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Thank you for your interest in Brooktree products.

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

At Brooktree, listening to our customer's requirements is what we do first. Solving our

customer problems is what we do best.
Brooktree®
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Company Facts

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

Brooktree Corporation is a privately held company
located in San Diego, California. Facilities of
133,000 sq. ft house all design, test, and quality
assurance activities as well as marketing, sales, and
administration.  Brooktree has established a
worldwide network of distributors and factory
representatives, with offices in the United States,
Europe, and the Far East.

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

Since its first volume shipments in 1985, Brooktree
has achieved leadership share in the workstation
graphics market, and a large share of the emerging
markets 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
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six CMOS video digital-to-analog converter products
(our VIDEODAC line) to the high-performance
graphics market. Further system level integration led
to our family of RAMDACS, which combine triple
VIDEODACS, color palette RAMs, and pixel input
multiplexers on a single chip. Recently introduced
products include a 360 MHz bipolar RAMDAC and
several next-generation CMOS RAMDACS.

In 1988, Brooktree entered the image acquisition
market with it's first CMOS flash video 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
required to digitize a video signal. Additional
products are under development to enable image
acquisition to be a "drop-in" solution.

Products for the automatic test equipment and
instrumentation markets include programmable
timing verniers, high-speed comparators, and
load/driver/comparator circuits.

Strategy

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

Advance Information

This is the 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 devices
by approximately six months. This datasheet has the phrase "Advance Information" in the upper left corner on the
front page.

Preliminary Information

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

Final datasheet

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

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 parameters may
be tested, the accuracy or completeness of the testing is not guaranteed. In addition, the product has not been put
through Brooktree's quality and reliability testing. They have standard 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 document 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 document
control.
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Brooktree®

Introduction

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

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

Product Quality

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

100%

procedures assure with a high degree of confidence
that a lot will not be approved for shipment if certain
levels of quality are not met. For sampling plans, the
operating characteristic curve illustrated in Figure 1
shows the relationship of lot quality versus
probability of acceptance. Point A on the curve is
termed AQL; it signifies the lot quality in percent
defective (0.065%) that will give a high probability
(95%) of lot acceptance. Point B on the curve is
termed LTPD and signifies the unsatisfactory level of
quality where the lot will be rejected 90% of the time.
Brooktree performs quality conformance testing using
an acceptance sampling method based on
MIL-STD-105D and MIL-M-38510H.

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

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

90%

80%
70%

Probability of 60%

Lot Acceptance
50%

40%
30%

20%

10%

0.03 0.06 0.09

Lot Quality (Percent Defective)

Figure 1. Lot Quality vs. Probability of Acceptance.
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Wafer Fabrication |
WaferIProbe |
Vamsmivee
|

]

|

|

High Magnification Visual

[ Die Attachment
L

|
Wire Bonding

]
| Low Magnification Visual

Commercial Plastic L Commercial Hermetic Package J
Package I
[ Seal |
]
L Mold and Cure | Stabilization Bake
Method 1008 Cond. C

Temperature Cycle 10 cycles
Method 1010 Cond. C

Constant Acceleration
Method 2001 Cond. E

Fine and Gross Leak
Method 1014

L Extemal Visual Inspection |
|

Preburn-in
Electrical Test

|

l Lot Sample Bumn-in
]

! Postbura-in

| Electrical Test

LQuality Conformance Inspection

Figure 2. Standard Product Manufacturing Flow.

QUALITY ASSURANCE 2-3



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

Product Reliability

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

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

Screening is performed to eliminate early-failure
devices and to conform to military requirements.
Military grade products are tested in conformance to
MIL-STD-883C. The basic method used to estimate
product life is accelerated environmental testing.
These tests expose the product to stresses greater than
expected in actual use. The number of device failures
that occur can be related to the magnitude of the stress
applied. The common practice is to express the
results in failures in 109 hours, or FITs (one FIT is
equal to one failure per billion device hours of
operation. It can also be expressed in the common
notation of 0.0001% failures per 1000 hours).

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

Product Development

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

=] REGION A REGION B REGION C
g Infant Mortality or Nommal useful operating region Wearout region
j Early Life region
=
2
Decreasing failure rate Constant failure rate Increasing failure rate

TIME

Figure 3. Device Failure Rate vs. Time.
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Design

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

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

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

Wafer Probe

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

Device Assembly

The Quaiity Assurance depaiiment tivuiors dic
performance of various processing steps by requiring
mandatory sampling of each lot moving through
critical quality operations. We have instituted eight
sampling points or gates in the assembly area: wafer
inspection, material inspection, first QA die visual
(high magnification), die attach control, second QA
die visual (low magnification), QA hermeticity check,

QA final inspection, and QA outgoing audit. Daily
monitoring and audits of equipment and operators
ensure that the final product meets all predefined
quality criteria.

