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Quick Reference to Products

Bt101 6-3 Bt471 4-21
Bt103 6-17 Bt473 4-45
Bt106 6-31 Btd473/110 4-71
Bt107 6-45 Bt475 4-95
Bt109 6-59 Bt476 4-21
Bt110 7-3 Bt477 4-95
Bt121 6-7 Bt478 4-21
Bt218 3-3 Bt481 4-121
Bt252 3-17 Bt482 4-121
Bt254 3-41 Bt484 4-157
Bt261 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 Bt501 7-103
Bt431 7-41 Bt502 7-103
Bt438 7-63 Bt604*

Bt439 7-175 Bt605*

Bt440 7-89 Bt612*

Btd45 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 Bt812 3-127
Bt463 5-277 Bt855 3-129
Bt467 5-321 Bt858 3-173
Bt468 5-357 Bt885 4-239

* Information on this product can be found in Brooktree’s ATE Databook.









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 costl/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 furnished by Brooktree Corporation is believed to be accurate and
reliable. However, no responsibility is assumed by Brooktree Corporation for its use; nor for any infringement of
patents or other rights of third parties which may result from its use. No license is granted by its implication or
otherwise under any patent or patent rights of Brooktree Corporation.

VIDEODAC, RAMDAC, WindowVu, VideoNet, PixelVu, Flexport, Video CacheDAC, CacheDAC and TrueVu
are trademarks of Brooktree Corporation. Brooktree is a registered trademark of Brooktree Corporation.
Personal System/2 and PS/2 are registered trademarks of IBM. Macintosh is a licensed trademark of Apple
Computer, Inc. IMS is a registered trademark of Inmos Limited.
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Introduction

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 (IC), 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
VIDEODAC:, color palette RAMs, and pixel input

multiplexers on a single chip. Today, Brooktree
has the broadest range of RAMDAC: available on
the market.

In 1988, Brooktree entered the imaging market
with its first CMOS flash video A/D converter.
Further system-level integration led to our family
of image digitizers, which combine one or more A/
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 corner
on the front page.

Preliminary Information

This datasheet is released with sample devices. It contains a more extensive discussion of device operation and
provides more complete parametric information. The functional operation is fully defined and the parametric 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 corner on the
front page. '

Final datasheet

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

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 burn-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 Preliminary datasheet under aocument control.

Full Production

These devices have production silicon, testing, burn-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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Quality Assurance

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,
requirements and 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 requirements 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-
1y lot before it is shipped to verify all customer re-
quirements have been satisfied.

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 1, 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.

QUALITY ASSURANCE 2-3




Quality Assurance

2-4

Subcontract Wafer
Fabrication

Brooktree
Operations

Subcontract
Assembly

Wafer
Fabrication

Process
Control

Y

Wafer
Visual

Device-Level
Process Control
Monitor

Wafer-Level
Reliability

Wafer
Probe

Y

Process
Control

A

Commercial
Assembly

]

i

External
Visual

Assembly Process
Monitor

—

Electrical
Test

Early Failure-
Rate Monitor

Coplanarity
Test

Quality
Conformance

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-

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 burn-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

Infant Mortality or
Early Life Region

Region B

Normal Useful Operating Region

Region C

Wearout 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 T, 8,
Operating Life 16, 24, 32, 40, 48,
96, 500, 1000, 1500,
Electrical (25° C) and 2000 Hours
High-Temperature 2000 Hours, TA = 150° C 55 Read Points at T,
Storage - 1000 and 2000
Hours
Electrical (25° C)
Temperature Cycle See Figure 3 for Surface-Mount Package 153 Read Points a T,
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° Cto + 125° C,
3000 Cycles
Thermal Shock Method 1011, Condition B, -55° C to +125° C, 116 Read Points a t TQ
200 Cycles and 200 Cycles
Electrical (25° C)
Steady-State See Figure 3 for Surface-Mount Package 195 Plastic Packages
Temperature/Humidity Precondition Flow. Only
. 85°C/85% RH, 168 Hours, Unbiased Read Points at TQ,
. 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 TQ
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: S/Wafer All Wafer Tested
SWEAT, TDDB, QBD,HCI, Mobile Ion
Oven EM Testing: 20 20 Samples per
EMI1: Jg = 10x, Tg = 250°C " Structure, per Test
EM2: Jg = 20x, Tg = 250°C Condition

EM3: Jg = 20x, Ts = 200°C
Flatlines, Contacts/Vias

Note I: 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 TQ and 3500 Total
Method 1010, Condition A, 0° C to +125° C, Cycles
R 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 TQ 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 TQ 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 TQ 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 TQ 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 See Figure 3 for Surface-Mount Package 153 Read Points at TQ, 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 1011, Condition B, -55° C to 125° C, 116 Read Points at T 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 TQ; 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 TQ and
Precondition Flow 96 Hours
(Electrical 25° C)
121° C, 2.0 ATM, 96 Hours, 100% RH
Salt Atmosphere Method 1009 34
High-Temperature TA = 125° C (TJ < 150° C), 1500 Hours 150 Read Points at T(; 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 TQ and
Heat at 260° C End of Test
Electrical (25° C)
Destructive Physical X-Ray, Internal Visual, Bond Strength, Die 6 3 Samples From Each
Analysis Shear/Pull, Cross-section of 3 Assembly Lots

2-8

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 3. Plastic Package Assembly Process Qualifications Tests.
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Temp Cycle
—65°Cto +150°C |
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l
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Extremely
Sensitive

Y

Bake Dry Moisture Soak Moisture Soak
125°C 85° C, 30% RH 85° C, 85% RH
24 Hours 168 Hours 168 Hours

L

1 Within 15 Minutes
'"to 4 Hours

Infrared (240° C +5° C Peak) or
Vapor Phase (215° C #5° C Peak)
Solder Exposure, 2 Cycles

L

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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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 potential effect
on product quality, reliability, and performance.

Wafer Probe

Wafer probe is performed 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 isctaken 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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Rejected dice are marked with an ink dot to allow
easy identification after the individual die is scribed
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.
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Quality Assurance

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.”

Failure 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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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:
AF = e[Ea/K(1/T1 - 1/T2)]
Where:

AF = Acceleration Factor

e = Natural logarithm base of 2.71828

Ea = The activation energy for semiconductor material
K = Boltzmann’s constant (8.626 x 10-3 eV/Kelvin)
T1 = Lower temperature in degrees Kelvin

T2 = Higher temperature in degrees Kelvin

Example: The AF for a temperature change from 85°C to 125°C is 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-in—A thermal and electrical stress test designed to eliminate early failures. The early device failures
(infant mortality) are detected and removed, thus enhancing reliability.

Environmental Tests—Several tests that determine the long-term stability and reliability of products. The
product is exposed to various.conditions and extremes of temperature, humidity, pressure, or mechanical
stress that 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/1000 hours).
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Terms and Definitions (continued)

Infant Mortality—Initial failures of devices that occur in early life operation. This is the regioh 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 (burn-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. :

0uality1—Dun'ng 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.

Reliability—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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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 Applications 20 MSPS
. , Monolithic CMOS

* 20 MSPS Operation » Image Processing .

« Bt208 Pin Compatilibity « TImage Capture 8-bit Flash

« No Video Amplifier Requirement * Desktop Publishing Video A/D Converter

e +1/4 LSB Typical DL Error * Graphic Art Systems

» +1/2 LSB Typical IL Error .

 External Zero and Clamp Control Related Products Product Description

* Overflow Output

¢ On-Chip Reference e Bt252, Bt254 The Bt218 is an 8-bit flash A/D converter

 Output Enable Control « Bt261 designed specifically for video digitizing ap-

e TTL Compatiblility plications. A flash converter topology is

* 45V CMOS Monolithic used with 256 high-speed comparators in
Construction parallel to digitize the analog input signal.

e 24-pin 0.3" DIP or 28-pin PLCC Flexible input ranges enable NTSC and
Package CCIR video signals to be digitized without

» Typical Power Dissipation: 500 mW : requiring a video amplifier.

The TTL-compatible output data and

. . OVERFLOW are registered synchronously

Functional Block Dlagr am 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).

Brooktree Corporation ® 9950 Barnes Canyon Rd. ¢ San Diego, CA 92121-2790

(619) 452-7580 « (800) VIDEO IC  TLX: 383 596 * FAX: (619) 452-1249 B lm@
L218001 Rev. C Im
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Circuit Description

As illustrated in the functional block diagram, the
Bt218 contains 256 high-speed comparators, a
255-t0-8 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- < Vin < 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 D0-D7
and OVERFLOW pins on the second rising edge
of CLOCK. ‘

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) .

Overflow

Vin (V)

(Note 1)

> 0.998 1
0.996 0
0.992 0
0.500 0
0.496 0
0.492 0
0.004 0

<0.002 0

D0-D7 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

DO -D7, DATA DATA DATA DATA
OVERFLOW N-2 N-1 N N+1

Figure 1. General Operation.
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Pin Descriptions

Pin Name

Description

DO0-D7

OE*

OVERFLOW

CLOCK

REF+

R/2

VIN

ZERO/CLAMP

Data outputs (TTL compatible). DO 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, DO-D7 should have minimal loading. If a large capacitive load is be-
ing driven, an external buffer is recommended.

Output enable control input (TTL compatible). Negating OE* three-states DO-D7 asyn-
chronously. The OVERFLOW output is not affected by the state of OE*.

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

Top of ladder voltage reference (voltage input). REF+ sets the VIN voltage level that cor-
responds to $FF on the DO-D7 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+.

Bottom of ladder voltage reference (voltage input). Typically, this input is connected to
GND. REF- sets the VIN voltage level that corresponds to $00 on the DO-D7 outputs. All
REF- pins must be connected together as close to the device as possible.

Midtap of reference ladder (voltage output). R/2 is not available on the DIP 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 R/2.

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

Zeroing control input (TTL compatible). While ZERO is a logical one, the comparators
are zeroed and DO-D7 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 (TTL compatible). While CLAMP is a logical one, the VIN inputs are
forced to the voltage level on the LEVEL pin to perform DC restoration of 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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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 VIN, 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 VAA pins must be connected together on the same PCB plane and as
close to the device as possible to prevent latchup. A 0.1 uF 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.

D3
GND
OE*
CLOCK
D7

g
=
3
- T

<

<

>
o

VIN D1
REF + D2

VREF D3 D2

VAA VAA D1

VAA GND Do

GND OE* VIN

GND CLOCK REF +

NIC D7 REF +

REF- D6 VREF
LEVEL DS
ZERO (CLAMP) D4

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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PC Board Layout Considerations

PC Board Considerations

For optimum performance, before PCB layout is
begun, the CMOS digitizer layout examples in the
Bt208, Bt251, or Bt253 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 VAA 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 VAA and GND pins should have
a 0.1 pF ceramic chip capacitor located as close as
possible to the device pins. The capacitors should
be connected directly to the VAA 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.
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PC Board Layout Considerations (continued)

USE ONLY IF AC COUPLED TO VIDEO SIGNAL \

Y01y 50
VIDEO — AN VIN
75
L Bt218
+5V (VCO) N VAA
Cl__ C2__+ c3 C4
01] 0] 01| oot
GROUND GND, REF-
200 —~—REF+
VREF
Location Description Vendor Part Number
C1,C3 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
C2 10 pF capacitor Mallory CSR13G106KM
C4 0.01 pF ceramic chip capacitor AVX 12102T103QA1018
L1 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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Application Information

Using the Internal Reference

The Bt218 has a 1.2 V on-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.

VRETF should supply at least 6 mA of current to
maintain voltage stability over temperature. Thus,
VREF should drive a resistive load between 90
and 240 Q.

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 Q 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 mV. 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
A/D.

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 PF capacitor is not used and
CLAMP should be grounded.

Zeroing

Unlike many CMOS A/D 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
1K ;
VAA Bt218
TLC272
100
<2K REF+
=< *
LM385-1.2 T 0.1

Figure 3. Using an External Reference.
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Bt218

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 Bt218’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 integral lineari-
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 +1.8 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 IL error of about
12 LSB, and the SNR will be about 39 db.

Output Nbise

Although the Bt218 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 A/D con-
verters have no noise for a DC input; however, the
output noise increases greatly as the input band-
width and clock rate increase.

PC Board Sockets

If a socket is required, a low-profile socket is rec-
ommended, such as AMP part no. 641746-2 for
the PLCC 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 VAA
power to the device. Ferrite beads must be used
only for analog power VAA decoupling. Inductors
can cause a power supply time constant delay that
induces latchup.

Latchup can be prevented by ensuring that all
VAA pins are at the same potential and that the
VAA 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.

Video Standard Nominal Worst Case
Amplitude Amplitudes
RS-170 w/o sync 10V 09-1.1V
BLACK - WHITE
RS-170 w/sync 14V 1.2-16 V
| SYNC - WHITE
RS-170A wi/sync 1.2V 1.0-14V
SYNC - WHITE
RS-343A wi/o sync 07V 0.6-085V
BLACK - WHITE

Table 2. Video Signal Tolerances.

IMAGING
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Recommended Operating Conditions

Parameter Symbol Min Typ . Max Units

Power Supply VAA 4.5 5.00 55 v
Voltage References

Top REF+ 0.7 1 2.0 \%

Bottom REF- 0 0 13 \%

Difference (Top—Bottom) 0.7 1 1.2 v
Input Amplitude Range 0.7 1 12 v
Analog Input Range REF- A%

to REF+

LEVEL Input Voltage GND-0.5 REF- REF+ A\
Time between Zeroing Intervals 60 150 Hs
Ambient Operating Temperature TA 0 +70 °C

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units

VAA (measured to GND) 7.0 \Y
Voltage on any Signal Pin (Note 1) GND-0.5 VAA +0.5 \'
Analog Input Voltage GND-0.5 VAA +0.5 \%
R/2 Output Current ‘ 25 HA
Ambient Operating Temperature TA -55 +125 °C
Storage Temperature TS —65 +150 °C
Junction Temperature T +150 °C
Soldering Temperature TSOL 260 °C

(5 seconds, 1/4" 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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DC Characteristics

Parameter Symbol Min Typ Max Units
Resolution 8 8 8 Bits
Accuracy
Integral Linearity Error (Note 1) IL +0.5 +1 LSB
Differential Linearity Error DL +0.25 ) +1 LSB
Output Noise (Note 2) +1 LSB
Coding
No Missing Codes guaranteed Binary
VIN Analog Inputs (Note 3)
CLAMP=0
Input Current (Leakage) 1B 1 HA
Input Capacitance CAIN 35 pF
CLAMP=1
Input Impedance RIN 50 ) Q
REF+ Reference Input v
Input Impedance RREF+ 500 Q
Digital Inputs
Input High Voltage VIH 2.0 v
Input Low Voltage VIL 0.8 v
Input High Current (Vin = 2.4 V) ITH 1 HA
Input Low Current (Vin = 0.4 V) IIL -1 HA
Input Capacitance CIN 10 pF
Digital Outputs
Output High Voltage VOH 24 v
(IOH = -50 pA)
Output Low Voltage VOL 0.4 v
(IOL = 1.6 mA)
Three-State Current 102 10 HA
Output Capacitance COUT 10 pF
Internal Voltage Reference VREF 1.2 \4
Regulation (at 6 mA) 5 mV
Output Current IREF 15 mA

Test conditions (unless otherwise specified): “Recommended Operating Conditions” with REF+ = 1 V and REF-=
GND. REF- £ Vin £ 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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Parameter Symbol| Min Typ Max Units
Conversion Rate Fs 20 MHz
Clock Cycle Time (Figure 4) 1 50 ns
Clock Low Time 2 20 ns
Clock High Time 3 20 ns
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 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 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 MHgz, 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 mA
(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-< Vin< REF+ and, 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. D0-D7
and OVERFLOW output load < 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.

Note4: Time to recover to full accuracy following a zero cycle.

Note 5: 4x NTSC subcarrier, unlocked.

Note 6: TAA (typ) at VAA =5.0 V, Fin = 4.2 MHz, and Fs = 14.32 MHz, TcAsg = Ambient.
TAA (max) at VAA =5.5 V, Fin = 10 MHz, and Fs = 20 MHz, Tcasg = 0° C.

Note 7: Pipeline delay is defined as discrete clock period delays in addition to the half-cycle analog sampling delay.

ZERO
8 9

et T T\

VIN SN |SAMPLEN SAMPLE A
N+1
T——\ Eep
10—
4 —f i.— — I-— 5 (ZERO DATA)

D0-D7, DATA DATA DATA DATA
OVERFLOW N-2 N-1 N N

OE*

Figure 4. Input/Output Timing. IMAGING 315



Bt218

Brooktree®

AC Characteristics (continued)
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Delay (ns)

26

25
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24 >

23
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21
20

15 20

25

30 35

Capacitance (pF)

40 45 50 55

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

Figure 5. Bt218KPJ Output Delay vs. Capacitive Loading.

Ordering Information

Ambient
Model Number Speed Package Temperature
Range
Bt218KP20 20 MHz 24-pin 0.3" 0°to +70° C
Plastic DIP
Bt218KPJ20 20 MHz 28-pin Plastic 0°to +70° 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 Applications
Features .

¢ Image Processing
* 20 MSPS Operation * Image Capture
 Bt251 Pin Compatiblility * Desktop Publishing
«  Four Software-Selectable Analog * Graphic Art Systems

Inputs

.

DC- or AC-Coupled Video Inputs
Optional MPU Adjustment of
Gain and Offset * Bt254
Composite Sync Detection « Bt261
8-bit Flash A/D Converter
R/2 Reference Ladder Tap
256 x 8 Lookup Table
Standard MPU Interface
TTL Compatiblility
+5 V. CMOS Monolithic
Construction
44-pin PLCC Package

Functional Block Diagram

Brooktree Corporation * 9950 Barnes Canyon Rd. * San Diego, CA 92121-2790
(619) 452-7580 » (800) VIDEO IC * TLX: 383 596 » FAX: (619) 452-1249

RSET
CSYNC*
I0oUTO

IOUT1

vour

OE*

CLOCK

DO-D7 RD* WR* A0 Al

L252001 Rev. C

Related Products

Bt2352

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 and gain along the
signal path. A standard MPU interface is
provided to access various control functions.

Four analog inputs are 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 A/D 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
A/D. 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 A/D. 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).
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Circuit Description

General Operation

The Bt252 uses an 8-bit flash A/D converter to
digitize the video signal. The A/D digitizes analog
signals in the range of REF- < Vin < REF+. The
output will be a binary number from $00 (Vin <
REF-) to $FF (Vin 2 REF+).

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
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 (D0-D7,
RD*, WR*, A0, and Al). MPU operations are
asynchronous to the clock.

An internal 8-bit address register, in conjunction
with AO and Al, is used to specify which control
register or RAM location the MPU is accessing, as
shown in Table 1. All registers and RAM locations
may be written to or read by the MPU at any time;
however, while digitizing a video signal, the MPU
should not access the RAM, as this will corrupt the
digitized data.

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.

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,
VIDO0-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 Q.

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

Al A0 ADDR7-ADDRO Addressed by MPU
0 XXXX XXXX address register
0 1 0000 0000 RAM location $00
0 1 0000 0001 RAM location $01
0 1 1111 1111 RAM location $FF
1 0 xxxx xx00 command register
1 0 xxxx xx01 IOUTO data register
1 0 xxxx xx10 IOUT]1 data register
1 0 xxxx xx11 reserved
1 1 XXXX XXXX reserved

Table 1. Address Register Operation.
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Circuit Description (continued)

CLOCK

VIN

! SAMPLEN !

' SAMPLE
N+1

DATA DATA DATA DATA
PO-P7 N-3 N-2 N-1 N

Figure 1. General Operation.
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Circuit Description (continued)

I~ 3 V ZENER DIODE (Note 4)
s11
CLOCK {e—————————
—AN RSET
M CSYNC* TO/ FROM
VYV i CEXT2 GENLOCK
AC-COUPLING ZERO f+———
capaciTor T 01 CIRCUTTRY
; :
: e
. L crxm1 CLAMP
i LOW PASS FILTER |
su Lo Note2) ____ Is
—AN—e 10UTO LEVEL —_—ZO——-‘
16
12 TLC272 20K
100 i
R2
—o—g— REF+ .
2 T 10
J1 = ADJUSTABLE REF+ _l_
J2 = FIXED REF+ VREF
8 TO
PO-P7 FRAME
511 BUFFER
+—AN—o Bt252
toutt ONLY IF AC COUPLED
2 TLC2T2 TO VIDEO SIGNAL
GND 100 VIN [
3
—of REF- 50 - 300 (Note 1)
7 T
J3 = ADJUSTABLE REF-
14 = FIXED REF- (GND EXAMPLE) OR
! ALIASING |
| LOW-PASS !
. FFILTER (Note 3);
* ol { b— vipo
—A— vour | |
75
0.1
» | — vip1
VIDEO ‘,_J\/\/__T
IN 75 0.1 |
:],- - — vID2
0.1
3 ! j — vip3
s \ ONLY IF AC COUPLED
TO VIDEO SIGNAL

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

Note 1:
Note 2:
Note 3:

an antialiasing filter.
Note 4:

See RSET pin name definition for discussion of zenor diode.

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

Figure 2. Typical Bt252 External Circuitry.
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Circuit Description (continued)

A/D Reference Generation

As shown in Figure 2, the Bt252 may be config-
ured to have either fixed or MPU-adjustable refer-
ences for the A/D 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 IOUT1 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 IOUT1 are current outputs (0-2.5
mA) generated by two 6-bit D/A converters. A
511 Q RSET resistor generates a 2.35 mA full-
scale output current. The 511 Q 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.

A/D 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.

AC-coupled Video and A/D 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-
€0 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 Q, respectively. Incorpo-
ration of the 0.1 uF clamp capacitor yields an RC
time constant of 15 us. 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 ps, several
lines of video will be required to properly DC re-
store the signal. For example, clamping the video
signal for 1 us 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 R/
2 reference ladder tap that may be used to generate
the proper DC voltage (jumper J6 in Figure 2). The
R/2 tap should drive a high-impedance load while
capturing an image to maintain optimum linearity
of the A/D converter.

DC-Coupled Video

When video is DC coupled, the video levels
must be within the digitization range of the A/D.
To avoid channel-to-channel crosstalk through the
video mux, nonsynchronized video sources must
not drop more than 100 mV below ground. For ex-
ample, if the black/blank level of the DC-coupled
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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 mV. 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 Q 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 0.1 UF 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 pF 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 imaging operations such
as gamma manipulation, contrast enhancement,
data inversion, or a nonlinear transfer function of
the A/D converter. Data from the A/D is used to
address the RAM; the addressed data is output
onto PO-P7.

3-22 SECTION 3

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 CEXT1. A 0.1 pF capaci-
tor between CEXT1 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 CEXT1 and the 0.1 pF capacitor
(see Figure 2).

If the sync detection circuit is not used, CEXT2
should be connected to GND or VAA (CEXT1 may
float), or an unused (grounded) video input should
be selected for the sync detector.

External Sync Detection

CEXT1 may be connected to an external sync de-
tector circuit. In this case, CEXT?2 should be con-
nected directly to GND or VAA, 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 CEXT1.
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Internal Registers

Command Register

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

bit.

D7,D6

DS, D4

D3, D2

D1, D0

Digitize select

(00) VIDO
(1) VIDI
(10) VID2
(11) VID3

Sync detect select

(00) VIDO
(01) VID1
(10) VID2
(11) VID3

Sync detect level select

(00) 50 mV
01) 75mV
(10) 100 mV
(11) 125mV

Reserved (logical zero)

I0UT Data Registers

These bits specify which analog input is to be digitized.
The selected signal is output onto VOUT.

These bits specify from which analog input sync
information is to be detected. The selected signal is output
onto CEXT1.

These bits specify the amount above the sync tip to slice
CEXT?2 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 IOUT1 outputs, from 0 mA ($00) to full scale
($FC). The 6 MSBs of data are used to drive the DACs. DO and D1 (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. DO is the least significant bit.
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Pin Name

Description

General Reference Functions

RSET

I0UTO, IOUT1

CEXT1, CEXT2

A/D Functions

REF+

REF-

R/2

ZERO

CLAMP

LEVEL

VIN

VIDO-VID3,
vouT

Full-scale adjust control. An external 511 Q resistor must be connected between this pin and GND.
RSET is used to provide reference information to the internal D/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 to 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 IOUT data registers. External 511
Q resistors are typically connected between each pin and GND (See Figure 2). The relationship
between full-scale IOUT and RSET is:

IOUT (mA) = 1,200/ RSET (Q)

External capacitor pins. A 0.1 puF capacitor must be connected between CEXT1 and CEXT2 to
AC couple the video signal to the sync detect circuitry. A 1M Q 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 A/D 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 A/D converter.

Reference ladder midpoint tap. If not used, this pin should remain floating. For noise immunity
reasons, a decoupling capacitor is not recommended on R/2. External loading should be less than
1 pA to obtain the best linearity.

Zeroing control input (TTL compatible). While ZERO is a logical one, the comparators of the A/D
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 connected to VIN, or CLAMP should be a logical zero.

A/D 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 Description
CLOCK Clock input (TTL compatible). CLOCK should be driven by a dedicated TTL buffer to minimize
sampling jitter.
CSYNC* Recovered composite sync output (TTL compatible). Sync information is detected on the

VIDO-VID3 input specified by the command register, converted to TTL levels, and output onto this
pin. CSYNC* is output asynchronously to the clock, and there are no pipeline delays.

Digital Control Functions

PO-P7 Digitized video data outputs (TTL compatible). Digitized video data is output onto these pins
following the second rising edge of CLOCK. PO is the least significant bit. PO-P7are three-stated if
OE* is a logical one.

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

RD* Read control input (TTL compatible). If RD* is a logical zero, data is output onto D0-D7. RD* and
WR* should not be asserted simultaneously.

WR* Write control input (TTL compatible). If WR* is a logical zero, data is written into the device through
DO0-D7. Data is latched on the rising edge of WR*. RD* and WR* should not be asserted
simultaneously.

DO0-D7 Bidirectional data bus (TTL compatible). MPU data is transferred into and out of the device over this

8-bit data bus. DO is the least significant bit.

A0, Al Address control inputs (TTL compatible). A0 and A1 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 +5 V power. All VAA pins must be connected together on the same PCB plane and as close to the device
as possible to prevent latchup. A 0.JuF 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.)

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

.

§z22398¢%

WR*

3

P4
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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 Bt208, Bt251, 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
VAA 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 Bt252.

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
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 VAA and GND pins should have a 0.1 uF
ceramic chip capacitor located as close as possible
to the device pins. The capacitors should be con-
nected directly to the VAA 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 Q, 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)

Bt252
L1

+5V (VCO) nm VAA

c1 2 |, 3 c4

0.1 10 0.1 0.01

GROUND GND
Location Description Vendor Part Number
C1,C3 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V

C2 10 pF tantalum capacitor Mallory CSR13G106KM
C4 0.01 F ceramic chip capacitor AVX 12102T103QA1018
L1 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.

IMAGING
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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 Q resistor connected between each
DAC output IOUTO and IOUT1) and GND, the
resolution of the ladder adjustment is 19 mV. 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 mA (RSET =511 Q), if a 0.286 V adjustable

range is desired, R1 Il R2 must equal 121 Q. 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 Q resistor to ground rather than a 511 Q
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 tempco
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 Q 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 mV. 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.
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VREF = 2.5V
R1=422
10UTO
DAC TO VOLTAGE
FOLLOWER
R2=169

Figure 4. Increasing DAC Output Resolution.
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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 integral lineari-
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 IL error of
about +2 LSB and an SNR of about 39 db.

Output Noise

Although the A/D exhibits some output noise
for a DC input, the output noise remains relatively
constant for any input bandwidth (see AC Charac-
teristics section). Competitive A/D 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.

VAA
1K £
TLC272
2K
=< *
LM385-1.2 % 0.1

VAA

Bt252

REF+

Figure 5. Using an External Reference.

Video Standard Nominal Worst Case
Amplitude Amplitudes
RS-170 w/o sync 1.0V 09-1.1V
BLACK - WHITE
RS-170 w/sync 14V 12-16V
SYNC - WHITE
RS-170A wi/sync 1.2V 1.0-14V
SYNC - WHITE
RS-343A w/o sync 07V 0.6-0.85V
BLACK - WHITE

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

Bt252 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 A/D
(based on the contents of the IOUTO data register).
IOUT1 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 VAA
power to the device. Ferrite beads must be used
only for analog power VAA decoupling. Inductors
can cause a power supply time constant delay that
induces latchup.

Latchup can be prevented by ensuring that all
VAA pins are at the same potential and that the
VAA 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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3 V ZENER DIODE (Note 4)
511
i} LOCK j+—m-o-
AN - cuoc
™ CSYNCs TO /FROM
1 _T_ CEXT2 GENLOCK
AC-COUPLING ZERQ fo——
capaciTorR T~ 01 CIRCUITRY
: k
——]  cexmi CLAMP —————
! LOW PASS FILTER |
Lo (Note2) ___! 15
10UTO LEVEL
16
30K -
REF+ R2 .
-,»10
8 TO
PO-P7 FRAME
BUFFER
I0UT1 Bt252
/ ONLY IF AC COUPLED
TO VIDEO SIGNAL
VIN |—
REF- 50 - 300 (Note 1)
GND
OR
| ALIASING !
' LOW-PASS !
0.1 FFILTER (Note 3);
* { —— viDo
__/\/\,_T vour |—I
75
.1
* ot vm
VIDEO .._/\/\,_T
IN 75 0.1
| — vID2
+—W—
0.1
LIS { —| VD3
N \\

s ONLY IF AC COUPLED

TO VIDEO SIGNAL
J5 = DC restore to GND
J6 = Color Difference DC restore

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 zener diode.

Figure 6. Bt252 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 REF+ 0.7 1 2.0 \Y%

Bottom REF- 0 0 1.3 \%

Difference (Top-Bottom) 0.7 1 1.2 \'
VID0-VID3 Amplitude Range 0.5 VAA-0.5 v
Multiplexer Compliance (DC) -0.2 +2.2 \'/
VIN Input Amplitude Range 0.7 1 1.2 v
VIN Input Range REF- v

to REF+

CEXT AC Amplitude 0.2 Vp-p 2.0 Vp-p \%
LEVEL Input Voltage TA GND-0.5 REF- REF+ \Y
Zeroing Interval 60 150 us
Ambient Operating Temperature 0 +70 °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-0.5 VAA +0.5 v
Analog Input Voltage VIN, VIDx GND-0.5 VAA +0.5 \"
R/2 Output Current 25 pRA
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
A/D Resolution 8 8 8 Bits
A/D Accuracy
Integral Linearity Error (Note 1) IL *1 LSB
Differential Linearity Error DL +1 LSB
A/D Coding (Table 3)
No Missing Codes guaranteed Binary
VIN Analog Input (Note 2)
CLAMP=0
Input Current Leakage IB 1 LA
Input Capacitance CAIN 35 pF
CLAMP =1
Input Impedance RIN 50 Q
VID0-VID3 Analog Inputs (Note 3)
Input Impedance to VOUT
Input Selected 100 Q
Input Deselected (Leakage) 10 MQ
Input Capacitance 15 pF
REF+ Reference Input
Input Impedance 500 Q
Digital Inputs
Input High Voltage VIH 2.0 A%
Input Low Voltage VIL 0.8 \'
Input High Current (Vin=2.4 V) IIH 1 HA
Input Low Current (Vin = 0.4 V) IIL -1 LA
Input Capacitance CIN 10 pF
PO-P7 Digital Outputs
Output High Voltage VOH 24 \%
(IOH =400 pA)
Output Low Voltage VOL 04 v
(IOL =1.6 mA)
Three-State Current 10Z 1 HA
Output Capacitance COuT 10 pF
CSYNC* Digital Output
Output High Voltage VOH 24 v
(IOH =400 pA)
Output Low Voltage VOL 04 v
(IOL = 1.6 mA)
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
DO0-D7 Digital Outputs
Output High Voltage VOH 24 \"
(IOH =400 pA)
Output Low Voltage VOL 0.4 \%
(IOL =3.2 mA)
Three-State Current 10Z 1 HA
Output Capacitance COouT 10 . pF
IOUTO and IOUT1 Outputs
DAC Output Current 0 25 mA
DAC Output Impedance 100 kQ
DAC Output Capacitance 20 pF
DAC Accuracy
Differential Linearity Error DL +1 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- < Vin < REF+, LEVEL = float. Typical values are based on nominal temperature, i.e., room temperature,
and nominal voltage, i.e., S V.

