant for 5 lls to allow enough time for detection. 
The capture occurs over one LD* period set by a logical one at any of the pixel pins BOA~ BOB! BOC~ or BOD. 

v 

For normal operation, D4-D7 must be logical zeroes. 
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Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

LD* 

RO-R7.oo-07. 
BO-B7 
{A-D} 

OLO.OLI 
{A-D} 

CURO.CURI 
{A-D} 

DBS{A-D} 

lOR. lOG. lOB 

TCK 

TMS 

TDI 

TOO 

VAA 

Description 

Composite blank control input (TTL compatible). A logical zero drives the analog output to the blanking 
level. as detailed in Tables 2 and 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 inputs (TTL compatible). A logical zero typically switches off a 40 IRE current 
source on the lOG output (see Figures 3 and 4). SYNC· does not override any other control or data input. 
as shown in Tables 2 and 3; 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 RO-R7 {A-D}. 00-07 {A-D}. OLO-OLl {A-D}. 
CURO-CURI {A-D}. BLANK*. and SYNC* inputs are latched on the rising edge ofLD*. While LD* 
is the output clock (1:1 multiplex mode) or is one half or one fourth of CLOCK. it may be phase 
independent of the CLOCK and CLOCK* inputs. LD* may have any duty cycle within the limits 
specified in the AC Characteristics section. 

Red. green. and blue pixel select inputs (TIL compatible). If nonzero data exists in the assigned overlay 
input port. then pixel data inputs are ignored. Either I. 2. or 4 conse.;utive pixels (up to 24 bits per pixel) 
are input through this port. All 4 pixels (96 bits) are latched on the rising edge of LD*. Unused inputs 
should be connected to GND. Typically. the {A} pixel is output first. followed by the {B} pixel. then the 
{C} pixel. etc .• until all I. 2. or 4 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*. When they 
are nonzero. the overlay palette RAM is accessed and the RO-R7. G0-07. and BO-B7 {A-D} inputs are 
ignored. Overlay information (up to 2 bits per pixel) for either l, 2. or 4 consecutive pixels is input 
through this port. Unused inputs should be connected to GND. If nonzero data exists on CURO and 
CURl. overlay input pixels will be ignored. 

Cursor inputs (TTL compatible). If these inputs are nonzero, the color and overlay input pixels are 
ignored; one of two cursor colors is selected. Unused inputs should be connected to GND. 

Double buffer select (TTL compatible). If the Bt494 is in pseudo-color mode. a zero value causes the 
R7-RO pins to act as the pixel input. If a one value. G7-GO pins act as the pixel input. This pin allows 
double-buffered pseudo-color operation on a pixel-by-pixel basis. 

Red. green. and blue current outputs. These high-impedance current sources can directly drive a 
doubly-terminated 75 n coaxial cable (see the PC Board Layout Considerations section). All outputs, 
whether used or not, should have the same output load. 

Test Clock (TTL compatible). It is used to synchronize all JTAG test structures. Maximum clock rate for 
this pin is 50 MHz. When ITAG operations are not being performed, this pin is pulled low by internal 
circuitry. 

Test Mode Select (TTL compatible). It is a ITAG input pin whose transitions drive the ITAG state 
machine through its sequences. When ITAG operations are not being performed, this pin is pulled high 
by internal circuitry. 

Test Data Input (TTL compatible). It is a JTAG input pin used for loading instructions to the TAP 
controller or for loading test vector data for boundary scan operation. When JTAG operations are not 
being performed. this pin is pulled high by internal circuitry. 

Test Data Output (TTL compatible). It is a ITAG output pin used to verify test results of all ITAG 
sampling operations. This output pin is active for certain IT AG sequences, and will be three-stated at all 
other times. When ITAG operations are not being performed, this pin should be left floating. 

Analog power. All V AA pins must be connected together on the same PCB plane to prevent latchup. 
Refer to, the PC Board Layout Considerations section for critical layout criteria. 
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Pin Descriptions (continued) 

Pin Name 

GND 

CaMP 

FS ADJUST 

VREF 

CLOCK, 
CLOCK* 

CE* 

RJW 

CO,CI 

DO-D7 

Description 

Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations section for critical layout criteria. 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 IiF 
ceramic capacitor must be connected between this pIn and V AA (seil Figure 6 in the PC Board 
Layout Considerations section). Connecting the capacitor to V AA rather than to GND provides the 
highest possible power supply noise rejection. The CaMP capacitor must be as close to the device 
as possible to keep lead lengths to an absolute minimum. Refer to the PC Board Layout 
Considerations section for critical layout criteria. 

Full-scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full-scale video signal (see Figure 6). 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 lOG is: 

RSET (Q) = KI * VREF (V) I lOG (rnA) 

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

lOR, lOB (rnA) = K2 * VREF (V) I RSET (Q) 

where KI and K2 are defined as: 

Setup lOG IOR,IOB 

7.5 IRE KI = 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 6, 
must supply this input with a 1.235 V (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 IiF ceramic capacitor is used to decouple this input to 
VAA. If VAA is excessively noisy, better performance may be obtained by decoupling VREF to 
GND. The decoupling capacitor must be as close to the device as possible to keep lead lengths to an 
absolute minimum. Refer to the PC Board Layout Considerations section for critical layout criteria. 

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured for 
single-supply (+5 V) operation. The clock rate is typically the pixel clock rate of the system. Refer 
to the PC Board Layout Considerations section for critical layout criteria. 

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*. Glitches must be avoided 011 ihis edge-triggered input. 

Read/write control input (TTL compatible). To write data to the device, both CE* and RJW must be 
a logical zero. To read data from the device, CE* must be a logical zero and RJW must be a logical 
one. RJW is latched on the falling edge of CE*. 

Command control inputs (TTL compatible). CO and CI specify the type of read or write operation 
being performed, as shown in Table I. They are latched on the falling edge of CE*. 

Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit 
bidirectional data bus. DO is the least significant bit. 
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Brooktrre@ Bt494 
Pin Descriptions (continued)-169-pin PGA Package 

Signal Pin Signal Pin Signal Pin 
Number Number Number 

BLANK* Jl OlA AIO B3A T13 
SYNC'" HI OlB BIO B3B U13 

LD* H3 OlC B9 B3C R13 
CLOCK'" 13 GID CIO B3D Ul4 
CWCK J2 

G2A AI2 B4A RI2 
ROA F2 G2B Cll B4B Ull 
ROB G3 G2C All B4C TI2 
ROC FI G2D Bll B4D Ul2 
ROD Ol 

G3A AI4 B5A Tll 
RIA F3 G3B BI2 B5B U9 
RIB DI G3C A13 B5C Rll 
RIC E2 G3D CI2 B5D UIO 
RID EI 

G4A AI6 B6A. RIO 
R2A C2 G4B C13 B6B U8 
R2B BI G4C AI5 B6C TIO 
R2C D2 G4D -BI3 B6D T9 
R2D CI 

G5A CI4 B7A T7 
R3A C3 G5B BI5 B7B U6 
R3B D3 G5C AI7 B7C T8 
R3C E3 G5D BI4 B7D U7 
R3D B2 

G6A DI5 CUROA R6 
R4A Al G6B BI6 CUROB U4 
R4B B3 G6C EI5 CUROC R7 
R4C C4 G6D CI5 CUROD U5 
R4D D4 

G7A DI6 CURIA T5 
R5A A3 G7B CI7 CURIB U2 
R5B C5 G7C C16 CORIC T6 
RSC A2 G7D BI7 CURID 03 
RSD B4 

BOA TI6 OLOA T4 
R6A A5 BOB TI7 OLOB R4 
R6B B6 BOC RI6 OLOC RS 
R6C A4 BOD RI7 OLOD Ul 
R6D B5 

BIA RI5 OLIA R3 
R7A A7 BIB RI4 OLIB N3 
R7B C7 BIC PI5 OLIC T3 
R7C A6 BID Ul7 OLID TI 
R7D C6 

B2A TI4 TMS DI7 
GOA A9 B2B Ul5 TCK EI6 
GOB B8 B2C TI5 TDI EI7 
GOC A8 B2D Ul6 TOO FI7 
GOD B7 
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Pin Descriptions (continued)-169-pin PGA Package 

Signal Pin Signal Pin Signal Pin 
Number Number Number 

DBSA PI lOR F16 VAA C8 
DBSB P3 lOG HIS VAA 017 
DBSC Rl lOB FlS VAA. H17 
DBSD T2 VAA J1S 

COMP KlS VAA K2 
DO N17 FSADJUST H16 VAA R8 
Dl L16 VREF 016 VAA M16 
D2 M17 
D3 K16 CE" NlS GND C9 
D4 L17 RIW N16 GND G2 
DS J16 CI Pl7 GND 015 
D6 Kl7 CO P16 GND H2 
D7 Jl7 GND LlS 

GND MIS 
GND R9 
N/C MI 
N/C P2 
N/C Nl 
N/C R2 
N/C Ll 
N/C N2 
N/C L3 
N/C M3 
N/C KI 
N/C L2 
N/C K3 
N/C M2 
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Pin Descriptions (continued)-169-pin PGA Package 

17 GSC G7D G7B TMS TOI TOO VAA VAA D7 D6 D4 D2 DO CI BOD BOB BID 

16 G4A G6B G7C G7A TCK lOR VREF FSADJ DS D3 DI VAA R/W CO BOC BOA B2D 

IS G4C GSB G6D G6A G6C lOB GND lOG VAA COMP GND GND CE* BIC BIA B2C B2B 

14 GJA GSD GSA BIB B2A B3D 

13 G3C G4D G4B B3C B3A B3B 

12 G2A GJB GJD B4A B4C B4D 

11 G2C G2D G2B Bt494 BSC BSA B4B 

10 GlA GlB GID B6A B6C BSD 

GOA GlC GND 
(TOP VIEW) 

GND B6D BSB 

GOC GOB VAA VAA B7C B6B 

R7A GOD R7B CUROC B7A B7D 

R7C R6B R7D CUROA CURIC B7B 

R6A R6D RSB OLOe CURIA CUROD 

R6C RSD R4C R4D OLOB OLOA CUROB 

RSA R4B R3A R3B R3C RIA ROB LD* eLK* N/C N/C N/C OLIB DBSB OLIA OLIC CURID 

RSC R3D R2A R2C RIC ROA GND GND CLK VAA N/C N/C NIC N/C N/C DBSD CURIB 

IS R2B R2D RIB RID ROC ROD SYNC· BLK* N/C NIC NIC N/C DBSA DBSC OLID OLOD 

A B C D E F G H K L M N P R T U 

alignment marker (on top) 
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Pin Descriptions (continued)-169-pin PGA Package 

17 BID BOB BOD CI DO D2 D4 D6 D7 VAA VAA TDO TDI TMS G7B G7D GSC 

16 B2D BOA BOC CO RIW VAA D1 D3 DS FSADJ VREF lOR TCK G7A G7C G6B G4A 

IS B2B B2C BIA BIC CEo GND GND COMP VAA lOG GND lOB G6C G6A G6D GSB G4C 

14 B3D B2A BIB GSA GSD G3A 

13 B3B B3A B3C G4B G4D G3C 

12 B4D B4C B4A G3D G3B G2A 

11 B4B BSA BSC Bt494 G2B G2D G2C 

10 BSD B6C B6A GID GtB GtA 

BSB B6D GND (BOTTOM VIEW) GND GtC GOA 

B6B B7C VAA VAA GOB GOC 

B7D B7A CUROC R7B GOD R7A 

B7B CURIC CUROA R7D R6B R7C 

CUROD CURIA OUX: RSB R6D R6A 

4 CUROB O1.OA O1.OB R4D R4C RSD R6C 

CURID OLIC OLIA DBSB OLIB N/C N/C N/c eLK'" WO ROB RIA R3C R3B R3A R4B RSA 

CURIB DBSD N/c N/c N/C N/c N/c VAA CLK GND GND ROA RIC R2C R2A R3D RSC 

O1.OD OLID DBSC DBSA N/C N/C N/C N/c BLK'" SYNC· ROD ROC RID RIB R2D R2B I R4AI 
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PC Board Layout Considerations 

PC Board Considerations 

For optimum performance of the Bt494, proper CMOS 
RAMDAC layout techniques should be studied in the 
Bt451n/8 Evaluation Module Operation and Measure
ments, Application Note (AN-16). This application 
note can be found in Brooktree's Applications Hand
book. 

The layout should be optimized for lowest noise on 
the Bt494 power and ground planes by providing good 
decoupling. The trace length between groups of V AA 
and GND pins should be as short as possible to mini
mize inductive ringing. 

A well-designed power distribution network is criti
cal to eliminating digital switching noise. The ground 
plane must provide a low-impedance return path for 
the digital circuits. A PC board with a minimum of six 
layers is recommended. The ground layer should be 
used as a shield to isolate noise from the analog traces 
with layer 1 (top) for the analog traces, layer 2 for the 
ground plane, layer 3 for the analog power plane, and 
the remaining layers used for digital traces and digital 
power supplies. 

Component Placement 

Components should be placed as close as possible to 
the associated RAMDAC pin. Whenever possiple, 
components should be placed so traces can be con
nected point to point. 

The optimum layout enables the Bt494 to be locat
ed as close as possible to the power supply connector 
and the video output connector. 

Ground Planes 

For optimum performance, a common digital and ana
log ground plane is recommended. 

Power Planes 

Separate digital and analog power planes are recom
mended. The digital power plane should provide pow
er to all digital logic on the PC board, and the analog 
power plane should provide power to all Bt494 power 
pins, VREF circuitry, and COMP and VREF decou
piing. There should be at least a 1I8-inch gap between 
the digital power plane and the analog power plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figure 6. This bead 
should be located within 3 inches of the Bt494. The 
bead provides resistance to switching currents, acting 

Bt494 

as a resistance at high frequencies. A low-resistance 
bead should be used, such as Ferroxcube 5659065-3B, 
Fair-Rite 2743001111, or TDK BF45-4001. 

Device Decoupling 

For optimum performance, all capacitors should be lo
cated as close as possible to the device, and the short
est possible leads (consistent with reliable operation) 
should be used to reduce the lead inductance. Chip ca
pacitors are recommended for minimum lead induc
tance. Radial lead ceramic capacitors may be substitut
ed for chip capacitors and are better than axial lead 
capacitors for self-resonance. Values are chosen to 
have self-resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is ob- _ 
tained with a 0.1 IlF ceramic capacitor in parallel with 
a 0.01 IlF chip capacitor, decoupling each of the four 
groups of VAA pins to GND. The capacitors should 
be placed as close as possible to the device V AA and 
GND pins and connected with short, wide traces. 

The 10 IlF capacitor shown in Figure 6 is for low
frequency power supply ripple; the 0.1 IlF and 0.01-
IlF capacitors are for high-frequency power supply 
noise rejection. 

When a linear regulator is used, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than or 
equal to 200 mY. This is especially important when a 
switching power supply is used, and the switching fre
quency is close to the raster scan frequency. About 10 
percent of the power supply hum and ripple noise less 
than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

The COMP pin must be decoupled to V AA, typically 
with a 0.1 IlF ceramic capacitor. Low-frequency sup
ply noise will require a larger value. The COMP ca
pacitor must be as close as possible to the COMP and 
V AA pins. A surface-mount ceramic chip capacitor is 
preferred for minimal lead inductance. Lead induc
tance degrades the noise rejection of the circuit. Short, 
wide traces will also reduce lead inductance. 

If the display has a ghosting problem, additional ca
pacitance in parallel with the COMP capacitor may 
help. 

WORKSTATION GRAPHICS 5-439 



Bt494 Brooktree® 
PC Board Layout Considerations (continued) 

VREF Decoupling 

A 0.1 IlF ceramic capacitor should be used to decou
ple this input to VAA. If VAA is excessively noisy, 
better performance may be obtained by decoupling 
VREF to GND. Providing alternate PCB pads (one to 
V AA and one to GND) is recommended for the 
VREF decoupling capacitor. 

Digital Signal Interconnect 

The digital inputs to the Bt494 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 and output signals. 

Most noise on the analog outputs will be caused by 
excessive edge rates (less than 3 ns), overshoot, un
dershoot, and ringing on the digital inputs. 

The digital edge rates should not be faster than 
necessary, as feedthrough noise is proportional to the 
digital edge rates. Lower-speed applications will ben
efit from using lower-speed logic (3-5 ns edge rates) 
to reduce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do 
not match the source and destination impedance. This 
will degrade signal fidelity if the line length reflec
tion time is greater than one fourth the signal edge 
time (refer to Brooktree Application Notes AN-II 
and AN-12). Line termination or line-length reduc
tion is the solution. For example, logic edge rates of 2 
ns require line lengths of less than 4 inches without 
use of termination. Ringing may be reduced by damp
ing the line with a series resistor (30-300 Q). 

Radiation of digital signals can also be picked up 
by the analog circuitry. This is prevented by reducing 
the digital edge rates (rise/fall time), minimizing ring
ing with damping resistors, and minimizing coupling 
through PC board capacitance by routing the digital 
signals at a 90 degree angle to any analog signals. 

The clock driver and all other digital devices must 
be adequately decoupled to prevent noise generated 
by the digital devices from coupling into the analog 
circuitry. 

5-440 SECTIONS 

Analog Signal Interconnect 

The Bt494 should be located as close as possible to 
the output connectors to minimize noise pickup and 
reflections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk 
from digital lines; digital traces must not be routed 
under or adjacent to the analog output traces. 

To maximize the high-frequency power supply re
jection, the video output signals should not overlay 
the analog power plane. 

For maximum performance, the analog video out
put impedance, cable impedance, and load impedance 
should be the same. The load resistor connection be
tween the video outputs and GND should be as close 
as possible to the Bt494 to minimize reflections. Un
used analog outputs should be connected to GND. 

Analog output, video edges exceeding the CRT 
monitor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EM! and 
noise. The filter impedance must match the line impe
dance. 

Analog Output Protection 

The Bt494 analog output should be protected 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 6 can 
prevent latchup under severe discharge conditions 
without adversely degrading analog transition times. 
The 1N4148/9 parts are low-capacitance, fast
switching diodes, which are also available in multi
ple-device packages (FSA250X or FSA270X) or sur
face-mountable pairs (BA V99 or MMBD7001). 
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ANALOG POWER PLANE 

Cll 

Bt494 

EM! may be compromised with 
ferrite bead in circuit 

Ll 

Cl 

+5V(VCC) 

~ ________ ~ __ ~ __ ~ __ ~ ____________ .. ____ .. ____ .. ______ • GROUND 

RSET 
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FS ADmsTf----------' 
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G) 
DAC 

OUTPUT 

VAA 

GND 

TO 

VIDEO 

CONNECTOR 

IN4148/9 

TO MONITOR 

IN4148/9 

(pOWER SUPPLY 

CONNECTOR) 

Note: Each pair of device V AA and GND pins must be separately decoupled with 0.1 I!F and 0.01 IlF capacitors. 

Location Description Vendor Part Number 

CI-C5, CIO, CII 0.1 IlF ceramic capacitor Erie RPEIIOZ5U104M50V 
C6-C9 0.0 I IlF ceramic chip capacitor AVX 12102T103QAI018 

CI2 10 IlF tantalum capacitor Mallory CSR13GI06KM 
L1 ferrite bead Fair-Rile 2743001111 (Note 1) 

RI, R2, R3 75 n 1 % metal film resistor Dale CMF-55C 
R4 1000 n I % metal film resistor Dale CMF-55C 

RSET 523 n I % metal film resistor Dale CMF-55C 
ZI 1.2 V voltage reference National Semiconductor LM385Z-I.2 

The vcndor numbers above are listed only as a guide. Substitution of devices with similar characteristics will not 
affect the performance of the Bt494. 

Note 1: Or equivalent only. 

Figure 6. Typical Connection Diagram and Parts List. 
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Clock Interfacing 

Because of the high clock rates at which the Bt494 
may operate, it is designed to accept differential 
clock signals (CLOCK and CLOCK*). These clock 
inputs are generated by ECL logic operating at +5 V. 
The CLOCK and CLOCK* inputs require termina
tion resistors (220 Q to GND) that should be located 
as close as possible to the clock driver. A 150 Q chip 
resistor connected between the RAMDAC's CLOCK 
and CLOCK* pins is also required to ensure proper 
termination. It should be located as close as possible 
to the RAMDAC. (See Figure 7.) 

The CLOCK and CLOCK* inputs must be diffe
rential signals and greater than 0.6 V peak-to-peak 
due to the noise margins of the CMOS process. The 
Bt494 will not function using a single-ended clock 
with CLOCK* connected to ground. 

CLOCK 

XTALl =f 
CLOCK' 

XTAL2 
'Wf 

LDA 

CLOCK 
GENERATOR 

VREF 

Brooktree® 

Typically, LD* is generated by dividing CLOCK by 
two or four (depending on whether 2: 1 or 4: 1 multi
plexing was specified) and translating it to TTL lev
els. As LD* may be phase-shifted relative to 
CLOCK, the designer need not worry about propaga
tion delays in deriving the LD* signal only if fixed 
pipeline is not required. LD* may be used as the shift 
clock for the video DRAMs and to generate the fun
damental video timing of the system (SYNC*, 
BLANK*, etc.). 

For display applications where a single Bt494 is 
being used, it is recommended that the Bt438 or 
Bt440 Clock Generator Chip be used to generate the 
clock and load signals. It supports 4: 1 input multi
plexing of the Bt494 and will also optionally set the 
pipeline delay of the Bt494 to 9 clock cycles. The 
Bt438 may also be used to interface the Bt494 to a 
TTL clock. Figure 7 illustrates use of the Bt438 with 
the Bt494. 

,~{ 
CLOCK 

CLOCK' 

RAMDAC 

LD' 

VAA 1"0.1 
VREF 

Figure 7. Generating the 8t494 Clock Signals. 
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Application Information (continued) 

Setting the Pipeline Delay 

The pipeline delay of the Bt494, although fixed after 
a power-up condition, may be anywhere from 7-11 
clock cycles. The Bt494 contains additional circuitry 
enabling the pipeline delay to be fixed at 9 clock cy
cles. The Bt438 Clock Generator Chip supports this 
mode of operation when used with the Bt494. 

To reset the Bt494, 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. 

Resetting the Bt494 to a 9-clock cycle pipeline de
lay does not reset the blink counter circuitry. There
fore, if multiple Bt494s are used in parallel, the on
chip blink counters may not be synchronized. In this 
instance, the blink mask registers should be $00. 
Blinking may be done under software control via the 
read mask registers. 

ESD and Latchup Considerations 

ESD-sensitive handling procedures are required to 
prevent device damage, which can produce symp~ 
toms of catastrophic failure or erratic device behavior 
with somewhat "leaky" inputs. 

All logic inputs should be held low until power to the 
device has settled to the specified tolerance. Avoid 
DAC power decoupling networks with large time con
stants, which could delay V AA power to the device. 
Ferrite beads must only be used for analog power V AA 
decoupling. Inductors cause a time constant delay that 
induces latchup. 

Latchup can be prevented by ensuring all V AA pins 
are at the same potential, and that the V AA supply volt
age is applied before the signal pin voltages. The cor
rect power-up sequence ensures that any signal pin 
voltage will never exceed the power supply voltage by 
more than +0.5 V. 

Bt494 

Test Features of the 8t494 

The Bt494 contains two dedicated test registers and 
an analog output comparator that assist the user in 
evaluating the performance and functionality of the 
part. This section is intended to explain the operating 
usage of these test features. 

Signature Registers (Signature Mode) 

The input signature registeris 16 bits wide, capturing 
pixel information prior to the lookup tables. Since the 
pixel path is 24 bits wide, the lower or upper 16 bits 
are selected for capture via command bit CR22. 

The output signature register, in the active mode, op
erates with the 24 bits of data that are output from the 
color palette RAM. These 24-bit vectors represent a 
single pixel color, and are presented as inputs simulta
neously to the red, green, and blue signature analysis 
registers (SARs), as well as the three on-chip DACs. 

The SARs act as a 16-bit or 24-bit wide linear 
feedback shift register on each succeeding pixel that 
is latched. It is important to note that in either the 2: 1 
or 4: I multiplexed modes, the SARs latch only one 
pixel per "load group." Thus, the SARs are operating 
only on every second or fourth pixel in the multi
plexed modes. The user determines which pixel 
phase (A, B, C, or D) is latched for generating new 
signatures by setting bits DQ.-D2 in the test register. 

In I: I mux mode, the SARs will generate signa
tures on each succeeding pixel in the input stream. In . 
this case, the user should always select pixel "A" 
(test register DO, Dl, and D2 = 000) when in the 1:1 
mode, since the "A" pixel pins are the only active 
pixel inputs. 

The Bt494 will only generate signatures while in 
"active-display" (BLANK* negated). The SARs are 
available for reading and writing via the MPU port 
when the Bt494 is in a blanking state (BLANK* as
serted). Specifically, it is safe to access the SARs af
ter the DAC outputs are in the blanking state (up to 
15 pixel clock periods after BLANK* is asserted). 

Typically, the user will write a specific 16-bit or 
24-bit "seed" value into the SARs. Then, a known 
pixel stream will be input to the chip, for example, 
one scan-line or one frame buffer's worth of pixels. 
Then, at the succeeding blank state, the resultant 16-
bit or 24-bit signature canbe read out by the MPU. 
The 24-bit signature register data is a result of the 
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Application Information (continued) 

same captured data that is fed to the DACs. Thus, 
overlay and cursor data validity is also tested using 
the signature registers. 

Assuming the chip is running 2:1 or 4:1 mux 
modes, the above process would be repeated with all 
different pixel phases-A, B, C, or D-being selected. 

It is not simple to describe algorithmically the spe
cific linear feedback shift operation used in the 
Bt494. The linear feedback configurations are shown 
in Figures 8 and 9. 

Experienced users have developed tables of specif
ic seeds and pixel streams and recorded the signa
tures that result from those inputs applied to "known
good" parts. Note that a good signature from one giv
en pixel stream can be used as the seed for the suc
ceeding stream to be tested. Any signature is deter
ministically created from a starting seed and the 
succeeding pixel stream fed to the SARs. 

Signature Registers (Data Strobe Mode) 

Setting command bit CR20 to a logic one puts the 
SARs into data strobe mode. In this instance, the line
ar feedback circuits of the SARs are disabled, which 
stops the SARs from generating signatures. Instead, 
the SARs simply capture and hold the respective pix
el phase selected. 

Any MPU data written to the SARs is ignored. 
One use, however, is to directly check each pixel col
or value that is strobed into the SARs. To read out 
values captured in the middle of a pixel stream, the 
user should first freeze all inputs to the Bt494. The 
levels of most inputs do not matter except that 
CLOCK should be high, and CLOCK* should be 
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low. Then, the user may read out the pixel color by 
doing three successive MPU reads from the red, 
green, and blue SARs. Likewise, the input SAR may 
be read with 2 MPU reads. 

In general, the color read-out will correspond to a 
pixel latched on the previous load. However, due to 
the pipelined data path, the color may come from an 
earlier load cycle. To read successive pixels, toggle 
LD*, pulse the CLOCK pins according to the mux 
state (1, 2, or 4 periods), then hold all pixel-related 
inputs and perform the three MPU reads as described. 
This process is best done on a sophisticated VLSI 
semiconductor tester. 

Analog Comparator 

The other dedicated test structure in the Bt494 is the 
analog comparator. It allows the user to measure the 
DACs against each other, as well as against a specific 
reference voltage. 

Four combinations of tests are selected via the test 
register. With a given setting, the respective signals 
(DAC outputs or the 145 mV reference) will be con
tinuously input to the comparator. The result of the 
comparator is latched into the test register. The cap
ture occurs over one LD* period set by a logic one at 
pixel port BO (A-D). 

Due to the simple design of the comparator, it is 
recommended that the DAC outputs be stable for 5 Ils 
before capture. At a display rate of 100 MHz, 5 Ils 
corresponds to 500 pixels. Furthermore, either the 
color palette RAM or the pixel inputs (or both) 
should be configured to guarantee a single continuous 
output from the DACs under test, up until capture. 
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RIl-R7 OR B()..B7 

FROM INPUT PINS 

• MPU SAR READ BIT 

(ID.G7 OR CURO. CUR I. OLO. OLI. DBS 

FROM INPUT PINS 

Figure 8. Input Signature Analysis Register Circuit. 

RO-R7 GO-G7 BO-B7 

FROM LOOKUP TABLE FROM LOOKUP TABLE FROM LOOKUP TABLE 

• MPU SAR READ BIT 

Figure 9. Output Signature Analysis Register Circuit. 
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Initializing the 8t494 

Following a power-on sequence, the Bt494 must be 
initialized. This sequence will configure it as follows: 

• 4: 1 multiplexed true-color operation 
• 2 overlay planes on OLD, aLl 
• sync enabled on lOG, 7.5 IRE blanking pedestal 
• 2 cursor planes on CURO, CURl 

Control Register Initialization 

Write $01 to address register low 
Write $02 to address register high 
Write $40 to command register 0 
Write $00 to reserved location 
Write $CO to command register 2 
Write $00 to reserved location 
Write $FF to pixel read mask register RO- R7 
Write $FF to pixel read mask register GO-G7 
Write $FF to pixel read mask register BO-B7 
Write $FF to pixel read mask register CUR & OL 
Write $00 to pixel blink mask register RO- R7 
Write $00 to pixel blink mask register GO-G7 
Write $00 to pixel blink mask register BO-B7 
Write $00 to pixel blink mask register CUR & OL 
Write $00 to test register 
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Color Palette RAM Initialization 

Write $00 to address register low 
Write $00 to address register high 
Write red data to RAM (location $000) 
Write green data to RAM110cation $000) 
Write blue data to RAM (location $000) 
Write red data to RAM (location $001) 
Write green data to RAM (location $001) 
Write blue data to RAM (location $001) 

Write red data to RAM (location $OFF) 
Write green data to RAM (location $OFF) 
Write blue data to RAM (location $OFF) 

00 
01 
11 
11 
11 
11 
11 
11 

11 
11 
11 

Cursor Color Palette Initialization 

Write $00 to address register low 
Write $01 to address register high 
Write red data to cursor (location $0) 
Write green data to cursor (location $0) 
Write blue data to cursor (location $0) 
Write red data to cursor (location $1) 
Write green data to cursor (location $1) 
Write blue data to cursor (location $1) 
Write red data to cursor (location $2) 

Overlay Palette RAM 
Initialization (Note 1) 

Write $00 to address register low 
Write $00 to address register high 
Write red data to RAM (location $201) 
Write green data to RAM (location $201) 
Write blue data to RAM (location $201) 
Write red data to RAM (location $202) 
Write green data to RAM (location $202) 
Write blue data to RAM (location $202) 
Write red data to RAM (location $203) 
Write green data to RAM (location $203) 
Write blue data to RAM (location $203) 

Note 1: The unused overlay palette locations 
are: $204-$20F. 
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Brooktree® Bt494 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 Q 

Reference Voltage VREF 1.20 1.235 1.26 V 
FS ADJUST Resistor RSET 523 Q 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 6.5 V 

Voltage on Any Signal Pin (Note I) GND-O.5 VAA + 0.5 V 

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 

PGA TJ +170 °C 

Soldering Temperature TSOL 260 °C 
(5 seconds, 114" from pin) 

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 is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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Bt494 Brooktree® 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Resolution (each DAC) 8 8 8 Bits , 
Accuracy (each DAC) 

<J ±1 Integral Linearity Error IL LSB 
Differential Linearity Error DL ±l LSB 

Gray-Scale Error ±5 % Gray Scale 
Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
(except CLOCK, CLOCK") 
Input High Voltage VIH 2.0 VAA+0.5 V 
Input Low Voltage VIL GND--D.5 0.8 V 
Input High Current (Vin = 2.4 V) IIH 80 ~ 
Input Low Current (Vin = 0.4 V) ilL -80 ~ 
Input Capacitance CIN 4 15 pF 

(f = 1 MHz, Yin = 2.4 V) 

Clock Inputs (CLOCK, CWCK*) 6 
Differential Input Voltage AVIN 0.6 1 V 
Input High Current (Vin = 4.0V) IKIH -1 ~ 
Input Low Current (Vin = 0.4 V) IKIL 15 ~ 
Input Capacitance CKIN 4 pF 

(f = 1 MHz, Yin = 4.0V) 

Digital Outputs (DO-D?) 
Output High Voltage VOH 2.4 V 

(IOH = 400 I1A) 0.4 
Output Low Voltage VOL V 

(IOL = 3.2 rnA) 10 
3-state Current IOZ I1A 
Output Capacitance CDOUT 10 pF 

See test conditions on next page. 
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DC 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 =0 IRE 0 5 50 J.IA 

Blank Level on lOG 6.29 7.62 8.96 rnA 
Blank Level on lOR. lOB 0 5 50 J.IA 
Sync Level on lOG 0 5 50 J.IA 
LSB Size 69.1 J.IA 

DAC-to-DAC Matching 2 5 % 
Output Compliance VOC ...{}.5 +1.2 V 
Output Impedance RAOUT 50 ill 
Output Capacitance CAOUT 13 20 pF 

(f = 1 MHz. lOUT = 0 rnA) 

Voltage Reference Input Current IREF 90 J.IA 

Power Supply Rejection Ratio PSRR 0.5 %1%/lVAA 
(COMP = 0.1 JIF. f = I kHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 nand 
VREF = 1.235 V. SETUP = 7.5 IRE. As the above parameters are guaranteed over the full temperature range. 
temperature coefficients are not specifiep or required. Typical values are based on nominal temperature. i.e .• room 
temperature. and nominal voltage. i.e .• 5 V. 

Note: All IT AG DC parameters are tested to a minimum V AA = 5.0 volts wth VIL on IT AG pins at 0.6 volts max. 
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Bt494 Brooklree® 
A C Characteristics 

Parameter Symbol Min/Typ/ 160 135 110 Units 
Max MHz MHz MHz 

Clock Rate Fmax max 160 135 110 MHz 
LD* Rate LDmax 

1: 1 multiplexing max 67.5 67.5 <l 55 MHz 
2: 1 multiplexing max 67.5 67.5 55 MHz 
4: 1 multiplexing max 40 33.75 27.5 MHz 

RIW, CO, Cl Setup Time I 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 7 7 7 ns 
CE* Asserted to Data Valid 6 max 75 75 75 ns 
CE* Negated to Data Bus 3-Stated 7 max 20 20 20 ns 

Write Data Setup Time 8 min 35 35 35 ns 
Write Data Hold Time 9 min 3 3 3 ns 

TMS, TDI Setup Time 10 min 8 8 8 ns 
TMS, TDI Hold Time 11 min 6 6 6 ns 

TCK Low Time 12 min 10 10 10 ns 
TCK High Time 13 min 10 10 10 ns 
TCK Asserted to TDO Driven 14 min 5 5 5 ns 
TCK Asserted to TOO Valid 15 max 20 20 20 ns 
TCK Negated to TDO 3-Stated 16 max 20 20 20 ns 

Pixel and Control Setup Time 17 min 3 3 3 ns 
Pixel and Control Hold Time 18 min 2 2 2 ns 

Clock Cycle Time 19 min 6.25 7.4 9.09 ns 
Clock Pulse Width High Time 20 min 2.8 3.2 4 ns 
Clock Pulse Width Low Time 21 min 2.8 3.2 4 ns 

LD* Cycle Time 22 
1: 1 multiplexing min 14.81 14.81 18.18 ns 
2: 1 multiplexing min 14.81 14.81 18.18 ns 
4: 1 multiplexing min 25 29.63 36.36 ns 

LD* Pulse Width High Time 23 
1:1 multiplexing min 6 6 7 ns 
2: 1 multiplexing min 6 6 8 ns 
4: 1 multiplexing min 10 12 15 ns 

LD* Pulse Width Low Time 24 
1:1 multiplexing min 6 6 7 ns 
2: 1 multiplexing min 6 6 8 ns 
4: 1 multiplexing min 10 12 15 ns 

. . 
See test condllions on next page . 
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Brooktree® Bt494 
AC Characteristics (continued) 

Parameter Symbol MinlTyp/ 160 135 110 Units 
Max MHz MHz MHz 

Analog Output Delay 25 typ 25 25 25 ns 
Analog Output Rise/Fall Time 26 typ 1.5 1.5 1.5 ns 
Analog Output Settling Time 27 max S S S ns 
Clock and Data Feedthrough typ tbd tbd tbd dB 
Glitch Impulse (Note I) typ 50 50 50 pV -sec 
DAC-to-DAC Crosstalk typ tbd tbd tbd dB 
Analog Output Skew typ 0 0 0 ns 

max 2 2 2 ns 

Pipeline Delay min 7 7 7 Clocks 
max II 11 II Clocks 

VAA Supply Current (Note I) IAA typ 400 3S0 365 rnA 
max lbd tbd lbd rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 Q and VREF = 
1.235 V. TTL input values are 0-3 V, with input rise/fall times::; 4 ns, measured between the IO-percent and 90-percent 
points. ECL input values are VAA-D.S to VAA-I.S V, with input rise/fall times ::;2 ns, measured between the 
20-percent and SO-percent points. Timing reference points at 50 percent for inputs and outputs. Analog output load ::;10 
pF, DO-D7 output load ::;75 pF. See the timing dimensions and notes in Figures 10-12. As the above parameters are 
guaranteed over the full temperature range, temperature coefficients are not specified or required. Typical values are 
based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Glitch impulse includes clock and data feedthrough, and -3 dB test bandwidth = 2x clock ratc. 

Note 1: At Fmax. IAA (typ) at VAA = 5.0 V, TA = 20° C. IAA (max) at VAA = 5.25 V, TA = 0° C. 
Note 2: All ITAG AC parameters are tested to a minimum VAA = 5.0 volts withVIL on JTAG pins at 0.6 volts max. 
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Bt494 
Timing Waveforms 
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c.2.-
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DO - D7 (READ) 
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DATA OUT (RIW = 1) 

"" 
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Figure 10. MPU Read/Write Timing Dimensions. 
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Note I: TMS and TDI are sampled on the rising edge of TCK. 
Note 2: TDO changes after the falling edge ofTCK. 

Figure 11. JTAG Timing. 
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Bt494 
Timing Waveforms 

LO* 

Ro-R7, 00-07, BO-B7(A-D1 

CURO-CURI, OLO-OLl, DBS (A-D I, 

SYNC·, BLANK" 

lOR, [00, lOB 

22 

23 24 

CLOCK 

18 2S 27 

19 

21 

Note 1: Output delay time is measured from the 50-percent point of the rising clock edge to the 
50-percent point of full-scale transition. 

26 

Note 2: Output settling time is measured from the 50-percent point of full-scale transition to output 
settling within ±lLSB. 

Note 3: Output rise/fall time is measured between 10 percent and 90 percent points of full-scale 
transition. 

Figure 12. Video Input/Output Timing. 

Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt494KG135 135 MHz 169-pinPGA 00 to +700 C 

Bt494KG110 110 MHz 169-pinPGA 00 to +700 C 

Bt494KG160 160 MHz 169-pinPGA 00 to +700 C 
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Advance Information 

This document contains information on a product under development. The 
parametric information contains target parameters and is subject to change. 

Distinguishing Features 

• CMYK-to-RGB Conversion 
• 100 MHz Operation 

4:1-128:1 Multiplexed Pixel Port 
• Three 256 x 9 Color Palette RAMs 
• Ix to 16x Integer Zoom Support 
• 1,2,4,8, 16, or 32 Bits per Pixel 
• Pixel Panning Support 
• Simultaneous Support of Zoom, 

Panning, and Pixel Unpacking 
• Programmable Setup (0 or 7.5 IRE) 
• 9-BitDACs 
• VRAM Clock Generation 
• TIL SYNC Output 
• 207-pin PGA Package 

Functional Block Diagram 

Applications 

• Printer Prepress 
• Desktop Color 
• High-Resolution Color 

Graphics 

Benefits 

• Smaller Boardspace 
• Ease of Design with 

Turnkey Solution 
• Provides New Capabilities 

to End Customers 

CEy RJW Cl,O D8-O SYNC'~· BLANK'" 

Brooktree Corporation· 9950 Barnes Canyon Rd.· San Diego, CA 92121 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
L496001 Rev. A 

Bt496 
100 MHz 

Monolithic CMOS 
256 x 9 Triple Color Palette 
CMYKlRGB RAMDAC™ 

Product Description 

The Bt496 triple 9-bit RAMDAC is designed 
specifically for high-performance, high
resolution color graphics used in printer pre
press and desktop color applications. The 
multiple pixel ports and internal multiplex
ing enable TIL-compatible interfacing to the 
frame buffer, while maintaining the 100 
MHz video data rates required for sophisti
cated color graphics. 

The CMYK-to-RGB transformation block 
allows the frame buffer to manipulate data in 
the CMYK color space while the high
resolution monitor continues to display the 
image in RGB color space. 

On-chip features include three 256 x 9 
color palette RAMs, 4: 1 input multiplexing 
of the pixel port, bit plane masking, pro
grammable setup (0 or 7.5 IRE), pixel pan
ning support, Ix to 16x integer zoom sup
port, and CMYK-to-RGB color space 
conversion. 

Pixel data can be input as I, 2, 4, 8, 16, or 
32 bits per pixel. 



Bt496 
Product Description (continued) 

The Bt496 contains transfonnation logic that per
forms real-time color space conversion from CMYK 
(Cyan, Magenta, Yellow, Black) pixels to RGB. Se
lection of CMYK-to-RGB conversion is made on a 
pixel-by-pixel basis with the SEL (A-D) inputs. This 
allows the display of individual windows of CMYK 
data combined with 24-bit RGB pixel-type windows 
on the same frame. 

The Bt496 also supports pixel multiplexing rates of 
4:1 (32/24 bits per pixel), 8:1 (16 bits per pixel), 16:1 
(8 bits per pixel), 32:1 (4 bits per pixel), 64:1 (2 bits 
per pixel), and 128: 1 (1 bit per pixel). 

True color is supported in the 4: 1 mode (32 bits 
per pixel CMYK 124 bits per pixel RGB) or in the 8: 1 
mode (16 bits per pixel RGB). Furthennore, the 
true-color interpretation of each pixel when in the 8: 1 
mode is scan line (not pixel-by-pixel) selectable to be 
5,5,5; 6, 5, 5; or 6,6,4 bits of red, green, and blue. 

The Bt496's use of 9-bit resolution output DACs 
allows effective gamma correction to gamma values 
of 2.7 without excessive color table entry duplication. 

Multiplex modes providing 8 or less bits per pixel 
will address the color tables in pseudo-color fashion. 

5-456 SECTIONS 

Integer zoom from Ix through 16x (inclusive) and 
panning to a 4-pixel resolution is also supported. The 
Bt496 also supports simultaneous use of zoom and 
pan at any of the pixel input multiplex modes. 

There are two clock outputs: serial clock (SCLK*) 
and video clock (VIDCLK*). SCLK* is used for gen
erating the frame buffer VRAM serial output clock. 
The period of SCLK* is automatically varied by the 
Bt496 to match the current configuration of zoom 
and multiplex mode so that SCLK* only occurs as of
ten as necessary to load new pixel input data. 

The VIDCLK* output is used by the system to gen
erate the display timing signals, Le., SYNC*, 
BLANK*, etc. These control signals are latched by the 
Bt496 on the fall of each VIDCLK*. The VIDCLK* 
period is programmable through the MPU port to be 11 
4, 118, 1116, or 1132 of the pixel clock rate. 

The Bt496 also provides a TTL-level SYNCOUT* 
signal, which is delayed from the input SYNC* sig
nal by the pipeline depth of the Bt496. SYNCOUT* 
mirrors the SYNC-level activity on lOG. This signal 
may be redriven and used to provide SYNC* to mon
itors requiring a separate sync signal. 



Brooktree® 
Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt496 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 allow color updating without 
contention with the display refresh process. 
The control inputs, in conjunction with the internal 
address register, specify which control register or 
color palette location will be accessed by the MPU 
(see Table 1). The 9-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 color palette RAM 
location to be modified. The MPU performs three 
successive write cycles (9 bits each of red, green, and 
blue), using the internal address register to select the 
primary color palette RAM. After the blue write 
cycle, the address register then increments to the next 
location, which the MPU may continue by writing 
another sequence of red, green, and blue data. 
Reading color data is similar to writing it, except the 
MPU executes read cycles. 

When accessing the color palette 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 has two 
additional bits (ADDRa and 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 9 bits of 
the address register (ADDR0-8) are accessible to the 
MPU. ADDRO corresponds to DO. 

Bt496 

ADDR8-0 C1,C Addressed by MPU 

$xxx 00 Address Register (Addr8-0) 

$xxx 01 Reserved 

$000 10 ID Register ($081) 

$001 10 Revision Register 
$002 10 Command Register 0 
$003 10 Command Register I 

$004 10 Command Register 2 

$006 10 Red Pixel Read Mask Register 

$007 10 Green Pixel Read Mask Register 

$008 10 Blue Pixel Read Mask Register 

$OOC 10 Red Signature Register 

$OOD 10 Green Signature Register 

$OOE 10 Blue Signature Register 

$OOF 10 Test Register -
$ 100-$ IFF 10 CMYK Correction Factor LUT 

$OOO-$OFF 11 Color Palette RAMs 

Table 1. MPU Addressing Map. 
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Bt496 
Circuit Description (continued) 

Although the color palette RAM registers are dual 
ported, if the pixel data is addressing the same palette 
entry being written to by the MPU during the write 
cycle, it is possible for I or more of the pixels on the 
display screen to be disturbed. Only I pixel is dis
turbed if the write data from the MPU is valid during 
the entire chip enable time. 

The control registers are also accessed through the 
address register in conjunction with the C 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 CMYK LUT, the address register 
increments following a read or write cycle. 

If an invalid address is loaded into the address regis
ter, data written to the device will be ignored, and in
valid data will be read by the MPU. 

Figure I illustrates the MPU read/write timing of the 
Bt496. 

RIW. co, CI ==>< VALlO X'-______________________ _ 

CE* \ / 
DO· 08 (READ) ----------( DATA OUT (R/W = I) )>------

DO • D8(WRITE) ___________ ---'X DATA IN (R/W =0) X'--____ _ 

Figure 1. MPU Read/Write Timing. 
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Brooktree· 
Circuit Description (continued) 

Frame Buffer Interface 

To enable pixel data to be transferred from the frame 
buffer at TIL data rates, multiple pixels are supplied 
to the Bt496 each input pixel clock cycle. The num
ber of pixels supplied each input cycle depends on the 
number of bits that each pixel contains. The Bt496 
supports pixel depths of 32 (CMYK format), 24, 16 
(RGB true color), 8, 4, 2, and 1 (pseudo color). Table 
2 summarizes the available pixel formats. 

When the Bt496 is running in the 4:1 multiplex 
mode, CMYKlRGB selection is made with the SEL 
inputs on a pixel-by-pixel basis. Other modes are 
frame selectable through command register settings. 

The Bt496 provides an output clock signal 
(SCLK*) whose falling edge is used to load input 
pixel data. The SCLK period is automatically adjust
ed to occur only as often as required for a given pixel 
depth and zoom factor. 

Pixel Multiplex 
Depth Mode 

32 4:1 

24 4:1 

16 8:1 

8 16:1 

4 32:1 

2 64:1 

1 128:1 

Bt496 

The Bt496 also provides another output clock 
(VIDCLK*) that should be used for the generation of 

. the SYNC* and BLANK* inputs. The frequency of 
VIDCLK* is selectable to be 114, 118, 1116, or 1132 
of the pixel clock through command register settings. 

SCLK* and VIDCLK* should be immediately re
driven by a high-input impedance-inverting driver 
such as the Signetics 74F1804, whose output is then 
used to clock the frame buffer serial output data and 
video timing generator. 

For further information on SYNC*, BLANK*, 
VIDCLK*, SCLK*, and input pixel timings refer to 
Video Generation in this section, and to the Timing 
Waveforms section. 

Pixel Format 

CMYK 

True-Color RGB, 8-8-8 

True-Color RGB, 5-5-5, 6-5-5, 6-6-4 

Pseudo Color 

Pseudo Color 

Pseudo Color 

Pseudo Color 

Table 2. Pixel Formats Supported. 

WORKSTATION GRAPHICS 5-459 

-



Bt496 
Circuit Description (continued) 

Read Masking 

Each CLOCK cycle, pixels are processed by the read 
mask and command registers. Through the read 
mask registers, individual pixel inputs may be ena
bled or disabled for display. The read mask registers 
are not initialized. They must be initialized by the 
user after power up for proper operation. 

In true-color modes, each pixel is processed by the 
red, green, and blue read mask registers prior to ad
dressing the color lookup tables. 

In pseudo-color modes, each of the RGB read 
mask registers is separately applied to the same ex
panded color index prior to addressing the corre
sponding palette RAM. For example, in 4-bit-per
pixel mode, if the pixel value is $05 and the RGB 
read mask registers contain $F3, $OF, and $7C, then 
the palette entries used would be $01 for red, $05 for 
green, and $04 for blue. 

Pixel Zoom 

The Bt496 supports Ix to 16x integer zoom through 
the use of pixel replication. All pixel inputs are 
zoomed. 

If 2x zooming is specified, the first pixel is output 
for two clock cycles, followed by the third pixel for 
two clock cycles, followed by the second pixel for 
two clock cycles, etc. Zooming of 3x is similar, ex
cept each pixel is output for three clock cycles. 
Zoom is supported for all bit depths. 

5-460 SECTION 5 
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The SCLK* period is lengthened appropriately for 
each of the possible zoom values. If 2x zooming is 
specified, the SCLK * period is twice as long as that 
for Ix zoom; for 3x zoom, the SCLK* period is three 
times as long as Ix zoom, for 4x zoom, the SCLK* 
period is four times as long as Ix zoom, etc. 

Regardless of the zoom value, pixel data is latched 
only once per SCLK* period. 

Pixel Panning 

Pixel panning is specified to a four prezoomed pixel 
granularity. Valid pan values depend on the bit-per
pixel mode. Panning is accomplished partially by de
laying Sync and blank signals beyond their normal 
position by no more than 32 screen pixels. Panning 
field bits used depends on the number of bits per pix
el. Table 3 is the interpretation of the pan select field 
in command register 1. 

Block mode 

The Bt496 supports block modes for bit-per-pixel 
depths of 1, 2, 4, 8, 16, and 32 bits (Table 4). All 
pixel inputs are used regardless of pixel depth. Pixel 
unpacking may be from the MSB or LSB of each pix
el port, selectable by command register bit CR03. 
Pixel mapping for these modes is summarized in Ta
ble 5 for MSB unpacking and Table 6 for LSB un
packing. 

The SCLK* period is automatically adjusted for 
different pixel depth. For example, if the pixel depth 
is changed from 16 to 8 bits, the SCLK* period will 
be twice as long. 



BrookIreeQt Bt496 
Circuit Description (continued) 

Bits per Pixel CR18-CR14 Number of Pixels Panned 

32 (xxxxx) ° pixels ° 
16 (00000) ° pixels 0,or4 

(10000) 4 pixels 

8 (00000) ° pixels 0,4,8, or 12 
(01000) 4 pixels 
(10000) 8 pixels 
(11000) 12 pixels 

4 (00000) ° pixels 0,4,8, 12, 16,20, 24, or 28 
(00100) 4 pixels 
(0 I 000) 8 pixels 

(11100) 28 pixels 

2 (00000) ° pixels 0,4,8,12,16,20,24,28,32,36,40,44,48,52, 
56, or 60. 

(Ill 10) 60 pixels 

1 (00000) ° pixels 0,4,8,12,16,20,24,28,32,36,40,44,48,52, 
56,60,64,68,72,76,80,84,88,92,96,100, 
104, 108, 112, 116, 120, or 124. 

(11111) 124 pixels 

Table 3. Pixel Pan. 

Bits per Pixels per Colors 
Pixel SCLK* Displayable 

1 128 2 
2 64 4 
4 32 16 
8 16 256 
16 8 64K 
32 4 16.7M 

Table 4. Block Mode Operation. 
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Bt496 
Circuit Description (continued) 

Pixel Port Bits 
Blt-per-Pixel Depth 

32124 16 8 4 2 1 

PA 31-24 Pixel 1 (Black) Pixel 1 Pixel 1 Pixel 1 Pixel 1 Pixel 1 

23-16 Pixel 1 (CyanlRed) Pixel 2 

15-8 Pixel 1 (Magenta/Green) Pixel 2 Pixel 3 

7"'{) Pixel 1 (YellowlBlue) Pixel 4 Pixel 8 Pixel 16 Pixel 32 

PB 31-24 Pixel 2 (Black) Pixel 3 Pixel 5 Pixel 9 Pixel 17 Pixel 33 

23-16 Pixel 2 (CyanlRed) Pixel 6 

15-8 Pixel 2 (Magenta/Green) Pixel 4 Pixel 7 

7"'{) Pixel 2 (YellowlBlue) Pixel 8 Pixel 16 Pixel 32 Pixel 64 

PC 31-24 Pixel 3 (Black) Pixel 5 Pixel 9 Pixel 17 Pixel 33 Pixel 65 

23-16 Pixel 3 (CyanlRed) Pixel 10 

15-8 Pixel 3 (Magenta/Green) Pixel 6 Pixel 11 

7"'{) Pixel 3 (YellowlBlue) Pixel 12 Pixel 24 Pixel 48 Pixel 96 

PD 31-24 Pixel 4 (Black) Pixel 7 Pixel 13 Pixel 25 Pixel 49 Pixel 97 
.. 

23-16 Pixel 4 (Cyan/Red) Pixel 14 

15-8 Pixel 4 (Magenta/~n) Pixel 8 Pixel 15 

7--0 Pixel 4 (YellowlHlue) Pixel 16 Pixel 32 Pixel 64 Pixel 128 

Table 5. Pixel Port Unpacking from MSB (eR03 = 0). 
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Brooktree® Bt496 
Circuit Description (continued) 

Pixel Port Bits 
Bit-per-Pixel Depth 

32/24 16 8 4 2 1 

PA 31-24 Pixel I (Black) Pixel 2 Pixel 4 Pixel 8 Pixel 16 Pixel 32 

23-16 Pixel 1 (CyanlRed) Pixel 3 

IS-8 Pixel I (Magenta/Green) Pixel I Pixel 2 

7"{) Pixel I (YellowlBlue) Pixell Pixel I Pixel I Pixel I 

PB 31-24 Pixel 2 (Black) Pixel 4 Pixel 8 Pixel 16 Pixel 32 Pixel 64 

23-16 Pixel 2 (CyanlRed) Pixel 7 

IS-8 Pixel 2 (Magenta/Green) Pixel 3 Pixel 6 

7"{) Pixel 2 (YellowlBlue) PixelS Pixel 9 Pixel 17 Pixel 33 

PC 31-24 Pixel 3 (Black) Pixel 6 Pixel 12 Pixel 24 Pixel 48 Pixel 96 .. 
23-16 Pixel 3 (CyanlRed) Pixel II 

IS-8 Pixel 3 (Magenta/Green) PixelS Pixel 10 

7"{) Pixel 3 (YellowlBlue) Pixel 9 Pixel 17 Pixel 33 Pixel6S 

PD 31-24 Pixel 4 (Black) Pixel 8 Pixel 16 Pixel 32 Pixel 64 Pixel 128 

23-16 Pixel 4 (CyanlRed) Pixel IS 

IS-8 Pixel 4 (Magenta/Green) Pixel 7 Pixel 14 

7"{) Pixel 4 (YellowlBlue) Pixel I3 Pixel2S Pixel 49 Pixel 97 

Table 6. Pixel Port Unpacking from LSB (CR03 = 1). 
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Bt496 
Circuit Description (continued) 

Shift Clock Generation 

The Bt496 facilitates the generation of the VRAM 
shift clock by providing SCLK*. SCLK* should be 
used to clock the VRAM shift registers that provide 
pixel data to the Bt496. The ratio of SCLK* to pixel 
CLOCK is adjusted so that all pixel input bits are pre
sented once during each SCLK* period. The Bt496 
supports zoom concurrently with each of the block 
modes, requiring a number of different SCLK* peri
ods. For example, with 32-bit-per-pixel depth and Ix 
zoom, SCLK* occurs every four CLOCK cycles; or 

Zoom 
Factor 32 16 

1 4 8 

2 8 16 

3 12 24 

4 16 32 

5 20 40 

6 24 48 

7 28 56 

8 32 64 

9 36 72 

10 40 80 

11 44 88 

12 48 96 

13 52 104 

14 56 112 

15 60 120 

16 64 128 

Brooktree@ 

for I6-bit-per-pixel depth and Ix zoom or 8-bit-per
pixel depth and 2x zoom, SCLK* occurs every eight 
CLOCK cycles. The SCLK* period may be comput
ed with the following formula: 

A. = 128 ('ZJD) 
where A. is the SCLK* period (in pixel clock cycles), Z 
is the zoom factor, and D is the pixel depth. Table 7 is a 
list of SCLK* periods for all possible combinations of 
pixel depth and zoom. 

Pixel Depth 

8 4 2 1 

16 32 64 128 

32 64 128 256 

48 96 192 384 

64 128 256 512 

80 160 320 640 

96 192 384 768 

112 224 448 896 

128 256 512 1024 

144 288 576 1152 

160 320 640 1280 

176 352 704 1408 

192 384 768 1536 

208 416 832 1664 

224. 448 896 1792 

240 480 960 1920 

256 512 1024 2048 

Table 7. SCLK* Period Table (in Pixel Clock Cycles). 
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Brooklree® 
Circuit Description (continued) 

SCLK* is stopped (in a logical-one state) during 
blanking to allow the system to reload the VRAM se
rial shift registers. System implementations using 
midline transfer may need to insert a VRAM shift 
clock pulse during blanking time to load the shift reg
ister tap address. The system may insert this addi
tional clock without incurring additional gate delays 
by using a NAND driver for SCLK*. The unused 

SCLK 
CONTROL 

FRAME 
BUFFER 

Bt496 

(and normally high) input on the NAND driver may 
then be used td insert additional SCLK*s. These im
plementations already present valid pixel information 
at the end of the blanking period. Therefore, the first 
SCLK* asserted by the Bt496 should load pixel data. 
For these implementations, CROS should be a logical 
zero. Further information is contained in Figure 2 
and in the Video Generation section. 

CRT 
TIMING 

L-,-3==-t>o"1GENERATOR 

SCLK* 

Figure 2. VRAM Serial Clock Interface. 
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Bt496 Brooldree® 
Circuit Description (continued) 

Color Modes 

The Bt496 processes the pixel types listed in Table 8. 

Pixel Type Description 

32 bit, CMYK, True Color Subtractive color space, 8 bits each of black, cyan, magenta, and yellow for each pixel. 
Pixels are converted to RGB color space, masked, then used to address color tables. 

24 bit, RGB, 8-8-8, True Color 8 bits each of red, green, and blue for each pixel. Additional 8 supplied pixel bits are 
ignored. Pixels are RGB masked, then used to address color tables. 

16 bit, RGB, 5-5-5, True Color 5 bits each of red, green, and blue for each pixel. Additional supplied pixel bit in MSB of 
pixel data is ignored. Color component values are left-justified into three 8-bit values. 

16 bit, RGB, 6-5-5, True Color 6 bits of red, 5 bits each of green and blue for each pixel. Color component values are 
left-justified into three 8-bit values. 

16 bit, RGB, 6-6-4, True Color 6 bits each of red and green, and 4 bits of blue for each pixel. Color component values are 
left-justified into three 8-bit values. 

8 bit, RGB, Pseudo Color 8 bits of supplied pixel data are read masked into three color palette addresses, then used 
to address color palettes. 

4 bit, RGB, Pseudo Color 4 bits of supplied pixel data are right-justified into an 8-bit value, then read masked into 
three color palette addresses. 

2 bit, RGB, Pseudo Color 2 bits of supplied pixel data are right-justified into an 8-bit value, then read masked into 
three color palette addresses. 

I bit, RGB, Pseudo Color I bit of supplied pixel data is right-justified into an 8-bit value, then read masked into 
three color palette addresses. 

Table 8. Pixel Processing Modes. 

When 32-bit-per-pixel depth is specified, each of the 4 
pixels may be selected for CMYK or RGB processing 
on a pixel basis by using the CMYK control inputs. A 
CMYK pixel has 8 bits each for black, cyan, magenta, 
and yellow. CMYK pixel mapping is detailed in Table 
9. If the CMYK controls specify RGB processing, 8 
bits each for red, green, and blue are used. The remain
ing 8 bits are ignored. 

MSBs of the color table addresses. To maintain the 
ability to produce a full-scale output without reloading 
a gamma-corrected color lookup table, the supplied 
bits are duplicated from left (MSB) to right (LSB) into 
the unspecified address bits of the color table. This 
value is then subject to read masking. This operation 
is detailed in Table 10. 

When 8-bit-or-Iess-per-pixel depth is specified, the 
Bt496 operates in pseudo-color mode, presenting the 
same 8-bit value to all three color palette tables (sub
ject to read masking). 

When 16-bit-per-pixel'depth is specified, 8 pixels 
are presented each SCLK period. One of three modes 
for pixel interpretation is selected by CROS and CR04. 
The pixel bits supplied for each channel are used as the 
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Brooktroo@ Bt496 
Circuit Description (continued) 

Transformation Input Pixel Mapping 
Pixel Pixel 

Magenta Depth SEL Number Black Cyan Yellow 
(7-0) (7-0) (7-0) (7-0) 

32 1 1 P31A-P24A P23A-PI6A PI5A-P8A P7A-POA 
2 P31B-P24B P23B-PI6B PI5B-P8B P7B-POB 
3 P31C-P24C P23C-PI6C PI5C-P8C P7C-POC 
4 P3lD-P24D P23D-PI6D P150-P8D P7O-POD 

Table 9. CMYK Pixel Format. 

Red Address Green Address Blue Address 
RAM Address 76543210 76543210 76543210 

14 13 12 11 10 14 13 12 9 8 7 6 5 9 8 7 4 3 2 1 0 4 3 2 5 Pixel Input 
30 29 28 27 26 3029 28 25 24 23 22 21 2524 23 20 19 18 17 16 20 19 18 

~--~~RA~M~A~ddre~s-s+-~7~6~5~4~3~2~1~0~--~7~6~5~4~3~2~1~0-r--7~6~5~4~3~2~1~0~ 

5:5:5 

15 14 13 12 11 10 15 14 9 8 7 6 5 9 8 7 4 3 2 1 0 4 3 2 
31 30 29 28 27 2631 30 25 24 23 22 21 2524 23 20 19 18 17 16 20 19 18 

6:5:5 
Pixel Input 

RAM Address 7 6 5 4 3 210 765 4 3 210 7 654 3 2 1 0 
6:6:4 

Pixel Input 
15 14 13 12 11 10 15 14 9 8 7 6 5 4 9 8 3 2 1 0 3 2 1 0 
31 30 29 28 27 2631 30 25 24 23 22 21 2025 24 19 18 17 16 19 18 17 16 

Table 10. Color Table Address Generation for 16·bit True Color. 
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Pixels may be unpacked starting from the MSBs by 
setting CR03 = O. To unpack starting from the LSBs, 
set CR03 = 1. Tables 5 and 6 list the pixel input bit 

mapping for all available pixel depths. Tables 11 and 
12 provide greater detail on pixel unpacking for true
color modes, as does Table 13 for pseudo-color modes. 