Device Packaging

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

Final Testing

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

Qualification

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

Failure Analysis

Even under the strictest of standards, failures do occur.
To control this situation and learn from it, the failure
analysis group ideuiifics scliability pioblems and
performs corrective action on failures from in-house
stress testing as well as customer field returns.
Brooktree provides customers with specific feedback
so that the customer can be assured that appropriate
action has been taken.
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Sample /
Description Methods and Conditions* Max. Reject Notes
High Temperature 2000 hours, TA = 125° C *** 280 electrical at 16, 48, 168,
Operating Life (<400 FIT) |500, 1000, 1500, 2000
Electrical TA =Tmax *kkk hours
High Temperature 2000 hours, TA = 200° C .55/0 electrical at 500,
Storage 1000, 1500, 2000
Electrical TA = Tmax hours
Temperature Cycle Method 1010, condition C, 116 /0
—-65° C/ +150° C, 500 cycles
Electrical TA = Tmax
Thermal Shock Method 1011, condition B, 116 /0
-55° C [ +125° C, 200 cycles electrical every 500
Electrical TA =Tmax cycles
Pre-conditioning -40° C / +150° C, 20 cycles 153 /0
Temperature Cycle
Temperature Cycle 0° C/+125° C 3000 cycles
Electrical TA =Tmax
Pre-conditioning —65° C / +150° C, 10 cycles 195/1 plastic package only
Temperature Cycle
Pre-conditioning 85° C / 85% RH, 24 hours,
Temperature/Humidity unbiased
Steady-State 85° C / 85% RH, 1500 hours,
Temperature/Humidity biased
Electrical TA =Tmax ) electrical at 500, 1000,
1500 hours
Pressure Cooker 125° C, 2.3 atm, 288 hours 771/1 plastic package only
Electrical TA =Tmax
Destructive Physical SEM - surface and cross 3 sets 1 set from each of 3
Analysis section wafer lots

*Test methods reference MIL-STD-883C.
**Samples to be selected from 3 wafer lots (each lot shall be processed with a minimum of 1 week
separating it and the other two wafer lots.
***Power supplies shall be set to 0.5 V less than the 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.
**¥¥+E[T shall be calculated using the Ahhrenius acceleration model and the following assumptions:
Ea = 0.5 eV if no failures; if failures, Ea to be determined based upon failure mechanism.
Ts = 55° C (derating temperature)
confidence level = 60%

Table 1. Wafer Foundry Tests**.
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Vibration
Constant Acceleration

Method 2007, condition A
Method 2001, condition E,
Y1 axis only

Sample /
Description Methods and Conditions* Max. Reject Notes
External Lead Plating Method 2003 4/0
Thickness
Solderability 4 units /
all leads
Resistance to Solvents Method 2015 4/0
Internal Visual Method 2010 4/0
Bond Strength Method 2011
Die Shear Method 2019
External Lead Method 2004, condition B 34/2
Integrity
Fine Leak Method 1014 , condition A or B for CERDIP only
Gross Leak Method 1014 , condition C for CERDIP only
Temperature Cycle Method 1010, condition C, 116 /0
-65° C/ +150° C, 500 cycles
Electrical TA =Tmax
Thermal Shock Method 1011, condition B, 116 /0
-55° C / +125° C, 200 cycles
Electrical TA =Tmax
Preconditioning -40° C / +150° C, 20 cycles 153/0
Temperature Cycle
Temperature Cycle 0° C/+125° C, 3000 cycles
Electrical TA = Tmax electrical every 500
cycles
Steady-State Temp. 85°C/85% RH, 50/0 empty (dummy) packages
and Humidity 1500 hours, biased may be used
Visual
Mechanical Shock Method 2002, condition B 34/2

Fine Leak Method 1014, condition A or B
Gross Leak Method 1014, condition C
Electrical TA =Tmax
Table 2. Monolithic Hermetic Package Assembly Tests**.
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Sample /
Description Methods and Conditions* Max. Reject Notes

Salt Atmosphere Method 1009 34/2
Fine Leak Method 1014, condition A or B
Gross Leak Method 1014, condition C
Resistance to 15 sec dip to with 1/8" of body 22/0

Soldering Heat in solder at 260° C
Fine Leak Method 1014, condition A or B
Gross Leak Method 1014, condition C
Electrical
Destructive Physical SEM - surface and 3 sets 1 set from each of 3

Analysis cross-section assembly lots

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

Table 2. Monolithic Hermetic Package Assembly Tests**.
(Continued)
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Sample /
Description Methods and Conditions* Max. Reject Notes
External Lead Plating Method 2003 4/0
Thickness
Solderability 4 units /
2 leads
Resistance to Solvents Method 2015 4/0
X-Ray 4/0
Mechanical Shock Method 2002, condition B 25/1
Electrical TA =Tmax
Temperature Cycle Method 1010, condition C, 116 /0
—65° C/ +150° C, 500 cycles
Electrical TA =Tmax
Thermal Shock Method 1011, condition B, 116 /0
-55° C/ +125° C, 200 cycles
Electrical TA =Tmax
Preconditioning —40° C/ +150° C, 20 cycles 153 /0
Temperature Cycle
Temperature Cycle 0° C/+125° C, 3000 cycles
Electrical TA =Tmax electrical every 500
cycles
Preconditioning —65° C / +150° C 10 cycles 195/1
Temperature cycle
Preconditioning 85° C / 85% RH, 24 hours,
Temperature/Humidity unbiased
Steady-State 85° C / 85% RH, 1500 hours,
Temperature/Humidity biased
Electrical TA = Tmax electrical at 500, 1000,
and 1500 hours
Pressure Cooker 125° C, 2.3 atm, 288 hours 77/1
Electrical TA = Tmax