Note 1: Best-fit linearity. Linearity is tested with RAM transparent (data = address).
Note2: LEVEL =GND.
Note 3: VOUT connected to GND.

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
3-state 1

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

Table 3. A/D 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=5.75MHz,Fs=17.72MHz 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) TIAA 120 185 mA
(Excluding REF+ )
A0, Al Setup Time 11 10 ns
A0, 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 10 ns
Write Data Hold Time 19 10 ns
Pipeline Delay (Note 7) 3 3 3 Clocks

Test conditions (unless otherwise specified): “Recommended Operating Conditions” with REF+ = 1
V and REF- = GND. REF- < Vin < REF+, 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. D0-D7, PO-P7, CSYNC* output load< 40 pF. VOUT,
IOUTO, IOUT]1 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:  1AA (typ) at VAA = 5.0 V, Fin = 4.2 MHz, and Fs = 14.32 MHz, Tcasg = Ambient.
TAA (max) at VAA =5.25V, Fin = 10 MHz, and Fs = 20 MHz, Tcasg = 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)
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Capacitance (pF)

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

Figure 7. Bt252KPJ Output Delay vs. Capacitive Loading.
Test Circuits

1K
Y
VIDO VOUT %
375 VDI
VD2
vID3
VIN
ov-22V
SMHZ 1. VIDO SELECTED
(75 OHMS) 2. XTALK = 20 LOG (VOUT/ VIN)

Figure 8. All-Hostile Crosstalk Test Circuit.

1K 1K
| VIDO VOUT ﬂj—T——J\/\,———l l—’\/\,m VIDO VOuT ——_—J\/\,_—l
375
375 81 VID1 ’—J\/\;— VID1
375
S2
—— VID2 r’\/\;— VD2
375
& VID3 VID3
ov.22v a VN
5 MHZ 1. VIDO SELECTED 0 ;’M;ZZV 1. VID3 SELECTED
(75 OHMS) 2. XTALK = AVERAGE VALUE OF 20qu (VOUT/ VIN) 75 OHMS 2. XTALK = 20 LOG (VOUT/ VIN)
SCANNED SEQUENTIALLY FROM S1 TO §3 as )
3. OPEN VID INPUTS HAVE 75 OHM TERMINATION
TO GND
Figure 9. Single-Channel Crosstalk Test Circuit. Figure 10. Adjacent-Input Crosstalk Test Circuit.
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Timing Waveforms

11 12
A0, Al VALID

17
RD¥, WR*
13
15
14 — lv 16
D0 - D7 (READ) DATA OUT (RD* = 0) g
DO - D7 (WRITE) DATA IN (WR* =0)
18
— 19

Figure 11. MPU Read/Write Timing.

ZERO
9 9

= T\

VIN \S MPLE N gAMlPLE /\
+
lo—|

4 —= |‘—' 5—. "— (ZERO DATA)
% X

DATA DATA
N-1 N-1

OE*

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

SELO
VIDO é%
SELO*

SEL1

VID1 4§

SEL1*

SEL3

VID3

SEL3*

Ordering Information

—
]
B
]
o
ps

VOUT / CEXT1

CMOS TRANSMISSION GATE:
ON =50 OHMS
OFF = 10M OHMS

Ambient
Model Number Speed Package Temperature
Range
Bt252KPJ20 20 MHz 44-pin Plastic 0°to +70° C
J-Lead
Bt252EVM Evaluation Board for the Bt252. Includes a Bt252KPJ30.
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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 A/D 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

* 45V CMOS Monolithic
Construction

* 84-pin PLCC Package

* Typical Power Dissipation: 1.5 W

Functional Block Diagram

CSYNC*

CEXT!

SYNCO*, SYNCI*
RVIDO, RVID1
GVIDO, GVIDI
BVIDO, BVID1

Applications

» Image Processing

» Image Capture

» Desktop Publishing
¢ Graphic Art Systems

Related Products

* Bt252
* Bt261

RSET

10UTO - IOUTS

BO-B7

RCLOCK
‘GCLOCK
BCLOCK

Brooktree Corporation * 9950 Barnes Canyon Rd. * San Diego, CA 92121-2790
(619) 452-7580 = (800) VIDEO IC » TLX: 383 596 « 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 true-color, 15-
bit true-color, 8-bit true-color, and 8-bit
pseudo- color modes. Its standard MPU in-
terface can access various control functions.

Six analog inputs (two for each A/D) 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 A/D converters. Zeroing and
clamping signals are available to control the
A/D timing for application-specific timing.
The clamping levels are externally set
through the red, green, and blue LEVEL
pins.

Each A/D converter has its own clock in-
put, top/bottom references, and LEVEL pin.

Brookiree®
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Circuit Description

General Operation

The Bt254 uses three 8-bit flash A/D converters
to digitize the video signals. Each A/D 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 A/D converter has its own top and bottom
reference: - RREF+ and RREF- for the red A/D,
GREF+ and GREF- for the green A/D, and
BREF+ and BREF- for the blue A/D. Each A/D
converter also has its own clock input: RCLOCK
for the red A/D, GCLOCK for the green A/D, and
BCLOCK for the blue A/D.

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 A/D architecture in
detail. Figure 2 shows the input/output timing of
each A/D 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 A0-A2). MPU operations are
asynchronous to the clocks.

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

Analog Signal Selection

The Bt254 supports two analog input sources
for each A/D converter: RVIDO and RVIDI,
GVIDO and GVID1, and BVIDO and BVID1. 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 Q.

A2, A1, AO Addressed by MPU
000 command register
001 IOUTO data register
010 IOUT!1 data register
011 IOUT?2 data register
100 IOUTS3 data register
101 I0UT4 data register
110 IOUTS data register
111 reserved

Table 1. Register Addressing.
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Circuit Description (continued)

ZERO
CLAMP —,
— D Q
I
RCLOCK 1
RREF+
RIN > RED
||-T AD
|
RLEVEL
RREF-
GCLOCK + ]
GREF+
GIN o GREEN
||J A/D
]
GLEVEL
GREF-
Lp o
BCLOCK 4 2
BREF+
BIN BLUE
_______d AD
BLEVEL
BREF-

Figure 1. Internal A/D Architecture.

RCLOCK
GCLOCK
BCLOCK

N+1

RO-R7
0 DATA DATA DATA DATA
GO-G7 N-2 = N-1 N N+1

BO-B7

Figure 2. Input/Output Timing.
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Circuit Description (continued)

A/D Reference Geheration

As shown in Figure 3, the Bt254 may be config-
ured to have either fixed or MPU-adjustable refer-
ences for the A/D 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 J1 and J3 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 mV 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.

IOUTO0-IOUTS are current outputs (0-2.5 mA)
generated by six 6-bit D/A converters. A 511 Q
RSET resistor generates a 2.35 mA full-scale out-
put current. The 511 Q 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 DAC:s 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.
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A/D 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 A/D 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 A/D 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 €2, respective--
ly. Incorporation of the 0.1 pPF clamp capacitor
yields an RC time constant of 15 ps. 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 ps,
it will take several lines of video will be required
to properly DC restore the signal. For example,
clamping the video signal for 1 ps 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 A/D.
To avoid channel-to-channel crosstalk through the
video mux, nonsynchronized video sources must
not drop more than 100 mV below ground. For ex-
ample, if the black/blank 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 mV. 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.
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Figure 3. Typical Bt254 External Circuitry. IMAGING 345
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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 €2 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 pF 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 puF
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 CSYNCH* 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 CEXT1. A 0.1 pF capacitor be-
tween CEXT1 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
CEXT? 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 CEXT1 and the 0.1 pF capaci-
tor (see Figure 3).

If the sync detection circuit is not used, CEXT2
should be connected to GND or VAA, and CEXT1
may float; or an unused (grounded) video input
should be selected for the sync detector.

External Sync Detection

CEXT1 may be connected to an external sync
detector circuit. In this case, CEXT2 should be
connected directly to GND or VAA, 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
onto CEXT1.

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.
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24-Bit 15-Bit 8-Bit 8-Bit

True True True Pseudo

Color Color Color Color

Output Mode Mode Mode Mode
Pins (00) 1) (10) 11)
R7 R7 0 R7 G7
R6 R6 R7 R6 G6
RS RS R6 RS G5
R4 R4 RS G7 G4
R3 R3 R4 G6 G3
R2 R2 R3 G5 G2
R1 R1 G7 B7 Gl
RO RO G6 B6 GO
G7 G7 G5 R7 G7
G6 G6 G4 R6 G6
G5 G5 G3 RS G5
G4 G4 B7 G7 G4
G3 G3 B6 G6 G3
G2 G2 BS G5 G2
Gl Gl B4 B7 Gl
GO GO B3 B6 GO
B7 B7 0 R7 G7
B6 B6 0 R6 G6
BS BS 0 RS G5
B4 B4 0 G7 G4
B3 B3 0 G6 G3
B2 B2 0 G5 G2
B1 B1 0 B7 Gl
BO BO 0 B6 GO

Table 2. Color Output Configurations.

IMAGING
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Internal Registers

Command Register

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

D7 Digitize select This bit specifies which analog input is to be digi-
tized. The selected signals are output onto ROUT,
(0) xVIDO GOUT, and BOUT.
(1) xVID1
D6-D4 Sync detect select These bits specify which input is to detect composite
sync information. The sync information is output
(000) RVIDO onto CSYNC*.
(001) RVIDI
(010) GVIDO
(011) GVID1
(100) BVIDO

(101) BVID1
(110) SYNCO*
(111) SYNC1*

D3,D2 Color output select These bits specify color output mode select (see Ta-
ble 2). In mode (11) the red and blue A/D converters
(00) 24-bit true color are ignored.

(01)  15-bit true color
(10) 8-bit true color
(11) 8-bit pseudo color

D1 Reserved (logical zero) A logical zero must be written to this bit when writ-
ing to the command register.

DO Sync detect level select This bit specifies the amount above the sync tip to
slice CEXT?2 for sync detection.
) 125mV
(1) 50mV
I0UT Data Registers

These six 6 bit registers specify the output current on the IOUT0-IOUTS outputs, from 0 mA ($00) to full
scale ($FC). The 6 bits of data are used to drive the DACs. DO and D1 (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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Pin Name

Description

General Reference Functions

RSET

IOUTO0-IOUTS

CEXT1, CEXT2

A/D Functions

RREF+, GREF+,
BREF+

RREF-, GREF-,
BREF-

ZERO

CLAMP

RLEVEL,
GLEVEL,
BLEVEL

Full-scale adjust control. An external 511 Q 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 IOUT data registers. External 511
Q resistors are typically connected between these pins and GND (see Figure 3). The relationship
between full-scale IOUT and RSET is:

IOUT (mA) = 1,200/ RSET (Q)

External capacitor pins. A 0.1 PF capacitor must be connected between CEXT1 and CEXT2 to AC
couple the video signal to the sync detect circuitry. A 1M Q resistor must also be connected between
CEXT?2 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 A/D 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 Vin voltage level that
generates $00 from the appropriate A/D converter.

Zeroing control input (TTL compatible). While ZERO is a logical one, the comparators of the A/D
converters are zeroed. The red A/D converter latches ZERO on the rising edge of RCLOCK, the
green A/D converter latches ZERO on the rising edge of GCLOCK, and the blue A/D converter
latches ZERO on the rising edge of BCLOCK. During zeroing cycles, R0-R7, G0-G7, and BO-B7
are not updated; they retain the data loaded before the zeroing cycle.

Clamp control input (TTL compatible). While CLAMP is a logical one, the RIN, GIN, and BIN
inputs are forced to the voltage level on the (R, G, B) LEVEL pins to DC restore the video signals.
When RIN, 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

RVIDO, RVID1,
ROUT

GVIDO, GVID1,
GOuUT

BVIDO, BVID1,
BOUT

A/D converter inputs. The analog signals to be digitized should be connected to these analog input
pins.

Red channel analog inputs and analog output. RVIDO and RVID1 are connected to the video signals
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 GVID1 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. BVID0 and BVID1 are connected to the video signals
to be digitized. The signal selected to be digitized is output onto BOUT. Unused inputs should be
connected to GND.
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Pin Descriptions (continued)

Pin Name

Description

Timing Functions

RCLOCK,
GCLOCK,
BCLOCK

CSYNC*

SYNCO*,
SYNC1*

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

Recovered composite sync output (TTL compatible). Sync information is detected from the xVIDO
or xVID1 input (as specified by the command register), converted to TTL levels, and output onto
this pin. SYNCO* or SYNC1* 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*. SYNCO0* and
SYNC1* may be either TTL or normal video signal levels. Unused inputs should be connected to
GND.

Digital Control Functions

RO-R7,
G0-G7,
B0O-B7

OE*

RD*

WR*

D0-D7

A0-A2

Digitized video data outputs (TTL compatible). RO-R7 are output following the rising edge of
RCLOCK, GO0-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. R0, GO, and BO
are the least significant bits.

Output enable control input (TTL compatible). A logical one three-states RO-R7, G0-G7, and
B0-B7 asynchronously to the clocks.

Read control input (TTL compatible). If RD* is a logical zero, data is output onto DO-D7. RD* and
WR* should not be asserted simultaneously.

Write control input (TTL compatible). If WR* is a logical zero, data is written into the device with
DO0-D7. Data is latched on the rising edge of WR*. RD* and WR* should not be asserted
simultaneously.

Bidirectional data bus (TTL compatible). MPU data is transferred into and out of the device over
this 8-bit data bus. DO is the least significant bit.

Address control inputs (TTL compatible). AO—-A2 address the internal registers as itemised in Table
1. They are latched on the falling edge of RD* or WR*.

Power and Ground

VAA

GND

3-50

Analog power. All VAA pins must be connected together on the same PCB plane and as close to the
device as possible to prevent latchup. A 0.1 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 and as close to the device
as possible to prevent latchup.

SECTION 3
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Pin Descriptions (continued)

BVIDO R3
0ouT3 R4
GVIDI RS
ouT2 R6
GVIDO R7
IoUT1 GO
RVID1 Gl
I0UTO G2
RVIDO G3

VAA VAA

VAA VAA

GND GND

GND GND
SYNCO* RCLOCK
SYNC1* GCLOCK
CEXT1 BCLOCK
CEXT2 ZERO
CSYNC* G4

D7 G5

D6 G6

D5 G7

I ]
3885832??@%%%’;53 288 R
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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
VAA and GND pins should be as short as possible
to minimize inductive ringing.

Grbund 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 VAA and GND pins should have a 0.1 uF
ceramic chip capacitor located as close as possible
to the device pins. The capacitors should be con-
nected directly to the VAA 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 Q, 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
+5V(VCC) o VAA
ol <l l l
01 10 01| o001
GROUND GND
Location Description Vendor Part Number
C1,C3 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
N 67 10 pF tantalum capacitor Mallory CSR13G106KM
C4 0.01 pF ceramic chip capacitor AVX 12102T103QA1018
L1 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 (IOUT0-OUTS5) and GND, the resolu-
tion of the ladder adjustment is 19 mV. 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 mA (RSET = 511 Q), if a 0.286 V adjustable
range is desired, R1 Il R2 must equal 121 Q. The min-

. imum output voltage desired determines the ratio 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
by using a 121 Q resistor to ground rather than a 511
Q resistor. While the minimum range is O 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 mV. 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 A/D.

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 = 2.5V
R1=422
10UTO
DAC TO VOLTAGE
FOLLOWER
R2 =169

Figure 5. Increasing DAC Output Resolution.
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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 IL error of about +2 LSB and an
SNR of about 39 db.

Output Noise

Although the A/D does exhibit some output noise
for a DC input, the output noise remains relatively
constant for any input bandwidth. Competitive A/D
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 A/D 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 1/
2-inch VCR.

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 VAA power to
the device. Ferrite beads must be used only for analog
power VAA decoupling. Inductors cause a time con-
stant delay that induces latchup.

Latchup can be prevented by ensuring that all VAA
pins are at the same potential and that the VAA 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.

VAA
1K ;
VAA Bt254
TLC272
100
<2K REF+
> <l !
LM385-1.2 T 0.1
Figure 6. Using an External Reference.
Video Standard Nominal Worst Case
Amplitude Amplitudes
RS-170 w/o sync 1.0V 09-1.1V
BLACK - WHITE
RS-170 w/ sync 14V 1.2-16V
SYNC - WHITE
RS-170A w/sync 1.2V 1.0-14V
SYNC - WHITE
RS-343A w/o sync 07V 0.6-0.85V
BLACK - WHITE

Table 3. Video Signal Tolerances.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Units

Power Supply " VAA 475 5.00 5.25 \%
Voltage References

Top xREF+ 0.7 1 2.0 v

Bottom xREF- 0 0 13 v

Difference (Top-Bottom) 0.7 1 1.2 \'%
VIDO-VID1 Amplitude Range 0.5 VAA-0.5 A%
Multiplexer Compliance (DC) -0.2 +2.2 A%
(R,G,B) IN Amplitude Range 0.7 1 12 \%
(R,G,B) IN Input Range REF- v

to REF+
CEXT AC Amplitude 0.2 Vp-p 2.0 Vp—p \'
(R,G,B) LEVEL Input Voltage GND-0.5 REF- REF+ \%
Zeroing Interval 60 150 us
Ambient Operating Temperature TA 0 +70 °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-0.5 VAA +0.5 v
Analog Input Voltage VIN, VIDx GND-0.5 VAA +0.5 \%
Ambient Operating Temperature TA -55 +125 - °C
Storage Temperature TS -65 +150 °C
Junction Temperature T +150 °C
Vapor Phase Soldering TVSOL 220 °C

(1 minute)

3-56

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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Brooktiree® | Bt254
DC Characteristics '

Parameter Symbol Min Typ Max Units
A/D Resolution 8 8 8 Bits
A/D Accuracy
Integral Linearity Error (Note 1) IL +1 LSB
Differential Linearity Error DL +1 LSB
A/D Coding (Table 4) Binary
No Missing Codes guaranteed
(R,G,B) IN Inputs (Note 2)
CLAMP =0
Input Current (Leakage) IB 1 LA
Input Capacitance CAIN ) 35 pF
CLAMP =1 ’ ‘
Input Impedance RIN 50 Q
(R,G,B) VIDO,1 Inputs (Note 3)
Input Impedance to (R,G,B) OUT
Input Selected 100 Q
Input Deselected 10 MQ
Input Capacitance 15 pF
(R,G,B) REF+ Reference Inputs
Input Impedance 500 Q
Digital Inputs
Input High Voltage VIH 2.0 \%
Input Low Voltage VIL 0.8 \%
Input High Current (Vin=2.4 V) IIH 1 HA
Input Low Current (Vin = 0.4 V) IIL -1 HA
Input Capacitance * CIN 10 pF
RGB (0-7) Digital Outputs
Output High Voltage VOH 24 v
(IOH =400 pA)
Output Low Voltage VOL 04 v
(IOL = 1.6 mA)
Three-State Current 102 1 HA
Output Capacitance COouT 10 pF
CSYNC* Digital Output
Output High Voltage VOH 24 v
(IOH = 400 pA)
Output Low Voltage VOL 04 \"
(IOL = 1.6 mA)
Output Capacitance CouT 10 pF

See test conditions and notes on next page.
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Bt254 Brooktree®
DC Characteristics (continued)
Parameter Symbol Min Typ Max Units
DO0-D7 Digital Outputs
Output High Voltage VOH 24 v
(IOH =-400 pA)
Output Low Voltage VOL 04 A"
(IOL =3.2mA)
Three-State Current 102 1 HA
Output Capacitance couTt 10 pF
IOUTO0-IOUTS5 Outputs
DAC Output Current 0 2.5 mA
DAC Output Impedance 100 kQ
DAC Output Capacitance 20 pF
DAC Accuracy
Differential Linearity Error DL +1 LSB
Integral Linearity Error IL +1 LSB
Monotonicity guaranteed

Test conditions (unless otherwise specified):

"Recommended Operating Conditions" with (R,G,B)REF+ =1V and

(R,G,B)REF- = GND. REF- < Vin < 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.
1 LSB =3.9063 mV.

Table 4. A/D Coding Example.
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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) 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 = 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) TIAA 270 390 mA
(Excluding REF+)
AO, Al Setup Time 11 10 ns
A0, A1 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 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+ =1V and (R,G,B)REF- = GND. REF- < Vin < 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*, R0-R7, GO-G7, and BO-B7 output load < 40 pF. ROUT, GOUT, BOUT,
and IOUTO-IOUTS 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: 1AA (typ) at VAA =5.0 V, Fin = 4.2 MHz, and Fs = 14.32 MHz, Tcasg = Ambient.

TAA (max) at VAA =5.25 V, Fin = 10 MHz, and Fs = 20 MHz, Tcasg = 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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Capacitance (pF)

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

Figure 7. Bt254KPJ Output Delay versus Capacitive Loading.

Test Circuits

BVID1 BOUT

1K
v
RVIDO  ROUT ﬂ-—/\/\,——‘
375 GVIDO
BVIDO
13
RVIDI  GOUT —/\/\,—1
GVID1
1K

VIN
ov-2v
SMHZ 1. RVIDO SELECTED
(75 OHMS) 2. XTALK =20 LOG (VOUT/ VIN)

Figure 8. All-Hostile Crosstalk Test Circuit.

IK 1K
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RVIDO ROUT &—J\/\,——l r/\/\,—o—ul RVIDO ROUT ———J\/\,———l
7
- s1
5 =GvIno r/\/\r— GVIDO
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52 | BVIDO BVIDO
1K FVVas 1K
B gyt cour ;—-’\/\,———— BVIDI  GOUT
75
3 ovimi r/\/\,— GVIDI
1K 7s 1K
S gvib1 Bour ——/\/\,—1 RVIDI  BOUT H\,—l
VIN VIN
ov-2v ov-1v
A 1. RVIDO SELECTED s M};Z 1. RVID1 SELECTED
(5 OHMS) 2. XTALK = AVERAGE VALUE OF 20 LOG (VOUT / VIN) (75 OHMS) 2. XTALK = 20 LOG (VOUT/ VIN)
SCANNED SEQUENTIALLY FROM S1TO S5

3. OPEN VID INPUTS HAVE 75 OHM TERMINATION
TO GND

Figure 9. Single-Channel Crosstalk Test Circuit. Figure 10. Adjacent-Input Crosstalk Test Circuit.
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Timing Waveforms

A0-A2

RD*, WR*

DO - D7 (READ)

DO - D7 (WRITE)

ZERO

RCLOCK, GCLOCK,
BCLOCK

RIN, GIN,
BIN

RO-R7, GO-G7,
BO-B7

OE*

11 12
VALID )
14 — ’_—— 16
DATA OUT (RD* = 0) »

DATA IN (WR* = 0)

18

Figure 11. MPU Read/Write Timing.

8 9
1

I Y N W S N A
| T/ N N

2 3

S| SAMPLEN SAMPLE
N+1
~——— | _e__,//

10—

4 - |-— 5 —= I— (ZERO DATA)

DATA DATA DATA DATA

2 N-1 N N

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

RVIDO/ SELO
GVIDO/
BVIDO SELov

RVIDL/ SELL
GVID1/
BVIDI SELIS

ROUT/GOUT / BOUT

. CMOS TRANSMISSION GATE:
ON =50 OHMS
OFF = 10M OHMS

Ordering Information

Ambient
Model Number Speed Package Temperature
Range
Bt254KPJ20 20 MHz 84-pin Plastic 0°to +70° C
J-Lead
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.

Bt261

Distinguishing Features Applications 30 MHz Pixel Clock n
o o 12-bit Video T e brocessing Monolithic CMOS

¢ Programmable 12-bit Video Timing » Image Processing :

» Bidirectional HSYNC and CLOCK Pins * Video Digitizing HSYNC Line Lock

* Horizontal Sync Noise Gating * Desktop Publishing Controller

* External VCO Support * Graphic Art Systems

» Standard MPU Interface .

« TTL Compatible Product Description

* +5 V Monolithic CMOS

¢ 28-pin PLCC Package The Bt261 HSYNC Line Lock Controller is

* Typical Power Dissipation: 300 mW 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-

i H dard timing information.
Functional Block Dlagram An external VCO may be used in con-
junction with the on-chip phase comparator
for implementation of clocks locked to the

NolsGated CEVNC: horizontal frequency.

Phase ——pcour Alternately, a high-speed clock (OSC)
HSYNG: ‘Comparator . .

. » b may be divided down to generate the pixel
osor—p | | xmosow 1 : L —clow clock. The phase of the generated pixel
Bt x| | e 5 Sute . clock is adjusted to align with the noise-

! = Bufter Horizontal .
' - - Counter gated CSYNC. The higher the OSC clock

rate, the lower the pixel clock jitter (the
maximum being one half the OSC clock pe-

oo b e | e o riod). The OSC inputs may be configured to

| Do | Nossome | 1 B HSYNG be either TTL or ECL compatible. Thus,
' . ' four TTL clocks, two TTL clocks and one
differential ECL clock, or two differential

VIDEO

CAPTURE

Vertical

A - - vome: ECL clocks may be used. The ECL clock in-
Frocessor - puts are designed to be driven by 10KH
[ osme 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
A/D converter at the appropriate time.
Brooktree Corporation * 9950 Barnes Canyon Rd. * San Diego, CA 92121-2790

(619) 452-7580 » (800) VIDEO IC * TLX: 383 596 * FAX: (619) 452-1249



Bt261

Circuit Description

MPU Interface

As seen in the functional block diagram, the
Bt261 supports an MPU interface via (D0-D7,
RD*, WR*, and A0). 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). ADDRS-ADDR?Y 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 register_0
$01 command register_1
$02 command register_2
$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
$0A HSYNC stop low register
$0B HSYNC stop high register
$0C CLAMRP start low register
$0D CLAMRP start high register
$OE CLAMP stop low register
$OF CLAMP stop high register
$10 ZERO start low register
$11 ZERO start high register
$12 ZERO stop low register
$13 ZERQO 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
$1A noise gate stop low register
$1B noise gate stop high register
$1C HCOUNT start low register
$1D HCOUNT start high register
$1E reserved
$1F 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 return invalid data.

Table 1 shows the internal register addressing.

Video Input / Sync Detector

Either an AC-coupled video signal or a DC-
coupled TTL-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 register_0 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
Bt252/254 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.
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Bt261

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-

line delay in vertical sync during the 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, HCOUNTY/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 A/D
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 A/D 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 (CRS5) 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 of VSYNC*.
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Circuit Description (continued)

line3 i lined line 5 line 6 line7 i
CSYNC* | | | : || M 1 || U
VSYNC* i [
Field Gate N l | | L l [
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FIELD 2 —= e |
Output 3 [ E——
Vertical Interval: Start of Field 1
line 3 line 4 line 5 line 6 line 7
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Vertical Interval: Start of Field 2

CSYNC*
VSYNC* :
Field Gate : i! o
FIELD : :
Output PR P N
2 —— H
3 = d
FIELD Gate: Programmed—{D Q
by Field Gate start and | Register
stop values Clock

1 VSYNC Sample Register
2 Field Gate Start
3 Field Gate Stop

—FIELD

I—O<]—vstC'

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 any one of the OSC input pins (the one used
must be selected by command bits CRO0-CRO02).
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 on-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 occurs 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
4n/VCC.

The "divide-by-N" for the PLL loop is the 12-bit
HCOUNT register. Command register bits CR07 and
CRO6 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.
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Circuit Description (continued)

HSYNC* lags CSYNC*
Increase Frequency (PCOUT = 5V)

—J—LLI-— = No Change (PCOUT = High Impedance)
- = = ~= HSYNC* leads CSYNC*

Second Order Loop Filter With

Decrease Frequency (PCOUT = 0V)

Zero Included for Loop Stability
1 Rg 1

+ Wy + PCOUT
| i
1 Ra TCs Rs |
I |

! ! Bt261

Lo _;Cs ________ j

OSC (N

l'veo | [oosem

Voltage Control L | L crock

-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
HSYNC pin.

Two Forms of Noise Gating Available

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 (HCOUNTY/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 ps 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 s,
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 (CR10 = 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 CR10 low and reading back
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Digital Noise Gate

Externally Input CSYNC* o csmc*_m_C_S‘_ o
0
CR22. Lock Override ? 8 Noise-Gate Start > HCOUNT ? U
g > - PCOUT  Noise-Gate Stop < HCOUNT - PCOUT,

Lock Control, SRO5 AN CR22- X, CRIC=0 |7 ) 8
CR10, Phase Limit Enable__| | EE wi |EE
‘ J R HSYNC_'—Q—l_S R

Generated HSYNC
a. Actual Implementation. b. Phase Limiting Disabled,

Noise Gate Transparent.

Digital Noise Gate

" Cg! ‘ Cg!

CSYNC Ma | c CSYNC c

Noise-Gate Start > HCOUNT ? 8 CR10=0 ? 8
Noise-Gate Stop < HCOUNT A N[ PCOUT CR12:X A N[ PCOUTp

CR22=0,CR10 =1 TT - TT

i|E E E E

HSYNC ol i) HSYNC. -Q Hs' [ g

¢. Phase Limiting Enabled, d. Phase Limiting Disabled,
Noise Gate Transparent. Noise Gate Active.

Q =350-650 ns delay
PCOUT = Phase-comparator output

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.

State Counter

Phase-Comparator H

Output (PCOUT)
Hg! v C!

Figure 4. Phase-Comparator State Diagram.
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Causes of error: - Active video with error =2 ps + Noise +Beginning of VBI with
« Equalization pulse of 1/2 line " 0-5¥S
« Active video with error
> HSYNC width
E lly i
composits sync esweT LU L L o)
k— —2ps k——————error —k=-05ps
Generated G -
horizontal sync HSYNC — o7 ___r5 :
Phase-comparator
output without gatingor PCOUTg™ ~ |~ =~ 7~ ~ 55 - | LT 55- - - N | g §
limiting (Figure 3b.) §
Phase-comparator output (Note 1) > 3 n
with phase limiting only ~ PCOUTg- - - r--"" B A - =0 G0- - - U--"- ST
(Figure 3c.) g
User-programmed Digital __ 5-———————L S-—I '-S
digital noise gate Ng:tg [—5 __J-S
Phase-comparator output —s
with digital noise-gate  PCOUTp — - r- R — 9_(N9te_2)_ - - 4= = - 1= =~ - < j
phase limiting disabled L
(Figure 3d.) State Change
+VBI, 1/2 line serration pulse VBl line sync pulse with VBl line sync pulse with
error=-1ps error = +1 s
(CSYNC* s s I " s I
—1 ps ko +1ps kA +1 ps
¢ C C
(HSYNC)’ 55 | R a— — 5 I
State Change—l ’ :
(PCOUTR)S - - === Hip---S5--4b---g gL
_ L ;
(PCOUT) = Hi= == = = - SS———-M—-——-SS-—---“-——--S ¢ -l
(Digital
Noise & 56 ! I -
Gate) , (Note 3)
[TL
(PCOUTo = = im = = = = - §5--=iqp---55--b---s(sq

VBI = Vertical Blanking Interval

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 + 1/2 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 SR0S), 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, SRO5 may be moni-
tored to determine locking status.

The Status Registers SR00 and SR05
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, SR00O
must be set to one by writing to command bit CR12.

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. SROS 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. SRO5 cannot be altered by
the MPU. SROS5 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, (CR10 = CR22 = 1), SR0O5 determines
whether phase limiting should be performed. SROS 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™dr 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.

SROS5 can be used as a PLL debug tool. It the status
register is addressed and the RD* pin of the Bt261 is
held low, then SROS 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 (CR10 = 0); oth-
erwise, phase limiting will affect the ability to monitor
the loop-acquisition time.

PCOUT

SR5 l_

l«———One Field of Video ——{

Figure 6. PLL Performance Can Be
Monitored Using SRO05.

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
10KH 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).
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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
CSYNCH* 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 CSYNCH#, 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
CRO6.

CRO7 and CRO6 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 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 reset to zero by

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.

CRO7 and CRO6 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 CSYNCH*, 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.

CRO7 and CRO6 are (1,0):
HCOUNT only.

Resets H counter at

Noise-Gated ,:( ' i+ I I
csyne il '
Clock I ' l I I | l
" HCOUNT i i HCOUNT |
Detail : : '
Noise-Gated
CSYNC
............. .
Clock ostoc""" 0SC Count
.............. w High
Clock Cycle Restarted

osC | | | l l

Figure 7. Pixel Clock Output Timing When Generated From
Higher Speed Oscillator.
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Horizontal Counter

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

Command Register_0

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.