Bit(s) 
CROS- Bits per Pixel per SEL Red(7-O) Green(7-O) Blue(7-O) 

pixel Input CR04 
Red Gree Blue 

Number 

24 0 XX 8 8 8 I R7"{) = P23A-PI6A 07"{) = PISA-P8A B7"{) = P7A-POA 
2 R7"{) = P23B-PI6B 07"{) = PISB-P8B B7"{) = P7B-POB 
3 R7"{) = P23C-Pl6C 07"{) = PlSC-P8C B7"{) = P7C-POC 
4 R7"{) = P23D-P16D 07"{) = PlSD-P8D B7"{) = P7D-POD 

16 X 00 S S S 1 R7-3 = P30A-P26A 07":'3 = P2SA-P21A B7-3 = P20A-P16A 
2 R7-3 = P14A-PlOA 07-3 = P9A-PSA B7-3 = P4A-POA 
3 R7-3 = P30B-P26B 07-3 = P2SB-P21B B7-3 = P20B-Pl6B 
4 R7-3 = P14B-PI0B 07-3 = P9B-PSB B7-3 = P4B-POB 
S R7-3 = P3OC-P26C 07-3 = P2SC-P21C B7-3 = P20C-P16C 
6 R7-3 = P14C-PI0C 07-3 = P9C-PSC B7-3 = P4C-POC 
7 R7-3 = P30D-P26D 07-3 = P2SD-P21D B7-3 = P20D-P16D 
8 R7-3 = P14D-PI0D 07-3 = P9D-PSD B7-3 = P4D-POD 

16 X 01 6 5 5 1 R7-2 = P31A-P26A 07-3 = P2SA-P21A B7-3 = P20A-P16A 
2 R7-2 = PlSA-P10A 07-3 = P9A-PSA B7-3 = P4A-POA 
3 R7-2 = P31B-P26B 07-3 = P2SB-P21B B7-3 = P20B-Pl6B 
4 R7-2 = PlSB-P10B 07-3 = P9B-PSB B7-3 = P4B-POB 
5 R7-2 = P3IC-P26C 07-3 = P2SC-P21C B7-3 = P2OC-P16C 
6 R7-2 = PlSC-PlOC 07-3 = P9C-PSC B7-3 = P4C-POC 
7 R7-2 = P3ID-P26D 07-3 = P2SD-P21D B7-3 = P20D-Pl6D 
8 R7-2 = PlSD-P10D 07-3 = P9D-PSD B7-3 = P4D-POD 

16 X 10 6 6 4 1 R7-2 = P31A-P26A 07-2 = P2SA-P20A B7-4 = P19A-P16A 
2 R7-2 = PlSA-PlOA 07-2 = P9A-P4A B7-4 = P3A-POA 
3 R7-2 = P3IB-P26B 07-2 = P2SB-P20B B7-4 = P19B-P16B 
4 R7-2 = PlSB-PlOB 07-2 = P9B-P4B B7-4 = P3B-POB 
5 R7-2 = P31C-P26C 07-2 = P2SC-P20C B7-4 = P19C-P16C 
6 R7-2 = PlSC-PlOC 07-2 = P9C-P4C B7-4 = P3C-POC 
7 R7-2 = P3ID-P26D 07-2 = P2SD-P20D B7-4 = P19D-P16D 
8 R7-2 = PlSD-PlOD 07-2 = P9D-P4D B7-4 = P3D-POD 

Table 11. True-Color Pixel Formats, MSB Pixel Unpacking (CR03 = 0). 
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Bit(s) 
CROS- Bits per Band 

Color Palette 
per SEL Pixel 

pixel Input CR04 
Gree Blue 

Number Red(7-O) Green(7-O) Blue(7-0) 
Red 

24 0 XX 8 8 8 1 R7---O = P23A-PI6A G7---O = PI5A-P8A B7---O = P7 A-POA 
2 R7---O = P23B-PI6B G7-O = PI5B-P8B B7---O = P7B-POB 
3 R7-O = P23C-PI6C G7-O = PI5C-P8C B7---O = P7C-POC 
4 R7---O = P23D-PI6D G7-O = PI5D-P8D B7-O = P7D-POD 

16 X 00 5 5 5 1 R7-3 = PI4A-PIOA G7-3 = P9A-P5A B7-3 = P4A-POA 
2 R7-3 = P30A-P26A G7-3 = P25A-P21A B7-3 = P20A-P16A 
3 R7-3 = PI4B-PIOB G7-3 = P9B-P5B B7-3 = P4B-POB 
4 R7~3 = P30B-P26B G7-3 = P25B-P21B B7-3 = P20B-Pl6B 
5 R7-3 = PI4C-PIOC G7-3 = P9C-P5C B7-3 = P4C-POC 
6 R7-3 = P3OC-P26C G7-3 = P25C-P21C B7-3 = P20C-P16C 
7 R7-3 = P14D-PIOD G7-3 = P9D-P5D B7-3 = P4D-POD 
8 R7-3 = P30D-P26D G7-3 = P25D-P21D B7-3 = P20D-P16D 

16 X 01 6 5 5 1 R7-2 = PI5A-PIOA G7-3 = P9A-P5A B7-3 = P4A-POA 
2 R7-2 = P31A-P26A G7-3 = P25A-P21A B7-3 = P20A-PI6A 
3 R7-2 = PI5B-PIOB G7-3 = P9B-P5B B7-3 = P4B-POB 
4 R7-2 = P31B-P26B G7-3 = P25B-P21B B7-3 = P20B-PI6B 
5 R7-2 = P15C-PIOC G7-3 = P9C-P5C B7-3 = P4C-POC 
6 R7-2 = P31C-P26C G7-3 = P25C-P21C B7-3 = P20C-P16C 
7 R7-2 = P15D-PIOD G7-3 = P9D-P5D B7-3 = P4D-POD 
8 R7-2 = P3ID-P26D G7-3 = P25D-P21D B7-3 = P20D-P16D 

16 X 10 6 6 4 1 R7-2 = PI5A-PIOA G7-2 = P9A-P4A B7-4 = P3A-POA 
2 R7-2 = P31A-P26A G7-2 = P25A-P20A B7-4 = P19A-P16A 
3 R7-2 = PI5B-PIOB G7-2 = P9B-P4B B7-4 = P3B-POB 
4 R7-2 = P31B-P26B G7-2 = P25B-P20B B7-4 = P19B-P16B 
5 R7-2 = PI5C-PIOC G7-2 = P9C-P4C B7-4 = P3C-POC 
6 R7-2 = P31C-P26C G7-2 = P25C-P20C B7-4 = P19C-PI6C 
7 R7-2 = PI5D-PIOD G7-2 = P9D-P4D B7-4 = P3D-POD 
8 R7-2 = P3ID-P26D G7-2 = P25D-P20D B7-4 = PI9D-PI6D 

Table 12. True-Color Pixel Formats, L58 Pixel Unpacking (CR03 = 1). 
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Bit(s) 
Pixel 

Color Table Addressing (RA7-0) 
per 

Number MSB Unpacking (CR03 = 0) LSB Unpacking (CR03 = 1) pixel 

8 1 RA7...o = P31A-P24A RA7-O = P7A-POA 
2 RA7...o = P23A-P16A RA 7...0 = P15A-P8A 
3 RA7...o = P15A-P8A RA7-O = P23A-P16A 
4 RA7...o = P7A-POA RA7-O = P31A-P24A 
5 RA7...o = P31B-P24B RA 7...0 = P7B-POB 

16 RA7...o = P7D-POD RA7-O = P3lD-P24D 

4 1 RA3...o = P31A-P28A RA3-O = P3A-POA 

8 RA3...o = P3A-POA RA3-O = P31A-P28A 
9 RA3-O = P3lB-P28B RA3...o = P3B-POB 

32 RA3...o = P3D-POD P A3...o = P3lD-P28D 

2 1 RAI...o = P31A-P30A RAI-O = PIA-POA 

16 RAI-O = PIA-POA RAI...o = P31A-P30A 
17 RAI...o = P31B-P30B RAI-O = PlB-POB 

64 RAI...o = PlD-POD RAI-O = P3lD-P30D 

1 1 RAO= P31A RAO= POA 

32 RAO=POA RAO = P31A 
33 RAO= P31B RAO=POB 

128 RAO = POD RAO=R3lD 

Table 13. Pseudo-Color Pixel Formats. 
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CMYK-to-RG8 Conversion 

The Bt496 allows printer prepress applications to di
rectly display data in the CMYK color space. This 
eliminates the need for the application to maintain, ma
nipulate, and convert image data to or from the RGB 
color space, generally required by graphics display sys
tems. In systems that use the Bt496, the application 
may directly store CMYK image data into the frame 
buffer. Conversion from the CMYK color space to the 
RGB color space needed by generic CRT monitors is 
performed in real time by the Bt496 at the display re
fresh rate of the monitor. 

The color-space conversion transformation per
formed by the Bt496 is based on the inverse of a color 
separation algorithm explained in this section. Since an 
understanding of the CMYK color space is required, 
some background information is given. 

CMY Color Space 

The CMY (Cyan, Magenta, Yellow) color space is an 
alternative color space that is related to the RGB color 
space as follows: 

Relationship to RGB Space 

Cyan White-Red 
Magenta White-Green 
Yellow White-Blue 

The CMY color space is also referred to as a "subtrac
tive color space" because of this relationship to the 
RGB color space. 

Prepress applications generally require that image 
data ultimately be specified in a subtractive color 
space, as the printing process creates colors by using 
inks (which absorb color) on white paper. Ideally, a 
cyan ink absorbs red light, leaving only that portion of 
the spectrum (Le., green and blue) to be perceived by 
the eye; a magenta ink absorbs green light, leaving red 
and blue; and a yellow ink absorbs blue, leaving red 
and green. For example, progressively reducing the 
level (Le., saturation) of cyan increases the red content. 
The following table lists the alternative representations 
for some common colors. 

CMYK Color Space 

The mixing of CMY process colors does not yield a 
good black. The use of more costly colored inks to 
achieve colors that contain various amounts of gray 
can be reduced by also using a black process color. 

Bt496 

RGB Space CMYSpace 

Color R G B C M Y 

Black 0 0 0 1 1 1 

Red 1 0 0 0 1 I 

Green 0 1 0 1 0 1 

Blue 0 0 1 1 1 0 

Cyan 0 1 1 1 0 0 

Magenta 1 0 1 0 1 0 

Yellow 1 1 0 0 0 1 

Gray 0.5 0.5 0.5 0.5 0.5 0.5 

White 1 I 1 0 0 0 

When a black process color is added to the CMY color 
space, another color space results. This is commonly 
known as the CMYK (Cyan, Magenta, Yellow, and 
Black) color space. 

When a black level is specified, transformations 
from RGB to CMYK are nonunique. Ail obvious ex
ample is in the representation of gray colors. Here, 
equal amounts of CMY with no black, zero amounts of 
CMY with some amount of black, or a mixture of 
these may be used to achieve the same gray color. The 
amount of process black used to replace the gray con
tent in the CMY process colors is commonly called the 
GCR (Gray Component Replacement) level. A value 
of I for GCR indicates that the maximum amount of 
process black is used to substitute for CMY gray level; 
a value of zero indicates that no process black is used. 

To explain the conversion process, the following 
quantities are defined: 

Xmin = min (C. M. Y) 

Xmax = max (C. M. Y) 

d = Xmax -Xmin 

The conversion process can then be expressed as follows: 
R=l-C-k 
G=I-M-k 
B=I-Y-k 

where 
k = mill(k!. k2), 

k! = 1 - Xmax• and 
k2 = Kj{d) 
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The functionftd) is implemented with a 256 x 8 lookup 
table. This table must be loaded by the MPU. This func
tion depends on the desired relationship of GCR and sat
uration. The functionflx) used is of the form 

(a-f) b 
j(x) = G (1 -x) 

where G is the GCR, a relates the black with the CMY 
levels for the desired GCR, and b relates black with the 
CMY levels with respect to saturation. 

Location Contents 

$00 $3D 
$01-$02 $3C 
$03-$04 $3B 
$05-$06 $3A 
$07-$08 $39 
$09-$OB $38 
$OC-$OD $37 
$OE-$OF $36 
$10-$11 $35 
$12-$13 $34 
$14-$16 $33 
$17-$18 $32 
$19-$IA $31 
$IB-$1D $30 
$1E-$IF $2F 
$20-$21 $2E 
$22-$24 $2D 
$25-$26 $2C 
$27-$29 $2B 
$2A-$2B $2A 
$2C-$2E $29 
$2F-$30 $28 
$31-$33 $27 
$34-$36 $26 
$37-$38 $25 
$39-$3B $24 
$3C-$3E $23 
$3F-$40 $22 
$41-$43 $21 
$44-$46 $20 
$47-$49 $lF 

Brooktree® 

As an example for loading the lookup table, if the de
sired GCR level is 0.7 with a = 5 and b = 2, the function 
to implement is: 

fix) = (0.7) (5-1) (l_x)2 

To tabulate the values of this function for a ::; x ::; 1 (Le., 
0000 0000 ::; x ::; 1111 1111, binary), the MPU must 
load the lookup table with the values listed in Table 14. 

A simplified block diagram of the CMYK-to-RGB 
transformation is shown in Figure 3. 

Location Contents 

$4A-$4C $IE 
$4D-$4F $1D 
$50-$52 $lC 
$53-$55 $IB 
$56-$58 $IA 
$59-$5C $19 
$5D-$5F $18 
$60-$62 $17 
$63-$66 $16 
$67-$69 $15 
$6A-$6D $14 
$6E-$70 $13 
$71-$74 $12 
$75-$78 $11 
$79-$7C $10 
$7D-$80 $OF 
$81-$85 $OE 
$86-$89 $OD 
$8A-$8E $OC 
$8F-$92 $OB 
$93-$97 $OA 
$98-$9D $09 
$9E-$A2 $08 
$A3-$A8 $07 
$A9-$AF $06 
$BO-$B6 $05 
$B7-$BD $04 
$BE-$C6 $03 
$C7-$DO $02 
$Dl-$DE $01 
$DF-$FF $00 

Table 14. CMYK-to-RG8 Transformation 
with RAM Contents for GCR = 0.7, a = 5, and b = 2. 
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Figure 3. CMYK-to-RGB Conversion. 
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Video Generation 

Video input pixel timing is shown in Figure 4. 
The VIDCLK* output is a free-running clock 

typically used for clocking the display timing 
generator. The MPU controls the period of VIDCLK* 
by setting bits CR07 and CR06 in command register O. 
VIDCLK* may be CLOCKl4, CLOCKlS, CLOCKlI6, 
or CLOCKl32. SYNC and BLANK information is 
latched with each falling edge of VIDCLK* and 
inserted into the pipeHned pixel stream at the 
appropriate time. No relationship should be 
considered to exist between the SYNC*IBLANK* 
signals and the incoming pixel data. The SYNC* and 
BLANK* inputs are used to provide the RAMOAC 
with timing information; i.e., blank duration, front 
porch, sync duration, and back porch. 

Since VIDCLK* generally runs with a different 
period from SCLK*, SYNC* and BLANK* may be 
provided at a higher resolution than the number of 
pixels loaded each SCLK*. Thus, not all pixels loaded 
with the last active SCLK* will necessarily be 
displayed on the screen. However, on the leading edge 
of the scan line, the first pixel loaded by SCLK* will 
be the first pixel displayed. 

The SYNCOUT* signal follows the SYNC* input 
by the number of pipeline stages internal to the Bt496. 
It is positioned with pixel resolution and should be 
used to derive the SYNC signal for displays requiring 
separate TIL sync. The RAMOAC pipeline delay 

#: SCLK pulse provided by system 

a: 1-4 Clock Cycles 

b: 4 Clod< Cycles 

c:: f(bit depth. zoom) 

present from the input pixel port to the output is 
constant for a given pixel pan amount. 

It is recommended that MPU operations requiring 
display synchronization to blank and/or sync (e.g., 
command register updates) read command register 
"CR21 and CR20" to synchronize. SYNC* and/or 
BLANK* input signals will not provide accurate 
synchronization because of the size and variability of 
the Bt496's pipeline depth. 

The SYNC* and BLANK* inputs, pipelined to 
maintain synchronization with the pixel data, add 
appropriately weighted currents to the analog outputs. 
This produces the specific output levels required for 
video applications, as illustrated in Figures 5 and 6. 
Command register 2 specifies whether a 0 IRE or 7.5 
IRE blanking pedestal is to be generated, and whether 
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 Of A converters 
produces a corresponding voltage level, which is used 
to drive the CRT monitor. Tables 15 and 16 detail 
how the SYNC* and BLANK* inputs modify the 
output levels. 

The Of A converters on the Bt496 use a segmented 
architecture in which bit currents are routed to either 
the current output or GNO by a sophisticated decoding 
scheme. This architecture eliminates the need for 

d: lraUlna ed&e orlas( possible SCLK cycle: about' dock cycles 

Bradlets indicate versions orSCLK selectable by command reclster: 
i-Non midline trallSfa-.l-Mldllne trauster 

Note: For clarity. this figure shows SCLK and VIDCLK outputs inverted. 

Figure 4. Video Input Pixel Timing. 
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precision component ratios and greatly reduces the 
switching transients associated with turning current 
sources on or off. Monotonicity and low glitch are 
guaranteed with the use of 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. 

RED,BLUE GREEN 

MA V MA V 

19.05 0.714 26.67 1.000 -r-----,~----------------------~-------WHITEWVa 

1.44 0.054 9.05 0.340 +------------1f--------f------------------ BLACK WVEL 

7.5 IRE 
0.00 0.000 7.62 0.286 -+-------------.J'---.---r-~----------------- BLANK WVEL 

40 IRE 

0.00 0.000 --L-_____________ --L..~ _____________________ SYNC WVEL 

Note: 75 n doubly-terminated load, RSET = 562 n (0.5%), and VREF = 1.235 V. Blank pedestal = 7.5 IRE; 
RS-343A levels and tolerances are assumed on all levels. 

Figure 5. Composite Video Output Waveform (SETUP = 7.5 IRE). 

lOG IOR,IOB DAC 
Description (mA) (mA) SYNC" BLANK" Input Data 

WHITE 26.67 19.05 I I $FF 
DATA data + 9.05 data + 1.44 I I data 
DATA-SYNC data + 1.44 data + 1.44 0 1 data 
BLACK 9.05 1.44 1 I $00 
BLACK-SYNC 1.44 1.44 0 I $00 
BLANK 7.62 0 I 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with full-scale lOG = 26.67 rnA. RSET = 562 n (0.5%), and VREF = 1.235 V. 
Blank pedestal = 7.5 IRE. 

Table 15. Video Output Truth Table (SETUP = 7.5 IRE). 
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RED. BLUE GREEN 

MA v MA V 

18.60 0.698 26.67 1.000 -.------,;;--------------=:----- WHITE LEVEL 

0.00 0.000 8.0S 0.302 -t-------'--,.--,--'--------- BLACKIBLANK LEVEL 

43 IRE 

0.00 0.000 -L-------~-L __ ~ _______ sffiCWVa 

Note: 75 n doubly-terminated load, RSET = 530 n (0.5%), and VREF = 1.235 V. Blank pedestal = 0 IRE. 
RS-343A levels and tolerances are assumed on all levels. 

Figure 6. Composite Video Output Waveform (SETUP = 0 IRE). 

lOG IOR,IOB DAC 
Description (mA) (mA) SYNC" . BLANK" Input Data 

WHITE 26.67 18.60 I I $FF 
DATA data + 8.05 data I I 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 $xic 
SYNC 0 0 0 0 $xx 

Note: Typical with full-scale lOG = 26.67 rnA. RSET = 530 n (0.5%), and VREF = 1.235 V. 
Blank pedestal = 0 IRE. 

Table 16. Video Output Truth Table (SETUP = 0 IRE). 
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Command Register 0 

This register is located at internal address $002 and may be written or read by the MPU at any time. This 
register must be initialized by the user after power up for proper operation. 

Bit(s) 

CROS 

CR07,CR06 

CR05,CR04 

CR03 

CR02-CROO 

Function 

SCLK* Control 
(0) extra pulse not needed 
(I) extra pulse needed 

VIDCLK Select 
(00) CLOCKl4 
(01) CLOCKl8 
(10) CLOCKlI6 
(II) CLOCKl32 

I6-bit~per-pixel true color mode 
(00) 5 red, 5 green, 5 blue 
(0 I) 6 red, 5 green, 5 blue 
(10) 6 red, 6 green, 4 blue 
(II) reserved 

Pixel Unpacking Mode 
(0) unpacked from MSB 
(I) unpacked from LSB 

Block Mode Select 
(IIX) - Reserved 
(101) - 32 bits per pixel 
(I (0) - 16 bits per pixel 
(0 II) - 8 bits per pixel 
(010) - 4 bits per pixel 
(001) - 2 bits per pixel 
(000) - I bit per pixel 

Description 

This bit specifies whether the first SCLK* 
pulse after a blanked time is needed (logical 
one) to read the first pixel item. A logical zero 
indicates that the system has externally 
provided the first VRAM shift clock, and the 
Bt496 may latch valid pixel data with the first 
SCLK*. 

Video clock output period select 

These bits specify the interpretation of the pix
el data when the device is processing in 16-bit
per-pixel mode. These bits are ignored in other 
modes. 

This bit specifies the unpacking mode for pix
els of less than 32 bils. When this bit is a logi
cal zero, pixels are unpacked starting from PA 
bit 31. When this bit is a logical one, pixels are 
unpacked starting from PA bit O. 

These bits specify whether the pixel data is in
put as I, 2, 4, 8, 16, or 32 bits per pixel. 
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Internal Registers (continued) 

Command Register 1 

This register is located at internal address $003 and may be written or read by the MPU at any time. This 
register must be initialized by the user after power up for proper operation. 

Bit(s) 

CRI8-CRI4 

CR13,CRlO 
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Function 

Pan Select 

Zoom Factor 
(0000) -Ix 

(1111) - 16x 

Description 

These bits specify the pan amount. Pan may be specified to 
a 4-pixel prezoomed boundary. Vaiid pan ranges depend 
on the bits-per-pixel setting. Table 3 contains bit defini
tions. 

These bits specify the zoom amount. For 2x zoom, the first 
pixel is output for two clock cycles, followed by the second 
pixel for two clock cycles, the third pixel for two clock cy
cles, etc. For 3x zoom, the first pixel is output for three 
clock cycles, the second pixel for three clock cycles, the third 
pixel for three clock cycles, etc. 
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Command Register 2 

This register is located at internal address $004 and may be written or read by the MPU at any time. This 
register must be initialized by the user after power up for proper operation. 

Bit(s) Function Description 

CR28 Reserved 

CR27 Sync enable This bit specifies whether sync information is to be output 
onto lOG (logical one) or not (logical zero). A logical zero 

(0) disable sync on this bit will disable CR2l and the SYNCOUT* pin. 
(1) enable sync 

CR26 Pedestal enable 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 

(0) o IRE pedestal black and blank levels are the same. 
(1) 7.5 IRE pedestal 

CR25-CR22 Reserved 

CR2l SYNC This bit tracks the SYNC level on raG and specifies wheth-
er SYNC is being output onto lOG (logical one) or not (logi-
cal zero). This bit is read only. Any attempts to write to this 
bit will be ignored. 

CR20 BLANK This bit tracks the BLANK level and specifies whether 
BLANK is being output onto lOR, lOG, and IOB (logical 
one) or not (logical zero). This bit should be used to syn-
chronize MPU events to display blanking time. This bit is 
read only. Any attempts to write to this bit will be ignored. 
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Internal Registers (continued) 

ID Register ($000) 

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 Bt496, the value read by the MPU will be $081. Data written to this 
register is ignored. 

Revision Register ($001) 

This 9-bit register may be read by the MPU to determine the revision level of the Bt496. The upper 4 bits indicate 
revisions while the lower 5 bits should be ignored. The current revision is $A. Data written to this register is 
ignored. 

Pixel Read Mask Registers ($006-$008) 

The 24-bit pixel read mask register is used to enable (logical one) or disable (logical zero) a bit p~ane 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. This registdr must be 
initialized by the user after power up for proper operation. DO corresponds to PO. 

Red, Green, and Blue Signature Registers ($OOC-$OOE) 

The test register must be enabled in order to use the signature or the data strobe mode. Refer to the Test Register 
($OOF) description in this section. During normal operation, the test registers should be disabled for power 
consideration. 

Signature Mode 

These three 9-bit signature registers (one each for red, green, and blue) 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 read from or 
write to the signature registers while BLANK* is a logical zero to load the seed values. 

When a test display is loaded into the frame buffer, a deterministic value for the red, green, and blue signature 
registers will be read from these registers if all circuitry is working properly. Refer to the Application Information 
Test Register section for more information. 

Data Strobe Mode 

If "data strobe testing" is selected, the operation of the signature registers changes. -Rather than determining the 
signatures, they capture red, green, and blue data being presented to the three DACs .. Test Features of the Bt496 in 
the Application Information section contains further test register information. 
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Internal Registers (continued) 

Test Register ($OOF) 

This 9-bit register is used to test the Bt496. 

Bits Function Description 

TR8 Test Mode Enable This bit specifies whether the test mode is enabled or disabled. 
(0) disable test mode The test register must be enabled in order to select signature 
(1) enable test mode analysis or data strobe test modes. For normal operation, test 

registers should be for power considerations. 

TR7-TR3 Comparator TR7-TR3 are used to compare the analog RGB outputs to 
each other and to a 150 mY reference. This enables the MPU 
to determine whether the CRT monitor is connected to the 
analog RGB outputs, and whether the DACs are functional. 
See below. 

TR2-TRI Continuity result These pins are used to assist in an ATE continuity test. Their 
function is not defined at this time. 

TRO Test Mode Select This bit determines the method of high-speed test used. The 
(0) signature analysis test signature analysis registers hold the test result for both test 
(1) data strobe test modes. 

TR7, TR6 
~---,D Q TR3 

TR7 TR6 TR5 TR4 TR3 TR5. TR4 

red green blue 150 mY ref. result 
select select select select 

BLANK* 

TR7-TR4 IfTR3 = 1 IfTR3 = 0 

0000 normal operation - -
1010 red DAC compared to blue DAC red> blue blue> red 
1001 red DAC compared to 150 mY reference red> l50mY red<150mY 
OllO green DAC compared to blue DAC green> blue blue> green 
0101 green DAC compared to 150 mY reference green> 150 mY green < 150 mY 

The table above lists the valid comparison combinations. A logical one enables that function to be compared; 
the result is TR3. For normal operation, TR7-TR3 must be logical zeros. 
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Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

SYNCOUT* 

SCLK* 

VIDCLK* 

P31-PO 
{A-D} 

SEL(A-D) 

lOR, lOG, lOB 

VAA 

GND 

COMP 

FS ADJUST 

Description 

Composite blank control input (TTL compatible). A logical zero drives the analog output to the 
blanking level, as specified in Tables IS and 16. It is latched on the falling edge of VIDCLK*. 

Composite sync control input (TTL compatible). A logical zero typically switches off a 40 IRE 
current source on the lOG output (see Figures 5 and 6). SYNC* does not override any other control 
or data input, as shown in Tables 15 and 16; therefore, it should be asserted only during the blanking 
interval. SYNC* is latched on the [alling edge of VIDCLK*. 

Composite sync control output (TTL compatible). This output is typically used to generate the 
cQmposite sync signal for CRTs requiring separate sync. 

VRAM shift clock output (TTL compatible). The falling edge of this output is used to clock the 
input pixel data. The shift clock frequency is a function of the number of bits per pixel and the 
zoom factor. An external inverting buffer should be used to drive the pixel VRAM serial clock 
inputs. Waveform is active (low) for four CLOCK cycles, then inactive (high) as required to 
achieve cycle time. The shift clock is automatically stopped/started for blanked intervals. 

Video clock output (TTL compatible). This output is CLOCK divided by 4, 8, 16, or 32, as 
programmed in command register O. Sync and blan~ inputs are latched by this clock. SO/50 duty 
cycle. 

Pixel inputs (TTL compatible). These inputs are used to specify color palette locations in RGB or 
pseudo-color modes. In CMYK mode, these pixels are converted to RGB color space, then used to 
specify which locations of the color palette RAM are used to provide color information. These 
inputs are latched on the falling edge of SCLK*. 

SEL mode select inputs (TTL compatible). These inputs specify the interpretation of the pixels 
supplied on the pixel inputs. A high level causes the corresponding pixel inputs to be interpreted as 
CMYK data. A low level indicates RGB pixel data. These inputs are valid only in 32-bit per pixel 
mode. These inputs are latched on the falling edge of SCLK*. 

Red, green, and blue current outputs. These high-impedance current sources can directly drive a 
doubly-terminated 75 Q coaxial cable (Figure 8). Each of these outputs, whether used or not, should 
have the same output load. 

Analog power. All V AA pins must be connected together on the same PCB plane to prevent 
latchup. 

Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
latchup. 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 ~F 
ceramic capacitor must be connected between this pin and V AA (Figure 8). 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 iengths to an absoiule 
minimum and maximize the capacitor's self-resonant frequency to be greater than the LD* 
frequency. 

Full-scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full-scale video signal (Figure 8). The IRE relationships in Figures 5 and 6 are 
maintained, regardless of the full-scale output current. 

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

RSET (Q) = KI * VREF (V) / lOG (rnA) 
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Pin Descriptions (continued) 

Pin Name 

VREF 

CLOCK, 
CLOCK* 

CE* 

RIW 

CO,CI 

00-08 

Description 

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

lOR, lOB (rnA) = K2 * VREF (V) I RSET (n) 

where KI and K2 are defined as: 

Setup lOG IOR,IOB 

7.5 IRE KI = 11,294 K2 = 8,067 

DIRE KI = 10,684 K2 =7,457 

Voltage reference input. An external voltage reference circuit must supply this input with a 1.235 V 
(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 J.LF ceramic capacitor must be used to decouple this input to V AA. as shown in Figure 8 in the 
PC Board Layout Considerations section. 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 V) 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*. Glitches should be avoided on this edge-triggered input. 

Read/write control input (TTL compatible). To write data to the device, both CE* and RIW must be 
a logical zero. To read data from the device, CE* must be a logical zero and RIW must be a logical 
one. RIW is latched on the falling edge of CE*. 

Command control inputs (TTL compatible). CO and CI specify the type of read or write operation 
being performed, as shown in Table I. They are latched on the falling edge of CE*. 

Data bus (TTL compatible). Data is transferred into and out of the device over this 9-bit 
bidirectional data bus. DO is the least significant bit. 
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Pin Descriptions (continued) 

Signal Pin Number Signal Pin Number Signal Pin Number 

BLANK* NI4 P9A N3 P20A Tl3 
SYNC· PIS P9B PI P20B PI2 

SYNCOUT* C3 P9C RI P20C R13 
CLOCK Tl6 P9D P2 P20D Ul4 

CLOCK* Tl7 
SCLK* S2 PIOA N4 P2IA UlS 

VIDCLK* RIS PIOB P3 P21B Tl4 
SELA BI4 PIOC Tl P2IC PI3 
SELB AIS PlOD R2 P21D RI4 
SELC A14 
SELD C13 PllA R4 P22A PI6 

PUB PS P22B RI7 
POA DS PllC T4 P22C PI7 
POB C4 PllD U3 P22D NIS 
POe A2 
POD B3 PI2A U4 P23A MI6 

PI2B RS P23B N16 
PIA C2 PI2C P6 P23C LIS 
PIB BI PI2D TS P23D MIS 
PIC D3 
PID E4 P13A R6 P24A LI7 

P13B US P24B LI6 
P2A D2 P13C T6 P24C KIS 
P2B CI PI3D P7 P24D KI4 
P2C 01 
P2D E3 PI4A R7 P2SA KI7 

PI4B U6 P2SB KI6 
P3A F2 PI4C U7 P2SC 116 
P3B E2 PI4D T7 P2SD 114 
P3C G3 
P3D F3 PISA R8 P26A 115 

PISB P8 P26B 117 
P4A GI PISC U8 P26C HI7 
P4B G2 PISD T8 P26D H16 
P4C H3 
P4D H4 PI6A T9 P27A HIS 

PI6B P9 P27B HI4 
PSA HI PI6C R9 P27C GI6 
PSB H2 PI6D U9 P27D GI7 
P5C 12 
PSD J4 PI7A UlO P28A FIS 

P17B TlO P28B GIS 
P6A J3 P17C RIO P28C EI6 
P6B 11 PI7D PIO P28D FI6 
P6C KI 
P6D TT~ PIKA TIl P29A EIS .... '" 

PI8B Ull P29B 017 
P7A K3 PI8C Pll P29C CI7 
P7B K4 PI8D Rll P29D DI6 
P7C L2 
P7D LI PI9A TI2 

PI9B UI2 
P8A M3 PI9C U13 
P8B L3 PI9D RI2 
P8C N2 
P8D M2 
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Brooktree® Bt496 
Pin Descriptions (continued) 

Signal Pin Number Signal Pin Number 

P30A EI4 DO Bll 
P30B Dl5 DI All 
P30C B17 D2 AI2 
P30D CI6 D3 Cll 

D4 Dil 
P31A BI5 D5 BI2 
P31B AI6 D6 Al3 
P31C CI4 D7 CI2 
P31D Dl3 D8 Bl3 

IR A8 
IG A7 
IE A6 

VAA B5 
VAA B9 
VAA C8 
VAA C9 
VAA D6 
VAA D8 
VAA FI 
VAA F17 
VAA G4 
VAA Gl4 
VAA L4 
VAA Ll4 
VAA MI 
VAA MI7 

GND A5 
GND A9 
GND B7 
GND B8 
GND C5 
GND D9 
GND Dl2 
GND El 
GND EI7 
GND F4 
GND FI4 
GND M4 
GND MI4 
GND NI 
GND N17 
GND P4 
GND UI7 

COMP D7 
FSADJ C6 
VREF C7 

CE* A3 
RIW DlO 
CI AIO 
CO BIO 
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Pin Descriptions (continued) 

17 N/c P30C P29C 

16 P31B N/c PJOD 

IS SELB P31A N/C 

14 SELC SELA P31C 

13 D6 D8 SEW 

12 D2 DS D7 

11 01 DO OJ 

10 CI co N/C 

GND VAA VAA 

IR GND VAA 

10 OND VREF 

m N/C FSADJ 

GND VAA OND 

N/C N/c POB 

CE' POD SYNC-

OUT' 

POe N/c PIA 

I~ PIB PZB 

A Il C 

alignment marker (on top) 
No pin at iocaiiutl Al 

5-486 SECTION 5 

PZ9B GND VAA 

P29D P28C P28D 

P30B P29A P28A 

N/C P30A GND 

P3ID 

GND 

D4 

RIW 

GND 

VAA 

CaMP 

VAA 

POA 

N/C PID OND 

PIC PZD P3D 

P2A P3B P3A 

PZC OND VAA 

D E F 

P27D 

P27C 

P28B 

VAA 

VAA 

P3C 

P4B 

P4A 

G 

Brooktree® 

P26C P26B P2SA PZ4A VAA GND P22C P22B eLK· GND 

P26D P2SC P2SB P24B P23A PZ3B P22A N/C CLK N/C 

P27A P26A P24C P23C PZ3D PZ2D SYNC· VIOCLK* N/C PZIA 

P27B P25D P24D VAA GND BLANK'" N/C P210 P21B P20D 

P21C PZOC P20A PI9C 

P20B PI9D PI9A PI9B 

Bt496 PI8C PI8D PI8A PI8B 

Pl7D Pl7C Pl7B PI7A 

(TOP VIEW) 
PI6B PI6C PI6A PI6D 

PISB PISA PISD PISC 

P13D PI4A PI4D PI4C 

Pl2C PI3A P13C PI4B 

PllB Pi2B PI2D PI3B 

P4D PSD P7B VAA GND PIOA GND PllA PllC PI2A 

P4C P6A P7A P8B P8A P9A PIOB N/C NIC PllD 

PSB PSC P6D P7C P8D P8C P9D PlOD SCLK* N/C 

P5A P6B P6C P7D VAA GND P9B P9C PIOC NIC 

H K L M N P R T 



Brooktrre® Bt496 
Pin Descriptions 

17 GND eLK· P22B P22C GND VAA P24A P25A P26B P26C P27D VAA GND P29B P29C P30C N/C 

16 N/C CLK N/C P22A P23B P23A P24B P25B P25C P26D P27C P28D P28C P29D P30D N/C P31B 

15 P21A N/C VIDCLK* SYNC· P22D P23D P23C P24C P26A P27A P28B P28A P29A P30B N/C P31A SELB 

14 PlOD P21B P21D N/C BLANK'" GND VAA P24D P25D P27B VAA GND P30A N/C P31C SELA SELC 

IJ PI9C P20A P20C P21C P31D SELD D8 D6 

12 PI9B PI9A PI9D P20B VSS D7 D5 D2 

II PI8B PI8A PI8D PI8C Bt496 D4 D3 DO DI 

10 PI7A PI7B PI7C PI7D RIW N/C CO CI 

PI6D PI6A PI6C P16B 
(BOTTOM VIEW) 

AGND VAA VAA AGND 

PISC PI5D PI5A PI5B VAA VAA AGND IR 

PI4C PI4D PI4A PI3D COMP VREF AGND IG 

PI4B Pl3C Pl3A PI2C VAA FSADJ N/C IB 

Pl3B PI2D PI2B PIIB POA AGND VAA AGND 

PI2A PIIC PIIA GND P20A GND VAA P7B P5D P4D VAA GND PID N/C POB N/C N/C 

PIID N/C N/C PIOB P9A P8A P8B P7A P6A P4C P3C P3D P2D PIC SYNC- POD CE' 

OUT' 

N/C SCLK'" PlOD P9D P8C P8D P7C P6D P5C P5B P4B P3A P3B P2A PIA N/C POe 

N/c PIOC P9C P9B GND VAA P7D P6C P6B P5A P4A VAA GND P2C P2B Pill 
r, 
L!l0-, 

T R N M L K H G E D C B A 

WORKSTATION GRAPHICS 5-487 



Bt496 
PC Board Layout Considerations 

PC Board Considerations 

The Bt496 layout should be optimized for lowest noise 
on the Bt496 power and ground lines by shielding the 
digital inputs and providing good decoupling. The 
trace length between groups of V AA and GND pins 
should be as short as possible to minimize inductive 
ringing. 

A well-designed power distribution network is 
critical to eliminating digital switching noise. The 
ground plane must provide a low-impedance return 
path for the digital circuits. A PC board with a 
minimum of six layers is recommended. The ground 
layer should be used as a shield to isolate noise from 
the analog traces with layer 1 (top) the analog traces, 
layer 2 the ground plane, layer 3 the analog power 
plane, and the remaining layers used for digital traces 
and digital power supplies. 

The optimum layout enables the Bt496 to be located 
as close as possible to the power supply connector and 
the video output connector. 

Power and Ground Planes 

The power and ground planes need isolation gaps to 
minimize digital switching noise effects on the analog 
signals and components. These gaps need to be at least 
1/8" wide. They are placed so that digital currents 
cannot flow through a peninsula that contains the 
analog components, signals, and video connector. A 
sample layout is shown in Figure 7. 

Device Decoupling 

For optimum performance, all capacitors should be 
located as close as possible to the device, using the 
shortest possible leads (consistent with reliable 
operation) to reduce the lead inductance. Chip 
capacitors are recommended for minimum lead 
inductance. Radial lead ceramic capacitors may be 
substituted for chip capacitors and are better than axial 
lead capacitors for self-resonance. Values are chosen 
to have self-resonance above the pixel clock. 

v 

Power Supply Decoupling 

The best power supply decoupling performance is 
obtained by providing a 0.1 f..lF ceramic capacitor in 
parallel with a 0.01 f..lF chip capacitor to decouple each 
group of VAA pins to GND. The capacitors should be 
placed as close as possible to the device V AA and 
GNDpins. 

5-488 SECTION 5 

The 33 f..lF capacitor shown in Figure 8 is for 
low-frequency power supply ripple; the 0.1 f..lF and 
0.01 f..lF capacitors are for high-frequency power 
supply noise rejection. The decoupling capacitors 
should be connected at the V AA and GND pins, using 
short, wide traces. 

When using a linear regulator, the power-up 
sequence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than 200 
mY. This is especially important when a switching 
power supply is used and the switching frequency is 
close to the raster scan frequency. Note that about 10 
percent of power supply hum and ripple noise less than 
1 MHz will couple onto the analog outputs. 

COMP Decoupling 

The COMP pin must be decoupled to V AA, typically 
with a 0.1 f..lF ceramic capacitor. Low-frequency 
supply noise will require a larger value. The COMP 
capacitor must be as close as physically possible to the 
COMP and V AA pins. A surface-mount ceramic chip 
capacitor is preferred for minimal lead inductance, 
which degrades the noise rejection of the circuit. Short, 
wide traces will also reduce lead inductance. 

If the display has a ghos~ing problem, additional 
capacitance in parallel with the COMP capacitor may 
help. 

Digital Signal Interconnect 

The digital inputs to the Bt496 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 and output signals. 

Most noise on the analog outputs will be caused by 
excessive edge rates (less than 3 ns), overshoot, 
undershoot, and ringing on the digital inputs. 

The digital edge rates should be no faster than 
necessary, as feed through noise is proportional to the 
digital edge rates. Lower speed applications will 
benefit from using lower speed logic (3-5 ns edge 
rates) to reduce data-related noise on the analog 
outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time. Line 
termination or line length reduction is the solution. For 



Bt496 
PC Board Layout Considerations (continued) 

example, logic edge rates of 2 ns require line lengths 
of less than 4 inches without using termination. 
Ringing may be reduced by damping the line with a 
series resistor (30-300 Q). 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing 90 degrees to 
any analog signals. 

The clock driver and all other digital devices on the 
circuit board must be adequately decoupled to prevent 
the noise generated by the digital devices from 
coupling into the analog circuitry. 

Ana/og Signa/Interconnect 

The Bt496 should be located as close as possible to the 
output connectors to minimize noise pickup and 
reflections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk from 
digital lines; digital traces must not be routed under or 
adjacent to the analog output traces. 

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

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. 

Analog output video edges exceeding the CRT 
monitor bandwidth can be reflected, producing 
cable-length dependent ghosts. Simple pulse filters 
can reduce high-frequency energy, reducing EMI and 
noise. The filter impedance must match the line 
impedance. 

Ana/og Output Protection 

The Bt496 analog outputs should be protected 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 8 can 
prevent latchup 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 (BA V99 or MMBD7001). 

Digital Area 

RAMDAC 

L 

I 

I 
.J 

Edge of PCB Digital Area 

Figure 7. Representative Power/Ground Analog Area Layout. 
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PC Board Layout Considerations (continued) 

Bt496 

Cll 

+5V(VCC) 

GROUND 

~----'I"""-"'I""-.,.. .... 'I"""-----""'-----""--- (POWERSUPPLY 
CONNECTOR) 

RSET 

Rl R2 R3 

FS ADJUST f------' 

IORr----------t--+----{ P 

IOGr-----------+----{ P 

IOBr-----------_---{ P 

DAC 

OUTPUT 

VAA 

GND 

TO 

VIDEO 

CONNECTOR 

IN4148/9 

TO MONITOR 

IN4148/9 

Note: Each set of V AA and GND pins must be separately decoupled. 

Location Description Vendor Part Number 

CI-CS, ClO, Cll 0.1 !!F ceramic capacitor Erie RPEllOZ5U104M50V 
C6-C9 0.01 !!F ceramic chip capacitor AVX 12102TI03QAlO18 

Cl2 33 !!F tantalum capacitor Mallory CSR13F336KM 
RI, R2, R3 75-Q 1 % metal film resistor Dale CMF-55C 

R4 lOOO-Q 1 % metal film resistor Dale CMF-5SC 
RSET 562 or 530-Q 0.5% metal film resistor Dale CMF-5SC ... , 1.2 V voltage reference National Semiconductor LM385Z-1.2 Ld 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics will 
not affect the performance of the Bt496. 

Figure 8. Typical Connection Diagram and Parts List. 
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Application Information 

Clock Interfacing 

Because of the high clock rates at which the Bt496 
may operate, it is designed to accept differential clock 
signals (CLOCK and CLOCK*). These clock inputs 
are generated by ECL logic operating at +5 V. The 
CLOCK and CLOCK* inputs require termination re
sistors (220 n to GND) that should be located as close 
as possible to the clock driver. A 150 n chip resistor 
connected between the RAMDAC's CLOCK and 
CLOCK* phls is also required to ensure proper termi
nation. It should be located as close as possible to the 
RAMDAC. (See Figure 9) 

Typically, SCLK* is used to generate the pixel 
VRAM serial clock. Due to the low drive capability of 
the SCLK output, this signal should be immediately 
buffered by a high performance inverting buffer such 
as a Signetics 74F1804. 

Figure 9 illustrates a sample VRAM serial clock 
generation circuit. Typically, VIDCLK is used for 
clocking the SYNC and BLANK generation logic. 

+sv 

CLOCK 

TIL 
220 

CLOCK XTALI 

OSCILLATOR 

CLOCK· 

220 

Bt438 

Bt496 

The CLOCK and CLOCK* inputs must be differentialc 
signals and greater than 0.6 V peak-to-peak due to the 
noise margins of the CMOS process. The Bt496 will 
not function using a single-ended clock with CLOCK* 
connected to ground. 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can produce 
symptoms of catastrophic failure or erratic device be
havior with somewhat "leaky" inputs. 

Latchup can be prevented by ensuring that all V AA 
pins are at the same potential, and that the V AA supply 
voltage is applied before the signal pin voltages. The 
correct power-up sequence ensures that any signal pin 
voltage will never exceed the power supply voltage by 
more than +0.5 V. 

150 

Bt496 

vREFf------..I\/L---<~-IvREF 

Figure 9. Generating the Bt496 Clock Signals. 
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Bt496 
Application Information (continued) 

Test Features of the 8t496 

The Bt496 contains a test register, three signature anal
ysis registers, and an analog output comparator that as
sist the user in evaluating the performance and func
tionality of the part. For proper use of these test 
features, the test register must be enabled and the prop
er test method selected. Test Register ($OOF) in the In
ternal Registers section should be referenced. During 
normal operation, the test register should be disabled 
for power considerations. 

Signature Register (Signature Mode) 

The signature register, when enabled (TRO = 0), oper
ates with three 9-bit vectors of data that are output 
from the color palette RAM. These three 9-bit vectors 
each represent a single color component of the pixel 
color and are presented as inputs simultaneously to the 
red, green, and blue signature analysis registers 
(SARs), as well as to the three on-chip DACs. The 
SARs act as three 9-bit-wide linear feedback shift reg
isters on each succeeding pixel that is latched. 

The Bt496 will only generate signatures while it is 
in active-display (BLANK* Negated). The SARs are 
available for reading and writing through the MPU 
port when the Bt496 is in a blanking state (BLANK* 
asserted). 

Typically, the user will write three specific 9-bit 
seed values into the SARs. Then, a known pixel 
stream, e.g., one scan-line of pixels, will be input to the 
chip. At the succeeding blank state, the resultant 9-bit 
signatures can be read by the MPU. The 9-bit signature 
register data is a result of the same captured data that is 
fed to the DACs. 

It is not simple to specify the algorithm that the line
ar feedback shift operation uses in the Bt496. The line
ar feedback configuration is shown in Figure 10. Expe
rienced users have developed tables of specific seeds 
and pixel streams, and recorded the signatures that re
sult from those inputs applied to known-good parts. A 
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good signature from one given pixel stream can be 
used as the seed for the succeeding stream to be tested. 
Any signature is deterministically created from a start
ing seed, and the succeeding pixel stream is fed to the 
SARs. 

Signature Register (Data Strobe Mode) 

Setting test register bit TRO to "I" puts the SARs into 
data strobe mode. In this instance, the linear feedback 
circuits of the SARs are disabled, which stops the 
SARs from generating signatures. Instead, the SARs 
capture and hold the pixel data that is selected. Any 
MPU data written to the SARs is ignored. This mode 
is most useful when using a sophisticated VLSI semi
conductor tester. 

Analog Comparator 

The other dedicated test structure in the Bt496 is the 
analog output comparator. It allows the user to meas
ure the DACs against each other, as well as against a 
specific reference voltage. 

Four combinations of tests are selected with the test 
register. With a given setting, the respective signals 
(OAC outputs or the 150 mV reference) will be contin
uously input to the comparator. The result of the com
parator is latched into the test register. 

Because of the comparator's swipe design, it is rec
ommended that the OAC outputs be stable for 5 !is be
fore capture. At a display rate of 100 MHz,S !is corre
sponds to 500 pixels. Furthermore, either the color 
palette RAM or the pixel inputs (or both) should be 
configured to guarantee a single continuous output 
from the OACs under test until capture. 

Typically, users will create line-wide test bands of 
various colors. For each test, the result is obtained by 
reading test register bit 03. 



Brooktree® Bt496 
Application Information (continued) 

RO-R8 GO-G8 BO-B8 

FROM LOOKUP TABLE FROM LOOKUP TABLE FROM LOOKUP TABLE 

• MPU SAR READ BIT 

Figure 10. Signature Analysis Register Circuit. .. 
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Bt496 
Application Information (continued) 

Initializing the 8t496 

Following a power-on, the Bt496 must be initialized. 
This sequence will configure the Bt496 as follows: 

Pixel depth: 16 bits per pixel 
Pixel unpacking mode: from MSB 
RGB partitioning: 6 bits red, 5 bits green, 5 bits blue 
All bits used in lookup table addressing (Le., no 
masking) 
Pan: 0 pixels; Zoom: Ix 
Sync Enabled on lOG, 7.5 IRE blanking pedestal 
VIDCLK = CLOCKl4 
Midline VRAM transfer used 
Signature analysis testing used 

Control Register Initialization 

Write $000 to Address Register 
Write $014 to Command Register 0 
Write $000 to Command Register 1 
Write $OCO to Command Register 2 
Write $OFF to Red Pixel Read Mask Register 
Write $OFF to Green Pixel Read Mask Register 
Write $OFF to Blue Pixel Read Mask Register 

Color Palette RAM initialization 

Write $000 to Address Register 
Write Red Data to Palette RAM (location $00) 
Write Green Data to Palette RAM (location $00) 
Write Blue Data to Palette RAM (location $00) 
Write Red Data to Palette RAM (location $01) 
Write Green Data to Palette RAM (location $01) 
Write Blue Data to Palette RAM (location $01) 

Write Red Data to Palette RAM (location $FF) 
Write Green Data to Palette RAM (iocation $FF) 
Write Blue Data to Palette RAM (location $FF) 
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Bt496 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 n 
Reference Voltage VREF 1.20 1.235 1.26 V 
FS ADJUST Resistor RSET 562 n 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VAA (measured to GND) 6.5 V 

Voltage on Any Signal Pin (Note 1) GND-{}.5 VAA+0.5 V 

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 

PQFP TJ +150 °C 
PGA TJ +175 °C 

°C 
Soldering Temperature TSOL 260 

(5 seconds, 114" from pin) 
°C 

Vapor Phase Soldering TVSOL 220 
(I minute) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signaJ pins and should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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Bt496 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

Analog Outputs 
Resolution (each DAC) 9 9 9 Bits 
Accuracy (each DAC) 

Integral Linearity Error IL ±l LSB 
Differential Linearity Error DL ±l LSB 

Gray-Scale Error ±5 % Gray Scale 
Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
(except CLOCK, CLOCK"') 
Input High Voltage VIH 2.0 VAA+0.5 V 
Input Low Voltage VIL GND-O.5 O.S V 
Input High Current (Vin = 2.4 V) IIH I IlA 
Input Low Current (Vin = 0.4 V) IlL -I IlA 
Input Capacitance CIN 4 10 pF 

(f = I MHz, Yin = 2.4 V) 

Clock Inputs (CLOCK, CLOCK*) DVIN 0.6 6 V 

Input High Current (Vin = 4.0 V) IKlH 1 IlA 
Input Low Current (Vin = 0.4 V) IKIL -I IlA 
Input Capacitance CKIN 4 10 pF 

(f = I MHz, Yin = 4.0 V) 

Digital Outputs (DO--DS), SCLK*, 
VIDCLK. 

Output High Voltage VOH 2.4 V 
(lOH = -400 1lA) 

Output Low Voltage VOL 0.4 V 
(lOL = 1.0 rnA) 

3-state Current IOZ 10 itA 
Output Capacitance CDOUT 10 pF 

See test conditions on next page. 
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BrookIreeQi Bt496 
DC 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=OlRE 0 5 50 lJA 

Blank Level on lOG 6.29 7.62 8.96 rnA 
Blank Level on-lOR, lOB 0 5 50 I1A 
Sync Level on lOG 0 5 50 lJA 
LSB Size 37 lJA 

DAC-to-DAC Matching 2 5 % 
Output Compliance VOC -{l.5 +1.2 V 
Output Impedance RAOUT 50 ill 
Output Capacitance CAOUT 13 20 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Voltage Reference Input Current IREF 10 lJA 

Power Supply Rejection Ratio PSRR 0.5 %1 % AVAA 
(COMP = O.II1F, f = 1 kHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 562 a and 
VREF = 1.235 V. 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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Bt496 
AC Characteristics 

MinlTypl 100 
Parameter Symbol Max MHz Units 

Clock Rate Fmax max llO MHz 

RIW, CI,CO Setup Time I min 0 ns 
RIW, Cl,CO Hold Time 2 min 15 ns 

CE*LowTime 3 min 50 ns 
CE* High Time 4 min 25 ns 
CE* Asserted to Data Bus Driven 5 min 7 ns 
CE* AsSerted to Data Valid 6 max 75 ns 
CE* Negated to Data Bus 3-Stated 7 max 15 ns 

Write Data Setup Time 8 min 35 ns 
Write Data Hold Time 9 min 3 ns 

Pixel and Control Setup Time 10 min 0 ns 
Pixel and Control Hold Time II min 6 ns 

Clock Cycle Time 12 min 10 ns 
Clock Pulse Width High Time 13 min 4.5 ns 
Clock Pulse Width Low Time 14 min 4.5 ns 

See test conditions on next page. 
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AC Characteristic!\» (continued) 

MlnlTypl 100 
Parameter Symbol Max MHz Units 

Analog Output Delay 18 typ 12 ns 
Analog Output RiseJFall Time 19 typ 1.5 ns 
Analog Output Settling Time 20 max 8 ns 
Clock and Data Feedthrough (Note 1) typ tbd dB 
Glitch Impulse (Note 1) typ 50 pV -sec 
DAC-to-DAC Crosstalk typ tbd dB 
Analog Output Skew typ 0 ns 

max 2 ns 

SYNC", BLANK'" Setup Time 21 min 3 ns 

SYNC", BLANK" Hold Time 22 min 10 ns 

Pipeline Delay min tbd Clocks 
max tbd Clocks 

VAA Supply Current (Note 2) lAA typ tbd rnA 
max tbd rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with 
RSET = 562 n and VREF = 1.235 V.TTL input values are 0-3 V with input rise/fall times 

. !> 3 os, measured between the 100percent and 9O-percent points. ECL input values are 
VAA-O.8 to V AA-1.8 V with input rise/fall times !>2 ns, measured between the 20-percent 
and 80-percent points. Timing reference points at 50 percent for inputs and outputs. Analog 
output load !>10 pF and DO-D8 output load !>40 pF. See notes 1-3 in the Pixel 
Input/Output Timing diagram. As the above parameters. are guaranteed over the full 
temperature range, temperature coefficients are not specified or required. 

Note 1: Clock and data feedthrough is a function of the number of edge rates, and the 
amount of overshoot and undershoot on the digital inputs. For this test, the TTL 
digital inputs have a 1 ill 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, and -3 dB test bandwidth = 2x clock rate. 

Note 2: At Fmax. IAA(typ)atVAA=5.0VandTA=20°C. IAA (max) atVAA= 
5.25 V and TA = 0° C. 
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Bt496 
Timing Waveforms 

RIW, co, CI 

CE* 

DO - DS (READ) 

DO - DS(WRITE) 

5-500 

I 1 ~ 

VALID 

3 

/ 
4 

6 

5 .I R ~ DATA OUf (RIW = 1) 

'" 
~ DATA IN (RIW = 0) 

S 

~ 

MPU Read/Write Timing Dimensions. 

12 

CLOCK 

14 

Note 1.' Output delay time is measured from the 50-percent point of the 
rising clock edge to the 50-percent point of full-scale transition. 

Note 2.' Output settling time is measured from the 50-percent point of 
full-scale transition to output settling within ± I LSB. 

Note 3.' Output rise/fall time is measured between the lO-percent and 
90-percent points of full-scale transition. 

Pixel Input/Output Timing. 
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Brooklree® 
Timing Waveforms (continued) 

VIDCLK* 

SYNC*, 
BLANK* 

Bt496 

Video Control Input Timing. 

Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt496KG100 100 MHz 207-pin Ceramic 00 to +700 C 
PGA 
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VIDEODACs Brooktrre® 
Contents 

BtlOI 50, 30 MHz Triple 8-bit VIDEODAC 6-3 

BtlO3 75, 30 MHz Triple 4-bit VIDEODAC 6 - 17 

BtlO6 50, 30 MHz Single 8-bit VIDEODAC 6 - 31 

BtlO7 400 MHz Single 8-bit VIDEODAC with 2: 1 Multiplexed Pixel 6 - 45 
Inputs (lOKHlIOOK ECL) 

BtlO9 250 MHz Triple 8-bit VIDEODAC, TDC1318 Pin Compatible 6 - 59 
(lOKHECL) 

Btl21 80,50 MHz Triple 8-bit VIDEODAC, On-Chip Voltage Reference 6 -73 
and Analog Output Comparators 
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Applications Distinguishing 
Features 

• High-Resolution Color Graphics 

• 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 
• +5 V CMOS Monolithic 

Construction 
• 40-pin DIP or 44-pin PLCC 

Package 
• Typical Power Dissipation: 

600mW 

• CAE/CAD/CAM 
• Image Processing 
• Video Reconstruction 
• Instrumentation 

Related Products 

• Bt473, Bt121 

Functional Block Diagram 

FS ADJUST VREF 

>-~+-__ [OB 

[SYNC 

REFWHITE -~~"-"-'-+l 

VAA AGND 

Brooktree Corporation· 9950 Bames Canyon Rd.· San Diego. CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
LlOl00l Rev. J 

BtlOl 
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 1.2 V voltage reference and a 
single resistor control the full-scale output 
current. The sync, blank, and reference 
white inputs are pipelined to maintain syn
chronization with the digital input data. 

The Bt101 generates RS-343A-compatible 
video signals into a doubly-terminated 75 n 
load and RS-170-compatible video signals 
into a singly-terminated 75 n 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. 



BtlOl 
Circuit Description 

As illustrated in the functional block diagram, the 
Btl01 contains three 8-bit D/A converters, input regis
ters, and a reference amplifier. 

On the rising edge of each clock cycle, as shown in 
Figure 1,24 bits of color information (RO-R7, GO-07, 
and BO-B7) are latched into the device and presented 
tothe three 8-bit D/A converters. The REF WHITE in
put, also latched on the rising edge of each clock cycle, 
forces the inputs of each DI 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 di
rectly to the lOG output and is used to encode sync in
formation onto the lOG output. If ISYNC is not con
nected 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 cur
rent. 

CLOCK 

RO-R7, oo-G7, BO-B7, 

SYNC', BLANK', REF WHITE 

lOR, lOG, lOB, ISYNC 

Brookwee® 

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

The D/A converters on the Bd01 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 pre
cision component ratios and greatly reduces the switch
ing transients associated with turning current sources 
on or off. Monotonicity and low glitch are guaranteed 
by use of identical current sources and current steering 
their outputs. An on-chip operational amplifier stabi
lizes the full-scale output current against temperature 
and power supply variations. 

The analog outputs of the Bt101 can directly drive a 
37.5 Q load, such as a doubly-terminated 75 Q coaxial 
cable. 

DATA 

Figure 1. Input/Output Timing. 
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8rooldrre® BtlOl 
Circuit Description (continued) 

RED,BLUE GREEN 

MA V MA V 

19.05 0.714 26.67 1.000 -,-----,;._-----------=---- WHITE LEVEL 

1.44 0.054 9.05 0.340 +------t-------t--------- BLACK LEVEL 

7.5 IRE 
0.00 0.000 7.62 0.286 +------'---.---,,--....1--------- BLANK LEVEL 

40 IRE 

0.00 0.000 -L _______ -L...---JL--_________ SYNC LEVEL 

Note: 75 n doubly-terminated load, RSET = 542 n, and VREF = l.2 V. ISYNC is connected to lOG. 
RS-343A levels and tolerances are assumed on all levels. 

Figure 2. Composite Video Output Waveforms. 

lOG IOR,IOB REF DAC 
Description (mA) (mA) WHITE SYNC' BLANK* 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 + l.44 0 0 1 data 
BLACK 9,05 l.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 fuJI-scale lOG = 26.67 rnA. RSET = 542 nand VREF = 1.2 V, ISYNC is connected 
to lOG. 

Table 1. Video Output Truth Table. 
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BtlOl Brooktree® 
Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

REF WHITE 

RO-R7, 
GO-G7, 
BO-B7 

CLOCK 

lOR, lOG, lOB 

ISYNC 

FS ADJUST 

Description 

Composite blank control input (TTL compatible). A logical zero drives the lOR, lOG, and lOB 
outputs to the blanking level, as specified in Table 1. BLANK* is latched on the rising edge of 
CLOCK. When BLANK* is a logical zero, the RO-R7, GO-G7, BO-B7, and REF WHITE in
puts 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 specified in Table 1; therefore, SYNC* should be asserted only during 
the blanking interval. SYNC* 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 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 RO-R7, GO-G7, BO-B7, 
SYNC*, BLANK*, and REF WHITE inputs. It is typically the pixel clock rate of the video sys
tem. It is recommended that the CLOCK input be driven by a dedicated TTL buffer to avoid re
flection-induced jitter. 

Red, green, and blue current outputs. These high-impedance current sources can directly drive a 
doubly-terminated 75 0 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 ena
bles sync information to be encoded onto the green channel. A logical zero on the SYNC* in
put causes no current to be output onto this pin, while a logical one causes the following current 
output: 

ISYNC (rnA) = 3,442 * VREF (V) / RSET (0) 

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). The IRE relationships in Figure 2 are main
tained, 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 (0) = 12,046 * VREF (V) / 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) / RSET (0) 
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Brooktree® BtlOl 
Pin Descriptions (continued) 

Pin Name Description 

COMP Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 
J.lF ceramic capacitor in series with a resistor must be connected between this pin and the near
est 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. 