Table 3. Monolithic Plastic Package Assembly Tests**.
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Sample /
Description Methods and Conditions* Max. Reject Notes
Salt Atmosphere Method 1009 34/2
High Temperature TA =125°C (TJ< 150° C), 150 electrical at 500, 1000,
Operating Life 1500 hours (<400 FIT) | 1500 hours
Electrical TA = Tmax it
Preconditioning 125° C, 2.3 atm, 72 hours 45/0 PLCC packages only
Pressure Cooker
Infra-Red Reflow (IR) 3 cycles
Pressure Cooker 125° C, 2.3 atm, 200 hours
Electrical TA =Tmax
Preconditioning 125° C, 2.3 atm, 72 hours 45/0 PLCC packages only
Pressure Cooker
Infra-Red Reflow (IR) 3 cycles
Temperature Cycle Method 1010, condition C
—65° C [/ +150° C, 500 cycles
Electrical TA =Tmax
Preconditioning Method 1010, condition C, 45/0 PLCC packages only
Temperature Cycle —65° C/ +150° C, 20 cycles
Preconditioning 85° C / 85% RH, 72 hours,
Temperature/Humidity unbiased
Vapor Phase Solder
Pressure Cooker 125° C, 2.3 atm, 200 hours
Electrical / Visual TA =Tmax
Resistance to 15 sec dip to within 1/8" of body 22/0
Soldering Heat in solder at 260 °C
Electrical TA=25°C
Destructive Physical SEM - surface and cross-section 3 sets 1 set from each of 3
Analysis assembly lots

- *Test methods reference MIL-STD-883C.
**Samples to be selected from 3 wafer lots (each lot shall be processed with a minimum of 1 week
separating it and the other two wafer lots.
**+EIT shall be calculated using the Ahhrenius acceleration model and the following assumptions:

Ea = 0.5 eV if no failures; if failures, Ea to be determined based upon failure mechanism.
Ts = 55° C (derating temperature)
confidence level = 60%

Table 3.

Monolithic Plastic Package Assembly Tests**.

(Continued)
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Terms and Definitions

Activation Energy

The excess energy over the ground state which must
be acquired by an atomic or molecular system in order
for a specific process to occur.

Arrhenius Model (Acceleration Factor)

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

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

AF=c[EyK (T - 1/Tp)]

‘Where:

AF = Acceleration Factor

e = natural logarithm base of 2.71828

E = the activation energy for semiconductor
material

K = Boltzmann's Constant
(8.626 x 10-5 eV / Kelvin )

T1 = Lower temperature in Degrees Kelvin

T2 = Higher temperature in Degrees Kelvin

Example: The AF for a temperature change from 85°
C to 125° C is 25.9 with an assumed activation energy
(Eqa) of 1.0 eV. 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. Often referred to as "electrical

Lias."

Biased Humidity

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

Burn-In

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

Environmental Tests

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

Failure in Time (FIT)

A standard reliability unit that measures the device
failure rate as a function of device hours. One FIT is
equal to one device failure per billion device hours of
operation (1 FIT = 0.0001% failures / 1000 hours).

Infant Mortality

Initial failures of devices that occur in early life
operation. This is the region of the device failure rate
curve where the device failure rate decreases with time.
Product reliability is enhanced when environmental
screening eliminates these early failures region.
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Quality Assurance

Terms and Definitions (continued)

Pressure Cooker

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

Qualification

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

Quality*

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

Quality Assurance (QA)

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

Reliability

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

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

Sampling

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

Screening

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

Stress

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

Temperature Cycling

A test that determines the thermal expansion
compatibility of materials used in device packaging.
The test exposes the device to temperature extremes,
typically a low temperature of -65° C. to a high
temperature of +150° C. The device is under no
electrical bias.