CRO7, CRO6 Horizontal counter control A value of (01) forces the horizontal counter to be
reset to zero at the beginning of every noise-gated

(00) reserved CSYNC*. These modes should be selected when

(01) reset each noise-gated CSYNC* using a high—speed oscillator to divide down and

(10) reset to zero upon reaching HCOUNT  generate the pixel clock.

(11) use both modes (01) and (10)
A value of (10) 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
11 can be used to correct for missing sync pulses .
on the input video.

CROS5 Capture strobe This bit is synchronized to VSYNC* and FIELD
and output onto the CAPTURE output pin.

CR04, CR03 Sync detect select These bits specify how much above the sync.tip to
. slice VIDEO for sync detection. If inputting TTL
00) 25mV sync information, the highest slicing level should
01) 50 mV be selected.
(10) 100 mV
(11) 125mV
CR02-CR00 Clock input select These bits specify which OSC input is to be used to
generate pixel clock information. ECL input
(000) TTL compatible OSC1 selection is compatible with 10KH differential
(001) TTL compatible OSC1* ECL driven by a single +5 V supply.
(010) TTL compatible OSC2
(011) TTL compatible OSC2* Note: When the clock pin is driven, the selected
(100) ECL compatible OSC1, OSC1* OSC pin(s) must also be driven.

(101) ECL compatible OSC2, OSC2*
(110) reserved
(111) reserved
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Command Register_1

This command register may be written to or read by the MPU at any time and is not initialized. CR10 corresponds to DO

and is the least significant bit.

CR17 Interlaced or noninterlaced select

(0) noninterlaced operation

(1) interlaced operation

CR16 CLOCK output disable

(0) drive CLOCK output

(1) three-state CLOCK output

CR15 CSYNC* output disable

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

CR14 VSYNC* output disable

(0) drive VSYNC* output
(1) three-state VSYNC* output

CR13 HSYNC output disable

(0) drive HSYNC output

(1) three-state HSYNC output

CR12 Reset lock loss status bit

(0) set status bit SR00
(1) inactive

CR11 Phase comparator input select

(0) HSYNC pin

(1) internally generated HSYNC

CR10 Phase limit enable

(0) inhibit 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 (SR00)
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 SR00, 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 Phase lock pixel count
(0001) 2 clock cycles

(1111) 16 clock cycles

CR23 Pixel clock mask enable

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

CR22 Lock override

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

CR21, CR20 Pixel clock select

(00) OSC inputs

(01) external pixel clock

(10) OSC drives CLOCK direct
(11) reserved
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These bits specify the maximum number of pixel
clock cycles between the falling edge of
noise-gated CSYNC* and the HSYNC signal
(e1tner internaily Or exiernaily generawed) 0 oc
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 (SR00) 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. Ifitis’
a logical zero, the CLOCK output will
continuously clock (if command bit CR16 is a
logical zero). This bit is ignored if an external
pixel clock is driving the CLOCK pin (command
bit CR16 is a logical one).

If the Bt261 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 wuse 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 CR16 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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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 These bits specify the number of consecutive scan lines for
which lock must be maintained. If lock is not maintained
(0000 0000) 1 scan line for the specified number of scan lines, the phase limiter is
(0000 0001) 2 scan lines disabled only if command bit CR22 is a logical one. SR0O5
: is set to zero if lock is maintained for the specified number n
(1111 1111) 256 scan lines of scan lines. B
VSYNC Sample Register

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 (1) to $FF (256) may be specified. A value of 1/8 HCOUNT is recommended (~8 ps for
the 15.75 KHz line-rate video). This is different from the 1/4 and 3/4 HCOUNT required for FIELD-gate start and stop
values, and greater than the 5 ps 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.

SR0O0 Lock-loss status (pixel count related) This bit reset if loss of lock is indicated. “Loss of lock” is
defined as a greater phase error between noise-gated
(0) lock loss detected CSYNC* and generated HSYNC* than the phase-lock
(1) reset or no lock loss pixel count (CR27-CR24). It is reset by writing to

command bit CR12.
SRO5 Lock-loss bit (line-count related) This bit is set if one line of video has a phase error
between generated HSYNC and noise-gated CSYNC*
(1) lock loss detected greater than that defined by the phase-lock pixel count
(0) lock detected for at least (CR24-CR27). This bit is reset if there have been
line-count number of lines phase-lock line count (CR37-CR30) consecutive lines
with error less than that defined in the phase-lock pixel

count.
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Examples of CCIR624

Video Timing: 63.556/64.0 pis >
Equalization
F.’ulses I
in VBI 23 ps— |
Serration 4.6 ps (Minimum)—»{ |—
Pulses I I
in VBI
50ps| 3.1ps| 1.6ps
- g >
Active Video I—F:.-'I—H/’FH |
—— [ S—
HCOUNT l ! | | HCOUNT | | \
. Start Range > Stop Rang%*
Noise Gate Suggesteg Suggested
Start Stop »
] B s
HSYNC | ! g
Stop Start o
£
CLAMP s
Start Stop =
l——-l =4
d
ZERO L s
Start Stop g
Field Gate 1/2 HOOUNT —————
Starnt or Stop Start or Stop
VSYNC
VSYNC J
NTSC(M) PAL (B, G, I)
Pixel Clock Rate 12.2 MHz 14.75 MHz
dec hex dec hex
“Line Rate 63.556 us 64.0 us
(HCOUNT) 779 30B 943 3AF
Number of pixels minus 1
(Noise Gate) Start 7 ps 88 58 104 68
Stop 61.76 us 758 2F6 917 395
(HSYNC) Start 4.7 ps 59 3B 70 46
Negative polarity, 4.7 us wide Stop O us 0 0 0 0
(CLAMP) Start 8.5 us 107 6B 126 7E
One may CLAMP on burst Stop 9 ps 113 71 134 86
back porch or sync tip
(ZERO) Start 8.5 ps 107 6B 126 7E
. Stop 8.75 us 110 6E 130 82
(Field Gate) Start 15 ps 189 BD 223 DF
Stop 45 ps 566 236 668 29C
(VSYNC) 8 us 98 62 118 76
This gives FIELD = 1, 0 for
field one and two, respectively
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Figure 8. Bt261 Suggested Register Settings.
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Internal Registers (continued)

HSYNC 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 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 $0000 (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-D7 of HSYNC start high are ignored during MPU write cycles and return a logical zero during MPU read cycles. The
16-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].

D4-D7 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

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

Cascaded Value | HI1  HI0 H9 H8 H7 H6 HS5 H4 H3 H2 H1 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 $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 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].

D4-D7 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 low] [clamp stop high].

CLAMP Start/Stop High

CLAMP Start/Stop Low

Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO
Cascaded Value | H11 HI0  H9 H8 H7 H6 HS H4 H3 H2 H1 HO
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A value corresponding to 1 ps after the falling edge of CSYNC* is recommended for the [start] value, and a value of 1 ps
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 ps 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 ps 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 D1 DO

Cascaded Value | HI11 H10 H9 HS8 H7 H6 H5 H4 H3 H2 H1 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 2:1 interlaced video signal). By programming the FIELD start and stop values to have an interval
exceeding half a line (e.g. starting at 1/4 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 $0000 (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. n
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 return 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 D1 DO

Cascaded Value | H11  HI0 H9 H8 H7 H6 H5 H4 H3 H2 H1 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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Internal Registers (continued)

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 ps and 0.75 ps (3.6 percent and 1.2 percent of the line rate) for

RQ170A and RQ242 rAcppr‘ﬁUPlv For examnle:
A ang Q3242 recnectively Hor examnle

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

RS170A 2.3 s 0.5us 1.8 us 61.76 us

RS343A 0.75 ps 0.5 pus 0.25 ps 63.31 us

Note: The Brooktree Applications Handbook and the RS343A and RS170A 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 (1) to $OFFF (4096) may be specified. This register should be initialized early to minimize
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 D1 DO

Cascaded Value | H11  HI10 H9 H8 H7 H6 HS5 H4 H3 H2 H1 HO
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Internal Registers (continued)

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 ps into the
horizontal line, signifying the beginning of the back porch, for RS170A. The HSYNC start value in terms of a 12.27 MHz
clock (square pixels NTSC) would be 59 clocks, or ~4.7 pus (see Figure 8).

The HCOUNT low and high registers are cascaded to form a 16-bit HCOUNT register. D4-D7 of HCOUNT high are n
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 [HCOUNT 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.

HCOUNT High HCOUNT Low

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

Cascaded Value | HI11  HI10 H9 H8 H7 H6 HS H4 H3 H2 H1 HO
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Pin Descriptions

Pin Name

Descripfion

HSYNC

VSYNC*

CSYNC*

ZERO

CLAMP

FIELD

PCOUT

VIDEO

CLOCK

OSC1, OSC1#,
0SC2, OSC2*

CAPTURE

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*
is a logical zero for scan lines during detected vertical sync 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 A/D 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 A/D 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. Itis 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 the 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 (10KH 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 Descriptions (continued)

Pin Name Description

RD* Read control input (TTL compatible). If RD* is a logical zero, data is output onto DO-D7.
RD* and WR* should not be asserted simultaneously.

WR* Write control input (TTL compatible). If WR* is a logical zero, data is written into the de-
vice via D0-D7. Data is latched on the rising edge of WR*. RD* and WR* should not be
asserted simultaneously.

DO-D7 Bidirectional data bus (TTL 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.

A0 Address control inputs (TTL compatible). AO specifies whether the MPU is accessing the
address register (AO = 0) or the control register specified by the address register (A0 = 1).

VCC Power.

GND Ground.

¥ .
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VIDEO
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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 VCOs or VCXOs. 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 4n/VCC 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 VCRs
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.

The same circuit can be extended to 26 MHz for
genlocking to higher raster frequency sources
(such as noninterlaced VGA) or adapted to crystal-
based operation up to 10 MHz. The VCO 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 VCO gain-setting
resistors.

In general, VCO 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 VC(X)O implementations that use the
MC4024, 74LS624, or MN3106 require active
buffers with bias currents less than 10 pA to limit
control voltage droop across the 64 us 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 -(I;II
Loop Filter .
6 7 __74HC4046A
12 Optional Buffer 9
Video——p> to Limit Control [ VCO, | VCO 1?
Bt261 Voltage Droop. R2
5 Required if R1
Clock€— Igias > 10 pA

4] VCOqt _/-/

VCO

17-20|Selected OSC Gain

Setting

Resistors
Tracking Oscillator | Damping

Range Jitter Rl R2 R3 R4 RS C]. C2 C3 Wn (3)
9-18 MHz | <40ns |3.9kQ|10kQ | 470Q | 86 Q [500kQ | 100pF |10pF | 1pF |290Hz 0.74
>3
17-26 MHz | <40ns {3.9kQ|10kQ [ 470Q | 86 Q |500kQ | 40pF |10pF | 1uF |290 Hz 0.74
+200 ppm <10ns [46kQ [46kQ | 470 Q | 290 Q | 500 kQ | €10 MHz | 3.3 nF | 300 pF | 290 Hz 0.74
of crystal Resonant
center Crystal
frequency
Figure 9. Operation of the Bt261 with the 74HC4046A.
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Application Information (continued)

Interfacing to the Bt218

Figure 10 illustrates the interface of the Bt261
to the Bt218 Flash A/D Converter. The VIDEO
input of the Bt261 connects to the VIN input of
the Bt218 through a 0.1 pF ceramic capacitor.
The sync slicing level of the Bt261 should be se-
lected for optimum performance.

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

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

O CLAMP_CLOCK

HSYNC
VSYNC*

Bt261 FIELD

1]

CAPTURE To Video Timing

Controller And
DRAM Controller

|

ZERO CLAMP CLOCK

Bt218

VIDEO

Optional '

Subcarrier !

Filter )

i

Video l 0, |1
(1VP-P) i VIN
If AC-Coupled to
Video Signal

Figure 10. Interfacing to the Bt218.
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Application Information (continued)

Interfacing to the Bt252

Figure 11 illustrates the interface of the Bt261 to The HSYNC, VSYNC*, FIELD, and CAP-
the Bt252 Image Digitizer. The VIDEO input of TURE signals of the Bt261 interface to the video
the Bt261 connects directly to the CSYNC* output timing controller and video DRAM controller.

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 BtZ3Z, in addition to the
CLOCK.

HSYNCH———
VSYNC*——

Bt261 FIELD[— | To Video Timing
CAPTURE Controller And

DRAM Controller

VIDEO ZERO CLAMP CLOCK

CSYNC* ZERO CLAMP CLOCK

Bt252

Figure 11. Interfacing to the Bt252.
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Interfacing to the Bt254

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 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 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.

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.

Bt261

HSYNC [

VSYNC* N

FIELD
CAPTURE

VIDEO ZERO CLAMP CLOCK

To Video Timing
Controller And

DRAM Controller

L

CSYNC* ZERO CLAMP RCLOCK GCLOCK BCLOCK

Bt254

Figure 12. Interfacing to the Bt254.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply vCC 4.75 5.00 5.25 \Y%
Ambient Operating Temperature TA 0 +70 °C
Video Input
DC-coupled 5 \"
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 \"
Voltage on any Signal Pin (Note 1) GND-0.5 VCC + 0.5 \'
Ambient Operating Temperature TA -55 +125 °C
Storage Temperature TS —65 + 150 °C
Junction Temperature T + 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. Thisis 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
TTL Digital Inputs
Input High Voltage VIH 2.0 VCC+0.5 A%
Input High Voltage (Note 1) VIH 2.2 VCC+0.5 v
HSYNCPin
Input Low Voltage VIL GND-0.5 0.8 \%
Input Low Voltage (Note 1) VIL 0.4 v
RD* Pin
Input High Current (Vin = 2.4 V) IIH 1 LA
Input Low Current (Vin = 0.4 V) 1L -1 HA
Input Low Current (Vin = 0.4 V) IIL -1.5 mA
VIDEO Pin
Input Capacitance CIN 7 pF
(f=1MHz, Vin=2.4V)
OSC Digital Inputs
TTL Mode
Input High Voltage (Note 1) VIH 22 VCC+0.5 \Y
Input Low Voltage VIL GND-0.5 0.8 v
Input High Current (Vin = 2.4 V) IIH 1 HA
Input Low Current (Vin = 0.4 V) IIL -1 LA
Input Capacitance CIN 7 pF
(f=1MHz, Vin=24V)
ECL Mode :
Input High Voltage VIH VCC-1.0 VCC +0.5 \
Input Low Voltage VIL GND-0.5 VCC-1.6 A%
Input High Current (Vin =4.0 V) IH 1 RA:
Input Low Current (Vin = 0.4 V) IIL -1 HA
Input Capacitance CIN 7 pF
(f=1MHz, Vin=24V)
DO - D7 Digital Outputs
Output High Voltage VOH 2.4 v
(IOH = 400 pnA)
Output Low Voltage VOL 0.4 \Y
(IOL = 6.4 mA)
3-state Current 10Z 1 0.5 HA
Output Capacitance CouT 20 pF
PCOUT Output
Output High Voltage VOH 24 \%
(IOH = -400 pA)
Output Low Voltage VOL 0.4 A%
(IOL =3.2mA)
3-state Current 102 400 nA
Output Capacitance COUT 20 pF
Other Digital Outputs .
Output High Voltage VOH 24 : v
(IOH =400 nA)
Output Low Voltage VOL 04 A%
(IOL =3.2mA)
3-State Current 10Z 0.5 pA
Output Capacitance CcouT 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 O V but guaranteed by characterization.
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AC Characteristics

Parameter Symbol Min Typ Max Units

OSC Cycle Time OSCmax ns

TTL mode 133 ns

ECL mode 12.5 ns
CLOCK Cycle Time (Note 1) Fmax 3333 ns
AO Setup Time 1 10 ns
A0 Hold Time 2 10 ns
RD*/WR* Low Time 3 40 ns
RD*/WR* 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
OSC Low Time 11 6 ns
OSC to CLOCK Output Delay 14 35 ns
VIDEO to CSYNC* Output Delay 15 35 ns
HSYNC, ZERO, CLAMP Output Delay 16 10 ns
VSYNCH*, 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 mA

Test conditions (unless otherwise specified): "Recommended Operating Conditions.” 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. CLOCK, HSYNC, CLAMP, ZERO, VSYNC*, FIELD, CAPTURE, and CSYNC*
output load < 50 pF, D0-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 pf.
Note2: AtFmax. ICC (typ) at VCC=5.0 V. ICC (max) at VCC=5.25 V. OSC/PCLOCK =2, CLOCK/HSYNC 2100.
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Timing Waveforms

1 2
A0 Valid
3
N\
RD*, WR*
4
6
: — \}__7
D0-D7 (Read) Data Out (RD* = 0)
DO-D7 (Write) y Data In (WR"* = 0)
—_— g

MPU Read/Write Timing.

OSC Period

CLOCK Period ——————=t

HSYNC, CLAMP, |
ZERO )

VSYNC*, FIELD

100 mV Above Specified Threshold

VIDEO | 100 mV Below Specified Threshold |

CSYNC* I J

= T

Video Input/Output Timing.
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Timing Waveforms (continued)

18 Below Specified Threshold

VIDEO
(HSYNC)

PCOUT 3-State

Video Input/Output Timing.

Ordering Information

Ambient
Model Number Package Temperature
Range
Bt261KPJ 28-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 Applications

¢ Real-Time Color Space Conversion » Image Processing
* Pseudo-Color Mode » Image Capture
¢ Programmable Matrix Coefficients ¢ Color Correction
e Three 256 x 8 Input Lookup Table

RAMs ‘

¢ Standard MPU Interface

¢ TTL Compatibility

¢ +5 V Monolithic CMOS

¢ 84-pin PLCC Package

» Typical Power Dissipation: 1.1 W

Functional Block Diagram

INO, IN1
CFLAG

DAO-DA7
DBO0 - DB7

DCO0-DC7

CLOCK

D0-D7 CS* RD* WR* AO0,Al RESET*

OUT0, OUT1

QA0 - QA7

QB0 - QB7

QC0-QC7

OE*

Brooktree Corporation * 9950 Barnes Canyon Rd. ¢ San Diego, CA 92121-2790
(619) 452-7580 * (800) VIDEO IC » TLX: 383 596 « FAX: (619) 452-1249

L281001 Rev. G

Bt281

~ 27MHz
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 RGB 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.
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Circuit Description

MPU Interface

As shown in the functional block diagram and
in Figure 1, the Bt281 supports a standard MPU
interface (DO-D7, CS*, RD*, WR*, A0, and Al).
MPU operations are asynchronous to clock.

A0 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-ADDRIS are always logical
ZEeI0S.

The address register increments after each MPU
read or write cycle and is not initialized. ADDRO
and ADDRS 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, DB0-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:

QA ml m2 m3 DA
QB = m4d mS mb DB
QC m7 m8 m9 DC
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The MPU loads m1-m9 to perform the color
space conversion desired. The values of m1-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 CR17-CR15 are used to se-
lect which 8 bits (or 7 bits + sign) of these 21 bits
are output, as specitied 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.

QAO0-QA7, QB0-QB7, and QCO-QC7 are out-
put following the rising edge of CLOCK.

The QAXx, QBx, and QCx outputs may be three-
stated asynchronously to the output clock with the
OE* control input and command bit CR10.

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.

/O Delay Lines

The INO and IN1 inputs are latched on the rising
edge of CLOCK, pipelined to maintain synchroni-
zation with the color data, and output onto OUTO
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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Circuit Description (continued)

3-98

A1, A0 ADDRO-ADDR10 Accessed by MPU
00 $xxx address register low (ADDRO-ADDR?7)
01 $xxx address register high (ADDR8-ADDR10)
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 $1FF 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 m1 register high
10 $302 m?2 register low
10 $303 m?2 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 mS5 register high
10 $30A m6 register low
10 $30B m6 register high
10 $30C 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 register_0
10 $313 command register_1
10 $314 reserved
10 $7FF reserved
11 $xxx reserved

SECTION 3

Table 1. Control Register Addressing.
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Circuit Description (continued)

Matrix Multiplication Operation

8-bit pixel input: DA7 DA6 DAS DA4 DA3 DA2 DA1 DAO
11-bit coefficient: Cl10 C9C8 . C7 C6 C5C4 C3C2C1CO

19-bittotal: S T17 T16 T15 T14 T13 T12 T11 T10 T9 T8 . T7 T6 TS T4 T3 T2 T1 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): n

S R19 R18 R17 R16 R15 R14 R13 R12 R11 R10 R9 R8 R7 R6 R5 R4 R3 R2 R1 RO

CR17-CR15 | QA7 | QA6 | QA5 | QA4 | QA3 | QA2 | QA1 | QAO | Used for Rounding
unsigned
magnitude
format
100 R19 R18 | R17 R16 | R15 R14 | R13 R12 R11-RO
011 R18 R17 | R16 R15 | R14 R13 | RI12 R11 R10-RO
010 R17 R16 | RI15 R14 | RI13 R12 | RI11 R10 R9-RO
001 R16 R15 | R14 R13 | RI12 R11 R10 R9 R8-RO
000 R1S R14 | R13 R12 | RI11 R10 R9 R8 R7-RO
other two
formats
100 S R18 | R17 R16 | RI15 R14 | R13 R12 R11-RO
011 S R17 | R16 R15 | R14 R13 | RI12 R11 R10-RO
010 S R16 | R15 R14 | RI13 R12 | R11 R10 R9-RO
001 S R15 | R14 R13 | RI12 R11 R10 R9 R8-RO
000 S R14 | R13 R12 | Rl11 R10 R9 R8 R7-RO

Table 2. Example Dynamic Output Range Selections (QAx Channel).
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Circuit Descriptidn (continued)

Number Representations

The Bt281 accommodates analog sign magni-
tude, unsigned magnitude, and 2's complement
formats-to ease interface to A/D and D/A convert-
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/Cb, 1/Q, U/V, 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
A/D converters drive the DAx and DCx inputs
(with the A/D 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).

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,
1/Q, U/V, R-Y/B-Y, etc.). The DBx inputs and
QBx outputs are always configured for 8-bit 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 RGB
video signals.

Offset Binary 2's Complement Unsigned Magnitude
Representation 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

3-100

SECTION 3

Table 3. Numbering Representations.
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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)
DCx= Cb(n)

Ymn+1)
Cr (n)

Y(n+2) Y@m+3)
Cbm+2) Cr(n+2)

The 24-bit output after the interpolation filters is:

DBx'= Y(m) Y@m+1) Y®+2) Y@m+3)
DCx'= Cb(n) Cb(n+1) Cb(n+2) Cb(m+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-

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) Crn) Cr(n+2) Cr(n+2)
DBx= Y(n) Y@®m+1) Y@®+2 Y@+3)
DCx= Cb(m) Cbm Cbmn+2) Cb(n+2)

The 24-bit output after the interpolation filters is:

DBx'= Y(n) Y®m+1) Ym+2) Y@m+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.

8
0
[

INTERPOLATION MUX | payx

MUX FILTER 1

. | (A+B)/2
""" EVEN
ROUNDING TO
8 DBx'
MATRIX
8 0 MULTIPLIER
b0 pc7 W R
1
MUX | pey
DEMUX INTERPOLATION -
o FILTER .
(A+B)/2
MULTIPLEXED | | | - EViaii '''''
INTERPOLATION ROUNDING ’
INTERPOLATE
CFLAG
Figure 2. Input Interpolation Circuitry.
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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 CFLAG 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,

Brookiree®

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 OBx outputs and multiplexed CrCb output via
the QCx outputs,

The 24-bit input to the decimation circuit is:

QAX= Cr(n) Cr(n+1) Crm+2) Cr(n+3)
QBx= Ym) Y@m+l) Y@+2) Y@+3)
QCx'= Cb(m) Cb(n+1) Cb(+2) Cb(n+3)

The output sequence is:
QBx= Y() Y@m+l) Ym+2) Y@+3)

QCx= Cb(n) Crnm) Cb(m+2) Cr(n+2)
QAx= Cr(n) Cr(n+1) Cr(n+2) Cr(n+3) .

The QAx outputs contain normal output data.

QA QA0- QA7
FROM
3X3 Qx| 8
MATRIX QBO-QB7
MULTIPLIER
QCx' L)

CFLAG
DECIMATION

SELECT

Figure 3. Output Decimation Circuitry.
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Circuit Description (continued)

Typical Applications

Figure 4 shows two common applications of the The Bt281 enables these color space transforma-
Bt281. Figure 4a shows the Bt281 used when the tions to take place in real time, simplifying the sys-
color space of the analog video signal to be digi- tem design.

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.

Bt281
8 8
ap |RO-R7 DAO-DA7 QA0-QAT |——F e
ANALOG VIDEO Go-G7 8 8 DIGITAL VIDEO
INFORMATION AD - DBO - DB7 QB0-QB7 |—H~—— TO FRAME BUFFER
(RGB, YIQ, YUV, ETC.) (RGB, YIQ, YUV, ETC.)
8 8
AD B0-B7 DCO-DC7 QC0-QC7 |—A~—

Figure 4a. Typical Application.

Bt281
8 8
———~4——={ DAO-DA7 QA0- QA7 RO-RT_| pia
DIGITAL VIDEO 8 8
FROM FRAME -
- — 4 DBo-DB7  QBO-QB7 LT o Tomoniron
(RGB, YIQ, YUV, ETC.)
8 8
———~—+ pCo.pc7 QCo-QC? e Dia

Figure 4b. Typical Application.
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Internal Registers

Command Register_0

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.

CRO7-CRO5 DAZx, 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.

CR04-CR02 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

CRO1 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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Internal Registers (continued)

Command Register_0 (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 $E1 following a
reset sequence. CR10 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-CR15

CR14-CR11

CR10

Matrix dynamic output range select

(000) R8-R1S5 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
(010) R10-R17 for unsigned magnitude output format; R11-R16 + sign for other formats
(011) R11-R18 for unsigned magnitude output format; R12-R17 + sign for other formats
(100) R12-R19 for unsigned magnitude output format; 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
QAXx, 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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Internal Registers (continued)

m1-m9 Low/High Registers

For the m1-m9 values, the 8-bit low and high registers are cascaded to form an 11-bit register. D0-D7 com-
prise the low register, while D8-D10 comprise the high register. (D8 corresponds to data bus bit D0.) D3-D7
of m1-m9 high registers are always logical zeros.

The m1-m9 low/high 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-D0 Value
111. 1111 1111 -0.004
111. 1111 1110 -0.008
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
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Pin Descriptions

Pin Name Description

DAO-DA7, Color inputs (TTL compatible). These inputs are latched on the rising edge of CLOCK. DAO, DBO,

DB0-DB7, and DCO are the least significant bits.

DCO0-DC7

QA0-QA7, Color outputs (TTL compatible). These signals are output following the rising edge of CLOCK.

QB0-QB7, QAO0, QBO, and QCO are the least significant bits.

QC0-QC7

INO, IN1, Input/output delay line (TTL compatible). INO and IN1 are latched on the rising edge of CLOCK,

OUTO0, OUT1 pipelined to maintain synchronization with the color data, and output onto OUTO and OUT1
following the rising edge of CLOCK.

CFLAG Multiplex control input (TTL compatible). If the DAx/DCx inputs are multiplexed, CFLAG
indicates when DCx data is present (CFLAG = 1). If the QAx/QCx 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.

OE* Output enable control ini)ut (TTL compatible). This input is logically gated with command bit
CR10, and the result controls three-state of the QAx, QBx, and QCx outputs. OUTO and OUT1 are
not three-statable.

CR10 OE* | QAx, QBx, QCx Outputs
0 0 enabled
0 1 three-stated
1 0 three-stated
1 1 three-stated

CLOCK Clock input (TTL compatible).

D0-D7 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.

CS* 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 GND if not used.

RD* Read control input (TTL compatible). A logical zero enables the MPU to read data from the device.
Both RD* and WR* should not be asserted simultaneously. For further information, see the Timing
Waveforms section.

WR* Write control input (TTL compatible). DO-D7 data is latched on the rising edge of WR*. Both RD*
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 DO-D7
0 1 0 write DO-D7 data
0 1 1 DO0-D7 three-stated
1 X X DO-D7 three-stated
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Pin Descriptions (contim)ed)

Pin Name Description

AQ, Al Register select inputs (TTL compatible). AO and Al are latched on the falling edge of ei-
ther RD* or WR*,

RESET* Reset control input (TTL 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.

vCC rower. All VCC pins must be connected together.

GND Ground. All GND pins must be connected together.

33335833338585¢83
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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.

Y 0.299 0587 0.114 R
R- = 0.701 -~ -0.587 -0.114 G
B- -0.299 -0.587 0.886 B

The analog (R — Y) and (B — Y) terms have an
output range of +0.701 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:

DA0-DA7 = Ry-R7
DBO0-DB7 = Gy-Gy
DCO-DC7 = By-B;

QA0-QA7 = (R-Y)o-R-Y)7
QBO0-QB7 = Y(-Yy
QCO-QC7 = (B-Y)p~(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:

0.587 0.114 R

Y 0.299
R-Y)| = 0.500 -0.419 -0.081 G
B-Y) -0.169 -0.331 0.500 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):

R-Y) $0.80  $7.95 $7.EC R
Y =| $04C $096 $0.1D G
B-Y) $7.D5 $7.AC  $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-CR15 should be 000.
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Application Information (continued)

RGB-to-YUV Conversion

The matrix for converting analog RGB to YUV
is as follows. The RGB inputs are normalized to
have a range of 0-1 and are gamma-corrected
RGB data.

[¥] o v aw][s]

U = -0.147 -0.289 0.436 G

\% 0.615 -0.515 -0.100 B

The analog U and V terms have an output range
of £0.436 and +0.615, respectively, while Y has a
range of 0-1.

U and V may also be defined as:
U=B-Y)/2.03=0.4926(B-Y)

V=R-Y)/1.14=0.8772(R-Y)

The conversion of digital RGB to normalized
digital YU'V' (' indicating normalized notation) is
slightly different in order to compress the V' out-
put range to 0.5 and to expand the U' output
range to 10.5. The input and output assignment of
the Bt281 video I/O pins is assumed to be as
follows:

DAO-DA7 = R-R7
DB0-DB7 = Gy-Gy
DCO-DC7 = By-B;

QA0-QA7 = V'io-V'5

QBO-QB7 = Y(-Y7
QC0-QC7 = Uly-Uy
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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 outpuf 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:

Y 0299 0587 0.114 R
U = -0.169 -0.331 0.500 G
\'A 0.500 -0.419 -0.081 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;:

\'A $0.80 $795 $7.EC R
Y = $04C  $0.96  $0.1D G
U $7.D5 $7.AC  $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-CR15 should be 000.
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RGB-to- YIiQ 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.

Y 0.299 0.587 0.114 R
I = 0596 -0.275 -0.321 G

Q 0212 -0.523 0311 B

The analog I and Q terms have an output range of
+0.596 and 10.525, respectively, while Y has a range
of 0-1.

I and Q may also be defined as follows:
I=Vcos 33 °-Usin 33 °
Q=Vsin33° + Ucos 33 °

or
I1=0.839V -0.545U
Q=0.545V +0.839U

or
I =0.736(R-Y)-0.268(B - Y)
Q=0478(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 20.5. The input and output
assignment of the Bt281 video I/O pins is assumed to
be as follows:

DAO-DA7 =R-Ry
DBO0-DB7 = Gy-Gy
DCO-DC7 = By-By
QA0-QA7 =Tg-Iy

QBO-QB7 = Y(-Y;
QC0-QC7 = Qp-Q

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:

Y 0299 . 0.587 0.114 R
I = 0.500 -0.231 -0.269 G
Q 0.203  -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):

r $0.80  $7.C5 $7.BC R
Y| = $04C  $0.96  $0.1D G
Q $0.33  $7.80  $0.4C B

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 CR17-CR15 should be 000.
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Application Information (continued)

Y/R-Y/B-Y-to-RGB Conversion

The matrix for converting analog Y/R-Y/B-Y to
RGB is as follows. The Y, R-Y, B-Y inputs are
not normalized and generate gamma-corrected
RGB data.