VREF Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 
3, must supply this input with a 1.2 V (typical) reference. The use of a resistor network to gen
erate 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 J.lF ceramic capacitor must be used to 
decouple this input to GND, 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. 

AGND Analog ground. All AGND pins must be connected together on the same PCB plane to prevent 
latchup. 

V AA Analog power. All V AA pins must be connected together on the same PCB plane to prevent 
latchup. 

40-pin CERDIP 44-pin Plastic J-Lead 
Package. (PLCC) Package. 

:.: . 
G4 G5 z u 

R7 G6 <- ... .. '" ~ 15 <3 '" G :5 $':: 

"' .. .. " "' '" 
R6 G7 

R5 BLANK· 

R4 SYNC'" 
B6 AGND 

B7 AGND 
B5 lOB 

B6 lOB 
B4 lOR 

B5 lOR 
VAA lOG 

B4 lOG 
VAA ISYNC 

VAA ISYNC 
AGND VAA 

AGND VAA 
AGND VAA 

BO AGND 
BO AGND 

BI FSADJUST 
BI AGND 

B2 VREF 
B2 FSADJUST 

B3 COMP 
B3 VREF 

CLOCK REF WHITE 

RO G3 

RI G2 :.: 0 N 0 N 

~ 
.. 

R2 Gl g .. ;;: .. 2 " 0 " 8 
~ ... ~ R3 GO u 

fu .. 
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BtlOl 
PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on the 
BtIOl power and ground planes by providing good de
coupling. The trace length between groups of V AA 
and GND pins should be as short as possible to mini
mize inductive ringing. 

A well-designed power distribution network is criti
cal to eliminating digital switching noise. The ground 
plane must provide a low-impedance return path for 
the digital circuits. A PC board with a minimum of 
four layers is recommended, with layers 1 (top) and 4 
(bottom) for signals and layers 2 and 3 for power and 
ground. 

Component Placement 

Components should be placed as close as possible to 
the associated VIDEODAC pin. Whenever possible, 
components should be placed so traces can be connect
ed point to point. 

The optimum layout enables the BtlOl to be located 
as close as possible to the power supply connector and 
the video output connector. 

Ground Planes 

For optimum performance, a common digital and ana
log ground plane is recommended. 

Power Planes 

Separate digital and analog power planes are recom
mended. The digital power plane should provide power 
to all digital logic on the PC board, and the analog 
power plane should provide power to all BtlOl power 
pins, VREF circuitry, and COMP and VREF decou
piing. There should be at least a liS-inch gap between 
the digital power plane and the analog power plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figure 3. This bead should 
be located within 3 inches of the BtIOl. The bead pro
vides resistance to switching currents, acting as a resis
tance at high frequencies. A low-resistance bead 
should be used, such as Ferroxcube 5659065-3B, Fair
Rite 2743001111, or TDK BF45-4001. 
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Device Decoupling 

For optimum performance, all capacitors should be lo
cated as close as possible to the device, and the short
est possible leads (consistent with reliable operation) 
should be used to reduce the lead inductance. Chip ca
pacitors are recommended for minimum lead induc
tance. Radial lead ceramic capacitors may be substitut
ed for chip capacitors and are better than axial lead 
capacitors for self-resonance. Values are chosen to 
have self-resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is ob
tained with a 0.1 IJF ceramic capacitor, decoupling 
each of the two groups of V AA pins to GND. The ca
pacitors should be placed as close as possible to the de
vice V AA and GND pins and connected with short, 
wide traces. 

The 10 IJF capacitor shown in Figure 3 is for low
frequency power supply ripple; the 0.1 IJF capacitors 
are for high-frequency power supply noise rejection. 

When a linear regulator is used, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than or 
equal to 200 mY. This is especially important when a 
switching power supply is used, and the switching fre
quency is close to the raster scan frequency. About 10 
percent of the power supply hum and ripple noise less 
than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

To optimize the settling time of the BtIOl, 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 Q; 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 ring
ing of the analog outputs or increased settling time. 

The COMP pin and series resistor must also be de
coupled to V AA, typically using a 0.1 IJF ceramic ca
pacitor. The COMP capacitor must be as close as phys
ically possible to the COMP and V AA pins. A surface
mount ceramic chip capacitor is preferred for minimal 
lead inductance, which degrades the noise rejection of 
the circuit. Use of short, wide traces will also minimize 
lead inductance. 



Brooktree® BtlOl 
PC Board Layout Considerations (continued) 

VREF Decoupling 

A 0.1 MF ceramic capacitor should be used to decouple 
this input to GND. 

Digital Signal Interconnect 

The digital inputs to the Bt101 should be isolated as 
much as possible from the analog outputs and other ana
log circuitry. Also, these input signals should not over
lay the analog power plane or analog output signals. 

Most of the noise on the analog outputs will be 
caused by excessive edge rates (less than 3 ns), over
shoot, undershoot, and ringing on the digital inputs. 

The digital edge rates should not be faster than nec
essary, as feedthrough noise is proportional to the digi
tal edge rates. Lower-speed applications will benefit 
from using lower-speed logic (3-5 ns edge rates) to re
duce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time (refer to 
Brooktree Application Notes AN-l1 and AN-12). Line 
termination or line-length reduction is the solution. For 
example, logic edge rates of 2 ns require line lengths of 
less than 4 inches without use of termination. Ringing 
may be reduced by damping the line with a series resis
tor (30-300 Q). The RS-select inputs and RD*IWR* 
lines must be verified for proper levels with no ringing, 
undershoot, or overshoot. Ringing on these lines can 
cause improper operation. 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing the digital sig
nals at a 90 degree angle to any analog signals. 

The clock driver and all other digital devices must be 
adequately decoupled to prevent noise generated by the 
digital devices from coupling into the analog circuitry. 

Clock Interfacing 

The Bt101 requires a pixel clock with monotonic clock 
edges for proper operation. Impedance mismatch on the 
pixel clock line will induce reflections on the pixel 
clock, which may cause erratic operation. 

The Pixel Clock Pulse Width High Time and Pixel 
Clock Pulse Width Low Time minimum specifications 
(see the AC Characteristics section) must not be vio
lated, or erratic operation can occur. 

The pixel clock line must be terminated to prevent 
impedance mismatch. A series termination of 33-68 Q 
placed at the pixel clock driver may be used, or a par
allel termination may be used at the pixel clock input 
to the VIDEODAC. A parallel termination of 220 n to 
VCC and 330 Q to ground will provide a Thevenin 
equivalent of a 110 Q termination, which is normally 
sufficient to absorb reflections. The series or parallel 
resistor values should be adjusted to provide the opti
mum clock signal fidelity. 

Analog Signal Interconnect 

The Bt101 should be located as close as possible to the 
output connectors to minimize noise pickup and re
flections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk 
from digital lines; digital traces must not be routed 
under or adjacent to the analog output traces. 

To maximize the high-frequency power supply re- __ 
jection, the video output signals should not overlay the __ 
analog power plane. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. The load resistor connection be
tween the video outputs and GND should be as close 
as possible to the Bt101 to minimize reflections. Un
used analog outputs should be connected to GND. 

Analog output video edges exceeding the CRT 
monitor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EMI and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 

The Bt101 analog output should be protected 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 latchup under severe discharge conditions 
without adversely degrading analog transition times. 
The IN4148/9 parts are low-capacitance, fast
switching diodes, which are also available in multiple
device packages (FSA250X or FSA270X) or surface
mountable pairs (BA V99 or MMBD7001). 
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BtlOl Brooklree® 
PC Board Layout Considerations (continued) 

COMP 

VAA~ ____________ A_N_A_LOG __ ro_WE~R_P_UUffi ________ .. 

1.1 

'-..,.--- +5v 

CI Zl 
BUO! . C5 

~--~~--~--~~--"----------""----------"-----GROUND 

. R3 

FSADJUST 

lOR I---------t----l-----{ 

lOG I--+-----_---l-----{ 

[SYNC 

JOB I-----------.l>-----{ P 

VAA 

TO 
VIDEO 

CONNECTOR 

IN4148/9 
DAC 

OUTPUT 
---+--- TO MONITOR 

IN4148/9 

AGND 

Note: Each set of VA A and GND pins must be separately decoupled. 

Location Description Vendor Part Number 

Cl 33 IJF tantalum capacitor Mallory CSR13F336KM 
C2, C3, C4, C5 0.1 IJF ceramic capacitor Erie RPE112Z5U104M50V 

C6 10 IJF tantalum capacitor Mallory CSRI3G106KM 
L1 ferrite bead Fair-Rite 2743001111 

Rl, R2, R3 75 Q I % metal film resistor Dale CMF-55C 
R4 1000 Q 1 % metal film resistor Dale CMF-55C 
R5 15 Q 1 % metal film resistor Dale CMF-55C 

RSET 549 Q 1 % metal film resistor Dale CMF-55C 
ZI 1.2 V voltage reference National Semiconductor LM385BZ-1.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Btl 0 1. 

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

RS-170 Video Generation 

For generation of RS-170 compatible video, it is rec
ommended that a singly-terminated 75 Q load be used 
with an RSET value of about 774 Q. If the BtIOl is 
not driving a large capacitive load, there will be negli
gible difference in video quality between doubly
terminated 75 Q and singly-terminated 75 Q loads. 

If the user is driving a large capacitive load [i.e., if 
load RC > 1/(20 fcn) (where fc = clock frequency)], it 
is recommended that an output buffer be used to drive 
a doubly-terminated 75 Q load. 

Non Video Applications 

The BtIO! may be used in nonvideo applications by 
disabling the video-specific control inputs. SYNC* and 
REF WHITE should be logical zeros 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 (Q) = 7,958 * VREF (V) / lout (rnA) 

With the data inputs at $00, there is a DC offset cur
rent (Imin) defined as follows: 

Imin (rnA) = 650 * VREF (V) / RSET (Q) 

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. 

BtlOl 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can produce 
symptoms of catastrophic failure or erratic device be
havior with somewhat leaky inputs. 

All logic inputs should be held low until power to 
the device has settled to the specified tolerance. A void 
DAC power decoupling networks with large time con
stants, which could delay V AA power to the device. 
Ferrite beads must only be used for analog power V AA 
decoupling. Inductors cause a time constant delay that 
induces latchup. 

Latchup can be prevented by ensuring that all V AA 
pins are at the same potential and that the V AA supply 
voltage is applied before the signal pin voltages. The 
correct power-up sequence ensures that any signal pin 
voltage will never exceed the power supply voltage by 
more than +0.5 V. 

VIDEODACS 6-11 
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BtlOl Brooktree® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 

Btl01KC30, BtlOIKPJ 0 '" +70 °C 
BtlOIBC -25 +85 °C 

OntputLoad RL 37.5 n 
Reference Voltage VREF 1.14 1.20 1.26 V 
FS ADJUST Resistor RSET 542 n 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGND) 7.0 V 

Voltage on any Signal Pin AGND-0.5 VAA + 0.5 V 
(Note 1) 

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

Ambient Operating Temperature TA -55 +125 °C 
Storage Temperature TS ~5 +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 
(I minute) 

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 is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Note 1.' This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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Brooklroo@ BtlOl 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

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

Integral Linearity Error IL ±O.3 ±I LSB 
Differential Linearity Error DL ±O.3 ±l LSB 
Gray-Scale Error ±l ±5 % Gray Scale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage VIR 2.0 VAA+0.5 V 
Input Low Voltage VIL AGND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) IIH I f.IA 
Input Low Current (Vin = 0.4 V) IlL -I f.IA 
Input Capacitance CIN 10 pF 

(f = 1 MHz, Yin = 2.4 V) 

Analog Outputs 
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 on lOR, rOB 0 5 50 f.IA 
Blank Level on lOG 6.29 7.62 8.96 rnA 
Sync Level on lOG 0 5 50 f.IA 
LSB Size 69.1 f.IA 

DAC-to-DAC Matching 2 % 
Output Compliance VOC -0.5 +1.4 V 
Output Impedance ROUT 10 kQ 
Output Capacitance COUT 30 pF 

(f = I MHz, rOUT = 0 rnA) 

Voltage Reference Input Current rREF 10 f.IA 

Power Supply Rejection Ratio PSRR 0.2 0.5 %1%tJ.VAA 
(COMP = 0.D1 IJP, f = I kHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 542 Q, VREF = 
1.200 V, and rSYNC connected to rOG. As the above parameters are guaranteed over the full temperature range, 
temperature coefficients are not specified or required. Typical values are based on nominal temperature, i.e., room 
temperature, and nominal voltage, i.e., 5 V. 
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BtlOl Brooklree® 
AC 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 TH 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 TDLY 25 25 ns 
Analog Output Rise/Fall Time TVRF 8 9 ns 
Analog Output Settling Time TS 12 IS ns 
Clock and Data Feedthrough (Note 1) -28 -28 dB 
Glitch Impulse (Note 1) 100 100 pV - sec 
DAC-to-DAC Crosstalk -23 -23 dB 
Analog Output Skew 0 3 0 3 ns 

Differential Gain Error DG 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 (Note 2) IAA 120 175 100 140 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 542 n, VREF = 1.200 V, 
ISYNC connected to lOG. TTL input values are 0-3 V with input rise/fall times ~ 4 ns, measured between the lO-percent and 
90-percent points. Timing reference points at 50 percent for inputs and outputs. COMP resistor = 15 n. Analog output load ~ 
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. Typical values are based on nominal temperature, i.e., room temperature, and 
nominal voltage, i.e., 5 V. 

Note 1: Clock and data feedthrough is a function of the number of edge rates, and the amount of overshoot and undershoot 
on the digital inputs. For this test, the digital inputs have a 1 kn 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, and -3 dB test bandwidth = 2x clock rate. 

Note 2: At Fmax. IAA (typ) at VAA = 5.0 V. IAA (max) at VAA = 5.25 V. 
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Brooldree® 
Timing Waveforms 

CLOCK 

RO-R7. GO_G7. BO-B7. 

SYNC"', BLANK"', REF WHITE 

lOR. lOG. lOB. ISYNC 

_ TS 

TDLY I:= 
TVRF 

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

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

Note 3: Output rise/fall time is measured between the lO-percent and 90-percent points of full-scale 
transition. 

Figure 4. Input/Output Timing. 

Ordering Information 

Ambient 
Temperature 

Model Number Speed Package Range 

BtlOlBC 50 MHz 40-pin 0.6" _25 0 to +850 C 
CERDIP 

BtlOlKC30 30 MHz 40-pin 0.6" 00 to +700 C 
CERDIP 

BtlOIKPJ 30 MHz 44-pin Plastic 00 to +700 C 
J-Lead 

BtlOlEVM Evaluation Board for the BtlOI 

BtlOl 
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BtlOl 
Device Circuit Data 

Equivalent Circuit of the Digital Inputs . 

.--_--------..--f__- VAA 

VREF 

>--*-- TO DACS 

FSADJUST 
IFEEDBACK 

'-------t-- AGND 

Equivalent Circuit of the Reference Amplifier. 

BUOl 

---4.-----.----.-- VAA 

SYNC'" 
(lOG ONLY) 
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GO-G7 

lOG 

BLANK'" T -30pF RL 
C(stray + load) 

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

• 75, 30 MHz Operation 
• Triple 4-bit D/A Converters 
• ± 1116 LSB Differential Linearity 

Error 
• ±1I8 LSB Integral Linearity 

Error 
• RS-343A1RS-170-Compatible 

Outputs 
• TTL-Compatible Inputs 
• +5 V CMOS Monolithic 

Construction 
• 28-pin DIP Package 
• Typical Power Dissipation: 

800mW 

Applications 

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

Functional Block Diagram 

FS ADJUST 

CLOCK 
CaMPI 

RO-R3 lOR 

GO-G3 100 

BO-B3 lOB 

SYNC* 

COMP2 
BLANK" 

VAA AGND 

Brooktree Corporation· 9950 Barnes Canyon Rd_ • San Diego, CA 92121-2790 
(619) 452-7580. (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
L103001 Rev_ F 

Btl03 
75 MHz 

Monolithic CMOS 
Triple 4-bit 

VIDEODAC™ 

Product Description 

The Bt103 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 synchroni
zation with the color data_ An on-chip 
voltage reference simplifies design, and a 
single external resistor controls the full-scale 
output current 

The Bt103 generates RS-343A-compatible 
video signals into a doubly-terminated 75 Q 

load and RS-170-compatible video signals 
into a singly-terminated 75 Q load, without 
requiring external buffering_ The differential 
and integral linearity errors of the DI A 
converters are guaranteed to be a maximum 
of ±1116 LSB and ±1I8 LSB, respectively, 
over the full temperature range_ 



Btl03 
Circuit Description 

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

As shown in Figure 1, on the rising edge of each 
clock cycle, 12 bits of color information (RO-R3, GO
G3, and BO-B3) are latched into the device and pre
sented 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. 

CLOCK 

RO·R3, (]{j.G3, BO.B3, 

SYNC*, BLANK* 

lOR, lOG, lOB 

DATA 

Brooktree® 

The full-scale output current is set by an external re
sistor (RSET) between the FS ADJUST pin and 
AGND. RSET has a typical value of 499 n for gener
ation of RS-343A video into a 37.5 n load. 

The D/A converters on the Bt103 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 pre
cision component ratios and greatly reduces the switch
ing transients associated with turning current sources 
on or off. Monotonicity and low glitch are guaranteed 
by use of identical current sources and current steering 
their outputs. An on-chip operational amplifier stabi
lizes the full-scale output current against temperature 
and power supply variations. 

The analog outputs of the Bt103 can directly drive a 
37.5 n load, such as a doubly-terminated 75 n coaxial 
cable. 

Figure 1.lnputlOutput Timing. 
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Btl03 
Circuit Description (continued) 

RED,BLUE GREEN 

MA V MA V 

19.05 0.714 26.67 1.000 -,-----=,.---------'--------=---- WHITE LEVEL 

1.19 0.045 8.81 0.330 -r------+----4L----------BUCKLEVEL 

0.00 0.000 7.62 0.286 -r-----~--r_,_~---------BurnKLEVEL 

40 IRE 

0.00 0.000 
-'-_______ .L-...I-___________ SYNC LEVEL 

Note: 75 n doubly-terminated load and RSET =499 n. RS-343A levels and tolerances are assumed on al1levels. 

Figure 2.Composite Video Output Waveforms. 

DAC 
Description lOG (rnA) lOR (rnA) lOB (rnA) SYNC* BLANK* Input Data 

WJllTE 26.67 19.05 19.05 I I $F 
DATA data + 8.81 data + 1.19 data + 1.19 I 1 data 
DATA-SYNC data+ 1.19 data + 1.19 data + 1.19 0 1 data 
BLACK 8.81 1.19 1.19 I 1 $0 
BLACK-SYNC 1.19 1.19 1.19 0 1 $0 
BLANK 7.62 0 0 1 0 $x 
SYNC 0 0 0 0 0 $x 

!fote: Typical with ful1-scale lOG =26.67 rnA. RSET = 499 n. 

Table 1. Video Output Truth Table. 
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Btl03 Brooktree® 
Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

RO-R3, 
GO-G3, 
BO-B3 

CLOCK 

lOR, lOG, lOB 

AGND 

VAA 

FS ADJUST 

Description 

Composite blank control input (TIL compatible). A logical zero drives the analog outputs to 
the blanking level, as specified in Table 1. BLANK* is latched on the rising edge of CLOCK. 
When BLANK* is a logical zero, the RO-R3, GO-G3, and BO-B3 inputs are ignored. 

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

Red, green, and blue data inputs (TIL 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 (TIL 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 TIL buffer to avoid reflection
induced jitter. 

Red, green, and blue current outputs. These high-impedance current sources can directly drive 
a doubly-terminated 75 0 coaxial cable (Figure 3). All outputs, whether used or not, should 
have the same output load. 

Analog ground. All AGND pins must be connected together on the same PCB plane to prevent 
latchup. 

Analog power. All V AA pins must be connected together on the samt; PCB plane to prevent 
latchup. 

Full-scale adjust control. A resistor (RSET) connected between this pin and AGND controls 
the magnitude of the f~ll-scale video signal (Figure 2). 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 (0) = 13,308 / lOG (mA) 

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

lOR, lOB (mA) = 9,506 / RSET (0) 
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Brool~® Btl03 
Pin Descriptions (continued) 

Pin Name 

COMPI, 
COMP2 

Description 

Compensation pins. These pins provide compensation for the internal reference amplifier. A 
0.1 J.IF ceramic capacitor must be connected between these two pins (Figure 3). The COMP re-
sistor and capacitor must be as close to the device as possible to keep lead lengths to an abso-
lute minimum. Refer to the PC Board Layout Considerations section for critical layout criteria. 

R3 NiC 

R2 SYNC'" 

RI lOR 

RO lOG 

G3 lOB 

G2 VAA 

Gl COMP2 

GO FSADJUST 

B3 CaMPI 

B2 AGND 

BI AGND 

BO AGND 

BLANK· VAA 

N/C CLOCK 

Note: N/C pins may be left floating 
without affecting the 
performance of the Bt103. 
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Btl03 
PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Bt103 power and ground planes by providing good 
decoupling. The trace length between groups of V AA 
and GND pins should be as short as possible to mini
mize inductive ringing. 

A well-designed power distribution network is .criti
cal to eliminating digital switching noise. The ground 
plane must provide a low-impedance return path for the 
digital circuits. A PC board with a minimum of four 
layers is recommended, with layers I (top) and 4 (bot
tom) for signals and layers 2 and 3 for power and ground. 

Component Placement 

Components should be placed as close as possible to 
the associated VIDEODAC pin. Whenever possible, 
components should be placed so traces can be connect
ed point to point. 

The optimum layout enables the Btl03 to be located 
as close as possible to the power supply connector and 
the video output connector. 

Ground Planes 

For optimum performance, a common digital and ana
log ground plane is recommended. 

Power Planes 

Separate digital and analog power plane~ are recom
mended. The digital power plane should provide pow
er to all digital logic on the PC board, and the analog 
power plane should provide power to all Bt103 power 
pins, VREF circuitry, and COMP and VREF decou
pIing. There should be at least a 1I8-inch gap between 
the digital power plane and the analog power plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figure 3. This bead 
should be located within 3 inches of the Bt103. The 
bead provides resistance to switching currents, acting 
as a resistance at high frequencf'es. A low-resistance 
bead should be used, such as Ferroxcube 5659065-3B, 
Fair-Rite 2743001111, or TDK BF45-4ool. 

6-22 SECTION 6 

Brooktrre® 

Device Decoupling 

For optimum performance, all capacitors should be lo
cated as close as possible to the device, and the short
est possible leads (consistent with reliable operation) 
should be used to reduce the lead inductance. Chip ca
pacitors are recommended for minimum lead induc
tance. Radial lead ceramic capacitors may be substitut
ed for chip capacitors and are better than axial lead 
capacitors for self-resonance. Values are chosen to 
have seif-resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is ob
tained with a 0.1 !!F ceramic capacitor, decoupling 
each V AA pin to AGND. The capacitors should be 
placed as close as possible to the device V AA and 
AGND pins and connected with short, wide traces. 

The 10 !!F capacitor shown in Figure 3 is for low
frequency power supply ripple; the 0.1 !!F capacitors 
are for high-frequency power supply noise rejection. 

When a linear regulator is used, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise· is greater than or 
equal to 200 mY. This is especially important when a 
switching power supply is used, and the. switching fre
quency is close to the raster sc.an frequency. About 10 
percent of the power supply hum and ripple noise less 
than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

To optimize the settling time of the Bt103, 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 Q; 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 ring
ing of the analog outputs or increased settling time. 

A surface-mount ceramic chip capacitor is preferred 
for minimal lead inductance, which degrades the noise 
rejection of the circuit. Use of short, wide traces will 
also minimize lead inductance. 

To reduce low-frequency supply noise a larger 
COMP capacitor value may be required. 



Brooktrre® Btl03 
PC Board Layout Considerations (continued) 

Digital Signal Interconnect 

The digital inputs to the Bt103 should be isolated as 
much as possible from the analog outputs and other an
alog circuitry. Also, these input signals should not over
lay the analog power plane or analog output signals. 

Most of the noise on the analog outputs will be 
caused by excessive edge rates (less than 3 ns), over
shoot, undershoot, and ringing on the digital inputs. 

The digital edge rates should not be faster than nec
essary, as feedtbrough noise is proportional to the digi
tal edge rates. Lower-speed applications will benefit 
from using lower-speed logic (3-5 ns edge rates) to re
duce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time (refer to 
Brooktree Application Notes AN-ll and AN-12). Line 
termination or line-length reduction is the solution. 
For example, logic edge rates of 2 ns require line 
lengths of less than 4 inches without use of termina
tion. Ringing may be reduced by damping the line 
with a series resistor (30-300 Q). The RS-select inputs 
and RD* /WR * lines must be verified for proper levels 
with no ringing, undershoot, or overshoot. Ringing on 
these lines can cause improper operation. 

Radiation of digital signals can also be picked up by 
the analog circuitry; This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing the digital 
signals at a 90 degree angle to any analog signals. 

The clock driver and all other digital devices must 
be adequately decoupled to prevent noise generated by 
the digital devices from coupling into the analog 
circuitry. 

Clock Interfacing 

The Btl03 requires a pixel clock with monotonic 
clock edges for proper operation. Impedance mis
match on the pixel clock line will induce reflections 
on the pixel clock, which may cause erratic operation. 

The Pixel Clock Pulse Width High Time and Pixel 
Clock Pulse Width Low Time minimum specifications 
(see the AC Characteristics section) must not be vio
lated, or erratic operation can occur. 

The pixel clock line must be terminated to prevent 
impedance mismatch. A series termination of 33-68 Q 

placed at the pixel clock driver may be used, or a par
allel termination may be used at the pixel clock input 
to the VIDEODAC. A parallel termination of 220 Q to 

VCC and 330 Q to ground will provide a Thevenin 
. equivalent of a 110 Q termination, which is normally 
sufficient to absorb reflections. The series or parallel 
resistor values should be adjusted to provide the opti
mum clock signal fidelity. 

Analog Signal Interconnect 

The Bt103 should be located as close as possible to the 
output connectors to minimize noise pickup and re
flections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk 
from digital lines; digital traces must not be routed 
under or adjacent to the analog output traces. 

To maximize the high-frequency power supply re
jection, the video output signals should not overlay the 
analog power plane. 

For maximum performance, the analog video output .. • impedance, cable impedance, and load impedance 
should be the same. The load resistor connection be-
tween the video outputs and GND should be as close 
as possible to the Bt103 to minimize reflections. Un-
used analog outputs should be connected to GND. 

Analog output video edges exceeding the CRT 
monitor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EMI and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 

The Bt103 analog output should be protected 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 latchup under severe discharge conditions 
without adversely degrading analog transition times. 
The IN4148/9 parts are low-capacitance, fast
switching diodes, which are also available in multiple
device packages (FSA250X or FSA270X) or surface
mountable pairs (BA V99 or MMBD7001). 
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PC Board Layout Considerations (continued) 

.6-24 

COMP2 

COMPI 

ANALOG POWER PLANE 

Ll 

+5V 

CI 

Btl03 

FSADJUST 

lOR f------<--~-l-------j 

lOG f-----------i-----{ 

lOB f--------_<l ......... ------j 

Location Description Vendor Part Number 

Cl, C2, C3, C4 0.1 J.IF ceramic capacitor Erie RPE1l2Z5Ul04M50V 
C5 10 J.IF tantalum capacitor Mallory CSR13GI06KM 
Ll ferrite bead Fair-Rite 2743001111 

Rl,R2,R3 75 n 1 % metal film resistor Dale CMF-5SC 
R4 22 n 1 % metal film resistor Dale eMF-55e 

RSET 499 n 1 % metal film resistor Dale eMF-55e 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Btl03. 

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

RS-170 Video Generation 
For generation of RS-170-compatible video, it is rec
ommended that a singly-terminated 75 Q load be used 
with an RSET value of about 713 Q. If the Bt103 is 
not driving a large capacitive load, there will be negli
gible difference in video quality between doubly
terminated 75 Q and singly-terminated 75 Q loads. 

If the user is driving a large capacitive load [Le., if 
load RC >11(20 fcn) (where fc = clock frequency)], it 
is recommended that an output buffer be used to drive 
a doubly-terminated 75 Q load. 

Non Video Applications 
The Btl03 may be used in nonvideo 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 (Q) = 8,912 / lout (rnA) 

With the data inputs at $00, there is a DC offset cur
rent (Imin) defined as follows: 

Imin (rnA) = 594 / RSET (Q) 

Therefore, the total full-scale output current will be 
lout + Imin. 

Btl03 

ESD and Latchup Considerations 
Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can produce 
symptoms of catastrophic failure or erratic device be
havior with somewhat leaky inputs. 

All logic inputs should be held low until power to 
the device has settled to the specified tolerance. DAC 
power decoupling networks with large time constants
should be avoided. They could delay V AA power to 
the device. Ferrite beads must only be used for analog 
power V AA decoupling. Inductors cause a time con
stant delay that induces latchup. 

Latchup can be prevented by ensuring that all V AA 
pins are at the same potential, and that the V AA supply 
voltage is applied before the signal pin voltages. The 
correct power-up sequence ensures that any signal pin 
voltage will never exceed the power supply voltage by 
more than +0.5 V. 
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Btl03 Brooktree® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 

Btl03KC30 0 +70 °C 
Btl03BC -25 +85 °C 

Output Load RL 37.5 n 
FS ADJUST Resistor RSET 499 n 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGND) 7.0 V 

Voltage on any Signal Pin (Note 1) AGND-0.5 VAA + 0.5 V 

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

Ambient Opemting Temperature TA -55 +125 °C 
Stomge Temperature TS --65 +150 °C 
Junction Temperature TJ +175 °C 

Soldering Temperature TSOL 260 °C 
(5 seconds, 114" from pin) 

Stresses above those listed undt.: "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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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Brookireeat Btl03 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

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

Integral Linearity Error IL ±1I8 LSB 
Differential Linearity Error DL ±1116 LSB 
Gray-Scale Error ±1O % GrayScale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage VIII - 2.0 VAA+O.5 V 
Input Low Voltage VIL AGND-0.5 0.8 V 
Input High Current (Yin = 2.4 V) IIH -200 -1200 !lA 
Input Low Current (Yin = 0.4 V) IlL -200 -1200 !lA 
Input Capacitance CIN 10 pF 

(f= 1 MHz. Yin = 2.4 V) 

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 !lA 
Blank Level on lOG 6.29 7.62 8.96 rnA 
Sync Level on lOG 0 5 50 !lA 
LSB Size 1.175 rnA 

DAC-to-DAC Matching 2 5 % 
Output Compliance VOC -0.5 +1.4 V 
Output Impedance ROUT 10 ill 
Output Capacitance COUT 20 pF 

(f = 1 MHz. lOUT = 0 rnA) 

Internal Voltage Reference VREF 1.2 V 

Power Supply Rejection Ratio PSRR 0.2 0.5 %1 % t1VAA 
(COMP = 0.1 IIF. f = 1 kHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 499 O. As the 
above parameters are guaranteed over the full temperature range. temperature coefficients are not specified or 
required. Typical values are based on nominal temperature. i.e .• room temperature. and nominal voltage. i.e .• 5 V. 
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Btl03 Brooktree® 
AC Characteristics 

75 MHz Devices 30 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 
-:J 

Clock Rate Fmax 75 30 MHz 

Data and Control Setnp Time TSU 4 10 ns 
Data and Control Hold Time TH 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 TDLY 12 12 ns 
Analog Output RiselFall Time TVRF 4 9 ns 
Analog Output Settling Time (Note 1) TS 12 15 ns 
Clock and Data Feedthrough (Note 1) -30 -30 dB 
Glitch Impulse (Note 1) 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 (Note 2) IAA 175 no mA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 499 Q. TTL input values 
are 0-3 V with inputrise/fall times:::; 4 ns, measured between the lO-percent and 90-percent points. Timing reference points at 
50 percent for inputs and outputs. COMP resistor = 22 Q. Output load:::; 10 pF. See timing notes in Figure 4. As the above 
parameters are guaranteed over the full temperature range, temperatnre coefficients are not specified or required. Typical 
values are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1: Clock and data feedthrough is a function of the number of edge rates, and the amount of overshoot and undershoot 
on the digital inputs. For this test, the digital inputs have a 1 kQ 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, and -3 dB test bandwidth = 2x clock rate. 

Note 2: At Fmax. IAA (max) at VAA = 5.25 V. 
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Brooktree~ 

Timing Waveforms 

CLOCK 

RO.R3, 00.03, BO.B3, 
SYNC·. BLANK· 

TCYC 

lOR, lOG, lOB 

IDLY Lj~ 

-=fL_n 
Note 1: Output delay is measured from the 50-percent point of the rising edge of CLOCK to the 50-

percent point of full·scale transition, 
Note 2: Settling time is measured from the 50-percent point of full·scale transition to the output 

remaining within ±118 LSB. . 
Note 3: Output rise/fall time is measured between the 10-percent and 9O-percent points of full-scale 

transition. 

Figure 4. Input/Output Timing. 

Ordering Information 

Model Number Package 
Amble,..t 

Speed Temperature 
Range 

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

. Bt103KC30 30 MHz 28-pinO.6" 0° to +70° C 
CERDIP 

Btl03EVM Evaluation Board fOf. the Btl03 

Btl03 
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Btl03 Brooktree® 
Device Circuit Data 

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

Equivalent Circuit of the Digital Inputs . 

.---._------_--.._- VAA 

>--H--- TO DACS 

lFEEDBACK 

'------<--.... --f-- AGND 

Equivalent Circuit of the Reference Amplifier. 

Btl03 

---e---.... --_.- VAA 

SYNC· 
(lOG ONLY) 
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GO·G7 

lOG 

BLANK* 
RL C(stray + load) 

Equivalent Circuit of the Current Output (lOG). 



Distinguishing 
Features 

Applications 

• High-Resolution Color Graphics 
• 50, 30 MHz Operation 
• ±1 LSB Differential Linearity 

Error 
• ±1 LSB Integral Linearity Error 
• RS-343A1RS-170-Compatible 

Output 
• TIL-Compatible Inputs 
• +5 V CMOS Monolithic 

Construction 
• 20-pin DIP Package 
• Typical Power Dissipation: 

400mW 

• CAE/CAD/CAM 
• Image Processing 
• Video Reconstruction 
• Instrumentation 

Functional Block Diagram 

CLOCK 

DO-D7 

REF WHITE 

SYNC' 

BLANK' 

VREF FS ADJUST 

VAA AGND 

CaMP 

lOUT 

Brooktree Corporation· 9950 Barnes Canyon Rd .• San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
Ll06001 Rev. H 

Btl06 
SO MHz 

Monolithic CMOS 
Single 8-bit 

VIDEODAC™ 

Product Description 

The Bt106 is an 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 output to the 
reference white level, regardless of the data 
inputs. 

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

The Bt106 generates RS-343A-compatible 
video signals into a doubly-terminated 75 n 
load, and RS-170-compatible video signals 
into a singly- terminated 75 n load, without 
requiring external buffering. Both the diffe
rential and integral linearity errors of the D/ A 
converter are guaranteed to be a maximum of 
±1 LSB over the full temperature range. 



Btl06 
Circuit Description 

As illustrated in the functional block diagram, the 
Bt106 contains an 8-bit D/A converter, input regis
ters, and a reference amplifier. 

On the rising edge of each clock cycle, as shown 
in Figure 1, 8 bits of data are latched into the de
vice and presented to the 8-bit DI 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 main
tain synchronization with the data, the SYNC* and 
BLANK* inputs add appropriately weighted cur
rents to the analog output, producing the specific 
output levels required for video applications, as il
lustrated in Figure 2. Table 1 details how the 
SYNC*, BLANK*, and REF WHITE inputs modi
fy the output level. 

Full-scale output current is set by an external re
sistor (RSET) between the FS ADJUST pin and 
AGND. RSET has a typical value of 542 Q for 

CLOCK 

DO-D7,SYNC*, 

BLANK*, REFWHrrE 

lOUT 

Brooldree® 

generation of RS-343A video into a 37.5 Q load. 
The VREF input requires an external 1.2 V (typi
cal) reference. For maximum performance, the 
voltage reference should be temperature compen
sated and should provi~e a low-impedance output. 

The D/A converter on the Bt106 uses a segment
ed architecture in which bit currents are routed to 
either the output or AGND by a sophisticated de
coding scheme. This architecture eliminates the 
need for precision component ratios and greatly re
duces the switching transients associated with turn
ing current sources on or off. Monotonicity and 
low glitch are guaranteed by use of identical cur
rent sources and current steering their outputs. An 
on-chip operational amplifier stabilizes the full
scale output current against temperature and power 
supply variati6ns. 

The analog output of the Bt106 can directly 
drive a 37.5 Q load, such as a doubly terminated 
75 Q coaxial cable. 

DATA 

Figure 1. Input/Output Timing. 
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Brooktree® Btl06 
Circuit Description (continued) 

MA V 

26.67 1.000 --,------;..-------------=---- WHITE LEVEL 

9.05 0.340 +--------'1-------(--------- BLACK LEVEL 

7.5 IRE 

7.62 0.286 +--------''--....,...--,-->--------- BLANK LEVEL 

40 IRE 

0.00 0.000 
-L _______ -l..--l __________ SYNC LEVEL 

Note: 75 n doubly-terminated load, RSET = 542 n, and VREF = 1.2 V. RS-343A levels and tolerances are assumed on 
all levels. 

Figure 2. Composite Video Output Waveform. 

Description lOUT REF SYNC" BLANK" DAC 
(rnA) WHITE Input Data 

WHITE 26.67 1 1 I $xx 
WHITE 26.67 0 I I $FF 
DATA data + 9.05 0 1 1 data 
DATA-SYNC data + 1.44 0 0 1 data 
BLACK 9.05 0 1 1 $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 nand VREF = 1.2 V. 

Table 1. Video Output Truth Table. 
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Btl06 Brooktree® 
Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

REF WHITE 

DO-D7 

CLOCK 

lOUT 

AGND 

VAA 

FSADJUST 

Description 

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

Composite sync control input (TTL 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 specified in Table 1; therefore, it should be asserted only during 
the blanking interval. SYNC* is latched on the rising edge of CLOCK. 

Reference white control input (TTL compatible). A logical one 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). 

Oata inputs (TTL compatible). 00 is the least significant data bit. 00-07 are latched on 
the rising edge of CLOCK. Coding is binary. 

Clock input (TTL compatible). The rising edge of CLOCK 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 TTL buffer to avoid re
flection-induced jitter. 

Current output. This high-impedance current source can directly drive a doubly
terminated 75 n coaxial cable (Figure 3). 

Analog ground. All AGND pins must be connected together on the same PCB plane to 
prevent latchup. 

Analog power. All V AA pins must be connected together on the same PCB plane to pre
vent latchup. 

Full-scale adjust control. A resistor (RSET) connected between this pin and AGNO con
trols the magnitude of the full-scale video signal (Figure 2). The IRE relationships in Fig
ure 2 are maintained, regardless of the full-scale output current. 

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

RSET (n) = 12,046 * VREF (V) / IOUT (rnA) 
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Brooktreee Btl06 
Pin Descriptions (continued) 

Pin Name 

COMP 

VREF 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. 
A 0.1 IJF 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. 

Voltage reference input. An external voltage reference circuit, such as that shown in Fig
ure 3, must supply this input with a 1.2 V (typical) reference. The Bt106 has an internal 
pullup resistor between V AA and VREF. As the value of this resistor may vary slightly 
because of process variations, the use of a resistor network to generate the reference is not 
recommended. A 0.1 IJF ceramic capacitor must be used to decouple this input to AGND, 
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 SYNC''' 

D7 VAA 

D6 AGND 

DS AGND 

D4 lOUT 

D3 VAA 

D2 COMP 

Dl l'SADIDST 

DO VREF 

REF WHITE BLANK'" 
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Btl06 
PC Board Layout.Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on the 
Bt106 power and ground planes by providing good de
coupling. The trace length between groups of V AA and 
GND pins should be as short as possible to minimize in
ductive ringing. 

A well-designed power distribution network is critical 
to eliminating digital switching noise. The ground plane 
must provide a low-impedance return path for the digital 
circuits. A PC board with a minimum of four layers is 
recommended, with layers 1 (top) and 4 (bottom) for sig
nals and layers 2 and 3 for power and ground. 

Component Placement 

Components should be placed as close as possible to the 
associated VIDEODAC pin. Whenever possible, compo
nents should be placed so traces can be connected point 
to point. 

The optimum layout enables the Btl06 to be located 
as close as possible to the power supply connector and 
the video output connector. 

Ground Planes 

For optimum performance, a common digital and analog 
ground plane is recommended. 

Power Planes 
\ 

Separate digital and analog power planes are recom-
mended. The digital power plane should provide power 
to all digital logic on the PC board, and the analog power 
plane should provide power to all Bt106 power pins, 
VREF circuitry, and COMP and VREF decoupling. 
There should be at least a liS-inch gap between the digi
tal power plane and the analog power plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figure 3. This bead should 
be located within 3 inches of the Bt106. The bead pro
vides resistance to switching currents, acting as a resis
tance at high frequencies. A low-resistance ·bead should 
be used, such as Ferroxcube 5659065-3B, Fair-Rite 
2743001111, or TDK BF45-4001. 

Device Decoupling 

For optimum performance, all capacitors should be lo
cated as close as possible to the device, and the shortest 
possible leads (consistent with reliable operation) should 
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be used to reduce the lead inductance. Chip capacitors 
are recommended for minimum lead inductance. Radial 
lead ceramic capacitors may be substituted for chip ca
pacitors and are better than axial lead capacitors for 
self-resonance. Values are chosen to have self
resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is ob
tained with a 0.1 ~ ceramic capacitor, decoupling each 
V AA pin to GND. The capacitors should be placed as 
close as possible to the device V AA and GND pins and 
connected with short, wide traces. 

The 10 ~ capacitor shown in Figure 3 is for low
frequency power supply ripple; the 0.1 .~ capacitors 
are for high-frequency power supply noise rejection. 

When a linear regulator is used, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than or 
equal to 200 mY. This is especially important when a 
switching power supply is ·used, and the switching fre
quency is close to the raster scan frequency. About 10 
percent of the power supply hum and ripple noise less 
than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

To optimize the settling time of the Bt106, 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 Q; 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 pefformance, such as excessive ring
ing of the analog outputs or increased settling time. 

The COMP pin and series resistor must also be de
coupled to V AA, typically using a 0.1 ~ ceramic ca
pacitor. The COMP capacitor must be as close as physi
cally possible to the COMP and V AA pins. A surface
mount ceramic chip capacitor is preferred for minimal 
lead inductance, which degrades the noise rejection of 
the circuit. Use of short, wide traces will also minimize 
lead inductance. 

To reduce low-frequency supply noise a larger 
COMP capacitor villuemay be required. 



Brooktree® Btl06 
PC Board Layout Considerations (continued) 

VREF Decoupling 

A 0.1 J.lF ceramic capacitor should be used to decouple 
this input to GND. 

Digital Signal Interconnect 

The digital inputs to the Bt106 should be isolated as 
much as possible from the analog outputs and other an
alog circuitry. Also, these input signals should not over
lay the analog power plane or analog output signals. 

Most of the noise on the analog outputs will be 
caused by excessive edge rates (less than 3 ns), over
shoot, undershoot, and ringing on the digital inputs. 

The digital edge rates should not be faster than nec
essary, as feedthrough noise is proportional to the digi
tal edge rates. Lower-speed applications will benefit 
from using lower-speed logic (3-5 ns edge rates) to re
duce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time (refer to 
Brooktree Application Notes AN-II and AN-12). Line 
termination or line-length reduction is the solution. 
For example, logic edge rates of 2 ns require line 
lengths of less than 4 inches without use of termina
tion. Ringing may be reduced by damping the line 
with a series resistor (30-300 0). The RS-select inputs 
and RD*IWR* lines must be verified for proper levels 
with no ringing, undershoot, or overshoot. Ringing on 
these lines can cause improper operation. 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing the digital 
signals at a 90 degree angle to any analog signals. 

The clock driver and all other digital devices must be 
adequately decoupled to prevent noise generated by the 
digital devices from coupling into the analog circuitry. 

Clock Interfacing 

The Bt106 requires a pixel clock with monotonic 
clock edges for proper operation. Impedance mis
match on the pixel clock line will induce reflections 
on the pixel clock, which may cause erratic opyration. 

The Pixel Clock Pulse Width High Time and Pixel 
Clock Pulse Width Low Time minimum specifications 
(see the AC Characteristics section) must not be vio
lated, or erratic operation can occur. 

The pixel clock line must be terminated to prevent 
impedance mismatch. A series termination of 33-68 0 
placed at the pixel clock driver may be used, or a par
allel termination may be used at the pixel clock input 
to the VIDEODAC. A parallel termination of 2200 to 
VCC and 330 0 to ground will provide a Thevenin 
equivalent of a 110 n termination, which is normally 
sufficient to absorb reflections. The series or parallel 
resistor values should be adjusted to provide the opti
mum clock signal fidelity. 

Analog Signal Interconnect 

The Btl06 should be located as close as possible to the 
output connectors to minimize noise pickup and re
flectioris caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk 
from digital lines; digital traces must not be routed 
under or adjacent to the analog output traces. 

To maximize the high-frequency power supply re
jection, the video output signals should not overlay the 
analog power plane. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. The load resistor connection be
tween the video outputs and GND should be as close 
as possible to the Bt106 to minimize reflections. Un
used analog outputs should be connected to GND. 

Analog output video edges exceeding the CRT 
monitor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EMI and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 

The Bt106 analog output should be protected 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 latchup under severe discharge conditions 
without adversely degrading analog transition times. 
The IN4148/9 parts are low-capacitance, fast
switching diodes, which are also available in muItiple
device packages (FSA250X or FSA270X) or surface
mountable pairs (BAV99 or MMBD7001). 

VIDEODACS 6-37 

-



Btl06 Brooktree® 
PC Board Layout Considerations (continued) 
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Btl06 

Location 

CI-CS 
C6 
Ll 
Rl 
R2 

RSET 
ZI 

VAA~ ............. AN .. Au) .. G.PO.W .. ER.~ .. AN.E ...... ... 

L1 

V~Fr-r-----~-----------' 

Zl Cl 

AGND~ .... ~~~ ........... A.N.AL.O.G.G.R.OU.N.D.P.L.AN.E __ ................ .. 

lOUT f-.---------------------------{ P 

DAC 
OUTPUT 

Description 

0.1 IJF ceramic capacitor 
10 IJF tantalum capacitor 

ferrite bead 
7S n 1 % metal film resistor 
12 n 1 % metal film resistor 

S42 n 1 % metal film resistor 

VAA 

AGND 

lN4l48/9 

lN4l48/9 

TO 
VIDEO 

CONNECTOR 

TO MONITOR 

Vendor Part Number 

Erie RPEl12ZSUl04MSOV 
Mallory CSR13Gl06KM 
Fair-Rite 2743001111 
Dale CMF-SSC 
Dale CMF-SSC 
Dale CMF-SSC 

+5V 

GROUND 

1.2 V voltage reference National Semiconductor LM38SBZ-l.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
wi1l not affect the performance of the Btl06. 

~igure 3. Typical Connection Diagram and Parts List. 
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Brooldrre@ 
Application Information 

RS-170 Video Generation 

For generation of RS-170-compatible video, it is 
recommended that a singly-terminated 75 Q load 
be used with an RSET value of about 774 Q. If 
the Bt106 is not driving a large capacitive load, 
there will be negligible difference in video quality 
between doubly-terminated 75 Q and singly
terminated 75 Q loads. 

If the user is driving a large capacitive load [Le., 
if load RC > 1/(20 fcn) (where fc = clock frequen
cy)], it is recommended that an output buffer be 
used to drive a doubly-terminated 75 Q load. 

Color Applications 

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 logical zeros. If SYNC* is always logical 
zeros, the relationship between RSET and the full
scale output current is: 

lOUT (rnA) = 8,604 * VREF (V) I RSET (Q) 

Using Multiple Devices 

If they are close together on the same PC board, 
multiple Bt106 devices may be connected to a sin
gle analog power and ground plane. In addition, a 
single voltage reference may be used to drive mul
tiple devices. 

Each Bt106 must still have its own RSET resis
tor, lOUT termination resistor (Rl in Figure 3), 
power supply bypass capacitors (C2 and C3 in Fig
ure 3), and COMP resistor and capacitor (C4 and 
R2 in Figure 3). 

Btl06 

Nonvideo Applications 

The Btl06 may be used in nonvideo applications 
by disabling the video-specific control inputs. 
SYNC* and REF WHITE should be logical zeros 
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 (Q) = 7,958 * VREF (V) I lOUT (rnA) . 

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

Imin (rnA) = 650 * VREF (V) I RSET (Q) 

Therefore, the total full-scale output current will 
be lout + lmin. The REF WHITE input may op
tionally be used as a force-to-full-scale control. 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can pro
duce symptoms of catastrophic failure or erratic 
device behavior with somewhat leaky inputs. 

All logic inputs should be held low until power 
to the device has settled to the specified tolerance. 
DAC power decoupling networks with large time 
constants should be avoided. They could delay 
V AA power to the device. Ferrite beads must only 
be used for analog power V AA decoupling. In
ductors cause a time constant delay that induces 
latchup. 

Latchup;can be prevented by ensuring that all 
V AA pins are at the same potential and that the 
V AA supply voltage is applied before the signal 
pin voltages. The correct power-up sequence en
sures that any signal pin voltage will never exceed 
the power supply voltage by more than +0.5 V. 

VIDEODACS .6-39 

.. 



Btl06 Brooktree® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 

Btl06KC30 0 +70 °C 
Btl06BC -25 +85 °C 

Output Load RL 37.5 n 
Reference Voltage VREF 1.14 1.20 1.26 V 
FS ADJUST Resistor RSET 542 n 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGND) 7.0 V 

Voltage on Any Signal Pin (Note I) AGND-D.5 VAA+0.5 V 

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

Ambient Operating Temperature TA -55 +125 °C 
Storage Temperature TS ~5 +150 °C 
Junction Temperature TJ +175 °C 

Soldering Temperature TSOL 260 °C 
(5 seconds, 114" from pin) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1.' This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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Brooktree® Btl06 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution 8 8 8 Bits 
Accuracy 

Integral Linearity Error IL ±I LSB 
Differential Linearity Error DL ±I LSB 
Gray-Scale Error ±5 % GrayScale 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage VIR 2.0 VAA+0.5 V 
Input Low Voltage VIL AGND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) IIH I ~ 
Input Low Current (Vin = 0.4 V) IlL -I ~ 
Input Capacitance CIN IO pF 

(f = 1 MHz, Yin = 2.4 V) 

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 ~ 
LSB Size 69.1 ~ 

Output Compliance VOC -0.5 +1.4 V 
Output Impedance ROUT IO kQ 
Output Capacitance COUT 30 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Power Supply Rejection Ratio PSRR 0.2 0.5 %/%!:J.VAA 
(COMP = 0.01 /IF, f = I KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 542 Q and 
VREF = 1.200 V. As the above parameters are guaranteed over the full temperature range, temperature coefficients 
are not specified or required. Typical values are based on nominal temperature, i.e., room temperature, and nominal 
voltage, i.e., 5 V. 
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Btl06 Brooktree® 
AC 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 TH 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 TDLY 25 25 ns 
Analog Output Rise/Fall Time TVRF 8 9 ns 
Analog Output Settling Time (Note I) TS 20 25 ns 
Clock and Data Feedthrough (Note 1) -33 -33 dB 
Glitch Impulse (Note 1) 50 50 pV - sec 

Differential Gain Error DG 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 (Note 2) IAA 80 100 60 75 mA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 542 Q and VREF = 1.200 
V. TTL input values are 0-3 V with input rise/fall times :s; 4 ns, measured between the lO-percent and 90-percent points. 
COMP resistor = 12 Q. Timing reference points at 50 percent 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. Typical values are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1.' Clock and data feedthrough is a function of the number of edge rates, and the amount of overshoot and undershoot 
on the digital inputs. For this test, the digital inputs have a 1 kQ 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, and -3 dB test bandwidth = 2x clock rate. 

Note 2: At Fmax. IAA (typ) at VAA = 5.0 V. IAA (max) at VAA = 5.25 V. 
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Brooldroo® 
Timing Waveforms 

CLOCK 

DO ~ 07, SYNC*, 

BLANK', REF WHITE 

TDLY 

~tvl=: 
lOur 

------~--------=lL ~RF . 

Note J: Output delay is measured from the 50-percent point of the rising edge of CLOCK to the 
50-percent point of full-scale transition. 

Note 2: Settling time is measured from the 50-percent point of full-scale transition to the output 
remaining within ±l LSB. 

Note 3: Output rise/fall time is measured between the IO-percent and 90-percent points of full-scale 
transition. 

Figure 4. Input/Output Timing. 

Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Btl06BC 50 MHz 20-pin 0.3" _250 to +850 C 
CERDIP 

Btl06KC30 30 MHz 20-pin 0.3" 00 to +700 C 
CERDIP 

Btl06EVM Evaluation Board for the Btl06 

Btl06 
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Btl06 Brooklree® 
Device Circuit Data 

Equivalent Circuit of the Digital Inputs. 

r-,-~r-----------~~--~--VAA 

VREF 

>--H-- TO DAC 

FSADJUST 
IFEEDBACK 

'---*---*--+-- AGND 

Equivalent Circuit of the Reference Amplifier. 

Btl06 

----1t----.-----.- VAA 

DO·D7 

lOUT 

SYNC· BLANK'" T -30pF RL 
C(stray + load) 

Equivalent Circuit of the Current Output. 
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Applications Distinguishing 
Features 

• High-Resolution Color Graphics 

• 400 MHz Pipelined Operation 
• ±1I2 LSB Differential Linearity 

Error 
• ±1/2 LSB Integral Linearity 

Error 
• 500 ps Typical RiselFall Time 
• RS-343A-Compatible Output 
• 0 or 7.5 IRE Blanking Pedestal 
• Ability to Handle 25 n Output 

Loads 
• IOKH and lOOK ECL-

Compatible 110 
• 2: 1 Multiplexed Pixel Inputs 
• 32-pin Flatpack Package 
• Typical Power Dissipation: 1 W 

• CAE/CAD/CAM 
• Radar Processing 
• Instrumentation 

Related Products 

• BtI09 
• Bt401l403 
• Bt424 
• Bt492 

Functional Block Diagram 

DIV2IN 

DIV20UT* 

CLOCK 

CLOCK" 

DAO·DA7 

DBO·DB7 

BLANK 

FS ADmST VREF IN VREFOUT 

VAA AGND SETUP 

CaMP 

lOUT 

lOUT" 

Brooktrec Corporation· 9950 Barnes Canyon Rd.· San Diego. CA 92121-2790 
(619)452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
Ll07001 Rev. G 

Btl07 
400 MHz 

10KH/100K ECL 
8-bit Multiplexed Input 

VIDEODAC™ 

Product Description 

The BtI07 is an 8-bit VIDEODAC designed 
specifically for high-performance. high
resolution color graphics. 

Multiplexed pixel inputs enable pixel data 
to be latched into the BtI07 at a 200 MHz 
data rate while maintaining the 400 MHz out
put rate necessary for high-resolution graph
ics. On-chip circuitry divides the pixel clock 
by 2, generating the 200 MHz clock signal. 

An on-chip voltage reference is available, 
or an external reference may be used. A sin
gle external resistor controls the full-scale 
output current. 

The BtI07 generates an RS-343A
compatible video signal, and can drive either 
doubly-terminated 75 n or 50 n coax direct
ly, without requiring external buffering. 
Both the differential and integral linearity er
rors of the D/A converter are guaranteed to 
be a maximum of ±1I2 LSB over the full 
temperature range. 

.. 



Btl07 
Circuit Description 

As illustrated in the functional block diagram, the 
Btl07 contains a single 8-bit D/A converter, 2:1 multi
plexed input register, a voltage reference, and a refer
ence amplifier. 

Pixel data on the DAO-DA 7 (even data) and DBO
DB7 (odd data) are latched on the falling edge of 
DIV20UT*, as illustrated in Figure l. 

DIV21N is defined to be 112 the CLOCK rate. To 
simplify system design, the Btl07 outputs a 
DIV20UT* signal which, when connected to the 
DIV2lN pin, generates a clock equal to one half 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 de
vices to the DIV2IN pins of all three devices. Signal 
paths must remain 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 falling edge 
of DIV20UT*, and overrides the DAO-DA 7 and 
DBO-DB7 data. Blanking information is output syn
chronously with the even pixel data. 

Full-scale output current is set by an external resis
tor (RSET) between the FS ADJUST pin and AGND. 
RSET has a typical value of 1092 n for generation of 
RS-343A video into a 37.5 n load, or 729 n for gener-

DIV2IN. DIV20lIT* 

Brooktree® 

ation of RS-343A video into a 25 n load. Specific vid
eo output levels are shown in Figure 2. The on-chip 
voltage reference (VREF OUT) may be used to pro
vide the reference for the VREF IN pins of up to three 
BtlO7s, or an external re~rence may be 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 n resistor to AGND (assuming a doubly
terminated 50 n load). The IOUT* output is used to 
generate the video signal. Table I specifies the video 
output truth table. 

The D/A converter on the Btl07 uses a segmented 
architecture in which bit currents are routed to either 
lOUT or IOUT* 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 use of 
identical current sources and current steering their out
puts. An on-chip operational amplifier stabilizes the 
full-scale output current against temperature and power 
supply variations. 

The analog outputs of the Bt107 can directly drive 
either a 37.5 n or 25 n load, such as a doubly
terminated 75 n or 50 n coaxial cable. 

DAO-DA7. DBO-DB7. BLANK __ ~X~ ____ ~X~ __ D~_A~X~ ____ ~X~ __ _ 
CLOCK 

IOUT* ~BO_DB7. 
DAO _ DA 7. BLANK 

__________________ . BLANK 

Figure 1. Input/Output Timing (DIV21N connected to DIV20UT*). 

6-46 SECTION 6 



Brooktree® Btl07 
Circuit Description (continued) 

MA MA V 

RSET= RSET= 
729 1092 

00.00 00.00 0.000 WHITE LEVEL 

-26.40 -17.60 -0.660 BLACK LEVEL 
7.5 IRE 

-28.56 -19.05 -0.714 BLANK LEVEL 

Note: RSET = 729 Q (50 Q doubly-terminated load) or 1092 Q (75 Q doubly-tenninated load), and VREF 
IN = -1.21 V. RS-343A levels and tolerances are assumed on aU levels. 

Figure 2. Composite Video Output Waveform (/OUr). 

RSET= RSET= 
729Q 1092 Q 

IOUT* lOUT" DAC 
Description (mA) (mA) BLANK Input Data 

WHITE 0 0 0 $FF 
DATA data data 0 data 
BLACK -26.40 -17.62 0 $00 
BLANK 1 $xx 

SETUP = AGND -26.40 -17.62 
SETUP = float -28.56 -19.05 

Note: Typical with VREF IN = -1.21 V. 

Tab/e 1. Video Output Truth Tab/e. 
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Btl07 Brooktree® 
Pin Descriptions 

Pin Name Description 

BLANK Composite blank control input (ECL compatible). A logical one drives the analog output to 
the blanking level, as specified in Table 1. It is latched on the<falling edge of DIV20UT*. 
When BLANK is a logical one, the DAO-DA 7 and DBO-DB7 inputs are ignored. Blanking 
information is output synchronously with the even pixel data. 

DAO-DA7, Even and odd pixel data inputs (ECL compatible). DO is the least significant data bit. They 
DBO-DB7 are latched on the falling edge of DIV20UT*. 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. 

CLOCK, Differential clock inputs (ECL compatible). The CLOCK input is typically the pixel clock 
CLOCK* rate of the video system. The Bt107 may be operated with a single-ended clock by connect-

ing CLOCK* to a -1.3 V VBB; however, common mode noise immunity at high clock rates 
may degrade. 

DIV2IN CLOCJ(l2 input (ECL compatible). This clock must be one half the CLOCK rate. It is used 
to latch the BLANK, DAx, and DBx inputs (see Figure 1). 

DIV20UT* CLOCKl2 output (ECL compatible). When connected to the DIV2IN pin, this output is one 
half the CLOCK rate. When not connected to DIV2IN, this output generates a signal that is 
DIV2IN-synchronized to CLOCK and inverted. DIV20UT* must be terminated to -2 V. 

lOUT, Differential video current outputs. These high impedance current sources can directly drive 
IOUT* either a doubly-terminated 50 n or 75 n coaxial cable (Figure 3). Both outputs, whether used 

or not, should have the same output load. 

AGND Analog ground. All AGNDpins must be connected. 

VAA Analog power. All V AA pins must be connected. 

Warning: A ferrite bead must be used to connect the VAA(l) power pin to the analog power 
plane, as illustrated in Figure 3. Connecting the decoupling capacitors directly to the VAA 
(1) pin will result in unstable operation. 

COMP Compensation pin. This pin provides compensation for the internal reference amplifier. A 
0.01 J.lF ceramic chip capacitor and a 0.001 ceramic chip capacitor must be connected be-
tween this pin and V AA(O) (Figure 3). Connecting the capacitors to V AA rather than to 
AGND provides the highest 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. 

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

6-48 SECTION 6 



Brooklrre® Btl07 
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). 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 (0) = K * VREF IN (V) / lOUT (rnA) 

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

Note: The RSET value may require adjustment to generate the specified video levels because 
of variations in processing and depending on whether the internal or an external reference is 
used. 

Voltage reference output. This output provides a -1.2 V (typical) reference, and may be con-
nected to the VREF IN inputs of up to three Bt107s. When multiple Bt107s are driven, 100 0 
interconnect resistance should be used to minimize noise pickup. 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 -1.2 V (typical) reference. A 0.01 J.lF ce-
ramic chip capacitor in parallel with a 0.001 J.lF ceramic chip capacitor must be connected be-
tween 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. 

DAS 

DBS 

DA4 

DB4 

DA3 

DB3 

DA2 

DB2 

COMP 

FSADJUST 

YREFIN 

YREFOUT 

SETUP 

YAA(l) 

DIY20UT' 

AGNO 

VIDEODACS 6-49 



Btl07 
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 trace 
length between groups of V AA and AGND pins 
should be as short. as possible to minimize inductive 
ringing. 

Ground Planes 

The Btl07 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 3 inches of the Bt107. 

The analog ground plane area should encompass all 
Bt107 ground pins, power supply bypass circuitry for 
the Btl07, any external voltage reference circuitry, the 
analog output traces, and any output amplifiers. 

The regular PCB ground plane area should encom
pass all the digital signal traces, excluding the ground 
pins, leading to the Btl07. 

Power Planes 

The Btl07 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 3 inches of the Bt107. 

The PCB power plane should provide power to all 
digital logic on the PC board. The analog power plane 
should provide power to all Btl07 power pins, any ex
ternal voltage reference circuitry, and any output am
plifiers. 