Thermal Shock

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

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

¢ No Video Amplifier Required ¢ Image Processing

« 11/4 LSB Typical DL Error ¢ Image Capture

* *1/2 LSB Typical IL Error ¢ Desktop Publishing

+ External Zero and Clamp Control  Graphic Art Systems

* Overflow Output

¢ On-Chip Reference

¢ Output Enable Control Related Products
+ TTL Compatible

+ +5 V CMOS Monolithic Construction * Bi251, Bi253

+ 24-pin 0.3" DIP or 28-pin PLCC Package + Br261
+ Typical Power Dissipation: 500 mW

Functional Block Diagram

ZERO

VIN
CLAMP —ﬁ ZERO
curr l: l—-w—-——-vm
LEVEL — XS

256 —
REF+ —f Wn{ :& OVERFLOW
255
R
E’ l— cLock

DO -D7

—
VE
Im-H0-0m>D

RI2 > 255708
127 | ENCODER

le—— OE*

jo—— VAA

] 1
R2

Brooktree Corporation

9950 Bames Canyon Rd.

San Diego, CA 92121

(619) 452-7580 + (800) VIDEO IC

TLX: 383 596 « FAX: (619) 452-1249

1208001 Rev. J 3-3

Bt208

18 MSPS
Monolithic CMOS
8-bit Flash
Video A/D Converter

Product Description

The Bt208 is an 8-bit flash A/D converter
designed specifically for video digitizing
applications. A flash converter topology is
utilized which has 256 high-speed comparators in
parallel to digitize the analog input signal.

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

The TTL-compatible output data and OVERFLOW
are registered synchronously with the clock
signal.  OE* three-states the D0-D7 outputs
asynchronously to CLOCK.

The ZERO input is used to zero the comparators,
while CLAMP performs DC restoration of the
video signal (by forcing the VIN input to the
voltage on the LEVEL pin) if AC-coupled to the
video signal.




Bt208

Brooktree®

Circuit Description

As illustrated in the functional block diagram, the
Bt208 contains 256 high-speed comparators, a
255-t0-8 encoder, output register, and a resistor
divider network. Two hundred fifty-five of the
comparators are used to digitize the analog signal; the
additional comparator is used to generate the
OVERFLOW bit.

General Operation

The Bt208 converts an analog signal in the range of
REF- < Vin < REF+, generating a binary number from
$00 to $FF, and an OVERFLOW output (see Table 1).

The values of REF+ and REF- are flexible to enable
various video signals to be digitized without requiring
a video amplifier. Refer to the Recommended
Operating Conditions and Application Information
sections for suggested configurations.

Figure 1 shows the input/output timing of the Bt208.
The sample is taken following the falling edge of
CLOCK. While CLOCK is low, the 255 to 8 encoding
is performed. The binary data and OVERFLOW are
registered and output onto the D0-D7 and OVERFLOW
pins on the next rising edge of CLOCK.

Comparator Zeroing

The ZERO input is used to periodically zero the
comparators. The comparators have an initial
threshold mismatch due to manufacturing tolerances.
Zeroing charges capacitors in the comparators that
offset this threshold mismatch. Due to capacitor
discharging, they must be periodically zeroed.

While ZERO is a logical one, the comparators are
zeroed. During ZERO cycles, DO-D7 and OVERFLOW
are not updated. They retain the data loaded before the
ZERO cycle.

Input Signal Clamping

CLAMP and LEVEL are used only in applications
where the video signal is AC-coupled to VIN. While
CLAMRP 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, be connected to
VIN, or (only on the 28-pin PLCC package) CLAMP
should always be a logical zero.

VIN SAMPLEN _// /—\
SAMPLE
N+1
oo _ S X X ¥ X
Figure 1. Input/Qutput Timing.
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Bt208

Pin Descriptions

Pin Name

D0-D7

OE*

OVERFLOW

CLOCK

REF+

REF-

R/2

ZERO/CLAMP

LEVEL

VAA

Description

Data outputs (TTL compatible). DO is the least significant data bit. These outputs are latched
and output following the rising edge of CLOCK. Coding is binary. For optimum performance,
DO0-D7 should have minimal loading. If driving a large capacitive load, an external buffer is
recommended.

Output enable control input (TTL compatible). Negating OE* three-states D0-D7
asynchronously to CLOCK. The OVERFLOW output is not affected by the state of OE*.

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

Clock input (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 generates
$FF on the DO-D7 outputs. All REF+ pins must be connected together as close to the device as
possible. 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 generates $00 on the DO-D7 outputs. All REF- pins must
be connected together as close to the device as possible.

Mid-tap 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 follower. 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. ZERO is latched on the rising edge of CLOCK. Note that on the 24-pin DIP package,
ZERO and CLAMP share the same pin; hence, zeroing and clamping occur simultaneously.
Clamp control input (TTL compatible). While CLAMP is a logical one, the VIN inputs are
forced to the voltage level on the LEVEL pin to perform DC restoration of the video signal.
CLAMP is asynchronous to clock. Note that on the 24-pin DIP package, ZERO and CLAMP
share the same pin; hence, ZERO and CLAMP are asserted simultaneously.

Level control input (voltage input). This input is used to specify what voltage level is to be
used for clamping while CLAMP is a logical one. It is typically connected to GND in
applications where the video signal is AC-coupled to VIN. In applications where the video
signal is DC-coupled to VIN, the LEVEL pin should float or be connected to VIN.

Voltage reference output pin. This pin provides a 1.2 V (typical) output. A decoupling
capacitor is NOT recommended on VREF.