Ll ol

B 1 0 1 B-Y

The analog (R — Y) and (B - Y) terms have an
input range of +0.701 and +0.886, respectively,
while Y has a range 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-DAT7 = R - Y)'g-(R - Y)'7
DB0-DB7 = Y(-Y
DCO0-DC7 = (B - Y)p-(B - Y)*;

QA0-QAT7 =Ry-R7
QB0-QB7 = Gy-G7
QC0-QC7 = B(-B;

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:

R 1 1.402 0 Y

G = 1 -0714 0344 || R-Y)

B 1 0 1.772 B-Y)
SECTION 3

r

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 complément conversion and row
swapping):

p | [Me166 w100 s0o0 1Twr_vy]
G = $7.4A $1.00 $7.A8 Y
B $0.00 $1.00 $1.C5 B-Y)

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 CR17-CR15 should be 000.
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YUV-to-RGB Conversion

The matrix for converting analog YUV to RGB
is as follows. The YUYV inputs are not normalized
and generate gamma-corrected RGB data.

R 1 0 1.140 Y
-0.395 -0.581 8]

B 1 2.032 0 v

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 +0.5 while the U' input range has
probably been expanded to +0.5. The input and
output assignment of the Bt281 video I/O pins is
assumed to be as follows:

DAO-DA7 = Vig-V;
DB0-DB7 = Y(-Y5
DCO-DC7 = U'p-U';

QA0-QA7 =RyR;
QB0-QB7 = Gy-Gy
QC0-QC7 = By-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:

R 1 0 1.402 Y
-0.344 -0.714 U

B 1 1.772 0 v

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):

R $1.66  $1.00  $0.00 v
G = $74A  $1.00 $7.A8 Y
B $0.00 $1.00 $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 CR1- CR15 should be 000.
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YIQ-to-RGB Conversion

The matrix for converting analog YIQ to RGB
is as follows. The YIQ inputs are not normalized
and generate gamma-corrected RGB data.

[ R] |7 1 0956 0.620_” Y‘l
sl - TR Yy S Y I B

B 1 -1.108  1.705 Q

The analog I and Q terms have an input range of
+0.596 and *0.525, respectively, while Y has a
range of 0-1.

The conversion of normalized digital YI'Q' ('
indicating normalized notation) to RGB 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 I/O pins is assumed
to be as follows:

DAO-DA7 = Ip-I7
DBO-DB7 = Y-Y7
DCO0-DC7 = Qo-Q7

QAO0-QA7 =Ry-R5
QBO0-QB7 = Gy-G7
QC0-QC7 =By-By

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
RGB outputs of the matrix can have a range of
0-255. The ideal matrix (normalized to the
dynamic range) is as follows:

R 1 1.139  0.648 Y
G = 1 -0.324 -0.677 r

B 1 -1.321 1783 Q

3-114 SECTION 3

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):

el Me122 @100 eoas 1T ¢
6| = | 788 s100 $7.53 Y
B $6AE  $1.00 $1.c8 || @

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 CR17-CR15 should be 000.



Brooktree®

Bt281

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 O to +78, and Q
has a range of 0 to 268.

The matrix for converting digital YIQ (derived
from digital composite video format) to RGB is as
follows.

R 1.972 1.875 1.223 Y
G = 1.972 -0.538 -1.267 I
B 1.972 -2.187 3.361 Q

The input and output assignment of the Bt281
video I/0 pins is assumed to be as follows:

DA0-DA7 =11
DB0-DB7 = Y(-Y
DCO-DC7 = Qy-Q;

QA0-QA7 =RgRy
QB0-QB7 = Go-G7
QC0-QC7 = BBy

The Y input to the matrix can have a range of 0
to 130, while the I input can have a range of 0 to
178 and Q can have a range of 0 to £68. The
gamma-corrected RGB outputs of the matrix have
arange of 0 to 255.

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):

R $1E0  $1.F9  $1.39 I
G = $7.77 $1.F9 $6.BC Y
B $5.D1 S$LF9 $3.5C 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 CR17-CR15 should be 100.
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3-115



Bt281

Brookiree®

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:

[aj+bm+cp ak + bn + cq al+bo+cr_| I‘

ditemifn detensfn  diteosfr -
gi+hm+ip gk+hn+iq gl+ho +ir

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 QB0-QB7.

Saturation (S) = SQRTR-Y2) + B-Y)
Hue (H) = tan—1 B-Y)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 the 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 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.

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 DB0-DB?7.

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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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 M1-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:

R aR, +bG,

correct — 3Rcam cam +¢B

cam

Georrect = 9Ream + €Geam + Beam

Beorrect = 8Rcam + 8Gcam * iBcam

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=1

d+e+f=1

g+h+i=1
Rather than implement the color correction with
differential amplifiers, the Bt281 makes it feasible

to use a digital architecture involving matrix
multiplication.

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
+0.5 V.
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Figure 5. Typical Application.
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Bt281 Brookiree®

Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VvCC 4.5 5.00 5.5 v
Ambient Operating Temperature TA 0 . +70 °C

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units
VCC (measured to GND) 7.0 \"
Voltage on Any Signal Pin (Note 1) GND- 0.5 VCC +0.5 \%
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. Thisis 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 spétification 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
Digital Inputs
Input High Voltage VIH 2.0 VCC +0.5 \%
Input Low Voltage VIL GND-0.5 0.8 A%
Input High Current (Vin =2.4 V) IIH 1 HA
. Input Low Current (Vin = 0.4 V) IIL -1 HA
Input Capacitance CIN 7 pF

(f=1MHz, Vin=24V)

Digital Outputs (D0-D7)
Output High Voltage VOH 2.4
(IOH = —400 pA)
Output Low Voltage VOL 04 v
(IOL = 6.4 mA)
3-state Current 10Z 10 HA
Output Capacitance couTt 10 pF
QAXx, QBx, QCx Digital Outputs
Output High Voltage VOH 24 \"
(IOH = 400 pA)
Output Low Voltage VOL 04 \Y%
(IOL = 6.4 mA)
3-state Current 10Z 10 HA
Output Capacitance CcouT 10 pF
Other Digital Outputs
Output High Voltage VOH 24 \%
(IOH = —400 pA)
Output Low Voltage VOL 0.4 \%
(IOL = 6.4 mA)
Output Capacitance cout 10 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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AC Characteristics

Parameter Symbol Min Typ Max Units
Clock Rate Fmax 27 MHz
A0, A1, CS* Setup Time 1 10 ns
A0, Al, CS* Hold Time 2 10 ns
RD*, WR* Low Time 3 70 ) ns
RD*, WR* High Time 4 15 ns
RO Assciicd iv Daia Bus Diiven 5 i uw
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, IN1, CFLAG 5 ns
Pixel and Control Hold Time 11 ]

DAx, DBx, DCx, INO, IN1, 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" 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. See Figures 7-11. QAx, QBx, QCx, OUTO, and OUT!I output load < 75 pF, and
DO0-D7 output load < 75 pF. Typical values are based on nominal temperature, i.e., room temperature, and nominal
voltage, i.e.,5 V.

Note 1: AtFmax. ICC (typ) at VCC =5.0 V. ICC (max) at VCC (max).
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Timing Waveforms

1 2
A0, Al, CS* VALID
RD*, WR*
4
6 |7

5 — 7

DO - D7 (READ) DATA OUT (RD* = 0)

DO - D7 (WRITE) DATA IN (WR* =0)

8

Figure 7. MPU Read/Write Timing.

wx TN TN N\

DAO-DA7, DBO - DB7, DATA (N) DATA (N +1)
DCO-DC7, INO, IN1
10 ] 15
D

— 11

QA0 - QA7, QBO-QB7, ) X DATA (N - 14)

QCo-Qc7 ATA (N - 13)

OE*

— 15

0UT0, OUT1 >< >< >< DATA (N - 14) DATA (N -13)

Figure 8. Video Input/Output Timing
(Bypass or Noninterpolated and Nonmultiplexed 24-bit I/O).
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Timing Waveforms (continued)

/N S \__
CFLAG \ ( B /

DBO - DB7 X DB(N) ) DB(N+1) ><

DA (N) X

DCO - DC7 X DC(N)

N

e 11

QAD-QA7, QBO-QB7, X >< DATA (N - 14) DATA (N - 13) ><
QC0-QC7

—_—] fo— 15

Figure 9. Video Input/Output Timing
(Multiplexed and Interpolated 16-bit Input, and 24-bit Outpuft).

DAO-DA7, DBO - DB7, > <
’ 4 DATA (N; DATA(N + 1
DCO0-DC7 ® ( ) ><

10

le—— 11

CFLAG _\_—__/—__—

—_— fe—— 15

QBO-QB7 >< >< QB (N-14) / QB(N-13) ° X
QC0-QC7 X X QC(N-14) 4 QA(N-14) X

Figure 10. Video Input/Output Timing
(24-bit Input, Multiplexed and Decimated 16-bit Output).
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Timing Waveforms (continued)

e /N N S N\

CFLAG \ /
DBO - DB7 4>< DB(N) DB(N+1) ><

DAO - DA7, DA (N), DC (N) ><

DCO-DC7
10 F_ "
QAO-QA7, QBO - QBT, : >< X DATAN-14) DATA (N- 13) ><
QC0-QC7 /

—_— te— 15

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 0°to +70° C

J-Lead
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Advance Information

This document contains information on a product under
development. The information 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 Ultralock™

* 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

VTU_EN*

Applications
¢ Multimedia

* Image Processing
* Desktop Video

Related Products

* Bt858
* Bt855

PIXEL_EN*

DO-D7 RD*

Brooktree Corporation * 9950 Barnes Canyon Rd.

WR*  RSORS! RESET*

* San Diego, CA 92121-2790

(619) 452-7580 » (800) VIDEO IC » TLX: 383 596 * FAX: (619) 452-1249

L812001 Rev. A

Bt812

NTSC / PAL to
RGB/YCrCb
Decoder

Product Description

The Bt812 Image Digitizer converts NTSC
and PAL composite or Y/C 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 informa-
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_0, FIELD_1 and
FIELD_2 outputs specify which one of four
(NTSC) or eight (PAL) fields is being
processed.

Brookiree®







Advance Information
This document contains information on a product under development.

The parametric information contains target parameters that are subject
to change.

Distinguishing Features

* Pin/Software Compatible with Bt858 * +5 V CMOS Monolithic
» NTSC or PAL Composite Video Construction
Output * 160-pin PQFP Package
 Interlaced 60 Hz 525-Line Digital * Typical Power Dissipation:
RGB or YCrCb Input 1.0W
(NTSC Output)
 Interlaced 50 Hz 625-Line Digital Applications
RGB or YCrCb Input (PAL Output)
* Separate Y/C Video (S-Video) * Desktop Video
Outputs « Video Editing
* 4-Field NTSC or 8-Field PAL « Video Presentations
Generation

*  On-Chip Color Bar Generation
» Three 256 x 8 Input Lookup Table
RAMs

Relafed Products

* 15 x 24 Overlay Registers * Bt858
* Standard MPU Interface
Functional Block Diagram
CLOCK_OUT VREF FS ADJUST

RO-R7

H/HSYNC*
VIVSYNC*
CSYNC*

F/BLANK*

CBFLAG

DO-D7 RD* WR* RSO RS1 RS2

Brooktree Corporation * 9950 Barnes Canyon Rd. ¢ San Diego, CA 92121-2790
(619) 452-7580  (800) VIDEO IC » TLX: 383 596 * FAX: (619) 452-1249
L855001 Rev. C

Bt855

12-18 MHz
RGB/YCrCb-to-NTSC/PAL
Encoder

Product Description

The Bt855 is designed specifically for
graphics and imaging systems requiring the
generation of four-field, 525-line (M) NTSC
or eight-field, 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 1.3

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-
formation 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/PAL analog
output.

Brookiree®
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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.

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 RSO0-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.

RS2 RS1 RSO Addressed by MPU

0 0 0 address register (RAM write mode,
control register read/write mode)

0 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. Control Input 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-
ADDRY?7) 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.
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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 RSO0-RS2
to select the control registers. After the read cycle,
the address register (ADDRO-ADDR?7) 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-
ette RAMEs.

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.
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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.

To keep track of the red, green, and blue read/
write cycles, the address register has 2 additional
bitstADDRa 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
(ADDRO-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.

Value RS2 RS1 RSO Addressed by MPU
ADDRa, b (counts modulo 3) 00 X 0 1 red/Cr value
01 X 0 1 green/Y value
10 X 0 1 blue/Cb value
ADDRO-7 (counts binary) $00-$FF 0 1 color palette RAMs

$x0 1 0 1 reserved

$x1 1 0 1 overlay color 1
$xF 1 0 1 overlay color 15
$00 1 1 0 command register_0
$01 1 1 0 command register_1
$02 1 1 0 command register_2
$03 1 1 0 command register_3
$04 1 1 0 command register_4
$05 1 1 0 reserved ($00)

$06 1 1 0 P1 low register (Note 1)
$07 1 1 0 P1 high register (Note 1)
$08 1 1 0 P2 low register (Note 1)
$09 1 1 0 P2 high register (Note 1)
$0A 1 1 0 reserved ($00)
$0B 1 1 0 reserved ($00)
$0C 1 1 0 HCOUNT low register
$0D 1 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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Circuit Description—Pixel Input Formats

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.

OL3-0OL0 Color Selected
0000 RGB pixel input port
0001 overlay color 1
1111 overlay color 15

24-Bit RGB Input Mode (8, 8, 8)

The OL0-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 (i.e.,
OL0-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
GO0-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 (i.e., 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
B0-B7 inputs are ignored.

The R2-R7 inputs address the lower 64
locations of the red color palette RAM. The
G4-G7, RO, and R1 inputs address the lower 64
locations of the green color palette RAM. The
GO0-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 (i.e., 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 R1 inputs address the lower 32
locations of the green color palette RAM. The
GO0-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 (i.e., 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 Y0O-Y7 are input by GO0-G7,
Cr0-Cr7 are input by R0O-R7, and Cb0-Cb7 are
input by BO-B7. The YO, Cr0, and Cb0 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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Circuit Description—Pixel Input Formats (continued)

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 (i.e.,
OLO-OL3 are nonzero), the selected overlay
register provides 24 bits of YCICb color
information to the YCrCb-to-YUV matrix.

16-Bit YCrCb Mode

The OL0O-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
by G0-G7, and multiplexed Cr and Cb data is
input by the BO-B7 inputs, as specified in Table 3.
The YO, Ci0, 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 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"! + Z*1)
Y addresses the green color palette RAM, Cr

addresses the red color palette RAM, and Cb
addresses the blue color palette RAM. Each

24-bit 16-bit 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) | YCrCb | YCrCb Color
Inputs Mode Mode Mode Mode Mode Mode Mode
R7 R7 R4 RS X Cr7 X P7
R6 R6 R3 R4 R4 Cr6 X P6
RS RS R2 R3 R3 Cr5 X PS5
R4 R4 R1 R2 R2 Crd4 X P4
R3 R3 RO R1 R1 Cr3 X P3
R2 R2 GS RO RO Cr2 X P2
R1 R1 G4 G5 G4 Crl X P1
RO RO G3 G4 G3 Cr0 X PO
G7 G7 G2 G3 G2 Y7 Y7 P7
G6 G6 Gl G2 Gl Y6 Y6 P6
GS G5 GO Gl GO Y5 Y5 P5
G4 G4 B4 GO B4 Y4 Y4 P4
G3 G3 B3 B3 B3 Y3 Y3 P3
G2 G2 B2 B2 B2 Y2 Y2 P2
Gl Gl B1 B1 B1 ¢! Y1 P1
GO GO BO BO BO YO YO PO
B7 B7 X X X Cb7 Cb7/Cr7 P7
B6 B6 X X X Cb6 Cb6 / Cr6 P6
B5 B5 X X X Cb5 Cb5 / Cr5 PS
B4 B4 X X X Cb4 Cb4 /Cr4 P4
B3 B3 X X X Cb3 Cb3/Cr3 P3
B2 B2 © X X X Cb2 Cb2/Cr2 P2
Bl B1 X X X Cbl Cbl/Crl P1
BO BO X X X Cb0 Cb0/Cr0 PO

Table 3. Data Input Formats.

IMAGING
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Circuit Description—Pixel Input Formats (continued)

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 (i.e.,
OL0O-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
OL0-OL3, R0O-R7, G0-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 RGB 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.

3-136 SECTION 3

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 (i.e., 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 P1 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 Bt85S5.
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,
GO0-G7, B0-B7, and OL0-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 0.

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 10-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 10-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 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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Circuit Description—Video Timing (continued)
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Figure 2. NTSC Video Timing.
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Circuit Description—Video Timing (continued)
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Circuit Description—Video Timing (continued)
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Figure 3b. PAL Video Timing (continued).
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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 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,
GO0-G7, BO-B7, and OL0-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
CSYNCH* signal, the functionality and timing are
the same as that for Master Mode 0.

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 10-bit vertical counter is reset to $001.

The 10-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, G0-G7, B0-B7, OL0-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
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 0. .

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 rising 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
VSYNCH* 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.

BLANKH* 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,
G0-G7, BO-B7, and OL0-OL3 inputs are ignored.
The CSYNC* pin is configured as an input and is
ignored.

IMAGING 3-141




Bt855

Brooktree®

Circuit Description—Video Timing (continued)

FIELD 0 and FIELD_1 Pins

The FIELD_O0 and FIELD_1 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.
Coincident faiiing edges of HSYNC+ and
VSYNCH* 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_0 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_1 pin is configured as an input
and is ignored.

If command bit CR45 is a logical one, the
FIELD_0 pin is configured as an output following
the rising edge of CLOCK_IN. The FIELD_0 pin
indicates whether fields one and two (logical zero)
or fields three and four (logical one) are being
generated. As an output the FIELD_0 pin changes
state at the beginning of vertical sync during fields
one and three. The FIELD_1 pin is configured as
an input and is ignored.

PAL

If command bit CR45 is a logical zero, the
FIELD_0 and FIELD_1 pins are configured as
inputs and are latched on the rising edge of
CLOCK_IN. The FIELD_0 and FIELD_1 pins
indicate which field to generate, as shown in
Figure 5. As an input, the FIELD_0 pin should
change state only at the beginning of vertical sync
during fields one, three, five, and seven. The
FIELD_1 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_1 pins are configured as
outputs and are output following the rising edge of
CLOCK_IN. As an output, FIELD_0O changes
state at the beginning of vertical sync during fields
one, three, five, and seven. FIELD_1 changes state
at the beginning of vertical sync during fields one
and five.

Analog Outputs

The D/A converter values for 100-percent
saturation, 100-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
50 Q load.

Chrominance (C) Analog Output

Digital chrominance information drives the
8-bit D/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
50 Q load.

NTSC/PAL Analog Output

Digital composite video information drives the
8-bit D/A converter that generates the composite
analog NTSC / PAL video output (see Figures 8
and 9, and Tables 8 and 9). The NTSC/PAL
analog output is designed to drive a 50 Q load.
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Subcarrier Frequency
The subcarrier is computed by:

NTSC: FSC = FCLK * [P1 + P2/
(4*HCOUNT)}/2048

PAL: FSC=FCLK * [P1 + (P2 + (67/625))

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 £10
Hz, or roughly 3 PPM.

In addition, any jitter on the clock will be re-
flected in the subcarrier. Thus, care must be taken

/ (4*HCOUNT)]/ 2048 to provide a clean, stable clock to the Bt855 to pro-
duce the highest quality output.
<
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= S ] é & g g
85535834
MA \4
200
20.42 1.021 WHITE LEVEL
185
160
146
123
100 IRE
109
84
7.20 0.360 BLACK LEVEL
}75RE |
613 | 0306 BLANK LEVEL
40 IRE
041 0.020 SYNC LEVEL

Note: 50 Q load, VREF = 1.235 V, and RSET =91 Q. RS-170 levels and tolerances are assumed on all levels.
Saturation is 100 percent, and 100-percent amplitude luminance color bars are shown.

Figure 4. NTSC Y (Luminance) Video Output Waveform.

Description lout CSYNC* BLANK* DAC
(mA) Data
WHITE 20.42 1 1 200
BLACK 7.2 1 1 70
BLANK 6.13 1 0 60
SYNC 041 0 0 4

Note: Typical with VREF = 1.235 V and RSET =91 Q.

Table 4. NTSC Y (Luminance) Video Output Truth Table.
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204
2082 | 1.041 WHITE LEVEL
188
100 IRE
6.53 | 0327 BLACK/BLANK LEVEL
431RE
041 | 0020 SYNC LEVEL

Note: 50 Q load, VREF = 1.235V, and RSET =91 Q. RS-170 levels and tolerances are assumed on all levels.
Saturation is 100 percent, and 100-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 Q.

Table 5. PAL Y (Luminance) Video Output Truth Table.

3-144 SECTION 3



Brookiree® Bt855

Circuit Description (continued)
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COLOR BURST
(9 CYCLES)
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Note: 50 Qload, VREF =1.235V, and RSET 91 Q. RS-170A levels and tolerances are assumed on all levels.
Saturation is 100 percent, and 100-percent amplitude chrominance color bars are shown.

Figure 6. NTSC C (Chrominance) Video Output Waveform.

Description lout CSYNC* BLANK* DAC
(mA) 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 Q.

Table 6. NTSC C (Chrominance) Video Output Truth Table.
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Note: 50 Q load, VREF =1.235V, and RSET = 91 Q. PAL levels and tolerances are assumed on all levels.
Saturation is 100 percent, and 100-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 1 217
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 Q.

Table 7. PAL C (Chrominance) Video Output Truth Table.
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Note: 50 Q load, VREF = 1.235V, and RSET= 91 Q. RS-170A levels and tolerances are assumed on all levels.
Saturation is 100 percent, and 100-percent amplitude color bars are shown.

Figure 8. Composite NTSC Video Output Waveform.

Description lout CSYNC* BLANK* DAC
(mA) . Data

Peak Chroma 24.80 1 1 243
WHITE . 2042 1 1 200
Burst (high) 8.99 1 0 88
BLACK 7.20 1 1 70
BLANK 6.13 1 0 60
Burst (low) 3.27 1 0 32
Peak Chroma 2.66 1 1 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.

Table 8. Composite NTSC Video Output Truth Table.
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9.59
6.53

347

173

0.41

1.281

0.480
0.327

0.174

0.087

0.020

WHITE

331IRE

YELLOW (x 63)

100 IRE

COLOR BURST

4.43 MHZ

(10 CYCLES)

21.5IRE

MAGENTA (+ 83)

CYAN (= 89)
GREEN (z 83)

33IRE

21.51RE

43 IRE

RED (+ 89)

BLUE (2 63)

BLACK

WHITE LEVEL

BLACK/BLANK LEVEL

SYNC LEVEL

Note: 50 Q load, VREF = 1.235 V, and RSET =91 Q. PAL levels and tolerances are assumed on all levels.

Saturation is 100 percent, and 100-percent amplitude color bars are shown.
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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) 347 1 0 34
Peak Chroma 1.73 1 1 17

(Note 1)
SYNC 041 0 0 4

Note 1:

Typical with VREF =1.235 V and RSET =91 Q.

Table 9. Composite PAL Video Output Truth Table.

SECTION 3

If command bit CR31 is a logical zero, DAC data values less than
31 are made 31.
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Internal Registers

Command Register_0

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.

CRO7-CR04 Color data input format

(0000)
(0001)
(0010)
(0011)
(0100)
(0101)
(0110)
(0111)
(1000y
(1001)
(1010)
(1011)
(1100)
(1101
(1110)
(1111)

CR0O3-CRO02 Reserved

24-bit true-color RGB (8,8,8)
16-bit true-color RGB (6,6,4)
16-bit true-color RGB (5,6,5)
15-bit true-color RGB (5,5,5)
8-bit pseudo-color (red)

8-bit pseudo-color (green)
8-bit pseudo-color (blue)
reserved

reserved

24-bit YCrCb (4:4:4)

16-bit YCrCb (4:2:2)
reserved

reserved

reserved

reserved

reserved

CRO1-CROO Reserved (logical zero)

These bits specify the input format of the 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 RGB data. The lookup table RAMs
may be used to provide gamma correction (typically
2.2 for NTSC and 2.8 for PAL) when inputting RGB or
pseudo-color data. If the lookup table RAMs are being
bypassed, RGB input data should be gamma corrected.
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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. CR10 is the least significant bit and corresponds to data bus bit DO.

CR17 OL3 read mask
(0) force OL3 data to zero
(1) pass OL3 data

CR16 OL2 read mask
(0) force OL2 data to zero
(1) pass OL2 data

CR15 OL1 read mask
(0) force OL1 data to zero
(1) pass OL1 data

CR14 OLO read mask

(0) force OLO data to zero
(1) pass OLO data

CR13 8-bit/6-bit color select
0) 6-bit
(1) 8-bit
CR12 Lookup table RAM bypass enable

(0) use lookup table RAMs
(1) bypass RAMs

CRIL,CRI0  Reserved
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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 OL1 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 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.) 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 = 1), 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-CR24 Reserved (logical one)

CR23 Reserved (logical zero)
CR22 Software reset Writing a logical one to this bit resets the device, clearing
the pixel pipeline and resetting the command register bits
(0) normal operation to their initialized state (equivalent to asserting the
(1) reset device 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.

CR21, CR20 Reserved (logical zero)
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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

3-152

(0000)
(0001)
(0010
(0011)
(0100)
(0101)
(0110)
(0111)
(1000)
(1001)
(1010)

(11.10)
(1111)

Output mode select

NTSC master mode 0
NTSC master mode 1
NTSC macter made 7
NTSC master mode 3
reserved

PAL master mode 0
PAL master mode 1
PAL master mode 2
PAL master mode 3
reserved

reserved

reserved
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

SECTION 3

These bits specify the timing and analog output mode of
the Bt855.

Mode (1111) turns power off to the DACs (no current is
ontrnt) and  tn the A/D  converter, three-states  all
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 - 100-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. Color
bars may only be generated when the device is configured
to operate in 24-bit RGB mode.

A logical zero enables the NTSC/PAL 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.
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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 UV low-pass filter bypass This bit specifies whether to bypass the UV low-pass
filters (just after the matrix). Regardless of the selection,
(0) use filters there is no change in the pipeline delay.

(1) bypass filters

CR46 Reserved (logical one)
CR45 FIELD input/output select This bit specifies whether the FIELD_0 and FIELD_1 pins
are inputs (logical zero) or outputs (logical one). In all
(0) inputs modes, FIELD_0 and FIELD_1 are three-stated if CR4S is
(1) outputs programmed low.
CR44 CLOCK_OUT output enable A logical zero three-states the CLOCK_OUT pin

asynchronously to the pixel clock.
(0) output three-stated
(1) output enabled

CR43 Control output enable A logical zero three-states the FIELD_0, FIELD_1,
CSYNC*, HSYNC*, and VSYNC* pins, if they are

(0) output three-stated configured as outputs, asynchronously to the pixel clock.

(1) output enabled For HSYNC*, VSYNC*, FIELD 0, and FIELD_ I, 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 if CR43 is programmed low.

CR43: H/L CSYNC* V/VSYNC* H/HSYNC*

mode 0 QzZ Z Z
mode 1 X/Z X/Z X/Z
mode 2 QZ Z Z
mode 3 Uz QZ Q/Z
Z = Three-State

X = State Not Allowed in Mode
Q = Valid Output

CR42-CR41 Reserved (logical zero)
CR40 Genlock available status This bit indicates whether the device has genlock support.
On the Bt855, this bit is always a logical zero, indicating
(0) genlock not available genlock is not supported. MPU write cycles to this bit are
(1) genlock available ignored.
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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 D4-D7 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.

HCOUNT High HCOUNT Low

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

Cascaded Value | H11  HIO0 H9 HS8 H7 H6 HS5 H4 H3 H2 H1 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/16) + (HCOUNT/128) + (HCOUNT/256) + 1

start of color burst (50-percent amplitude) = (HCOUNT/16) + (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)

P1 and P2 are used to 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 must be loaded into the P1 and P2 registers.

P1 Low and High Registers

The P1 low and high registers are cascaded to form a 16-bit P1 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 P1 low and high registers are independent of each other and are individually written to and read
by the MPU. The D2-D7 of P1 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 P1 PO

P2 Low and High Registers

The P2 low 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 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 P2 Low

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

Cascaded Value| P11 P10 P9 P8 P7 P6 P5 P4 P3 P2 P1 PO

P1 and P2 are calculated as follows:

465,920
(M) NTSC: 5 eoUNT T * 2% HCOUNT
4.43) NTSC (Note 1): 63920 _
@ Note 1): HeoUNT P!+ 2 X HCOUNT
(B,D. G H.DPAL: —mmmonT ~ P1* X HCOUNT
N paL JES012768 P2
N PAL: =5 couNT  ~ P+ ZX 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 (P1) and a fractional value
(whose numerator is P2). Table 10 lists some of the common HCOUNT values and the resulting P1 and P2 values. Table
11 lists some of the common blanking intervals.
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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 P1 and P2 values.

Determine the HCOUNT value by:

NTSC: HCOUNT = (int) (FCLK _desired/15734.264)
PAL: HCOUNT = (int) (FCLK _desired/15625)

Determine P1 by:

NTSC: P1 = (int) [455*2048/(2*HCOUNT)]
PAL: Pl =(int) [1135%2048/(4*HCOUNT)]

Determine P2 by:

NTSC: P2 =2%455%2048 — P1*4*HCOUNT
PAL: P2 =1135*2048 — P1*4*HCOUNT + 13

Determine the actual clock frequency by:

NTSC: FCLK_actual = 3579545*2*HCOUNT/455
PAL:  FCLK_actual = 4433618.75*HCOUNTY/ [(1135/4) + (1/625)]

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 (B, 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 (B, D, G, H, I) PAL.

Table 11. Typical BLANK* Input Horizontal Timing.
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Pin Descriptions

Pin Name

Description

F/BLANK*

H/HSYNC*

VIVSYNC*

CSYNC*

FIELD_0,
FIELD_1

RO-R7,
G0-G7,
BO-B7

OL0-OL3

CbFLAG

CLOCK_IN

CLOCK_OUT

one LS TTL load. Absolute minimum loading should be observed.

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, G0-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 CLOCK_IN and pipelined to maintain synchronization
with the pixel data. In Master Mode 1, 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, G0-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 1, 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, G0-G7, BO-B7, and OL0-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

Composite sync control input/output (TTL compatible). In Master Mode 1, 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)

YCOMP, CCOMP

Pin Name Description

NTSC/PAL, Y, C Composite NTSC/PAL, luminance, and chroma current outputs. These high-impedance current
sources can drive a 37.5 Q load (Figure 10 in the PC Board Layout Considerations section).

VREF Voltage reference input. An external voltage reference must supply this input with a 1.235 V
(typical) reference. A 0.1 pF 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.

FS ADJUST 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 (Q) = 1,924 * VREF (V) /Iout (mA)
COMP, NCOMP, | Compensation pins. A 0.1 pF ceramic capacitor must be used to bypass each pin (except COMP) to

VAA. 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.

WR* Write control input (TTL compatible). DO0-D7 data is latched on the rising edge of WR*, and
RSO0-RS2 are latched on the falling edge of WR* during MPU write operations. RD* and WR*
should not be asserted simultaneously.

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.

RSO, RS1, RS2 Register select inputs (TTL compatible). RS0-RS2 specify the type of read or write operation being
performed, as specified in Tables 1 and 2.

D0-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.

RESET* 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 CLOCK_IN.

VAA Analog power. All VAA pins must be connected together on the same PCB plane to prevent
latchup.

GND Analog ground. All GND pins must be connected together on the same PCB plane to prevent
latchup.
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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
2 N/C 42 OL2 85 N/C 128 N/C
3 N/C 43 OL1 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 R1 46 VAA 90 N/C 133 N/C
7 R2 91 N/C 134 N/C
8 R3 47 D7 92 N/C 135 N/C
9 R4 48 D6 93 N/C 136 N/C
10 RS 49 D5 94 N/C
11 R6 50 D4 95 N/C 137 FS ADJUST
12 R7 51 D3 96 N/C 138 COMP
52 D2 97 N/C 139 GND
13 BO 53 D1 98 N/C 140 VREF
14 B1 54 DO 99 N/C 141 VAA
15 B2 142 VAA
16 B3 55 RD* 100 GND
17 B4 56 WR* 101 GND 143 NCOMP
18 BS 57 RSO 102 VAA 144 VAA
19 B6 58 RS1 103 VAA 145 NTSC/PAL
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 GND
24 VAA 64 VAA 109 N/C
25 GND 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 F/BLANK* 154 GND
113 GND
29 GO 68 N/C 114 CBFLAG 155 GND
30 Gl 69 N/C 156 CLOCK_OUT
31 G2 70 N/C 115 N/C 157 H/HSYNC*
32 G3 71 N/C 116 N/C 158 V/VSYNC*
33 G4 72 N/C 117 N/C 159 CSYNC*
34 GS 73 N/C 118 N/C 160 FIELD_0
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 GND
83 N/C
IMAGING 3-159



Bt855 Brooktree*

Pin Descriptions (continued)

§55555558355%

N/C
N/C
CLOCK_IN
GND
VAA
VAA
VAA
VAA
GND
GND
RS2
RS1
RSO
WR*
RD*
Do
D1

88888

o7
VAA
GND
oLo
oL1
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 Bt855 power and ground planes by
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
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 1/8-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.