Portions of the regular PCB power and ground 
planes must not overlay portions of the analog power 
or ground planes unless they can be arranged so that 
the plane-to-plane noise is common mode. This will re
duce 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 il1stalled 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(1) pin. 

For the best performance, three chip capacitors in 
parallel (0.1 JlF, 0.01 JlF, and 0.001 JlF) should be 
placed as close as possible to each power pin for power 
supply bypassing. These capacitors should be connect
ed on the analog power plane side of the ferrite bead 
for the V AA(I) pin, as illustrated in Figure 3. Con
necting the bypass capacitors directly to the V AA(I) 
pin will result in unstable operation caused by high
frequency oscillations. 

Digital Signal Interconnect 

The digital inputs to the Btl07 should be isolated as 
much as possible from the analog outputs and other an
alog 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 de
vice 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 rather than the analog power plane, to 
maximize the high-frequency power supply rejection. 

The analog transmission lines must have matched 
impedance throughout, including connectors and tran
sitions between printed circuitry wiring and coaxial 
cable. 



Btl07 
PC Board Layout Considerations (continued) 

Location 

CI 
C2,C3 
C4-C7 
C8-Cll 

C12 
Ll,L2,L3 

Rl 
R2 

RSET 

Ll 

-S.2V 

Cl 

GROUND 

IDm.~--------------~L-------~~~~ 
TO 

VIDEO 

CONNECTOR 

Description Vendor Part Number 

0.1 !IF ceramic capacitor Mallory CKOSBXI04K 
0.1 !1F ceramic chip capacitor Johanson Dielectrics X7R-SOOS4IWI04KP 

0.01 !1F ceramic chip capacitor Johanson Dielectrics X7R-SOOS41W103KP 
0.001 !1F ceramic chip capacitor Johanson Dielectrics NPO-SooS41NI02JP 

10 !IF tantalum capacitor Mallory CSR13G106KM 
ferrite bead Fair-Rite 2743001111 

24.9 n 1 % metal film resistor Dale CMF-SSC 
49.9 n 1 % metal film resistor Dale CMF-SSC 
732 n 1 % metal film resistor Dale CMF-SSC 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics will 
not affect the performance of the Btl07. Rl, R2, and RSET values assume doubly-terminated SO n load on IOUT*. 

Figure 3. Typical Connection Diagram and Parts List (Internal Reference). 
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Btl07 
Application Information 

Terminated Inputs 

All digital inputs of the Bt107 should be terminated 
with 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 
Btl 07, as shown in Figure 4. In this instance, the 
VREF OUT pin should be left floating. 

The VREF IN pin still requires bypass capacitors to 
V AA(O) (C6 and C9 in Figure 3). 

Package Heatsink 

The stud heats ink is electrically isolated and should be 
connected to AGND for minimal noise. 

Using Multiple Bt107s 

For color applications, three Btl07s may be used, as il
lustrated in Figure 5. This example generates 256 si
multaneous colors from a 16.8-million color palette 
and supports a 2k x 2k pixel resolution. 

Brooktree® 

Both the even and odd pixel data require separate shift 
registers and color palette RAM. (Bt403s are used in 
Figure 5.) The B t502s interface the color palette RAM to 
the TTL-compatible MPU bus. If more than 256 colors 
are desired, additional Bt403s may be wired in parallel 
to expand each color palette RAM to 1024 x 8. 

The DIV20UT*-DIV2IN connections generate 
CLOCK*12 and ensure the three Bt107s operate in a 
synchronous fashion. When the timing window for 
DIV21N is being analyzed, the propagation delay of 
the CLOCK and DIV20UT* signals through the trans
mission lines of the physical layout on the PC board 
should be included. 

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 ade
quate noise margins. 

The Bt107s may share the voltage reference and an
alog power/ground planes, but each Btl07 must have 
its own power supply decoupling, COMP decoupling, 
VREF IN decoupling, V AA(l) ferrite bead, RSET re
sistor, 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 V 
Ambient Operating Temperature TA -25 +85 °C 
Output Load RL 25 n 
Reference Voltage VREFIN -1.13 -1.2 -1.3 V 
FS ADJUST Resistor RSET 729 n 

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 mounted either 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 V 

Voltage on Any Digital Pin AGND+O.5 VAA-D.5 V 

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 

Vapor Phase Soldering TVSOL 220 °C 
(1 minute) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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Brooktrre® Btl07 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution 8 8 8 Bits 
Accuracy 

Integral Linearity Error IL ±1I2 
Differential Linearity Error DL ±1I2 
Gray Scale Error LSB 

Using Internal Reference ±1O 
Using External Reference ±5 LSB 

Monotonicity guaranteed 
Coding 

Digital Inputs % GrayScale 
Input High Voltage VIH -II 60 -710 
Input Low Voltage VIL -1870 -1480 % Gray Scale 
Input High Current IIH 

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

Input Low Current IlL 
(Vin = VILmin) 

Blank 150 
All Other Inputs 5 

Input Capacitance CIN 10 
(f = 1 MHz, Vin = VIHmax) mV 

Digital Output mV 
Output High Voltage VOH -1060 -955 -880 
Output Low Voltage VOL -1870 -1705 -1620 

Analog Output 
Gray Scale Current Range -40 
Output Current (IOUT*) IlA 

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

SETUP=AGND 0 0 0 
SETUP = float -2.05 -2.16 -2.28 

LSB Size -103.5 
Output Compliance VOC -1.2 +1.5 
Output Impedance ROUT 10 IlA 
Output Capacitance COUT 9 

(f = 1 MHz, lOUT = 0 rnA) IlA 

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

Power Supply Rejection Ratio PSRR 0.03 0.5 
(COMP = 0.001 !IF /I O.oI !IF, 
f= 1 kHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET adjusted for -28.56 rnA 
full-scale output current, VREF IN = -1.21 V, and SETUP", float. All digital inputs have 50 Q to -2.0 V. 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 mounted either in the test socket or on the printed circuit board. Typical values are based 
on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 
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Btl07 Brooktrre® 
AC Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 400 MHz 

Data and Control Setup Time TSU I ns 
Data and Control Hold Time TH 0 ns 

Clock Cycle Time TCYC 2.5 ns 
Clock Pulse Width High TCLKH 1 ns 
Clock Pulse Width Low TCLKL 1 ns 

DIV20UT Delay (Note 1) DDLY 1.5 2.2 ns 
DIV2IN Setup Time DSU 0 ns 
DIV2IN Hold Time DH 1 ns 

Analog Output Delay TDLY 2 ns 
Analog Output RiselFall Time TVRF 350 700 ps 
Analog Output Settling Time (Note 2) TS 2 ns 
Clock and Data Feedthrough tbd dB 
Glitch Impulse (Note 3) 10 LSB -ns 
Nonbarmonic Spurious -45 dBc 

Pipeline Delay (Pixel A -EVEN) 2 2 2 Clocks 

V AA Supply Current IAA 225 mA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET adjusted for -28.56 
mA full-scale output current,.YREF IN = -1.21 V, and SETUP = float. ECL input values are -0.95 to -1.69 V with 
input rise/fall times ~ I ns, measured between the 20-percent and 80-percent points. Timing reference points are at 50 
percent for inputs and outputs. All digital inputs have 50 Q to -2.0 V, unless otherwise specified. Analog output load ~ 
10 pF. See timing notes in Figure 6. Typical values are based on nominal temperature, i.e., room temperature, and 
nominal voltage, i.e., 5 V. 

Note 1: Tested with one ECL load. 
Note 2: Settling time does not include clock and data feedthrough. 
Note 3: Glitch impulse includes clock and data feedthrough, at -3 dB test bandwidth = 800 MHz. 
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Brooktree~ 

Timing Waveforms 

DIV21N. DIV20lIT* 

DAO-DA7. DBO-DB7. BLANK 

CLOCK 

lOur-

IDLY 

Note 1.' Output delay is measured from the 50-percent point of the rising edge of CLOCK 
to the 50-percent point of full-scale transition. 

Note 2.' Settling time is measured from the 50-percent point of full-scale transition to the 
output remaining within ±112 LSB. 

Note 3.' Output rise/fall time is measured between the IO-percent and 9O-percent points 
of full-scale transition. 

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

Ordering Information 

Ambient 
Temperature 

Model Number Speed Package Range 

BtlO7BF400 400 MHz 32-pin Ceramic _25 0 to +85 0 C 
Fialpack 

wlheatsink 

.. 

. -

Btl07 
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Btl07 Brooldree® 
Device Circuit Data 

Btl 07 

BLANK DO-D7 

- 2 - 5 DR lOUT, lOUT' 

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. 

Equivalent Output Circuit of the 8t107. 

VAA -----.,---, 

VREFIN 

500 >-----11c---TO DAC 

FSADJUST 

(FEEDBACK 

Equivalent Circuit of the Reference Amplifier. 
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Distinguishing 
Features 

• 250 MHz Pipelined Operation 
• Triple 8-bit D/A Converters 
• ±1I2 LSB Differential Linearity 

Error 
• ±1I2 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 

Applications 

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

Related Products 

• Bt107 
• Bt401l403 
• Bt424 
• Bt492 

Functional Block Diagram 

FSADJUST 
r------- COMP 

CLOCK 

lOR 
RO-R7 

lOR· 

lOG 
GO-G1 

lOB 
BO-B7 

lOB· 
SYNC 

BLANK 

OVERLAY 

VAA AGND 

Brooktree Corporation· 9950 Barnes Canyon Rd_· San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC • TLX: 383596· FAX: (619) 452-1249 
L109001 Rev_ H 

Btl09 
250 MHz 

10KHECL 
Triple 8-bit 

VIDEODAC™ 

Product Description 

The Bt109 is a triple 8-bit VIDEODAC de
signed specifically for high-performance, 
high-res()lution color graphics_ 

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

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

The Bt109 generates RS-343A-compatible 
red, green, and blue video signals and can 
drive doubly-terminated 75 n 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±l12 LSB over the full tempera
turerange. 

.. 



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 am
plifier. 

On the rising edge of each clock cycle, as shown 
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 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 10UT* outputs for an
alog summing. 

Latched on the rising edge of CLOCK to main
tain synchronization with the color data, the SYNC 
and BLANK inputs add appropriately weighted 
currents to the analog outputs, producing the spe
cific 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 ex
ternal resistor (RSET) between the FS ADJUST 
pin and AGND. RSET has a typical value of 1100 
n for generation of RS-343A video into a 37.5 n 
load. 

CLOCK 

RO-R7, GO-G7. BO-B7, 

SYNC, BLANK, OVERLAY 

Brooklree® 

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 37.5 n resis
tors to AGND (assuming 10R*, IOG*, and 10B* 
are driving a doubly-terminated 75 n load). The 
10R*, 10G*, and 10B* outputs are then used to 
generate the video signals. 

The D/A converters on the Bt109 use a segment
ed 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 sourc
es on or off. Monotonicity and low glitch are guar
anteed by use of identical current sources and cur
rent 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 Bt109 can directly 
drive a doubly-terminated 75 n coaxial cable or a 
singly-terminated 50 n coaxial cable. 

DATA 

lOR', lOO',IOB' -----l-J-

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

1.76mA 
0.660 V 

MA 

0.00 

-1.90 

V 

0.000 

10 IRE 
... {l.071 

Btl09 

OVERLAY LEVEL 

WHITE LEVEL 

-19.5 -0.731 ~------------~--------~------------------- BLACK LEVEL 

-20.9 -0.784 

-28.6 -1.071 

40 IRE 

BLANK LEVEL 

SYNC LEVEL 
(GREEN ONLY) 

Note: 75 n doubly-tenninated load and RSET = 1100 n. RS-343A levels and tolerances are assumed on all levels. 

Figure 2. Composite Video Output Waveforms (IOUT*) . 

Description lOG" 10R",IOB* 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 x 1 1 $xx 

Note: Typical values, RSET = 1100 n. SYNC does not override data, as with the TDC1318. 

Table 1. Video Output Truth Table. 
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Btl09 Brooktree® 
Pin Descriptions 

Pin Name 

BLANK 

SYNC 

OVERLAY 

RO-R7, 
GO-G7, 
BO-B7 

CLOCK 

lOR, lOG, lOB, 
IOR*,IOG*, 
IOB* 

AGND 

VAA 

Description 

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

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 specified in Table 1; therefore, SYNC should be asserted 
only during the blanking interval. SYNC is latched on the rising edge of CLOCK. 

Overlay control input (ECL compatible). A logical one on this input overrides the data in
puts and forces the analog outputs to the overlay level. OVERLAY is latched on the ris
ing edge of CLOCK. 

Red, green, and blue data inputs (ECL compatible). RO, GO, and BO are the least signifi
cant 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 can directly drive a doubly-terminated 75 n coaxial cable (see Figure 3 in the PC 
Board Layout Considerations section). 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: A ferrite bead must be used to connect the VAA( 1) 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. 

COMP Compensation pin. This pin provides compensation for the internal reference amplifier. 
A 0.01 IJF 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 V AA rather than to 
AGND provides the highest 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. 
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BrookIree~ Btl09 
Pin Descriptions (continued) 

Pin Name Description 

FSADJUST Full~scale adjust control. A resistOr (RSET) connected between this pin and AGND con-
trols the magnitude of the full-scale video signal (Figure 3). The IRE relationships in Fig-
ure 2 are maintained, regardless of the full-scale output current. 

The relationship between RSET and the full-scale output current (SYNC level) on IOG* 
is: 

RSET (0) = 31,460 I lOG (rnA) 

The full-scale output current (BLANK level) on IOR* and IOB* for a given RSET is de-
fined as: 

lOR, lOB (rnA) = 22,990 I RSET (0) 

Note: The RSE'r value may require adjustment to generate the specified video levels be-
cause of variations in processing. 

VAA(O) VAA(I) 

FSADJUST BO 

COMP BI 

BLANK B2 

OVERLAY B3 

lOB B4 

lOB- DS 

lOR B6 

lOR- B7 

lOG RO 

100· RI 

sYNc R2 

Cr.oCK R3 

07 R4 

G6 RS 

os R6 

G4 R7 

03 GO 

02 01 

AONO AONO 
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Btl09 
PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise 
on the Bt109 power and ground lines by shielding 
the digital inputs and providing good decoupling. 
The trace length between groups of V AA and 
AGND pins should be as short as possible to mini
mize inductive ringing. 

Ground Planes 

The Bt109 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 sin
gle point through a ferrite bead, as illustrated in 
Figure 3. This bead should be located within 3 
inches of the Btl09. 

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

The regular PCB ground plane area should en
compass all the digital signal traces, excluding the 
ground pins,leading to the Bt109. 

Power Planes 

The Btl09 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 sin
. gle point through a ferrite bead, as illustrated in 
Figure 3. This bead should be located within 3 
inches of the Btl09. 

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 Bt109 
power pins and any output amplifiers. 

Portions of the regular PCB power and ground 
planes must not overlay portions of the analog 
power or ground planes, unless they can be ar
ranged so 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 ad
ditional ferrite bead must be installed between the 
VAA(1) power pin and the analog power plane, as 
illustrated in Figure 3. The ferrite bead must be lo
cated as close as possible to the VAA(I) pin. 

For the best performance, three chip capacitors 
in parallel (0.1 ~, 0.01 ~, and 0.001 ~ 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(I) pin, as illustrated in 
Figure 3. Connecting the bypass capacitors directly 
to the VAA(I) pin will result in unstable operation 
caused by high-frequency oscillations. 

If a switching power supply is used, the design
er should reduce power supply noise and consider 
using a three-terminal voltage regulator to supply 
power to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Bt109 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. 

StripJine 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 Signalln~erconnect 

The video output signals should overlay the analog 
ground plane, rather than the analog power plane, 
to maximize the high-frequency power supply 
rejection. 

The analog transmission lines· must have 
matched impedance throughout, including connec
tors and transitions between printed circuitry wir
ing and coaxial cable. 



Brooktree® Btl09 
PC Board Layout Considerations (continued) 

VAA(l) 

ANALOG POWER PLANE VAA(O)piii ______ ,.. __________ .. 

Lt 

Btl 09 -5.2V 

Cl 
+ 

L~"," L2 

R4-R6 

FS ADJUST 1-------' 

lOR. lOG. lOB I---r---....J 

lOR', lOG', lOB' ~--I-~------J>-----~~~~~ 
TO 

VIDEO 

CONNECTOR 

Location Description Vendor Part Number 

CI 0.1 J.lF ceramic capacitor Erie RPEI12Z5Ul04M50V 
C2,C3 0.1 J.lF ceramic chip capacitor Johanson Dielectrics X7R -500S41 WI 04KP 
C4-C6 0.01 J.lF ceramic chip capacitor Johanson Dielectrics X7R -500S41 WI03KP 
C7--C9 0.001 J.lF ceramic chip capacitor Johanson Dielectrics NPO-500S4INI02JP 

CIO 10 J.lF tantalum capacitor Mallory CSR13Gl06KM 
Ll,L2,L3 ferrite bead Fair-Rite 2743001111 
RI,R2,R3 37.4 11 I % metal film resistor Dale CMF-55C 
R4,R5,R6 75 11 I % metal film resistor Dale CMF-55C 

RSET 1100 11 I % metal film resistor Dale CMF-55C 

Note: The vendor numbers above 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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Btl09 
Application Information 

Terminated Inputs 

All digital inputs of the Btl09 should be terminat
ed with normal ECL termination practices. In addi
tion, 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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Nonvideo Applications 

The Bt109 may be used in nonvideo applications 
by disabling the video-specific control inputs. The 
SYNC, BLANK, and OVERLAY inputs should be 
logical zeros. 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 (n) = 19,360/ lout (mA) 

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

Imin (mA) = 2,090 / RSET (n) 

Therefore, the total full-scale output current will 
be lout + Imin. 



Brooldrre® Btl09 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA -4.9 -5.2 -5.5 V 
Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 n 
FS ADJUST Resistor (Note 1) RSET 1100 n 

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 mounted either in the test socket or on the printed circuit board. 

Note 1: FS ADJUST is set to 1.125 rnA. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VAA (measured to AGND) VAA --Q.5 V 

Voltage on Any Digital Pin AGND + 0.5 VAA....{l.5 V 

Analog Output Short Circuit 
Duration to Any Common indefinite 

Ambient Operating Temperature TA -55 +125 °C 
Storage Temperature TS --{55 +150 °C 
Junction Temperature TJ +175 °C 

Soldering Temperature TSOL 260 °C 
(5 seconds, 114" from pin) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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Btl09 Brooldree® 
DC Characteristics 

Parameter Symbol TA (OC) 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 VIL +25 -1950 -1480 mV 

+70 -1950 -1450 mV 

0 25 !lA 
Input High Current (Clock, Data, Sync) IIH +25 25 !lA 

(Vin = VIHmax) +70 25 !lA 

0 210 !lA 
Input High Current (Overlay) I1H +25 210 !lA 

(Vin = VlHmax, VILmin) +70 210 !lA 

0 160 !lA 
Input HighlLow Current (Blank) I1H/IIL +25 160 !lA 

(Vin = VlHmax, VILmin) +70 160 !lA 

Input Low Current 0 5 !lA 
(Clock, Data, Sync, Overlay) IlL 25 5 !lA 
(Vin = VlLmin) +70 5 !lA 

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

Internal Voltage Reference VREF -l.2 V 

See test conditions on next page. 
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Brooldree® Btl09 
DC Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

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

Integral Linearity Error IL ±I12 LSB 
Differential Linearity Error DL ±I12 LSB 
Gray-Scale Error ±IO % Gray Scale 
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 (IOUT*) 
Overlay Level 0 -5 -50 J.IA 
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 
LSB Size -69.1 J.IA 

DAC-to-DAC Matching 2 5 % 
Output Compliance VOC -1.2 +1.5 V 
Output Impedance ROUT 10 ill 
Output Capacitance COUT 9 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Power Supply Rejection Ratio PSRR 0.5 %I%IJ.VAA 
(COMP = 0.00 1 J.lF II 0.01 J.lF, 
f= 1 kHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET adjusted for -17.62 
rnA full-scale output current (gray scale, black-white). Typical values are based on nominal temperature, i.e., room 
temperature, and nominal voltage, i.e., 5 V. 

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 mounted either in the test socket or on the printed circuit board. 
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AC Characteristics 

6-70 

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 Rise/Fall Time 7 0.5 I ns 
Analog Output Settling Time 8 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 
rnA full-scale output current (gray scale). ECL input values are -O.S9 to -1.69 V, with input rise/fall times::; 2 ns, 
measured between the 20-percent and SO-percent points. Timing reference points at 50 percent for inputs and outputs. 
Analog output load::; 10 pF. See timing notes in Figure 4. Typical values are based on nominal temperature, i.e., room 
temperature, and nominal voltage, i.e., 5 V. 
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Timing Waveforms 

CLOCK 

RO-R7. 00-07. BO-B7. 

SYNC. BLANK. OVERLAY 

lOR·. ]00 •. lOB· 

Note 1: Output delay is measured from the 50-percent point of the rising edge of CLOCK to the 
50-percent point of full-scale transition_ 

Note 2: Settling time is measured from the 50-percent point offull-scale transition to the output 
remaining within ±112 LSB. 

Note 3: Output rise/fall time is measured between the 100percent and 90-percent points of full-scale 
transition_ 

Figure 4. Input/Output Timing. 

Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

BU09KC 250 MHz 40-pinO.6" 00 to +700 C 
Ceramic Cavity 

Down DIP 

Btl09 
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Distinguishing 
Features 

• 80, 50 MHz Operation 
• Triple 8-bit D/A Converters 
• Optional Internal Voltage 

Reference 
• RS-343A-Compatible Outputs 
• TIL-Compatible Inputs 
• +5 V CMOS Monolithic 

Construction 
• 44-pin PLCC Package 
• Typical Power Dissipation: 

600mW 

Applications 

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

Related Products 

• Bt473 

Functional Block Diagram 

VREF 

>-";:'=T"'~'-"4-- COMP 

>-----+_ lOR 

;;-;-..,.....-+-_ lOG 

BO· B7 -+-4....;;.+-1 >-""""+_IOB 

SYNC- -+'--~~-'-+1 

BLANK- -+'-'-~~...:.:..I 

VAA AGND 

Brooktree Corporation· 9950 Barnes Canyon Rd.' San Diego, CA 92121-2790 
(619) 452-7580' (800) VIDEO IC' TLX: 383596' FAX: (619) 452·1249 
Ll21001 Rev. F 

Bt121 
80 MHz 

Monolithic CMOS 
Triple 8-bit 

VIDEODAC™ 

Product Description 

The Btl21 is a triple 8-bit VIDEODAC de
siglled specifically for high-performance, 
high-resolution color graphics. 

This device offers a higher level of inte
gration than previous VIDEODAC designs. 
Included is an on-chip voltage reference to 
simplify use of the device. 

The Btl21 generates RS-343A-compatible 
video signals into a doubly-terminated 75 n 
load, and RS-170-compatible video signals 
into a singly- terminated 75 n load, without 
requiring external buffering. Both the diffe
rential and integral linearity errors of the DI A 
converters are guaranteed to be a maximum 
of ±l LSB over the full temperature range. 

-



Btl21 
Circuit Description 

As illustrated in the functional block diagram, the 
Bt121 contains three 8-bit D/A converters, input 
registers, and a reference amplifier. 

On the rising edge of CLOCK, 24 bits of color 
information (RO-R7, GO-G7, and BO-B7) are 
latched into the device and presented to the three 
8-bit DI A converters. 

Latched on the rising edge of CLOCK to main
tain 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 appli
cations as illustrated in Figure 1. Table 1 details 
how the SYNC* and BLANK* inputs modify the 
output levels. 

The D/A converters on the Bt121 use a segment
ed architecture in which bit currents are routed to 
either the output or GND by a sophisticated decod
ing 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 use of identical current 
sources and current steering their outputs. An on
chip operational amplifier stabilizes the full-scale 
output current against temperature and power sup
ply variations. 

The analog outputs of the Bt121 can directly 
drive a 37.5 n load, such as a doubly-terminated 
75 n coaxial cable. 
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ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can pro
duce symptoms of catastrophic failure or erratic 
device behavior with somewhat leaky inputs. 

All logic inputs should be held low until power 
to the device has settled to the specified tolerance. 
DAC power decoupling networks with large time 
constants should be avoided. They could delay 
V AA power to the device. Ferrite beads must only 
be used for analog power V AA decoupling. In
ductors cause a time constant delay that induces 
latchup. 

Latchup can be prevented by ensuring that all 
V AA pins are at the same potential and that the 
V AA supply voltage is applied before the signal 
pin voltages. The correct power-up sequence en
sures that any signal pin voltage will never exceed 
the power supply voltage by more than +0.5 V. 



Brooktree® Btl2l 
Circuit Description (continued) 

NO SYNC SYNC 

MA V MA V 

19.05 0.714 26.67 1.000 -r------~------------------------~~------- WHITE LEVEL 

1.44 0.054 9.05 0.340 -f--------------+---------+---------------- BLACK LEVEL 

7.5 iRE 
0.00 0.000 7.62 0.286 -f--------------L._-.----.~.....L.-_______________ BLANK LEVEL 

40 IRE 

0.00 0.000 -L----------------~-4-----------------------SYNCLEVEL 

Note: 75 n doubly-terminated load, RSET - 143 n, and VREF = 1.23 V. RS-343A levels and tolerances are assumed on all levels. 

Figure 1. Composite Video Output Waveforms. 

Description lout SYNC* BLANK* DAC 
(rnA) Input Data 

WHITE 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 n doubly-terminated load, SETUP = 7.5 IRE. VREF = 1.23 V and RSET - 143 n. 

Table 1. Video Output Truth Table. 
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Bt121 Brooktree® 
Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

RO-R7, 
GO-G?, 
BO-B7 

CLOCK 

lOR, lOG, lOB 

FS ADJUST 

Description 

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

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

Red, green, and blue data inputs (TfL 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-R7, GO-G7, 
BO-B7, 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 TIL buffer to 
avoid reflection-induced jitter. 

Red, green, and blue current outputs. These high-impedance current sources can directly 
drive a doubly-terminated 75 Q coaxial cable (see Figures 2 and 3 in the PC Board Lay
out Considerations section). All outputs, whether used or not, should have the same out
put load. 

Full-scale adjust control. A resistor (RSET) connected between this pin and GND con
trols the magnitude of the full-scale video signal (Figure 1). The IRE relationships in 
Figure 1 are maintained, regardless of the full-scale output current. 

The relationship between RSET and the full-scale output current on lOR, lOG and lOB 
is: 

RSET (Q) = K * VREF (V) / 10 (rnA) 

Where; K = 2,295 with SYNC*=O 
K = 3,195 with SYNC*= 1 

6-76 SECTION 6 



Brooktrre® Btl2l 
Pin Descriptions (continued) 

Pin Name 

COMP 

VREF 

GND 

VAA 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. 
A 0.1 fJF ceramic capacitor in series with a resistor should be connected between this pin 
and the nearest V AA pin (Figures 2 and 3) for optimum settling time. Connecting the ca
pacitor to V AA rather than to GND provides the highest possible power supply noise re
jection. The COMP resistor and capacitor must be as close to the device as possible to 
keep lead lengths to an absolute minimum. Refer to the PC Board Layout Considerations 
section for critical layout criteria. 

Voltage reference input. If an external voltage reference is used (Figure 3), it must supply 
this input with a 1.2 V (typical) reference. A 0.1 IlF ceramic capacitor must always be 
used to decouple this input to GND, as shown in Figures 2 and 3. The decoupling capaci
tor must be as close to the device as possible to keep lead lengths to an absolute minimum. 
When the internal reference is used, this pin should not drive any external circuitry, ex-

cept the decoupling capacitor (Figure 2). 

Analog ground. All GND pins must be connected together on the same PCB plane to pre
vent latchup. 

Analog power. All V AA pins must be connected together on the same PCB plane to pre
vent latch up. 

... 
~ ill ~ ~ '" ~ Q Q 

'" ~ '" '" '" 0 '" z z 9 9 !2 > u > > " " " 

R7 GND 

R6 GND 

R5 BO 

R4 Bl 

R3 B2 

R2 B3 

Rl B4 

RO B5 

GND B6 

GND B7 

SYNC* CLOCK 

~ G '" B <3 8 8 <3 0 Q 0 <:> <:> z z 
j " " 
'" 
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Bt121 
PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Bt121 power and ground planes by providing good 
decoupling. The trace length between groups of V AA 
and GND pins should be as short as possible to mini
mize inductive ringing. 

A well-designed power distribution network is criti
cal to eliminating digital switching noise. The ground 
plane must provide a low-impedance return path for the 
digital circuits. A PC board with a minimum of four 
layers is recommended, with layers 1 (top) and 4 (bot
tom) for signals and layers 2 and 3 for power and 
ground. 

Component Placement 

Components should be placed as close as possible to 
the associated VIDEODAC pin. Whenever possible, 
components should be placed so traces can be connect
ed point to point. 

The optimum layout enables the Bt121 to be located 
as close as possible to the power supply connector and 
the video output connector. 

Ground Planes 

For optimum performance, a common digital and ana
log ground plane is recommended. 

Power Planes 

Separate digital and analog power planes are recom
mended. The digital power plane should provide pow
er to all digital logic on the PC board, and the analog 
power plane should provide power to all Bt121 power 
pins, VREF circuitry, and COMP and VREF decou
piing. There should be at least a liS-inch gap between 
the digital power plane and the analog power plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figures 2 and 3. This bead 
should be located within 3 inches of the Bt121. The 
bead provides resistance to switching currents, acting 
as a resistance at high frequencies. A low-resistance 
bead should be used, such as Ferroxcube 5659065-3B, 
Fair-Rite 2743001111, or TDK BF45-4001. 

Device Decoupling 

For optimum performance, all capacitors should be lo
cated as close as possible to the device, and the short
est possible leads (consistent with reliable operation) 
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should be used to reduce the lead inductance. Chip ca
pacitors are recommended for minimum lead induc
tance. Radial lead ceramic capacitors may be substitut
ed for chip capacitors and are better than axial lead 
capacitors for self-resonance. Values are chosen to 
have self-resonance above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is ob
tained with a 0.1 J.lF ceramic capacitor, decoupling each 
of the V AA pins to GND. For operations above 75 
MHz, a 0.1 J.lF capacitor in parallel with a O.OIJ.lF chip 
capacitor is reccommended. The capacitors should be 
placed as close as possible to the device V AA and GND 
pins and connected with short, wide traces. 

The 10 J.lF capacitor shown in Figures 2 and 3 is for 
low-frequency power supply ripple; the 0.1 J.lF 
capacitors are for high-frequency power supply noise 
rejection. 

When a linear regulator is used, the power-up se
quence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than or 
equal to 200 mY. This is especially important when a 
switching power supply is used, and the switching fre
quency is close to the raster scan frequency. About 10 
percent of the power supply hum and ripple noise less 
than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

To optimize the settling time of the Bt121, 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 0; 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 ring
ing of the analog outputs or increased settling time. 

The COMP pin and series resistor must also be de
coupled to V AA, typically using a 0.1 J.lF ceramic ca
pacitor. The COMP capacitor must be as close as 
physically possible to the COMP and V AA pins. A 
surface-mount ceramic chip capacitor is preferred for 
minimal lead inductance, which degrades the noise re
jection of the circuit. Use of short, wide traces will 
also minimize lead inductance. 

To reduce low-frequency supply noise a larger 
COMP capacitor value may be required. 



Brooktree® Bt121 
PC Board Layout Considerations (continued) 

VREF Decoupling 

A 0.1 IlF ceramic capacitor should be used to decou
ple this input to GND. 

Digital Signal Interconnect 

The digital inputs to the Btl21 should be isolated as 
much as possible from the analog outputs and other an
alog circuitry. Also, these input signals should not over
lay th~ analog power plane or analog output signals. 

Most of the noise on the analog outputs will be 
caused by excessive edge rates (less than 3 ns), over
shoot, undershoot, and ringing on the digital inputs. 

The digital edge rates should not be faster than nec
essary, as feedthrough noise is proportional to the digi
tal edge rates. Lower-speed applications will benefit 
from using lower-speed logic (3-5 ns edge rates) to re
duce data-related noise on the analog outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
is greater than one fourth the signal edge time (refer to 
Brooktree Application Notes AN-ll and AN-12). Line 
termination or line-length reduction is the solution. 
For example, logic edge rates of 2 ns require line 
lengths of less than 4 inches without use of termina
tion. Ringing may be reduced by damping the line 
with a series resistor (30--300 Q). The RS-select inputs 
and RD*IWR* lines must be verified for proper levels 
with no ringing, undershoot, or overshoot. Ringing on 
these lines can cause improper operation. 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing the digital 
signals at a 90 degree angle to any analog signals. 

The clock driver and all other digital devices must be 
adequately decoupled to prevent noise generated by the 
digital devices from coupling into the analog circuitry. 

Clock Interfacing 

The Bt121 requires a pixel clock with monotonic 
clock edges for proper operation. Impedance mis
match on the pixel clock line will induce reflections 
on the pixel clock, which may cause erratic operation. 

The Pixel Clock Pulse Width High Time and Pixel 
Clock Pulse Width Low Time minimum specifications 
(see the AC Characteristics section) must not be vio
lated, or erratic operation can occur. 

The pixel clock line must be terminated to prevent 
impedance mismatch. A series termination of 33-68 Q 

placed at the pixel clock driver may be used, or a par
allel termination may be used at the pixel clock input 
to the VIDEODAC. A parallel termination of 220 Q to 
VCC and 330 Q to ground will provide a Thevenin 
equivalent of a 110 Q termination, which is normally 
sufficient to absorb reflections. The series or parallel 
resistor values should be adjusted to provide the opti
mum clock signal fidelity. 

Analog Signal Interconnect 

The Btl21 should be located as close as possible to the 
output connectors to minimize noise pickup and re
flections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk from 
digital lines; digital traces must not be routed under or 
adjacent to the analog output traces. 

To maximize the high-frequency power supply re
jection, the video output signals should not overlay the 
analog power plane. 

For maximum performance, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. The load resistor connection be
tween the video outputs and GND should be as close 
as possible to the Btl21 to minimize reflections. Un
used analog outputs should be connected to GND. 

Analog output video edges exceeding the CRT 
monitor bandwidth can be reflected, producing cable
length dependent ghosts. Simple pulse filters can re
duce high-frequency energy, reducing EMI and noise. 
The filter impedance must match the line impedance. 

Analog Output Protection 

The Btl2l analog output should be protected against 
high-energy discharges, such as those from monitor 
arc-over or from hot-switching AC-coupled monitors. 

The diode protection circuit shown in Figures 2 and 
3 can prevent latchup under severe discharge condi
tions without adversely degrading analog transition 
times. The IN4148/9 parts are low-capacitance, fast
switching diodes, which are also available in multiple
device packages (FSA250X or FSA270X) or surface
mountable pairs (BA V99 or MMBD7001). 

VIDEODACS 6-79 



Btl21 Brooktree® 
PC Board Layout Considerations (continued) 

COMP 

ANALOG POWER PLANE 

T.1 

~ .... --- +5V 

+ + 
C6 CI 

Bt121 

~-~~-~-~~~-------.. -----~--- GROUND 

R3 

FSADJUST 

lOR I----~_-+---II_-__{ P 

lOG I-------_--II_---{ P 

lOB I---------t>----{ P 

VAA 

TO 

VIDEO 

CONNECTOR 

IN4148/9 
DAC 

OUTPUT 
----<~-~- TO MONITOR 

IN4148/9 

AGND 

Note: Each set of VAA and GND pins must be separately decoupled. 

Location Description Vendor Part Number 

CI 33 jlF tantalum capacitor Mallory CSR13F336KM 
C2, C3, C4, C5 0.1 jlF ceramic capacitor Erie RPE1l2Z5Ul04M50V 

C6 10 jlF capacitor Mallory CSRI3G106KM 
Ll ferrite bead Fair-Rite 2743001111 

Rl, R2, R3 75 n 1 % metal film resistor Dale CMF-55C 
R4 15 n 1 % metal film resistor Dale CMF-5SC 

RSET 143 n 1 % metal film resistor Dale CMF-5SC 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Bt121. 

Figure 2. Typical Connection Diagram and Parts List (Internal Reference). 
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Brooldree® Btl21 
PC Board Layout Considerations (continued) 

T.I 

+5V 

+ 
C6 

+ 
CI 

BtI21 

~----~--~--~~~"------------~----------"-----GROUND 

R3 

lOR 1-----_-+----11----( P 

lOG I---------II----{ P 

lOB 1---------<>-----( 

DAC 
OUTPUT 

VAA 

AGND 

TO 
VIDEO 

CONNECTOR 

IN4148/9 

TO MONITOR 

IN4148/9 

Note: Each set of V AA and GND pins must be separately decoupled. 

Location Description Vendor Part Number 

CI 33 I1F tantalum capacitor Mallory CSRI3F336I(M 
C2, C3, C4, C5 0.1 !1F ceramic capacitor Erie RPEI12Z5UI04M50V 

C6 10 I1F capacitor Mallory CSR13GI06I<M 
Ll ferrite bead Fair-Rite 2743001111 

RI,R2, R3 75 n I % metal film resistor Dale CMF-S5C 
R4 1000 n 5% metal film resistor 
R5 15 n I % metal film resistor Dale CMF-55C 

RSET 143 n I % metal film resistor Dale CMF-55C 
ZI 1.2 V voltage reference National Semiconductor LM385BZ-I.2 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar characteristics 
will not affect the performance of the Btl 21. 

Figure 3. Typical Connection Diagram and Parts List (External Reference). 
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Btl21 Brooktree® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 
80, 66 MHz Parts 4.75 5.00 5.25 V 
50, 35 MHz Parts 4.5 5.00 5.5 V 

Ambient Operating Temperature TA 0 +70 °C 
Output Load RL 37.5 Q 

External Reference Voltage VREF 1.11 1.235 1.36 V 
FS ADJUST Resistor RSET 143 Q 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 V 

Voltage on Any Signal Pin (Note 1) GND-0.5 VAA +0.5 V 

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 220 °C 
(1 minute) 

Stresses above those listed undeP'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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the absolute maximum ratings (especially 
relative to VAA or between VAA pins) can induce destructive latchup. 
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Brooktree® Btl21 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

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

Integral Linearity Error IL ±I LSB 
Differential Linearity Error DL ±l LSB 
Gray Scale Error 

External Reference ±5 % GrayScale 
Internal Reference ±1O % Gray Scale 

Monotonicity guaranteed 
Coding Binary 

Digital Inputs 
Input High Voltage VIH 2.0 VAA+O.5 V 
Input Low Voltage VIL GND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) IlH 1 J.tA 
Input Low Current (Vin = 0.4 V) IlL -I JlA 
Input Capacitance CIN 7 pF 

(f = 1 MHz, Yin = 2.4 V) 

Digital Output 
Output High Voltage VOH 2.4 V 

(IOH = -400 JlA) 
Output Low Voltage VOL 0.4 V 

(IOL = 400 JlA) 
Output Capacitance CDOUT 7 pF 

Analog Outputs 
Gray Scale Current Range 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 
Sync Level on lOR, lOG, lOB 6.29 7.62 7.94 rnA 
LSB Size 69.72 JlA 

DAC-to-DAC Matching 2 5 % 
Output Compliance VOC . -0.5 +1.4 V 
Output Impedance ROUT 10 kn 
Output Capacitance COUT 30 pF 

. (f= 1 MHz, lOUT = 0 rnA) 

Internal VREF Voltage Range INTVREF 1.08 1.2 1.32 V 
Internal VREF Output Current IVREF 10 JlA 

Power Supply Rejection Ratio (Note I) PSRR 0.2 0.5 %1%t:,vAA 
(COMP = 0,01 JlF, f = I kHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with external voltage 
reference, RSET = 143 n, and VREF = 1.235 V. As the above parameters are guaranteed over the full temperature 
range, temperature coefficients are not specified or required. Typical values are based on nominal temperature, i.e., 
room temperature, and nominal voltage, i.e., 5 V. 

When the internal voltage reference is being used, RSET may require adjustment to meet these limits. 

Note 1: Guaranteed by characterization, not tested. 
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Btl21 Brooktree® 
AC Characteristics 

80 MHz Devices 50 MHz Devices 

Parameter Symbol Min Typ Max Min Typ Max Units 

Clock Rate Fmax 80 50 MHz 

Data and Control Setup Time 1 3 3 ns 
Data and Control Hold Time 2 3 3 ns 

Clock Cycle Time 3 12.5 20 ns 
Clock Pulse Width High Time 4 4 7 ns 
Clock Pulse Width Low Time 5 4 7 ns 

Analog Output Delay 6 30 30 ns 
Analog Output RiselFall Time 7 3 3 ns 
Analog Output Settling Time 8 12.5 15.5 ns 
Clock and Data Feedtbrough (Note I) -30 -30 dB 
Glitch Impulse (Note 1) 75 75 pV - sec 
DAC-to-DAC Crosstalk -23 -23 dB 
Analog Output Skew 0 3 0 3 ns 

Pipeline Delay 2 2 2 2 2 2 Clock 

V AA Supply Current (Note 2) IAA 95 llO 95 110 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" using external voltage reference with 
RSET = 143 nand VREF = 1.235 V. TTL input values are 0-3 V with input rise/fall times ~ 4 ns, measured between the 
lO-percent and 90-percent points. Timing reference points at 50 percent for inputs and outputs. An.alog output load ~ 10 pF 
and SENSE* output load ~ 50 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. Typical values are based on nominal temperature, 
i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1: Clock and data feedthrough is a function of the number of edge rates, and the amount of overshoot and undershoot 
on the digital inputs. For this test, the digital inputs have a I kn 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, and -3 dB test bandwidth = 2x clock rate. 

Note 2: At Fmax. IAA (typ) at VAA = 5.0 V. IAA (max) at VAA = 5.25 V. 
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Brooktrre® 
Timing. Waveforms 

CLOCK 

R(}"R7, GO-{l7, B(}"B7, 

SYNC·. BLANK* 

lOR, lOG, lOB 

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

Note 2: Settling time is measured from the 50-percent point of full-scale transition to the output 
remaining within ±l LSB, 

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

Figure 4. Input/Output Timing. 

Ordering Information 

Ambient 
Model Number Speed Package Temperature 

Range 

Bt121KPJ80 80 MHz 44-pin Plastic 00 to +700 C 
J-Lead 

Bt121KPJ50 50 MHz 44-pin Plastic 00 to +700 C 
J-Lead 

Btl21 

VIDEODACS 6-85 

.. 







Peripherals 
Contents 

Data Conversion 

BtllO loo ns Monolithic CMOS Octal8-bit D/A Converter 

High Speed Lookup Tables 

Bt401 250 MHz lOKH ECL 256 x 8 Pipelined Static RAM 

Bt403 250 Mhz lOKHECL 256 x 8 Pipelined Static RAM 

High Speed Shift Registers 

Bt424 250 MHz 40-bit Multi-Tap Video Shift Register (lOKH ECLITTL) 

Cursor Generators 

Bt431 64 x 64 Pixel User-Definable Cursor, Cross Hair Cursor 

Clock Generator Chips for 80+ MHz CMOS RAMDACs 

Bt438 

Bt439 

Bt440 

250 MHz Clock Generator Chip with Voltage Reference, -;- 3, 4, 5, or 
8 for Load Generation (TTL compatible) 

2oo MHz Clock Generator/Synchronizer Chip with Voltage Reference, 
-;- 3, 4, 5, or 8 for Load Generation (TTL compatible) 

275 MHz PLL Clock Generator 

Octal ECLffTL TransceiversiTranslators 

Bt501 10KH ECLITTL Compatible 

BtS02 lOOK ECLITTL Compatible 

ECL Compatible Adjustable Delay Lines 

Bt622 Very High Speed, lOKH ECL Compatible, Dual Channel Delay Line 

Bt624 Very High Speed, lOKH ECL Compatible, Quad Channel Delay Line 

Adjustable Delay Line 

Bt630 Monolithic CMOS, High Bandwidth, TTL-compatible Adjustable Delay 
Line, 25-400 ns Programmable Range 
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Distinguishing 
Features 

• Eight 8-bit D/A Converters 
• 100 ns Settling Time to ± 1 LSB 
• ±1 LSB Differential Linearity 

Error 
• ±1 LSB Integral Linearity Error 
• Guaranteed Monotonic 
• Standard MPU Interface 
• +5 V CMOS Monolithic 

Construction 
• 44-pin PLCC Package 
• Typical Power Dissipation: 

150mW 

Applications 

• Instrumentation 
• Test Equipment 
• Waveform Synthesis 
• Data Acquisition Systems 

Functional Block Diagram 

VREF IN VREF COMP VREF OUT VAA AGND 

lOUTS 

FSADJUST4 

COMP4 

IOVT7 

IOUT6 

FSADJUST3 

COMP3 

lOUTS 

00-D7 CS'" RD'" WR* AO-A2 

IOUTI 

FSADJUSTl 

COMPI 

loun 

IOUT3 

FS ADJUSTI 

COMP2 

IOUT4 

Brooktree Corporation· 9950 Barnes Canyon Rd .• San Diego, CA 92121-2790 
(619) 452-7580· (800) 843-3642· TLX: 383596· FAX: (619) 452-1249 
L110001 Rev. I 

Btll0 
lOOns 

Monolithic CMOS 
OctalS-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 DI A converters are arranged in pairs 
with each pair sharing a common reference 
amplifier. This provides excellent matching 
and stability of the paired DI A converters. 

An on-chip voltage reference is provided, 
or an external reference may be used. 
Differential and integral linearity errors of 
the D/A converters are guaranteed to be a 
maximum of ±1 LSB over the full 
temperature range. 



Btll0 
Circuit Description 

As illustrated in the functional block diagram, the 
BtllO 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 Bt1lO 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 Jead by the MPU at 
any time. The input/output timing is illustrated in 
Figure 1. 

The data contained in the data latches is 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 DI 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 
ADJUST3 controls the full-scale output current of 

Brooktree® 

IOUT5 and IOUT6, and FS ADJUST4 controls the 
full-scale output current of IOUT7 and IOUT8. 

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 can be attained if an 
external voltage reference, such as the LM385BZ-1.2, 
is used. 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 tempera
ture and power supply variations. 

es*. AO. AI. A2 ==>< _________ VA_L_ID ________ --->X~ _______ _ 

RD"', WR'" \'----------'/ 

DO - D7 (READ) ----------« DATA OUT (RD' =0) )>------

DO - D7 (WRITE) ___________ ~x DATA IN (WR* =0) x~ ___ _ 

lOUT (1 - 8) 
_____ -----i~ 

Figure 1. Input/Output Timing. 
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Brooktrre® Btll0 
Pin Descriptions 

Pin Name 

FSADJUST 
(1-4) 

COMP (1-4) 

lOUT (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 D/A and RSET is defined as 
follows: 

RSET (n) = 1000 * VREF IN (V) I lOUT (rnA) 

Compensation pins. These pins provide compensation for the internal reference amplifi
ers. A 0.1 IJF ceramic capacitor should be connected between each compensation pin and 
V AA, as illustrated in Figure 2 (in the PC Board Layout Considerations section). 
Decoupling the capacitors to V AA rather than to AGND provides the highest possible 
power supply noise rejection. COMPI provides compensation for IOUTl and IOUT2, 
COMP2 provides compensation for IOUT3 and IOUT4, COMP3 provides compensation 
for lOUTS and IOUT6, and COMP4 provides compensation for IOUT7 and IOUT8. 
Refer to the PC Board Layout Considerations section for critical layout criteria. 

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 1.2 V (typical) reference and may be 
directly connected to the VREF IN pin. When VREF OUT is used to provide a reference 
voltage to VREF IN, an external 1000 n resistor must be connected between VREF OUT 
andAGND. 

Voltage reference input. Either an external voltage reference circuit or the VREF OUT 
pin is used to supply this input with a 1.2 V (typical) reference. A 0.1 IJF ceramic capaci
tor must be connected between this pin and VREF COMPo 

VREF IN compensation pin. A 0.1 IJF ceramic capacitor must be connected between this 
pin and VREF IN. Refer to the PC Board Layout Considerations section for critical layout 
criteria. 

Analog ground. All AGND pins must be connected together on the same PCB plane to 
prevent latchup. 

Analog power. All V AA pins must be connected together on the same PCB plane to 
prevent latchup. 

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. The B til 0 will not function correctly while CS *, RD*, and WR * are simultaneous
ly 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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Btll0 Brooldree® 
Pin Descriptions (continued) 

Pin Name 

AO,AI,A2 

WR* 

DO-D7 

Description 

Select control inputs (TIL compatible). These inputs specify which internal D/A latch 
will be written to or read, as follows: 

A2, AI, AO D/AOutput 

000 lOUT 1 
001 IOUT2 
OlD IOUT3 
011 IOUT4 
100 lOUTS 
101 IOUT6 
110 IOUT7 
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 I). 

Bidirectional data bus (TTL compatible). Data is transferred into and out of the Bt1lO 
over this 8-bit data bus. DO is the least significant bit. 

'" !J ~ ~ ~ ill r::: p E! i!J ~ ~ 

'" 
~ ~ ~ ~ ~ ~ ~ ~ 

;. S S S S S S S S u u 

11': 
,. 
'" 

:~ . . ~. ~ i>, ~ ::l :;; ~ 1!l 

VREFOUT 28 COMP3 

AGNO 27 COMP4 

AGNO 26 FSAomSTI 

VAA 25 FSAOmSTI 

VAA 24 FSAomST3 

VREFCOMP 23 FSAomST4 

VAA 22 A2 

VAA 21 Al 

AGNO 20 AO 

AGNO 19 CS' 

WR' 18 N/C 

:: ::! ~ :! ~ :£ !:: 

C 8 Q S 8 3 IS 1!5 0 \,! \,! 

'" z z 

Note: N/C pins may be left floating without affecting the performance of the Btll0. 
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Brooktrre® 
PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on the 
BtllO power and ground planes by providing good 
decoupling. The trace length between groups of V AA 
and GND pins should be as short as possible to 
minimize inductive ringing. 

A well-designed power distribution network is 
critical to eliminating digital switching noise. The 
ground plane must provide a low-impedance return 
path for the digital circuits. A PC board with a 
minimum of four layers is recommended, with layers 1 
(top) and 4 (bottom) for signals and layers 2 and 3 for 
power and ground. . 

Component Placement 

Components should be placed as close as possible to 
the associated device pin. Whenever possible, 
components should be placed so traces can be connect
ed point to point. 

The optimum layout enables the BtllO to be located 
as close as possible to the power supply connector and 
the lOUT connector. 

Ground Planes 

For optimum performance, a common digital and 
analog ground plane is recommended. 

Power Planes 

Separate digital and analog power planes are 
recommended. The digital 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, VREF circuitry, and COMP and VREF 
decoupling. There should be at least a liS-inch gap 
between the digital power plane and the analog power 
plane. 

The analog power plane should be connected to the 
digital power plane (VCC) at a single point through a 
ferrite bead, as illustrated in Figure 2. This bead should 
be located within 3 inches of the Btl 10. The bead 
provides resistance to switching currents, acting as a 
resistance at high frequencies. A low-resistance bead 
should be used, such as Ferroxcube 5659065-3B, Fair
Rite 2743001111, or TDK BF45-4001. 

Btll0 

Device Decoupling 

For optimum performance, all capacitors should be 
located as close as possible to the device, and the 
shortest possible leads (consistent with reliable 
operation) should be used to reduce the lead inductance. 
Chip capacitors are recommended for minimum lead 
inductance. Radial lead ceramic capacitors may be 
substituted for chip capacitors and are better than axial 
lead capacitors for self-resonance. Values are chosen to 
have self-resonance above 100 MHz. 

Power Supply Decoupling 

The best power supply decoupling performance is 
obtained with a 0.1 !If ceramic capacitor, decoupling 
each group of VA A pins to GND. The capacitors should 
be placed as close as possible to the device V AA and 
GND pins and connected with short, wide traces. 

The 22 !If capacitor shown in Figure 2 is for low
frequency power supply ripple; the 0.1 !If capacitors 
are for high-frequency power supply noise rejection. 

When a linear regulator is used, the power-up 
sequence must be verified to prevent latchup. A linear 
regulator is recommended to filter the analog power 
supply if the power supply noise is greater than or 
equal to 200 mY. This is especially important when a 
switching power supply is used. About 10 percent of 
the power supply hum and ripple noise less than 1 
MHz will couple onto the analog outputs. 

COMP Decoupling 

The COMP pins must be decoupled to V AA, typically 
using a 0.1 !If ceramic capacitor. The COMP capaci
tors must be as close as physically possible to the 
COMP and V AA pins. A surface-mount ceramic chip 
capacitor is preferred for minimal lead inductance, 
which degrades the noise rejection of the circuit. Use 
of short, wide traces will also minimize lead 
inductance. 

To reduce low-frequency supply noise a larger 
COMP capacitor value may be required. 
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Bt110 
PC Board Layout Considerations (continued) 

Digital Signal Interconnect 

The digital inputs to the BtllO 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 or analog output 
signals. 

Most of the noise on the analog outputs will be 
caused by excessive edge rates (less than 3 ns), 
overshoot, undershoot, and ringing on the digital 
inputs. 

The digital edge rates should not be faster than 
necessary, as feedthrough noise is proportional to the 
digital edge rates. Lower-speed applications will 
benefit from using lower-speed logic (3-5 ns edge 
rates) to reduce data-related noise on the analog 
outputs. 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
digital edge rates (rise/fall time), minimizing ringing 
with damping resistors, and minimizing coupling 
through PC board capacitance by routing the digital 
signals at a 90 degree angle to any analog signals. 

7-8 SECTION 7 

Analog Signal Interconnect 

The Btl 10 should be located as close as possible to the 
lOUT terminations to minimize noise pickup. 

The analog outputs are susceptible to crosstalk 
from digital lines; digital traces must not be routed 
under or adjacent to the analog output traces. 

To maximize the high-frequency power supply 
rejection, the output signals should not overlay the 
analog power plane. 



Brooktree~ Bt110 
PC Board Layout Considerations (continued) 

LI CURRENT-TO.vOLTAGB CONVERTERS 
+SV ___ J ANALOG POWER PLANE 

GROUND 

CI 

+ 
C9 

VRBFCOMP 

Btl 10 

PS ADJUST (I - 4) 

10UTI I---+-----i 

10un 

10UTJ I---+----------+~

IOUT4 t--+----------+
lOUTS 

IOUT61--+----------+--

10Uf1 1--+----------+--
IOUT8 ------------------... -----

00-D7 RD' WR' CS' AO-A2 

MPUDATABUS ______________ L-__ I_-+--_+----I_------------

MrucoNTROLBUS----------------~~_4--_+----I_------------

MPUADD~SBUS -----r----;:::::::::~--_r--~~------------

Location Description Vendor Part Number 

CI-C8 0_1 lIP ceramic capacitor Erie RPEI12Z5U104M50V 
C9 22 lIP tantalum capacitor Mallory CSR13G226KM 

LI,L2 ferrite bead Fair-Rite 2743001111 
Rl 1000 n I % metal film resistor Dale CMF-55C 

RSET(I-4) 1 % metal film resistors Dale CMF-55C 

Note: The vendor numbers above are listed only as a guide_ Substitution of devices with similar characteristics 
will not affect the performance of the Btl 10_ 

Figure 2. Typical Connection Diagram and Parts List (Internal Reference). 
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Btll0 
Application Information 

External Voltage Reference 

For improved temperature stability, an external voltage 
reference may be used with the Bt110, as shown in 
Figure 3. In this instan~e, the VREF OUT pin should 
remain floating. The temperature stability of the 
internal reference is equivalent to about 114 LSB. 

VAA 

0.1 

VREF -----. 

AGND 

Figure 3. External Voltage Reference. 

VIN 

BrooktreeQl 

Programmable Window Comparator 

The window comparator of Figure 4 is a circuit that 
can be used to determine whether the input voltage 
(Yin) lies within predefined limits. When the Btl 10 is 
used, 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 forms a window of program
mable size. The output will be high while Vlow ~ Yin 
~Vhigh. 

For a RSET value of 1200 n and a VREF IN of 1.2 
V, the BtllO outputs a full-scale output current of 
approximately 1 mA onto IOUTl and IOUT2. The 1 
ill resistor generates a 0-1 V output (for DAC codes 
$00 to $FF), which is amplified to 0-5 V (5x) by the 
LM358 dual operational amplifier. In this configura
tion, the LM358 is operating from a single +5 V 
power supply. 

The LM319 dual comparator is also operating from 
a single +5 V power supply and compares the Vlow 
and Vhigh voltage levels to Yin. The 500 n pullup 
resistor is necessary, as the LM319 has open-collector 
outputs. 

+5V 

500 

TIL OUTPUT 

"I" INWlNOOW 

Figure 4. Programmable Window Comparator. 
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Broold:rre® 
Application Information (continued) 

Programmable Power Supply 

The BtllO, when used with an external operational 
amplifier and power transistor, generates voltages and 
currents outside its normal capability. Figure 5 
illustrates a 0-10 V programmable power supply. 

For an RSET value of 1200 n and a VREF IN of 1.2 
V, the Bt1lO outputs a full-scale output current of 
approximately 1 rnA onto IOUTI. The 1 kn resistor is 
used to generate a 0-1 V output from the BtllO (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 0-10 V range. 
In this configuration, the LM358 is operating from a 
single +15 V 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 shutdown the 
output in case of an overload. The correct value for 
RS is determined as follows: 

RS = 0.7 IIOUTmax 

For output voltages down to or near 0 V, 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 2-3 V below the 
supply voltage. 

VAA 

Btll0 

Driving Active Devices 

If the Btl 10 is driving an active device whose supply 
is outside the 0-5 V range, the analog output(s) should 
be clamped to V AA (see Figure 5). 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are 
required to prevent device damage, which can produce 
symptoms of catastrophic failure or erratic device 
behavior with somewhat leaky inputs. 

All logic inputs should be held low until power to 
the device has settled to the specified tolerance. A void 
DAC power decoupling networks with large time 
constants, which could delay V AA power to the 
device. Ferrite beads must only be used for analog 
power V AA decoupling. Inductors cause a time 
constant delay that induces latchup. 

Latchup can be prevented by ensuring that all V AA 
pins are at the same potential and that the V AA supply 
voltage is applied before the signal pin voltages. The 
correct power-up sequence ensures that any signal pin 
voltage will never exceed the power supply voltage by 
more than +0.5 V. 

+ISV 

RS 

L-____ ~\ \r-~----------~-------VOUT 

Figure 5. Programmable Power Supply. 
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Btll0 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 DC 

Reference Voltage VREFIN 1.0 1.2 1.3 V 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGND) 7.0 V 

Voltage on any Signal Pin (Note 1) AGND-O.5 VAA+0.5 V 

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

Ambient Operating Temperature TA -55 +125 DC 

Storage Temperature TS -65 +150 DC 
Junction Temperature TJ 

Ceramic Package +175 DC 

Plastic Package +150 DC 

Soldering Temperature TSOL 260 DC 

(5 seconds. 114" from pin) 

Vapor Phase Soldering TVSOL 220 DC 

(1 minute) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS devices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. 
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Brooktree® Btll0 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

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

Integral Linearity Error IL ±l LSB 
Differential Linearity Error DL ±I LSB 
Ful1-Scale (Gain) Error EG 

Using Internal Reference ±1O %ofFSR 
Using External Reference ±5 % ofFSR 

Zero Error EZ 5 J.IA 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage VIR 2.0 VAA+O.5 V 
Input Low Voltage VIL AGND--O.5 0.8 V 
Input High Current IIH I J.IA 

(Vin = 2.4 V) 
Input Low Current ilL -I J.IA 

(Vin = 0.4 V) 
Input Capacitance CIN 10 pF 

(f = I MHz, Vin = 2.4 V) 

Digital Outputs (DO-D7) 
Output High Voltage VOH 2.4 V 

(IOH = -800 J.IA) 
Output Low Voltage VOL 0.4 V 

(IOL = 6.4 rnA) 
3-state Current IOZ I J.IA 
Output Capacitance CDOUT 10 pF 

Analog Outputs 
Output Current I rnA 
DAC-to-DAC Matching 2 5 % 
Output Compliance VOC -1.5 +1.2 V 
Output Impedance RAOUT 125 kQ 
Output Capacitance CAOUT 20 pF 

(lOUTl-IOUT8 = 0 rnA) 

Reference Output Voltage VREFOUT 1.05 1.17 1.29 V 
Reference Output Current IREFOUT 1.2 rnA 
Reference Input Current IREFIN 10 J.IA 

Power Supply Rejection Ratio PSRR 0.3 %/% 
(COMP = O.IIJF, f= 1 kHz) /)"VAA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 1000 Q and 
VREF IN = 1.0 V. As the above parameters are guaranteed over the full temperature range, temperature coefficients 
are not specified or required. Typical values are based on nominal temperature, i.e., room temperature, and nominal 
voltage, i.e., 5 V. 
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Btll0 Brooktree® 
AC Characteristics 

7-14 

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* Low Time 3 30 os 
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 RiselFall Time 11 

into 50 Q 10 ns 
into 1 kQ 350 ns 

Analog Output Settling Time 12 
into 50 Q 100 ns 
into I kQ 800 ns 

Data Feedthrough -30 dB 
Glitch Impulse 75 pV-sec 
DAC-to-DAC Crosstalk -25 dB 

VAA Supply Current (Note 1) IAA 30 38 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 1000 Q and 
VREF IN = 1.0 V. TTL input values are 0-3 V with input rise/fall times ~ 4 ns, measured between the lO-percent 
and 90-percent points. Timing reference points at 50 percent for inputs and outputs. Analog output load ~ 10 pF into 
a virtual ground, and DO-D7 output load ~ 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. Typical values are 
based on nominal temperature, i.e., room temperature, and nominal voltage. i.e .• 5 V. 

Note 1: IAA (typ) at VAA = 5.0 V. IAA (max) at VAA = 5.25 V. 
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Brooldree® 
Timing Waveforms 

I 
2- I---

CS*, AO, AI, A2 
~ VALID 

3 

RD*, WR* 
4 

DO - D7 (READ) 

6 I 

J_7 

I 
5 

L I -
DATA OUT (RD* =0) 

/' 

DO - D7 (WRITE) 

IOUT(I-8) 

t DATA IN (WR* =0) t9 8 

\0 
J=12 

""I 

--I -\1 

Note 1: Output delay is measured from the rising edge ofWR* to the 50-percent point of full-scale 
transition. 

Btll0 

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

Note 3: Output rise/fall time is measured between the lO-percent and 90-percent points of full-scale 
transition. 

Figure 6. Input/Output Timing. 

Ordering Information 

Ambient 
Temperature 

Model Number Package Range 

BtllOKPJ 44-pin Plastic 00 to +700 C 
J-Lead 
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Bt110 Brooktree® 
Device Circuit Data 

.---__ --------------.---~~- VAA 

VREFlN 

">-~----- TO DACS 

FSADJUST 

500 lFEEDBACK 

L-__ ~ __ ~ ____ +-__ AGND 

Equivalent Circuit of the Reference Amplifier. 