+5 V power. All VAA pins must be connected together as close to the device as possible. A 0.1
WF ceramic capacitor should be connected between each group of VAA pins and GND, as close to

the device as possible.

Ground. All GND pins must be connected together as close to the device as possible.
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Pin Descriptions (continued)

3
. . 8 é i8% S 5
el po Annnnnn
Mol 1 BIQKFJRK2
REF+ []3 1 b2 =
vrer []4 ] b3 p2 []26 18 [] pe
vaa [s ] vaa b1 [z 17 ] ps
vaa [Je N onp po []2s 16 [] D4
axp []7 [ o+ vv [J1 @ 15[ zero
oD []s M cLock rReF+ []2 14 [] cLamp
Ne [s 1 o7 rRer+ [] 3 13 [] LEVEL
REF - 1Y vreF []4 12 [] Rer-
ZERO (CLAMP) Flm 00
$5838%g
24-pin 0.3" DIP Package 28-pin Plastic J-Lead (PLCC)
Package

Note: N/C pins are reserved and must remain floating.

Vin* (v) Overflow D0 -D7 OE*
> 0.998 1 SFF 0
0.996 0 $FF 0
0.992 0 $FE 0
0.500 0 $81 0
0.496 0 $80 0
0.492 0 $7F 0
0.004 0 $01 0
< 0.002 0 $00 0
3-state 1

*with REF+ = 1.000 V and REF- = 0.000 V. Ideal center values. 1 LSB =3.9063 mV.

Table 1. Output Coding.
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Bt208

PC Board Layout Considerations

PC Board Considerations

This product requires special attention to proper
layout techniques to achieve optimum performance.
Before beginning PCB layout, refer to the CMOS
Digitizer layout examples found in the B1208, Bt251,
or Bt253 Evaluation Module Operation and
Measurements, application notes (AN-13, 14, and 15,
respectively). These application notes can be found
in Brooktree's 1990 Applications Handbook.

The layout should be optimized for lowest noise on
the Bt208 power and ground lines by shielding the
digital inputs and providing good decoupling. The
lJead length between groups of VAA and GND pins
should be as short as possible to minimize inductive
ringing.

Ground Planes

The ground plane area should encompass all Bt208
ground pins, voltage reference circuitry, power supply
bypass circuitry for the Bt208, the analog input
traces, any input amplifiers, and all the digital signal
traces leading up to the Bt208.

Power Planes

The Bt208 and any associated analog circuitry should
have its own power plane, referred to as the analog
power plane. This power plane should be connected to
the regular PCB power plane (VCC) at a single point
through a ferrite bead, as illustrated in Figure 2. This
bead should be located within 3 inches of the Bt208.

The PCB power plane should provide power to all
digital logic on the PC board, and the analog power
plane should provide power to all Bt208 power pins,
any voltage reference circuitry, and any input
amplifiers.

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

Dest perfonmuance is oviaied using a dedicated linear
regulator to provide power to the Bt208.

Supply Decoupling

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

For the best performance, a 0.1 puF ceramic capacitor
should be used to decouple each of the two power pin
groups to GND. These capacitors should be placed as
close as possible to the device.

Signal Interconnect

The digital signals of the Bt208 should be isolated as
much as possible from the analog inputs and other
analog circuitry. Also, these digital signals should
not overlay the analog power plane.

Any termination resistors for the digital signals

should be connected to the regular PCB power and
ground planes.

IMAGING PRODUCTS 3-7




Bt208 Brodktree®

PC Board Layout Considerations (continued)

IF AC-COUPLED
VIDEO SIGNAL
01 50
VIDEO I—AN VIN
75 T
1 Bt208
+5V(VCC) nmm VAA
GROUND & GND, REF -
200 il i REF+
VREF
Location Description Vendor Part Number
C1,C2 0.1 uF ceramic capacitor Erie RPE112Z5U104M50V
Cc3 10 pF capacitor Mallory CSR13G106KM
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 Bt208.

Figure 2. Typical Connection Diagram and Parts List
(Internal Reference).
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Bt208

Application Information

Using the Internal Reference

The Bt208 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 allow
adjustment for different video signal levels, to allow
for video level tolerances, and to adjust for tolerance
of the internal reference.

Note that VREF should supply at least 5 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 using a 1.2 V LM385 to generate a
0 V-1.2 V reference for applications requiring 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 is
capable of operating from a single +5 V supply.

As REF+ should be driven by a high AC impedance
source, a 100 Q resistor should be placed between
REF+ and the output of the op-amp, as shown in
Figure 3. REF- may be driven in a similar manner if a
value other than GND is desired.

<

AA

AC-Coupled vs. DC-Coupled Input

The Bt208 may be either AC- or DC-coupled to the
video signal, as shown in Figure 2. The 75 Q resistor
to ground provides the typical 75 Q AC and DC
termination required by video signals. The 50 Q
resistor provides isolation from any clock kickback
noise on VIN and prevents it from being coupled onto
the video signal. If DC-coupled to the video signal,
the 0.1 UF 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 Bt208 are designed to be only
periodically zeroed. It is convenient to assert ZERO
during each horizontal retrace interval.