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 pF ceramic capacitor
decoupling each of the five groups of VAA pins to
GND. The capacitors should be placed as close as
possible to the device VAA and GND pins and
connected with short, wide traces.

The 47 pF capacitor shown in Figure 10 is for
low-frequency power supply ripple; the 0.1 pF
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 mV. 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 VAA,
typically with 0.1 pF ceramic capacitors.
Low-frequency supply noise will require larger
values. The COMP capacitors must be as close as
possible to the COMP and VAA 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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PC Board Layout Considerations (continued)

VREF Decoupling

A 0.1 pF ceramic capacitor should be used to
decouple 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 VAA and one to GND) is
recommended for the VREF decoupling capacitor.

Digiiai Sigiial inierconneci

The digital inputs to the Bt855 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-11 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.
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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, 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 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 1N4148/9 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).
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PC Board Layout Considerations (continued)

ANALOG POWER PLANE
VAA
Bt855 R4
L1
comp
. M
N COMP C2-Cé +5V (VCO)
ccomp —I— l
Y comP 7t * cnn a1
VREF
c10
GND GROUND
(POWER SUPPLY
CONNECTOR)
RSET
(Note 2)
Rl |R2 |R3
FS ADJUST
TO
y LPF (Note 1) VIDEO
CONNECTOR
c LPF (Note 1)
RECONSTRUCTION FILTER
EXAMPLE JEES ®
VAA
39uH 5% 2.7uH 5%
DAC OUT — N M 9 OUTPUTJ IN4148/9
bac CONNECTOR
OUTPUT
150 OHMS | 270pr _] _ 6s0pF 150 pF
Ms 270 —— i IN4148/9
GND

Note 1: A 150 Q to 75 Q 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

C1-C10 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
Cl11 47 YF tantalum capacitor Mallory CSR13F476KM
L1 ferrite bead Fair-Rite 2743001111

R1-R3 150 Q 1% metal film resistor Dale CMF-55F
R4 1 kQ 5% resistor

RSET 91 Q 1% metal film resistor
Z1 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 Bt855.

Figure 10. Typical Connection Diagram and Parts List for Parallel 150 /75 2
Load and 150 2 to 75 2 Impedance Matching Reconstruction Filter.
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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 * Z0
+(641256)*(Z71 + Z+1)
+(241256)%(Z72 + 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.

DB

0.5

N

25

-3.0 \

=35

0.0 0.5 1.0 Ls 20

INPUT FREQUENCY (MHZ)
CLOCK RATE = 13.5 MHZ

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
+0.5V.

DB

-20

-25

-35 I

-45

INPUT FREQUENCY (MHZ)
CLOCK RATE = 13.5 MHZ

Figure 11. UV Low-pass Digital Filter Pass-Band
and Stop-Band Characteristics.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VAA 4.75 5.00 5.25 A%
Ambient Operating Temperature TA 0 +70 °C
Output Load RL 50 Q
External Voltage Reference VREF 1.14 1.235 1.26 \%

Absolute Maximum Ratings

Parameter SYmboI Min ‘ Typ Max Units
VAA (measured to GND) 7.0 \'
Voltage on any Signal Pin GND-0.5 VAA +0.5 \'
(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 T +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
Video D/A Resolution 8 8 8 Bits
Video D/A Accuracy
Integral Linearity Error IL +1 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 +05 \"
Input Low Voltage VIL GND-0.5 0.8 vV
Input High Current (Vin =2.4 V) IH 1 HA
Input Low Current (Vin = 0.4 V) IIL -1 HA
Input Capacitance CIN 7 pF
(f=1MHz, Vin=24V)
DO0-D7 Digital Outputs
Output High Voltage VOH 24 \'
(IOH = —400 pA)
Output Low Voltage VOL 0.4 A%
(IOL =32 mA) .
3-State Current 10Z 50 pA
Output Capacitance CDOUT 7 pF
Other Digital Outputs
Output High Voltage VOH 24 v
(IOH = —400 pA)
Output Low Voltage VOL 0.4 \%
(IOL = 1.6 mA)
3-State Current 102 50 HA
Output Capacitance: CDOUT 7 pF
Video Analog Outputs
Output Disabled Current 0 5 50 A
LSB Size 102 pA
Output Compliance vocC -0.5 +1.5 v
Output Impedance RAOUT 10 kQ
Output Capacitance CAOUT 30 pF
(f=1MHz, IOUT = 0 mA)
C Analog Output
Output Current (NTSC)
Peak Chroma Relative to Blank +7.95 +8.37 +8.79 mA
Blank Level 12.42 13.07 13.72 mA
Peak Burst Relative to Blank +2.72 +2.86 +3 mA
Output Current (PAL)
Peak Chroma Relative to Blank +8.63 +9.08 +9.54 mA
Blank Level 12.42 13.07 13.72 mA
Peak Burst Relative to Blank +2.91 +3.06 +3.21 mA
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See test conditions on next page.

SECTION 3




Brookiree® Bt855
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 mA
Black Level Relative to Blank 1.03 1.08 1.13 mA
Blank Level Relative to Sync 5.43 572 6 mA
Sync Level 0.39 041 0.43 HA
Output Current (PAL)
White Level Relative to Black 13.57 14.29 15 mA
Black Level Relative to Blank 0 0 0 mA
Blank Level Relative to Sync 5.82 6.13 6.43 mA
Sync Level 0.39 0.41 043 HA
NTSC/PAL Analog Output
Output Current (NTSC) )
White Level Relative to Black 12.56 13.22 13.88 mA
Black Level Relative to Blank 1.03 1.08 1.13 mA
Burst Relative to Blank +2.71 +2.86 13 mA
Blank Level Relative to Sync 543 5.72 6.01 mA
Sync Level 0.39 0.41 043 HA
Output Current (PAL)
White Level Relative to Black 13.57 14.29 15 mA
Black Level Relative to Blank 0 0 0 mA
Burst Relative to Blank +2.91 +3.06 +3.21 mA
Blank Level Relative to Sync 5.82 6.13 6.43 mA
Sync Level ‘ 0.39 0.41 0.43 HA
VREF Input Current IREF 10 HA
Power Supply Rejection Ratio PSRR tbd % | % AVAA
(COMP = 0.1 yF, f=1kHz)

Test conditions (unless otherwise specified): “Recommended Operating Conditions” with RSET = 76 Q, 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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AC Characteristics

Parameter Symbol Min Typ Max Units

RSO0-RS2 Setup Time 1 10 ns
RS0-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*pl5 ns
Analog Output Delay 19 30 ns
Analog Output Rise/Fall Time 20 3 ns
Analog Output Settling Time 21 13 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 Sync/Field 3 3 3 Clocks

BlankSync into Analog Out 32 32 32 Clocks
VAA Supply Current (Note 2) 1AA tbd tbd mA

Power-Down Mode tbd tbd A

See test conditions and notes at the end of this section.

3-168 SECTION 3



Brookiree® Bt855
AC Characteristics (continued)
Parameter Symbol Min Typ Max Units

Y Bandwidth Fin/2 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 4433614 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 CCIR410) 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 i tbd ns
Control Output Hold Time 14 tbd ns
CLOCK_IN Rate Fin

Normal Operation 18 MHz

Power Down Mode 80 MH:z
CLOCK_IN Cycle Time (p15) 15

Normal Operation 55.5 ns

Power Down Mode 125 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 and notes at the end of this section.
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AC Characteristics (continued)

Test conditions (unless otherwise specified): “Recommended Operating Conditions” with RSET = 91 Q, VREF =
1.235 V, NTSC operation, and CLOCK_IN frequency = 13.5 MHz. Analog output load <75 pF; D0-D7, HSYNC*,
VSYNC*, and CLOCK_OUT output load <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. See the timing waveforms shown in Figures 12-14.

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 1k Q 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.

Note2: AtFmax. IAA (typ) at VAA =5.0 V and TA =20° C. TAA (max) at VAA =5.25 Vand TA =0°C.

Note 3: Burst frequency tolerance is dependent on CLOCK_IN frequency tolerance and jitter. This burst frequency
also assumes P1 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

1 2
RSO, RS1, RS2 VALID
RD*, WR*
10
4

3 — ’—— 5
DO - D7 (READ) DATA OUT (RD* = 0) .

T —

DO - D7 (WRITE) r DATA IN (WR*=0)
7
8

Figure 12. MPU Read/Write Timing.
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Timing Waveforms (confinued)

R e U N e N
A

CLOCK_OUT /

RO-R7, GO-G7, B0-B7,

"
1T
'* '* '
CSYNC*, VSYNC*, HSYNC*, X DATA
H,V,F, {—
BLANK¥, OL0-OL3 i

— 12
HSYNC¥, VSYNC* (OUTPUTS) X > < DATA

(
I

[ 21

NTSC/PAL, Y, C

S
LT
Aua

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 10-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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Timing Waveforms (continued)

CLOCK_IN

G0-G7,

CSYNC*, VSYNC*, HSYNC*,
BLANK*, OLO- OL3,

. KB V,F

BO-B7

HSYNC*, VSYNC* (OUTPUTS)

NTSC/PAL, Y, C

Note 1:

Note 2:

SN

X

Y o

Y DATA Y DATA Y DATA

11

1
— L—12
it
X CRDATA CB DATA (  CRDATA X CB DATA

L

1
—\__ ) /

1

-

X X X IX
B

~—21

remaining within +2 LSB.

Note 3:
transition.

Figure 14. Video Input/Output Timing
(16-bit YCrCb Input Format).

Ordering Information

Ambient
Model Number Package Temperature
Range
Bt855KPF 160-pin Plastic 0°to +70° C
Quad Flatpack
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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.
Analog settling time is measured from the 50-percent point of full-scale transition to the output

Analog output rise/fall time is measured between the 10-percent and 90-percent points of full-scale



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

* 45V 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

CLOCK.IN
RO-R7
G0-G7
BO-B7

OL0-OL3
H/HSYNC*
V/VSYNC*

CSYNC*
F/BLANK*
KEY_0
CBFLAG

RESET* DO-D7

VREF FS ADJUST

CoMP

NTSC/PAL

FIELD_1

FIELD_0

RD* WR* RSO RS1 RS2

Brooktree Corporation * 9950 Barnes Canyon Rd. * San Diego, CA 92121-2790
(619) 452-7580 « (800) VIDEO IC » TLX: 383 596 « FAX: (619) 452-1249

L858001 Rev. C

Bt838

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 Y and C analog
outputs for interface to S-video equipment.
Composite analog video is output simultane-
ously onto the NTSC/PAL analog output.

Brooktree®
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Bt858

Circuit Description—MPU Interface

MPU Interface

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 D0 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 RS0-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.

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 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. )

RS2 RSt RSO 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. Control Input Truth Table.
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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 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 incre-
mented to the next overlay location. The MPU per-
forms three successive read cycles (8 bits each of 1ed,
green, and blue), using RSO-RS2 to select the overlay
registers. Following the blue read cycle, the contents
of the overlay location at the address specified by the
address register are copied into the 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 RS0-RS2 to select
the control registers. After the write cycle, the address
register (ADDRO-ADDR?7) 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-ADDR?7) 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-
seLved 10Cations ISiuiis invaia Jata.

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,
(ADDRO-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 for the
RO-R7, GO-G7, and BO-B7 inputs. When the MPU is
writing to the pixel read mask register, the same data
is written to all three registers. The read mask registers
are located just before the color palette RAM:s.

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 address-
ing the color palette RAMs. Bit DO of the pixel read
mask register corresponds to pixel input (RO, GO, and
B0). Bit DO also corresponds to-data bus bit DO.

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 red/Cr value
01 | x 0 . 1 green/Y value
10 X 0 1 blue/Cb value
ADDRO-7 (counts binary) $00-$FF 0 1 color palette RAMs
$x0 1 0 1 reserved
0

@
o 5
—
—

overlay color 1

$xF 1 0 1 overlay color 15

$00 1 1 0 command register_0
$01 1 1 0 command register_1

$02 1 1 0 command register_2

$03 1 1 0 command register_3
$04 1 1 0 command register_4
$05 1 1 0 reserved ($00)

$06 1 1 0 P1 low register (Note 1)
$07 1 1 0 P1 high register (Note 1)
$08 1 1 0 P2 low register (Note 1)
$09 1 1 0 P2 high register (Note 1)
$0A 1 1 0 Fsc phase adjust low register
$0B 1 1 0 Fsc phase adjust high register
$0C 1 1 0 HCOUNT low register
$0D 1 1 0 HCOUNT high register
$OE 1 1 0 color key_0 register
$OF 1 1 0 color mask_0 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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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-
G7, and BO-B7 pixel data. Overlay data must be
in the same color space as the pixel data, and the
OvEilay paiciic data must bC in 2'5 complement

format.

OL3-0OL0 Color Selected
0000 pixel input port
0001 overlay color 1
1111 overlay color 15

24-bit RGB Input Mode (8, 8, 8)

The OL0-OL3, RO-R7, GO-G7, and BO-B7 in-
puts are latched on the rising edge of CLOCK_IN.

The R0-R7 inputs address the red color palette
RAM, GO0-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-YIQ matrix
(NTSC operation) or RGB-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 RGB-to-YIQ matrix (NTSC operation) or
RGB-to-YUV matrix (PAL operation).

16-bit RGB Input Mode (5, 6, 5)

The OL0-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 loca-
tions of the red color palette RAM. The G5-G7
inputs and RO-R2 address the lower 64 locations
of the green color palette RAM. The G0-G4 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 RGB-to-YIQ matrix (NTSC op-
eration) or RGB-to-YUV matrix (PAL operation).
If overlay information is being generated (i.e.,
OLO0-OL3 are nonzero), the selected overlay regis-
ter provides 24 bits of color information to the
RGB-to-YIQ matrix (NTSC operation) or RGB-to-
YUYV matrix (PAL operation).

16-bit RGB Input Mode (6, 6, 4)

The OL0-OL3, RO-R7, and GO-G7 inputs are
latched on the rising edge of CLOCK_IN. The
BO0-B7 inputs are ignored.

The R2-R7 inputs address the lower 64 loca-
tions of the red color palette RAM. The G4-G7,
RO, and R1 inputs address the lower 64 locations
of the green color palette RAM. The G0-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 RGB-to-YIQ ma-
trix (NTSC operation) or RGB-to-YUV matrix
(PAL operation). If overlay information is being
generated (i.e., OL0-OL3 are nonzero), the select-
ed overlay register provides 24 bits of color infor-
mation to the RGB-to-YIQ matrix (NTSC opera-
tion) or RGB-to-YUV matrix (PAL operation).

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 loca-
tions of the red color palette RAM. The G5-G7,
RO, and R1 inputs address the lower 32 locations
of the green color palette RAM. The G0-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-YIQ ma-
trix (NTSC operation) or RGB-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 RGB-to-YIQ matrix (NTSC opera-
tion) or RGB-to-YUYV matrix (PAL operation).
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Circuit Description—Pixel Input Formats (continued)

24-bit YCrCb Mode

The OL0-OL3, R0-R7, GO-G7, and BO-B7 in-
puts are latched on the rising edge of CLOCK_IN.
The YO0-Y7 are input via GO-G7, Cr0-Cr7 are in-
put via RO-R7, and Cb0-Cb7 are input via BO-
B7. The YO, Cr0, 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 (i.e.,
OLO0-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 OL0-OL3, GO-G7, and B0-B7 inputs are
latched on the rising edge of CLOCK_IN. The RO-
R7 inputs are ignored. The YO-Y7 are input via
GO0-G7, and multiplexed Cr and Cb data is input
via the BO-B7 inputs, as specified in Table 3. The
YO, Cr0, and CbO0 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) = (128/256)*Z"1 + Z+1)

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 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 (i.e.,
OLO0-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 CRO4—CR0O7) address all
three lookup table RAMs simultaneously, generat-
ing 24 bits of color information. The OL0O-OL3,
RO-R7, G0-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 (i.e., OLO-OL3 are nonze-
10), 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.
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Circuit Description—Pixel Input Formats (Continued)

3-180

24-bit 16-bit 16-bit 15-bit
RGB RGB RGB RGB 24-bit 16-bit |Pseudo-
RGB (8,8,8) |(56,5) |(6,6,4) |(5,5,5) | YCrCb | YCrCb Color
Inputs Mode Mode Mode Mode Mode Mode Mode
R7 R7 R4 RS X Cr7 ®7 P7
R6 R6 R3 R4 R4 Cr6 (P6) P6
RS RS R2 r2 p2 CrS (PS) PS
R4 R4 R1 R2 R2 Cr4 (P4) P4
R3 R3 RO R1 R1 Cr3 P3) P3
R2 R2 G5 RO RO Cr2 ®2) P2
R1 R1 G4 G5 G4 Crl PD P1
RO RO G3 "G4 G3 Cr0 (PO) PO
G7 G7 G2 G3 G2 Y7 Y7 P7
G6 G6 Gl G2 Gl Y6 Y6 P6
G5 GS GO Gl GO YS Y5 PS5
G4 G4 B4 GO B4 Y4 Y4 P4
G3 G3 B3 B3 B3 Y3 Y3 P3
G2 G2 B2 B2 B2 Y2 Y2 P2
Gl Gl Bl B1 B1 Y1 Y1 P1
GO GO BO BO BO YO YO PO
B7 B7 X X X Cb7 Cb7/Cr7 P7
B6 B6 X X X Cb6 Cb6 / Cr6 P6
‘BS BS X X X Cbs Cb5/CrS PS
B4 B4 X X X Cb4 Cb4 /Cr4 P4
B3 B3 X X X Cb3 Cb3/Cr3 P3
B2 B2 X X X Cb2 Cb2/Cr2 P2
B1 B1 X X X Cbl Cbl/Crl P1
BO BO X X X Cb0 Cb0/Cr0 PO
Table 3. Data Input Formats.
SECTION 3
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Circuit Description—Pixel Input Formats (continued)

Mixed Pseudo-Color/YCrCb Mode

In this mode, 8 bits of pseudo-color 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 B0-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) = (128/256)*(Z~1 + Z+1)

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 CR00 and CRO1, determine whether the
pseudo-color data or the YCrCb data is selected to
be used.

KEY_0

Input | CR0O, CRO1 Selected Source

1,1 pseudo-color data
1,0 YCrCb data
1,1 YCrCb data
1,0 pseudo-color data
0,0 pseudo-color data
0,1 YCrCb data

HoH e = OO

KEY_0 is latched on the rising edge of
CLOCK_IN and pipelined to maintain synchroni-
zation with the pixel data. The KEY_O input may
change on a pixel basis.

The KEY_O input is ignored unless the com-
mand bits CR04—-CRO7 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_0 and color mask_0 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 Key_0 | Selected Source
Match
0,0 yes YCrCb data
0,0 no pseudo-color data
0,1 yes pseudo-color data
0,1 no YCrCb data
1,x X pseudo-color data

The COLOR KEY_0 control signal is pipelined
to maintain synchronization with the pixel data.

If either the external color key signal (KEY_0)
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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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.

The B33 auivmaiicaily caiciilaics inc wiath of the
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 P1 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
622625 during fields 1, 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 pipelined to
maintain synchronization with the pixel data. While
the BLANK* input is a logical zero, the RO-R7, GO-
G7, B0O-B7, OL0-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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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.

\/artiral Timinn
verscal iming

Coincident falling edges of VSYNC* and HSYNC*
reset the 10-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,
2:1 interlaced. The 10-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 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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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

START
OF
VSYNC

ANALOG
FIELD 1

I

ANALOG
FIELD 2

A A

258 259 260 261 I 262 263 ‘ ’ l . , ’

BURST PHASE

ANALOG
-
1 1 FIELD 3

520 521 522

ANALOG
FIELD 4

260 l 261 | 262 26!

' BURST BEGINS WITH POSITIVE HALF-CYCLE

258 259

BURST PHASE = REFERENCE PHASE = 180° RELATIVE TO B-Y

BURST BEGINS WITH NEGATIVE HALF-CYCLE
BURST PHASE = REFERENCE PHASE = 180° RELATIVE TO B-Y

BURST PHASE

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.

BURST PHASE

523 l 524 | 525 I l ‘ ‘

Y
\_/ BURST PHASE

BURST PHASE

f

:‘

\j’\ BURST PHASE

FIELD_O PIN

0 FIELD ONE/ TWO
1 FIELD THREE / FOUR

To simplify the implementation, the line numbering does
not match that used in standard practice for NTSC video signals.

Figure 2. NTSC Video Timing.
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Figure 3a. PAL Video Timing.
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Circuit Description—Video Timing (continued)
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Figure 3b. PAL Video Timing (continued).
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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_0O
inputs are ignored. The HSYNC*/H and VSYNC*/V
pins are configured as outputs and tiree-staed. 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-
ter Mode 0.

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
zZero, it is assumed to be the beginning of an odd field,
and the 10-bit vertical counter is reset to $001.

The 10-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 CSYNCH* 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 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 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-
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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_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 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 0.

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
HSYNCH* 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_O inputs are ignored. The CSYNC* pin is
configured as an input and is ignored.

FIELD 0 and FIELD_1 Pins

The FIELD_0 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
HSYNCH* 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_0 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_0 pin should change
state only at the beginning of vertical sync during
fields one and three. The FIELD_1 pin is configured
as an input and is ignored.

If command bit CR4S5 is a logical one, the FIELD_0
pin is configured as an output, and is output following
the rising edge of CLOCK_IN. The FIELD_0 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_0 pin changes state at the be-
ginning of vertical sync during fields one and three.
The FIELD_1 pin is configured as an input and is
ignored.

PAL

If command bit CR45 is a logical zero, the
FIELD_0 and FIELD_1 pins are configured as inputs
and are latched on the rising edge of CLOCK_IN. The
FIELD_O and FIELD_1 pins indicate which field to
generate, as shown in Figure 5.

As an input, the FIELD_0O pin should change state
only at the beginning of vertical sync during fields
one, three, five, and seven. The FIELD_1 pin should
- change state only at the beginning of vertical sync dur-
ing fields one and five.

If command bit CR4S5 is a logical one, the FIELD_0
and FIELD_1 pins are configured as outputs and are
output following the rising edge of CLOCK_IN. As
an output, FIELD_0 changes state at the beginning of
vertical sync during fields one, three, five, and seven.
FIELD_1 changes state at the beginning of vertical
sync during fields one and five.

Analog Outputs

The D/A converter values for 100-percent satura-
tion, 100-percent amplitude color bars are shown in in
Figures 6-9.

The Bt858 is configured to drive into a 50 Q load,
and the analog lowpass filter is designed to provide
the proper 75 S output impedance.

Luminance (Y) Analog Output

The digital composite Y information is optionally
processed by a digital (sin x/x)~! correction filter to
compensate for the inherent sin x/x D/A converter fre-
quency roll-off.

The result drives the 10-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 Q load (maximum).

Chrominance (C) Analog Output

The digital chrominance information is optionally
processed by a digital (sin x/x)~! correction filter to
compensate for the inherent sin x/x D/A converter fre-
quency roll-off.

The result drives the 10-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 Q load.

NTSC/PAL Analog Output

The composite video information is optionally pro-
cessed by a digital (sin x/x)~! correction filter to com-
pensate for the inherent sin x/x D/A converter frequen-
cy roll-off.

The result drives the 10-bit D/A converter that gen-
erates the composite analog NTSC/PAL video output
(see Figures 8 and 9, and Tables 8 and 9). The NTSC/
PAL analog output is designed to drive a 50 Q 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 11.

The black burst video signal contains sync, blank,
and burst information only (no active video).

Subcarrier Frequency

The subcarrier is computed by:

NTSC: FSC =FCLK * [P1 + P2/(4*HCOUNT))/
2048

PAL: FSC=FCLK * [P1 + (P2 + (67/625)) /
(4*HCOUNT)] /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 £10 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.
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Note: 50 Q1load, VREF =1.235V, 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 4. NTSC Y (Luminance) Video Output Waveform.

Description lout CSYNC* BLANK* DAC

(mA) Data

WHITE 20.42 1 1 800
BLACK 72 1 1 282
BLANK 6.13 1 0 240
SYNC 041 0 0 16

Note: Typical with VREF = 1.235 V and RSET =97 Q.

Table 4. NTSC Y (Luminance) Video Output Truth Table.
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Circuit Description—Video Timing (continued)
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Note: 50 Qload, VREF =1.235V, 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 CSYNC* BLANK* DAC
(mA) Data
WHITE 20.82 1 1 816
BLACK 6.53 1 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 Qload, VREF =1.235V, and RSET =97 Q. RS-170A levels and tolerances are assumed on all levels.
One-hundred-percent saturation and 100-percent amplitude chrominance color bars are shown.

Figure 6. NTSC C (Chrominance) Video Output Waveform.

Description lout CSYNC* BLANK* DAC
(mA) i Data

Peak Chroma 21.44 x 1 840
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 Q.

Table 6. NTSC C (Chrominance) Video Output Truth Table.
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Note:

YELLOW (& 252)
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398 0.199

BLACK

BLANK LEVEL

50 Qload, VREF =1.235V, and RSET =97 Q. PAL levels and tolerances are assumed on all levels. One-
hundred-percent saturation and 100-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 Q.

Table 7. PAL C (Chrominance) Video Output Truth Table.
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Figure 8. Composite NTSC Video Output Waveform.

One-hundred-percent saturation and 100-percent amplitude color bars are shown.

Description lout CSYNC* BLANK* DAC
(mA) Data
Peak Chroma 24.80 1 1 972
WHITE 2042 1 1 800
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
Peak Chroma 2.66 1 1 104
(Note 1) .
SYNC 041 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.

Table 8. Composite NTSC Video Output Truth Table.
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Figure 9. Composite PAL Video Output Waveform.

Description lout CSYNC* BLANK* DAC
(mA) Data
Peak Chroma 25.61 1 1 1004
WHITE 20.82 1 1 816
Burst (high) 9.59 1 0 376
BLACK 6.53 1 1 256
BLANK 6.53 1 0 256
Burst (low) 3.47 1 0 136
Peak Chroma 1.73 1 1 68
(Note 1) ‘
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.

Table 9. Composite PAL Video Output Truth Table.

IMAGING
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50 Q load, VREF = 1.235 V, and RSET =97 Q. PAL levels and tolerances are assumed on all levels. One-
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Note: 50 Qload, VREF =1.235 V, and RSET =97 Q. RS-170A levels and tolerances are assumed on all levels.

Figure 10. NTSC Black Burst Video Output Waveform.

Description lout CSYNC* BLANK* DAC

(mA) Data

Burst (high) 8.99 1 0 352
BLACK 720 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 Q.

Table 10. NTSC Black Burst Video Output Truth Table.
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Figure 11. PAL Black Burst Video Output Waveform.

Description lout CSYNC* BLANK* DAC

(mA) Data

Burst (high) 9.59 1 0 376
BLACK 6.53 1 1 256
BLANK 6.53 1 0 256
Burst (low) 3.47 1 0 136
SYNC 0.41 0 0 16

Note:  Typical with VREF = 1.235 V and RSET = 97 Q.
Table 11. PAL Black Burst Video Output Truth Table.
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Internal Registers

Command Register_0

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 D0.

CRO7-CR04 Color data input format

(0000) 24-bit true-color RGB (8,8,8)
(0001) 16-bit true-color RGB (6,6,4)
(0010) 16-bit true-color RGB (5,6,5)
(0011) 15-bit true-color RGB (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 VGA / YCrCb
(1101) reserved
(1110) reserved
(1111) reserved

CRO3, CR02 reserved

CRO1, CROO KEY_0 read mask
(00) force KEY_0 data to zero
(01) force KEY_0 data to one
(10) invert KEY_Q input data
(11) pass KEY_Q input data

3-196 SECTION 3

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 RGB data. The lookup table RAMs
may be used to provide gamma correction (typically
2.2 for NTSC and 2.8 for PAL) when RGB or
pseudo-color data is being input. If the lookup table
RAMs are bypassed, RGB input data should be gamma
corrected.

These bits either force the KEY_0 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 CRO7-CR04 are (1100).
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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. CR10 is the least significant bit and corresponds to data bus bit DO.

CR17

CR16

CR15

CR14

CR13

CR12

CR11, CR10

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
OL1 read mask
(0) force OL1 data to zero
(1) pass OL1 data
OLO read mask
(0) force OLO data to zero
(1) pass OLO data
8-bit/6-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 OL1 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 1), 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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Command Register_2

This command register may be written to or read by the MPU at any time, and is initialized to $F0 following a reset
sequence. CR20 is the least significant bit and corresponds to data bus bit DO.

CR27, CR26

CR25, CR24

CR23

CR22

CR21, CR20

Reserved (logical one)

COLOR KEY_0 invert

(00) normal value

(01) invert value

(10) reserved

(11) disable color key_0

Reserved (logical zero) .

Software reset

(0) normal operation
(1) reset device

Y / C output select

(00) normal video
(01) black burst video
(10) composite video
(11) reserved

3-198 SECTION 3

These bits specify whether to invert the COLOR KEY_0
value generated by the color key_0 and color mask_0
registers. These bits are ignored unless CRO7-CR04 are
(1100).

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 Bt858 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.

The (00) specifies that the Y and C outputs generate
normal luminance (Y) and chroma (C) video.

The (01) specifiés that both the Y and C outputs generate
black burst video (sync, blank, and burst, only).

The (10) specifies that both the Y and C outputs generate
composite NTSC/PAL video (the same as the NTSC/PAL
output) to drive multiple monitors and tape recorders.
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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 Output mode select These bits specify the timing and analog output mode of
the Bt858.
(0000) NTSC master mode 0

(0001) NTSC master mode 1 Mode (1111) turns power off to the DACs and the A/D
(0010)- NTSC master mode 2 converter by disabling the output current. It also
(0011) NTSC master mode 3 three-states all TTL-compatible outputs and inhibits
(0100) reserved clocking to most of the internal circuitry to minimize
(0101) PAL master mode 0 power consumption. The pixel and control inputs are
(0110) PAL master mode 1 ignored, and CLOCK_IN is directly output onto
(0111) PAL master mode 2 CLOCK_OUT. All the control registers and color palette
(1000) PAL master mode 3 RAMs are still accessible by the MPU, The Bt858
(1001) reserved becomes operational about 1 second after the power-down

(1010) reserved mode is disabled.

(1110) reserved
(1111) power-down mode

CR33 Color kill enable This bit enables (logical zero) or disables (logical one)
‘ color information on the NTSC/PAL and C video outputs.
(0) normal operation
(1) disable color information

CR32 Color bar test enable If this bit is a logical one and the full screen is 100-percent
saturated, 75-percent amplitude color bars are generated,

(0) normal operation consisting of gray, yellow, cyan, green, magenta, red, blue,

(1) generate color bars 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 RGB.

CR31 Color level limiting bypass A logical zero enables the NTSC / PAL level limiting
circuitry that limits the minimum active composite video
(0) use level limiting levels. Active video values less than 127 (10-bit value) are
(1) bypass level limiting made 127 (approximately half the sync height) to avoid
possible sync detection problems with downstream video
equipment.
CR30 Illegal video flag This bit is set to a logical one if active video generates a
value less than 127 (10-bit value). The MPU must write a
(0) reset by MPU logical zero to this bit to clear it to a logical zero.

(1) illegal value detected
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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

3-200

1Q/UV low-pass filter bypass
(0) use filters
(1) Uypass miwis
(Sin x/x)™! correction filter bypass
(0) use filters
(1) bypass filters
FIELD input/output select
(0) inputs
(1) outputs
CLOCK_OUT output enable
(0) output three-stated
(1) output enabled
Control output enable

(0) output three-stated
(1) output enabled

reserved (logical zero)

Genlock availablility status

(0) genlock unavailable
(1) genlock available

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/x)™!
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_0 and FIELD_1 pins
are inputs (logical zero) or outputs (logical one).