BtllO 

------------_a__- VAA 

00-D7 

lOUT 

T -20pF 
RL C(stray + load) 

Equivalent Circuit of the Current Outputs. 
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Distinguishing 
Features 

• 250 MHz Pipelined Operation 
• Optional 3 x 8 Overlay Registers 
• lOKH ECL Compatibility 
• Synchronous or Asynchronous 

Reading 
• Asynchronous Writing 
• 28-pin, 0.6" or 24-pin, O.3"DW 

Package 
• Typical Power Dissipation: 

llOOmW 

Applications 

• High-Resolution Color Graphics 
• CAFJCAD/CAM 
• Image Processing 
• Microcode Storage 

Related Products 

• Bt424, BtS01, Bt502 

Functional Block Diagram 

WE" 

Fr" 

CS" 

AO·A7 

SO.SI 

DX 

CLOCK a..ocx. VEIl vee 

Brooktree Corporation· 9950 Barnes Canyon Rd.· San Diego, CA 92121-2790 
(619) 452-7580· (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
L401001 Rev. G 

Bt401 

Bt403 
250 MHz 

10KHECL 
256 X 8 Pipelined 

Static RAM 

Product Description 

The Bt401 is a pipelined 256 x 8 RAM de
signed for high-speed graphics applications. 
In addition to the 256 colors supported by 
the RAM, three additional colors are availa
ble through the internal overlay registers, al
lowing, . for example, cursor support and 
highlighting. Also incorporated is an input/ 
output pipe to maintain synchronization of 
video control signals. 

Both the Bt401 and Bt403 are lOKH ECL 
compatible. 

The Bt403 does not have the three overlay 
registers and input/output pipe. 

The devices may be read either synchro
nously or asynchronously and written to 
asynchronously. The asynchronous modes 
of operation simplify interface to an MPU. 



Bt401/403 
Circuit Description 

As illustrated in the functional block diagram, the 
Bt401 and Bt403 each contain a pipelined 256 x 8 
RAM and control logic. 

The Bt401 has three 8-bit overlay registers, that 
can be used, for example, to overlay menus and 
cursors onto the display screen, and as a pipe con
sisting of DX and QX to facilitate pipelining of 
control signals. Regardless of the value of Ff*, the 
DX value is latched on the rising edge of CLOCK 
and output onto QX two clock cycles later. 

AO-A7 SO S1 FT" WE" eS" 

$00 0 0 1 x 0 
: : : : : : 

$FF 0 0 1 x 0 

$xx 0 I 1 x 0 
$xx 1 0 1 x 0 
$xx 1 I I x 0 
$xx x x I x 1 
$xx x x 0 x 1 

$00 0 0 0 I 0 
: : : : : : 

$FF 0 0 0 1 0 

$xx 0 1 0 1 0 
$xx I 0 0 1 0 
$xx 1 1 0 1 0 

$00 0 0 0 0 0 
: : : : : : 

$FF 0 0 0 0 0 

$xx 0 I 0 0 0 
$xx 1 0 0 0 0 
$xx I 1 0 0 0 

Brooktree® 

The device operates in either a synchronous 
read, asynchronous read, or asynchronous write 
mode, as determined by the state of the Ff* input. 
The synchronous read mode is typically used only 
for high-speed (250 MHz) read operations, while 
the asynchronous read and write modes are used to 
enable the MPU to read and write to the device at 
relatively slower data rates. 

Table 1 summarizes the various modes of 
operation. 

Operation Mode 

read RAM location $00 synchronous 
: : 

read RAM location $FF synchronous 

read overlay register 1 synchronous 
read overlay register 2 synchronous 
read overlay register 3 synchronous 

DO-D7 =0 synchronous 
DO-D7 =0 asynchronous 

read RAM location $00 asynchronous 
: : 

read RAM location $FF asynchronous 

read overlay register 1 asynchronous 
read overlay register 2 asynchronous 
read overlay register 3 asynchronous 

write RAM location $00 asynchronous 
: : 

write RAM location $FF asynchronous 

write overlay register 1 asynchronous 
write overlay register 2 asynchronous 
write overlay register 3 asynchronous 

Table 1. Control Truth Table. 
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Brooldree@ 
Circuit Description (continued) 

Synchronous Read Operation 

The AD-A7, SO, SI, and CS* inputs are latched on 
the rising edge of CLOCK. SO and S 1 are used to 
specify whether the RAM or one of the overlay 
registers is to provide data, as specified in Table 1. 
When accessing the RAM, the AD-A 7 inputs are 
used to specify which one of the 256 locations is to 
provide the data. When accessing the overlay reg
isters, the AO-A 7 inputs are ignored. 

During synchronous operation, the WE* input is 
ignored. 

CLOCK 

CS*. AO-A7, 

SO, SI, DX 

DO-D7, QX 

VALID 

Bt401/403 

CS* must be a logical zero to enable the device 
to output data during synchronous operation. If 
CS* is a logical one, the DD-D7 pins are forced to 
a logical zero, and the AD-A7, SO, SI, and WE* 
inputs are ignored. 

During synchronous read operation, the CS* 
may have the same timing as AD-A 7 and is pipe
lined to maintain synchronization with these sig
nals. 

Figure 1 illustrates the read timing for synchro
nous operation. 

DATA OUT 

Figure 1. Read Timing (Synchronous Mode). 
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Bt401/403 
Circuit Description (continued) 

Asynchronous ReadIWrite Operation 

During asynchronous operation, the part may be 
both written to and read. In this instance, the inter
nal input and output latches for the data and address 
paths are configured to be transparent. 

The SO and S 1 inputs are used to specify whether . 
the MPU is accessing the RAM or one of the over
lay registers, as specified in Table 1. When access
ing the RAM, AD-A 7 specify which RAM locatiori 
is being accessed. Otherwise, AD-A 7 are ignored .. 

Brooktree@ 

The WE* input specifies whether the MPU is 
reading (WE* = 1) or writing (WE* = 0) to the 
RAM or overlay registers. 

Figure 2 illustrates the'read timing and Figure 3 
illustrates the write timing during asynchronous 
operation. 

AO-A7, SO, SI X ADDRESS X 
Fr* \ / 
es* \ / 

DO-D7 / DATA OUT \ 

Figure 2. Read Timing (Asynchronous Mode, WE"' = 1). 

CS* \ / 
AO - A7, so, SI X VALID X 

Fr* \ / 
WE· \ / 

DO·D7 X DATA IN X 

Figure 3. Write Timing (Asynchronous Mode). 
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BrookIroo@ Bt401/403 
Pin Descriptions 

Pin Name 

CS* 

WE* 

DO--D7 

FT* 

CLOCK, 
CLOCK* 

AD-A7 

SO,SI 

DX,QX 

VEE 

VCC 

WE' 

Fr' 

D7 

D6 

05 

D4 

vee 
vee 

03 

02 

DI 

DO 

QX 

OX 

Description 

Chip select control input (ECL compatible). A logical zero on this input enables data to be 
written to or read from the device. A logical one forces the DO--D7 pins to a logical zero. CS * 
is latched on the rising edge of CLOCK. 

Write enable control input (ECL compatible). A logical zero on this input enables data to be 
written into the device. Data is internally latched on the rising edge of WE* (see Figure 1). 

Bidirectional data bus (ECL compatible). DO is the least significant bit. Data is transferred 
into and out of the device over this 8-bit data bus. 

Feedthrough control input (ECL compatible). A logical one configures the device for 
synchronous operation, and a logical zero configures the device for asynchronous operation. 
The setup and hold times must be met when switching between synchronous and asynchronous 
operation. While FT* is a logical one, the rising edge of CLOCK latches the CS*, AD-A 7, SO, 
and S 1 inputs, and data is output onto DD-D7 following the rising edge of CLOCK. While 
FT* is a logical zero, the intemallatches for these signals are transparent. 

Differential clock inputs (ECL compatible). The device may be driven by a single-ended clock 
by connecting CLOCK* to VBB (-1.3 V). 

Address inputs (ECL compatible). AD-A7 are used to specify which location in the RAM is 
being accessed, if both SO and S 1 are a: logical zero. If either SO or S 1 is a logical one, AD-A 7 
are ignored (see Table 1). 

Select control inputs (ECL compatible). On the Bt401, the SI and SO inputs specify whether 
the RAM or one of the overlay registers is being accessed. SO and S 1 are not incorporated on 
the Bt403 (see Table 1). 

Pipe input and output (ECL compatible). The value of the DX input is latched on the rising 
edge of CLOCK and output onto QX two clock cycles later, regardless of the state of FT*. 
They are typically used to maintain synchronization of data and control signals. DX and QX 
are not incorporated on the Bt403. . 

Device power. All VEE pins must be connected. 

Device ground. All VCC pins must be connected. 

cs' 
Sl 

SO Ff' WE' 
A7 D7 cs' 
A6 D6 A7 

AS 05 A6 

A4 D4 AS 

VBE vee A4 

A3 vee VEE 
A2 03 A3 

AI D2 A2 

AO 01 AI 

CLOCK' DO AO 

CLOCK CLOCK CLOCK· 

8t401 8t403 
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Bt401/403 
Bt401/403-Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Device Ground vee 0 0 0 V 
Power Supply VEE -4.9 -5.2 -5.5 V 
Ambient Operating Temperature TA 0 +70 °e 

<l 

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 mounted either in the test socket or on the printed circuit board. 

Bt401/403-Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VEE (measured to veC) -8.0 V 

Voltage on any Pin 0 VEE V 
(exceptDO-D7, QX) 

Output Current -30 mA 

Ambient Operating Temperature TA -55 +125 °e 
Storage Temperature TS -65 +150 °e 
Junction Temperature TJ +175 °e 

Soldering Temperature TSOL 260 °e 
(5 seconds, 114" from pin) 

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 is not implied. Exposure to absolute maximum rating conditions for , 
extended periods may affect device reliability. 
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Brooktree® Bt401/403 
8t401/403-DC Characteristics 

Parameter Symbol TA (Oc.) 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 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 

Input Current High I1H 0 200 f.lA 
SO, SI, and CS* +25 200 f.lA 
(Vin = VILmax) +70 200 f.lA 

Input Current Low IlL 0 150 f.lA 
SO, SI, and CS* +25 150 f.lA 
(Vin = VILmin) +70 150 f.lA 

Input Current High IIH 0 20 f.lA 
All other pins +25 20 f.lA 
(Vin = VlHmax) +70 20 f.lA 

Input Current Low IlL 0 5 f.lA 
All other pins +25 5 f.lA 
(Vin = VIHmin) +70 5 f.lA 

VEE Supply Current lEE 0 280 rnA 
+25 280 rnA 
+70 280 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with output loading of 50 n to 
-2.0 V. Typical values are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

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 mounted either in the test socket or on the printed circuit board. 
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Bt401/403 BrookIree® 
Bt401/403-AC Characteristics 

. Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 250 MHz 

Read (Synchronous Mode) (Figure 4) 
'" 

Clock Cycle Time 1 4 ns 
Clock Pulse Width High 2 1 ns 
Clock Pulse Width Low 3 1 ns 
Clock to Output Valid 4 0.5 2.5 ns 
Input Setup Time 5 0 ns 
Input Hold Time 6 2.0 ns 
Pipeline Delay 7 3 3 3 Clocks 

Read (Asynchronous Mode) 
(Figure 5) 

AD-A 7 Access Time 8 10 ns 
CS* Access Time 9 5 ns 
CS* Recovery Time 10 5 ns 
Ff* Setup Time 11 5 us 

Write (Asynchronous Mode) 
(Figure 6) 

WE* Pulse Width Low 12 75 ns 
AD-A 7 Setup Time 13 5 ns 
AD-A 7 Hold Time 14 20 ns 
DD-D7 Setup Time 15 55 ns 
DD-D7 Hold Time 16 5 ns 

CS* Setup Time 17 5 ns 
CS* Hold Time 18 5 ns 
Ff* Setup Time 19 5 ns 
FT* Hold Time 20 5 ns 

Output RiselFall Time 2 ns 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with output loading of 50 n to 
-2.0 V. ECL input values are -0.89 to -1.69 V with input rise/fall times S; 2 ns, measured between the 20-percent and 
SO-percent points. Timing reference points at 50 percent for inputs and outputs. Output rise/fall time is measured 
between the 20-percent and 80-percent points. Typical values are based on nominal temperature, i.e., room temperature, 
and nominal voltage, i.e., 5 V. 
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Brooklree® Bt401/403 
Timing Waveforms 

7 

2 3 

CLOCK 

6 

CS*, AO-A7, 
VALID 

SO, SI, DX 

00-D7, QX X X 

Figure 4. Read Timing (Synchronous Mode). 

8 

AO - A7, SO, SI VALID 

-11 

Fr* 

CS' 

9 ~ 
00-07 DATA OUT \l 

Figure 5. Read Timing (Asynchronous Mode, WE* = 1). 
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Bt401/403 
Timing Waveforms (continued) 

cs· 1\ 
/ 

AO - A7, so, SI \/ VAllO 

Fr· 

-19 20- p-
WE" 

17 18 

13 12 14 

00-07 \/ DATA IN t= .. 15 

Figure 6. Write Timing (Asynchronous Mode). 

Ordering Information 

Ambient 
Model Number Overlays Compatibility Package Temperature 

Range 

Bt401KC 3x8 lOKHECL 28-pin 0.6" 0° to +70° C 
CERDIP 

Bt403KC none 10KHECL 24-pin 0.3" 0° to+70°C 
CERDIP 
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Distinguishing 
Features 

• 250 MHz Operation 
• Overlay Support 
• TTL Pixel Inputs 
• TTL MPU Address Interface 
• ECL Shift Register Outputs 
• Shift-Enable and Output-Enable 

Controls 
• Optional Single +5 V Operation 
• 68-pin PGA Package with 

Alignment Pin 
• Typical Power Dissipation: 

1.25 W 

Customer Benefits 

• Flexible Power Supply 
• Reduced Component Count 
• Simplifies PCB Layout 
• Reduces PCB Interconnect 
• Low Bus Loading 
• Increases System Reliability 

Configurations 

• One 40-bit Shift Register 
• Two 16-bit or 20-bit Shift 

Registers 
• Five 8-bit Shift Registers 
• Four IO-bit Shift Registers 

Related Products 

• Bt401l403 • BtlO7 
• BtlO9 • Bt492 

Functional Block Diagram 

CLOCK CLOCK'" 
(EeL) (ECL) 

SEN' 
(ECL) 

SO,51 
(ITL) 

LLD* SIN SLD· AO -' A4 AEN* 
(ITL) (ECL) (EeL) (ITL) (ITL) 

QO (ECL) 

Ql (EeL) 

Q2 (EeL) 

Q3 (EeL) 

Q4 (eeL) 

DE'" (ECL) 

Brooktree Corporation' 9950 Barnes Canyon Rd.' San Diego, CA 92121-2790 
(619) 452-7580' (800) 843.3642' TLX: 383596' FAX: (619) 452-1249 
L424001 Rev. H 

Bt424 
250 MHz 

40-bit Multitap 
TTL/ECL-Compatible 

Video Shift Register 

Product Description 

The Bt424 is a 40-bit multitap shift register. 
It is designed specifically for high-resolution 
graphics systems. 

TTL pixel data from the frame buffer is 
typically loaded at either one eighth or one 
tenth the clock rate (up to about 32 MHz) with 
the TTL-compatible LLD* 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 TTL-to-ECL 
translation of the MPU address (AO-A4), 
eliminating external address translators. The 
MPU address interface enables output of the 
MPU address (AO-A4) 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 EeL 
supply pins, enabling operation from a 
single +5 V supply, or a +5 V and -5.2 V 
supply. 



Bt424. 
Circuit Description 

As illustrated in the functional block diagram, the 
Bt424 contains a 40-bit input latch, a 40-bit shift regis
ter, 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 Fig
ure 3 (Figures 3, 4, 5, 6, and 7 appear in the Timing 
Waveforms section, following AC characteristics), on 
the rising edge of LLD*, DO-D39 are latched into the· 
input latch. Data is transferred from the input latch to 
the shift register synchronously on the rising edge of 
CLOCK while SLD* is a logical zero. While LLD* is 
a logical zero, the input latch is transparent, as illustrat
ed in Figure 4. 

The multiplexers select one of two taps from the 40-
bit shift register or an MPU address input. The output 
of the multiplexers is registered synchronously to 
CLOCK and output onto the QO-Q4 pins. 

The SEN* input may be used to synchronously ena
ble (logical zero) or disable (logical one) clocking of 
the shift register. This is useful for implementing hard
ware 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-bit Shift Register Operation 

When the Bt424 is used as a 40-bit shift register, only 
the QO output is used. The QI-Q4 outputs are ig
nored. DO is the first bit output, followed by Dl, then 
02, then D3, etc. SLD* and LLD* should occur once 
every 40 clock cycles. The state of the SO and S 1 in
puts is not important, and they may be connected to 
TTLGND. 

Single shift registers of any length (up to 40 bits) 
may be implemented by loading the parallel data at the 
appropriate time. For example, a 32-bit shift register 
may be implemented by loading parallel data once eve
ry 32 clock cycles. 
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Dual 20-bit Shift Register Operation 

When the Bt424 is used as a dual 20-bit shift register, 
only the QO and Q2 outputs are used. The Ql, Q3, and 
Q4 outputs are ignored. For QO, DO is the first bit out
put, followed by Dl, then D2, then D3, etc. For Q2, 
D20 is the first bit output, followed by D21, then D22, 
etc. SLO* and LLO* should occur once every 20 
clock cycles. SO and SI must configure the Bt424 as 
four lO-bit shift registers. 

Dual 16-bit Shift Register Operation 

When used as a dual 16-bit shift register, only the QO 
and Q2 outputs are used, and the Ql, Q3, and Q4 out
puts are ignored. For QO, DO is the first bit output, fol
lowed by Dl, etc. For Q2, D16 is the first bit output, 
followed by D17, etc. SLD* andLLD* should occur 
once every 16 clock cycles. SO and SI must configure 
the Bt424 as five 8-bit shift registers. 

Quad 10-bit Shift Register Operation 

When the Bt424 is used as a quad to-bit shift register, 
all output except Q4 (which is ignored) are used. For 
QO, DO is the first bit output, followed by D I, then D2, 
etc. For Ql, DIO is the first bit output, followed by 
011, then D12, etc. For Q2, D20 is the first bit output, 
followed by D21, then D22, etc. For Q3, D30 is the 
first bit output, followed by 031, then 032, etc. SLO* 
and LLD* should occur once every 10 clock cycles. SO 
and SI must configure the Bt424 as four to-bit shift 
registers. 

Quint 8-bit Shift Register Operation 

When the Bt424 is used as a quint 8-bit shift register, 
all outputs are used. For QO, DO is the first bit output, 
followed by Dl, then D2, etc. For Ql, D8 is the first 
bit output, followed by D9, then 010, etc. For Q2, 016 
is the first bit output, followed by D17, then D18, etc. 
For Q3, D24 is the first bit output, followed by D25, 
then 026, etc. For Q4, 032 is the first bit output, fol
lowed by 033, then 034, etc. SLO* and LLD* should 
occur once every eight clock cycles. SO and S 1 must 
configure the Bt424 as five 8-bit shift registers. 



Brooldree® 
Circuit Description (continued) 

MPU Address Interface 

The Bt424 accepts TTL-compatible MPU addresses 
(AO-A4) and translates them to ECL-compatible lev
els, eliminating the need for external TTLIECL transla
tors 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 tim
ing. QO-Q4 are always output following the rising 
edge of CLOCK regardless of the value of AEN*. 

SO, S1 Select Inputs 

SO and SI specify the configuration of the Bt424 as 
shown in Table 1. 

S1 SO Function 

0 0 quad lO-bit 
x 1 quint 8-bit 
1 0 quad 8-bit, 8-bit overlay port 

Table 1. SO, S1 Control Inputs. 

Figure 1 shows use of the Bt424 in a typical graph
ics system. In this instance, the RAMDAC has separ
ate (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, de
pending on the specific application). 

Figure 2 shows a basic configuration of the Bt424 
used with a RAMDAC that has multiplexed pixel and 
overlay inputs. The OL input of the RAMDAC speci
fies whether pixel (OL = 0) or overlay (OL = 1) data is 
present on PO-P7. 

Bt424 

The Bt424s interfaced to bit planes 0-7 are config
ured to support overlays (S 1 = 1 and SO = 0). DO-D7, 
D8-DI5, DI6-D23, and D24-D31 are configured as 
four 8-bit pixel input ports, while D32-D39 are config
ured as an 8-bit overlay active input port. If D32-D39 
contain a logical one on any bit, the QO-Q3 outputs are 
disabled and forced to a logical zero. This enables 
overlay information to be wire-ORed onto the QO-Q3 
outputs. 

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 RAMDAC. The 
D32-D39 inputs are serialized to generate the overlay 
enable (OL) control signal for the RAMDAC. If no 
overlay information is being displayed, the QO-Q4 out
puts are a logical zero, allowing normal pixel data to 
be displayed. 

Eight four-input TTL OR gates are required to gen
erate the overlay active signals to the Bt424s. DO, D8, 
D16, and D24 are ORed together to generate D32, 
D33, D34, etc. 

Power Supply Operation 

The Bt424 may operate from a +5 V and -5.2 V power 
supply, or from a single +5V power supply, as called 
out in Table 2. 

Nominal Voltages Applied 

Supply Pin Single Supply Dual Supply 
System System 

TTLVCC +5.0V +5.0V 
TTLGND OV OV 
ECLVCC +5.0V OV 
ECLVEE OV -5.2 V 

Table 2. Power Supply Operation. 

Inputs and outputs are temperature and voltage 
compensated. 
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Bt424 Brooklree® 
Circuit Description (continued) 

FRAME BUFFER 

OVERLAY PLANE 0 

OVERLAY PLANE I 

OVERLAY PLANE 2 

OVERLAY PLANE 3 

BIT PLANE 0 

BIT PLANE I 

BIT PLANE 2 

BIT PLANE 3 

BIT PLANE 4 

BIT PLANE 5 

BIT PLANE 6 

BIT PLANE 7 

FRAME BUFFER 

OVERLAY PLANE 0 

OVERLAY PLANE I 

OVERLAY PLANE 2 

OVERLAY PLANE 3 

BIT PLANE 0 

BIT PLANE I 

BIT PLANE 2 

BIT PLANE 3 

BIT PLANE 4 

BIT PLANE 5 

BIT PLANE 6 

BIT PLANE 7 

DO-D7 QO OLO 

D8-DlS QI OLl 

Dl6-D23 Q2 OL2 

D24-031 Bt424 Q3 OLJ 

SI=X,SO=I 

DO-D7 Bt424 QO PO 

D8-DlS QI PI 

Dl6 -023 
SI =x,SO=! 

Q2 P2 

D24-031 Q3 P3 

DO-D7 QO P4 

D8-DlS Bt424 QI PS 

Dl6 -D23 Q2 P6 

024-031 
SI =X, SO= I 

Q3 P7 

Figure 1. Using the 8t424 with Separate Pixel and Overlay Inputs 
(256 Colors, 15 Overlays). 

DO-D7 QO 

D8 - DIS QI 

D16-D23 Q2 -
D24-D31 Bt424 Q3 -

I ~.- SI =X,SO= I 
D32 -D39 Q4 OL 

8 4-INPUT ORaATES 
DO-D7 Bt424 QO PO 

D8-DIS QI PI 

Dl6-D23 
SI = I,SO=O 

Q2 P2 

D24 -D31 Q3 P3 

~ D32-D39 

DO-D7 QO P4 

D8 -DIS Bt424 QI PS 

D16-D23 Q2 P6 

D24-D31 
SI I,SO 0 

Q3 P7 

'-- D32 -039 

Figure 2. Using the 8t424 with Multiplexed PixellOverlay Inputs 
(256 Colors, 15 Overlays). 
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RAMDAC 

256 COLOR RAM, 
15 OVERLAYS 

RAMDAC 

256 COLOR RAM, 
15 OVERLAYS 



BrooktreeQl Bt424 
Pin Descriptions 

Pin Name 

DO--D39 

SIN 

SEN* 

LLD* 

SLD* 

CLOCK, 
CLOCK* 

QO--Q4 

OE* 

SO,SI 

AO--A4 

AEN* 

TTLVCC 

TILGND 

ECLVEE 

ECLVCC 

Description 

Parallel data inputs (ITL 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, and 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 SLD* 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 (-1.3 V) 

Shift register outputs (ECL compatible). These pins output either DO--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 Q0--Q4 outputs to 
a logical zero, while a logical zero enables data to be output onto QO--Q4. The QO--Q4 out
puts 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 address inputs from the MPU are used to ad
dress 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 TIL-compatible circuitry. 

Power supply pins for the ECL-compatible circuitry. 

Ground pins for the ECL-compatible circuitry. 
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Bt424 
Pin Descriptions (continued) 

Pin Pin Pin 
Signal Number Signal Number Signal Number 

CLOCK A8 DO no 025 82 
CLOCK* 88 01 H11 026 CI 

02 HIO 027 C2 
LLO* A2 03 011 028 01 
SLD* 83 D4 010 029 02 
SEN* A7 
SIN K4 05 F11 030 EI 
so K2 D6 FlO 031 E2 
SI L3 07 Ell 032 F2 

08 EIO 033 02 
AEN* K3 D9 011 034 HI 

AO K9 
Al LIO 010 010 035 H2 
A2 K11 011 C11 036 n 
A3 KIO 012 CIO 037 J2 
A4 111 013 811 038 KI 

014 AIO 039 L2 
QO L8 
QI K7 015 810 ITLVCC FI 
Q2 L7 016 87 
Q3 K6 017 A6 ITLOND Gl 
Q4 L6 018 86 

019 A5 ECLVEE 89 
OE* L4 ECLVEE L5 

020 85 
021 A4 ECLVCC A9 
022 84 ECLVCC K5 
023 A3 ECLVCC· K8 
024 81 ECLVCC L9 
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Brooktree® Bt424 
Pin Descriptions (continued) 

11 Dl3 Dll D9 D7 D5 D3 DI A4 A2 

10 Dl4 DI5 Dl2 DIO D8 D6 D4 02 DO A3 Al 

EVee EVEE AO Evee 

eLK eLK* Evee QO 

SEN'" DI6 Bt424 QI Q2 

DI7 DI8 Q3 Q4 

DI9 D20 Evee EVEE 

D21 D22 
(TOP VIEW) 

SIN DE' 

D23 SLD* AEN' SI 

LLD' 025 027 D29 D31 D32 D33 D35 D37 SO D39 

D D24 D26 028 D30 TYee TGND D34 D36 D38 

A B e D E F G H K L 

alignment marker (on top) 

11 A2 A4 DI D3 D5 D7 D9 Dll DB 

10 Al A3 DO D2 D4 D6 D8 DIO DI2 DIS DI4 -Evee AO EVEE Evee 

QO Evee eLK* eLK 

Q2 QI DI6 SEN' 

(BOTTOM VIEW) 
Q4 Q3 DI8 DI7 

EVEE Evee D20 DI9 

DE' SIN ALIGNMENT PIN D22 021 

(ON BOTTOM) 
SI AEN* 0 SLD* D23 

D39 SO D37 D35 D33 D32 D31 D29 D27 025 LLD* 

D38 D36 D34 TGND Tvee D30 D28 D26 024 D 
L K H G F E D e B A 
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Bt424 Brooktrre® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

TIL Device Ground TILGND 0 0 0 V 
ECL Device Ground ECLVCC 0 0 0 V 
TIL Power Supply TILVCC +4.75 +5.0 +5.25 V 
ECL Power Supply ECLVEE -4.2 -5.2 -5.5 V 
Ambient Operating Temperature TA 0 +70 °C 

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 mounted either in the test socket or on the printed circuit board. 

Absolute Maximum Ratings 

7-34 

Parameter Symbol Min Typ Max Units 

ECL VEE (measured to ECL VCC) -8.0 V 
TIL VCC (measured to TIL GND) +7.0 V 

Voltage on Any ECL Pin 0 ECLVEE V 

Voltage on Any TIL Pin TILGND TILVCC 
--D.5 +0.5 V 

QO-Q4 Output Current -30 mA 

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. 114" from pin) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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Brooldree® Bt424 
ECl DC Characteristics 

Parameter Symbol Min Typ Max Units 

Input High Voltage (Note 1) VIH -1165 -880 mV 
Input Low Voltage (Note 1) VIL -1810 -1475 mV 

Output High Voltage (Note 1) VOH -1025 -880 mV 
Output Low Voltage (Note 1) VOL -1810 -1620 mV 

Input High Current I1H 500 ~ 
(Vin = VIHmax) 

Input Low Current IlL 400 ~ 
(Yin = VILmin) 

ECL VEE Supply Current lEE 240 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with QO-Q4 loading of 50 Q 

to -2.0 V. Typical values are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

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 mounted either in the test socket or on the printed circuit board. 

Note 1: Relative to ECL VCe. 

TIL DC Characteristics 

Parameter Symbol Min Typ Max Units 

Input High Voltage (Note 1) VIH 2.0 TTL VCC V 
+0.5 

Input Low Voltage (Note 1) VIL TTLGND 0.8 V 
-D.5 

Input High Current I1H 70 ~ 
(Vin = 2.4 V) 

Input Low Current IlL -D.7 rnA 
(Vin = 0.4 V) 

TTL VCC Supply Current ICC 100 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with QO-Q4 loading of 50 Q 
to -2.0 V. Typical values are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1: Relative to TTL GND. 
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Bt424 Brooktroo@ 
AC Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 250 MHz 

Clock Cycle Time I 4 ns 
Clock Pulse Width High Time 2 1.5 ns 
Clock Pulse Width Low Time 3 1.5 ns 

LLD* Pulse Width Low Time 4 7 ns 
LLD* Setup Time 5 8 ns 

SLD Setup Time 6 2 ns 
SLD Hold Time 7 0.5 ns 

DO-D39 Setup Time to LLD* 8 7 ns 
OO-D39 Setup Time to Clock 9 10 ns 
DO-D39 Hold Time to LLD* 10 0 ns 
DO-D39 Hold Time to Clock II 0 ns 

QO--Q4 Output Delay 12 1.5 4 ns 

SEN* Setup Time 13 2 ns 
SEN* Hold Time 14 I ns 

SIN Setup Time 15 2.5 ns 
SIN Hold Time 16 1.5 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 n 
to -2.0 V. TTL input values are 0-3 V with input rise/fall times::; 4 ns, measured between the IO-percent and 
90-percent points. ECL input values are -0.89 to -1.69 V with input rise/fall times ::; 2 ns, measured between the 
20-percent and 80-percent points. Timing reference points at 50 percent for inputs and outputs. Typical values are 
based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 
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Bt424 
Timing Waveforms 

9 

00-D39 
~ 

VALID 

lOf ---1 
8 

4 

LLD· \\\\\ 
5 

I 
1 1\ .t1 Sill· 

2 3 6 7 

CLOCK ~ V V I 
I / If 

~ 

QO-Q4 \ 
DATA OUT 

I 

Figure 3. Load Latch and Register Timing. 

00-D39 \I VALID 
\1 

11\ 11\ 

9 11 

sm· \ 
1\ A 

6 7 

CLOCK 
I 

A 
-E.. 

QO-Q4 \V 
DATA OUT 

1\ 

Figure 4. Transparent Latch Timing (LLD" = Logical Zero). 
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Bt424 Brooktree® 
Timing Waveforms (continued) 

SIN VALID 

15 16 

SEN' 

CLOCK 

12 

QO-Q4 

Figure 5. Shift Tif!Jing (SLD* = Logical One). 

OEO 

QO-Q4 

Figure 6. Output Enable Timing. 

VALID \I 
11\ 

AO-A4 

20 21 

AEN* 1\ ;1 
22 23 

CLOCK 
/ 

QO-Q4 ~--r-
12_ 

Figure 7. Address Enable Timing. 
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Brooktree® Bt424 
Ordering Information 

Ambient 
Temperature 

Model Number Package Range 

Bt424KG 68-pin Ceramic 00 to +700 C 
PGAwith 

Alignment Pin 
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Distinguishing 
Features 

• 64 x 64 Pixel User-Definable 
Cursor 

• Full-ScreenlWindow Cross Hair 
Cursor 

• Pixel Positioning of curSors 
• Supports Pixel Rates up to 

175MHz 
• 1:1,4:1, and 5:1 Output 

Multiplexing 
• TIL-Compatible Inputs/Outputs 
• Standard MPU Interface 
• +5 V CMOS Monolithic 

Construction 
• 24-pin 0.3" DIP or 28-pin 

PLCC Package 
• Typical Power Dissipation: 

450mW 

Applications 

• High-Resolution Color Graphics 
• Image Processing 

Customer Benefits 

• Reduces Component Count 
• Reduces PCB Area 

Requirements' 
• Simplifies Cursor 

Implementation 
• Allows Fast Cursor Movement 
• Simplifies Software Interface 

Functional Block Diagram 

HSYNC' VSYNC' CLOCK vee GND 

t1JR(A-E) 

OE' 

Brooktree Corporation· 9950 Barnes Canyon Rd .• San Diego, CA 92121-2790 
(619) 452-7580 • (800) VJpEO IC • TLX: 383 596 • FAX: (619) 452-1249 
lA31001 Rev. J 

Bt431 
Monolithic CMOS 

64 x 64 Pixel 
Cursor Generator 

Product Description 

The Bt43i cursor generator provides a 64x 
64 pixel user-definable cursor and a cross 
hair cursor for high-resolution, noninter
laced, monochrome or color graphics sys
tems. The cross hair cursor may be imple
mented as a full-screen or full-window cross 
hair cursor. Both the user-definable cursor 
and the cross hair cursor may be displayed 
simultaneously with logical OR and exclu
sive-OR operations supported. Either cursor 
may be moved off the top, bottom, left, or 
right side of the display without wrapa
round. 

The cursors may be positioned with pixel 
resolution, and their display may be individ
ually enabled or disabled. A standard MPU 
bus interface is supported, simplifying sys
temdesign. 

The Bt431 may be programmed to output 
cursor information for I, 4, or 5 horizontally 
consecutive pixels, enabling it to be inter
faced to either the multiplexed or nonmulti
plexed overlay inputs of Brooktree RAM
DACs. 

The 5:1 output multiplex mode enables 
support of pixel rates up to 175 MHz. 



Bt431 
Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt431 supports a standard MPU bus interface, al
lowing the MPU direct access to the internal con
trol registers and cursor RAM. 

The. MPU interface signals consist of DO-D7, 
CE*, RIW, CO, and Cl. Table 1 is 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 in
ternal control registers and cursor RAM, as speci
fied in Table 2. During read/write cycles to the cur
sor RAM, the 9 least significant bits of the address 
pointer register (ADDRO-ADDR8) are increment
ed 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 ad
dress and burst load new cursor RAM data by writ
ing up to 512 bytes of data to the device. Following 
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 following a write cycle to loca
tion $OIFF. The address register is not increment
ed when read or written to. 

R/W C1 CO 

0 0 0 write address registerO 
0 0 1 write address register! 

BrookIree@ 

RAMDAC Interface 

The Bt431 is designed to generate cursor informa
tion with the overlay input ports of. Brooktree 
RAMDACs. 

The Bt431 may be interfaced directly to RAM
DACs 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 will connect directly to the overlay in
puts 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 4 or 5 
horizontally consecutive pixels of cursor informa
tion each CLOCK cycle. This enables the Bt431 to 
output cursor iriformation at an effective 175 MHz 
rate (in 5:1 mode). 

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 co.nfiguration, the CURA 
output of the Bt431 will connect directly to one of 
the overlay inputs of the RAMDAC. This configu
ration 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 out
put multiplexing, and an external shift register may 
be used (with appropriate control logic) to inter
face to RAMDACs whose input pixel rate is great
er than 35 MHz. In this configuration, the 
CLOCK must be driven at one fourth or one fifth 
the pixel clock rate. Pixel rates up to 175 MHz 
may be supported by this technique. 

0 I 0 write to RAM location specified by address pointer register 
0 I I write to control register specified by address pointer register 

I 0 0 read address registerO 
I 0 I read address register I 
I I 0 read RAM location specified by address pointer register 
I I I read control register specified by address pointer register 

Table 1. MPU Control Truth Table. 
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Brooktree~ Bt431 
Circuit Description (continued) 

R/W, co, CI ==>< VAUD )(~ ____________________________________________ ___ 

CEO \ / 
DO - D1 (READ) ---------------------« DATA OUT (R/W = I) )>------

DO - D7 (WRITE) ______________________ ~)( DATA IN (R/W =0) x'--___ _ 

Figure 1. MPU Read/Write Timing. 

Address Pointer 
Register 

(AOOR1 S-;AOORO) 

Address Address 
CO Reglster1 ReglsterO Register/RAM Location 

(07-00) (01-00) Addressed 

0 00000000 00000000 cursor RAM location $000 
0 00000000 00000001 cursor RAM location $001 
: : : : 
0 00000000 1111 1111 cursor RAM location $OFF -0 00000001 00000001 cursor RAM location $100 
0 00000001 00000001 cursor RAM location $101 
: : : : 
0 00000001 11111111 cursor RAM location $IFF 

1 xxxxxxxx xxxxOOOO command register 
1 xxxxxxxx xxxxOOOI cursor (x) low register 
1 xxxxxxxx xxxxOOIO cursor (x) high register 
1 xxxxxxxx xxxxOO11 cursor (y) low register 
1 xxxxxxxx xxxxOloo cursor (y) high register 
1 xxxxxxxx xxxx 0101 window (x) low register 
1 xxxxxxxx xxxxOll0 window (x) high register 
1 xxxxxxxx xxxx 0111 window (y) low register 
1 xxxxxxxx xxxx 1000 window (y) high register 
1 xxxxxxxx xxxx 1001 window width low register 
1 xxxxxxxx xxxx 1010 window width high register 
1 xxxxxxxx xxxx 1011 window height low register 
1 xxxxxxxx xxxx 1100 window height high register 

Table 2. Address Pointer Register. 
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Bt431 
Circuit Description (continued) 

64 x 64 Cursor Positioning 

When the cursor RAM is being displayed, its con
tents are output onto the CUR (A-E) outputs. A 
logical one in the cursor RAM causes output of a 
logical one onto the appropriate CUR (A-E) out
put during the appropriate clock cycle. The cursor 
pattern may be changed by changing the contents 
of the cursor RAM (see Figure 2). 

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 thir
ty-first column of the 64 x 64 RAM (assuming the 
cobmns start with 0 for the leftmost pixel and in
crement to 63). Similarly, the cursor (y) register 
specifies the location of the thirty-first row of the 
64 x 64 RAM (assuming the rows start with 0 for 
the topmost pixel and increment to 63). 

HSYNC· 

Brooktree@ 

The Bt431 expects (x) to increase to the right 
and (y) to increase down, as shown on the display 
screen. 

The cursor (x) position is relative to the first ris
ing edge of CLOCK following the falling edge of 
HSYNC*. The software must take into account the 
internal pipeline delays, the amount of skew be
tween the output cursor data and external pixel data, 
and whether output multiplexing is 1: I, 4: I, or 5: 1. 

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* 
(see Figure 2). 

r-----~------------, Y 
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REGISTER 

64x64 
CURSOR AREA DISPLAY 

SCREEN 

Figure 2. 64 x 64 Cursor Positioning. 



Brooktree® 
Circuit Description (continued) 

Cross Hair Cursor Positioning 

The cross hair cursor is also positioned through the 
cursor (x,y) register (see Figure 3). 

The intersection of the cross hair cursor is speci
fied by the cursor (x,y) register. If the thickness of 
the cross hair cursor is greater than 1 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 appro
priate clock cycle. 

The cross hair cursor can be displayed only 
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 boundar
ies, the software must ensure that the cursor (x,y) 
register does not specify a point outside of the 
cross hair cursor window. 

CURSOR (X,Y) 

REGISTER 

DISPLAY 
SCREEN 

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 con
tain $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 ac
count the internal pipeline delays, the amount of 
skew between the output cursor data and the exter
nal pixel data, and whether output multiplexing is 
1:1,4:1, or 5:1. 

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*. 

CROSS HAIR 

WINDOW 

Figure 3. Cross Hair Cursor Positioning. 
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Bt431 
Circuit Description (continued) 

Dual Cursor Positioning 

Both the 64 x 64 cursor and the cross hair cursor 
may be enabled for display simultaneously, ena
bling the generation of custom cross hair cursors. 

During the 64 x 64.pixel area in which the user
definable cursor will be displayed, the contents of 
the cursor RAM may be logically ORed or exclu
sive-ORed with the cross hair cursor information. 

CURSOR (X,Y) 

REGISTER 

64.64 
CURSOR AREA 

DISPLAY 
SCREEN 

Brooktree~ 

As previously mentioned, the cursor (x,y) regis
ter specifies the location. of bit (31,31) of the cur
sor RAM. As the user-definable cursor contains 
an even number of pixels in the horizontal and ver
tical directions, there will be a I-pixel offset from 
the true center of the cross hair cursor. 

Figure 4 illustrates dual cursor display, and Fig
ure 5 illustrates the video input/output timing of 
the Bt43 1. 

CROSS HAIR 

CROSS HAIR 

WINDOW 

Figure 4. Dual Cursor Positioning. 

~~ 
HSYNC·, VSYNC· 

CUR (A. E) 

OE" __ ---'I \\....---
Figure 5. Video Input/Output Timing. 
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Brooktrre® Bt431 
Internal Registers 

Cursor (x,y) Register 

These registers are used to specify either 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 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 logical zeros. 

Cursor (x) High Cursor (x) Low 
(CXHR) (CXLR) 

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO 

X Address Xll XIO X9 X8 X7 X6 X5 X4 X3 X2 Xl XO 

Cursor (y) High Cursor (y) Low 
(CYHR) (CYLR) 

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO 

Y Address Yll YlO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 YI YO 

The cursor (x) value to be written is calculated as follows: 

where 

Cx = desired display screen (x) position + D + H-P 

P = 37 if 1: I output multiplexing, 52 if 4: 1 output multiplexing, and 57 if 5: I output multiplexing 
D = skew (in pixels) between the output cursor data and external pixel data 
H = number of pixels between the first rising edge of CLOCK following the falling edge of 

HSYNC* to active video 

The P value is one-half cursor RAM width + (internal pipeline delay in clock cycles * one, four, or five, 
depending on multiplex selection) 

Values from $0000 to $OFFF may be written into the cursor (x) register. 
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Bt431 Brooldree® 
Internal Registers (continued) 

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 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 when 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. 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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Brooklree® Bt431 
Internal Registers (continued) 

Cursor RAM 

This 64 x 64 RAM is used to define 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 
shown 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 in Figure 6, bit D7 is the leftmost pixel within a segment of 8 pixels. This enables the software 
generation of cursor patterns without bit swapping to obtain the desired pattern. 

UPPER LEFf CORNER AS 

DISPLA YEO ON SCREEN 

I 
64 

IXELS 

I 

64 

PIXELS 

BYTE $000 BYTE $001 BYTE$OO? 

BYTE $008 BYTE $009 BYTE$OOF 

BYTE$lF8 BYTE$lF9 BYTE$lFF 

/ ~ 
In? D6 05 D4 D3 02 Dl DO] 

Figure 6. Cursor RAM as Displayed on the Screen. 
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Bt431 Brooktree® 
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 12-bit window (x) register. Similarly, WYLR and WYHR are 
cascaded to form a 12-bit window (y) register. Bits D4-D7 ofWXHR and WYHR are always logical zeros. 

Window (x) High Window (x) Low 
(WXHR) (WXLR) 

Data Bit D3 D2 DI DO D7 D6 D5 D4 D3 D2 Dl DO 

X Address XlI XlO X9 X8 X7 X6 X5 X4 X3 X2 Xl XO 

Window (y) High Window (y) Low 
(WYHR) (WYLR) 

Data Bit D3 D2 Dl DO D7 D6 D5 D4 D3 D2 Dl DO 

Y Address Yll YlO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 YI YO 

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, and 25 if 5:1 output multiplexing 
D = skew (in pixels) between the output cursor data and external pixel data 
H = number of pixels between the first rising edge of CLOCK following the falling edge of 

HSYNC* to active video 

The P value is the number of internal pipeline delays times one, four, or five, depending on the multiplex 
selection. 
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Brooldrre@ Bt431 
Internal Registers (continued) 

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 first 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 cursor 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. 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 hair cursor may occur. 

PERIPHERALS 7-51 

-



Bt431 Brooktree@ 
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 
anytime. 

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 . logical 
zeros. 

Window Width High Window Width Low 
(WWHR) (WWLR) 

OataBit D3 02 D1 DO 07 D6 05 04 D3 02 01 00 

X Address Xll XlO X9 X8 X7 X6 X5 X4 X3 X2 Xl XO 

Window Height High Window Height Low 
(WHHR) (WHLR) 

OataBit 03 02 D1 00 07 06 05 D4 03 02 D1 DO 

Y Address Yll YlO Y9 Y8 Y7 Y6 Y5 Y4 Y3 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 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 2 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. 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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Bt431 
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 

06 

05 

04 

03,02 

01,00 

Reserved. This bit should always be a logical zero. 

64 x 64 cursor enable. A logical one enables output of the contents of the cursor RAM 
during times that user-definable cursor information is to be displayed. A logical zero 
disables output of the cursor RAM information. 

Cross hair cursor enable. A logical one enables output of cross hair cursor information. A 
logical zero disables output of the cross hair cursor information. 

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 2 bits specify whether I, 4, or 5 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 2 bits specify whether the horizontal and vertical 
thickness of the cross hair is 1,3,5, or 7 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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Bt431 Brooktree® 
Pin Descriptions 

Pin Name 

VSYNC* 

HSYNC* 

CLOCK 

CUR (A-E) 

Description 

Vertical sync control input (TTL 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 (TTL 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 (TTL 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 TTL buffer. If pro
grammed for 1:1 output multiplexing, CLOCK should be the pixel clock rate. When pro
grammed for 4: 1 or 5: 1 output multiplexing, CLOCK should be one fourth or one fifth 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 out
put onto these pins. If programmed for 4: 1 output multiplexing, the CURE output will be 
a logical zero. If programmed for 1:1 output multiplexing, the CURB, CURC, CURD, 
and CURE outputs will always be logical zeros. 

When programmed for 4:1 or 5:1 multiplexing, CURA corresponds to the leftmost pixel, 
followed by CURB, then CURC, etc., repeating every 4 or 5 pixels. 

OE* Output enable control input (TTL compatible). A logical one asynchronously three-states 
the CUR (A-E) outputs, and a logical zero asynchronously enables output of cursor data 
on the cursor outputs. 

RIW Read/write control input (TTL compatible). A logical zero indicates that the MPU is writ
ing data to the device, and a logical one indicates that the MPU is reading data from the 
device (see Figure 1). 

CE* 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 ofCE* (see Figure 1). 

CO, Cl Control inputs (TTL compatible). These inputs specify the operation the MPU is perform
ing (see Tables 1 and 2). 

DO-D7 Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit 
bidirectional data bus. DO is the least significant bit. 

VCC Power. 

GND Ground. 
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Pin Descriptions (continued) 

24-pln DIP Package 

CLOCK vee 
VSYNC· aE' 
HSYNC" GND 

DO CUM 

D1 CURB 

02 CURC 

03 - CURD 

D4 CURE 

OS Cl 

D6 co 
07 RIW 

GND CE" 

GND 

DE' 

vee 
CLOCK 

VSYNC" 

HSYNC" 

DO 

28.pin Plastic J-Lead 
(PLCC) Package 

co 
RIW 

CE* 

GND 

D1 

D6 

NIC 

Bt431 

Note: N/C pins may be left floating without affecting the performance of the Bt431. 

ESD and Latchup Considerations 

Correct ESD-sensitive handling procedures are re
quired to prevent device damage, which can pro
duce symptoms of catastrophic failure or erratic 
device behavior with somewhat leaky inputs. 

All logic inputs should be held low until power 
to the device has settled to the specified tolerance. 
Power decoupling networks with large time con
stants should be avoided. They could delay V AA 
power to the device. Ferrite beads must be used 
only for analog power V AA decoupling. Inductors 
cause a time constant delay that induces latchup. 

Latchup can be prevented by ensuring that all 
VCC pins are at the saine potential and that the 
VCC supply voltage is applied before the signal 
pin voltages. The correct power-up sequence en
sures that any signal pin voltage will never exceed 
the power supply voltage by more than +0.5 V. 
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Bt431 
Application Information 

Power-up Initialization 

Following a power-up sequence, the Bt431 must 
be initialized. The following sequence is recom
mended: 

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, theMPU may per
form diagnostic checks on the device, such as a 
check that the RAM and control registers may be 
written to and read back. 

Loading the Cursor RAM 

When changing the cursor pattern, it is recom
mended that the following sequence be used to 
load the cursor RAM: 

1. Write $(){)()() 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 $0001 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 widthlheight. 
7. Write $0009 to address pointer register. 
8. Wnte 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 Bt431s may be used to generate more 
than one cursor, or to generate a multicolor cursor. 

If multiple devices are being used to generate 
more than one cursor, the cursor outputs may be 
logically gated together, or each Bt431 may inter
face 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 multicolor cursor with more than 
one Bt431 (for example, to generate a three-color 
cursor with two Bt43Is), each Bt431 must inter
face to a separate overlay input of the RAMDAC. 
Either a separate cursor (x,y) calculation for each 
Bt431 may be performed, or the same cursor (x,y) 
calculation may be useq with the cursor informa
tion appropriately offset in the cursor RAM. 

Interfacing to the 8t453 and 8t458 

Figure 7 illustrates interfacing a single Bt431 to 
the Bt453 RAMDAC, and Figure 8 illustrates in
terfacing to the Bt458 RAMDAC. 

Interfacing to the Bt451, Bt454, Bt457, and 
Bt4611462 RAMDACs is similar to interfacing to 
the Bt458 because of the multiplexed overlay in
puts of these devices. When the ,Bt431 is inter
faced to the Bt454, the CLOCK pin of the Bt431 
should be connected to the LDOUT pin of the 
Bt454, and the Bt431 should be configured for 4: 1 
output multiplexing. Interfacing to the Bt450, 
Bt473, Bt475/477, Bt479, and Bt471/476/478 
RAMDACs is similar to interfacing to the Bt453. 



Application Information (continued) 
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Figure 7. Interfacing to the 8t453. 
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Figure 8. Interfacing to the 8t458. 

Bt431 

PO-P1 

01.0 

BLANK' 

SYNC' 

Bt453 

CLOCK 

OLI 

-PO-P1(A-E) 

OLO(A-E) 

BLANK' 

SYNC' 

Bt458 

LD' 
.. 

CLOCK 

CLOCK' 

OLl(A_E) 

PERIPHERALS 7-57 



Bt431 Brooktrre® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply vee 4.75 5.00 5.25 V 
Ambient Operating Temperature TA 0 +70 De 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

vee (measured to GND) 7.0 V 

Voltage on Any Signal Pin (Note 1) G~.5 VCC+0.5 V 

Ambient Operating Temperature TA -55 +125 DC 

Storage Temperature TS -65 +150 DC 

Junction Temperature TJ 
Ceramic Package +175 DC 

Plastic Package +150 DC 

Soldering Temperature TSOL 260 DC 
(5 seconds, 114" from pin) 

Vapor Phase Soldering TVSOL 220 De 

(I minute) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Note 1: This device employs high-impedance CMOS deVices on all signal pins. It should be handled as an 
ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 
V can induce destructive latchup. . 
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Brooktree® Bt431 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

Digital Inputs 
Input High Voltage VIH 2.0 VCC + 0.5 V 
Input Low Voltage VIL GND-O.5 0.8 V 
Input High Current (Vin = 2.4 V) IIH I J.lA 
Input Low Current (Vin = 0.4 V) IlL -I J.lA 
Input Capacitance CIN pF 

(f = I MHz, Yin = 2.4 V) 7 

Digital Outputs (DO-D7) 
Output High Voltage VOH 2.4 V 

(IOH = -400 J.lA) 
Output Low Voltage VOL 0.4 V 

(IOL = 3.2 rnA) 
3-state Current IOZ 10 J.lA 
Output Capacitance COUT 20 pF 

Digital Outputs (CURA-CURE) 
Output High Voltage VOH 2.4 V 

(IOH = -400 J.lA) 
Output Low Voltage VOL 0.4 V 

(IOL = 1.6 rnA) 
3-state Current 10Z 10 J.lA 
Output Capacitance COUT 20 pF 

Test conditions (unless otherwise specified): "Recommended Operating Conditions." Typical values are based on 
nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 
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Bt431 Brooktree® 
AC Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 35 MHz 
(per 1,4, or 5 pixels) 

CO, Cl, RIW Setup Time 1 10 ns 
CO, Cl, RIW Hold Time 2 15 ns 

CE*LowTime 3 50 ns 
CE* High Time 4 25 ns 
CE* Asserted to Data Bus Driven 5 6 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 (Note 1) ICC 100 rnA 

Test conditions (unless otberwise specified): "Recommended Operating Conditions." TTL input values are 0-3 V 
with input rise/fall times::; 4 ns, measured between the lO-percent and 90-percent points. Timing reference points at 
50 percent for inputs and outputs. CURA-CURE output load::; 10 pF and DO-D7 output load::; 130 pF. Typical 
values are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1: At Fmax. ICC (typ) at VAA = 5.0 V. ICC (max) at VAA = 5.25 V. 

Ordering Information 

Ambient 
Model Number Package Temperature 

Range 

Bt431KC 24-pin 0.3" 0° to +70° C 
CERDIP 

Bt431KPJ 28-pin Plastic 0° to +700 C 
J-Lead 
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8rooldree® Bt431 
Timing Waveforms 
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Distinguishing 
Features 

• 250 MHz Operation 
• Differential EeL Clock 

Generation 
• Ability to Divide by 3, 4, 5, or 8 

of the Clock 
• Ability to Divide by 2 and 4 of 

Customer Benefits 

• Reduces PC Board Area 
• Simplifies RAMDAC Design 
• Reduces Cost over Discretes 
• Increases System Reliability 

Related Products 

the Load • Bt439 
• Ability to Reset Pipeline Delay • Bt440 

oftheRAMDAC 
• 1.2 V Voltage Reference Outplit 
• Single +5 V Power Supply 
• 2O-pin DIP or 28-pin PLCC 

Package 
• Typical Power Dissipation: 

325mW 

Functional Block Diagram 

VRIiF vee GND 

OSC 

OSC' 

DIVO. DIVI 

RESET* 

ENABLE ENABLE 
(S) (A) 

CLOCK 
CLOCK' 

IDA,IDB 

LDI2 

LDl4 

LOC, IDD 

Brooktree Corporation· 9950 Barnes Canyon Rd .• San Diego, CA 92121-2790 
(619) 452-7580 • (800) VIDEO IC • TLX: 383 596· FAX: (619) 452-1249 
IA38001 Rev. M 

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 inter
faces a 10KH ECL oscillator operating from a 
single +5 V supply to the RAMDAC, generat
ing the necessary clock and control signals. 

The clock output can be divided by 3, 
4, 5, or 8 to generate the load signal. The 
load signal can also be divided by 2 and 4 
to, for example, clock video timing logic. 

A second load signal may be synchro-
nously or asynchronously controlled to ena- _ 
ble starting and stopping the clocking of the 
video DRAMs. 

The Bt438 optionally configures the pipe
line delay of the RAMDAC to a fixed pipe
line delay. 

An on-chip 1.2 V 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 re
quired by the RAMDACs. The OSC and OSC* in
puts are designed to interface to a lOKH ECL oscil
lator operating from a single +5 V 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 +5 V power supply. 

DIVO and DIVl are used to specify whether the 
pixel clock is to be divided by 3, 4, 5, or 8 to gen
erate the LDA and LDB signals. LDA is also di
vided 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 logical zeros. 

ENABLE (A) is used to asynchronously start 
and stop the LDC and LDD outputs. While ENA
BLE (A) is a logical zero, the LDC and LDD out
puts will remain in the state they were in when the 
ENABLE (A) input went to a logical zero. 

ENABLE (A) and ENABLE (S) should not be a 
logical zero simultaneously. If this occurs, syn
chronous control of LDC and LDD by ENABLE 
(S) is not guaranteed. 

Broolmee® 

While both ENABLE (S) and ENABLE (A) are 
logical ones, LDC and LDD will be free running, 
and in phase with LDA and LDB. This architec
ture allows the shift registers of the video DRAMs 
to be optionally nonclocked during the retrace in
tervals. Figure I illustrates the ENABLE imple
mentation 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 depends 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 1.2 V (typical) volt
age reference that may be used to drive the VREF 
input of up to four RAMDACs. 

--------~----------~------------LDA 

LE D Q LDC, LDD 

ENABLE (S) ------iD Q 

ENABLE (A) ---,-------------L./ 

Figure 1. ENABLE Control Implementation. 
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Brooktrre@ 
Circuit Description (continued) 

LDA, LDB 

LDn ~ 

LDl4 ~ 
I 
[ 
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i 

LOC, LDD 

ENABLE (A), 

ENABLE (S) = 1 
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.............................................................................................................. ·················rrr 

Figure 2. Load Output Timing. 
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Figure 3. RESEr Timing. 
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Bt438 Brooktree® 
Pin Descriptions 

Pin Name 

VREF 

OSC,OSC* 

CLOCK, 
CLOCK* 

DIva, DIVI 

LDA,LDB 

LD12 

LD/4 

LDC,LDD 

ENABLE(S) 

ENABLE (A) 

Description 

Voltage reference output. This output provides a 1.2 V (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 lOKH ECL 
crystal oscillator operating from a single +5 V supply. 

Differential clock outputs. These outputs connect directly to the CLOCK and CLOCK* 
inputs of the RAMDAC. The clock rate is equal to the OSC rate, and these outputs can 
drive up to four RAMDACs directly. The output levels are equivalent to lOKH ECL logic 
operating from a single +5 V supply. 

Divide control inputs (TTL compatible). These inputs specify the division factor (3, 4, 5, 
or 8) for the generation of the LDA and LDB signals, as specified 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 (TTL compatible). LDA and LDB are generated by dividing CLOCK by 3, 
4,5, or 8;as determined by the DIVa and DIVI inputs. 

Load output (TTL compatible). LD12 is generated by dividing LDA hy 2. 

Load output (TTL compatible). LD/4 is generated by dividing LDA by 4. 

Load outputs (TTL compatible). When both ENABLE inputs are a logical one, these out
puts have the same timing as the LDA and LDB outputs. 

Synchronous load enable control input (TTL compatible). ENABLE (S) is internally syn
chronized 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 logical zeros. While both 
ENABLE (A) and ENABLE (S) are logical ones, 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 asyn
chronously ~tart 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 in when the ENABLE 
(A) input went to a logical zero. While both ENABLE (A) and ENABLE (S) are logical 
ones, LDC and LDD are free running and in phase with the LDA and LDB outputs. 
Glitches should be avoided on this asynchronous input. 
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Brooktree® Bt438 
Pin Descriptions (continued) 

Pin Name Description 

RESET* 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, re-
spectively. At the next rising edge of LD/4, the CLOCK and CLOCK* outputs are set to 
be free running. Glitches should be avoided on this edge-triggered input. 

VCC Device power. All VCC pins must be connected. 

GND Device ground. All GND pins must be connected. 

A 28-pin Plastic J-Lead 
(PLCC) Package 

A 20-pin DIP Package 

9 " ~ ~ 
Q 

'" '" :3 z 
'" '" z z 

DIVO ENABLE(S) 

DIVl ENABLE (A) 

VREF LDA ENABLE (A) LDC 

RESET'" LDB ENABLE(S) LDD 

vee GND N/C LDI2 

VCC GND DIVO LD/4 

CLOCK LDC DIVl OSC* 

CLOCK· LDD VREF osc 
OSC LDI2 RESET'" CLOCK· 

OSC* LD/4 
I(). .. IC t- oo 0, e ::: 

u u ~ ~ ~ ~ .: u u S > > 
u 

Note: N/C pins may be left floating without affecting the performance of the Bt438. 
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Bt438 
Application Information 

Interfacing to the RAMDAC 

Figure 4 illustrates interfacing the Bt438 to a 
RAMDAC when using a differential ECL oscilla
tor. The Bt438 should be located as close as possi
ble to the RAMDAC. The 220 n resistors at the 
oscillator should be located as close as possible to 
the OSC and OSC* outputs. The 150 n resistor at 
the Bt438 should be located as close as possible to 
the Bt438 OSC and OSC* inputs. 

The 220 n resistors at the Bt438 should be lo
cated as close as possible to the Bt438 CLOCK 
and CLOCK* outputs. The 150 n resistor at the 
RAMDAC should be as close as possible to the 
CLOCK and CLOCK* inputs. 

Figure 5 illustrates interfacing to a single-ended 
ECL oscillator. 

Brooklree® 

Figure 6 shows interfacing to a TTL clock for 
applications less than 80 MHz. The +5 V of the re
sistor divider should be tied directly to the device 
+5 V. At VCC max, noise margin is at the mini
mum (100 m V). 

Because of the inability to ensure proper syn
chronization between Bt438s, multiple devices 
should not be used in applications where multiple 
RAMDACs drive the same monitor. 

A I kn resistor must be used to isolate the 
VREF output between multiple RAMDACs. This 
keeps noise on the Bt438 voltage reference from 
being coupled into the RAMDAC's VREF pin. The 
VREF input of the RAMDAC must still have a de
coupling capacitor to VAA or GND, as specified in 
the RAMDAC's datasheet. 

+5V 
CLOCK I-"'--:TY'-..:.::.-P 6O-8::::....:0::..:0::.:H::::M:..::L::.:IN:.::.E---'-----1CLOCK 

14 
,---1.:.-'-----,TYP 60-80 OHM LINE 

CRYSTAL 

OSCILLATOR 

t----_---.--i OSC 

220 
150 RAMDAC 

CLOCK'I__-.---------ICLOCK' 

Bt438 220 

+--~-----10SC' 

220 LDI__---------I LD' 

IK 

V~FI__---~//L-~~V~F 

VAA 

Figure 4. Interfacing to a Differential Crystal Oscillator. 
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Brooldree® Bt438 
Application Information (continued) 

+5V 
CLOCK CLOCK 

220 

OSC 150 RAMDAC 

CRYSTAL 

OSCILLATOR 

130 

(1) TYPICAL 50 OHM LINE 

(2) TYPICAL 60-80 OHM LINE 

(PIN 11) 

CLOCK* 

Bt438 

OSC* 

LDA 

VREF 

CLOCK* 

220 

LD' 

lK 

VREF 

VAA 

Figure 5. Interfacing to a Single-Ended Crystal Oscillator. 