Note that, before using the Bt208 after a power-up
condition, 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 due to the
number of horizontal scan lines that will have
occurred before using the Bt208.

As long as the recommended zeroing interval is
maintained, the Bt208 will meet linearity
specifications. The longer the time between zeroing
intervals, the more the linearity error increases.

% FLOATING REF+

1K
2.
Lm6il “£\ .

REF+

p—— REF-

—— LEVEL

Figure 3. Using an External Reference.
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Brooktree®

Application Information (continued)

Input Ranges

Table 2 shows some common video signal
amplitudes. For signals possibly exceeding 1.2 V,
the signal should be attenuated (using a resistor
divider network) so as not to exceed the 1.2 V input
range.

When digitizing with a full-scale range less than 0.7
V, the Bt208's integral linearity errors are constant in
terms of voltage regardless of the value of the
reference voltage. Lower reference voltages will
therefore produce larger integral linearity errors in
terms of LSBs.

For example, 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; 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; the SNR
will be about 39 dB.

SNR and Error Rate vs. Clock Timing

Figure 4 illustrates the error rate vs. clock low time,
while Figure 5 illustrates the SNR vs. clock high
time.

An error is defined as being a sample that is more than
8 LSBs (out of 255) from the expected value, where
the previous and following samples are less than (or
equal to) 8 LSBs from the expected value.

Output Noise

Although the Bt208 does exhibit some output noise
for a DC input, the output noise remains relatively
constant for any input bandwidth. Competitive 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 Bt208 may be reduced by
adjusting the duty cycle of the clock—this is
especially true above 10 MHz clock operation. Note
that uncorrelated noise less than 1% peak-to-peak will
be perceived with the same quality as that of a
consumer 1/2 inch VCR.

PC Board Sockets

If a socket is required, a low-profile socket is
recommended, such as AMP part no. 641746-2 for the
PLCC package.

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. Avoid
ADC 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
constant delay that induces latchup.

Latchup can be prevented by assuring 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 assures 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 09-11YV
BLACK - WHITE

RS-170 w/sync 14V 1.2-16 V

SYNC - WHITE

RS-170A w/sync 12V 1.0-14 V
SYNC - WHITE

RS-343A w/o sync 07V 0.6-0.85 V
BLACK - WHITE

Table 2.
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Application Information (continued)

Error Rate (ppm)

SNR (dB)
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Figure 4. Error Rate vs. Clock Low Figure 5. SNR vs. Clock High Time.

Time.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VAA 4.5 5.00 55 Volts
Voltage References
Top REF+ 0.7 1 2.0 Volts
Bottom REF- 0 0 1.3 Volts
Difference (Top-Bottom) 0.7 1 1.2 Volts
Input Amplitude Range 0.7 1 1.2 Volts
Analog Input Range REF- Volts
to REF+
LEVEL Input Voltage GND-0.5 REF- REF+ Volts
Time between Zeroing Intervals 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 Volts
Voltage on any Signal Pin* GND-0.5 VAA +0.5 Volts
Analog Input Voltage GND-0.5 VAA +05 Volts
R/2 Output Current 25 HA
Ambient Operating Temperature TA =55
Storage Temperature TS -65 +125 °C
Junction Temperature juj +150 °C
+150 °C
Soldering Temperature TSOL
(5 seconds, 1/4" from pin) 260 °C
Vapor Phase Soldering TVSOL
(1 minute) 220 °C

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.

* 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® Bt208

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
Offset Error
Top tbd mV
Bottom tbd mV
Tempco tbd mV/°C
Coding
No Missing Codes guaranteed Binary
VIN Analog Inputs (note 3)
CLAMP=0
Input Impedance RIN 10 M=ohms
Input Current 1B 1 HA
Input Capacitance CAIN 15 pF
CLAMP=1
Input Impedance RIN 50 Ohms
REF+ Reference Input
Input Current IREF+ 1 mA
Input Impedance RREF+ 1 kQ
Digital Inputs
Input High Voltage VIH 2.0 Volts
Input Low Voltage VIL 0.8 Volts
Input High Current (Vin = 2.4 V) IH 1 HA
Input Low Current (Vin = 0.4 V) L -1 HA
Input Capacitance CIN 10 pF

See test conditions on next page.
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Bt208

DC Characteristics (continued)

Parameter Symbol Min Typ Max Units
Clock Kickback (note 4) 160 pV -sec
Digital Outputs
Output High Voltage VOH 2.4 Volts
(IOH = -50 pA)
Output Low Voltage VOL 0.4 Volts
(IOL=1.6 mA)
Three-State Current 10z 10 HA
Output Capacitance CcouT 10 pF
Internal Voltage Reference VREF tbd 1.2 tbd Volts
Regulation (at 6 mA) 5 mY
Output Current IREF 15 mA
Power Supply Rejection Ratio PSRR 0.004 % [ %
(not including reference) AVAA

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,

and nominal voltage, i.e., 5 V.