In all modes, FIELD_0 and FIELD_1 are three-stated if
CRA4S5 is programmed low.

A logical zero three-states the CLOCK_OUT pin
asynchronously to the pixel clock.

A logical zero three-states the FIELD_0, FIELD_1,
CSYNC*, HSYNC*, and VSYNC* pins, if they are
configured as outputs, asynchronously to the pixel clock.
For HSYNC*, VSYNC*, FIELD 0, and FIELD_I, 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 if CR43 is programmed low.

CR43: H/L CSYNC* V/VSYNC* H/HSYNC*

mode 0 Q/Zz Z VA
mode 1 X/Z X/Z X/Z
mode 2 Q/z Z Z
mode 3 Q/Zz Q/Z Q/Zz
Z = Three-State

X = State Not Allowed in Mode
Q = Valid Output

This bit indicates whether the device has genlock support.
On the Bt858, this bit is always a logical zero, indicating
genlock is not supported. MPU write cycles to this bit are
ignored.
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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 D4-D7 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.

HCOUNT High HCOUNT Low

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

Cascaded Value | HI11  HI0 H9 H8 H7 H6 HS5 H4 H3 H2 H1 HO

The HCOUNT value automatically calculates many of the horizontal timing parameters. Using the falling edge of horizontal
sync as a reference, the following are internally calculated:

analog horizontal sync width (50% amplitude) = (HCOUNT/16) + (HCOUNT/128) + (HCOUNT/256) + 1
start of color burst (50% amplitude) = (HCOUNT/16) + (HCOUNT/64) + (HCOUNT/256) + (HCOUNT/512) + 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/256) + 1

Fsc Phase Adjust Register

This 16-bit register specifies the amount of phase shift to add to the subcarrier. This may be used to adjust the subcarrier
phase generated by the Bt858 to match that of an external source. It is initialized to $0000 (0) following a reset condition and
may be written to and read by the 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 D3-D7 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
Data Bit D2 D1 DO D7 D6 DS D4 D3 D2 D1 DO

Cascaded Value | P10 P9 P8 P7 P6 P5 P4 P3 P2 P1 PO
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Internal Registers (continued)

P1 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 P1 and P2 registers.

P1 Low and High Registers

The P1 low and high registers are cascaded to form a 16-bit P1 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 P1 low and high registers are independent and are individually written 0 and read by the MPU. The
D2-D7 of P1 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 P1 PO

P2 Low and High Registers

The P2 low 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 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 P2 Low

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

Cascaded Value | P11 P10 P9 P8 P7 P6 P5 P4 P3 P2 P1 PO

P1 (Fsc) and P2 (Fsc) are calculated as follows:

465,920 . P2
HCOUNT 4 x HCOUNT

(M) NTSC:

581,123.2768 P2

®.D.G, K1) PAL: —pgamrr =Pl + 33 HCoONT

469,507.2768 P2
(N) PAL: =Pl +
HCOUNT 4 x HCOUNT

577,087.69 . P2
HCOUNT 4 x HCOUNT

(4.43) NTSC (Note 1):

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 (P1) and a
fractional value (whose numerator is P2). Table 12 lists some of the common HCOUNT values and the resulting P1 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 P1 and P2 values.

Determine the HCOUNT value by:

NTSC: HCOUNT = (int) (FCLK_desired/15734.264)
PAL: HCOUNT = (int) (FCLK_desired/15625)
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Determine P1 by:

NTSC: P1 = (int) [455*2048/(2*HCOUNT)]
PAL:  P1 =(int) [1135*2048/(4*HCOUNT)]

Determine P2 by:

NTSC: P2 =2%*455*2048 — P1*4*HCOUNT
PAL: P2=1135*2048 - P1*4*HCOUNT + 13

Determine the actual clock frequency by:

NTSC: FCLK _actual = 3579545*2*HCOUNT/455
PAL: FCLK_actual = 4433618.75*HCOUNT/ [(1135/4) + (1/625)]

Color Key_0 Register

The 8-bit color key_0 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_0 register is compared to the RO-R7 inputs. If all unmasked bits match, the COLOR KEY_0 control
signal is a logical one. This register is used only when CRO7-CR04 equals (1100).

Color Mask_0 Register

The 8-bit color mask_0 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
17.72 MHz (4x Fsc) PAL 1135 910 4540 512 0

NTSC refers to (M) NTSC; PAL refers to (B, 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 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 (B, D, G, H, I) PAL.
Table 13. Typical BLANK* Input Horizontal Timing.
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Pin Name

Description

F/BLANK*

H/HSYNC*

V/VSYNC*

CSYNC*

FIELD_0,
FIELD_1

RO-R7,
G0-G7,
B0-B7

OL0-OL3

KEY_0

CLOCK_IN

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, G0-G7, BO-B7, OLO-OL3, and KEY_0 inputs are ignored while
BLANKH* is a logical zero. In Master Mode 2, this pin is the F (fieldyinput. 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 CLOCK_IN and pipelined to maintain synchronization
with the pixel data. In Master Mode 1, 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, B0-B7, OL0-OL3, and KEY_0
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 1, 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, G0O-G7, BO-B7, OL0-OL3, and KEY_0 inputs are
ignored while the H or V inputs are a logical one. In Master Mode 3, VSYNC* is an output.
VSYNCH* 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 1, 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.

Key control input (TTL compatible). 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. This
input is ignored unless command bits CRO7-CR04 are (1100).

Pixel clock input (TTL compatible). This clock input is output onto the CLOCK_OUT pin when
enabled by CR43.
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Pin Name

Description

CLOCK_OUT

CbFLAG

NTSC/PAL, Y, C

COMP, NCOMP,
YCOMP, CCOMP

VREF -

FS ADJUST

WR*

RD*

RS0, RS1, RS2

DO-D7

RESET*

VAA

GND

Pixel clock output (TTL compatible). This pin should drive a maximum of one LS TTL load.
Absolute minimum loading should be observed.

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.
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 Q load (see Figure 12 in the PC Board Layout section).

Compensation pins. A 0.1 pF ceramic capacitor must be used to bypass each pin (except COMP) to
VAA. 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 PF 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 NTSC/PAL, Y, and C outputs. The relationship between RSET and
the full-scale output current on each output is:

RSET (Q) = 2059 * VREF (V) /Iout (mA)
Write control input (TTL compatible). D0-D7 data is latched on the rising edge of WR*, and
RSO0-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 CLOCK_IN.

Analog power. All VAA pins must be connected.

Analog ground. All GND pins must be connected.
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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 OLO0 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
0 Ki o1 N'C 124 N/C
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 RS 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 BS 58 RS1 103 VAA 145 NTSC/PAL
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 F/BLANK* 154 GND
28 VAA 113 GND
68 N/C 114 CBFLAG 155 GND
29 GO 69 N/C 115 KEY_0 156 CLOCK_OuT
30 Gl1 70 N/C 157 H/HSYNC*
31 G2 71 N/C 116 N/C 158 V/VSYNC*
32 G3 72 N/C 117 N/C 159 CSYNCH*
33 G4 73 N/C 118 N/C 160 FIELD_0
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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NC
NC
NC

CLOCK_N
GND

VAA

VAA

VAA

VAA

GND

NTsCPAL [} wa*
GND [} 1 ro
ccomp
vaa

c
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FIELD_1

Note: N/C and test pins must remain floating.
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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 VAA

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 COMP and VREF decou-
pling: There should be at least a 1/8-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 0.1-uF ceramic capacitor in parallel
with a 0.01-pF 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
VAA and GND pins and connected with short, wide
traces.

The 47 YF capacitor shown in Figure 12 is for low-
frequency power supply ripple; the 0.1 pF and 0.01
MWF 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 mV. 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 COMP pins must be decoupled to VAA, typi-
cally using 0.1 uF ceramic capacitors. Low-frequency
supply noise will require larger values. The COMP ca-
pacitors must be as close as physically possible to the
COMP and VAA 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 YF 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
VAA and one to GND) is recommended for the VREF
decoupling capacitor.



Brooktree®

Bt858

PC Board Layout Considerations (continued)

L1
M +5V(VCO)
Y CoMP z1 ='t C11 = Cl
VREF r
c1o
GND GROUND
(POWER SUPBLY
commeeren n
RSET
Rl R ]R3
FS ADJUST
NTSC/PAL LPF (Note 1)
0
Y LPF (Note 1) VIDEO
CONNECTOR
RECONSTRUCTION FILTER
EXAMPLE 275F 5% ®
VAA
39uH 5% 27 uH 5%
DAC OUT M, . oureur | 1N4148/9
Dac CONNECTOR
OUTPUT
150 OHMS L 20pr | esopr L 15008
M 5 L 6 L_ 150 IN4148/9
GND

Note 1: A 150 Q-to-75 Q 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 1-800-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

C1-C10 0.1 YF ceramic capacitor Erie RPE112Z5U104M50V
Cl11 47 yF tantalum capacitor Mallory CSR13F476KM
L1 ferrite bead Fair-Rite 2743001111

RI1-R3 150 Q 1% metal film resistor Dale CMF-55F
R4 1k-Q2 5% resistor

RSET 97 Q 1% metal film resistor Dale
Z1 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 Bt858.

Figure 12. Typical Connection Diagram and Parts List for Parallel 150 2 and 75 Q
" Termination, and 150 Q-to-75 <2 Impedance-Matching Reconstruction Filter.
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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,

The dlgltal 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-11 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 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

nnnnnnnn tha vidan Antnut cicnanle chonld not navar_
-v_,vvuuu, wil VIGST CupuL Signals

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 1N4148/9 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).
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Application Information

(Sin x/x)‘1 Correction Filters

The transfer function of the five-tap (sin x/x)_1
correction filter prior to the D/A converters is:

H(Z) = 294/256 * Z0
+(=24/256)*(Z71 + Z+1)
+ (5/256)*(Z2 + Z+2)

Figure 13 illustrates the pass-\i)and and stop-band
characteristics of the (sin x/x) ~ correction filter.

1Q/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) = 74/256 * Z0
+(64/256)*(2~1 + Z+1)
+ (371256)*(Z72 + Z+2)
+(9/256)*(Z73 + Z+3)
+ (=8/256)*(Z4 + Z+4)
+ (=11/256)%(Z"5 + Z+5)
+ (=5/256)*(Z~6 + Z+6)
+ (3/256)*(Z 8 + Z+8)
+(2/256)%(Z9 + Z+9)

Figure 14 illustrates the pass-band and stop-band
characteristics of the low-pass filters.

GAIN

(DB)
3.0
25
20
15
1.0
0.5

/
0.0
0 1 2 5 6 7
INPUT FREQUENCY (MHZ)

CLOCK RATE = 13.5 MHZ

Figure 13. (Sin x/x)~ 1 Cdrrection Filter Characteristics.
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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

025

0.00 \

-0.25

-1.25

-1.50

mp—

-1.75

-2.00

0.0 0.5 1.0 15 20

INPUT FREQUENCY (MHZ)
CLOCK RATE = 13.5 MHZ

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.

DB

=20

=25 ‘

-35 I

-45

-55

INPUT FREQUENCY (MHZ)
CLOCK RATE = 13.5 MHZ

Figure 14. IQ/UV Low-pass Digital Filter Pass-Band
and Stop-Band Characteristics.
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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 50 Q
External Voltage Reference VREF 1.14 1.235 1.26 \'

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units

VAA (measured to GND) 7.0 A%
Voltage on any Signal Pin GND-0.5 VAA +0.5 A%

(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 T +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
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 \Y%
Input Low Voltage VIL GND-0.5 0.8 A%
Input High Current (Vin = 2.4 V) ITH 1 HA
Input Low Current (Vin = 0.4 V) IIL -1 HA
Input Capacitance CIN 7 pF
(f=1MHz, Vin=24V)
DO0-D7 Digital Outputs
Output High Voltage VOH 24 v
(IOH = -400 pA)
Output Low Voltage VOL 0.4 v
(IOL = 3.2 mA)
3-State Current 10Z 50 MA
Output Capacitance CDOUT 7 pF
Other Digital Outputs
Output High Voltage VOH 24 v
(IOH = -400 pA)
Output Low Voltage VOL 0.4 v
(IOL = 1.6 mA)
3-State Current 102 50 HA
Output Capacitance CDOUT 7 pF
Video Analog Outputs
Output Disabled Current 0 5 50 pA
LSB Size 25.5 HA
Output Compliance vOC -0.5 +1.5 A%
Output Impedance RAOUT 10 kQ
Output Capacitance CAOUT 30 pF
(f =1 MHz, IOUT = 0 mA)
C Analog Output
Output Current (NTSC)
Peak Chroma Relative to Blank +7.95 +8.37 +8.79 mA
Blank Level 12.42 13.07 13.72 mA
Peak Burst Relative to Blank +2.72 +2.86 +3.00 mA
Output Current (PAL)
Peak Chroma Relative to Blank +8.63 +9.08 +9.53 mA
Blank Level 12.42 13.07 13.72 mA
Peak Burst Relative to Blank +2.91 +3.06 +3.21 mA

See test conditions on next page.
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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 mA
Black Level Relative to Blank 1.03 1.08 1.13 mA
Blank Level Relative to Sync 543 5.72 6.01 mA
Sync Level 0.39 0.41 0.43 A
Output Current (PAL)
White Level Relative to Black 13.58 14.29 15.00 mA
Black Level Relative to Blank 0 0 0 mA
Blank Level Relative to Sync 5.82 6.13 6.43 mA
Sync Level 0.39 0.41 043 LA
NTSC/PAL Analog Output
Output Current (NTSC)
White Level Relative to Black 12.56 13.22 13.88 mA
Black Level Relative to Blank 1.03 1.08 1.13 mA
Burst Relative to Blank 12.72 +2.86 +3.00 mA
Blank Level Relative to Sync 543 5.72 6.01 mA
Sync Level 0.39 0.41 0.43 HA
Output Current (PAL)
White Level Relative to Black 13.58 14.29 15.00
Black Level Relative to Blank 0 0 0 mA
Burst Relative to Blank 291 +3.06 +3.21 mA
Blank Level Relative to Sync 5.82 6.13 6.43 mA
Sync Level 0.39 0.41 0.43 A
VREF Input Current IREF 10 HA
Power Supply Rejection Ratio PSRR tbd % | % AVAA
(COMP = 0.1 pF, f=1kHz)

Test conditions (unless otherwise specified): “Recommended Operating Conditions” with RSET = 97 Q, 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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AC Characteristics

Parameter Symbol Min Typ Max Units

RSO0-RS2 Setup Time 1 10 ns
RS0-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*pl5 ns
Analog Output Delay 19 30 ns
Analog Output Rise/Fall Time 20 3 ns
Analog Output Settling Time 21 13 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 Sync/Field Out 3 3 3 Clocks

Blank/Sync into Analog Out 34 34 34 Clocks
VAA Supply Current (Note 2) IAA tbd tbd mA

Power-Down Mode tbd tbd HA

See test conditions following this section.
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AC Characteristics (continued)

Parameter Symbol Min Typ Max Units
Y Bandwidth Fin/2 MHz
Color Difference (IQ, UV) Bandwidth 13 MHz
Burst Frequency (Note 3)
(M) NTSC 3.579535 3.579545 3.579555 MHz
(B,D,G,H,I) PAL 4.433614 4.433619 4433623 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
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 1 %
Differential Phase 1 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 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 (p15) 15
' Normal Operation 555 ns
Power Down Mode 125 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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AC Characteristics (continued)

Test conditions (unless otherwise specified):

“Recommended Operating Conditions” with RSET =97 Q, VREF =

1.235 V, NTSC operation, and CLOCK_IN frequency = 13.5 MHz. Analog output load <10 pF; and D0-D7,
FIELD_0, FIELD_1, HSYNC*, VSYNC*, and CLOCK_OUT output load <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 I:  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 1k 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. TAA (max) at VAA =525V and TA=0°C.

Note 3: Burst frequency tolerance is dependent on CLOCK_IN frequency tolerance and jitter. This also assumes

that P1 and P2 registers are correctly configured.

Note 4: This is measured with a Matthey Vs618H filter; accuracy is dependent on pixel clock rate and the color

space used.

Timing Waveforms

RSO, RS1, RS2

RD*, WR*

DO - D7 (READ)

VALID

DATA OUT (RD* =0)

DO - D7 (WRITE)

DATA IN (WR* =0)
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Figure 15. MPU Read/Write Timing.
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Timing Waveforms (continued)

o N T N\
S A N Ve N VN
X

RO-R7, GO-G7, BO-B7, '
CSYNC*, VSYNC*, HSYNC*, !
H V,F

BLANK*, OLO-OL3, KEY_0 1

><
=
g

—\ tt
FIELD_0, FIELD_1 (INPUTS) X DATA < . X
H
11
FIELD_0, FIELD_1 (OUTPUTS) >< X DATA ><
HYNC*, VSYNC* (OUTPUTS)

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 10-percent 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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Timing Waveforms (continued)

CLOCK_IN

RO-R7
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CSYNC*, VSYNC*, HSYNC*,
BLANK*, OL0 - OL3,

KEY_0, H, V, F

BO-B7

FIELD_0, FIELD_1 (INPUTS)

FIELD_0, FIELD_ (OUTPUTS)
HYNC*, VSYNC* (OUTPUTS)
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v
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50-percent point of full-scale transition.

remaining within +2 LSB.

Note 1:
Note 2:
Note 3:
transition.
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Figure 17. Video Input/Output Timing
(16-Bit YCrCb Input Format).

Analog output delay is measured from the 50-percent point of the rising edge of CLOCK_IN to the
Analog settling time Ts measured from the 50-percent point of full-scale transition to the output

Analog output rise/fall time is measured between the 10-percent and 90-percent points of full-scale
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Ordering Information

Ambient
Model Number Package Temperature
Range
Bt858KPF 160-pin Plastic 0°to +70° C
Quad Flatpack
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RAMDACs—PC Graphics Brookiree®
Contents

Bt453 66, 40 MHz Triple 8-bit RAMDAC with 256 x 24 RAM 4-3

Bt471/476/478 80, 66, 50, 35 MHz Triple 6-bit/8-bit RAMDAC with 256 x 18or 4-21
256 x 24 RAM

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 4-71
RAMs

Bt475/477 80, 66, 50, 35 MHz Triple 6-bit/8-bit Power-Down RAMDAC 4-95
with 256 x 18 or 256 x 24 RAM

Bt481/482 85 MHz 15-, 16-, and 24-bit True-Color Power-Down RAMDACs 4-121

Bt484 85 MHz True-Color RAMDAUC, 4:1, 8-bit Multiplexed Pixel 4-157
Inputs with a Separate 8-bit VGA port, 32 x 32 x 2 User-definable
Hardware Cursor

Bt485 135 MHz True-Color RAMDAG, 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

Bt885 135 MHz True-Color VIDEO CacheDAC™. 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

Functional Block Diagram

PO-P7

SYNC*
BLANK*

OLO, OL1

66, 40 MHz Operation

Triple 8-bit D/A Converters

256 x 24 Color Palette RAM

3 x 24 Overlay Palette

RS-343A/RS-170-Compatible
Outputs

Standard MPU Interface

+5 V CMOS Monolithic
Construction

40-pin DIP or 44-pin PLCC
Package

Typical Power Dissipation: 1 W

VAA GND

D0-D7

Applications

¢ High-Resolution Color
Graphics
CAE/CAD/CAM
Image Processing
Instrumentation
Desktop Publishing

Related Products

* Bt477, Bt478

FS ADJUST  VREF

CS* RD*¥* WR¥ CO Cl1

Brooktree Corporation * 9950 Barnes Canyon Rd. * San Diego, CA 92121-2790
(619) 452-7580 * (800) VIDEO IC » TLX: 383 596 « FAX: (619) 452-1249
LA53001 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 Q
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.
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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 C1 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 cycles (8 bits each of red,
green, and blue), using CO and C1 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 C1 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-a 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 red, green, and biuc 1cad/ wiiic
cycles, the address register has 2 additional bits(AD-
DRa and ADDRDb) 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 (ADDRO0-7) are accessible to the
MPU and are used to address color palette RAM loca-
tions and overlay registers, as specified in Table 2.

Figure 1 illustrates the MPU read/write timing.

Cc1 Co Addressed by MPU
0 0 address register
0 1 color palette RAM
1 0 address register
1 1 overlay registers

Table 1. Control Input Truth Table.
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Circuit Description (continued)

Value c1 co Addressed by MPU
ADDRa, b (counts modulo 3) 00 X 1 red value
01 X 1 green value
10 X 1 blue value
ADDRO-7 (counts binary) $00 - $FF 0 1 color palette RAM
xxxx xx00 1 1 reserved
xxxx xx01 1 1 overlay color 1
xxxx xx10 1 1 overlay color 2
xxxx xx11 1 1 overlay color 3

Table 2. Address Register (ADDR) Operation.

cs*, €0, Cl X VALID X
RD‘, WR* \ /

DO - D7 (READ) DATA OUT (RD* =0)

DO - D7 (WRITE) x DATA IN (WR* =0) X

Figure 1. MPU Read/Write Timing.
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Brookiree®

Circuit Description (continued)

Frame Buffer Interface

While CS* is a logical one, the PO-P7, OLO, and OL1
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 CLOCK to maintain synchroniza-
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 Q load, such as a doubly-terminated 75 Q coaxial
cable.

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
snould be avoided. Tney couid deiay VAA power v
the device. Ferrite beads must be used only for analog
power VAA decoupling. Inductors cause a time con-
stant delay that induces latchup.

Latchup can be prevented by ensuring that all VAA
pins are at the same potential and that the VAA 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.

OoL1 oLo PO - P7 Addressed by frame buffer '
0 0 $00 color palette ’RAM location $00
0 0 $01 color palette RAM location $01
0 0 $FF color palette RAM location $FF
0 1 $xx overlay color 1
1 0 $xx overlay color 2

Table 3. Pixel and Overlay Control Truth Table.

CLOCK _/_——\_/_—\_ ‘\__ ‘\_
PO-P7, OLO, OL1, DATA
SYNC*, BLANK*
IOR, 10G, 0B,
ISYNC

Figure 2. Video Input/Output Timing.
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Brookiree® Bt453
Circuit Description (continued)

RED, BLUE GREEN

MA v MA v

19.05 | 0.714 | 26.67 1.000 WHITE LEVEL

92.5IRE
144 | 0054 | 905 | 0340 BLACK LEVEL
75 IRE
000 | 0000 | 762 | 0286 BLANK LEVEL n
40 IRE
0.00 0.000 SYNC LEVEL
Note: 75 Q doubly-terminated load, RSET = 280 Q, and VREF = 1.235 V. ISYNC is connected to I0G.
RS-343A levels and tolerances are assumed on all levels.
Figure 3. Composite Video Output Waveforms.
Description 10G IOR, 10B SYNC* BLANK* DAC
(mA) (mA) 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 IOG = 26.67 mA. RSET =280 Q and VREF = 1.235 V. ISYNC is

connected to IOG.

Table 4. Video Output Truth Table.

PC GRAPHICS
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Bt453

Pin Descriptions

Pin Name

Description

BLANK*

SYNC*

CLOCK

OLO, OL1

IOR, 10G, IOB

ISYNC

FS ADJUST

Composite blank control input (TTL compatible). A logical zero drives the IOR, IOG, and IOB
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 (TTL compatible). A logical zero on this input switches off a 40 IRE
current source on the ISYNC output (see Figure 3). SYNC* does not override any other control or
data input, as shown in Table 4; therefore, SYNC* should be asserted only during the blanking
interval. SYINC* is latched on e rising edge of CLOCK.

Clock input (TTL compatible). The rising edge of CLOCK latches the PO-P7, OLO, OL1, 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.

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 specified in Table 3. When accessing the overlay palette, the PO-P7 inputs are
ignored. They are latched on the rising edge of CLOCK. OLO is the LSB. Unused inputs should be
connected to GND.

Red, green, and blue current outputs. These high-impedance current sources can directly drive a
doubly-terminated 75 Q 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 IOG
output (Figure 4) and is used to encode sync information onto the green channel. ISYNC does not
output any current while SYNC* is a logical zero. The amount of current output while SYNC* is a
logical one is:

ISYNC (mA) = 1,728 * VREF (V) /RSET (Q)
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 IOG is (assuming ISYNC is
connected to I0G):

RSET (Q) = 6,047 * VREF (V) /10G (mA)
The relationship between RSET and the full-scale output current on IOR and IOB is:

IOR, IOB (mA) = 4,319 * VREF (V) / RSET (Q)
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Brookiree®

Bt453

Pin Descriptions (continued)

Pin Name

Description

COMP

VREF

VAA

GND

CS*

WR*

RD*

Co,C1

D0-D7

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 pF
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 VAA. 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 PF ceramic
capacitor is used to decouple this input to VAA, 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.

Analog power. All VAA 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.

Chip select control input (TTL compatible). This input must be a logical zero to enable data to be
written to or read from the device. While CS* is a logical zero, the IOR, IOG, and IOB 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 (TTL compatible). To write data to the device, both CS* and WR* must be a
logical zero. Data is latched on the rising edge of WR* or CS*, whichever occurs first (see Figure 1).

Read control input (TTL compatible). To read data from the device, both CS* and RD* must be a
logical zero (see Figure 1).

Command control inputs (TTL compatible). CO and C1 specify the type of read or write operation
being performed, as listed in Table 1.

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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Bt453 Brooktree®

Pin Descriptions (continued)

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

DO FS ADJUST

D1 VREF

D2 VAA

D3 CcomMmp

D4 IOR IOR Cs*

Ds me cove 1

D6 ISYNC VAA co

D7 I0B VREF CLOCK
GND GND FS ADJUST SYNC*
VAA VAA DO BLANK*

P7 VAA D1 OoLo

P6 VAA D2 OL1

PS WR* D3 PO

P4 RD* D4 P1

P3 Cs* D5 P2

) 7] C1

Pl co

PO CLOCK
OL1 SYNC*
OLo BLANK*
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Brookiree®

Bt453

PC Board Layout Considerations

PC Board Considerations

For optimum performance of the Bt453, proper CMOS
RAMDAC layout techniques should be studied in the
Bt451/7/8 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 Bt453 power and ground planes by providing good
decoupling. The trace length between groups of VAA
and GND pins should be as short as possible to minimize
inductiveringing.

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-
pling. There should be at least a 1/8-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 the 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.

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 pF ceramic capacitor, decoupling
each of the three groups of VAA pins to GND. For
operation above 75 MHz, a 0.1 UF capacitor in parallel
with a 0.01 pF chip capacitor is recommended. The ca-
pacitors should be placed as close as possible to the
device VAA and GND pins and connected with short,
wide traces.

The 10 pF capacitor shown in Figure 4 is for low-
frequency power supply ripple; the 0.1 pF 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 mV. 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 VAA, typically
with a 0.1 uF 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
VAA 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 pF ceramic capacitor should be used to decouple
this input to GND.
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Brooktree®

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 taster 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-11 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*/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 Bt453 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 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 Q to ground will provide a Thevenin
equivalent of a 110 Q termination, which is normally

4-12 SECTION 4

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 of uiese 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 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 1N4148/9 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®

Bt453

PC Board Layout Considerations (continued)

L
T
ANALOG POWER PLANE
™ T
cs
|
= c2-c4 Y +5V (VCO)
- T
= C7 C1
Bt4s3 “ T
GND GROUND
T L11
Rl JR2 |R3
FS ADJUST
- O
° ( ) VIDEO
106 J CONNECTOR
ISYNC
o8 ®>—
VAA
@ IN4148/9
DAC TO MONITOR
OUTPUT
IN4148/9
GND
Location Description Vendor Part Number
C1-C6 0.1 pF ceramic capacitor ‘Erie RPE112Z5U104M50V
C7 10 pF 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 1% metal film resistor Dale CMF-55C
Z1 1.2 V voltage reference National Semiconductor LM385BZ-1.2
3
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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Brookiree®

Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VAA 4.75 5.00 5.25 A%
Ambient Operating Temperature TA 0 +70 °C
Output Load RL 375 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
VAA (measured to GND) 7.0 \"
Voltage on Any Signal Pin (Note 1) GND-0.5 VAA +0.5 \'
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 T
Ceramic Package +175 °C
Plastic Package +150 °C
Soldering Temperature TSOL 260 °C
(5 seconds, 1/4" from pin)
Vapor Phase Soldering TVSOL 220 °C
(1 minute)

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® Bt453

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 +1 LSB
Gray-Scale Error 5 % Gray Scale
Monotonicity guaranteed
Coding Binary
Digital Inputs
Input High Voltage VIH 2.0 VAA +05 \'
Input Low Voltage VIL GND-0.5 0.8 A%
Input High Current (Vin=2.4 V) IIH 1 LA
Input Low Current (Vin =0.4 V) IIL -1 A
Input Capacitance CIN 10 pF
(f=1MHz, Vin=24V)
Digital Outputs
Output High Voltage VOH 24 v
(IOH = -400 pA)
Output Low Voltage VOL 0.4 v
(IOL =3.2 mA)
3-State Current 102 10 HA
Output Capacitance CDOUT 20 pF
Analog Outputs
Gray-Scale Current Range 15 22 mA
Output Current
White Level Relative to Blank 17.69 19.05 20.40 mA
White Level Relative to Black 16.74 17.62 18.50 mA
Black Level Relative to Blank 0.95 1.44 1.90 mA
Blank Level on IOR, IOB 0 5 50 HA
Blank Level on IOG 6.29 7.62 8.96 mA
Sync Level on IOG 0 5 50 HA
LSB Size 69.1 pA
DAC-to-DAC Matching (25-70° C.) 2 5 %
Output Compliance vOC -1.0 +1.4 \%
Output Impedance RAOUT 10 kQ
Output Capacitance CAOUT 30 . pF
(f=1MHz, IOUT =0 mA)
Voltage Reference Input Current IREF 10 HA
Power Supply Rejection Ratio PSRR 0.12 0.5 % | % AVAA
(COMP = 0.1 pF, f =1 kHz)

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 280 Q, VREF =
1.235 V, and ISYNC connected to IOG.  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 Brookiree®

AC Characteristics

66 MHz Devices 40 MHz Devices

Parameter Symbol | Min Typ Max Min Typ Max Units
Clock Rate Fmax 66 40 MHz
CS*, CO, C1 Setup Time 1 35 35 ns
CS*, C0, C1 Hold Time 2 35 35 ns
RD*, WR* High Time 3 25 25 ns
RD* Asserted to Data Bus Driven 4 5 5 ns
RD* Asserted to Data Valid 5 100 100 ns
RD* Negated to Data Bus 3-Stated 6 15 15 ns
WR* Low Time 7 50 50 ns
Write Data Setup Time 8 35 35 ns
Write Data Hold Time 9 5 5 ns
Pixel and Control Setup Time 10 5 7 ns
Pixel and Control Hold Time 11 2 3 ns
Clock Cycle Time 12 15 25 ns
Clock Pulse Width High Time 13 5 7 ns
Clock Pulse Width Low Time 14 5 7 ns
Analog Output Delay 15 20 30 20 30 ns
Analog Output Rise/Fall Time 16 3 3 ns
Analog Output Settling Time (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 1 2 1 2 ns
Pipeline Delay 18 2 2 2 2 2 2 Clocks
VAA Supply Current (Note 2) 1AA 220 275 190 250 mA

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 280 Q, VREF = 1.235 V,
and ISYNC connected to IOG. 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 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 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. :

Note2: AtFmax. IAA (typ) at VAA =5.0 V. TAA (max) at VAA=5.25 V.
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Brookiree® Bt453

Timing Waveforms

! 2 —
Cs*, Co, C1 VALID
RD*, WR*
3
5
’7 ‘

4 —_—

DO - D7 (READ) DATA OUT (RD* = 0)

DO - D7 (WRITE) DATA IN (WR* = 0)
8
9

—_—]

Figure 5. MPU Read/Write Timing Dimensions.

- —_

PO-P7, OLO, OL1, DATA
SYNC*, BLANK*

10 15 —=
17
11
IOR, I0G, IOB,
ISYNC
-

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 S0-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 6. Video Input/Output Timing.
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Brooktree®

Ordering Information

4-18

Ambient
Model Number Speed Package Temperature
Range
Bt453KP66 66 MHz 40-pin 0.6" 0° to £70° C
Plastic DIP
Bt453KPJ66 66 MHz 44-pin Plastic 0°to +70° C
J-Lead
Bt453KC66 66 MHz 40-pin 0.6" 0° to +70° 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
Bt453KP) 40 MHz 44-pin Plastic 0°to +70° C
J-Lead
SECTION 4



Brookiree® Bt453
Device Circuit Data

m%,L,Ir |
veer [ Ay BN

500 >_8_' TO DACS
s aDIUST [} AN

.
500 _L_ v IFEEDBACK

GND

Equivalent Circuit of the Reference Amplifier.