+5 V 

.-------------------~VCC 
CLOCK r-._------------<t-iCLOCK 

220 

150 RAMDAC 

CLOCK' f-._------------<O--{CLOCK' 

220 

LDA r-------------------lLD' 

lK 

(PIN 11) VREF r---------,j j\--_--lVREF 

VAA 

Figure 6. Interfacing to a TTL Clock. 
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Bt438 Brooklree® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VCC 4.75 5.00 5.25 V 

Ambient Operating Temperature TA 0 +70 DC 

OSC/OSC* Duty Cycle 40 % 

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 mounted either in the test socket or on the printed circuit board. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VCC (measured to GND) 7.0 V 

Voltage on any Pin GND-O.5 VCC + 0.5 V 

CLOCK, CLOCK* Output Current 30 mA 

Ambient Operating Temperature TA -55 +125 DC 

Storage Temperature TS -65 +150 DC 

Junction Temperature TJ 
Ceramic Package +175 DC 

Plastic Package +150 DC 

~oldering Temperature TSOL 260 DC 

(5 seconds, 114" from pin) 

Vapor Phase Soldering TVSOL 220 DC 

(I minute) 

AirFlow 0 l.f.p.m. 

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 isnot implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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Brooldree® Bt438 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

ITLInputs 
Input High Voltage (general) VIH 2.0 VCC+0.5 V 

DIVO,DIVI 2.2 VCC+0.5 V 
RESET* (at 0 0c) 2.2 VCC +0.5 V 

Input Low Voltage VIL GND-D.5 0.8 V 
Input High Current (Vin = 2.4 V) IIH 10 IlA 
Input Low Current (Vin = 0.4 V) IlL -D.7 rnA 
Input Capacitance CIN 4 pF 

(f = I MHz, Yin = 2.4 V) 

ECLInputs 
Input High Voltage VIH VCC-1.1 VCC-O.8 V 
Input Low Voltage VIL GND-D.5 VCC-1.5 V 
Input High Current (Vin = 4.0 V) IlH IS IlA 
Input Low Current (Vin = 0.4 V) IlL 15 IlA 
Input Capacitance CIN 4 pF 

(f = I MHz, Yin = 4.0 V) 

Load Outputs 
Output High Voltage VOH 2.4 V 

(IOH=-2mA) 
Output Low Voltage VOL 0.65 V 

(IOL=20rnA) 
Output Capacitance 10 pF 

Clock Outputs 
Differential Output Voltage ~VOUT 0.6 V 
Output Capacitance COUT 7 pF 

Voltage Reference 
Output Voltage VREF 

(Bt438 Rev. C) (Note 1) 1.12 1.2 1.27 V 
Output Current IREF 100 IlA 

VCC Supply Current (Note 2) ICC 65 85 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions." CLOCK and CLOCK* have 
50 n to VCC-2 V. Typical values are based on nominal temperature. i.e., room temperature, and nominal voltage, 
i.e.,5V. 

Note 1: RSET of the RAMDAC should be adjusted because the output voltage of the Bt438 Rev. C is lower than 
the recommended VREF for the RAMDAC. lOG (rnA) = 11294 VREF, lOG (typ) = 26.7 rnA. 

RSET 
Note 2: Measured without 50 n to VCC-2 Von CLOCK and CLOCK*. 

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 mounted either in the test socket or on the printed circuit board. 
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Bt438 Brooldree® 
AC Characteristics 

Parameter Symbol Min Typ Max Units 

OSC, OSC* Clock Rate Fmax 2S0 MHz 

LDA Output Delay (Note I) 1 4 10 ns 
LDA, LDB Pulse Width Low (Note 2) 5 ns 
LDA to LOB Output Skew (Note 3) -2.0 0 2.0 ns 
LDA to LOC Output Skew (Note 3) -1.0 I.S 4.0 ns 
LDA to LD/2 Output Skew (Note 3) 0 I.S S.O ns 
LDA to LO/4 Output Skew (Note 3) 0 1.5 6.0 ns 
LDC to LOD Output Skew (Note 3) -2.0 0 2.0 ns 

RESET* Active Low Time 2 IS ns 
RESET* Setup Time 3 12 ns 

ENABLE (S) Setup Time 4 12 ns 
ENABLE (S) Hold Time S -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 
SO n to VCC-2 V. TTL outputs have -2 mN20 rnA load applied with 1.5 V switching point. TTL input values are 
0-3 V with input rise/fall times::; 4 ns, measured between lO-percent and 90-percent points. ECL input values are 
VCC-1.8 to VCC-O.8 V with input rise/fall times::; I ns, measured between 20-percent and 80-percent points. 
Timing reference points at 50-percent for inputs and outputs, except TTL outputs measured at I.S V. Typical values 
are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., S V. 

Note 1: Output load = SO pF. 
Note 2: LD outputs not used in +3 over 200 MHz. 
Note 3: LD outputs equally loaded. Unequal loading may result in additional output skew. 
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Brooktree® Bt438 
Timing Waveforms 

ose 

-l ;--1-_' _--, 
LDA ~ L 
LDl4 I 

-I 1- 3 

RESET* L 2 J 
I I 

4 
5-

- "'V 
- Vi'-

ENABLE(S) 

7-
6 

-

"" - Vi'-
ENABLE (A) 

Input/Output Timing 

Ordering Information 

Ambient 
Model Number Package Temperature 

Range 

Bt438KC 20-pin 0.3" 00 to +700 C 
CERDIP 

Bt438KPJ 28-pin Plastic 00 to +700 C 
J-Lead 
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Distinguishing 
Features 

• 200 MHz Operation 
• 4 Differential ECL Clock 

Outputs 
• Synchronizes Multiple CMOS 

RAMDACs 
• Ability to Divide by 3, 4, 5, or 8 

of the Clock 
• Ability to Divide by 2 and 4 of 

the Load 
• Resets Pipeline Delay of the 

RAMDAC 
• Reduces Skew Between 

Devices to < 2 ns 
• 1.2 V Voltage Reference Output 
• Single +5 V Power Supply 
• 28-pin DIP Package 

Customer Benefits 

• Reduces PC Board Area 
• Simplifies RAMDAC Design 
• Reduces Cost over Discretes 
• Increases System Reliability 
• Eases Design of True-Color 

Systems 

Related Products 

• Bt438 
• Bt440 

Functional Block Diagram 

VREF VCC GND CLKl2 PLL(O·3) 

CLOCKO 
CLOCKO' 

CLOCK! 
CLOCK!' 

CLOCK2 
CLOCK2' 

CLOCK3 
CLOCJ(3* 

LD 
OSC LDI2 

osc· 
LD/4 

RESET' DlVO, DIY! 

Brooktree Corporation· 9950 Barnes Canyon Rd .• San Diego, CA 92121-2790 
(619) 452-7580' (800) VIDEO IC· TLX: 383596· FAX: (619) 452-1249 
L439001 Rev. I 

Bt439 
200 MHz 

Clock Generator and 
Synchronizer Chip 

for CMOS RAMDACs™ 

Product Description 

The Bt439 is a clock generator chip for the 
high-speed Brooktree family of singJe
channel CMOS RAMDACs. It interfaces a 
lOKH ECL oscillator operating from a sin
gle +5 V supply to the RAMDACs, generat
ingthe necessary clock and control signals. 

Up to four CMOS RAMDACs may be 
synchronized with subpixel 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 can be divided by 3, 4, 
5, or 8 to generate the load signal. The load 
signal can also be divided by 2 and 4 for 
clocking video timing logic, etc. 

The Bt439 optionally configures the pipe
line delay of the RAMDAC to a fixed pipe
line delay. An on-chip voltage reference is 
provided and may be used to provide the ref
erence voltage for up to four RAMDACs. 



Bt439 
Circuit Description 

The Bt439 is designed to interface to a 10K ECL 
crystal oscillator and generate the clock signals re
quired by up to four CMOS RAMDACs. The OSC 
and OSC* inputs are designed to interface to a 
10K ECL oscillator operating from a single +5 Y 
power supply. 

All of the CLOCK and CLOCK* outputs are de
signed to interface directly to the CLOCK and 
CLOCK* inputs of the RAMDACs. The output 
levels are similar to lOKH ECL logic, operating 
from a single +5 Y power supply. 

DIYO and DIYl are used to specify whether the 
pixel clock is to be divided by 3, 4, 5, or 8 to gener
ate the LD signal. LD is also divided by 2 and 4 to 
generate the LD12 and LD/4 signals, respectively. 

The RESET* input is designed to enable the 
Bt439 to set the pipeline delay of the RAMDACs 
to a fixed number of clock cycles. (The exact num
ber 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 1 shows the 
operation of the RESET* input. 

The Bt439 also generates a 1.2 Y (typical) volt
age reference, which may be used to drive the 
YREF input of up to four RAMDACs. 

Synchronizing Multiple RAMDACs 

The Bt439 is designed to synchronize multiple 
CMOS RAMDACs that generate a PLL output sig
nal. Typically, only single-channel RAMDACs 
will generate the PLL signal. Because CMOS pro
cessing generates wide variations in output delays 
for CMOS devices, synchronization is necessary. 

Following a reset input, the Bt439 sets the pipe
line delay of all the RAMDACs. It then monitors 
the PLL inputs, PLLO-PLL3. On the rising edge of 
the last PLL input to go high, the Bt439 latches the 
relative time differences between the PLL inputs. 

The Bt439 then stops the clocks to all the RAM
DACs, 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 Bt439 then re
starts the clocks. 
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Brooldree® 

RESET* Timing Sequence 

The following will occur when the RESET* in
put is asserted and remains low for at least 15 ns. 

The LD, LD/2, and LD/4 outputs will be forced 
high (CLKl2 low) withift 9 ns of the falling edge 
of RESET* and will remain so while RESET* is 
active low. Any programmed skew between the 
CLKx outputs will be zeroed at this point (antici
pating a retiming sequence), which may result in 
some invalid CLKx pulses. Therefore, the RE
SET* input should be activated only during the 
blanking interval to avoid visible timing transients 
from the palette DACs. 

When RESET* rises outside the prescribed set
up/hold time before a rising OSC input, the LD 
output will toggle high to low after the fourth sub
sequent 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 gener
ally (1.5*OSC period-6 ns) after the following ris
ing 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 ensured (see Figure 1). 

The Bt439 requires a minimum of two reset sig
nals to ensure clock operation and to correct pixel 
alignment operation immediately after power-up. 
The first reset signal is needed to start the CLK 
and CLK* signals. The system power-up RESET* 
can be used as CLK and CLK* initiators. The sec
ond reset signal must be applied to initiate pixel 
alignment sequence. Pixel Alignment Sequence 
contains proper timing requirements. 

Should the multiplex factor change (as set by 
DIYO and DIYl) after the initialization sequence, 
another reset timing sequence must be applied to 
the Bt439. 



Brooktrre® 
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 pix
el 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 (Le., nonblanked) in
terval, which terminates with the last rising PLLx 
input (Le., 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. For those 
applications that call for asserting RESET* on a 
line-by-line basis, blank may be toggled in the 
back porch interval after normal blanking to main
tain CLKx alignment on each line. (At least one 
LD* clock cycle should occur before the first ris
ing PLL edge.) 

RESET* 0 
OSC 

CLKl2 

CLOCKO 

CLOCK! 

CLOCK2 

CLOCK3 

LD 

LD/2 

LD/4 

Bt439 

The first rising edge of CLKl2 following the last 
rising PLLx input initiates a pixel alignment se
quence, which takes up to two periods of CLKl2 to 
complete. During this sequence, the CLKx outputs 
are held low (false), and the toggling of TTL out
puts is inhibited. No false or short CLKx pulses re
sult 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 delay relative to OSC. The CLKz asso
ciated with the first (fastest) PLLz will resume 
with up to (6 + (err» ns extra delay relative to 
CLKy. The TTL outputs resume toggling with a 
consistent relationship relative to the CLK, which 
is consistent with the palette DAC pipeline delay 
preservation requirement. This will stretch the low 
LD clock duration by up to 5 pixels, which may 
momentarily affect any dependent synchronization 
timing counters. 

,--_~I 

Figure 1. RESET* Timing Sequence. 
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Bt439 
Circuit Description (continued) 

The slowest PLLy-CLKy channel defaults to 
the minimum delay setting. If the slowest PLLy in
put lags the other active PLLx inputs by an inter
val exceeding the alignment span of the Bt439, 
then the faster PLLx channels will default to the 
maximum delay setting. Hence, occurrence of any 

Brooldree® 

active PLLx input outside the alignment span will 
render skew compensation on the· other channels 
inoperative. Unused PLLx inputs are internally 
pulled high and, hence, ~re not sampled, leaving 
their corresponding CLKx channel in the maxi
mum delay condition (see Figure 2). 

~ _____ A_C_T_IV_E_L_I_N_E ____ ~~HI----~B~L~A~N~K=IN=G~----
I 

Ii 
~------------------~I 

rlj---------------
~------------------~I 

Figure 2. Pixel Alignment Sequence. 
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Bt439 
Pin Descriptions 

Pin Name 

VREF 

OSC,OSC* 

CLOCK(0-3), 
CLOCK(0-3)* 

DIVO,DIVl 

LD 

LD12 

LD/4 

Description 

Voltage reference output. This output provides a 1.2 V (typical) reference and may be 
used to drive the VREF input of up to four RAMDACs. 

Differential ECL oscillator inputs (+5 V ECL compatible). These inputs are designed to 
interface to a 10K ECL crystal oscillator operating from a single +5 V supply. 

Differential clock outputs (+5 V 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 +5 V supply. 

Divide control inputs (TTL compatible). These inputs specify the division factor for the 
generation of the LD signal, as specified 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 output (TIL compatible). LD is generated by dividing CLOCK by 3, 4, 5, or 8 as 
determined by the DIVO and DIVl inputs. 

Load output (TIL compatible). LD12 is generated by dividing LD by 2. 

Load output (TIL compatible). LD/4 is generated by dividing LD by 4. 
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Bt439 Brooldree@ 
Pin Descriptions (continued) 

Pin Name 

RESET* 

PLLO-PLL3 

CLKl2 

VCC 

GND 

Description 

Reset control input (TIL compatible). RESET* Timing Sequence in the Circuit Descrip
tion section contains more information. Glitches should be avoided on this edge-triggered 
input. 

Phase inputs. These inputs are used to determine the relative phases of the RAMDAC out
puts. Each RAMDAC to be synchronized must generate a unique PLL signal. Unused 
PLL inputs should be connected to VCC through a lK pullup resistor. 

Clockl2 output (+5 V ECL compatible). The OSC input is divided by 2 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 LD/4 

DIVl LDI2 

VREF LD 

RESET* GND 

vcc GND 

vcc GND 

CLOCKO vcc 
CLOCKO' CLKl2 

CLOCKl osc 
CLOCKl' asc'" 

CLOCK2 PLLO 

CLOCK2' PLLl 

CLOCK3 PLL2 

CLOCK]'" PLL3 
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Application Information 

PLL Signal Interface 

Because of the limited drive capability of the 
RAMDAC's PLL output, the buffer circuitry 
should be located as close as possible to the RAM
DAC. If the distance between the transistor and the 
PLL input is 12 inches or more, 50 n microstrip 
lines should be used. 

The Bt439 contains sensitive PLL circuitry that 
drives the clock output signals to allow proper de
skew operations. Because of the large number of 
VRAM datalines switching in a true-color system, 
the noise generated by the VRAMs can affect the 
power supply of the Bt439. If difficulty is experi
enced in synchronization because of switching 
noise, the following VCC supply pin decoupling 
strategy is recommended (see Figure 3). 

1. A 0.01 ceramic capacitor should be connected 
between VCC pins 5 and 6, and GND pins 23-25. 

2. A ceramic chip capacitor (0.01--0.1) should be 
connected between GND pins 23-25, and VCC 
pin 22. 

VCC 
PINS 5.6 

Bt439 

(TOP) 

Bt439 

Interfacing to the RAMDAC 

Figure 4 illustrates interfacing the Bt439 to a 
RAMDAC when using a differential ECL oscilla
tor. The Bt439 should be located as close as possi
ble to the RAMDAC. The 220 n resistors at the 
oscillator should be located as close as possible to 
the OSC and OSC* outputs. The 150 n resistor at 
the Bt439 should be located as close as possible to 
the Bt439 OSC and OSC* inputs. 

The 220 n resistors at the Bt439 should be lo
cated as close as possible to the Bt439 CLOCK 
and CLOCK* outputs. The 150 n resistor at the 
RAMDAC should be as close as possible to the 
CLOCK and CLOCK* inputs. 

Figure 5 illustrates interfacing to a single-ended 
ECL oscillator. 

Fignre 6 shows interfacing to a TTL clock for 
applications less than 80 MHz. The +5 V of the re
sistor divider should be tied directly to the device 
+5 V. At VCC max, noise margin is at the mini
mum (100 mY). 

Because of the inability to ensure proper syn
chronization between Bt439s, multiple devices 
should not be used in applications where multiple 
RAMDACs drive the same monitor. 

A 1 kn resistor must be used to isolate the 
VREF output between multiple RAMDACs. This 
keeps noise on the Bt439 voltage reference from _ 
being coupled into the RAMDAC's VREF pin. 
The VREF input of the RAMDAC must still have 
a decoupling capacitor to V AA or GND, as speci-
fied in the RAMDAC's datasheet. 

C2 (0.01-4).1) 

VCC PIN 22 

Figure 3. Switching Noise Decoupling Strategy. 
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Bt439 Brooldree~ 

Application Information (continued) 

+5V TYP 60-80 OHM LINE 
CLOCK CLOCK 

14 220 
TYP 60-80 OHM LINE 

150 RAMDAC OSC 
CRYSTAL 

OSCILLATOR 

CLOCK' CLOCK' 

Bt439 220 

OSC' +5V 

220 I.D LO' 

IK 
PLL VREF VREF PLL 

VAA 

TYP 6~0 OHM LINE 

Figure 4. Interfacing to a Differential ECL Oscillator. 

+5V 
CLOCK f---_------...... -lCLOCK 

220 
+5V (2) 

r---"-~>-iosc ISO RAMDAC 

CRYSTAL 

OSCILLATOR 

80 

130 

VBB 
(PIN 11) 

(I) TYPICAL 50 OHM LINE 

(2) TYPICAL 60-80 OHM LINE 

CLOCK' f----.-------.-.--l CLOCK' 

Bt439 220 

L---..-~>-iOSC· 

LOAf------------l LO* 

IK 

VREFf-------,/ VREF 

+5V 

2.2K 
VAA 

430 

Figure 5. Interfacing to a Single-ended ECL Oscillator. 
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Brooktrees Bt439 
Application Information (continued) 

+5V 

vee 
CLOCK CLOCK 

220 

asc 150 RAMDAC 

CLOCK' CLOCK' 

Bt439 220 

aSC" 

LDA LD" 

VBB IK 

(PIN 11) PLL VREF VREI' 

+5V 
PLL 

SO 2.2K 
VAA 

430 

Figure 6. Interfacing to a TTL Clock. (For Applications Less Than 80 MHz.) 

-
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Bt439 Brooktree® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VCC 4.75 5.00 5.25 V 

Ambient Operating Temperature TA 0 +70 °C 
-Still Air 

OSCIOSC' Duty Cycle 40 % 

AirFlow 50 I.f.p.m. 

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

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VCC (measured to GND) 7.0 V 

Voltage on any Pin GND-D.5 VCC+0.5 V 

CLOCK, CLOCK' Output Current 30 mA 

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, 114" from pin) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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Bt439 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

TIL Inputs 
Input High Voltage (general) VIH 2.0 VCC + 0.5 V 

RESET* 2.2 VCC + 0.5 V 
Input Low Voltage VIL GND-D.5 O.S V 
Input High Current (Yin = 2.4 V) IIH 10 IIA 
Input Low Current (Vin = 0.4 V) IlL -0.7 rnA 
Input Capacitance CIN 10 pF 

(f = 1 MHz, Yin = 2.4 V) 

ECLInputs 
Input High Voltage VIH VCC-l.l VCC...{).S V 
Input Low Voltage VIL VCC-2 VCC-1.5 V 
Input High Current (Yin = 4.0 V) nH 4 15 IIA 
Input Low Current (Vin = 0.4 V) IlL -15 0 IIA 
Input Capacitance CIN 10 pF 

(f = 1 MHz, Yin = 4.0 V) 

Load Outputs 
Output High Voltage VOH 2.4 V 

(IOH =-2 rnA) 
Output Low Voltage VOL 0.65 V 

(IOL=20rnA) 
Output Capacitance 10 pF 

Clock Outputs 
Differential Output Voltage AVOUT 0.6 V 
Output Capacitance COUT 10 pF 

Voltage Reference 
Output Voltage @ IREF = -100 IIA VREF 1.17 1.235 1.31 V 

PLLInputs 
Input High Voltage VIH 1.5 VCC+0.5 V 
Input Low Voltage VIL GND-D.5 0.4 V 
Input High Current (Vin = 1.2 V) IIH 0 10 IIA 
Input Low Current (Yin = 0.5 V) IlL -700 -ISO IIA 
Input Capacitance 10 pF 

VCC Supply Current (Note 1) ICC 275 300 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions." CLOCK, CWCK*, and 
CLK12 outputs have 50 n to VCC-2 V. Typical values are based on nominal temperature, i.e., room temperature, 
and nominal voltage, i.e., 5 V. 

Note 1," Measured without 50 n to VCC-2 V on CLOCK, CLOCK*, and CLKl2. At VCC = 5.25 V. 

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 50 linear feet per 
minute over the device mounted either in the test socket or on.the printed circuit board. 
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Bt439 
AC Characteristics 

Parameter Symbol Min Typ Max Units 

OSC, OSC· Clock Rate (Note 1) Fmax 200 MHz 

LD Output Delay (Note 2) I 6 10 12 ns 
LD Pulse Width 2 9 ns 
LD to LDI2 Output Skew (Note 3) 0 1.5 3 ns 
LD to LD/4 Output Skew (Note 3) 0 1.5 3 ns 
CLKl2 Output Delay 3 2 4 ns 

RESET* Active Low Time 4 15 ns 
RESET* Setup Time 5 10 ns 

Alignment Span 6 5 ns 
Residual Alignment Error (Note 4) 1.5 2 ns 

Test conditions (unless otherwise specified): "Recommended Operating Conditions". CLOCK, CLOCK*, and CLKl2 
outputs have 50 n to VCC-2 V. TIL outputs have -2 mAt20 rnA load applied, with 1.5 V switching point. TIL input 
values are 0--3 V with input rise/fall times :s; 4 ns, measured between IO-percent and 90-percent points .. ECL input values 
are (VCC-O.9) to (VCC-1.6) V with input rise/fall times :s; 1 ns, measured between 20-percent and 80-percent points. 
Timing reference points at 50 percent for inputs and outputs, except TTL outputs measured at 1.5 V. Typical values are 
based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1: Divide by 3 mode LD 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. Unequal loading 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). 

Timing Waveforms 

OSC 

RESET-

E,o\RUEST 
PLLX 

·LATEST 
. PLLY 

CLK12 

LD 

-1-5 

LO/4 

LOn __ ~x~ __________ ~x~ ________ _ 
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Bt439 
Ordering Information 

Ambient 

Model Number Package Temperature 
Range 

Bt439KC 28-pin 0.6" 00 to +700 C 
CERDW 

.. 
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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 
• 275 MHz Operation 
• Phase Lock Loop (PLL) 

Capability 
• Pixel Clock 8x, 16x, 20x, 32x 

Crystal 
• Differential ECL Clock 

Generation 
• Ability to Divide by 4 of the 

Clock 
• Ability to Reset Pipeline Delay 

oftheRAMDAC 
• 1.2 V Voltage Reference Output 
• Single +5 V Power Supply 
• 28-pin PLCC Package 
• Typical Power Dissipation: 

800mW 

Customer Benefits 
• Reduces PC Board Area 
• Simplifies RAMDAC Design 
• Reduce Cost over Discretes 
• Increases System Reliability 
• Easy to Implement 

Related Products 
• Bt438 
• Bt439 

Functional Block Diagram 

VREF vee GND RESIlT* 

Brooktree Corporation· 9950 Barnes Canyon Rd.' San Diego. CA 92121-2790 
(619) 452-7580' (800) VIDEO IC' TLX: 383 596' FAX (619) 452-1249 
lA4000l Rev. C 

Bt440 
275 MHz 

PLL Clock Generator 
for CMOS RAMDACs™ 

Product Description 
The Bt440 is a clock generator for the 
high-speed Brooktree CMOS RAMDACs. It 
interfaces to a low-frequency quartz crystal 
and multiplies the crystal frequency by 8x, 
16x, 20x, and 32x to generate the pixel clock 
signals that drive the RAMDAC. 

The Bt440 requires no coils or variable 
capacitors for operation. Frequency range is 
set through an external resistor. The Bt440 
loop filter uses standard RC components. 

The pixel clock output is divided by 4 to 
generate the load signal. 

A second load signal may be synchro
nously or asynchronously controlled to start 
and stop the clocking of the video DRAMs. 

The Bt440 can also configure the pipeline 
delay of the RAMDAC to a fixed pipeline 
delay. 

An on-chip 1.2 V voltage reference is also 
provided and may be used to provide the 
reference voltage for one to four 
RAMDACs. 



Bt440 
Circuit Description 

The Bt440 is designed to interface to low-frequency 
crystal and generate the clock signals required by the 
RAMDACs. XTALl and XTAL2 interface to a quartz 
crystal, yielding a cost -effective clock generation sys
tem. 

The CLOCK and CLOCK* outputs interface directly 
to the CLOCK and CLOCK* inputs of the RAM
DACs. The output levels are compatible with lOKH 
ECL logic operating from a single +5 V power supply. 

MULTO and MULTl determine the multiplication 
factor for the pixel clock. The input oscillator frequen
cy is multiplied by 8, 16, 20, or 32, depending on the 
MULTO and MULTl settings (see Table 1). 

When the MULTO and MUL Tl are used to change 
to a different multiplication factor, RESET is not re
quired. A phase lock loop will lock into the new fre
quency after a minimum time. 

The LDA and LDB signals are generated by the pix
el clock divided by 4. The LDA signal will interface 
directly to the LD* signal of the RAMDAC. The LDB, 
LDC, and LDD interface to the VRAMs. For all fre
quencies, LDA, LDB, LDC, and LDD maintain the 
same CLOCKl4 relationship. 

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 logical zeros. 

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 re
main in the same state. 

Brooldrre@ 

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 
nonclocked during the retrace intervals. Figure 1 illus
trates the ENABLE implementation within the Bt440, 
while Figure 2 shows the load output timing. 

The RESET* input is designed to enable the Bt440 
to set the pipeline delay of the RAMDACs to a 
specified number of clock cycles (with the exact 
number dependent on the RAMDAC). Following the 
first falling edge of XT ALl after the rising edge of 
RESET*, the CLOCK and CLOCK* outputs are 
stopped in the high and low states, respectively. At the 
next falling edge of XT ALl, the CLOCK and 
CLOCK* outputs are restarted. Figure 3 shows the 
operation of the RESET* input. 

The Bt440 also generates a 1.2 V (typical) voltage 
reference, which may be used to drive the VREF input 
of one to four RAMDACs. 

Pixel 
MULT1 MULTO Clock 

0 0 x8 
0 1 x16 
1 0 x20 
1 1 x32 

Table 1. Pixel Clock 
Multiplication Frequency. 

---------.----------~~------------ LDA 

LE D Q LDC. LDD 

ENABLE (S) -----ID Q 
I.E 

ENABLE (A) ------------------L.-/ 

Figure 1. ENABLE Control Implementation. 
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Brooldrre® 
Circuit Description (continued) 

LOA, LOB 

ENABLE (5), 

ENABLE (A) = 1 

LOC, LOO 

ENABLE (A), 

ENABLE (5) = 1 

LOC, LOO 

1111111 

U.JIIII 

Figure 2. Load Output Timing. 

XTALI l I ,----1---, 

RESET* 111111111111111 

CLOCK 

CLOCK· 

Figure 3. RESET* Timing. 

Bt440 

IIIIIII 

~iTIIII 

.. 
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Bt440 Brooktree® 
Pin Descriptions 

Pin Name 

VREF 

XTALl 

XTAL2 

CLOCK, 
CLOCK* 

MULTO, 
MULTI 

LDA,LDB 

LDC,LDD 

REXT 

RCSET 

Description 

Voltage reference output. This output provides a 1.2 V (typical) reference and may be used to 
drive the VREF input of one to four RAMDACs. 

Quartz crystal input. This input provides the base frequency for multiplication by the PLL 
circuitry. 

Quartz crystal output. 

Differential clock outputs. These outputs connect directly to the CLOCK and CLOCK* inputs 
of the RAMDAC. The clock rate is equal to the crystal oscillator input rate times the multiplica
tion factor. The multiplication factor is determined by MULTO and MULTI. CLOCK and 
CLOCK* can drive up to four RAMDACs directly. The output levels are equivalent to lOKH 
ECL logic operating from a single +5 V supply. 

Multiply control inputs (TTL compatible). These inputs determine the multiplication factors for 
the pixel clock. 

Load outputs (TTL compatible). LDA and LDB are generated by dividing CLOCK by 4. Each 
output may drive up to 20 pF without external buffering. 

Load outputs (TTL compatible). When both ENABLE inputs are logical ones, these outputs 
have the same timing as the LDA and LDB outputs. Each output may drive up to 20 pF without 
external buffering. 

External resistor. This resistor sets the frequency range of the Voltage Control Oscillator (VCO). 

RC network. This network filters the control voltage to the VCO. The network consists of two 
capacitors and one resistor. 
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Brooktree® Bt440 
Pin Descriptions (continued) 

Pin Name Description 

ENABLE(S) Synchronous load enable control input (TTL compatible). ENABLE (S) is internally synchron-
ized to LDA and is used to synchronously start and stop the LDC and LDD outputs. While ENA-
BLE (S) is a logical zero, LDC and LDD will be logical zeros. 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. 

ENABLE (A) Asynchronous load enable control input (TTL compatible). ENABLE (A) is used to asynchro-
nously start and stop the LDC and LDD outputs. While ENABLE (A) is a logical zero, the LDC 
and LDD outputs will remain in the same state. 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. 

RESET* Reset control input (TTL compatible). Following the first falling edge of XTALl after the rising 
edge of RESET*, CLOCK and CLOCK* are stopped in the high and low states, respectively. At 
the next falling edge of XTALl, the CLOCK and CLOCK* outputs are set to be free running. 
Glitches should be avoided on this edge-triggered input. 

AVCC Analog device power. All A VCC pins must be connected. 

DVCC(O), Digital device power. All DVCC pins must be connected. 
DVCC(l) 

AGND Analog device ground. All AGND pins must be connected. 

DGND(O), Digital device ground. All DGND pins must be connected. 

DGND(1) -28-pin Plastic J-Lead (PLCC) Package 
with Internal Heatspreader 

... Q (j (j "' ~ z "' 0 > > '" « « « > 

DVCC(O) REXT 

DGND(O) ReSET 

WD DGND(I) 

we DVCC(I) 

WS DVCC(l) 

WA DGND(I) 

CLOCK MULTI 

:. e: 8 ~ ~ ~ g Q ~ Z " '" 8 8 >< >< :;: 
u 
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Bt440 
PC Board Layout Considerations 

Power Planes 

All of the VCC pins should be decoupled on the top 
PCB layer next to the device. A parallel 0.1 and 0.01 
uF chip capacitor is recommended (see Figure 4). 

To ensure subnanosecond CLOCK jitter, the Bt440 
should be isolated through ferrite beads on the power 
and ground connections. 

External Loop Components 

All of the external loop components (REXT and 
RCSET) should be placed on the top PCB layer close 
the device. 

High stability and ultra-low-leakage components 
should be used. (Chip capacitors and chip resistors are 
recommended. ) 

7-94 SECTION 7 

Brooktrre® 

Pixel Clock Outputs 

The CLOCK and CLOCK* outputs should be terminat
ed on the top PCB layer at the Bt440 with 220 Q chip 
resistors and then cross-terminated with 150 Q as close 
as possible to the RAMDAC (see Figure 5). 

The clock traces should be of equal length and con
tinuous on one trace layer. Through-holes, 90-degree 
angles, and stubs should be avoided to reduce any sig
nal reflections. 

General 

Unused TTL outputs should be left floating. 
The Bt440 should not be located on the board where 

large transient currents, or large electric or magnetic 
fields are expected. 

The Bt440 should not be socketed. 
Wire-wrapped boards will not work. 
If the LDC and LDD TTL outputs are not used, they 

should be disabled by tying E(s) to GND. This will re
duce the CLOCK jitter and increase the stability of the 
Bt440. 



Brooktrre® Bt440 
PC Board Layout Considerations (continued) 

RCSET 1---------,-------, 

AGND~P_ .... ~~ ................ -J GROUND PLANE 

DGND(l) 

Bt440 
L2 

POWER PLANE 

L3 

DVCC(O)~_-... -------------I L-____ POWER PLANE 

CI,C5 

L4 

DGND(O) ~ ........ --.. --.. - .. --J GROUND PLANE 

Note: The decoupling capacitors should be connected as close as possible to the power pins, 

Location Description Vendor Part Number 

CI-C3 0.1 uF ceramic chip capacitor Johanson Dielectrics X7R-500S41WI04KP 
C5-C7 0.01 I1F ceramic chip capacitor Johanson Dielectrics X7R-500S41W103KP 
Ll-L4 ferrite bead Fair-Rite 2743001111 

Rl 2-kO 5% resistor 
R2 330-0 5% resistor 
C4 3000 pF 5% capacitor 
C8 300 pF 5% capacitor 

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt440. 

Figure 4. Typical Connection Diagram and Parts List. 
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Bt440 
Application Information 

Interfacing to the RAMDAC 

Figure 5 illustrates the interfacing of the Bt440 to 
the RAMDAC when a quartz crystal oscillator is 
used. Figure 6 illustrates the interfacing of the 
Bt440 to a TIL clock oscillator. Figure 7 illustrates 
the interface of the Bt440 to a CMOS clock oscilla
tor. The Bt440 should be located as close as possi
ble to the RAMDAC. 

Termination resistors are required on the CLOCK 
and CLOCK* lines, located as close as possible to 
the Bt440. 

Brooktree® 

The Bt440 may drive the CLOCK and CLOCK* 
inputs of one to four RAMDACs if they are located as 
close as possible to each other. Because proper 
synchronization between'" Bt440s cannot be ensured, 
multiple devices should not be used when multiple 
RAMDACs drive the same monitor. 

A 1 k Q (typical) resistor must be used to isolate the 
VREF output of the Bt440 from the VREF input of the 
RAMDAC. This isolates Bt440 voltage reference 
noise; it cannot be coupled onto the RAMDAC VREF 
pin. The VREF input of the RAMDAC must still have 
a decoupling capacitor, as specified in its datasheet. 

CLOCKf---'~-----""'-1 CLOCK 

QUARTZ 
CRYSTAL 

220 
220 

XTALI 150 RAMDAC 

CLOCK'I-~>---------j CLOCK' 

Bt440 220 
+5V 

L.....---.,-----tXTAL2 220 

LDAI-------.---jLD· 

330 

VREFi-----,/ 

IK 

Note 1: Decoupling capacitor may require connection to ground, depending on V AA noise level. 

CI min=20pf 
C2 min = 100 pf 

C2> CI by 30 pf 

High stability and ultra-low-leakage components should be used. (Chip capacitors and chip 
resistors are recommended.) 

Figure 5. Interfacing to a Quartz Crystal. 
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Brooktree@ 
Application Information (continued) 

+5V 

+5V 

220 
TIL 

CLOCK I-~~-I XTALI 
OSCILLATOR 

330 

CLOCKI-_1I>--------.....-l 

220 

CLOCK' 1----..._------"'" 
Bt440 220 

Note: Oscillator clock lev
els should not exceed the 
XT ALl input levels. A 
50-percent duty cycle is 
required (see the DC 
Characteristics section). 

220 

LDAI---------+-1 

IK 

vREFI------,/ 

330 

VAA(Note 1) 
To.1 

1'-____ >----1 VREF 

RAMDAC 

Note 1: Decoupling capacitor may require connection to ground, depending on the V AA noise level. 

Figure 6. Interfacing to a TTL Clock Oscillator. 

+5V 

CLOCKI--..-------~ 

60 220 
CMOS 
CLK 
OSC 

I'--'~--I XTALI RAMDAC 

Note: Oscillator clock lev
els should not exceed the 
XT ALl input levels. A 
50-percent duty cycle is 
required (see the DC 
Characteristics section). 

CLOCK'~ 

Bt440 220 f 
220 

LDAI---------+-1 

330 

VREFI-------.1 I'-----r----I VREF 

Note 1: Decouplingcapacitor may require connection to ground, depending on the VAA noise level. 

Figure 7. Interfacing to a CMOS Clock Oscillator. 
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Bt440 Brooktree® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VCC 4.75 5.00 5.25 V 

Ambient Operating Temperature TA 0 +70 °C 

XT ALl Input Levels VIH 3.0 V 
VIL 0.5 V 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VCC (measured to GND) 7.0 V 

Voltage on any Pin GND-O.5 VCC + 0.5 V 

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, 114" from pin) 

I 

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 is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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Brooktroo@ Bt440 
DC Characteristics 

Parameter Symbol Min Typ Max Units 

TIL Inputs 
Input High Voltage vIH 2.0 VCC+0.5 V 
Input Low Voltage VIL GNJ)...{J.5 0.8 V 
Input High Current (Yin = 2.4 V) mi 10 J.IA 
Input Low' Current (Yin = 0.4 V) llL ...{).7 rnA 
Input Capacitance CIN 4 pF 

(f= 1 MHz, Yin = 2.4 V) 

XTALI VlH 2 3.8 V 
Input Voltage VIL GNJ)...{J.5 0.8 V 

Load Outputs 
Output High Voltage VOH 2.4 V 

(IOH=-2rnA) 
Outpilt Low Voltage VOL 0.5 V 

(IOL=20rnA) 

Clock Outputs 
Differential Output Voltage aVOUT .6 V 

Voltage Reference 
Output Voltage (Note I) VREF 1.13 1.21 1.28 V 
Output Current IREF 100 J.IA 

VCC Supply Current ICC 150 185 rnA 

Test conditions (unless otherwise speCified): "Recommended Operating Conditions." CLOCK and CLOCK* have 
50 n to VCC - 2 V. Typical values are based on nominal temperature, i.e., room temperature, and nominal voltage, 
i.e., 5 V. 

Note 1: RSET of the RAMDAC should be adjusted beCause the output voltage of the Bt440 is lower than the 
recommended VREF for the RAMDAC. lOG (rnA) - 11294 VREF and lOG (typ) = 26.7 rnA. 

RSET 
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Bt440 Brooktree® 
AC Characteristics 

Parameter Symbol Min Typ Max Units 

Pixel Clock Rate Fmax 80 275 MHz 
Crystal Frequency XTALmax 5 15 MHz 

CLOCK to LDA Skew (Note I) I 0 2 4 ns 
LDA to LDB Output Skew (Note I) -2 0 2 ns 
LDA to LDC Output Skew (Note I) -2 0.5 2 ns 
LDC to LDD Output Skew (Note I) -2 0 2 ns 

E(S) Setup (Figure 8) 2 5 ns 
E(S) Hold 3 5 ns 

E(A) Setup (Figures 9 and 10) 4 4 ns 
E(A) Enable Time 5 7 ns 

RESET' Active Low Time 6 6 ns 
RESET" Setup Time 7 4 ns 

Pixel Clock Jitter (Notes 2 and 3) 0.4 ns 

Test conditions (unless otherwise specified): "Recommended Operating Conditions." TTL input values are 0-3 V 
with input rise/fall times ::;3 ns, measured between the 10-percent and 90-percent points. Timing reference points at 
50 percent for inputs and outputs. 

Note 1: LD outputs equally loaded with 20 pF. Unequal loading may result in additional output skew. 
Note 2: Improper isolation will result in additional jitter. (See the PCB Layout Considerations section.) 
Note 3: Guaranteed, but not loo-percent production tested. 
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Brooktrre® 
Timing Waveforms 

XTALI 

RESET 

CLOCK 

-ll-l 

WA, LDB 

ENABLE (S), -l I- 2 
----------------------~I 

ENABLE (A) = I L.-. _______ ---' 

LDC, LDD 

WA'WB~ 

ENABLE (A), ------, 

ENABLE (S) = 1 

we, WD 

1-3 

Figure 8. Synchronous Enable Operation. 

-I I-- 5 

Figure 9. Asynchronous Enable Operation. Enable (A) 
Operation Pulled High Coincident When LOA and LOB are Low. 

Bt440 
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Bt440 
Timing Waveforms (continued) 

LOA, LOB JLrL 
ENABLE (A) 

ENABLE (S) = I 

LDC, LDD 

-i 

Brooklree® 

---I ~ 5 

I 

Figure 10. Asynchronous Enable Operation. Enable (A) 
Operation Pulled High Coincident When LDA and LDB are High. 

Ordering Information 

Ambient 
Model Number Package Temperature 

Range 

Bt440KHJ 28-pin PLCC with 00 to +700 C 
internal heat 

spreader 
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Distinguishing 
Features 

• lOKH or lOOK ECL 
Compatibility 

• Optional Single +5 V Operation 
• Separate TTL and ECL Supply 

Pins 
• Three-Statable TTL Pins 
• TTL-Compatible Control Inputs 
• 24-pin 0.3" DIP Package 
• Typical Power Dissipation: 

800mW 

Benefits 

• Flexible Power Supply 
• Reduced Component Count 
• Simplified PCB Layout 
• Reduced PCB Interconnect 
• Low Bus Loading 

Functional Block Diagram 

ITL(DO-D7) 1:<\ R~F4-_ ECL(DO - D7) 

DE' 

ITL VCC ITL GND ECL VEE ECL VCC 

Brooktree Corporation· 9950 Barnes Canyon Rd.· San Diego, CA 92121-2790 
(619) 452-7580· (800) 843-3642· TLX: 383596· FAX: (619) 452-1249 
L501001 Rev. H 

Bt501 

Bt502 
EeL/TTL 

Octal Transceiver 
and Translator 

Product Description 

The BtSOI and Bt502 are octal ECUITL 
bidirectional transceivers and translators. 
The BtSOI is lOKH ECL compatible, and 
the Bt502 is lOOK ECL compatible. 

The direction and output-enable control 
inputs are TTL compatible to simplify 
interfacing to a standard MPU. 

Both devices provide a bidirectional 
interface between TTL signals and ECL 
signals. The ECL inpuuoutput signals may 
be generated from normal ECL, single +5 V, 
or split ECL supplies. 

ECL(DO) 

ECL(Dl) 

ECL(D2) 

ECL(D3) 

DrR 

ECLVCC 

ECLVCC 

ECLVEE 

ECL(D4) 

ECL(D5) 

ECL(D6) 

ECL(D7) 

TIL(DO) 

TIL(Dl) 

ITL(D2) 

ITL(D3) 

DE' 

ITLVCC 

•.. < < •....•... -.Clf"' TIL GND 

TILGND 

< .H1Ll ITL(D4) 

............ "'w ITL(D5) 

....• ..•••• '~LJ ITL(D6) 

TIL(D7) 
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BtSOl/S02 
Circuit Description 

7-104 

Nominal Voltages Applied 

Supply Pin Single-Supply Dual-Supply Split ECl 
System System Supply 

TIL VCC +5.0 V +5.OV +5.0 V 
TILGND OV OV OV 
ECLVCC +5.0 V OV +2.0V 
ECLVEE OV -5.2 V -3.2 V 

8t501 Supply Operation. 

Nominal Voltages Applied 

Supply Pin Single-Supply Dual-Supply Split ECl 
System System Supply 

TIL VCC +5.0 V +5.OV +5.OV 
TILGND OV OV OV 
ECLVCC +5.0 V OV +2.0V 
ECLVEE OV -4.5 V -2.5 V 

The TIL (DO-D7), DIR. and OE* pins are TIL compatible regardless of the 
ECL power supply parameters. Changing the ECL power supply parameters 
affects the threshold levels of only the ECL(DO-D7) pins. 

8t502 Supply Operation. 

DIR OE* Function 

0 0 TIL (DO-D7) --> ECL (DO-D7) 
I 0 ECL (DO-D7) --> TIL (DO-D7) 
x I TIL (DO-D7) three-stated. ECL (DO-D7) = 0 

Control Truth Table. 

SECTION 7 
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Brooktree@ BtSOl/S02 
Bt501-Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

TIL Device Ground TILGND 0 0 0 V 
ECL Device Ground ECL VCC 0 0 0 V 
TIL Power Supply TILVCC +4.75 +5.0 +5.25 V 
ECL Power Supply ECL VEE -4.9 -5.2 -5.5 V 
Ambient Operating Temperature TA 0 +70 °C 

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 mounted either in the test socket or on the printed circuit board. 

Bt501-Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

ECL VEE (measured to ECL VCC) -8.0 V 
TIL VCC (measured to TIL GND) +7.0 V 

Voltage on Any ECL Pin ECLVCC ECLVEE V 

Voltage on Any TIL Pin TILGND TIL VCC V 
-D.5 +0.5 

ECL(DO-D7) 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. 114" from pin) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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Bt501/502 Brooktree@ 
Bt501-ECL DC Characteristics 

Parameter Symbol TA (Oe) Min Typ Max Units 

0 -1170 -840 mV 
Input High Voltage (Note 1) VlH +25 -1130 -810 mV 

+70 -1070 -735 mV 

0 -1950 -1480 mV 
Input Low Voltage (Note 1) va +25 -1950 -1480 mV 

+70 -1950 -1450 mV 

0 -1020 -840 mV 
Output High Voltage (Note 1) VOH +25 -980 -810 mV 

+70 -920 -735 mV 

0 -1950 -1630 mV 
Output Low Voltage (Note 1) VOL +25 -1950 -1630 mV 

+70 -1950 -1600 mV 

Input High Current IIH FULL 10 IJA 
(Vin = VIHmax) 

ECL VEE Supply Current lEE FULL 85 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with ECL (DO-D7) loading of 
50 n to -2.0 V. Typical values are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

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 mounted either in the test socket or on the printed circuit board. 

Note 1: Relative to ECL VCC. 
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Brooktroo® BtSOl/S02 
BtS01-TTL DC Characteristics 

Parameter Symbol Min Typ Max Units 

Input High Voltage (Note 1) VIH 2.0 TTLVCC V 
+0.5 

Input Low Voltage (Note 1) VIL TTLGND 0.8 V 
"'().5 

Input High Current IIH 70 IlA 
(Vin = 2.4 V) 

Input Low Current ilL ...().7 rnA 
(Vin = 0.4 V) 

Output High Voltage (Note 1) VOH 2.5 V 
(IOH = -2.0 rnA) 

Output Low Voltage (Note 1) VOL 0.5 V 
(IOL= 16 rnA) 

Three-State Output Current IOZ 
Vout = VOHmin 10 IlA 
Vout = VOLmax -10 IlA 

TTL VCC Supply Current ICC 95 rnA 

TTL(DO-D7) Short Circuit 
Output Currcnt lOS -40 -150 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with ECL (DO-D7) loading of 
50 n to -2.0 V. Typical values are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V . 

Note 1: Relative to TTL GND. 
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BtSOl/S02 Brooktree@ 
BtS01-AC Characteristics 

Parameter Symbol Min Typ Max Units 

TIL --> ECL Propagation Delay 1 0.5 7 ns 
ECL --> TIL Propagation Delay 2 2 11 ns 

ECL (DO-D7) Enable Time 3 2 11 ns 
ECL (DO-D7) Disable Time (Note 1) 4 3 11 ns 

TIL (DO-D7) Enable Time 5 0.5 6.5 ns 
TIL (DO-D7) Disable Time (Note 1) 6 0.5 6.5 ns 

Test conditions (unless otberwise specified): "Recommended Operating Conditions" witb ECL (DO-D7) loading of 
50 Q to -2.0 V. TIL input values are 0-3 V with input rise/fall times:S 4 ns, measured between tbe IO-percent and 
90-percent points. ECL input values are -2.0 to ...{l.SO V witb input rise/fall times :S 2 ns, measured between the 
20-percent and SO-percent points. Timing reference points at 50 percent for inputs and outputs. Typical values are 
based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1: Subject to capacitive loading. 

DIR 
_________ TIL __ --_>_E_CL __ ~._J/ ECL --> TIL 

OE' 

TIL(DO-D7) 

ECL(DO-D7) 

InpuVOutput Timing. 
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Brooktrre® BtSOl/S02 
BtS02-Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

TIL Device Ground TILGND 0 0 0 V 
ECL Device Ground ECLVCC 0 0 0 V 
TIL Power Supply TILVCC +4.75 +5.0 +5.25 V 
ECL Power Supply ECLVEE -4.2 -4.5 -4.8 V 
Ambient Operating Temperature TA 0 +85 °C 

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 mounted either in the test socket or on the printed circuit board. 

BtS02-Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

ECL VEE (measured to ECL VCC) -8.0 V 
TIL VCC (measured to TIL GND) +7.0 V 

Voltage on Any ECL Pin ECLVCC ECLVEE V 

Voltage on Any TIL Pin TILGND TILVCC 
-0.5 +0.5 V 

ECL (Do-D7) Output Current -50 mA 

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, 114" from pin) 

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 is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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BtSOl/S02 
BtS02-ECL DC Characteristics 

Parameter Symbol Min Typ Max Units 

Input High Voltage (Note 1) VlH -1165 -880 mV 
Input Low Voltage (Note 1) VIL -1810 -1475 mV 

Output High Voltage (Note 1) VOH -1025 -955 -880 mV 
Output Low Voltage (Note 1) VOL -1810 -1705 -1620 mV 

Input High Current IIH 10 IlA 
(Vin = VIH max) 

ECL VEE Supply Current lEE 85 rnA 

See notes below. 

BtS02-TTL DC Characteristics 

Parameter Symbol Min Typ Max Units 

Input High Voltage (Note 2) VIH 2.0 TILVCC V 
+0.5 

Input Low Voltage (Note 2) VIL TILGND 0.8 V 
-D.5 

Input High Current IIH 70 IlA 
(Vin=2.4 V) 

Input Low Current ilL -0.7 rnA 
(Vin =0.4 V) 

Output High Voltage (Note 2) VOH 2.5 V 
(IOH = -2.0 rnA) 

Output Low Voltage (Note 2) VOL 0.5 V 
(IOL= 16 rnA) 

Three-State Output Current IOZ 
Vout = VOHmin 10 IlA 
Vout = VOLmax -10 IlA 

TIL VCC Supply Current ICC 95 rnA 

TIL (DO-D7) Short Circuit 
Output Current lOS -40 -150 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with ECL (OO-D7) loading of 50 
Q to -2.0 V. Typical values are based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

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 mounted either in the test socket or on the printed circuit board. 

Note 1: "Relative to ECL VCC 
Note 2: Relative to TIL GND 
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BtSOl/S02 
Bt502-AC Characteristics 

Parameter Symbol Min Typ Max Units 

TIL --> ECL Propagation Delay (Note 1) 1 0.5 7 ns 
ECL --> TIL Propagation Delay (Note 1) 2 2 11 ns 

ECL (DO-D7) Enable Time 3 2 11 ns 
ECL (DO-D7) Disable Time (Note 1) 4 3 11 ns 

TTL(DO-D7) Enable Time 5 0.5 6.5 ns 
TIL(DO-D7) Disable Time (Note I) 6 0.5 6.5 ns 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with ECL(DO-D7) loading of 
50 n to -2.0 V. TIL input values are 0-3 V with input rise/fall times::;; 4 ns, measured between the 10-percent and 
9O-percent points. ECL input values are -O.SO to -2.0 V with input rise/fall times ::;; 2 ns, measured between the 
20-percent and SO-percent points. Timing reference points at 50 percent for inputs and outputs. Typical values are 
based on nominal temperature, i.e., room temperature, and nominal voltage, i.e., 5 V. 

Note 1: Subject to capacitive loading. 

OIR _________________ TIL ___ --_>_ECL ______ ~~ ECL->TIL 

DE" 

TIL(DO-07) 

ECL(DO-07) 

Input/Ouput Timing. 

Ordering Information 

Ambient 
Temperature 

Model Number Compatibility Package Range 

BtSOIKC IOKHECL 24-pinO.3" 00 to +700 C 
CERDIP 

BtS02KC l00KECL 24-pin 0.3" 00 to+S5° C 
CERDIP 
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Distinguishing 
Features 

• Greater than 200 MHz Bandwidth 
• Four Adjustable Delay Lines 

in One Package 
• Independent Delay Adjustments 

for Positive- and Negative
Going Transitions 

• Three Selectable Delay Ranges: 
10 ns, 20 ns, and 30 ns 

• Mode Control for Common 
Signal Distribution to All 
Channels 

• Adjustable Delays via External 
Voltages or Currents 

• Individual GNDNEE Pins per 
Delay Section for Superior 
Crosstalk Performance 

• Cascadable for Greater Delays 
and/or Multiple Taps 

• 28-pin or 44-pin Plastic J-Lead 
(PLCC) Package with 
Internal Heat Spreader 

Functional Block 
Diagrams 

81622 
Dual Channel 

Applications 

• Automatic Test Equipment 
• Clocked ECL Circuitry 
• CPU System Timing 

8t624 
Quad Channel 

Brooktree Corporation' 9950 Barnes Canyon Rd .• San Diego, CA 92121-2790 
(619) 452-7580· (800) 843-3642· TLX: 383596' FAX: (619) 452-1249 
L622001 Rev. J 
Patent Pending 

Bt622 

Bt624 
Very High-Speed 

Dual- and Quad-Channel 
ECL Delay Lines 

Product Description 

The Bt622 and Bt624 Adjustable Delay Lines 
are designed for high-performance delay 
adjustments of high-frequency ECL signals. 
The Bt622 is a dual delay line, and the Bt624 
is a quad version. Their varied applications 
include use in ATE as the prime method of 
deskewing multiple channels of a shared 
resource system, and the common need of 
signal timing adjustments in many clocked 
ECL circuits. 

Two external delay adjustments are 
available for each channel, VDELA Y and 
VWIDTH. Depending on the selected mode 
of operation, the adjustment inputs have 
different functions. When independent 
falling-edge delay adjustment is not 
required, VDELA Y delays the input 
waveform over the selected ranges, and 
VWIDTH is not operational. When the 
falling-edge adjustment is enabled, VDLA Y 
and VWIDTH adjust the delays of the rising 
(positive-going) and falling (negative-going) 
edges, respectively. 

These devices allow for fine deskew 
control of multiple signal paths and permit 
compensation for differences in positive
versus negative-going signal delays through 
system paths. 

The overlapping delay ranges allow for 
maximum versatility in optimizing the 
necessary delays while maintaining the 
required resolutions of adjustments. 



Bt622/624 Brooktree@ 
Pin Descriptions 

The signals that are individually assigned for each channel are suffixed by the channel number: 1 and 2 for the 
Bt622, and 1 through 4 for the Bt624. 

Pin Name Description 

IN, IN* Differential lOKH ECL-compatible inputs. The negative polarity input is indicated by the aste-
risk ("*"). The signal to be delayed is input to the device through this differential pair. Internal 
pullups and pulldowns ensure that, when they are left floating, IN will be pulled low and IN* 
will be pulled high to yield astable differential low at the outputs. 

OUT,OUT* Differential ECL-compatible outputs. The negative polarity input is indicated by the asterisk 
("*"). The signal to be delayed is output from the device through this differential pair. 

DRVMODE A single-ended lOKH ECL-compatible input. The input is internally pulled low. If DRVMODE 
is left floating or at ECL logical zero, the device acts as multiple independent delay channels. A 
logical one on this pin will distribute the signal input to channel 2 of the Bt624 to all other chan-
nels. The inputs to the other channels are also ORed into the signal path. The Bt622 channell is 
driven to channel 2. In this mode the device acts as a skewable signal distribution component 
and minimizes the number of necessary connections to the package. Too many connections 
would degrade the input signal quality. Since the other channels are also ORed into the signal 
path, the fanned-out input signal may act as a modulation to all channels. 

VDELAY A voltage-control input that adjusts the delay through the channel. Depending upon the mode of 
operation selected by SO and SI, this input is used in conjunction with VWIDTH for overall de-
lay control. Nominal voltage range for this pin is -1.3 to -0.1 V for short and long delays, re-
spectively. A 0.01 ~ ceramic capacitor to GND is recommended on this pin for noise reduc-
tion. A constant current is mirrored internally at this pin with the current set by REXTl. 

VWIDTH A voltage-control input that adjusts the delay through the channel. Depending upon the mode of 
operation selected by SO and S 1, this input is used in conjunction with VDELA Y for overall de-
lay control. Nominal voltage range for this pin is -1.3 to -0.1 V. A 0.01 ~ ceramic capacitor to 
GND is recommended on this pin for noise reduction. The VWIDTH pins are active only if SI 
is a logical one or connected to VEE. A constant current is mirrored internally at this pin with 
the current set by REXT1. 

COMPI Compensation pin. A 0.1 ~ ceramic capacitor must be connected between COMPI and VEE. 

COMP2 Compensation pin. A 0.1 ~ ceramic capacitor must be connected between COMP2 and VEE. 

SO A single-ended lOKH ECL-compatible input. A logical zero selects the lower range of delay ad-
justment. A logical one selects the upper range of delay adjustment. The input may be connected 
to GND or VEE for a hard-wired range selection. Floating this input will select a logical zero. 
This is a global input that affects all channels. Used in conjunction with the SI input pin, the SO 
input selects the range of group delay for given control voltages at the VDELA Y and VWIDTH 
input pins. 

SI A single-ended three-state input pin. An ECL logical zero disables the VWIDTH pins. Negative 
transitions will have the same delays as positive transitions. A logical one (or SI tied to GND) 
will allow the VWIDTH pins to adjust the delays of the negative transitions through the delay 
channels. If -3.2 V is exceeded at· this input while it is tied to VEE or left floating, 
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Brooktrre® Bt622/624 
Pin Descriptions (continued) 

Pin Name Description 

the extended delay range, Mode 5, will be enabled. In this mode, the VWIDTH input pins do 
not adjust the delay of the negative transition. The VWIDTH pins act as extensions to the 
VDELA Y control pins. The text contains further explanation of the function of this pin. This 
is a global input that affects all channels. 

VBB Nominal-I.3 V output. When delay channels are driven single endedly, the complementary 
input may be connected to VBB. (Single-ended operation is not recommended for high-
frequency or high-accuracy applications.) A 0.01 IlF ceramic bypass capacitor to GND is 
recommended for applications with this pin. 

GND Device ground. All GND pins must be connected to ground. 

VEE Negative supply, typically -5.2 V. A 0.11lF ceramic chip bypass capacitor to ground for all 
channels is essential for lowest crosstalk performance. 

REXTl Analog input. This input sets a reference current, which is mirrored internally at all VDE-
LAY and VWIDTH control inputs. The nominal voltage at this node is -1.3 V. A 1.3 k!1 re-
sistor to ground will develop a 1 rnA reference current. Reference currents down to 50 !lA 
may be used with no degradation in performance. The proper value depends upon the inter-
facing method to the VDELA Y and VWIDTH inputs. 

REXT2 Analog input. This input sets a reference current, which is mirrored throughout all of the in-
ternal gates of the Bt622/624. As such, this current input sets the overall power dissipation of 
the products. The current developed here will also alter the minimum delay and size of the 
delay range. By decreasing the current, the minimum propagation delay will increase on all 
channels and the range of delay for a given VDELA YIVWIDTH input will increase. The 
nominal voltage at this pin is -1.47 V. A 2.94 k!1 resistor to ground will develop a 500 !lA 
reference current. 

Pinouts for 8t622 and 8t624 

Bt622 Bt624 
28-pin Plastic J-Lead 44-pin Plastic J-Lead 
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IN2 GND2 
INI OUT! IN2' OUf2 

INI' OUTI' VEE2 0lJf2' 

VEEl GND3 GND3 
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Bt622/624 
Application Information 

Power Supply Decoupling 

ALL VEE supply pins should be separately decoupled to 
GND with a 0.1 j.IF ceramic 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. The individual channels 
have separate GND and VEE pins to maintain superior 
crosstalk performance. The bypass capacitor for each 
channel should be placed between GNDI and VEE1, 
GND2 and VEE2, GND3 and VEE3, and So on. 

BrooktreeQP 

Internal Fanout 

The DRVMODE control input is used to internally dis
tribute the signal present at channel 2 of the Bt624 
(channell of the Bt622) to channels 1,3, and 4 (chan
nel 2 of the Bt622). This allows the user to terminilte a 
high-quality signal at only one input, avoiding the larg
er lumped capacitances involved if multiple package 
inputs were daisy chained. 

A detailed block diagram for the Bt624 is shown in 
Figure 1. DRVMODE enables the AND gate at channel 
2 to drive the OR gate at the other channels, thereby 
buffering the signal and maintaining signal integrity. 
The unused channel inputs are still active. They have 
internal pullups and pulldowns to create a logical zero 

Figure 1. Bt624 Detailed Block Diagram. 
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Brooktrre® 
Application Information (continued) 

at the inputs, allowing the user to float these inputs by 
leaving them unconnected. They may be driven with 
signals of their own, however. The application may be 
for a gated signal, such as a clock. The clock signal ap
plied to channel 2 and fanned out through channel I 
may be controlled and gated ON or OFF at channell' s 
output by asserting a logical zero or one, respectively, 
at channell' s input. 

When the signal is internally buffered and distribut
ed to the other channel inputs, the signal may be de
layed independently through each channel according to 
the mode selected and the signals present at the VDE
LA Y and VWIDTH control inputs. 

Ranges of De/ay 

The SO and S 1 control inputs select the range of delay 
for the signals through the Bt624. Two main types of 
delay are available. In the first type, the input signal is 
delayed and the output signal is a delayed version of the 
input signal. The other delay type allows independent 
delay control ofthe rising and falling edges. 

Table 1 contains descriptions of modes versus con
trol inputs. Modes 0, 1, and 5 are delays of type 1-
group delays are imposed upon the input signal with no 
independent rising- and falling-edge adjustment. The 
criteria dictating which of these modes the application 
calls for are range of delay needed and the minimum 
pulse widths expected. Roughly, mode 0 is a 10 ns de
lay range, mode 1 is a 20 ns delay range, and mode 5 is 
an extended 30 ns delay range. 

The equivalent circuit diagrams are depicted in Fig
ures 2a, b, and c for modes 0, 1, and 5. Modes 0 and 1 
delays are adjusted with the channel VDELA Y inputs, 
only. The VWIDTH control inputs are nonfunctional 

Bt622/624 

and unused. Mode 0 uses a gate string of 15. Mode 1 has 
an additional 10 gates in the signal path to total 25 gates. 

Mode 5 (Figure 2c) uses both the VDELA Y and 
VWIDTH inputs for delay control. When Mode 5 is 
implemented, the VDELA Y and VWIDTH inputs 
should be shorted together and a common control volt
age should be applied. This extended delay range uses 
35 gates in the signal path. 