Note 1: Using best-fit linearity (offset independent). Averaged value evaluated using a closed-loop system.
Note 2: Clock duty cycle adjusted for minimum output noise for a DC input. For a DC input, output noise
may increase if clock duty cycle is not adjusted.

Note 3: LEVEL=GND.

Note 4: Measurement of noise coupled onto VIN due to clocking (Rs = 75 Q). Typically occurs over a 5-ns

interval.
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Brooktree® Bt208

AC Characteristics

Parameter Symbol Min Typ Max Units

Conversion Rate Fs 18 MHz
Clock Cycle Time 1 55.5 ns
Clock Low Time 2 35% ns
Clock High Time 3 20%* ns
Data Output Delay 4 25 ns
OE* Asserted to DO-D7 Valid 5 25 ns
OE* Negated to D0-D7 3-Stated 6 25 ns
ZERO Setup Time 7 0 ns
ZERO Hold Time 8 20 ns
ZERO, CLAMP High Time (note 1) 1 Clock
Aperture Delay 9 10 ns
Aperture Jitter 50 ps
Full Power Input Bandwidth BW 6 MHz
Transient Response (note 2) 1 Clock
Overload Recovery (note 3) 1 Clock
Zero Recovery Time (note 4) 1 Clock
RMS Signal to Noise Ratio SNR

Fin = 4.2 MHz, Fs = 10.7 MHz 43 dB

Fin = 42 MHz, Fs = 14.32 MHz 42 dB

Fin = 2.75 MHz, Fs = 6.75 MHz 44 dB

Fin = 5.75 MHz, Fs = 13.5 MHz 41 dB

Fin = 4.2 MHz, Fs = 17.72 MHz 41 dB
Differential Gain Error (note 5) DG 2 %
Differential Phase Error (note 5) DP 1 Degree
Supply Current (note 6) TIAA 100 tbd mA

(Excluding IREF+)

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% and 90% points. Timing reference points at 50% for digital inputs and outputs.
D0-D7 and OVERFLOW output load < 75 pF. Typical values are based on nominal temperature, i.e., room, 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.

Now 3: Time w recover 1o fuil accuracy afier a > 1.2 V input signai.

Note 4: Time to recover to full accuracy following a zero cycle.

Note 5: 4x NTSC subcarrier, unlocked.

Note 6: IAA (typ) at VAA =5.0 V, Fin = 4.2 MHz, Fs = 14.32 MHz.
TAA (max) at VAA =5.5 V, Fin = 6 MHz, Fs = 18 MHz.

*For 10-6 typical error rate (see Figure 4).
**For typical SNR of 41 dB (see Figure 5).
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Ordering Information

Ambient
Model Number Package Temperature
Range
Bt208KP 24-pin 0.3" 0°to +70° C
Plastic DIP
Bt208KPJ 28-pin Plastic 0°to +70°C
J-Lead
Br208KP EVM Bt208 Evaluation Board
(includes Bt208KP)

Timing Waveforms

ZERO/CLAMP

CLOCK

VIN

D0-D7,
OVERFLOW

OE*

I |

2 3

SsaMPLEN
T

9 —= SAMPLE

4 = N+1 (ZERO DATA)

DATA DATA DATA DATA
N-1 N N+l N+1

Input/Output Timing.
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Revision History

Revision Change from Previous Revision
H Connection diagrams simplified, R/2 tap on PLCC package brought out.
I Actual numbers for AC/DC parameters replace some "tbds."
J Revised Application Information.

IMAGING PRODUCTS 3-17






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 18 MSPS
Monolithic CMOS

* 4 Software Selectable Analog Inputs » Image Processing .

« DC- or AC-Coupled Video Inputs « Image Capture Single Channel

+ Optional MPU Adjustment of Gain and Offset * Desktop Publishing 8-bit Image Digiti zer

* Composite Sync Detection ¢ Graphic Art Systems

« 8-bit Flash A/D Converter

| o2 Reforence ;;‘g‘::gap Related Products Product Description

* Genlock Externally Implemented

« Standard MPU Interface « Bt253 The Bt251 Image Digitizer is designed to digitize

+ TTL Compatible * Bt261 standard video signals (NTSC or CCIR). The

« 45 V CMOS Monolithic Construction architecture of the Bt251 enables the addition of

+ 44-pin PLCC Package external circuitry for filtering, gain, etc., along

« Typical Power Dissipation: 750 mW the signal path. A standard MPU interface is
provided for accessing various control functions.