Bt453

SYNC* BLANK* 'l' RL C(stray + load)
(10G ONLY)

Equivalent Circuit of the Current Output (I0G).
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Distinguishing Features  Applications

* Personal System/2® Compatibility * High-Resolution Color
* 80, 66, 50, 35 MHz Operation Graphics
» Triple 6-bit or 8-bit D/A Converters « CAE/CAD/CAM
* 256-Word Color Palette RAM e Image Processing
* RS-343A-Compatible Outputs - ¢ Instrumentation
* 15 Overlay Registers (Bt471/478) ¢ Desktop Publishing
* Sync on All Three Channels
(Btd71/478) Related Products

* Programmable Pedestal (Bt471/478)

* External Voltage or Current « Bt473. Bt477. Bt479

Reference .
« Standard MPU Interface Bt474, Bt475

* 45V CMOS Monolithic
Construction
* 44-pin PLCC or 28-pin DIP Package

Functional Block Diagram

VAA GND IREF  VREF
U REFERENCE
- , AMPLIFIER oPA
cLock : -
L e
IOR
PO-P7
.
SYNC: 106
BLANK*
OLO0-OL3

IoB

SETUP

| |

DO-D7 RD* WR* RSO RSI RS2 ®/6%

Brooktree Corporation * 9950 Barnes Canyon Rd. * San Diego, CA 92121-2790
(619) 452-7580 * (800) VIDEO IC » TLX: 383 596 * FAX: (619) 452-1249
LA478001 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 System/2®-
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 Bt471/476/478 generates RS-343A-
compatible video signals into a doubly-
terminated 75 Q load.

Note: "Personal System/2®" and "PS/2®" are

registered trademarks of IBM. "IMS®" is a
registered trademark of Inmos Limited.

Brookiree®
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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 (18-bit word for the Bt471/476) and written
to the location specified by the address register. The
address register then increments to the next location,
which the MPU may modify by 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.)

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
(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 (18-bit word for the Bt471/476) 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

RS2 RS1 RS0
0 0 0
0 1 1
0 0 1
0 1 0
1 0 0
1 1 1
1 0 1
1 1 0

address register (RAM write mode)
address register (RAM read mode)

address register (overlay write mode)
address register (overlay read mode)

color palette RAM
pixel read mask register

overlay registers
reserved

Table 1. Control Input Truth Table.
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Circuit Description (continued)

Reading Overlay Color Data

To read overlay color data, the MPU loads the address
register (overlay read mode) with the address of the
overlay location to be read. The contents of the 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 RSO0-RS2 to select the overlay regis-
ters. Following the blue read cycle, the contents of the
overlay 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.

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 ADDRD) 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. (ADDRO-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.

Value RS2 RS1 RSO Addressed by MPU
ADDRa, b (counts modulo 3) 00 red value
01 green value
10 blue value
ADDRO-7 (counts binary) $00 - SFF 0 0 1 color palette RAM
xxxx 0000 1 0 1 reserved
xxxx 0001 1 0 1 overlay color 1
xxxx 1111 1 0 1 overlay color 15

Table 2. Address Register (ADDR) Operation.
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Circuit Description (continued)

Bt471/476 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 information 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 Bt471/476 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 cycles, 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.

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 24 bits (18
bits for the Bt471/476) of color information to the
three D/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 1, 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 Bt471/476/478 can di-
rectly drive a 37.5 Q load, such as a doubly-
terminated 75 Q coaxial cable.

4-24

OLO0-OL3 | PO-P7 Addressed by frame buffer
$0 $00 color palette RAM location $00
$0 $01 color palette RAM location $01
$0 $FF color palette RAM location $FF
$1 $xx overlay color 1

: $xx :
$F $xx overlay color 15

SECTION 4

Table 3. Pixel and Overlay Control Truth Table
(Pixel Read Mask Register = $FF).
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Circuit Description (continued)

BT471/478
W/O SYNC

BT471/

478

WITH
SYNC

MA

v

19.05 | 0.714

144 0.054

0.00 0.000

26.67

9.05

7.62

0.00

1.000

0.340

0.286

0.000

92.5 IRE

WHITE LEVEL

7.5IRE

BLACK LEVEL

40 IRE

BLANK LEVEL

SYNC LEVEL

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).

Bt471/478
DAC
Description lout SYNC* BLANK* | Input Data
(mA)
WHITE 26.67 1 1 SFF
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 Q doubly-terminated load and SETUP = 7.5 IRE. VREF=1.235V

and RSET = 147 Q.

Table 4. RS-343A Video Output Truth Table (SETUP = 7.5 IRE).

PC GRAPHICS
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Circuit Description (continued)

BT476 OR
BT471/478
WI/O SYNC

BT471/478
WITH
SYNC

MA

\4

MA

v

17.62

0.00

0.00

0.660

0.000

0.000

2524

7.62

0.00

0.950

0.286

0.000

WHITE LEVEL

100 IRE

43 IRE

BLACK/BLANK LEVEL

SYNC LEVEL

Note:

4-26

75 Q doubly-terminated load and SETUP = 0 IRE. VREF = 1.235 V and RSET = 147 Q.
RS-343A levels and tolerances are assumed on all levels.

(SETUP = 0 IRE)

Figure 2. RS-343A Composite Video Output Waveforms.

Bt476 Bt471/478
DAC
Description lout lout SYNC* BLANK* | Input Data
(mA) (mA)
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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Circuit Description (continued)

NOSYNC SYNC

1425

0.00

0.00

WHITE LEVEL

0.713 | 20.36 | 1.018

100 IRE

BLACK/BLANK LEVEL

0.000 | 6.11 0.305

43 IRE

SYNC LEVEL

0.000 | 0.00 0.000

Note:

50 Q load and SETUP = 0 IRE. VREF = 1.235 V and RSET = 182 Q. 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 (mA)
WHITE 14.25 20.36 1 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 Qload and SETUP = 0 IRE.

. VREF = 1.235 V and RSET =182 Q.

Table 6. PS/2 Video Output Truth Table (SETUP = 0 IRE).

PC GRAPHICS
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Pin Descriptions

Pin Name

Description

BLANK*

SETUP

SYNC*

CLOCK

OL0-OL3

COMP

VREF

OPA

IOR, I0G, IOB

VAA

GND

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. 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 (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 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 (TTL compatible). The rising edge of CLOCK latches the PO-P7, OL0-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
IREF. A 0.1 YF ceramic capacitor must 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. The PC
Board Layout Considerations 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 pF ceramic capacitor is
used to decouple this input to GND, as shown in Figure 4. The decoupling capacitor must be as
close to the device as possible to keep lead lengths to an absolute minimum.

Reference amplifier output. If an external voltage reference is used (Figure 4), this pin must be
connected to COMP. When an external 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-termin4ted 75 Q coaxial cable (Figures 4, 5, and 6 in the PC Board Layout Considerations
section).

Analog power. All VAA 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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Pin Descriptions (continued)

Pin Name

Description

IREF

WR*

RD*

RSO, RS1, RS2

DO - D7

8/6*

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 (£2) =K * 1,000 * VREF (V) / Iout (mA)
K is defined in the table below. It is recommended that a 147 Q RSET resistor be used for
doubly-terminated 75 Q loads (i.e., RS-343A applications). For PS/2® applications (i.e., 0.7 V into 50

Q with no sync), a 182 Q 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 (mA) = Iout (mA) /K

K K

Part Mode |Pedestal| (with sync) | (without sync)

Bt478 6-bit
8-bit
6-bit
8-bit

7.5 IRE
7.5IRE
0IRE
0IRE

3.170 2.26
3.195 2.28
3.000 2.10
3.025 2.12

3.170 2.26
3.000 2.10

Bt471 (6-bit) 7.51IRE

0IRE

Bt476 (6-bit) 0IRE 3.000 2.10

Write control input (TTL compatible). DO0-D7 data is latched on the rising edge of WR*, and
RS0-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.
RS0-RS?2 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 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
data bus. DO is the least significant bit.

8-bit/6-bit select input (TTL compatible). This bit specifies whether the MPU is reading and writing 8
bits (logical one) or 6 bits (logical zero) of color information each cycle. For 8-bit operation, D7 is the
most significant data bit during color read/write cycles. For 6-bit operation, D5 is the most significant
data bit during color read/write cycles. (D6 and D7 are ignored during color write cycles and logical
zeros during color read cycles.) This pin should be connected to GND when the Bt476 is used.
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Pin Descriptions (continued)

44-Pin Plastic J-Lead (PLCC)

By
=
253

VREF
OPA
COMP

IREF CLOCK IREF
0B GND 10B
10G GND 10G
IOR GND IOR
GND GND GND
SETUP NIC GND
VAA GND VAA
VAA GND VAA
VAA VAA VAA
RS2 GND GND
RS1 RD* RS1

DO
D1
D2
D3
D4
D5
D6
D7
WR*
RSO

.
:
m

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 Bt471/476/478.

28-Pin DIP

BLANK*
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 Bt451/7/8 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 VAA 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 1/8-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 BF45-4001.

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-
ial lead 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 pF ceramic capacitor, decoupling
each of the two groups of VAA pins to GND. For
operation above 75 MHz, a 0.1 uF capacitor in paral-
lel with a 0.01 pF chip capacitor is recommended.
The capacitors should be placed as close as possible
to the device VAA and GND pins and connected with
short, wide traces.

The 10 PF capacitor shown in Figures 4, 5, and 6 is
for low-frequency power supply ripple; the 0.1 pF 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 mV. 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 VAA, typically
with a 0.1 pF 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
VAA 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 pF 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 Bt471, 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-11 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 €2). The RS-select in-
puts 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 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 Bt471, 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 Bt471, 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 Bt471, 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 Bt471, Bt476, and Bt478 to minimize re-
flections. Unused analog outputs should be connected
to GND.

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 1N4148/9 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).
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PC Board Layout Considerations (continued)

ANALOG POWER PLANE
VAA
c4 L1
col A
Oh:: ﬂ— T C2-C3 R4 +5V (VCC)
VREF —T_ .
= C6 == c1
Bt471/476/478 o “ B
GND GROUND
s <
Rl [R2 |R3
IREF
IOR @— 0
0G (P— VIDEO
! CONNECTOR
108 ®__
VAA
IN4148/9
DAC TO MONITOR
OUTPUT
IN4148/9
GND
Note: Each set of VAA and GND pins must be separately decoupled.
Location Description Vendor Part Number
C1-C5 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
(6 10 pF capacitor Mallory CSR13G106KM
L1 ferrite bead Fair-Rite 2743001111
R1,R2,R3 75 Q 1% metal film resistor Dale CMF-55C
R4 1 kQ 5% resistor —
RSET 1% metal film resistor Dale CMF-55C
71 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 Bt471/476/478.

Figure 4. Typical Connection Diagram and Parts List for the 44-Pin PLCC
(External Voltage Reference).
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'PC Board Layout Considerations (continued)

DAC
OUTPUT

IN4148/9

VREF [\
Cs
ANALOG POWER PLANE
VAA
i+
Bt471/476/478 | _| s T ¢
L1
c2-c3
Y +5V (VCO)
l RSET = 1.22/ IREF
IREF g + N
I RSET VOUT ADJ [e'3 C1
comp 1
+
c8 =— VIN
GND é é GROUND
Rl [R2 |R3
I0R . (o —
TO
106 ®__ VIDEO
CONNECTOR
10B @——
VAA
IN4148 /9

TO MONITOR

GND
Note: Each set of VAA and GND pins must be separately decoupled.
Location Description Vendor Part Number
C1-C5 0.1 UF ceramic capacitor Erie RPE112Z5U104M50V
C6 10 YF capacitor Mallory CSR13G106KM
C7,C8 1 YF capacitor Mallory CSR13G105KM
L1 ferrite bead Fair-Rite 2743001111
R1,R2,R3 75 Q 1% metal film resistor Dale CMF-55C
Z1 adjustable regulator National Semiconductor LM337LZ
RSET 1% metal film resistor Dale CMF-55C
Note: The vendor numbers above are listed only as a guide. Substitntion of devices with similar characteristics

will not affect the performance of the Bt471/476/478.
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Figure 5. Typical Connection Diagram and Parts List for the 44-Pin PLCC
(External Current Reference).
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PC Board Layout Considerations (continued)

ANALOG POWER PLANE
VAA
L s
Bt476 ca T L
(28-pin DIP) Cc2-C3 M +5V (VCC)
T RSET = 1.22/ IREF l l
IREF
l RSET o ] aDs ] c1
Z1
c1
GND é—[—é GROUND
R1 R2 R3
)
o
IOR kP/ 0
10G N VIDEO
2 CONNECTOR
0B @
® |
IN4148/9
DAC TO MONITOR
OUTPUT
1N4148/9
GND
Note: Each set of VAA and GND pins must be separately decoupled.
Location Description Vendor Part Number
C1-C4 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
Cs 10 pF capacitor Mallory CSR13G106KM
Ce, C7 1 pF capacitor Mallory CSR13G105KM
L1 ferrite bead Fair-Rite 2743001111
R1,R2,R3 75 Q 1% metal film resistor Dale CMF-55C
Z1 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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Application Information

Using Multiple Devices

‘When multiple RAMDAC: 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. This 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 VAA
power to the device. Ferrite beads must be used only
for analog power VAA decoupling. Inductors cause
a time constant delay that induces latchup.

Latchup can be prevented by ensuring that all
VAA pins are at the same potential and that the VAA
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.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VAA
80, 66 MHz Parts 4.75 5.00 5.25 \%
50, 35 MHz Parts 4.5 5.00 5.5 \%
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 \%
Current Reference Configuration
IREF Current IREF
Standard RS-343A -3 -8.39 -10 mA
PS/2 Compatible -3 -8.88 -10 mA

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units
VAA (measured to GND) 7.0 \%
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
Soldering Temperature TSOL 260 °C
(5 seconds, 1/4" 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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DC Characteristics

Parameter Symbol Min Typ Max Units
Resolution (each DAC)
Bt478 8 8 8 Bits
Bt471/476 6 6 6 Bits
Accuracy (each DAC)
Integral Linearity Error IL
Bt478 +1 LSB
Bt476 *1/2 LSB
Bt471 +1/4 LSB
Differential Linearity Error DL
Bt478 +1 LSB
Bt476 +1/2 LSB
Bt471 +1/4 LSB
Gray-Scale Error 5 % Gray Scale
Monotonicity guaranteed
Coding Binary
Digital Inputs
Input High Voltage VIH 2.0 VAA +0.5 \%
Input Low Voltage VIL GND-0.5 0.8 \%
Input High Current (Vin = 2.4 V) IIH 1 HA
Input Low Current (Vin =0.4 V) IIL -1 A
Input Capacitance CIN 7 pF
(f=1MHz, Vin=24YV)
Digital Outputs
Output High Voltage VOH 24 ' Y
(IOH = 400 pA)
Output Low Voltage VOL 0.4 \%
(IOL =3.2 mA)
3-State Current 10Z 50 pA
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 Rang 20 mA
Output Current (Standard RS-343A)
White Level Relativeto Black (Note 1) 16.74 17.62 18.50 mA
Black Level Relative to Blank
Bt471/478
SETUP =7.5IRE 0.95 1.44 1.90 mA
SETUP =0 IRE 0 5 50 HA
Bt476 0 0 0 UA
Blank Level
Bt471/478 6.29 7.62 8.96 mA
Bt476 0 5 50 UA
Sync Level (Bt471/478 only) 0 5 50 HA
LSB Size
Bt478 (8/6* = logical one) 69.1 - pA
Bt471/476 279.68 HA
DAC-to-DAC Matching 2 5 %
Output Compliance vocC -0.5 +1.5 v
Output Impedance RAOUT 10 kQ
Output Capacitance CAOUT 30 pF
(f =1 MHz, IOUT = 0 mA)
Voltage Reference Input Current IVREF 10 HA
Power Supply Rejection Ratio (Note 2) PSRR 0.5 %/ % AVAA |
(COMP =0.1 pF, f =1 kHz) .

Test conditions to generate RS-343A standard video signals (unless otherwise specified): "Recommended
Operating Conditions" with external voltage reference, RSET = 147 Q, VREF = 1.235 V, SETUP = 7.5 IRE, and
8/6* = logical one. For 28-pin DIP version of the Bt476, IREF = -8.39 mA. 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., S V.

Note'l: Since the Bt471 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 mA
Black Level Relative to Blank
Bt471/478
SETUP =7.5IRE 1.01- 1.51 2.0 mA
SETUP =0 IRE ) 0 S 50 HA
Bt476 0 5 50 HA
Blank Level
Bt471/478 6.6 8 94 mA
Bt476 ‘ 0 5 50 MA
Sync Level (Bt471/478 only) 0 5 50 HA

Test conditions to generate PS/2®-compatible video signals (unless otherwise specified): "Recommended Operating
Conditions" with external voltage reference, RSET = 140 Q, VREF = 1.235 V, SETUP = 7.5 IRE, and 8/6* = logical
one. For 28-pin DIP version of the Bt476, IREF = -8.88 mA.
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AC Characteristics

80 MHz Devices 66 MHz Devices

Parameter Symbol | Min Typ Max Min Typ Max Units
Clock Rate Fmax 80 66 MH:z
RSO-RS2 Setup Time 1 10 10 ns
RS0-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 S 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*pl3 ns
Pixel and Control Setup Time 11 3 3 ns
Pixel and Control Hold Time 12 3 3 ns
Clock Cycle Time (p13) 13 12.5 15.15 ns
Clock Pulse Width High Time 14 4 5 ns
Clock Pulse Width Low Time 15 4 5 ns
Analog Output Delay 16 30 30 ns
Analog Output Rise/Fall Time 17 3 3 ns
Analog Output Settling Time (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
VAA Supply Current (Note 2) TAA 180 240 180 240 mA

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

80 MHz Devices 66 MHz Devices

Parameter Symbol | Min Typ Max Min Typ Max Units
Clock Rate Fmax 50 35 MHz
RSO0-RS2 Setup Time 1 10 10 ns
RS0-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*pl3 ns
Pixel and Control Setup Time 11 3 3 ns
Pixel and Control Hold Time 12 3 3 ns
Clock Cycle Time (p13) 13 20 28 ns
Clock Pulse Width High Time 14 6 7 ns
Clock Pulse Width Low Time 15 6 9 ns
Analog Output Delay 16 30 30 ns
Analog Output Rise/Fall Time 17 3 3 ns
Analog Output Settling Time (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
VAA Supply Current (Note 2) TIAA 180 240 180 240 mA

Test conditions (unless otherwise specified): "Recommended Operating Conditions” with external voltage reference, RSET =
147 Q, VREF = 1.235 V, SETUP = 7.5 IRE, and 8/6* = logical one. For 28-pin DIP version of the Bt476, IREF = -8.39 mA.
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 SO 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., S 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 k€2 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. TAA (max) at VAA (max).
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Timing Waveforms

1 2
RSO, RS1, RS2 VALID

RD*, WR*
. / 10 l\...__
3 —_— l* 5
DO - D7 (READ) DATA OUT (RD* =0)

T

D0 - D7 (WRITE) DATA IN (WR* =0)
) 7

—] 8

IS

Figure 7. MPU Read/Write Timing Dimensions.

cLock __/_\L—— —\__/ \ _ —\__
.
P0-P7, OLO-OL3, 1F
SYNC*, BLANK* DATA N
—}
1 16 —]
— 12 18

IOR, 10G, 10B

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 remammg
within £1 LSB (Bt478), £1/4 LSB (Bt471), or £1/2 LSB (Bt476).

Note 3:  Output rise/fall time is measured between the 10-percent and 90-percent points of fu11~scale transition.

Figure 8. Video Input/Output Timing.
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Ordering Information

alete | Overiay |  Syne Temperatu
Model Number Palette Generation | Speed Package pe re
RAM Range
Bt471KPJ80 256x 18 15x 18 yes 80 MHz 44-pin Plastic 0°to +70° C
J-Lead
Bt471KPJ66 256x 18 15x 18 yes 66 MHz 44-pin Plastic 0°to+70°C
J-Lead
Bt471KPJS0 256 x 18 15x 18 yes 50 MHz 44-pin Plastic 0°to +70° C
J-Lead
Bt471KPJ35 256x 18 15x 18 yes 35 MHz 44-pin Plastic 0°to +70° C
J-Lead
Bt476KPJ66 256x 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
Bt476KPI35 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
B#476KP50 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 15x24 yes 80 MHz 44-pin Plastic 0°to +70° C
J-Lead
Bt478KPJ66 256 x 24 15x 24 yes 66 MHz 44-pin Plastic 0°to +70°C
J-Lead
Bt478KPJ50 256 x 24 15x24 yes 50 MHz 44-pin Plastic 0°to +70°C
J-Lead
Bt478KPI35 256 x 24 15x24 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  Applications

* Bt471/478 Software Compatible » High-Resolution Color
» 80, 66, 50, 35 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 Pedestal(0 or 7.5 IRE)
¢ On-Chip Voltage Reference

* Standard MPU Interface

¢ +5V CMOS Monolithic Construction
*  68-pin PLCC Package

* Typical Power Dissipation: 900 mW

Functional Block Diagram

VAA GND VREF OUT IREF VREF

Go-G7 lsxx OVERLAY oR
B0-B7 : [ 2568 RAM |
50,51 . 1sxs OVERLAY 106
SYNC* P : 256X 8 RAM
. e 108

CRO-CR3

DO-D7 RD* WR* RSO RSI RS2

Brooktree Corporation * 9950 Barnes Canyon Rd. ¢ San Diego, CA 92121-2790
(619) 452-7580 « (800) VIDEO IC * TLX: 383 596 « FAX: (619) 452-1249
LA73001 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 15-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 Q
load. Differential and integral linearity er-
rors are guaranteed to be a maximum of +1
LSB over the full temperature range.

Brookiree®
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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 RS0-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-

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 RS0-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

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

address register (RAM write mode)
address register (RAM read mode)

pixel read mask register

address register (overlay write mode)
address register (overlay read mode)

color palette RAMs

overlay registers
command register

Table 1. Control Input Truth Table.
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Circuit Description (continued)

into the RGB 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 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 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
RAMY/overlay registers and the color registers (R, G,
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, ADDRDb) 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 (ADDRO-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, 15-bit true color, 8-bit true color, and 8-bit
pseudo color. The mode of operation is determined
by the SO and S1 inputs, in conjunction with CR7 and
CR6 of the command register. SO and S1 are pipe-
lined to maintain synchronization with the RO-R7,
G0-G7, B0O-B7, and OL0-OL3 pixel and overlay
data inputs.
Table 3 lists the modes of operation.

Value RS2 RS1 RSO Addressed by MPU
ADDRa, b (counts modulo 3) 00 0 1 red value
01 0 1 green value
10 X 0 1 blue value
ADDRO - 7 (counts binary) $00 - $FF 0 0 1 color palette RAMs
xxxx 0000 1 0 1 reserved
xxxx 0001 1 0 1 overlay color 1
xxxx 1111 1 0 1 overlay color 15

Table 2. Address Register (ADDR) Operation.
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Circuit Description (continued)

OL3-OL0 | S1,S0 | CR7,CR6 Mode R7-R0O G7-Go B7-B0
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-B0
0000 00 01 24-bit true color R7-RO G7-GO B7-B0
0000 00 10 24-bit true color R7-RO G7-GO B7-B0
0000 00 11 reserved reserved _reserved reserved
0000 01 00 24-bit true color bypass R7-RO G7-GO B7-B0
0000 01 01 24-bit true color bypass R7-RO G7-GO B7-B0
0000 01 10 24-bit true color bypass R7-R0O G7-GO B7-B0
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-P0
0000 10 11 reserved reserved reserved reserved
0000 11 00 8-bit true-color bypass (red) rrrgggbb ignored ignored
0000 11 01 8-bit true-color bypass (green) ignored mrrgggbb ignored
0000 11 10 8-bit true-color bypass (blue) ignored ignored rrrgggbb
0000 11 11 15-bit true-color bypass Orrrrrgg gggbbbbb ignored

Table 3. Color Operation Modes.

RSO, RS1, RS2 >< VALID ><
RD*, WR* \ /

DO - D7 (READ) DATA OUT (RD* =0)

DO - D7 (WRITE) >< DATA IN (WR* =0) X

Figure 1. MPU Read/Write 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-R7, 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 D/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 GO0-G7 B0-B7 Input
Inputs Inputs Inputs | Format
Selected | Selected | Selected

R7 G7 B7 R7
R6 G6 B6 R6
RS G5 BS - RS
R4 G4 B4 G7
R3 G3 B3 G6
R2 G2 B2 G5
R1 Gl B1 B7
RO GO BO B6

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~G?7 inputs:

Pixel Input
Inputs | Format

R7 0

R6 R7
R5 R6
R4 R5
R3 R4
R2 R3
R1 G7
RO G6
G7 G5
G6 G4
G5 G3
G4 B7
G3 B6
G2 BS
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, G0-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.

N N

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.

RO-R7, GO-G7, BO-B7,
OL0-0L3, S0, Si, DATA X

SYNC*, BLANK*

IOR, 10G, 10B

-
X
p—

Figure 2. Video Input/Output Timing.
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MA v

26.67 1.000 WHITE LEVEL
92.5IRE

9.05 0.340 BLACK LEVEL
7.5IRE

7.62 0.286 BLANK LEVEL
40 IRE

0.00 0.000 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
(mA) . 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 IOR, I0G, IOB = 26.67 mA, SETUP = 7.5 IRE,
VREF = 1.235 V, RSET = 140 Q.

Table 4. Video Output Truth Table (SETUP = 7.5 IRE).
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7.62

0.00

WHITE LEVEL

BLACK/BLANK LEVEL

SYNC LEVEL

Note:

v
0950
100 IRE
0286
43 IRE
0.000
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 ]

(mA) Input Data
WHITE 25.24 1 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 IOR, IOG, IOB = 25.24 mA, 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 Color mode select

CRS Setup select

©) OIRE

(1) 75IRE
CR4 . 8-bit/ 6-bit color select

0) 6-bit
(1) 8-bit

CR3-CRO 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

Description

BLANK*

SYNC*

CLOCK

RO-R7,
G0-G7,
BO-B7

S0, 81

OLO-OL3

IOR, IOG, IOB

IREF

Composite blank control input (TTL 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. i

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, 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 (TTL compatible). The rising edge of CLOCK latches the RO-R7, GO-G7, BO-B7, SO,
S1, OLO-OL3, SYNC*, and BLANK* inputs. It is typically the-pixel clock rate of the video system.

It is recommended that CLOCK 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 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 B0 are the LSBs.
Unused inputs should be connected to GND.

Color mode select inputs (TTL compatible). These inputs specify the mode of operation as shown in
Table 3. They are latched on the rising edge of CLOCK.

Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to provide
color information, as illustrated in Table 3. When accessing the overlay palette, the RO-R7, GO-G7,
B0-B7, SO, and S1 inputs are ignored. They are latched on the rising edge of CLOCK. OLO is the
LSB. Unused inputs should be connected to GND.

Red, green, and blue current outputs. These high-impedance current sources are capable of directly
driving a doubly terminated 75 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 =7.5IRE: RSET (Q) = 3,195 * VREF (V) / Iout (mA)

for SETUP =0 IRE: RSET (Q) = 3,025 * VREF (V) / Iout (mA)
When using an external current reference (Figure 7), the relationship between IREF and the
full-scale output current on each output is:

for SETUP =7.5IRE: IREF (mA) = Iout (mA) /3.195

for SETUP =01IRE: IREF (mA) = Iout (mA)/3.025

4-54 SECTION 4




Brookiree®

Bt473

Pin Descriptions (continued)

Pin Name

Description

COMP

VREF

OPA

VREF OUT

VAA

GND

WR*

RD*

RSO, RS1, RS2

D0-D7

CRO-CR3

Compensation pin. If an external voltage reference is used (Figures S 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 pF 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 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 UF ceramic capacitor is used to decouple this
input to GND, as shown in Figures 5 and 6. 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.

Reference amplifier output. If a voltage reference is used (Figures 5 and 6), this pin must be
connected to COMP. When using an external current reference (Figure 7), this pin should be left
floating.

Voltage reference output. This output provides a 1.2 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 VAA 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). D0O-D7 data is latched on the rising edge of WR*, and
RSO0-RS?2 are latched on the falling edge of WR* during MPU write operations. RD* and WR*
should not be asserted simultaneously. See Figures 1 and 8.

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 1 and 8.

Register select inputs (TTL compatible). RSO-RS2 specify the type of read or write operation being
performed, as illustrated in Tables 1 and 2.

Data bus (TTL compatible). Data is transferred into and out of the device over this 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.
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883888z gr2eexe

VREF OUT

BO
Bl
B2
B3
B4
BS
B6
B7
VAA
VAA
GND
GND
S0
S1

BLANK*
SYNC*
CLOCK L
= S
L] LTI L]
FEELEREEEEEE S REE:
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PC Board Considerations

For optimum performance of the Bt473, proper
CMOS RAMDAC layout techniques should be stud-
ied in the Bt451/7/8 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 Bt473 power and ground planes by providing good
decoupling. The trace length between groups of VAA
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 1/8-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 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, 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-
ial lead 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 pF ceramic capacitor, decoupling
each of the two groups of VAA pins to GND. For
operation above 75 MHz, a 0.1 pF capacitor in paral-
lel with a 0.01 pF chip capacitor is recommended.
The capacitors should be placed as close as possible
to the device VAA and GND pins and connected with
short, wide traces.

The 10 pF capacitor shown in Figures 5, 6, and 7 is
for low-frequency power supply ripple; the 0.1 pF 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 mV. 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 VAA, typically
with a 0.1 pF 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 .
VAA 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 pF 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-11 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 ). The RS-select
inputs and RD*/WR* 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 dévices 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 mifiimum 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
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 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 (BAV99 or MMBD7001).
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VAA

Bt473

OPA

VREF
VREF OUT

GND

IREF

IOR

10B

GND

IN4148/9

ANALOG POWER PLANE
[e2) L1
C2-C3 +5V (VCC)
= C6 = C1
Cs
GROUND
(POWER SUPPLY
CONNECTOR)
RSET
Rl R2 R3
® TO
CP ' VIDEO
CONNECTOR
O—
VAA
IN4148/9
DAC TO MONITOR
OUTPUT

Note: For operation above 75 MHz, each pair of device VAA and GND pins must be separately decoupled with
0.1 pF and 0.01 pF capacitors.
Location Description Vendor Part Number
C1-C5 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
C6 10 pF tantalum capacitor Mallory CSR13G106KM
L1 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 Connection Diagram and Parts List
(Internal Voltage Reference).
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ANALOG POWER PLANE )
VAA
Bt473 ca R4
L1
CoMP C2-C3 YN +5V (VCC)
OPA ‘ .
== C6 = Cl
VREF z
>
GND GROUND
(POWER SUPPLY
CONNECTOR)
RSET §
Rl |rR2 |R3
IREF
IOR ' @_ TO
VIDEO
I
0G OP CONNECTOR
VAA
: IN4148/9

DAC
OUTPUT

TO MONITOR
IN4148/9

GND
Note: For operation above 75 MHz, each pair of device VAA and GND pins must be separately decoupled with
0.1 pF and 0.01 pF capacitors.
Location Description Vendor Part Number
C1-C5 0.1 pF ceramic capacitor Erie RPE112Z5U104MS0V
C6 10 pF tantalum capacitor Mallory CSR13G106KM
L1 ferrite bead Fair-Rite 2743001111
R1,R2,R3 75 Q 1% metal film resistor Dale CMF-55C
R4 1k Q 5% resistor
RSET 1% metal film resistor Dale CMF-55C
Z1 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 Bt473.

Figure 6. Typical Connection Diagram and Parts List
(External Voltage Reference).
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VREF

VAA

Bt473

IREF

CoMP

GND

IOR
10G

10B

l cs
ANALOG POWER PLANE
+
== c7 -
ca

L1

Note:

C2-C3 +5V(VCO)
RSET = 1.22/ IREF I |
+
I DI
RSET oo | A [+3 cl
Z1
+
cs —-'— VIN
" GROUND
(POWER SUPPLY
CONNECTOR)
Rl |RZ |R3
+ {p)— 0
. VIDEO
O CONNECTOR
O—
VAA
: IN4148/9
DAC TO MONITOR
OUTPUT

GND

0.1 pF and 0.01 pF capacitors.