VDELA Y ...... : ............ ,:................ . ..• 

IN ~---t>--- OUT 

15 

Figure 2a. Mode 0, 15 Gates. 

VDELA Y ...... :.:.: ......... \:.- .................... \. 

IN -1>-t>----t>--- OUT 

25 

Figure 2b. Mode 1, 25 Gates. 

VDELA Y ...... :.:.: .......... ': ... . 

IN -1>-t>---

--~OUT 
10 \. 

VWIDTH .............. ,: .............. : ...................... / 

Figure 2c. Mode 5, 35 Gates. 

Input Pins VWIDTH WIDTH 
MODE Operation Nominal Adj. 

# S1 SO Description TSPAN Range 

0 0 0 Unused 10 -
1 0 1 Unused 20 -
2 1 0 Active, Falling Edge 10 ±5 
3 1 1 Active, Falling Edge 20 ±5 
4 ..... EE- --e- -Short ttl ..... SEL-A. ¥ --2fl-- I- - ---

(Note 1) 
5 VEE 1 Short to VDELA Y 30 -

Note 1: Mode 4 should not be used. It is functionally equivalent to mode I. 

Table 1. Delay Ranges Versus Input Configurations. 
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Bt622/624 
Application Information (continued) 

Independent Edge Delays 
Modes 2 and 3 can independently adjust the delays of 
the rising and falling signal edges. Mode 2 is a 10 ns 
delay range, and mode 3 is a 20 ns range. The selection 
of range depends on the desired range of overall delay 
(group delay) of the signal and on the amount of fall
ing-edge adjustment required. 

Figure 3 is a representation of the circuit topology of 
modes 2 and 3. The number of delay cells for the fall
ing-edge adjustment remains constant. The VWIDTH 
delay range of adjustment is fixed and is the same for 
both modes 2 and 3 at 10 delay elements. The number 
of delay cells for the rising-edge adjustments changes 
from 15 to 25 for modes 2 and 3, respectively. The 
positive-going edge triggers the set input to the S-R 
flip-flop. The signal is inverted after it is delayed for 
the negative-going edge and triggers the reset input to 
the flip-flop. 

Note: Upon power-up of the device or when operat
ing modes are being changed, the S-R flip-flop is in an 
indeterminate state. A rising or falling edge that propa
gates through the channel will correct the situation. 
Therefore, before the device is used in mode 2 or 3, a 
dummy edge should be applied to the device before 
calibration takes place. 

The falling-edge adjustment (with VWlDTH) con
trols the falling-edge delay only; it has no effect on the 
rising-edge delay. The VDELA Y control has an effect 
on both the rising and falling edges. Therefore, delay 
calibration should be performed first with VDELA Y, 
then with VWIDTH. This will be covere~ more fully 
in Calibrating a System Channel. 

Figure 4 is a tool to determine whether mode 2 or 3 
should be implemented in a particular application. 
When VDELA Y is at minimum delay, the range of ad
justment of the falling edge is 0 to + 10 ns at the 
VWIDTH input. When VDELAY is at maximum de
lay, the falling edge has -10 to 0 ns of adjustability. 
These points set the ranges of adjustment that are avail
able at the VWIDTH pin. The shaded area indicates 
the operating zone. The user should first determine the 
required range of adjustability of the falling-edge ver
sus the rising-edge position. TIlis will dictate what 
range of overall group delay is available for the partic
ular mode. As an example, if ±2 ns of falling-edge ad
justment is required, the intercepts for the operating 
range are at 20 percent and 80 percent of the VDELA Y 
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range. This relates to the center 60-percent range of 
overall VDELA Y. This would allow 8.4 ns and 14.4 ns 
of group delay for modes 2 and 3, respectively, each 
calculated as 60 percent of the nominal available 
range. Similarly, if ±1 ns of falling-edge adjustment is 
required, 10 percent and 90 percent are the intercepts. 
These would allow 11.2 ns and 19.2 ns of adjustment 
range for modes 2 and 3, respectively. 

Minimum Pulse Widths 

The minimum pulse widths through the channels of de
lay are related to the chosen range of delay. The longer 
the range of delay, the longer a very small pulse width 
may be delayed before incurring inaccurate tracking 
and subsequent pulse swallowing. 

The delay elements have bandwidth constraints for 
different range configurations and group delay control 
voltages. These bandwidth differences limit the accept
able minimum pulse widths [TPW(min)] for a delay 
channel. 

Figure 5 illustrates the approximate minimum pulse 
widths that may be passed through the delay channels. 
These are nominal graphs of TPW(min) for the ranges 
achievable for modes 0 through 5. 

The result of violating these minimum curves is a 
,nissing output pulse, as the pylse is swallowed. 

Figure 5 refers to minimum pulse width. For modes 
0, 1, and 5, the input and output pulse widths are the 
same. Modes 2 and 3 require special consideration for 
minimum pulse width involving the input pulse width 
[TPW(in)], the rising-edge delay [Tpd(rising)], the fall
ing-edge delay [Tpd(falling)], and the minimum input 
pulse width [TPW(min)]. 

To obtain the desired output pulse while modes 2 
and 3 are being used, the relationship in the following 
equation must be maintained: 

TPW(in) - Tpd(rising) + Tpd(falling) ;::: TPW(min) 

With the Bt622/624, the falling-edge delay of the 
output pulse can be programmed for less than (or great
er than) the rising-edge delay for a positive input pulse 
(or negative pulse). If the above relationship is violat
ed, an undesirable state of operation will exist (see 
equivalent circuit of Figure 3). 



Brooktree® Bt622/624 
Application Information (continued) 

VDELA Y .. '.:: ............ :.: .................. \ ....................... \ ........... \ ...................... Rising-edge Delay Path 

IN 

OUT 

10 .... 
. / Falling-edge Delay Path 

~-7~--~------~~ 

VWIDTH ....................................... ,.::.: ......... ,:'::: ............... / .. 

Figure 3. Modes 2 and 3 Equivalent Circuit. 

+10.0 

+8.0 

+6.0 

.f4.0 

>. 
~ 

" +2.0 Q -.... 
DO;;;-
0'0 
OJ)<: 0.0 <= 0 
~u 

..:~ 
::':0 
f-<<= -2.0 95 
~ VWIDTH=-D.7 V 
:> -4.0 

-6.0 

-8.0 
VWIDTH=-D.l V 

-10.0 ~--,i--;--1i--;--1---+---t--+--+---i 

10 20 30 40 50 60 70 80 90 100 

Min Delay Max Delay 
VDELAYRange (%) 

Figure 4. VWIDTH Delay Range Versus VDELA Y. 
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Bt622/624 
Application Information (continued) 

As shown in Figure 3, while modes 2 and 3 are be
ing used, the rising and falling edges of the output 
pulse are controlled by setting and resetting, respec
tively, the output of a flip-flop. Theprogrammed rising 
edge will set the flip-flop to output the rising edge 
[Tpd(rising)] of the output pulse. The programmed 
falling edge will then reset the flip-flop to output the 
falling edge [Tpd(falling)] of the output pulse. 

If the above equation is not followed, the falling 
edge may be programmed for less than (or greater 
than) the rising edge for a positive input pulse (or neg
ative input pulse). In this case, the signal to reset (or 
set) the flip-flop will appear prior to the signal to set 
(or reset) the flip-flop. The resultant output will not be 
a pulse but only a polarity reversal. 

Therefore, while modes 2 and 3 are being used, the 
input pulse must be sufficient in width to accommo
date the minimum input pulse width shown in Figure 
5, and the difference between the falling- and rising
edge delays must be as desired. 

The mode selection of a particular range of delay 
and falling-edge adjustment offets the user great flexi
bility in optimizing the needs ~f the applications at 
hand. Different range modes use more or less of the 
Bt6221624 circuitry. Unused on-chip circuitry is pow
ered down to allow cooler operation. 

Brooktree@ 

Sample Application 
Figure 6 depicts the Bt622 in a mode-2 application. 
The Sl input pin is connected to OND. This programs 
a logical one, which enables the VWIDTH pins for ad
justment of negative transitions through all channels. 

The DRVMODE input is set to a logical low (tied to 
-5.2 V), which allows channel 1 and channel 2 inputs 
to both be valid. If the pin had been a logical one, the 
input to channel 1 would also be ORed into channel 2. 

Channell is being driven with a differential ECL in
put as a high-performance application. The SO input i~ 
set low (tied to -5.2 V) to enable the lower delay span 
for both channels. The VDELA Y and VWIDTH con
trol inputs are being driven from a current output DAC 
(e.g., a Bt1lO octal DAC) with 1 rnA full-scales. This 
offers complete digital programmability of the group 
delay (VDELA Y) and the fine adjustment of the nega
tive transitions (VWIDTH). The 1 rnA current sources 
at these pins are added to the DAC output currents to 
enable voltages from -1.3 to -0.1 V, the entire adjust
mentrange. 

Channel 2, in contrast, is a lower-performance appli
cation. The input is driven single-endedly. The invert
ing input (IN2*) is connected to the VBB output of the 
Bt622 to allow proper ECL switching at the -1.3 V 
point. The delay control inputs are adjusted by· the 
trimming resistor (R4) to ground. The VDELA Y and 
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Application Information (continued) 

Differential --+l---+----, 
ECLInput 

Signal -f.}---/--,=-...., 

Single-ended 
lOKHInpuf 

Signal 

Bt622/624 

Current Adjustments 
From BtllO Octal 
DAC or equivalent 

[!],-l\. LOIIM 
T LV O.lpF 

~QO.OiPF QQSOOIIM 
Transmission -= Line 

-2V f-:::L -LQ T 0.1"" 

Figure 6. Bt622 Typical Applications. 

VWIDTH control inputs are shorted together and tied 
to this slUIle controlling resistor. Since two control in
puts are tied together, 2 rnA of node current results (1 
rnA for each input). Therefore, the 500 Q trimming re
sistot will allow a range of -1 to 0 V. This type of con
nection is used for less demanding applications where 
the relevant timing is only to a single edge, and inde
pendent adjustment of rising and falling edges is not 
needed. With the two inputs commoned to the same 
voltage node, the delays of the rising and falling edges 
will track and be approximately the same. 

The Bt6221624 have open-emitter outputs; thus, they 
must be terminated through 50 Q resistors to -2 V at 
the end of the transmission paths or the equivalent. Mi
crostrip layout techniques are recommended. The in
put signals should also abide by proper high-frequency 
layout rules. Possible reflection sources should be min
imized, and a constant low-impedance transmission 
line to the device should be maintained. 

Figure 6 shows both channels' differential outputs 
terminated. Single-ended terminations of the outputs 
are not recommended for maximum performance. All 
differential stages should be· equally loaded. Figure 6 

also shows each termination resistor with its own by
pass capacitor to ground for the -2 V termination volt
age. The use or nonuse of individual capacitors for 
each termination resistor is a function of the actual lay
out, and the resultant ground and -2 V path impedanc
es. Adjacent termination resistors may be able to use a 
single bypass capacitor. Chip resistors are recommend
ed for maximum performance. Common resistor net
works are not recommended for optimum operation. 

Although the Bt6221624 is designed to operate with 
constant power dissipation, the airflow requirement of 
400 LFPM is recommended to minimize thermal varia
tions, which may result in tens of picoseconds of delay 
variations. . 

Maximum performance from the Bt6221624 can 
only be obtained by careful layout and evaluation. 
Timing measurements in the sub-loo picosecond range 
are valid only if great care in the total environment of 
the device is observed. Great care was taken to design 
and specify these devices for maximum performance 
and ease of use. The user should follow these recom
mendations in the applications and evaluations of the 
devices. 

PERIPHERALS 7-121 



Bt622/624 
Application Information (continued) 

Delay Channel Linearity 

Figure 7 is a graph of the delay linearity versus 
VDELA Y control voltage. The transfer curve is not an 
ideal straight line; there is a characteristic nonlinearity 
to the curve. The Bt622/624 was not designed to be ul
tralinear. It is guaranteed monotonic; any decrease in 
control voltage will increase the programmed delay. 
All modes will exhibit this characteristic curve over 
the delay range. The figure calculates the nonlinearity 
as a percentage of the full-scale delay span. 

Table 1 is a further aid in visualizing the flexibility 
of ranges available. Given the two input pins, S 1 and 
SO, six different range configurations are possible. 
Since these ranges are all unique in group delay and 
falling-edge adjustment capability, they are enumerat
ed as mode numbers 0 through 5. Mode 4 has been 
marked through; it is functionally redundant to mode 1. 
For this reason, it is not specified in the document and 
not tested for performance. 

The AC Characteristics section of this document 
specifies the sensitivities at the endpoints of the transfer 
function for given voltages at the VDELA Y control in
puts. A further aid for determination of the required 
DAC resolution necessary for adjustment resolution is 

J 15
1 

~ lot· _. -'-'-1-'-'-' -'-i' _. _. _.-. ~. -. 
~ ~!! 

Brooktree® 

offered in Figure 8. The figure quantifies the approxi
mate resolutions of delay attainable given different res
olutions of DACs programming the VDELA Y input 
pins. The figure separates the DAC resolutions neces
sary for low and high delay ranges. The VDELA Y con
trol input is a voltage-dependent input. Since the node 
has an internal 1 rnA current source, a controlling cur
rent may also be used. A 1 kQ resistor to ground will 
generate -1.0 V at the VDELAY or VWIDTH inputs. 
Variable currents injected into this node will supply 
currents to the current source and, therefore, reduce the 
voltage created at the control inputs. If only 8-bit DACs 
are available, two current outputs may be added togeth
er, with one output having a 1 rnA full-scale output and 
the other DAC having a 125 J.lA full-scale output. The 
effective resolution would then be equivalent to a sin
gle II-bit DAC driving the VDELAYpin. 

Another method for obtaining greater resolution, but 
at the expense of overall range, is use of a fixed 
resistor to ground as a coarse adjustment to the 
beginning of the required range. A DAC current output 
then added into the node will act as a fine dither 
adjustment. 

DAC Resolution 

Nominal 
(# of bits) 

Picoseconds/LSB Modes Modes 
0,2 1,3 

~ !!! 
~ ._._._._~_._._. __ ._._._._.~._._._._!_._._._. 1._._._._. 

5 I I I I 156.0 6 7 
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Figure 7. 8t6221624 Delay Linearity 
Versus VDELA Y. 
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Application Information (continued) 

Calibrating a System Channel 

When the Bt6221624 delay lines are used to calibrate 
positive- and negative-going transitions, it is necessary 
to calibrate the positive-going transitions first. This is 
the case when mode 2 or 3 is implemented. 

Figure 9 is a graphic representation of channel cali
bration with these devices. In Figure 930 the adjustment 
is made at the VDELA Y pm to move both polarities of 
transitions from to to t1. The falling edge moves less 
than the rismg edge, but only the positive-going edges 
are being calibrated. Although both edge polarities are 
being adjusted, only the positive-gomg edge is relevant 
to the system at this point in the calibration. The 
VWIDTH adjustment pin is programmed for midscale 
while the positive edge is calibrated. 

When the positive-gomg edge has been calibrated, 
the negative-going edges are calibrated at the 
VWIDTH pin. The VWIDTH pin can now be adjusted 
to provide more or less delay for the negative-going 
edges. Figure 9b indicates that the edge is being moved 
more positive by t3 ns. The rising-edge delay remains 
constant when the VWIDTH pin is adjusted. 

When a system channel is calibrated in mode 2 or 3, 
the output flip-flop must irrst be set to a determinate 
state. Figure 3 is a graphic representation of the circuit. 

Bt622/624 

Upon power-up of the part, the output S-R flip-flop is 
indeterminate. An input edge, either rising or falling, 
will set the output to the correct state, and calibration 
may proceed from there. 

Also, when a system channel is calibrated in mode 2 
or 3, a large pulse width should be allowed. When a 
small pulse width is applied (less than 10 ns) and cali
bration is proceeding on the rising edge by varying the 
VDELA Y control, the pulse could disappear if the 
VWIDTH control is at or near minimum voltage. If 
VDELAY is set at or near maximum voltage (-1.3 V) 
and VWIDTH is set at or near minimum voltage (-0.1 
V), the falling edge is delayed -10 ns with respect to 
the rising edge. This means that the pulse can no long
er exist. For this reason, calibration should take place 
with pulses greater than 20 ns. Fine adjustments to 
VDELA Y and VWIDTH may subsequently be made 
with small pulse widths. 

When this calibration is complete, the channel has 
been deskewed to other channels. Any variation of de
lay between positive- and negative-going signals from 
the beginning to the end of the system channel has 
been accounted for and adjusted out. 

IN _--,I \<-----
OUT 

IN 

OUT 

"'/ ' , , 
II! 

III\, 
I I I 
\, \ 

I--?I I--?I 
to tl to tl 

a. Servo the Group Delay at VDELA Y Pin. 

1 \ 
1 \\\\ 

\II 

-71 I(:-

----7 
13 

b. servo the Negative Transition at VWIDTH Pin. 

Figure 9. 816221624 Channel Calibration. 
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Bt622/624 
Application Information (continued) 

Control Voltage Circuits 

The output delay control pins VDELA Y and VWIDTH 
can be interfaced with a current-output DAC (as in the 
Btl 10), a voltage-output DAC, or a resistor connection 
to ground. 

The VDELA Y and VWIDTH nodes, as described in 
the Pin Descriptions section, are inputs to internal cur
rent sinks. This is graphically indicated in Figures lOa 
and lOb. 

Figure lOa shows the connection to a current-output 
DAC. For this discussion, Vcntrl will equal VDELA Y 
or VWlDTH. The resistor value for Rl should be cho
sen so that the required full-scale control voltage, 
Vcntrl, is generated by the referenced current 1. This 
full-scale voltage will be generated with the DAC out
putting zero current. As the DAC sources more current 
into the node, less current flows through the resistor 
R1. Therefore, the voltage generated across the resistor 
decreases and generates the minimum control voltage. 
So, the equation is: 

Vcntrl = (Idac-I)*R1. 

Figure lOb indicates the connection for a positive 
voltage-output DAC controlling Vcntr!. As shown, the 
combination of current source I and resistor Rl gener
ates the proper offset voltage, and resistor R2 generates 
the required attenuation. 

The method with which to calculate the resistor val
ues Rl and R2, given the DAC output voltages and 
Vcntrl endpoints, is as follows: 

Vcntrl = Vdac*(R2/(Rl + R2) - I*R1 *R2/(R1 + R2) 

With 

A = R2I(R1 + R2) and B = R1 *R2/(Rl + R2) 

7-124 SECTION 7 

so 

Vcntrl = Vdac*A-I*B 

and assuming 

o V ~ Vdac ~ Vdac(max) and, 
Vcntrl(min) ~ Vcntrl ~ Vcntrl(max), 

then, isolating A and B, and substituting yields, 

B = -Vcntrl(min)/I, 
A = [Vcntrl(max) + B*I]Ndac(max), 

and 

R2 = B*(l + A/(l - A» 
Rl = R2*(1- A)/A. 

For example: 

OV ~ Vdac~7 V, 
-1.0 V ~ -0.1 V, and, 
1= l.OmA. 

Substituting into the above equation 

B = 1.0 V/l.O rnA = 1000 n, 
A = (-0.1 V + 1000 n*l.O mA)n V = 0.128 V, 
R2 = 1000*[1 + 0.128/(1 - 0.128)] = 1148 n 

and 

Rl = 1148*(1 - 0.128)/0.128 = 7776 n. 



Brooldree® 
Application Information (continued) 

CURRENT 
OUTPUT H __ ~'----+---, 

DAC I 1= 1.3 VIREXTI t = 1 rnA (nominal) 

Figure 10a. Control Voltage from lOUT DAC. 

I 1= 1.3 VIREXTI t = 1 rnA (nominal) 

Bt622/624 

Figure 10b. Control Voltage from VOUT DAC. 
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Bt622/624 Brooldree® 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Device Ground GND 0 0 0 V 
Negative Power Supply VEE -4.9 -5.2 -5.5 V 
Ambient dperating Temperature TA 0 +70 °C 

Thermal Resistance 
Junction to Air 

Bt622KHJ 
Still Air SJA 48.8 °C/W 
50 LFPM of Airflow SJA 35.5 °C/W 
400 LFPM of Airflow SJA 26.4 °C/W 

Bt624KHJ 
Still Air SJA 41 °C/W 
50 LFPM of Airflow SJA 33 °C/W 
400 LFPM of Airflow SJA 21 °C/W 

Junction to Case 
Bt622KHJ SJC 11.3 °C/W 
Bt624KHJ SJC 12.4 °C/W 

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

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VEE (relative to GN'D) 0 --6.0 V 

Voltage on any Digital Pin VEE V 

Output Current -50 mA 

Ambient Operating Temperature TA -55 +70 °C 
Storage Temperature TS --65 +150 °C 
Junction Temperature TJ +150 °C 

Soldering Temperature TSOL 260 °C 
(5 seconds, 114" from pin) 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the devicc. 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 is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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Bt622/624 
DC Characteristics 

Parameter Symbol TA (OC) Min Typ Max Units 

Digital Input High Voltage (Note I) 0 -1170 -840 mV 
IN,IN* VIH +25 -1130 -810 mV 

+70 -1070 -735 mV 

Digital Input High Voltage (Note I) 0 -1170 0 mV 
DRVMODE, SO, SI VIH +25 -1130 0 mV 

+70 -1070 0 mV 

Digital Input Low Voltage (Note I) 0 -1950 -1480 mV 
IN,IN* VIL +25 -1950 -1480 mV 

+70 -1950 -1450 mV 

Digital Input Low Voltage (Note I) 0 VEE -1480 mV 
DRVMODE,SO VIL +25 VEE -1480 mV 

+70 VEE -1450 mV 

Digital Input Low Voltage (Note 1) 0 -2100 -1480 mV 
SI VIL +25 -2100 -1480 mV 

+70 -2100 -1450 mV 

SI Third State (Extended Delay) FULL VEE -3.2 V 

0 -1020 -760 mV 
Digital Output High Voltage VOH +25 -980 -730 mV 
(Note 1) +70 -920 -680 mV 

0 -1950 -1630 mV 
Digital Output Low Voltage . VOL +25 -1950 -1630 mV 
(Note 1) +70 -1950 -1600 mV 

Input High Current (Vin = VIHmax) .. 
IN, DRVMODE, SO, SI IIH FULL 100 250 !JA 
IN* IIH FULL -100 -20 !JA 

Input Low Current (Vin =VlLmin) 
IN, DRVMODE, SO, SI IlL FULL 40 150 !JA 
IN'" IlL FULL -100 -40 !JA 

See test conditions and note at the end of this section. 
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Bt622/624 Brooktree® 
DC Characteristics (continued) 

Parameter Symbol TA (OC) Min Typ Max Units 

VEE Supply Current 
Quad Channel (Bt624) 

ModeO. lEE FULL 240 300 rnA 
Modes 1,2 FULL 300 370 rnA 
Modes 3, 5 FULL 360 450 rnA 

Dual Channel (Bt622) 
Mode 0 lEE FULL 160 215 rnA 
Modes 1,2 FULL 195 230 rnA 
Modes 3, 5 FULL 230 280 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with all OUT and OUT* 
outputs terminated through 50 Q to -2.0 V, REXTl = 1.3 kQ, and REXT2 = 2.94 kQ. All parameters specified at 
O°C are guaranteed by characterization and are not l00-percent production tested. Typical values are based on 
nominal temperature, i.e., room temperature, and nominal voltage, i.e., -5.2 V. 

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 mounted either in the test socket or on the printed circuit board. 

Note 1: Relative to GND. 
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Brooktree~ Bt622/624 
AC Characteristics 

Parameter Symbol Min Typ Max Units 

Propagation Delays (Note 1) 
Minimum Delays 

MODE S1 SO VDELAY VWlDTH 
0 0 0 -D.1V X TPDmin 4.6 6.5 7.9 ns 
1 0 1 -D.1V X TPDmin 7.2 9.1 11.0 ns 
2 1 0 -D.1V -D.1 V TPDmin 5.4 7.1 8.6 ns 
3 1 1 -D.1V -D.1 V TPDmin 7.9 9.9 12.3 ns 
5 VEE 1 -D.1V -D.1 V TPDmin 10.7 12.9 15.9 ns 

Delay Adjustment Ranges 
MODE 

0 Vcontrol = VDELAY TPDspan 10.0 15.0 20.0 ns 
1 Vcontrol = VDELAY TPDspan 17.3 25 32.0 ns 
2 Vcontrol = VDELAY & VWIDTH TPDspan 10.0 16.3 20.0 ns 
3 Vcontrol = VDELAY & VWIDTH TPDspan 17.3 26.3 32.0 ns 
5 Vcontrol = VDELAY & VWIDTH TPDspan 25.0 36 44.0 ns 

Rising-Edge Delay Versus VWlDTH Delay 
Change (Modes 2 and 3) (Note 4) ±30 ps 

Delay Versus Frequency (Notes 2 and 4) 50 ps 

VWIDTH Range of Adjustment 
(Mode 2 or 3 Only) 

VWIDTH = -D. 1 V to -1.3 V 7.0 10.0 13.0 ns 

Rising- to Falling-Edge Delay Matching 
Modes 0, 1,5 (Note 4) -100 ps 
Modes 2, 3 (Notes 4, 5) 1 ns 

Propagation Delay Tempco (Notes 3 and 4) 0.05 % TPD/oC 

Output RiselFall Times (20% to 80%) 
(Note 4) Tr, Tf 850 ps 

Power Supply Rejection Ratio (Note 4) PSRR 0.5 . % TPDN 

Test conditions (uDless otherwise specified): "Recommended Operating Conditions" with TA = 25 DC with 400 LFPM of 
airflow, and all outputs terminated with 50 n to -2.0 V. Timing reference points at the differential crossing points for input 
and output signals, REXT1 = 1.3 kn, and REXT2 = 2.94 ill. All input signals are fully differential. Values are based on 
nominal temperature and supply voltage of -5.2 V. 

Note 1: All measurements refer to both rising and falling edges for modes 0, I, and 5, and rising edges only for modes 2 and 
3. DRVMODE is logically low. Delay adjustment ranges are the difference in propagation delay with Vcontrol at 
-1.3 V and -D. 1 V. Modes 2, 3, and 5 delay minimums and delay ranges are measured with VWIDTH = VDELA Y. 

Note 2: Delay versus frequency characteristics are measured by setting VDELAY = VWIDTH = -D.7 V. The delay is 
measured for both rising and falling edges of a pulse at a 10 MHz repetition rate (100 ns period). The rising- and 
falling-edge delays are again measured at a 100 MHz repetition rate (10 ns period). The variation in delays is the 
delay versus frequency. Measurements are performed with a pulse width of 5 ns. 

Note 3: For example, 5 psi DCwhen programmed for a 10 ns delay (see Figure 11). 
Note 4: Not 100-percent tested, based upon characterization data. 
Note 5: The falling-edge delay is longer than the rising-edge delay for modes 2 and 3 when Vcontrols = -D. 1 V. 

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 mounted either in the test socket or on the printed circnit board. 
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Bt622/624 Brooldree@ 
AC Characteristics (continued) 

0.08 

• 

0.04 

T 

e 0.02 

m 
p 
c o 

-0.02 

.-::--
-.3 -1.2 -1.1 ~..2.....::..0.8 ----. 

-------------------------------------~.~:-------------------

-------------------------------------------------~---- -- -----. ------

.---- /" ______________________________________________________ - ______ 0-_____ --------

-0.5 -0.1 o 

-0.04 

-0.06 

Vdelay 

--.-- Tempco2 (35-45),400 LFPM --CJ-Tempc01,3 avg(35-45), 150 LFPl 

Figure 11. Tempco Versus Vdelay, 35°-40°C, Mode 5. 
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Brooktree@ Bt622/624 
Timing Waveforms 

All Modes 

\ TPDmin 

INPUT f. . : 1\. :1 
----' TPD min I \.... --I-. ------

I I 
I I 

OUTPUT ~r------~~ 
~~~-~I \....------

(VDELAY=VWIDTH=-O.l V) I 
I 
I TPD span I 

I· 'I OUTPUT 

(VDELAY=VWIDTH=-1.3 V) 

Modes 2 and 3 Only 

INPUT __ ~/ \'------
VWIDTH=-1.3 V .. .......................... ~.J 

OUTPUT ___ -JI r ~ r ... 
(-1.3 V <VDELAY <-0.1 V) VWIDTH=-O.l V I. .1 

I I 
TPD span (VWIDTH) .. 

Ordering Information 

Ambient 
Temperature 

Model Number Package Range 

Bt622KJU 28-pinPLCC 00 to +700 C 
(with internal 
heat spreader) 

Bt624KJU 44-pinPLCC 00 to +700 C 
(with internal 
heat spreader) 
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Distinguishing Features 

• up to 50 MHz Bandwidth 
• 15 ns Minimum Input Pulse Width 
• Monolithic CMOS Construction 
• Programmable Full-scale Delays 

20-400ns 
• 50 mW Typical Power 
• Five Buffered Taps at 20, 40, 60, 

80, and 100% of Full-scale 
Delay 

• Output Delay Accuracies to ±1O% 
or ±3 ns, whichever is greater 

Functional Block Diagram 

Applications 

• CPU Clock Timing 
• Memory Timing 
• Pulse Generator Circuits 
• Bus Interface Timing 

DO D1 VCC GND RIC COMP 

IN TAP5 

TAPI TAP2 TAP3 TAP4 

Brooktree Corporation· 9950 Barnes Canyon Rd .• San Diego, CA 92121 
(619) 452-7580· (800) VIDEO IC· TLX: 383 596· FAX: (619) 452-1249 
L630001 Rev. D 

Bt630 
Monolithic CMOS 
High Bandwidth 

Programmable Range 
20-400 Nanoseconds 

5· Tap Delay Line 

Product Description 
The Bt630 is a buffered tapped delay line 
with input and output compatibility to TIL 
logic families. 

The Bt630 is useful for generating multi
ple edges from a clock signal at its input. The 
five delay taps are at the 20%, 40%, 60%, 
80%, and 100% points of the programmed 
full-scale delay. 

Unlike fixed tapped delay lines, the Bt630 
is adjustable in full-scale delay from 20-400 
ns. This flexibility allows the user a range of 
delays that would be impossible without a 
large inventory of different, fixed span, 
tapped delay lines. 

Selection of the full-scale delay is per
formed by a coarse and fine adjustment. The 
coarse adjustment is set by two digital input 
bits. The four selectable ranges are 20-50, 
40-100, 80-200, and 160-400 ns. 

The fine adjustment is set by an external 
resistor and capacitor. Fixed value compo
nents may be used, or variable resistors can 
be employed to adjust delays individually. 

-



Bt630 Brooldree" 
Pin Description 

Pin 
Name 

DO,D! 

RIC 

COMP 

IN 

TAP5 

TAP4 

TAP3 

TAP2 

TAP 1 

VCC 

GND 

TP 

7-134 
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Description 

The digital control inputs which select the operating full-scale delay range. DO is the LSB. The truth 
table for range value is: 

01 DO RANGE 

o 0 20-50 os 

o 1 40-100 os 

1 0 80-200 os 

1 1 160-400 os 

The node where a resistor and capacitor connect to set up the precise full-scale delay for a given 
range selected by pins 01 and DO. 

A compensation pin where a 0.1 /-IF filter capacitor to ground is connected. The nominal voltage at 
this point is 3.3 V. 

The input to the delay line. TTL-compatible input thresholds. 

The full-scale delay output. TTL compatible. 

The 80% of full-scale delay output. TTL compatible. 

The 60% of full-scale delay output. TTL compatible. 

The 40% of full-scale delay output. TTL compatible. 

The 20% of full-scale delay output. TTL compatible. 

Power input pin, 5 V nominal. A 0.1 /-IF ceramic capacitor to ground is recommended for bypassing. 

Power ground pins, 

This is a manufacturing test pin. No connection should be made to this pin by the user. 

(Unused outputs should be left open.) 

IN 

COMP 

RIC 

Bt630KP 

TAP2 rlr;i .••• · ............................... · ••• ;!jh 

SECTION 7 

GND 

TAP4 

GNO 

vce 

00 

TAPI 

01 

TAP3 

TP 

TAP5 



Brooktree-
Application Information 

Power Supply 
COMP and VCC pins should be separately decoupled 
to GND with 0.1 J.tF ceramic capacitors. The bypass 
capacitors should be as close as possible to the device 
pins. 

Upon power up of the Bt630, approximately 100 
milliseconds should be allowed for the device to settle 
on its programmed delay. After this time, the device 
will meet specifications of performance. 

Applications 
The full-scale delay of the Bt630 is set with an external 
resistor/capacitor combination and two digital bits of 
range control. The digital ranging bits offer the selec
tion of the range in coarse increments. The resistor/ 

Range Control 

Digitally 
Programmed or { 
Hard-wired to 
GNDorVCC. 

+5V 

Bt630 

capacitor combination allows the user to fine tune the 
selected delay within the range. Cp and Rp are the pro
gramming capacitor and resistor combination (see Fig
ure 1). Once the range has been selected via the digital 
control bits and given a fixed value capacitor, the delay 
can be adjusted over a 2: 1 range using Rp. 

The ranges available using the digital control bits 
are indicated in Table 1. The base period, Tbase, is con
trolled by the digital bits. The overall delay follows the 
formula: 

Tdelay = [Rp * (Cp + 1.8)]1k 

where k varies, based on Tbase. 

* = 0.1 microfarad ceramic capacitor, 10%. 

Figure 1. 8t630 Typical Application. 

Range of 
Range k Tbase Delays 

0 32 20ns 20-50ns 

1 16 40ns 40-100 ns 

2 8 80ns 80-200ns 

3 4 160ns 160-400 ns 

Table 1. 81630 Delay Ranges. 
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Bt630 

Application Information(continued) 

The relationship in Table 1 allow for common units to 
be used in the equation, 

Tdelay (ns) = [Rp(kQ) * (Cp(pF) + 1.8 pF)] I k 

where 1.8 pF is attributed to package capacitance. Rec
ommendations are to choose Cp and Rp so that Cp is a 
1 % mica capacitor (this is a low-cost, easily-obtained 
value with temperature coefficients of ±100 ppm/0C) 
and Rp is a metal-film type resistor (easily obtained in 
100 ppm/°C, e.g., RN55D, down to ±25 ppmFC, e.g., 
RN55E, and temperature coefficients with a tolerance 
of 1 % to 0.1 %). 

Jitter 

Preliminary characterization data taken to categorize 
jitter shows that the amount of jitter is directly depen
dent upon the combination of the programming resis
tance (Rp) and capacitance (Cp) used to set the full
scale delay. To a lesser extent, jitter is also dependent 
upon the range and tap selected to obtain the desired 
delay of the device. 

It can be reduced substantially by using the lowest 
combination of Rp and Cp possible in fine tuning the 
desired full-scale delay of the device. Values of Rp and 
Cp should be chosen as close as possible to the speci
fied minimum product of 

Rp(n) * Cp(F) ~ 400 * 10-9 
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This will ensure that the delay of the device is in 
accordance with that specified by the Tdelay formula 
and will substantially reduce the amount of jitter. It is 
imperative to use the lowest possible RpCp combina
tion if a reduction in the amount of jitter is desired. 

The apparent jitter of the device has also been found 
to increase with both range (0-3) and tap (1-5). There
fore, to further minimize the jitter of the device, the 
lowest range along with the lowest of the 5 taps avail
able should be used with the minimum combination of 
RpCp. The relationship between the combination of 
RpCp and range for apparent jitter of the device is 
shown in Figure 2 with Cp = 100 pF and Rp from 6-16 
kn for tap 5. 

Even though the relationship as shown in Figure 2 is 
not linear, the following formulas have been derived to 
assist in determining the approximate jitter (peak-to
peak) present for the chosen RpCp combination within 
each range of operation (shown in Figure 3). 

Typical Jitter (ns, peak-to-peak) 
Range where Rp (in kQ), Cp (In pF) 

0,1 (0.0032 * Rp * Cp) - 1.8 

2 (0.0036 * Rp * Cp) - 1.9 

3 (0.0045 * Rp * Cp) - 2.3 

In summary, to reduce the amount of jitter in the 
delay, the combination of RpCp should be as close as 
possible to the specified minimum, and the lowest 
range and the lowest tap should be used. 
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Application Information(continued) 
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Figure 2. Typical Jitter versus Rp (at 2SOC with Cp = 100 pF) • 
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Figure 3_ Typical Jitter versus Rp by Range Using Formulas (at 2SOC with Cp = 100 pF). 
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Bt630 Brooktree" 
Recommended Operation Conditions 

Parameter Symbol Min Typ Max Units 

Positive VCC 4.75 5.0 5.25 V 

Ambient Operating Temperature TA 0 +70 °C 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

VCC (relative to GND) 7.0 V 

Voltage on any Digitial Pin GND-O.5 VCC+O.5 V 

Output Current (anyone output) -50 rnA 

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, 114" 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 sec
tions of this specification are not implied. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 
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DC Characteristics 

Parameter Symbol Min Typ Max Units 

Digital Inputs , 
Input High Voltage VIH 2.0 VCC+0.5 V 
Input Low Voltage VIL GND-D.5 0.8 V 
Input High Current (Vin = 2.4 V) llH -10 10 IJA. 
Input Low Current (Vin = 0.4 V) IlL -10 10 IJA. 
Input Capacitance (Note 1) 
(f = 1 MHz, Vin = 2.4 V) CIN 10 pF 

Digital Outputs 
Output High Voltage VOH 2.4 3.3 V 
(IOH = -0.4 rnA) 
Output Low Voltage VOL 0.4 V 
(IOL= 16 rnA) 

VCC Power Supply Rejection PSRR 0.2 %N 
(Measured at Tap5, Range = 0) (Notes 1 and 2) 

VCC Supply Current 
Static-No Input Signal ICC (static) 10 25 rnA 
25 MHz Input Signal ICC(dynamic) 30 45 rnA. 

Output Drive /Tap 10 TTL Loads 
Output Drivel all Taps (Note 3) 20 TTL Loads 

Programming Capacitance (Notes 1 and 4) Cp 300 pF 

Programming Resistance (Notes 1 and 4) Rp 6 16 ldl 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with Cp = 100 pF, Rp = 8.0 ldl and 16ldl at .. 
25°C. All parameters specified at O°C and 70°C are guaranteed by characterization and are not 100 percent production tested. 

Note 1: Not tested in production. Based on characterization data. 
Note 2: PSRR as a percentage change in Tdelay versus supply voltage. 
Note 3: More loads may be driven with degraded delay accuracy specification. See Figure 4, Output Delay versus Loading. One 

TTL load is defined as ViI = 0.4 V max at IiI = 1.6 rnA and Vih = 2.4 V min at -40 IJA.. 
Note 4: The product ofRp and Cp must be greater than 400 x 10-9, Rp(!l)* Cp(F) ~ 400 x 10-9, to ensure output delay according 

to the formula for Tdelay = [Rp * (Cp + 1.8)]1k. 
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Bt630 Brooldree"· 
AC Characteristics 

Parameter Symbol Min Typ Max Units 

Minimum Input Pulse Width 
at Minimum Delay 

Range 0, 1,2 TPWH, TPWL 10 ns 
Range 3 TPWH,TPWL 15 ns 

at Maximum Delay 
Range 0 TPWH,TPWL 20 ns 
Range I TPWH,TPWL 25 ns 
Range 2 TPWH,TPWL 35 ns 
Range 3 TPWH,TPWL 45 ns 

Delay Accuracy (Note 1) Tdelay -10 +10 % of nominal 
or 

(Rising or Falling Signals) .-3 +3 ns 

Delay Tempco (Note 2) 
Range 0 5 15 ps/oC 
Range 1 10 20 ps/oC 
Range 2 20 25 psl°C 
Range 3 40 50 ps/oC 

Output RiseIFall Time Tr, Tf 2 ns 
(Measured at 0.6 V and 2.4 V) 

AC characteristics test conditions (unless otherwise specified): "Recommended Operating Conditions" with all outputs loaded 
with I TTL load (plus 20 pF lumped capacitance). Input signal per timing diagram (Figure 5) with input Tr, Tf = 2 ns (20 percent 
to 80 percent). 

Note 1: Tdelay is guaranteed at 25°C and nominal Vee (5.0 V) only. Tdelay is specified for all taps from input to tap output with 
Cp = 100.0 pF and ideal Rp resistor value. Nominal delays are calculated using the formula Tdelay = [Rp * (Cp + 1.8)]/1(. 
If±lOpercent of Tdelay nominal is < 3 ns, then ±3 ns is the delay accuracy. Tolerances on Cp and Rp add to the Tdelay 
accuracy specification. 

Note 2: For optimum performance, choose low-temperature coefficient components for Rp and Cpo 
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Brooktree" 
AC Characteristics (continued) 

2 3 4 5 6 7 8 9 10 

Output Load (TTL Loads) 

Figure 4. Output De/ay versus Tap Loading. 
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Figure 5. Timing Diagram. 
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Bt630 Brooldree" 
Ordering Information 

Ambient 
Temperature 

Model Number Package Range 

Bt630KP 14-pin Plastic DIP O°C to +70°C 
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Brooldree® 
Part Numbering System 

Bt458 K G 125 
I 

Packaging 

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 heatsink) 

FN ceramic flatpack (no heatsink) 
G 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 
HJ plastic I-lead (PLCC with heatsink) 

L..-_________ performance gradeout: 

B -25 to +85 °C 

K 0 to +70 °C 
(0 to +85 ° C for lOOK ECL) 

L 0 to +70 DC, 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 

D/A converters 
AID converters 
imaging components 
reserved 
graphics peripherals 
RAMDACs 
general components 
ATE components 
reserved 
reserved 
reserved 
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Packaging 
Device Marking (Top) 
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Brooktree® 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: 

PD = (TJ-TA) / e JA 

where: 
PD = power dissipation at ambient operating temperature 
TJ = maximum junction operating temperature (typically 150 °Cis used) 
T A = maximum ambient operating temperature (free air) 
e J A = typical thermal resistance of junction to ambient ( 0 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 BrooktreeQP 
Plastic DIP Packages 

16-Pin 0.3" Plastic DIP 

aJA=75°C/W 0,745-0,785 

[18,93-1993J 

16 '3 

PIN 1 INDEX IF: : : : :: : I] O(:~::::~~ 
INDEX~ 8 

0,300-0,325 
AREA 

[762-8,25J 0,020-0,065 
0.140 MAX 
[3,56J r;:::::J [ r[_0_,5_1-_1_,6_5_J ___ ----, 

0008-0012 9 I 
[0,20-0,30J rU~0-15 DEG JL 1],125-0,150 

[3,18 - 3, 81J 

0,300 [7,62J 0014-0020 
NOM " 

L-I f- 0,015-0,060 

0.100 [0 38-1.52J 
[2,54J TYP 

24-Pin 0.3" Plastic DIP 

aJA=60 °C/W 

0,06 [1.524J R 

0,290-0,330 
[7,37-8,38J 

~ 
0,009-0.D15 -A 

[0,228-0,381JL-j 

0,350 [8,89J 
NOM C-

NOTES-Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 

[0,36-051] 

1.210 [3073J 

0.200 MAX 
[ 0,015 [0381J MIN I [508J 

IWWWNfm~0'125 [3,175J 
MIN JL I I -I 0075 [1.905J 

0,014-0,028 -j I- 0,100 TYP 
[0,36-058J [2,54 J 

3. Pins are intended for insertion in hole rows on 0.300 [7.62] centers. 
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Brooktree® Packaging 
Plastic DIP Packages (continued) 

28-Pin 0.6" Plastic DIP 

9JA=50 °C/W 

OPTIONAL EJECTOR PIN 

0,06 [1.524J R 

0,600-0,620 

, ~15240-15748n 
)+ LJ )\ 

0,009-0,015 --;b; 90-100 DEG \ 
[0,228-0.38IJ I I 

I--- 0,610-0,650 ----I 
[]5.49-1651J 

40-Pin 0.6" Plastic DIP 

9JA=45°C/W 

1465 [37.21] 

0.530-0,560 

[[3.46-14,22J 
I ' 

~~~~~~.~~~I~ 

[ 

0015 [038]] MIN ~ 0200 MAX 

V [508J 

,~~MlVnW\~ M "P" IL 'I I MIN 
I I '--I 0075 [1905J 

0,014-0028 --11 ~ l 0.100 TYP 
[036-058J [254J 

TYP 

r--------- 2,070 [52,5781 
I MAX 

I 40 

0,06 [1.524J R 

0,545-0,555 

[13,843-14,097] 

0,009-0,015 

[0,228-0,381J 

~'" co '""' '" 

~86-94 DEG TYP 0,015-0021--i1-

[0,381-0,533J 

0.125-0.135 
[3.175-3.429J 

0,125 [3.175J 
M1N 

NOTES-Unless otherwise specified: 
1. Dimensions are in inches [millimeters J. 
2. Tolerances are: .xXX ± 0.005 [0.127] 
3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 

J L~oo 
[2,54J 

TYP 

0,075 [1.905J 
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Packaging Brooktree® 
CERDIP Packages 

16-Pin 0.3" CERDIP 

9JA = 90-95 °C/W 

0.750-0.785 

1- [19.05-19939J "I 

0.025 [0635] R 1~~~~~:~I[~i;~;:i;: 
0.290-0.320 0.051-0.061 

[7366-8128J [1.295-1.549J 

r~ l 0010-0070 

ffRfl [~~:~_i;~~]H 7;] 
l{;;:~ 

DEG 86-94 DEG J JL i 
0.370-0.420 j 

0013-0023 
[9.40-1067J [0330-0584J 

20-Pin 0.3" CERDIP 

9JA = 85-90 °C/W 

r--- 0.970 [24638J MAX I 

0.025 [0635J 
I [2D]OOO[]OOOOfDJ I Ri '~ 0.295 

I [7.1193J 

liJDDDDUDDLTI--

0.290-0.320 0053-0059 

rd [7366-8128J [1346-1499J r- 0.200 [5080J HAX -1 
TYP . 0.180 [4 572J ~~AX--' I 

~ [g~~~=~~~seo J I ·-----~--t ! [~\~;J 
0.008-0.012 . ~ I HIN 

90-100 [0.203- 0 ::W 5J t ~ r I 

DEG J 86-94 DEG II I I J L 0.060 HAX 
0.370-0420 TYP 0.013-0.019 _-II-- I I [1.524J 

[940-1067] [0330-0482J ~ I-- 0.090-0110 
TYP [229-279J 

TYP 

NOTES-Unless otherwise specified: 
I. 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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Brooktree@ Packaging 
CERDIP Packages (continued) 

24-Pin 0.3" CERDIP 

9JA = 75-80 °C/W 

0.025 (0.635] 

o 290-0 320 0053-0059 
0.200 [5.080J MAX 

0020-0070 S 7366-8.128J [1.346-1.499J 

[0508-177~J ~~~~~~~~u=u=u=d 
0008-0012 

00 
(0203-0 305J t 'f'ir=:::..c.c---,----+--

90-1 y-+ ___ L 

0.125 
[3.175J 

MIN 

DEG 86-94 DEG IIJ 0013-0.019 -II-
[0.330-0.482J 

[9.40-10.67J 

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" CERDIP 

9JA=55-60 °C/W r--- 1270 [32.258J 

Il24lnr 

0.025 [0.635J R 

0.590-0.620 

~14.986-15.748~ 
0.020-0.070 

[1.397-1.651J 
0.055-0.065 

0.008-0.012 

[0.203-0.305J t 

MAX 
[1.524] 

MAX --j 
rnll3ll 

0.515-0.530 
[13.081-13.462J 

0.200 [5.080J MAX 

b II ~ [O,""n~J 
L 90-100 DEG 

86-94 DEG 
0.635-0.720 J 
[16.13-18.29J 

0.016-0.020 jl-J 
[0.406-0.508J 

0.125 [3.175J 
MIN 

0.060-0.100 
[1.524-12.54J 

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. 

[2.54J 
TYP 
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Packaging 
CERDIP Packages (continued) 

28-Pin 0.6" CERDIP 

9JA=55-60 °C/W 

0.025 [0.635] R 

0.020-0.070 

[0'508-1.77~8 
0.008-0.012 r 

[0,203-0,305] 

86-94 
DEG 

4o-Pin 0.6" CERDIP 

9JA=50-55°C/W 

1.490 [37.846] MAX 

Brooktree@ 

0.515-0.530 
[13.081 13.462] 

0.055-0.065 
[1.397-1.651] 0,200 [5,080] MAX 

[0.406-0.508] 

[2.54] 
TYP 

0.125 [3,175] 
MIN 

0.060-0.100 
[1.524-12,54] 

1-------- 2,060 [52.324) ----., 

0,008-0.012 
[0,203-0.305) 

0.025 [0.635) R 

[17,02-18,29) 

NOTES-Unless otherwise specified: 
I. 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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Brooktrre@ 
Ceramic Sidebraze DIP Packages 

16·Pin 0.3" Ceramic Sidebraze DIP 

9JA=95°C/W 

PIN NO,1 

0008-0015 -1~ 
[0,203-0 381JJI-~ L 

[7,62J 
REF 

0,054 
[1,371l 

TYP 

[0,381-0 584J 

20·Pin 0.3" Ceramic Sidebraze DIP 

9JA = 85-90 °C/W 

Packaging 

[229-2,79J 

~ 1.010 [25,654J ~ 

IDENT i~J~~~~[: 1~7.569] PIN NO, 1 

P9 
0,008-0.015 II-- I 

[0203-0381l. 0300 
, [7,62J 

REF 

NOTES-Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .XXX ±0.005 [0.127] 

0,050 
[1.27] 
TYP 

I- 0,090-0,110 J I 0,015-0023 
[2,29-279J Ir-C0381-0,584J 

3. Pins are intended for insertion in hole rows on 0.300 [7.62] centers. 
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Packaging Brooklree® 
Ceramic Sidebraze DIP Packages (continued) 

24·Pin 0.3" Ceramic Sidebraze DIP 

9JA=60--65°C/W 

PIN NO, 1 

0,125 I ~3M\~5J 
00080010 J~I ~ 

[0,203-0 381J--1[ 0,300 [ I I 0,090-0,110 II 0015-0,023 
--I [762J I-- ----I I-- [2,29-2,79J ----11--[0 381-0,584J 

REF 

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 Sidebraze DIP 

9JA = 55-60 °C/W 

NOTES-Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 

1.230 (31.242) ---1 
13 I 

0.125 0,050 [ 0,020-0,060 

~H: ~:rojf I "COH5e' MIN TYP, I I 

mCWV~l~ inl 0.1" 
--L (4:191) 

J I , 
0,098 I 0,090-0,110 0015-0,023 

(2.489) I-- --1 1""- (229-279) --11--(0381-0584) 

3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 
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Brooktree® Packaging 
Ceramic Sidebraze DIP Packages (continued) 

28-Pin 0.6" Ceramic Sidebraze DIP 

9JA=50-55°C/W 

PIN NO. 1 IDENT 

'::::.::~D+ I I I 
I 0.590-0.620 I 

04.99-15.75) 
REF 

1.430 (36322) 

0.598 

I 05.189) 

~rr--n-T~:::;:;:=':;:::~~~!~ 
0.050 I 0.020-0.060 

rW~f~w~I~r--J.(127) I' (0508-1524) 
TYP . I . 

W\~~±'T 
0.090-0.110 --i f-- 0015-0023 --I ~ L 0.125 MIN 
(229-279) (0381-0584) . (3175) 

40-Pin 0.6" Ceramic Sidebraze DIP 

9JA=45-50 °C/W 

PIN NO. 1 IDENT 

2.020 
(51.308) 

0.605 

0.040-0.060 

0.008-0.015 
(0.203-0.381) 

~ (1016-1.524) 

0200 
'("5"'68) 

-l' 
LEADS VERTICAL -I I- 0090-0110 II 0016-0020 0125 MIN 
TO 15 DEG. MAX (229-279) -II- (0 406-0.508) (3175) 
OUTI,./ARD 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 0.600 [15.24] centers. 
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Packaging 
Ceramic Cavity Down DIP Packages 

40-Pin 0.6" Ceramic Cavity Down DIP 

e JA = 30--40 °CI W 

I" 2050 [52.07] ~ 

==--.-
~ 0.525[13.33] 

0075 
(1905] L ~ 0140 [3556J 

0400 

f9 

Brooktree® 

0.015 LID 

[0.3S1J ~r
004S[121S]TYP 

LF ~ ~~~~~~ 
0100 ~ T 0200 [50SJ 0.070 

[1.778J 

[254] j L 1lJ.Q.0 TYP 0015-0020 JL ~I f--- 10° 
[254J [0 3S1-O 50SJ 

I 0.600-0.660 

J\-- 000S-0012 

I [0.203-0.305J 

[15.2H6.76J 

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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Brooktree® 
Plastic J-Lead (PLCC) Packages 

28-Pin Plastic J-Lead 

&JA = 65-70 °Ctw 

PIN NO.1 

44-Pin Plastic J-Lead 

&JA = 50-55 Oct w 

0.045 x 
[1.143] 

PIN NO. 

[j 7.40-17.65] 
SQ 

0.650-0.656 
[16.510-16.662J 

SQ 

NOTES-Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 

PIN NO. 1 IDEN T 

0.165-0.180 

[ 4.19-4.57J 

.045 x 45 DEG 
PIN NO.1 

[0.331-0.533J TYP 

PIN NO. 1 !DENT 

0.165-0.180 

PIN NO. 1 IDENT 

0.026-0.032 -j 
[0.661-0.812J l IriF~--j"-----r 

[2.29-3.04J 

3. PLCC packages are intended for surface mounting on solder lands on 0.050 [1.27] centers. 

Packaging 
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Packaging 
Plastic J-Lead (PLCC) Packages (continued) 

68-Pin Plastic J-Lead 

6JA=45-50 °C/W 

~ 
0.175 --I 

[ 4.445] 

NOTES-Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: XXX ± 0.005 [0.127] 

0.016 

[0.406] 

Brooklree® 

0016 

[0.406] 

DETAIL A 

0.029 

[0.736] 

3. PLCC packages are intended for surface mounting on solder lands on 0.050 [1.27] centers. 
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Brooldree® Packaging 
Plastic J-Lead (PLCC) Packages (continued) 

84-Pin Plastic J-Lead 

8JA=35-40 °C/W 

1.154 
[29.311] 

SO 

PIN 1 

.029 

.016 

NOTES-Unless otherwise specified: 

1.190 
[ 30 226J 

so 

1. Dimensions are in inches [millimeters]. 
2. Tolerances are: XXX ± 0.005 [0.127] 

PIN 1 IDENT 

I --n-
DETAIL A 

.035 R 

.065 

.030 

t 
.020 MIN 

I 
~ 

10.099[2.514J 

I-- 0.170 [4318J 

3. PLCC packages are intended for surface mounting on solder lands on 0.050 [1.27] centers. 

PACKAGING INFORMATION 8-17 



Packaging 
Plastic J-Lead (PLCC) Packages (continued) 

1 ~O-Pin Plastic J-Lead 

e JA = To be determined. 

PIN #1 IDENTIFIER 
(OPTION AL) 

O.042-0. 056 l 
[1.066-1.422J r _\[PIN #1 (RE 

I .. 1.345 [34.163JSO ..I 
1395 [35.433J SO 

NOTES-Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .XXX ± 0.005 [0.127] 

~ 

ill 
n 
r---

F) 
ci 

« 
-' 
<C 
f-
w 
0 

DETAIL A 

3. PLCC packages are intended for surface mounting on solder lands on 0.050 [1.27] centers. 
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Packaging 
Ceramic J-Lead (CERQUAO) Packages 

28-Pin Ceramic J-Lead 

9JA = 75-80 °C/W 

PIN NO.1 

0.040 x 45 DEG 

[1.016] 

44-Pin Ceramic J-Lead 

9JA=58-62°C/W 

PIN NO.1 

0.040 x 45 DEG 

[1.016] 

0.65 

[16.51] 
SO 

NOTES-Unless otherwise specified: 

+ 

1. Dimensions are in inches [millimeters]. 

0.029 

[0.736J 

La.050 

1 [1.27] 

0.42 

[10.668] 

+----+--1--t~. 

I L 0019 
0.300 

[7.62J 
I [0.482] 

r- 0.100 

I I [254J 

-11-- 0.040 [102J 

-j r 0.180 [4.57J 

i =1 
~ ______ i~--~f--------~ 

i ir=:iI': -, 
, 0.029 I!=J:::: L 0.050 

I [0.736J1+· ~ [127] 
--'- 0.62 

0.500 4 
[12.70] L0 019 [15.748] 

l0482~ 

LJ,!J-I+-, )1!------

-..j I f-- 0.100 
j i [2.54] 

--! I-- 0.039 [0.99J 

2. Tolerances are: .XX ± 0.01 [0.254] XXX ± 0.005 [0.127] 
3. CERQUAD packages are intended for surface mounting on solder lands on 0.050 [1.27] centers. 
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Packaging 
Ceramic Pin Grid Array (PGA) Packages 

6S-Pin Ceramic PGA 

OJA = 35-40 °C/W 
1.140-1.160 [28.95-29.46J S Q 

1.000 [25.4J SQ REF 

- _.0.073-0.077 
[1.85-1.95J 

L ®®®®®®®®~ 
K ®@®®®®®®®@c 
J 00m00 H ®® ®® 
G ®® ®® 
F ®® ®® 
E ®® ®® 
D ®® ®® 
C ®®® ®® 
B ,n®®®®®®®@® 
A ®®®®®®®®® 

1 2 3 4 5 6 7 8 9 10 11 

SEE DE IL A TA 

jT<J[ 
0.100 
-- TYP 
2.540J 

;q045 [1143J TYP 
0.080-0.100 

-.I [2.03-2.54J 

1ft! ;;;;;;;;:;;;;;;;r;::~ LS 0.150 -0.1 70 

\!-V ]I V V V V V V V ]I J ,-- [381-4318J 1~:::: 
[0.609J TYP 
[1.27J TYP 

j~7-0019 
[0.431-0.482J 

DETAIL A 
4 PL 

6S-Pin Ceramic PGA with Heatsink and Alignment Pin 

OJA = 25-28 °C/W 

HEATSINK SHALL NOT PROTRUDE OUTSIDE 
PACKAGE MORE THAN 0.025 [0.635J 
IN ANY DIRECTION. 

11.125 [28.575J I 

1.160 [29464J SQ 

1.000 [25.4 J SQ 

0.077 MAX 
[1.955J 

®®®®®®®®, 
®@®®®®®®®@ 

~ ~~ml~~ G ®® ®® 
®® ®® 
®® I ®® 
®® ®® 
®®® ®® 

B ® ®®®®®®®@® 
®®®®®®®®® 

1234567891011 

SEE DETAIL A 

0.100 
-- TYP 
[2.540J 

r--~e 0.325 [8.255J 
~ -.I 0.100 [2.54J 

t 0.150-0.170 

-r- [3.81-4.318] 

jC7-0.019 

1.it045 [1.143] 

--m=r 0.024 [0609] 

£~ 0.050 [1.27] 

(0.431 0.482J NOTES-Unless otherwise specified: 
DETAIL A 

4 PL 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .XXX ± 0.005 [0.127] 
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Brooldree® 
Ceramic Pin Grid Array (PGA) Packages (continued) 

84-Pin Ceramic PGA 

OJA = 30-35 °C/W 

o OSO TYPe. 1.1 000 TYP 

[i27J [27~~Io 1 
[rnj TYP ~;0:1S]1 r r-- 1[~~S8:~ ----I 

*eeeeeeeee$* rl~- r- "--l 
eeeeeeeeeeee 
eee eee I I I 
ee ee I I 

Packaging 

ee ee 1 ' 

~ ~ ~ ~ III. -----+-1, ee ee 
ee ee I I 

ee eee i I 

lf~:::4[1[:4:;9J 
~~0050 [127J 

DETAIL A 
4 PL 

eeoeeeeeeeee -L I I <Ii 
eeeeeeeee@ l I ~ 

NO.1 INDEX 0.018 OIA fl r 0.IS0-0170 PIN
I 
NO.' / f---I-- IDENTIFIER --.I 

[0.457] [3.81-4.318J 
SEE DETAIL A 

132-Pin Ceramic PGA 

OJA =20-25 °C/W 

PIN NO.1 IDENT ~ 1 2 3 4 5 6 7 8 9 10 11 121314 

LO 085 [2159] 
SEE DETAIL A 

--I 11°045 [1.)43J 

Ii iU ']'u TIll" uuu lfu II n ~ 
0.016-0.020 JL L 0180 [45721 

[0406-0.508J 

NOTES-Unless otherwise specified: 
l. Dimensions are in inches [millimeters]. 
2. Tolerances are: .XXX ± 0.005 [0.127] 

I • 

~ --.-m L O.02 d 

1,1 ,-- 0.Q50 
ckb-L 
~, 

DETAIL A 
PL 

[0609J 
[127J 
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Packaging Brooktree® 
Ceramic Pin Grid Array (PGA) Packages (continued) 

144-Pin Ceramic PGA with Alignment Pin 

9JA= 18-23 °C/W 

0.060-0.090 

[1.524-2.286] 

1.534-1.566 

1. 400 [35.560] TYP 

R 

®®® 
®®@ 
®@@ 
®@@ 

@@®®®®® 
15 @J@@®®®® 

®@® 
®@@ 
®@® 

o ®@® 
@@®®®@@ 
®®®®®@@ 
®®®@@®@J 

[38L·OO'-~"'1 111:000 
~---------r--------~ 

STANDOFF 0.180 [4.572] 

0.040 DIA MIN~ 
[1.016]4 PL 

L 
0.016-0.020 T I 1_ 

[0.406-0.508] --j r- 0.050 [1.270] 
145 PL 

DETAIL 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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Brooktree® Packaging 
Ceramic Pin Grid Array (PGA) Packages (continued) 

J 

169-Pin Ceramic PGA with Flatsink 

1.732 - 1.768 

0030 [0,762J C REF 
PL V' I" 

--
[43,99 - 44,90J 

SQ 

u ~0000000 D0000000-$-

I T 00000000 D00000000 
R 00000000 D00000000 
p 000 ~ 000 
N 000 000 
M 000 000 
L 000 000 
K 000 000 1.60 a 

4J [40,6 
H 000 000 
G 000 000 0.100 F 000 000 --
E 000 000 [2,54J 
D 0000 000 TYP 
c 00000000<D00000000 ~ 
B 00000000<D0000000: 
A ~0000000( 0000000 

1234567891011121314151617 t 
0,075 [1.905J C REF 

NOTES-Unless otherwise specified: 
L Dimensions are in inches [millimeters]. 
2. Tolerances are: .XXX ± 0.005 [0.127] 

TYP 

A 

1 r 0,160 [[4,06J 

1.500 [38.1J ------j 
F+= I /"-_-_~~-_-_ _=__=__=_==_==_==_~=="i, I===--

~ 
'-----------'~ 

0,050 [1.27J DIA STANDOFF 
4 PL 

L c:==::===~ 
[~~~87J ..r ~ J 

TYP ~;,~570J TYP J 
0,180 

[4,572J 
TYP 

DETAIL A 
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Packaging 
Ceramic Pin Grid Array (PGA) Packages (continued) 

20B-Pin Ceramic PGA with Flatsink 

1.732-1.768 

0030 [0.762] C REF 
PL V' [43.99-44.90] 

S:O 

u 0@@@@@@@ @@@@@@@. 

I T @@@@@@@@ @@@@@@@@ 
R @@@@I@@@@ @@@@@@@@ 
p @@@@@@@@ @@@@@@@@ 
N @@@@( @@@@ 
M @@@@ @@@@ 
L @@@@ @@@@ 
K ~~~~ ~~~~ J 
H 0000 0000 
G @@@@ @@@@ 
F @@@@ @@@@ 
E @@@@ @@@@ 
D @@@@I@@@@ @@@@@@@@ 

0.100 

1.60 o 
--4-] [40.6 

TY P 

--
[2.54] 

TYP 
c @@@@@@@@ @@@@@@@@--.1 
B@@@@@@@@ @@@@@@@: 
A0@@@@@@@ @@@@@@@ 

1 2 3 4 5 6 7 8 <;I 10 II 121314151617 f 

0.075 [1.905] C REF 

NOTES-Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xxx ± 0.005 [0.127] 
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A 

1 r 0.160 [4.06] 
1.500 S:O 

0.050 [1.27] DIA S:TANDDFF 
4 PL 

Lc====1 

[g'~~~] T ~ -J 
TYP 0.050 J 

[1.27] TYP 

0.180 
[4.572] 

TYP 

DETAIL A 

~ 
~ 



Brooktree® 
Plastic Quad Flatpack (PQFP) Package 

132-Pin Plastic Quad Flatpack 

6JA = 35-40 °C/W 

1---- 1.075/1.085 [27.30/27.55) so ----i 
11 0.025 [0.635) TYP 

='8 ---------------------------

1---- 0.800 [20.32J REF -----J 
'" "':::? 

III11111II11I111 1I111II1111I1111 
17 PIN 1 117 

116= ------------+ -------------::50 84:: 
~ ~ 

11I11111I1II1111 III11II1III11111 

FOOTPRINT 

Packaging 

t--~1- 0.180 [4.572) MAX 
0.020 [0.508) MIN 

3' 

0.020/0.030 [0.508/0.762) I . fJ1 
LENGTH OF TERMINAL FOR -I 
SOLDERING TO A SUBSTRATE 

0.007/0.009 [0.177 /0.228J 

DETAIL A 
ROTATED 90' 
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Packaging Broolmee® 
Plastic Quad Flatpack (EIAJ-PQFP) Package 

160-Pin Plastic Quad Flatpack 

---.l...---n::; Lead Length 
~~~~~~~~~':;-] t... 0.026-0.037 Lead Pitch J... 

0.0256 [0.65J T 

Lead Width J... 
0.009-0.015 T 
[0.22-0.38] 

Pin 1 
Package Body Size J 

1.098-1.106 
[27.9-28.1] 

Square 

1-----1.246-1.266 ---.., 

[31.65-32.15] 
Square 

Footprint 

NOTES-Unless otherwise specified: 
1. Dirnensions are in inches [millimeters], ~v1inimctcrs are the controlling dimension. 
2. Package body size does not include mold protrusion or mismatch. 
3. PCB pad layout suggestions: 

a. Pad size: 0.100 x 0.012 [2.54 x 0.30]. 
b. Lead pitch (millimeters): Use 0.65 center-to-center spacing. 

[0.66-0.94] 

I- 0.010 MIN Clearance 
[0.25 ] 

Max Height 
0.160 [4.07] 

Seating Plane 

c. Lead pitch (inches): If the PCB layout system to be used can handle fractional mils, use 0.0256 center-to-center 
spacing. If not, use a combination of 0.025 (A) and 0.026 (B) inch spacings in groups of five 
("ABABA" repeated) to approximate the exact spacing as closely as possible. 
For example, "ABABA" "ABABA" and so forth. 
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Brooklree~ 

Ceramic Flatpack Package 

32-Pin Ceramic Flatpack with Heat Sink 

aJA = 30-35 °C/W 

0.040 T P 
[1.016] Y -Jr-

PIN NO. 1 INDEX 

0.013-0.017 

[0.330 - 0.431] 

0.620 

[15.748] 
TYP 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 

1/4-28 x 3/8 LONG 
COPPER SCREW 

~ 0070 

[1.778] 

Packaging 

PACKAGING INFORMATION 8-27 





-



Sales Offices 
Brooktree Sales Offices 

Eastern US Office 

Brooktree Corporation 
1994 Eastwood Road, 
Suite 18 
Wilmington, NC 28403 
Contact: Bruce Bradford 
(919) 256-8384 
FAX: (919) 256-2377 

Western US Office 

Brooktree Corporation 
9950 Barnes Canyon Road 
San Diego, CA 92121-2790 
Contact: John Graham 
(619) 535-3622 
FAX: (619) 452-1249 

Central US Office 

Brooktree Corporation 
14785 Preston Road, Suite 550 
Dallas, TX 75240 
Contact: Marc Sultzbaugh 
(214) 490-1945 
FAX: (214) 490-8030 

Die Sales/Special Packaging 

Northwestern US Office 

Brooktree Corporation 
c/o Quorum Technical Sales 
4701 Patrick Henry Drive 
Building 12 
Santa Clara, CA 95054 
Contact: Tom McQuade 
(408) 980-0812 
(408) 732-0923 
FAX: (408) 927-9273 
Contact: Phil Kumin 
(408) 980-0812 
(408) 927-9810 
FAX: (408) 748-1163 

Canadian Office/ 
Central US Office 
(IL, MI & WI) 

Brooktree Corporation 
1821 Walden Office Square 
Suite 403 
Schaumburg, IL 60173 
Contact: Alan Germain 
(708) 397-2222 
FAX: (708) 397-2237 

Chip Supply Corporation-United States and Canada 
7725 N. Orange Blossom Trail 
Orlando, FL 31810-2696 
(407) 298-7100 
FAX: (407) 290-0164 

9-2 SECTION 9 

Brooktrre@ 

European Offices 

UK 
Brooktree Ltd. 
17 Thame Park Road 
Thame, Oxfordshire OX9 3XD 
United Kingdom 
Contact: Steve Bull 
44 (844)261989 
FAX: 44 (844)261906 

GERMANY 
Brooktree Corporation 
Kronstadter Str. 9 
D8000 Munchen 80 
Contact: Paul Van Eynde 
49 (89) 937.520 
FAX: 49 (89) 930.2123 

Japanese Office 

Brooktree Corporation 
Kowa Building No.9, 
4th Floor 
1-8-10 Akasaka, Minato-ku 
Tokyo 107 
Japan 
Contact: Jerry Coan 
81 (3) 3588-0414 
FAX: 81 (3) 5561-9874 

Asian Office 

Brooktree Corporation 
15B Pacific View Blk. 2 
38 Tai Tam Road 
Hong Kong 
Contact: Dennis Packard 
852-8130699 
FAX: 852-8132016 



Brooktree@ 
North American Representatives 

Alabama 

Group 2000 Sales 
109 C Jefferson Street 
Huntsville, AL 35801 
(205) 536-2000 
FAX: (205) 533-5525 

Arkansas 

OM Associates 
690 W. Campbell Road 
Suite 150 
Richardson,1J{ 75080 
(iI4) 690-6746 
FAX: (214) 690-8721 

Arizona 

Oasis Sales 
301 E. Bethany Home Road 
SuiteA-135 
Phoenix, AZ 85012 
(602) 277-2714 
FAX: (602) 263-9352 

California 
Northern 

Quorum 
4701 Patrick Henry Dr. 
Bldg. 12 
Santa Clara, CA 95054 
(408) 980-0812 
FAX: (408) 748-1163 

California 
Los Angeles/Orange Co. 

Centaur Corpomtion 
23901 Calabasas Road #1063 
Calabasas, CA 91302 
(818) 591-165~ 

. FAX: (818) 591-7479 

Centaur Corpomtion 
18006 Sky Park Circle 
Suite 106 
Irvine, CA 92714 
(714) 261-2123 
FAX: (714) 261-2905 

California 
San Diegollmperial Co. 

Gary Chilcote Assoc. 
P.O. Box 1795 
1902 Quiet Ranch Road 
Fallbrook, CA 92028 
(619) 728-7678 
FAX: (619) 728-3738 

Colorado 

Lange Sales, Inc. 
1500 West Canal Ct. 
Bldg. A, Suite 100 
Uttleton, CO 80120 
(303) 795-3600 
FAX: (303) 795-0373 

Connecticut 

ConnTech Sales 
Building 1 
611 W. Johnson Ave. 
Chesire, CT 06410 
(203) 272-1277 
FAX: (203) 272-2790 

Delaware 

Deltatronics 
790 Penllyn Pike, Suite 201 
Blue Bell, PA 19422 
(215) 641-9930 
FAX: (215)641-9934 

District of Columbia 

Deltatronics 
24048 Sugar Cane Lane 
Gaithersburg, MD 20882 
(301) 253-0615 
FAX: (301) 253-9108 

Sales Offices 

Florida 

SEC 
Sales Engineering Concepts 
776 S. Military Trail 
Deerfield Beach, FL 33442-3025 
(305) 426-4601 
FAX: (305) 427-7338 

SEC 
Sales Engineering Group 
600 S. Northlake Blvd. 
Suite 230 
Altamonte Springs, FL 32701 
(407) 830-8444 
FAX: (407) 830-8684 

Georgia 

Group 2000 Sales 
5390 Peachtree Ind. Blvd. 
Suite 210 B 
Norcross, GA 30071 
(404) 729-1889 
FAX: (404) 729-1896 

. Idaho 
Northern 

Westerberg & Associates 
12505 NE Bel-Red Rd. #112 
Bellevue, W A 98005 
(206) 453-8881 
FAX:' (206) 453-8758 

Idaho 
Southern 

Lange Sales, Inc. 
12301 W. Explorer Drive 
Suite 205 
Boise, Idaho 83704 
(208) 323-0713 
FAX: (208) 323-0834 

Illinois 
Northern 

Oasis Sales 
1101 Tonne Road 
Elk Grove Village, IL 60007 
(708) 640-1850 
FAX: (708) 640-9432 
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Sales Offices Brooktree® 
North American Representatives (continued) 

Illinois Maine Missouri 
Southern 

The Nashoba Group Stan Clothier Co. 

Stan Clothier Co One Technology Park Drive 3910 Old Hwy 94 S., Suite 116 

9600 W. 76th St., Suite A Westford, MA 01886 St. Charles, MO 63303 

Eden Prairie, MN 55344 (508) 692-7503 (3M) 928-8078 

(612) 944-3456 FAX: (508) 692-5081 FAX: (314)-447-5214 

FAX: (612)944-6904 
Maryland Montana 

Indiana 
Deltatronics Lange Sales, Inc. 

Corrao Marsh, Inc. 24048 Sugar Cane Lane 1500 West Canal Ct. 
6211 Stoney Creek Drive Gaithersburg, MD 20882 Bldg A, Suite 100 

Fort Wayne, IN 46825 (301) 253-0615 Littleton, CO 80120 
(219) 482-2725 FAX: (301) 253-9108 (303) 795-3600 

FAX: (219) 484-7491 FAX: (303) 795-0373 
MassachuseHs 

Corrao Marsh, Inc. 
The Nashoba Group 

Nebraska 
3063 West US 40 
Greenfield, IN 46140 One Technology Park Drive Stan Clothier Co. 

(317) 462-4446 Westford, MA 01886 9600 W. 76th St., Suite A 

FAX: (317) 462-6568 (508) 692-7503 Eden Prairie, MN 55344 
FAX: (508) 692-5081 (612) 944-3456 

Iowa FAX: (612) 944-6904 
Michigan 

Stan Clothier Co. Nevada 
1930 St. Andrews NE 

A.P. Associates Excluding Clark Co. 
Cedar Rapids, IA 52402 P.O. Box 777 

(319) 393-1576 810 East Grand River Ave. Quorum Technical Sales 

FAX: (319) 393-7317 Brighton, MI 48116 4701 Patrick Henry Dr. 
(313) 229-6550 Bldg. 12 

Kansas FAX: (313) 229-9356 Santa Clara, CA 95054 
(408) 980-0812 

Stan Clothier Co. Minnesota FAX: (408) 748-1163 

13000 W. 87th Street Pkwy. 
Stan Clothier Company Lenexa, KS 66215 Nevada 

(913) 492-2124 9600 W. 76t.1) St., Suite A Clark Co. 

FAX: (913) 492-1855 Eden Prairie, MN 55344 
(612) 944-3456 Oasis Sales 

Louisiana FAX: (612) 944-6904 301 E. Bethany Home Road . 
Suite A-135 

OM Associates Mississippi Phoenix, AZ 85012 
10500 Richmond Ave., #115 

Group 2000 Sales 
(602) 277-2714 

Houston, TX 77042 FAX: (602) 263-9352 
(713) 789-4426 109 C Jefferson Street 

FAX: (713) 789-4825 Huntsville, AL 35801 New Hampshire 
(205) 536-2000 
FAX: (205) 533-5525 The Nashoba Group 

One Technology Park Drive 
Westford, MA 01886 
(508) 692-7503 
FAX: (508) 692-5081 
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Broolmeeqp 

North American Representatives (continued) 

New Jersey 
Northern 

ERA 
354 Veterans Memorial Hwy. 
Commack, NY 11725 
(516) 543-0510 
FAX: (516) 543-0758 

New Jersey 
Southern 

Deltatronics 
790 Penllyn Pike, Suite 201 
Blue Bell, PA 19422 
(215) 641-9930 
FAX: (215) 641-9934 

New Mexico 

Oasis Sales 
301 E. Bethany Home Road 
SuiteA-135 
Phoenix, AZ 85012 
(602) 277-2714 
FAX: (602) 263-9352 

New York 
Metropolitan 

ERA 
354 Veterans Memorial Hwy. 
Commack, NY 11725 
(516) 543-0510 
FAX: (516) 543-0758 

New York 

Quality Components 
3343 Harlem Road 
Buffalo,NY 14225 
(716) 837-5430 
FAX: (716) 837-0662 

Quality Components 
P.O. Box 71 
116 Fayette Street 
Manlius, NY 13104 
(315) 682-8885 
FAX: (315) 682-2277 

Quality Components 
2318 Titus Avenue 
Rochester, NY 14622 
(716) 342-7229 
FAX: (716) 342-7227 

North Carolina 

Group 2000 Sales 
875 Walnut Street 
Suite 310 
Cary, NC 27511 
(919) 481-1530 
FAX: (919) 481-1958 

North Dakota 

Stan Clothier Company 
9600 W. 76th St., Suite A 
Eden Prairie, MN 55344 
(612) 944-3456 
FAX: (612)944-6904 

Sales Offices 

Ohio 

Lyons 
4812 Frederick Rd., #101 
Dayton,OH 45414 
(513) 278-0714 
FAX: (513) 278-3609 

Lyons 
4615 W. Streetsboro Rd. 
Richfield, OH 44286 
(216) 659-9224 
FAX: (216) 659-9227 

Lyons 
248 N. State Street 
Westerville,OH 43081 
(513) 278-0714 
FAX: (513) 278-3609 

Oklahoma 

OM Associates 
690 W. Campbell Road 
Suite 150 
Richardson, TX 75080 
(214) 690-6746 
FAX: (214) 690-8721 
TLX: 62923447 

Oregon 

Westerberg & Associates 
7165 SW Fir Loop 
Portland, OR 97223 
(503) 620-1931 
FAX: (503) 684-5376 

Pennsylvania 
Eastern 

Deltatronics 
790 Penllyn Pike, Suite 201 
Blue Bell, PA 19422 
(215) 641-9930 
FAX: (215) 641-9934 
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Sale~ Offices Brooktreee 

North American Representatives (continued) 

Pennsylvania Texas West Virginia 
Western 

OM Associates Lyons 
Lyons 11044 Research Blvd. # A-103 248 N. State St. 
4615 W. Streetsboro Rd. Austin, TX 78759 Westerville,OH 43081 
Richfield, OH 44286 (512)794-9971 (5113) 278-0714 
(216) 659-9224 PAJ{: (512)794-9987 PAJ{: (513) 278-3609 
PAJ{: (216) 659-9227 

OM Associates Wisconsin 
Rhode Island 10500 Richmond Ave., #115 Eastern 

Houston, TX 77042 
The Nashoba Group (713) 789-4426 Oasis Sales 
One Technology Park Drive PAJ{: (713)789-4825 1305 N. Barker Road 
Westford, MA 01886 Brookfield, WI 53045 
(508) 692-7503 OM Associates (414) 782-6660 
PAJ{: (508) 692-5081 690 W. Campbell Rd. PAJ{: (414) 782-7921 

Suite 150 
South Carolina Richardson,TX 75080 Wisconsin 

(214) 690-6746 Western 
Group 2000 Sales PAJ{: (214) 690-8721 
875 Walnut Street Stan Clothier Company 
Suite 310 Utah 9600 W. 76th St., Suite A 
Cary, NC 27511 Eden.Prairie, MN 55344 
(919) 481-1530 Lange Sales, Inc. (612) 944-3456 
PAJ{: (919) 481-1958 772 E. 3300 S. PAJ{: (612)944-6904 

Suite 205 
South Dakota Salt Lake City, UT 84106 Wyoming 

Stan Clothier Company 
(801) 487-0843 

Lange Sales, Inc. 
9600 W. 76th St., Suite A 

PAJ{: (801)484-5408 
5440 Franklin Road 

Eden Prairie, MN 55344 Virginia Suite 110 
(612) 944-3456 Boise, ID 83705 
FAJ{: (612)944-6904 Deltatronics (208) 345-8207 

6040 Knights Ridge Way FAJ{: (208)345-8209 
Tennessee Alexandria, VA 22310 
Eastern (703) 971-1733 Canada 

Group 2000 Sales 
FAJ{: (703) 971-1343 

Dynasty Components 
5390 Peachtree Ind. Blvd. Vermont 1140 Morrison Drive 
Suite 210 B Unit #110 
Norcross, GA 30071 

The Nashoba Group 
Ottawa, Ontario 

(404) 729-1889 K2H8S9 
FAJ{: (404)729-1896 One Technology Park Drive 

(613) 596-9800 
Westford, MA 01886 

FAJ{: (613) 596-9886 
Tennessee (508) 692-7503 

Western PAJ{: (508) 692-5081 Puerto Rico 

Group 2000 Sales Washington ETS,Inc. 
109 C Jefferson Street 

Westerberg & Associates 
P. O. Box 10758 

Huntsville, AL 35801 
12505 NE Bel-Red Rd., #112 

Caparra Heights Station 
(205) 536-2000 

Bellevue, WA 98005 
SanJuan,PR 00922 

FAJ{: (205)533-5525 
(206) 453-8881 (809) 798-1300 

FAJ{: (206) 453-8758 
FAX: (809) 798-3661 
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BrooktreeOD Sales Offices 
North American Distributors 

Alabama Arizona California 
LA I Orange I Ventura Co. 

Hamilton! A vnet Anthem 
4960 Corporate Drive 1555 W. 10th Place, Suite 101 Anthem 
Suite 135 Tempe, AZ 85281 9131 Oakdale Ave. 
Huntsville, AL 35805 (602) 966-6600 Chatsworth, CA 91311 
(205) 837-7211 FAX: (602) 966-4826 (818) 700-1000 
FAX: (205) 830-8404 FAX: (818) 727-0108 

Hamilton! A vnet 
Marshall 1626 South Edward Drive Anthem 
3313 Memorial Pky. South Tempe, AZ 85281 1 Oldfield Drive 
Huntsville, AL 35801 (602) 902-4700 Irvine, CA 92718-2809 
(205) 881-9235 FAX: (602) 902-4747 (714) 768-4444 
FAX: (205) 881-1490 FAX: (714) 768-6456 

Marshall 
Alaska 9831 S. 51st St., Suite C108 Hamilton!Avnet (Corporate) 

Phoenix, AZ 85044 10950 Washington Blvd. 
Hamilton! A vnet (602) 496-0290 Culver City, CA 90230 
17761 N.E. 78th Place FAX: (602) 893-9029 (310) 558-2065 
Building C FAX: (310) 558-2076 
Redmond, W A 98052 Arkansas 
(206) 8eH -6697 Hamilton! A vnet 
FAX: (206) 867-0159 Anthem 3170 Pullman Street 

651 N. Plano Road, Suite 429 Costa Mesa, CA 92626 
Marshall Richardson, TX 75081 (714) 641-4100 
11715 Northcteek Parkway S. (214) 238-7100 FAX: (714) 641-4122 
Suite 112 FAX: (214) 238-0237 
Bothell, WA 98011 Hamilton! A vnet 
(206) 486-5747 Hamilton! A vnet 21150 Califa Street 
FAX: (206)486-6964 7079 University Blvd. Woodland Hills, CA 91367 

Winter Park, FL 32792 (818) 594-0404 
(407) 657-3300 FAX: (818) 594-8234 
FAX: (407) 678-4414 

Marshall (Corporate) 
Marshall 9320 Telstar Avenue 
1551 North Glenville Drive EI Monte, CA 91731 
Richardson, TX 75081 (818) 307-6000 
(214) 705-0600 FAX: (818) 307-6297 
FAX: (214) 705-0675 -Marshall 

26637 Agoura Road 
Calabasas, CA 91302-1959 
(818) 878-7000 
FAX: (818) 880-6846 

Marshall 
One Morgan Circle 
Irvine, CA 92718 
(714) 859-5050 
FAX: (714) 581-5255 
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Sales Offices Brooktrre@ 
North American Distributors (continued) 

California California Connecticut 
Northern San Diego I Imperial Co. 

Anthem 
Anthem Anthem 61 Mattatuck Heights 
580 Menlo Drive Suite 8 9369 Carroll Park Dr. Waterbury, CT 06705 
Rocklin, CA 95677 San Diego, CA 92121 (263) 575-1575 
(916) 624-9744 (619) 453-9005 FAX: (203) 596-3232 
FAX: (916) 624-9750 FAX: (619) 546-7893 

Hamilton! Avnet 
Hamilton! A vnet Hamilton! A vnet Still River Corp. Center 
1175 Bordeaux Drive 4545 Viewridge Avenue 55 Federal Rd., Suite 103 
Sunnyvale, CA 94089 San Diego, CA 92123 Danbury, CT 06810 
(408) 743-3300 (619) 571-7540 (203) 743-9799 
FAX: (408) 745-6679 FAX: (619) 277-6136 FAX: (203) 797-0373 

Hamilton! A vnet Marshall Marshall 
755 Sunrise Avenue 5961 Kearny Villa Road 20 Sterling Dr, Barns Ind. Pk. 
Suite 150 San Diego, CA 92123 P.O. Box 200 
Roseville, CA 95661 (619) 578-9600 Wallingford, CT 06492 
(916) 781-6614 FAX: (619) 627-4163 (203) 265-3822 
FAX: (916) 781-3819 FAX: (203) 284-9285 

Colorado 
Marshall Delaware 
336 Los Coches Street Alliance Electronics 
Milpitas, CA 95035 10510 Research Ave., S.E. Anthem 
(408) 942-4600 Albuquerque, NM 87123 Horsham Business Center 
FAX: (408) 262-1224 (505) 292-3360 355 Business Center Dr. 

FAX: (505) 275-6392 Horsham, PA 19044 
. Marshall (215) 443-5150 
3039 Kilgore Avenue, #140 Anthem FAX: (215) 675-9875 
Rancho Cordova, CA 95610 770 Wooten Rd. #103 
(916) 635-9700 Colorado Springs, CO 80915 Hamilton! A vnet 
FAX: (916) 635-6044 (719) 597-4205 1 Keystone Avenue 

FAX: (719) 597-3207 Building#36 
Cherry Hill, NJ 08003 

Anthem (609) 424-0110 
373 Inverness Dr. S. FAX: (609) 751-2552 
Englewood, CO 80112 
(303) 790-4500 Marshall 
FAX: (303) 790-4532 2221 Broadbirch Dr., Suite G 

Silver Spring, MD 20904 
Hamilton! Avnet (301) 622-1118 
9605 Maroon Circle FAX: (301) 622-0451 
Suite 200 
Englewood; CO 80112 Marshall 
(303) 799-7800 158 Gaither Drive 
FAX: (303) 799-7801 Mt. Laurel, NJ 08054 

(609) 234-9100 
MarshaY FAX: (609) 778-1819 
12351 N. Grant Street 
Thornton, CO 80241 
(303) 451-8383 
FAX: (303) 457-2899 
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Brooktree@ 
North American Distributors (continued) 

District of Columbia 

Anthem 
7168-A Columbia Gateway 
Drive 
Columbia, MD 21046 
(410) 995-6640 
FAX: (410) 290-9862 

Hamilton! A vnet 
7172 Columbia Gateway Drive, 
SuiteF 
Columbia, MD 21046 
(301) 995-3560 
FAX: (301) 995-3553 

Marshall 
2221 Broadbirch Dr., Suite G 
Silver Spring; MD 20904 
(301) 622-1118 
FAX: (301) 622-0451 

Florida 

Hamilton! A vnet 
5371 N.W. 33rdAvenue 
Suite 204 
Ft. Lauderdale, FL 33309 
(305) 733-6300 
FAX: (305) 484 -8369 

Hamilton! A vnet 
3247 Tech Drive North 
St. Petersburgh, FL 33716 
(813) 572-4346 
FAX: (813) 572-0833 

Hamilton! Avnet 
7079 University Blvd. 
Winter Park, FL 32792 
(407) 657-3300 
FAX: (407) 678-4414 

Marshall 
380 S. North Lake Blvd., Suite 
#1024 
Altamonte Springs, FL 32701 
(407) 767-8585 
FAX: (407) 767-8676 

Marshall 
2700 W. Cypress Creek Road 
SuiteD114 
Ft. Lauderdale, FL 33309 
(305) 977-4880 
FAX: (305) 977-4887 

Marshall 
2840 Scherer Dr., Suite 410 
St. Petersburg, FL 33716 
(813) 573-1399 
FAX: (813) 573-0069 . 

Sales Offices 

Georgia 

Hamilton! A vnet 
3425 Corporate Way 
SuiteG 
Duluth, GA 30136 
(404) 623-5475 
FAX: (404) 623-5490 

Marshall 
5300 Oakbrook Parkway #140 
Norcross, GA 30093 
(404) 923-5750 
FAX: (404) 923-2743 

Idaho 

Anthem 
1907 120th Ave. NE 
Suite 102 
Bothell, WA 98011 
(206) 483-1700 
FAX: (206) 486-0571 

Hamilton! A vnet 
17761 N.E. 78th Place 
Building C 
Redmond, WA 98052 
(206) 881-6697 
FAX: (206) 867-0159 

Marshall 
11715 Northcreek Parkway S. 
Suite 112 
Bothell, WA 98011 
(206) 486-5747 
FAX: (206) 486-6964 
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Sales Offices 
North American Distributors (continued) 

Illinois 

Anthem 
1300 Remington Rd. Suite A 
Schaumburg,UL 60173 
(708) 884-0200 
FAX: (708) 884-0480 

Hamilton! A vnet 
1130 Thorndale Avenue 
Bensenville,IL 60106 
(708) 860-7700 
FAX: (708) 860-8530 

Marshall 
50 E. Commerce Dr., Unit 1 
Schaumburg,UL 60173 
(708) 490-0155 
FAX: (708) 490-0569 

Indiana 

Hamilton!Avnet 
655 West Carmel Drive 
Suite 160 
Carmel, IN 46032 
(317) 844-9533 
FAX: (317) 844-5921 

Marshall 
6990 Corporate Drive 
Indianapolis, IN 46278 
(317) 297-0483 
FAX: (317) 297-2787 

Iowa 

Hamilton! A vnet 
2335-A Blairs Perry Rd. N.E. 
Cedar Rapids, IA 52402 
(319) 393-0033 
FAX: (319) 393-7050 
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Kansas 

Hamilton! A vnet 
15313 W. 95th Street 
Lenexa, KS 66219 
(913) 888-8900 
FAX: (913) 541-7951 

Marshall 
10413 W. 84th Terrace 
Pine Ridge Business Park 
Lenexa, KS 66214 
(913) 492-3121 
FAX: (913) 492-6205 

Kentucky 

Hamilton! A vnet 
1847 Mercer Road, Suite G 
Lexington, KY 40511 
(606) 288-4911 
FAX: (606) 288-4936 

Marshall 
3520 Park Center Drive 
Dayton,OH 45414 
(513) 898-4480 
FAX: (513) 898-9363 

Marshall 
6990 Corporate Drive 
Indianapolis, IN 46278 
(317) 297-0483 
FAX: (317) 297-2787 

Brooktree@ 

Louisiana 

Anthem 
651 N. Plano Road Suite 429 
Richardson, TX 75081 
(21'4) 238-7100 
FAX: (214) 238-0237 

Hamilton! A vnet 
7079 University Blvd. 
Winter Park, FL 32792 
(407) 657-3300 
FAX: (407) 678-4414 

Marshall 
3313 Memorial Parkway S. 
Huntsville, AL 35801 
(205) 881-9235 
FAX: (205) 881-1490 

Maine 

Anthem 
36 Jonspin Road 
Wilmington, MA 01887 
(508) 657-5170 
FAX: (508) 657-4761 
Anthem 
7168-A Columbia Gateway 
Drive 
Columbia, MD 21046 
(410) 995-6640 
FAX: (410) 290-9862 

Hamilton! A vnet 
10M Centennial Drive 
Peabody, MA 01960 
(508) 532-3701 
FAX: (508) 532-9802 

Marshall 
33 Upton Drive 
Wilmington, MA 01887 
(508) 658-0810 
FAX: (508) 657-5931 

Marshall 
2221 Broadbirch Dr., Suite G 
Silver Springs, MD 20904 
(301) 622-1118 
FAX: (301) 622-0451 



Brooktree~ 

North American Distributors (continued) 

Maryland 

Anthem 
7168-A Columbia Gateway 
Drive 
Columbia, MD 21046 

. (410) 995-6640 
FAX: (410) 290-9862 

Hamilton! A vnet 
7172 Columbia Gateway Drive, 
SuiteF 
Columbia, MD 21046 
(301) 995-3560 
FAX: (301) 995-3553 

Marshall 
2221 Broadbirch Dr., Suite G 
Silver Spring, MD 20904 
(301) 622-1118 
FAX: (301) 622-0451 

Massachusetts 

Anthem 
36 Jonspin Road 
Wilmington, MA 01887 
(508) 657-5170 
FAX: (508) 657-4761 

Hamilton! Avnet 
10M Centennial Drive 
Peabody, MA 01960 
(508) 532-3701 
FAX: (508) 532-9802 

Marshall 
33 Upton Drive 
Wilmington, MA 01887 
(508) 658-0810 
FAX: (508) 657-5931 

Michigan 

Hamilton! A vnet 
41650 Gardenbrook 
Suite 100 
Novi, Ml 48375 
(313) 347-4271 
FAX: (313) 347-4021 

Hamilton! A vnet 
2876 28th Street S.W. 
Suite 5 
Grandville, MI 49418 
(616) 531-0345 
FAX: (616) 531-0059 

Marshall 
31067 Schoolcraft 
Livonia, MI 48150 
(313) 525-5850 
FAX: (313) 525-5855 

Minnesota 

Anthem 
7646 Golden Triangle Drive 
Eden Prairie, MN 55344 
(612) 944-5454 
FAX: (612) 944-3045 

Hamilton! A vnet 
9800 Bren Road E., Suite 410 
Minnetonka, MN 55343 
(612) 932-0678 
FAX: (612) 932-0613 

Marshall 
3955 Annapolis Lane 
Plymouth, MN 55447 
(612) 559-2211 
FAX: (612) 559-8321 

Sales Offices 

Mississippi 

Hamilton! A vuet 
7079 University Blvd. 
Winter Park, FL 32792 
(407) 657-3300 
FAX: (407) 678-4414 

Marshall 
3313 Memorial Pky. South 
Huntsville, AL 35801 
(205) 881~9235 
FAX: (205) 881-1490 

Missouri 

Hamilton! A vnet 
741 Goddard Avenue 
Chesterfield, MO 63005 
(314) 537-1600 
FAX: (314) 537-4248 

Marshall 
3377 Hollenberg Drive 
Bridgeton, MO 63044 
(314) 291-4650 
FAX: (314) 291-5391 
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Sales Offices 
North American Distributors (continued) 

Montana 

Alliance Electronics 
10510 Research Ave., SE 
Albuquerque, NM 87123 
(505) 292-3360 
FAX: (505) 275-6392 

Anthem 
770 Wooten Road #103 
Colorado Springs, CO 80915 
(719) 597-4205 
FAX: (719) 597-3207 

Anthem 
373 Inverness Drive S. 
Englewood, CO 80112 
(303) 790-4500 
FAX: (303) 790-4532 

Hamilton! A vnet 
9605 Maroon Circle 
Suite 200 
Englewood, CO 80112 
(303) 799-7800 
FAX: (303) 799-7801 

Marshall 
12351 N. Grant Street 
Thornton, CO 80241 
(303) 451-8383 
FAX: (303) 457-2899 

Nebraska 

Alliance Electronics 
10510 Research Ave., S.E. 
Albuquerque, NM 87123 
(505) 292-3360 
FAX: (505) 375-6392 

Hamilton! Avnet 
1130 Thorndale Avenue 
Bensenville,IL 60106 
(708) 860-7700 
FAX: (708) 860-8530 

Marshall 
10413 W. 84th Terrace 
Lenexa, KS 66214 
(913) 492-3121 
FAX: (913) 492-6205 
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New Hampshire 

Anthem 
36 Jonspin Road 
Wilmington, MA 01887 
(508) 657-5170 
FAX: (508) 657-4761 

Hamilton! A vnet 
10M Centennial Drive 
Peabody,MA 01960 
(508) 532-3701 
FAX: (508) 532-9802 

Marshall 
33 Upton Drive 
Wilmington, MA 01887 
(508) 658-0810 
FAX: (508) 657-5931 

New Jersey 
Northern 

Anthem 
26 Chapin Road Unit K 
Pine Brook, NJ 07058 
(201) 227-7960 
FAX: (201) 227-9246 

Hamilton! A vnet 
10 Lanidex Road West 
Parsippany, NJ 07054 
(201) 575-3490 
FAX: (201) 575-5447 

~~1arshall 

101 Fairfield Road 
Fairfield, NJ 07004 
(201) 882-0320 
FAX: (201) 882-0095 

Brooktree~ 

New Jersey 
Southern 

Hamilton! A vnet 
1 Keystone A veIiue 
Building #36 
Cherry Hill, NJ 08003 
(609) 424-0110 
FAX: (609) 751-2552 

Marshall 
158 Gaither Drive 
Mt. Laurel, NJ 08054 
(609) 234-9100 
FAX: (609) 778-1819 

Nevada 
Northern 

Anthem 
580 Menlo Drive Suite 8 
Rocklin, CA 95677 
(916) 624-9744 
FAX: (916) 624-9750 

Hamilton! A vnet 
755 Sunrise Avenue 
Suite 150 
Roseville, CA95661 
(916) 781-6614 
FAX: (916) 781-3819 

Marshall 
3039 Kilgore Avenue, #140 
Rancho Cordova, CA 95610 
(916) 635-9700 
FAX: (916) 635-6044 



Brooktree® 
North American Distributors (continued) 

Nevada 
Southern 

Anthem 
1555 W. 10th Place, Suite 101 
Tempe, AZ 85281 
(602) 966-6600 
FAX: (602) 966-4826 

Hamilton! A vnet 
3170 Pullman Street 
Costa Mesa, CA 92626 
(714) 641-4100 
FAX: (714) 641-4122 

Marshall 
9830 S. 51st St., Suite B121 
Phoenix, AZ 85044 
(602) 496-0290 
FAX: (602) 893-9029 

New Mexico 

Alliance Electronics 
10510 Research Ave., S.E. 
Albuquerque, NM 87123 
(505) 292-3360 
FAX: (505) 275-6392 

Anthem 
1555 W. 10th Place, Suite 101 
Tempe, AZ 85281 
(602) 966-6600 
FAX: (602) 966-4826 

Hamilton! Avnet 
7801 Academy Road N.E. 
Bldg. 1, Suite 204 
Albuquerque, NM 87109 
(505) 828-1058 
FAX: (505) 828-0360 

Marshall 
9831 S. 51st St., Suite C108 
Phoenix, AZ 85044 
(602) 496-0290 
FAX: (602) 893-9029 

New York 

Anthem 
47 Mall Drive 
Commack, NY 11725 
(516) 493-2225 
FAX: (516) 493-2244 

Hamilton! A vnet 
933 Motor Parkway 
Hauppauge, NY 11788 
(516) 434-7420 
FAX: (516) 434-7426 

Hamilton/ A vnet 
2060 Townline Road 
Rochester, NY 14623 
(716) 475-9130 
FAX: (716) 475-9119 

Hamilton! A vnet 
100 Elwood Davis Road 
North Syracuse, NY 13212 
(315) 453-4000 
FAX: (315) 453-4010 

Marshall 
275 Oser Avenue 
Hauppauge, NY 11788 
(516) 273-2424 
FAX: (516) 434-4775 

Marshall 
100 Marshall Drive 
Endicott, NY 13760 
(607) 785-2345 
FAX: (607) 785-5546 

Marshall 
1250 Scottsville Road 
Rochester, NY 14624 
(716) 235-7620 
FAX: (716) 235-0052 

Sales Offices 

North Carolina 

Hamilton! A vnet 
3510 Spring Forest Road 
Raleigh, NC 27604 
(919) 878-0819 
FAX: (919) 954-0940 

Marshall 
5224 Green's Dairy Road 
Raleigh, NC 27604 
(919) 878-9882 
FAX: (919) 872-2431 

North Dakota 

Anthem 
7646 Golden Triangle Drive 
Eden Prairie, MN 55344 
(612) 944-5454 
FAX: (612) 944-3045 

Hamilton! A vnet 
9800 Bren Rd. E., Suite 410 
Minnetonka, MN 55343 
(612) 932-0678 
FAX: (612) 932-0613 

Marshall 
3955 Annapolis Lane 
Plymouth, MN 55447 
(612) 559-2211 
FAX: (612) 559-8321 
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Sales Offices 
North American Distributors (continued) 

Ohio 

Hamilton! A vnet 
2600 Corp. Exchange Drive 
Suite 180 
Columbus, OH 43231 
(614) 882-7389 
FAX: (614) 882-8650 

Hamilton!Avnet 
7760 Washington Village Dr. 
Dayton, OH 45459 
(513) 439-6721 
FAX: (513) 439-6711 

Hamilton! A vnet 
30325 Bainbridge Road 
Building A 
Solon,OH 44139 
(216) 349-4910 
FAX: (216) 349-1766 

Marshall 
3520 Park Center Drive 
Dayton,OH 45414 
(513) 898-4480 
FAX: (513) 898-9363 

Marshall 
30700 Bainbridge Road 
Unit A 
Solon,OH 44139 
(216) 248-1788 
FAX: (216) 248-2312 

Hamilton! A vnet 
12101 E. 51st Street 
Suite 106 
Tulsa, OK 74146 
(918) 252-7297 
FAX: (918) 250-8763 
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Oregon 

Anthem 
9090 sW Gemini Drive 
Beaverton, OR 97005 
(503) 643-1114 
FAX: (503) 626-7928 

Hamilton! A vnet 
9750 SW Nimbus Avenue 
Beaverton, OR 97005 
(503) 526-6200 
FAX: (503) 641-5939 

Marshall 
9705 SW Gemini Dr. 
Beaverton, OR 97005 
(503) 644-5050 
FAX: (503) 646-8256 

Pennsylvania 
Eastern 

Anthem 
Horsham Business Center 
355 Business Center Drive 
Horsham, PA 19044 
(215) 443-5150 
FAX: (215) 675-9875 

Hamilton! A vnet 
1 Keystone Avenue 
Building #36 
Cherry Hill, NJ 08003 
(609) 424-0110 
EA.X: (609) 751-2~52 

Marshall 
158 Gaither Drive 
Mt. Laurel, NJ 08054 
(609) 234-9100 
FAX: (609) 778-1819 

Brooktree@ 

Pennsylvania 
Western 

Hamilton! A vnet 
213 Executive Drive 
Suite 320 
Mars, PA 16046 
(412) 772-1881 
FAX: (412) 349-1766 

Marshall 
401 Parkway View Dr. 
Pittsburgh, PA 15205 -1408 
(412) 788-0441 
FAX: (412) 788-0447 

Rhode Island 

Anthem 
36 Jonspin Road 
Wilmington, MA 01887 
(508) 657-5170 
FAX: (508) 657-4761 

Hamilton! A vnet 
10M Centennial Drive 
Peabody, MA 01960 
(508) 532-3701 
FAX: (508) 532-9802 

Marshall 
33 Upton Drive 
Wilmington, MA 01887 
(508) 658-0810 
FAX: (508) 657-5931 

South Carolina 

Hamilton! A vnet 
3510 Spring Forest Road 
Raleigh, NC 27604 
(919) 878-0819 
FAX: (919) 954-0940 

Marshall 
5224 Green's Dairy Road 
Raleigh, NC 27604 
(919) 878-9882 
FAX: (919) 872-2431 



Brooklroo- Sales Offices 
North American Distributors (continued) 

South Dakota Texas Utah 

Anthem Anthem Anthem 
7646 Golden Triangle Drive 651 N.Plano Rd. Suite 429 1279 W. 2200 S. 
Eden Prairie, MN 55344 RichaJdson, 1J{ 75081 Salt Lake City, UT 84119 
(612) 944-5454 (214) 238-7100 (801) 973-8555 
FAJ{: (612)944-3045 FAJ{: (214) 238-0237 FAX: (801) 973-8909 

Hamilton! Avnet Hamilton!Avnet Hamilton! A vnet 
9800 Bren Rd. E., Suite 410 1826-F Kramer Lane 1100 East 6600 South 
Minnetonka, MN 55343 Austin, 1J{ 78758 Suite 120 
(612) 932-0678 (512) 832-4306 Salt Lake City, UT 84121 
FAJ{: (612) 932-0613 FAJ{: (512) 832-4315 (801) 972-2800 

FAX: (801) 263-0104 
Marshall Hamilton! A vnet 
3955 Annapolis Lane 4004 Beltline Road Marshall 
Plymouth, MN 55447 Suite 200 2355 S. 1070 West, Suite D 
(612) 559-2211 Dallas, TX 75244 Salt Lake City, UT 84119 
FAJ{: (612) 559-8321 (214) 308-8105 (801) 973-2288 

FAX: (214) 308-8109 FAX: (801) 973-2296 
Tennessee 

Hamilton!A vnet Vermont 
Hamilton! Avnet 1235 North Loop West 
7079 University Blvd. Suite 521 Anthem 
Winter Park, FL 32792 Houston, TX 77008 36 Jonspin Road 
(407) 657-3300 (713) 861-8517 Wilmington, MA 01887 
FAJ{: (407) 678-4414 FAJ{: (713) 861-6541 (508) 657-5170 

FAX: (508) 657-4761 
Marshall Marshall 
5300 Oakbrook Pky. #140 8504 Cross Park Drive Hamilton! A vnet 
Norcross, GA 30093 Austin, 1J{ 78754 10M Centennial Drive 
(404) 923-5750 (512) 837-1991 Peabody, MA 01960 
FAX: (404) 923-2743 FAJ{: (512) 832-9810 (508) 532-3701 

FAX: (508) 532-9802 
Marshall Marshall 
3313 Memorial Pky. S. 1551 N. Glenville Drive Marshall 
Huntsville, AL 35801 Richardson, 1J{ 75081 33 Upton Drive 
(205) 881-9235 (214) 705-0600 Wilmington, MA 01887 
FAX: (205) 881-1490 FAJ{: (214) 705-0675 (508) 658-0810 -FAX: (508) 657-5931 

Marshall 
10681 Haddington Street, Suite 
#160 
Houston, 1J{ 77043 
(713) 467-1666 
FAX: (713) 467-9805 
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Sales Offices 
North American Distributors (continued) 

Virginia 

Anthem 
7168-A Columbia Gateway 
Drive 
Columbia, MD 21046 
(410) 995-6640 
FAX: (410) 290-9862 

Hamilton! A vnet 
7172 Columbia Gateway Drive, 
Suite F 
Columbia, MD 21046 
(301) 995-3560 
FAX: (301) 995-3553 

Marshall 
2221 Broadbirch Dr. 
Suite G 
Silver Spring, MD 20904 
(301) 622-1118 
FAX: (301) 622-0451 

Washington 

Anthem 
19017 120th Ave. N.E. 
Suite 102 
Bothell, W A 98011 
(206) 483-1700 
FAX: (206) 486-0571 

Hamilton! A vnet 
17761 N.E. 78th Place 
Building C 
Redmond, 'VA 98052 
(206) 881-6697 
FAX: (206) 867-0159 

Marshall 
11715 Northcreek Pky. S. 
Suite 112 
Bothell, WA 98011 
(206) 486-5747 
FAX: (206) 486-6964 
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West Virginia 

Hamilton! A vnet 
7172 Columbia Gateway Drive, 
Suite F 
Columbia, MD 21046 
(301) 995-3560 
FAX: (301) 995-3553 

Marshall 
2221 Broadbirch Dr. 
SuiteG 
Silver Spring, MD 20904 
(301) 622-1118 
FAX: (301) 622-0451 

Wisconsin 
Eastern 

Hamilton! A vnet 
20875 Crossroads Circle 
Suite 400 
Waukesha, WI 53186 
(414) 784-4510 
FAX: (414) 784-9509 

Marshall 
20900 Swenson Drive 
Waukesha, WI 53186 
(414) 797-8400 
FAX: (414) 797-8270 

Wisconsin 
Western 

A.'"lthem 
7646 Golden Triangle Drive 
Eden Prairie, MN 55344 
(612) 944-5454 
FAX: (612) 944-3045 

Hamilton! A vnet 
1130 Thorndale Avenue 
Bensenville, IL 60106 
(708) 860-7700 
FAX: (708) 860-8530 

Marshall 
3955 Annapolis Lane 
Plymouth, MN 55447 
(612) 559-2211 
FAX: (612) 559-8321 

Brooktree@ 

Canada 

Hamilton! A met 
151 Superior Blvd. 
Mississauga, Ontario L5T 2L1 
(416) 795-3832 
FAX: (416) 564-6036 

Hamilton!Avnet· 
8610 Commerce Court 
Burnaby, British Columbia 
V5A4N6 
(604) 420-4101 
FAX: (604) 420-5376 

Hamilton! A vnet 
2795 Rue Halpern 
St. Laurent, Quebec H4S 1P8 
(514) 335-1000 
FAX: (514) 335-2481 

Hamilton! A vnet 
190 Colonnade Road 
Nepean, Ontario K2E 7J5 
(613) 226-1700 
FAX: (613) 226-1184 

Marshall 
4 Paget Road, Units 10 & 11 
Building 1112 
Brampton, Ontario L6T 5G3 
(416) 458-8046 
FAX: (416) 458-1613 

Marshall 
148 Brunswick Blvd. 
Point Claire, Quebec H9R 5P9 
(514) 694-8142 
FAX: (514) 694-6989 

Puerto Rico 

Hamilton! Avnet 
87 De Diega Avenue 
San Francisco Plaza #215 
Rio Piedras, PR 00926 
(809) 764-1199 
FAX: (809) 754-4356 



Brooktree@ Sales Offices 
European Representatives / Distributors 

Austria Germany Norway 

CODICO Tekelec Airtronic GmbH Eltron 

Muehlgasse 86-88 Postfach 152027 Aslakveien 20F 

2380 Perchtold Sdorf Kapuzinerstr.9 N-0753 Oslo 7 

Tel. 43 222 862 428 8000 Munchen 2 Tel. 47 (2) 500.650 

FAX: 43 222 863 257 Tel. 49 (89) 51.640 FAX: 47 (2) 502.777 
FAX: 49 (89) 51.64to TLX: 856771 44 

Belgium TLX: 841 522241 
Spain 

AlCorn Electronics B.Y.B.A. Ireland 
Singel3 Semiconductores, S. A. 

B-2550 Kontich MEMEC Ireland Ronda General Mitre, 240 

Tel. 32 3 458 30 33 Block H, Lock Quay 08006 Barcelona 

FAX: 3234583126 Clare Street Tel. 34 (3) 217.2340 
Limerick FAX: 34 (3) 217.6598 

Denmark Tel. 353 61 330.742 TLX: 831 977 87 
FAX: 353 61331.888 

C-88 Semiconductores 
Kokkedal Industripark to 1 Israel Talia, 7 
2980 Kokkedal 28022 Madrid 
Tel. 45 (42) 244.888 ElM International Electronics Tel. 34 (1) 742.2313 
FAX: 45 (42) 244.889 70 Corbin Avenue FAX: 34 (1) 742.3681 
TLX: 855411 98 Bayshore, NY 11706 TLX: 831 (52) 47331 

Tel. (516) 243-1400 

C-88 Jylland FAX: (516) 243-0660 Sweden 
Poul Gernessvej 17 

Italy 7430 Ikast Martinsson Electronik AB 

Tel. 45 (97) 250.816 
Comprel s.p.a. 

Instrumentvagen 16, 

FAX: 45 (97) 250.815 Box 9060 
YiaP037 S-12609 Hagersten 

Finland 20031 Cesano Maderno Tel. 46 8 744 0300 
Milano FAX: 46 8 744 3403 

ComodoOy Tel. 36 (2) 553.991 

Isonniitynkatu 7 A FAX: 36 (2) 553.967 Switzerland 
Helsinki 
Tel. 358 0 757 2266 The Netherlands AbalecAG 

FAX: 35807572369 Grabenstrasse 9 
AlCorn 8952 Schlieren 

France 
EsseBaan 1, POB 358 Tel. 41 1 7300455 .. 2900 AI Capelle NO Ijssel FAX: 411 7309801 

Tekelec Airtronic Tel. 31 (to) 451.9533 

BPNo.2 FAX: 31 (to) 458.6482 United Kingdom 
1 Rue Carle Yernet TLX: 844 261 60 

92315 Sevres Cedex Thame Components Ltd. 

Tel. 331 (46) 23 2229 Thame Park Road 

FAX: 331 (45) 07 2191 Thame, Oxfordshire 

TLX: 634018 OX93UQ 
Tel. 44 (84) 426.11-88 
FAX: 44 (84) 426.1681 
TLX: 851 837917 
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Sales Offices 
Japanese Representatives I Distributors 

H. Y. Associates 
1-10, Sekimachi-kita 
3Chome 
Nerima-ku 
Tokyo 177 
Tel. 81 339297111 
FAX: 81 339280301 

H.Y. Associates 
Nakahiro Bldg. #201 
2-4-11 Bakuro-cho 
Chuo-ku 
Osaka-shi 541 
Tel. 81 062660611 
FAX: 81 06 266 0630 

Asia-Pacific Representatives I Distributors 

Australia 

VSI Promark Electronics-Adelaide 
41116 Melbourne St. 
North Adelaide, SA 5006 
Tel. 618 267-4333 
FAX: 618 267-4217 

VSI Promark Electronics-Brisbane 
Suite 9, Argyle Place 
CNR Sangate Rd & Argyle St. 
Breakfast Creek, QLD 4010 
Tel. 617 262-5200 
FAX: 617 262-b461 

VSI Promark Electronics-Melbourne 
Grund FL, Unit 12, Bus Prk Dr. 
Monash Business Park 
Notting Hill, VIC 3168 
Tel. 613 558-9333 
FAX: 613 558-9355 

VSI Promark Electronics-Sydney 
P. O. Box 578 
Crows Nest, NSW 2065 
Tel. 612439-8622 
FAX: 612439-6435 

VSI Promark Electronics-Perth 
25 Brisbane St. 
East Perth, W A 6000 
Tel. 619 328-8499 
FAX: 619 227-8600 
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Hong Kong 

Lestina International, Ltd. 
14IF Park Tower 
15 Austin Road 
Tsumshatsui 
Tel. 852 735 1736 
FAX: 8527305260 

India 

Oriole Services & Consultants 
PB #9275 
4 Kurla Industrial Estate 
Ghatkopar, Bombay 
400086 
Tel. 91 225122973 
TLX: 953117210 2 
FAX: 91 22511-5810 

Korea 

Kortronics Enterprise 
2F Kunhan Bldg. 
1557-11, Seocho-Dong 
Seocho-Ku, Seoul 137-070 
Tel. 8202 523-5233 
FAX: 8202 523c7300 

Nissei Electronics 
Hitachi Atago Bldg. 
15-12, Nishi-Shimbashi 
2-Chome 
Minato-ku, Tokyo 105 
Tel. 81 335047923 
FAX: 81 335047900 
TLX: 781 27481 

Singapore 

Desner Electronics 
42 MacTaggart Road 
#04-01 MacTaggart Building 
Singapore 1336 
Tel. 65 (2) 85 1566 
FAX: 65 (2) 849466 
TLX: 786 39191 

Taiwan R.O.C. 

Sertek 
3-15FL, 135, Sec. 2, 
Chien Kuo N. Rd. 
Taipei 10479 
Tel. 886' (2) 501.0055 
FAX: 886 (2) 501.2521 
TLX: 785 237 56 

Tonsam Corp. (Main Office) 
lrst FL, No.1, Lane 462, Sec. 6 
Chung Hsiao E. Rd. 
Taipei 

Tonsam Corp. 
8th FL, No. 467, Sec. 6 
Chung Hsiao E. Rd. 
Taipei 
Tel. 886 (02) 651.0011 
FAX: 886 (02) 651.0033 
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Product Index Brooktree® 

BtlOI 50, 30 MHz Triple 8-bit VIDEODAC 6-3 

Btl03 75, 30 MHz Triple 4-bit VIDEODAC 6 - 17 

Btl06 50, 30 MHz Single 8-bit VIDEODAC 6 - 31 

Btl07 400 MHz Single 8-bit VIDEODAC with 2: 1 Multiplexed Pixel Inputs 6 - 45 
(lOKH/lOOK ECL) 

Btl09 250 MHz Triple 8-bit VIDEODAC, TDC1318 Pin Compatible 6 - 59 
(IOKH ECL) 

Bt110 100 ns Octal8-bit D/A Converter with Standard MPU Interface 7-3 

Bt121 80,50 MHz Triple 8-bit VIDEODAC, On-Chip Voltage Reference and 6 -73 
Analog Output Comparators 

Bt218 18 MSPS 8-Bit Flash Video AID Converter 3-3 

Bt252 18 MSPS Single Channel8-bit Image Digitizer 3 - 17 

Bt254 18 MSPS Triple Channel 8-bit Image Digitizer 3 - 41 

Bt261 30 MHz HSYNC Line Lock Controller 3 - 65 

Bt281 36 MHz Programmable Color Space Converter 3 - 95 

Bt401 250 MHz 256 x 8 Pipelined Static RAM (IOKH ECL) 7 - 17 

Bt403 250 MHz 256 x 8 Pipelined Static RAM (IOKH ECL) 7 - 17 

Bt424 250 MHz 40-bit Multi-Tap Video Shift Register (IOKH ECLITTL) 7 - 27 

Bt431 64 x 64 Pixel User-Definable Cursor, Cross Hair Cursor 7 - 41 

Bt438 250 MHz Clock Generator Chip for CMOS RAMDACs 7 - 63 

Bt439 200 MHz Clock Generator/Synchronizer Chip for CMOS RAMDACs 7 -75 

Bt440 275 MHz PLL Clock Generator 7 - 89 

Bt445 150 MHz Triple 256 x 8 RAMDAC with Onboard M/N PLL, 5-3 
and a Highly Flexible Input Pixel Port 

Bt451 125, 110,80 MHz Triple 4-bit RAMDAC with 256 x 12 RAM, 4: 1 or 5 - 81 
5: 1 Multiplexed Pixel Inputs 

Bt453 66, 40 MHz Triple 8-bit RAMDAC with 256 x 24 RAM 4-3 

10-2 SECTION 10 



Brooldree® Product Index 

Bt454 170, 110 MHz Triple 4-bit RAMDAC with 16 x 12 RAM, 5 - 115 
4: 1 Multiplexed Pixel Inputs 

Bt455 170, 110 MHz Single 4-bit RAMDAC with 16 x 4 RAM, 5 - 115 
4: 1 Multiplexed Pixel Inputs 

Bt457 125, 110, 80 MHz Single 8-bit RAMDAC with 256 x 8 RAM, 5 - 81 
4:1 or 5:1 Multiplexed Pixel Inputs 

Bt458 165, 125, 110, 80 MHz Triple 8-bit RAMDAC with 256 x 24 RAM, 5 - 81 
4:1 or 5:1 Multiplexed Pixel Inputs 

Bt459 135, 110, 80, MHz Triple 8-bit RAMDAC with 256 x 24 RAM, 5 - 135 
1:1,4: 1, or 5: 1 Multiplexed Pixel Inputs, 64 x 64 Cursor 

Bt460 135, 110, 80 MHz Triple 8-bit RAMDAC with 512 x 24 RAM, 5 - 187 
1: 1,4:1, or 5: 1 Multiplexed Pixel Inputs, 64 x 64 Cursor 

Bt461 170, 135, 110, 80 MHz Single 8-bit RAMDAC with 1024 x 8 RAM, 256 x 5 - 239 
8 Alternate RAM, 3:1, 4:1, or 5:1 Multiplexed Pixel Inputs 

Bt462 170, 135, 110, 80 MHz Single 8-bit RAMDAC with 1024 x 8 RAM, 256 x 5 - 239 
8 Alternate RAM, 3:1, 4:1, or 5:1 Multiplexed Pixel Inputs 

Bt463 170, 135, 110 MHz Triple 8-bit True-Color Window RAMDAC with (3) 5 - 277 
528 x 8 RAM, 1:1,2:1, or4:1 Multiplexed Pixel Inputs 

Bt467 230, 170, and 135 MHz Triple 8-bit RAMDAC with 256 x 24 RAM, 5 - 321 
8: 1 Multiplexed Pixel Ports 

Bt468 220, 200, 170 MHz Triple 8-bit RAMDAC with 256 x 24 RAM, 5 - 357 
8: 1 Multiplexed Pixel Inputs, 64 x 64 Cursor 

Bt471 80,66,50,35 MHz Triple 6-bit RAMDAC with 256 x 18 RAM 4 - 21 

Bt473 80, 66, 50, 35 MHz Triple 8-bit True-Color RAMDAC with (3) 4 - 45 
256 x 8 RAMs 

Bt473/110 110 MHz Triple 8-bit True-Color RAMDAC with (3) 256 x 8 RAMs 4 - 71 

Bt475 80,66,50,35 MHz Triple 6-bit Power-Down RAMDAC with 256 x 18 4 - 95 
RAM 

Bt476 80,66,50,35 MHz Triple 6-bit RAMDAC with 256 x 18 RAM 4 - 21 -Bt477 80, 66, 50, 35 MHz Triple 8-bit RAMDAC with 256 x 24 RAM 4 - 95 

Bt478 80, 66, 50, 35 MHz Triple 8-bit RAMDAC with 256 x 24 RAM 4 - 21 
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Product Index Brooktree® 

Bt481 85 MHz 15-, 16-, and 24-bit True-Color Power-Down RAMDACs 4 - 121 

Bt482 85 MHz 15-, 16-, and 24-bit True-Color Power-Down RAMDACs 4 - 121 

Bt484 85 MHz True-Color RAMDAC, 4:1, 8-bit Multiplexed Pixel Inputs with 4 - 157 
a Separate 8-bit VGA port, 32 x 32 x 2, User-definable Hardware Cursor 

Bt485 135 MHz True-Color RAMDAC, 4:1, 8-bit Multiplexed Pixel Inputs with 4 - 197 
a Separate 8-bit VGA port, 64 x 64 x 2, User-definable Hardware Cursor 

Bt492 360 MHz Single 8-bit RAMDAC with 256 x 8 RAM 5 - 399 

Bt494 160 MHz Triple 8-bit True-Color RAMDAC, with (3) 256 x 8 RAM, 5 - 419 
1: 1, 2: 1, or 4: 1 Multiplexed Pixel Inputs 

Bt496 100 MHz CMYK RAMDAC with (3) 256 x 9 RAM, 1:1,2:1,4:1,8:1, and 5 - 455 
32: 1 Multiplexed Pixel Inputs 

Bt501 10 KH Octal ECUfTL Bidirectional Transceiverrrranslator 7 - 103 

Bt502 lOOK Octal ECLnTL Bidirectional Transceiverrrranslator 7 - 103 

Bt622 Dual Channel Delay Lines, Very High-Speed, IOKH ECL-Compatible 7 - 113 

Bt624 Quad Channel Delay Lines, Very High-Speed, IOKH ECL-Compatible 7 - 113 

Bt630 Monolithic CMOS, High-bandwidth, TTL-compatible 7 - 133 
Adjustable Delay Line, 25--400 ns Programmable Range 

Bt812 NTSC/P AL to RGBIYCrCb Decoder 3 - 127 

Bt855 12-18 MHz RGBfYCrCb to NTSCIPAL Commercial Grade Encoder 3 - 129 

Bt858 12-18 MHz RGB/YCrCb to NTSCIPAL Studio Grade Encoder 3 - 173 

Bt885 135 MHz True-Color VIDEO CacheDACTM. Dedicated Asynchronous 4 - 239 
Video and Graphics Ports Enable Mixing Video and Graphics. 64 x 64 x 2 
User-definable Hardware Cursor, VGA Compatible 
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Brooktree Literature Update Card 

Thank you for your interest in Brooktree products. To remain on our mailing list for new product 
literature, please take a moment to complete the information below and return the postage paid card. 

What is your principal job function? 

A. 0 Corporate Management 

B. 0 Engineering Management 

C. 0 Engineering 

D. 0 Consultant 

E. 0 Purchasing 

F. 0 Other: ________ _ 

Are you currently using our products? 

DYES 0 NO 

If NO, do you intend to use our products: 

A. 0 Current application (immediately) 

B. 0 Future applications in 1-6 months 

C. 0 Future applications in 6-12 months 

D. 0 Future applications over 12 months 

E. 0 Reference file 

What are your areas of application? Check all that 
apply: 

A. 0 PC Graphics 

B. 0 Workstation Graphics 

C. D Imaging 

D. D Communications 

E. D ATE (Automatic Test Equipment) 

F. D Other: _________ _ 

What products would you like to see from 
Brooktree in the future? 

Company: __________________________ _ 

Name: ___________________________________________________________ __ 

Title: __________________________________________________________ _ 

Address: ________________________________________________________ _ 

City:. ______________ State: ________ Zip: _______ _ 

Phone: ( , _______________ Ext. __________ _ 

D8004-1193 

After folding, please secure open edges with tape. 
WARNING: Staples will not be accepted by the postal service. 
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