IN4148/9

For operation above 75 MHz, each pair of device VAA and GND pins must be separately decoupled with

Location Description Vendor Part Number
C1-Cs 0.1 pF ceramic capacitor Erie RPE112Z5U104MS0V
C6 10 pF tantalum capacitor Mallory CSR13G106KM
C7,C8 1 YF capacitor Mallory CSR13G105KM
L1 ferrite bead Fair-Rite 2743001111
R1,R2,R3 75 Q 1% metal film resistor Dale CMF-55C
Z1 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 Bt473.

Figure 7. Typical Connection Diagram and Parts List
(External Current Reference).
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Application Information

Using Multiple Devices

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 external voltage reference provides about 10x bet-
ter power supply rejection on the analog outputs than
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.
Avoid DAC power decoupling networks with large
time constants, which could delay VAA power to the
device. Ferrite beads must only be used for analog
power VAA decoupling. Inductors cause a time con-
stant delay that induces latchup.

Latchup can be prevented by assuring that all VAA
pins are at the same potential, and that the VAA 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.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VAA
80, 66 MHz Parts 4.75 5.00 5.25 A%
50, 35 MHz Parts 4.5 5.00 5.5 \%
Ambient Operating Temperature TA 0 +70 °C
Output Load RL 375 Q
Voltage Reference Configuration
Reference Voltage VREF 1.14 1.235 1.26 \%
Current Reference Configuration
IREF Current IREF
Standard RS-343A -3 -8.39 -10 mA
PS/2 Compatible -3 -8.88 -10 mA

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units
VAA (measured to GND) 7.0 \"
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)

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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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 +1 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 \"
Input Low Voltage VIL GND-0.5 0.8 \"
Input High Current (Vin = 2.4 V) IIH 1 HA
Input Low Current (Vin =0.4 V) IIL -1 pA
Input Capacitance CIN 7 pF
(f=1MHz, Vin=24V)
Digital Outputs
Output High Voltage VOH 24 \"
(IOH = -400 pA)
Output Low Voltage VOL 04 \"
(IOL =3.2 mA)
3-State Current (D0-D7) 10Z 50 HA
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 mA
Output Current (Standard RS-343A)
White Level Relative to Black 16.74 17.62 18.50 mA
Black Level Relative to Blank
SETUP =7.5IRE 0.95 1.44 1.90 mA
SETUP =0 IRE 0 5 50 HA
Blank Level 6.29 7.62 8.96 mA
Sync Level 0 5 50
LSB Size 69.1 HA
DAC-to-DAC Matching 2 5 %
Output Compliance vocC -05 +1.5 v
Output Impedance RAOUT 10 kQ
Output Capacitance CAOUT 30 pF
(f=1MHz, IOUT = 0 mA)
Voltage Reference Input Current IVREF 10 HA
Reference Output Voltage VREF OUT | 1.08 12 S 1.32 v
Reference Output Current IREF OUT 100 HA
Power Supply Rejection Ratio (Note 1) PSRR 0.5 % | % AVAA
(COMP =0.1 pF, f=1KHz)

Test conditions to generate RS-343A standard video signals (unless otherwise specified): "Recommended Operating
Conditions" using external voltage reference with RSET = 140 Q, 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.¢., 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 £10% 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 mA
Black Level Relative to Blank
SETUP =7.5IRE 1.01 1.51 2.0 mA
SETUP =0 IRE 0 5 50 HA
Blank Level 6.6 8 94 mA
Sync Level 0 5 50 A

Test conditions to generate PS/2 compatible video signals (unless otherwise specified): "Recommended Operating
Conditions" using external voltage reference with RSET = 140 Q, VREF = 1.235 V or external current reference
with IREF = -8.88 mA.
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AC Characteristics

80 MHz Devices 66 MHz Devices

Parameter Symbol | Min Typ Max Min Typ Max Units
Clock Rate Fmax 80 66 MHz
RSO0-RS2 Setup Time 1 10 10 ns
RS0-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 S 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*pl4 4*pl4 ns
Pixel and Control Setup Time 12 3 3 ns
Pixel and Control Hold Time 13 3 3 ns
Clock Cycle Time (p14) 14 12.5 15.15 ns
Clock Pulse Width High Time 15 4 5 ns
Clock Pulse Width Low Time 16 4 5 ns
Analog Output Delay 17 30 30 ns
Analog Output Rise/Fall Time 18 3 3 ns
Analog Output Settling Time (Note 1) 19 13 ) 13 . ns
Clock and Data Feedthrough (Note 1) =30 =30 dB
Glitch Impulse (Note 1) 150 i 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
VAA Supply Current (Note 2) 1AA 180 250 180 250 mA

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

50 MHz Devices 35 MHz Devices

Parameter Symbol | Min Typ Max Min Typ Max Units
Clock Rate Fmax 50 35 MHz
RS0-RS2 Setup Time 1 10 10 ns
RS0-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 S 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*pl4 4*pl4 ns
Pixel and Control Setup Time 12 3 3 ns
Pixel and Control Hold Time 13 3 3 ns
Clock Cycle Time (p14) 14 20 .28 ns
Clock Pulse Width High Time 15 6 7 ns
Clock Pulse Width Low Time 16 6 9 ns
Analog Output Delay 17 30 30 ns
Analog Output Rise/Fall Time 18 3 3 ns
Analog Output Settling Time (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
VAA Supply Current (Note 2) 1AA 180 220 180 220 mA

Test conditions (unless otherwise specified): "Recommended Operating Conditions" using external voltage reference with
RSET = 140 Q, 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,
DO0-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 k< 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: AtFmax. JAA (typ) at VAA =5.0 V. TAA (max) at VAA (max).
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Timing Waveforms

1 2
RSO, RS1, RS2 VALID
10

RD*, WR*
‘ 11
4
; . }7 s
DO- D7 (READ) DATA OUT (RD* =0)
I —s

DO - D7 (WRITE) DATA IN (WR* =0)

7

CRO-CR3
— 9

Figure 8. MPU Read/Write Timing.

8

5 | e

we i I /] —\__

RO-R7, GO-G7, BO-B7, i

OLO-OL3, S0, S1, >< DATA X
SYNC*, BLANK* 1t
12 17—
— 13 —_—] f-—ro 19
IOR, 10G, IOB

: _.l )

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 9. Video Input/Output Timing.
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Ordering Information
Ambient
Model Number Speed Package 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

e 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

e Sync on All Three Channels

¢ Programmable Pedestai (0 or 7.5 IRE)
* On-Chip Voltage Reference

» Standard MPU Interface

¢ +5V CMOS Monolithic Construction
¢ 68-pin PLCC Package

¢ Typical Power Dissipation: 1.1 W

Functional Block Diagram

CLOCK
RO-R7
G0-G7
B0-B7
$0, 81
SYNC*
Lo-0L3
3LANK*

CRO-CR3
a7+

DO-D7 RD* WR* RSO RS1 RS2

Brooktree Corporation * 9950 Barnes Canyon Rd. ¢ San Diego, CA 9i 121-2790
(619) 452-7580 » (800) VIDEO IC » TLX: 383 596 » FAX: (619) 452-1249
Bt473 110 MHz Draft F

110 MHz
Btd473

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 15-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 Q
load. Differential and integral linearity errors
are guaranteed to be a maximum of +1 LSB
over the full temperature range.

Brookiree®
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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

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 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 (8 bits each of red, green, and
blue), using RSO-RS2 to select the overlay registers.

Addressed by MPU

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

address register (RAM write mode)
address register (RAM read mode)

pixel read mask register

address register (overlay write mode)
address register (overlay read mode)

color palette RAMs

overlay registers
command register

Table 1. Control 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 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. 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 ADDRDb) 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 (ADDRO-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.

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 DS 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-R0. This also forces O IRE set-
up and 6-bit DAC operation. The SO and S1 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, 15-bit true color, 8-bit true color, and 8-bit
pseudo color. The mode of operation is determined by
the SO and S1 inputs in conjunction with CR7 and
CR6 of the command register. SO and S1 are pipe-
lined to maintain synchronization with the RO-R7,
G0-G7, B0-B7, and OLO-OL3 pixel and overlay data
inputs.

Table 3 lists the modes of operation.

RSO, RS1, RS2 >< VALID )<

RD*, WR*

—\

/

DO - D7 (READ)

DATA OUT (RD* =0)

DO - D7 (WRITE) ><

DATA IN (WR* =0) ><

Figure 1. MPU Read/Write Timing.
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Circuit Description (continued)

Value RS2 RS1 RSO Addressed by MPU
ADDRa, b (counts modulo 3) 00 X 0 1 red value
01 X 0 1 green value
10 X 0 1 blue value
ADDRO-7 (counts binary) $00-$FF 0 1 color palette RAMs
xxxx 0000 1 0 1 reserved
xxxx 0001 1 0 1 overlay color 1
xxxx 1111 1 0 1 overlay color 15

Table 2. Address Register (ADDR) Operation.

OL3-OL0 | S1,S0 | CR7,CR6 Mode R7-R0O G7-GO B7-B0
1111 XX XX overlay color 15 $xx $xx $xx
0001 XX XX overlay color 1 $xx $xx $xx
0000 00 00 24-bit true color R7-RO G7-GO B7-B0
0000 00 01 24-bit true color R7-RO G7-GO B7-B0
0000 00 10 24-bit true color R7-RO G7-GO B7-B0
0000 00 11 reserved reserved reserved reserved
0000 01 00 24-bit true-color bypass R7-RO G7-GO B7-B0
0000 01 01 24-bit true-color bypass R7-RO G7-GO B7-B0
0000 01 10 24-bit true-color bypass R7-RO G7-GO B7-B0
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-P0
0000 10 11 15-bit true color Orrrrrgg gggbbbbb ignored
0000 11 00 8-bit true-color bypass (red) rrrgggbb ignored ignored
0000 11 01 8-bit true-color bypass (green) ignored rrrgggbb ignored
0000 11 10 8-bit true-color bypass (blue) ignored ignored rrrgggbb
0000 11 11 15-bit true-color bypass Orrrrrgg gggbbbbb ignored
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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, GO~G7, and BO-B7
inputs. RO-R7 address the red color palette RAM,
GO0-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, G0-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-P7) 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-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

Every clock cycle, 8 bits of pixel information may be
input to the Bt473 by the RO-R7, G0-G7, or BO-B7
inputs, as specified by CR7 and CR6:

RO-R7 GO0-G7 B0-B7
Inputs Inputs Inputs Input
Selected | Selected | Selected | Format

R7 G7 B7 R7
R6 G6 B6 R6
RS GS BS RS
R4 G4 B4 G7
R3 G3 B3 G6
R2 G2 B2 G5
R1 Gl1 Bl 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

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; R1, 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
RS R6
R4 RS
R3 R4
R2 R3
R1 G7
RO G6
G7 G5
G6 G4
G5 G3
G4 B7
G3 B6
G2 B5
Gl B4
GO B3
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Circuit Description (continued)

Overlays

The overlay inputs, OL0O-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 B0, 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.

N AV

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 Q load, such as a doubly-terminated 75 Q co-
axial cable. :

RO-R7, GO-G7, BO-B7,
OL0-OL3, S0, St, DATA X

SYNC*, BLANK*

IOR, 10G, I0B

O\
X X
/‘\,\,‘

Figure 2. Video Input/Output Timing.
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Circuit Description (continued)

MA v

26.67 1.000 WHITE LEVEL
92.5IRE

9.05 0.340 BLACK LEVEL
7.51RE

7.62 0.286 BLANK LEVEL
40 1IRE

0.00 0.000 SYNC LEVEL

Note: 75 Q doubly-terminated load, SETUP = 7.5 IRE, VREF = 1.235 V, and RSET = 143 Q.
RS-343A levels and tolerances are assumed on all levels.

Figure 3. Composite Video Output Waveforms (SETUP = 7.5 IRE).

lout DAC
Description (mA) 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 IOR, IOG, IOB = 26.67 mA, SETUP = 7.5 IRE,
VREF =1.235 V, and RSET = 143 Q.

Table 4. Video Output Truth Table (SETUP = 7.5 IRE).
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Circuit Description (continued)

MA v

2524 | 0950 - WHITE LEVEL
100 IRE

762 | 0286 BLACK/BLANK LEVEL
431RE

000 | 0.000 SYNC LEVEL

Note: 75 Q doubly-terminated load, SETUP = 0 IRE, VREF = 1.235 V, and RSET = 143 Q.
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 1 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 IOR, IOG, IOB = 25.24 mA, SETUP = 0 IRE,
VREF =1.235V, and RSET = 143 Q.

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 Color mode select These bits are used to control the various color
modes, as specified in Table 3.

CR5 Setup select
This bit is used to specify either a 0 IRE (logical
0) OIRE zero) or 7.5 IRE (logical one) blanking pedestal.
(1) 75IRE
CR4 8-bit / 6-bit color select This bit specifies whether the MPU is reading and
writing 8 bits (logical one) or 6 bits (logical zero) of
(0) 6 bits color information each cycle. For 8-bit operation,
(1) 8bits 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).

CR3-CRO CR3-CRO outputs These bits are output onto the CR3—CRO pins.
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Pin Descriptions

Pin Name

Description

BLANK*

SYNC*

CLOCK

RO-R7,
G0-G7,
B0-B7

S0, S1

OL0-OL3

IOR, 1I0G, IOB

IREF

Composite blank control input (TTL compatible). A logical zero drives the analog outputs to the
blanking level, as detailed in Tables 4 and S. 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 GND.

Clock input (TTL compatible). The rising edge of CLOCK latches the RO-R7, G0O-G7, B0-B7, S0,
S1, OL0-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 1 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, GO, and BO are the
LSBs. Unused inputs should be connected to GND.

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, GO-G7,
B0-B7, SO, and S1 inputs are ignored. OL0-OL3 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 can directly drive a
doubly-terminated 75 Q coaxial cable (Figures 5, 6, and 7 in the PC Board Layout Considerations
section).

Full-scale adjust control. When voltage reference is used (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:

RSET (Q) = K*1000 * VREF (V) / Iout (mA)
K is defined in the table and note below.

K K

Pedestal

(with SYNC)

(without SYNC)

7.51RE

0IRE

3.063

2.898

2.205

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) = Iout (mA) /K

Note :

The K values in this table 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 Q is recommended.
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Pin Descriptions (continued)

Pin Name

Description

COMP

VREF

OPA

VREF OUT

VAA
GND

WR*

RD*

RS0, RS1, RS2
DO0-D7
CRO-CR3

471*

Compensation pin. If an external voltage reference is used (Figures S 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 puF ceramic capacitor must 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. 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 pF 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 COMP. 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 Figure 6.) Up to four Bt473s may be driven by this output.

Analog power. All VAA 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). D0-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.
RSO0-RS?2 are latched on the falling edge of RD* during MPU read operations. RD* and WR*
should not be asserted simultaneously. (See Figures 1 and 8.)

Register select inputs (TTL compatible). RSO-RS2 specify the type of read or write operation being
performed, as shown 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.

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 Bt471 operating mode (i.e., it enables 8-bit pseudo-color mode with
R7-R0, 0 IRE setup, and 6-bit DAC operation). This pin must be held at a logical-zero level to
maintain this mode of operation.
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Pin Descriptions (continued)

4-82

BO
Bl
B2
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GND
GND
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BLANK*
SYNC*
CLOCK
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PC Board Layout Considerations

PC Board Considerations

For optimum performance of the Bt473, proper CMOS
RAMDAC layout techniques should be studied in the
Bt451/7/8 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 VAA

and GND pins should be as short as possible to minimize
inductiveringing.

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 Bt473 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 Bt473 power
pins, VREF circuitry, and COMP and VREF decou-
pling. There should be at least a 1/8-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, 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.

Device Decoupling

For optim83 "eeerformance, 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 pF ceramic capacitor, decoupling
each of the two groups of VAA pins to GND. For op-
eration above 75 MHz, a 0.1 pF capacitor in parallel
with a 0.01 pF chip capacitor is recommended. The
capacitors should be placed as close as possible to the
device VAA and GND pins and connected with short,
wide traces.

The 10 pF capacitor shown in Figures 5, 6, and 7 is
for low-frequency power supply ripple; the 0.1 UF 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 mV. 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 VAA, typically
with a 0.1 PF 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
VAA 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 uF 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-11 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 ). 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 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 33-68 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 RAMDAC. A parallel termination of 220  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 bétween 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 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 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 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 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 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
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PC Board Layout Considerations (continued)

can prevent latchup under severe discharge conditions  diodes, which are also available in multiple-device
without adversely degrading analog transition times.  packages (FSA250X or FSA270X) or surface-
The 1N4148/9 parts are low-capacitance, fast-switching ~ mountable pairs (BAV99 or MMBD7001).

ANALOG POWER PLANE
VAA
Bt473 ca i
comp c2-¢3 - +5V(VCO
= T
+

VREF c6 c1
VREF OUT ] e T T

GND GROUND

(POWER SUPPLY
CONNECTOR)
RSET 5
Rl JR2 |R3
IREF
IOR @— 0
VIDEO
106 OP CONNECTOR
108 ®—
VAA
@ IN4148/9
DAC TO MONITOR
OUTPUT
IN4148/9
GND
Note: Each set of VAA and GND pins must be separately decoupled.
Location Description Vendor Part Number
C1-C5 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
C6 10 pF tantalum capacitor Mallory CSR13G106KM
L1 ferrite bead Fair-Rite 2743001111
R1,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 Connection Diagram and Parts List
(Internal Voltage Reference).
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PC Board Layout Considerations (continued)

ANALOG POWER PLANE
VAA
Bt473 R4 ;
c4 Ll
M
comp c2-c3
OPA r l
= 71 t 6 c1
VREF
>
GND
RSET L
Rl |R2 |R3
IREF
IOR @— 0
VIDEO
10G @—
CONNECTOR
VAA
: IN4148/9
DAC TO MONITOR
OUTPUT
IN4148/9
GND
Note: Each set of VAA and GND pins must be separately decoupled.

+5V (VCC)

GROUND
(POWER SUPPLY
CONNECTOR)

Location Description Vendor Part Number
Cl1-Cs 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
C6 10 pF tantalum capacitor Mallory CSR13G106KM
L1 ferrite bead Fair-Rite 2743001111
R1,R2,R3 75 Q 1% metal film resistor Dale CMF-55C
R4 1 kQ 5% resistor
RSET 1% metal film resistor Dale CMF-55C
Z1 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 Bt473.

Figure 6. Typical Connection Diagram and Parts List
(External Voltage Reference).
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PC Board Layout Considerations (continued)

VREF

Cs
ANALOG POWER PLANE
VAA
=2 Cc7
Bt473 o i
C2-C3
I RSET = 1.22/ IREF

VOUT ADJ

+5V (VCC)
IREF o .
RSET == ¢ == a
comp ——I 71 B
+
c8 —/— VIN
GND GROUND
(POWER SUPPLY
CONNECTOR)
Rl [R2 |R3
IOR —@— 10
C VIDEO
106 P CONNECTOR
s O—
VAA
@ IN4148/9
Dac TO MONITOR
OUTPUT
1N4148/9
GND
Note: Each set of VAA and GND pins must be separately decoupled.
Location Description Vendor Part Number
C1-C5 0.1 uF ceramic capacitor Erie RPE112Z5U104M50V
C6 10 pF tantalum capacitor Mallory CSR13G106KM
C7,C8 1 uF capacitor Mallory CSR13G105KM
L1 ferrite bead Fair-Rite 2743001111
R1,R2,R3 75 Q 1% metal film resistor Dale CMF-55C
Z1 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 Bt473.

Figure 7. Typical Connection Diagram and Parts List
(External Current Reference).
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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.
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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 VAA power to
the device. Ferrite beads must be used only for ana-
log power- VAA decoupling. Inductors cause'a time
constant delay that induces latchup.

Latchup can be prevented by ensuring that all
VAA pins are at the same potential and that the VAA
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.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VAA
110, 80, 66 MHz Parts 4.75 5.00 5.25 \%
50, 35 MHz Parts 4.5 5.00 5.5 \
Ambient Operating Temperature TA 0 +70 °C
Output Load RL 375 Q
Voltage Reference Configuration
Reference Voltage VREF 1.12 1.235 1.358 A%
Current Reference Configuration
IREF Current ‘ IREF
Standard RS-343A : -8.39 mA
PS/2 Compatible -8.88 mA

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units
VAA (measured to GND) 7.0 A"
Voltage on any Signal Pin (Note 1) GND-0.5 . VAA +0.5 \Y%

Analog Output Short Circuit
Duration to any Power Supply

or Common ISC indefinite
Ambiént Operating Temperature TA =55 +125 °C
Storage Temperature TS —65 +150 °C
Junction Temperature T +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
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
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-0.5 0.8 v
Input High Current (Vin =2.4 V) ITH 1 pA
Input Low Current (Vin = 0.4 V) IIL ~1 HA
Input Capacitance CIN 7 pF
(f=1MHz, Vin=24V)
Digital Outputs
Output High Voltage VOH 24 v
(IOH = -400 pA)
Output Low Voltage VOL 0.4 \'
(IOL =32 mA)
3-State Current (D0-D7) 10Z 50 HA
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 mA
Output Current (Standard RS-343A) | .
White Level Relative to Black 16.74 17.62 18.50 mA
Black Level Relative to Blank
SETUP =7.5IRE 0.95 1.44 1.90 mA
SETUP =0 IRE 0 5 50 HA
Blank Level 6.29 7.62 8.96 mA
Sync Level 0 5 50 HA
LSB Size 69.1 A
DAC-to-DAC Matching 2 5 %
Output Compliance voC -0.5 +1.5 A%
Output Impedance RAOUT 10 kQ
Output Capacitance CAOUT 30 pF
(f=1MHz, IOUT = 0 mA)
VREF Input Current : IREFIN 10 HA
VREF OUT Output Voltage VREFOUT 1.08 1.2 1.32 \%
VREF OUT Output Current IREF OUT 100 HA
Power Supply Rejection Ratio PSRR 0.5 % | % AVAA
(COMP = 0.1 pF, f = 1 kHz)

Test conditions to generate RS-343A standard video signals (unless otherwise spccified): "Recommended
Operating Conditions" with external voltage reference, RSET = 143 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.c., S 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 10 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 mA
Black Level Relative to Blank

SETUP = 7.5 IRE 1.01 1.51 2.0 mA

SETUP =0 IRE 0 5 50 LA
Blank Level 6.6 8 9.4 mA
Sync Level 0 5 50 HA

Test conditions to generate PS/2-compatible video signals (unless otherwise specified): "Recommended Operating
Conditions" with external voltage reference, RSET = 143 Q, and VREF = 1.235 V; or external current reference with
IREF =-8.88 mA.
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110 MHz Devices
Parameter Symbol | Min Typ Max Units

Clock Rate Fmax 110 MHz
RSO0-RS2 Setup Time 1 10 ns
RS0-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 11 6*pl4 ns
Pixel and Control Setup Time 12 3 ns
Pixel and Control Hold Time 13 3 ns
Clock Cycle Time (p14) 14 9.1 ns
Clock Pulse Width High Time 15 4 ns
Clock Pulse Width Low Time 16 4 ns
Analog Output Deléy 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
VAA Supply Current (Note 2) TIAA

At0°C 260 300 mA

At70°C 230 270 mA

Test conditions (unless otherwise specified):

"Recommended Operating Conditions" with

external voltage reference, RSET = 143 Q, 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 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.

Note2: AtFmax. IAA (typ) at VAA =5.0 V. TAA (max) at VAA (max).
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Timing Waveforms

1 2
RSO, RS1, RS2 VALID
10

RD*, WR*
11
i 4
3 —] ’7 5 )
DO - D7 (READ) DATA OUT (RD* = 0) .

T —

DO - D7 (WRITE) DATA IN (WR* =0)

7

CRO - CR3
—] 9

Figure 8. MPU Read/Write Timing Dimensions.

15 | 16
R _L —\_, /] —\__
RO-R7, GO-G7, BO-B7, i}
OL0-OL3, SO, S1, >< DATA
SYNC*, BLANK* 1}

12 17 —|
— 13 19
IOR, I0G, I0B
i}
: ——I 18

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 9. Video Input/Output Timing.
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Ambient
Model Number Speed Package Temperature
Range
Bt473KPJ110 110 MHz 68-pin Plastic 0° to +70° C
J-Lead
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Distinguishing Features  Applications

* 110, 80, 66, 50, 35 MHz Operation ¢ High-Resolution Color
* Bt471/476/478 Pin Compatibility Graphics

* Power-Down Mode * CAE/CAD/CAM

» Antisparkle Circuitry * Image Processing

¢ Analog Output Comparators * Instrumentation

» Triple 6-bit (8-bit) D/A Converters * Desktop Publishing

* 256 x 18 (24) Color Palette RAM * Laptop Computers

* RS-343A/RS-170-Compatible Outputs
e 15 x 18 (24) Overlay Registers

* Programmable Pedestal

* Optional Internal Reference

¢ 44-pin PLCC Package

Functional Block Diagram

VAA GND VREF IREF

comp
- o I0R
P0-P7 i e 256X18Q24) |
syner = COLOR PALETTE | :
! i 106
BLANK* 3 : SETUP
OL0-0L3 > 15X18Q4) | 0B

OVERLAY

SENSE*

L ,v 41514m1+
BUS CONTROL 751471
’ ‘ @4y

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: 383 596 » FAX: (619) 452-1249
LA477001 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 external 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 System/2®"and "pS/2®"
are registered trademarks of IBM.

Brookiree®
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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 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 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 RS0-RS2 to select the col-
or 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 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-

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 18-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-

RS2 RS1 RSO Addressed by MPU
0 0 0 address register (RAM 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 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.

4-96 SECTION 4



Brookiree®

Bt475/477

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 internal logic. 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 ADDRD) 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, (ADDRO-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 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 Bt477'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.

If the 475/471* (477/471%*) input is a logical one,
the command register is available. On the Bt477, the
6-bit/8-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 Bt477'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.

Value RS2 RS1 RSO Addressed by MPU
ADDRa, b (counts modulo 3) 00 red value
01 green value
10 blue value
ADDRO-7 (counts binary) $00 - $FF 0 0 1 color palette RAM
xxxx 0000 1 0 1 reserved
xxxx 0001 1 0 1 overlay color 1
xxxx 1111 1 0 1 overlay color 15

Table 2. Address Register (ADDR) Operation.
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Power-Down Mode

The Bt475/477 incorporates a power-down capabili-
ty, controlled by the SLEEP command bit. While the
SLEERP 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 turn the current reference off
(IREF = 0 mA) during sleep mode.

When an external voltage reference is used, exter-
nal 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 IOR,
IOG, and IOB 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 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 through the IOR, IOG, and
IOB outputs:

DAC Low Voltage < 325 mV
DAC High Vojtage 2 395 mV

There is an additional +10-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 OL0-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 D/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
0 or 7.5 IRE blanking pedestal is to be used.

The analog outputs of the Bt475/477 can directly
drive a 37.5 Q load, such as a doubly-terminated 75
Q coaxial cable.
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OL0-OL3 | PO-P7 Addressed by frame buffer
$0 $00 color palette RAM location $00
$0 $01 color palette RAM location $01
$0 $FF color palette RAM location $FF
$1 $xx overlay color 1

: $xx :
$F $xx overlay color 15

Table 3. Pixel and Overlay Control Truth Table.
(Pixel Read Mask Register = $FF)
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Circuit Description (continued)
NO SYNC SYNC
MA v MA v
19.05 0.714 2§.67 1.000 WHITE LEVEL
92.51RE
144 0.054 9.05 0.340 BLACK LEVEL
751IRE
0.00 0.000 7.62 0.286 BLANK LEVEL
40 IRE
0.00 0.000 SYNC LEVEL
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 (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 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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Circuit Description (continued)

NO SYNC SYNC

MA

17.62

0.00

0.00

0.660 | 25.24 | 0950

0.000 | 7.62 0.286

0.000 | 0.00 0.000

Note:

4-100

100 IRE

WHITE LEVEL

43 IRE

BLACK/BLANK LEVEL

RS-343A levels and tolerances are assumed on all levels.

SYNC LEVEL

75 Q doubly-terminated load and SETUP = 0 IRE. VREF = 1.235V and RSET = 147 Q.

Figure 2. 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 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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Circuit Description (continued)

NO SYNC SYNC
MA v MA v
1425 | 0.713 | 20.36 1.018 WHITE LEVEL
100 IRE
0.00 0.000 | 6.11 0.305 BLACK/BLANK LEVEL
43 IRE
0.00 0.000 | 0.00 0.000 - SYNC LEVEL

Note: 50 Q load and SETUP = 0 IRE. VREF = 1.235 V and RSET = 182 Q. 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 (mA)
WHITE 14.25 20.36 1 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 Q load and SETUP =0 IRE. VREF = 1.235 V and RSET = 182 Q.

Table 6. PS/2 Video Output Truth Table (SETUP = 0 IRE).
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Internal Registers

Command Registér

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) OIRE
(1) 7.5IRE

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) synconred

SECTION 4

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 O 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 IOB output is to contain

sync information.

This bit specifies whether the IOG output is to contain
sync information.

This bit specifies whether the IOR output is to contain
sync information.
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Internal Registers (continued)

Command Register (continued)

D1 6-bit / 8-bit select
(0) 6-bit
(1) 8-bit

DO SLEEP enable

(0) normal operation
(1) sleep mode

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 turn the current reference
off during sleep mode.

To further reduce power consumption in SLEEP

mode, the pixel clock should be disabled while in
SLEEP.

PC GRAPHICS
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Pin Descriptions

Pin Name

Description

BLANK*

SETUP

SYNC*

CLOCK

OLO - OL3

COMP

VREF

OPA

IOR, 1I0G, IOB

VAA

GND

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 latched 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 O 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 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 (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 S 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 YF ceramic capacitor must 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. 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 pF ceramic capacitor
is used to decouple this input to GND, as shown in Figures 4 and 5. 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 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 COMP.  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, S, and 6).

Analog power. All VAA 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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Pin Descriptions (continued)

Pin Name

Description

IREF

WR*

RSO, RS1, RS2

DO-D7

475/471*

(477/471%)

SENSE*

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 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 (Q) =K * 1,000 * VREF (V) / Iout (mA)
K is defined in the table below. It is recommended that a 147 Q RSET resistor be used for
doubly-terminated 75 Q loads (i.e., RS-343A applications). For PS/2 applications (i.e., 0.7 V into 50

Q with no sync), a 182 Q 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 (mA) = Iout (mA) /K

K K

Part Mode |Pedestal| (with sync) [(without sync)

Bt477 6-bit 7.51RE 3.013 2.170
8-bit 7.51IRE 3.049 2.196
6-bit 0IRE 2.852 2.010
8-bit 0IRE 2.886 2.034

7.51RE 3.013 2.170
0IRE 2.852 2.010

Bt475 (6-bit)

Write control input (TTL compatible). DO0-D7 data is latched on the rising edge of WR*, and
RSO0-RS?2 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.
RSO0-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 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
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 Bt471 with antisparkle 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 IOR, IOG, and IOB
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

Pin Descriptions (continued)

CLOCK
OoLo
OL1
OoL2
oL3

SENSE*

(4771471%) 475/471*
GND

VAA

SYNC*

RD*

Names in parentheses are pin names for the Bt477.
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Brookiree®

Bt475/477

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 Bt451/7/8 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 VAA 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 switching
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.

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-
ial lead 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 PF ceramic capacitor, decoupling
each of the two groups of VAA pins to GND. For
operation above 75 MHz, a 0.1 pF capacitor in paral-
lel with a 0.01 uF chip capacitor is recommended.
The capacitors should be placed as close as possible
to the device VAA and GND pins and connected with
short, wide traces.

The 10 YF capacitor shown in Figures 4, 5, and 6 is
for low-frequency power supply ripple; the 0.1 UF 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 mV. 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 VAA, typically
with a 0.1 PF 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
VAA 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 pF ceramic capacitor should be used to decou-
ple this input to GND.
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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-11 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 €2). 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 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 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.

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 Signal 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 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 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 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 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 1N4148/9 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).
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PC Board Layout Considerations (continued)
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