Functional Block Dlagram Four analog inputs are supported, selectable under

MPU control. The MPU may select from which
input to detect sync information for external

genlocking independently of the video input
| Rser being digitized. A TTL-compatible composite
CsyNee " b — sync signal is output to interface to the genlock
circuitry.
cext2 —| 12v
cext1 -~ 41 MUX b = ount The output of the 8-bit A/D converter addresses a
256 x 8 lookup table RAM, enabling real-time
it ] o image manipulation prior to data storage,
viD2 u vour including thresholding, contrast enhancement,
Vi3 —ﬂ reversing video, implementing a nonlinear A/D,
RERs etc. The digitized data outputs may be three-stated
“‘n': asynchronously to clock via the OE* control.
8-BIT e .
cLAMP — st g |l B o Optional MPU-controlled adjustment of gain and
— AP M |7 Fo-F1 offset is supported by the ability to program the
REF- levels of the REF+ and REF- inputs to the A/D.
TERO - Cloin Zeroing and clamping signals are available to
control the A/D timing for application—specific
l j [ l ] designs. The clamping level is externally set via
Do-D7 - RD* WR A0 Al the LEVEL pin.

Brooktree Corporation

9950 Bames Canyon Rd.

San Diego, CA 92121

(619) 452-7580 « (800) VIDEO IC

TLX: 383 596 « FAX: (619) 452-1249 Bl'(xi(tl'ee®
L251001 Rev. H 3-19
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Circuit Description

MPU Interface

As shown in the functional block diagram, the Bt251
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
A0 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 accessing the address register or control
registers, the address register does not increment after
an MPU read or write cycle. Data written to reserved
locations is ignored; data read from reserved
locations returns invalid data. ADDRO corresponds to
DO and is the least significant bit.

Flash A/D Converter

The Bt251 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 > REF+).

VIN may be either DC- or AC-coupled to the video
signal. If AC-coupled, the CLAMP and LEVEL
controls may be used to DC-restore the video signal.

Analog Input Selection

The Bt251 supports four analog input sources,
VID0-VID3. The MPU specifies which one is to be
digitized via the command register.

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

If digitizing only the luminance information of a
video signal containing color subcarrier information,
a filter should be used to remove the subcarrier
information to avoid possible artifacts on the display
screen. A low-pass filter, notch filter, or comb filter
may be used to remove the chroma information.

Note that sync information (if present) will still be
present on VOUT.

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

The 75 Q resistors to ground (Figure 1) provide the
typical 75 Q termination required by video signals.

Al A0 ADDR7 - ADDRO Addressed by MPU
0 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 IOUT1 data register
1 0 xxxx xx11 reserved
1 1 XXXX XXXX reserved

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

A/D Reference Generation

As shown in Figure 1, the Bt251 may be configured to
have either fixed or MPU-adjustable references for the
A/D converter.

If jumpers J2 and J4 are selected, REF+ is connected to
a 0.7 V to 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 video
signals with an amplitude range of 0.7 V to 1.2 V with
no adjustment of gain or offset.

If jumpers J1 and J3 are selected, gain and offset of the
video signal may be done via the MPU-adjustable
outputs IOUTO and IOUT1. This mode of operation
allows top and bottom reference adjustments so that
different video signals may be digitized or operations
such as contrast enhancement or level adjustments
may be implemented. The TLC272 dual CMOS
op-amps can be used for single +5 V operation.

IOUTO and IOUT]1 are current outputs (0 to 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 V to
1.2 V level that drive the REF+ and REF- inputs
through voltage followers. The top and bottom
references may thus be adjusted with 19 mV
resolution.

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

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

A/D Zeroing

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

A/D Input Clamping

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 logical 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 500 ns before, or after, a
video transition.

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

When DC-restoring color difference video signals,
LEVEL is typically at the midpoint between REF+ and
REF-. The Bt251 provides an R/2 reference ladder tap
that may be used to generate the proper DC voltage
(jumper J6 in Figure 1). The R/2 tap should drive a
high-impedance load while capturing an image to
maintain optimum linearity of the A/D converter.

If VIN is DC-coupled to the video signal, LEVEL
should float or CLAMP should always be a logical
zero.

VIN Input Considerations

The 50-300 ohm resistor shown in Figure 1 after the
low-pass filter is only required if an active low-pass
filter is used. It provides isolation from any clock
kickback noise on VIN, preventing it from being
coupled onto the video signal. 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 kickback noise.

The 0.1 pF capacitor shown in Figure 1 after the
low-pass filter is only required if an active low-pass
filter is used and DC restoration must be performed. If
no filter or a passive low-pass filter is used, the
capacitor is not required, as the DC restoration can
still be implemented using the 0.1 puF capacitors on
the VIDx inputs.

Multiplexer Considerations

Maintaining DC levels within the rated compliance
range is necessary to obtain the best linearity and
crosstalk performance. Clamping through the MUX
accomplishes this on the selected channel. Adding
clamp diodes on all video inputs to a positive bias
will optimize multiplexer fidelity.
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Circuit Description (continued)

511

CLOCK }omoo—
—AN RT
M CSYNC* —————=  T0/FROM
—AN * CEXT2 GENLOCK
01 ZERO fe———————  CIRCUITRY
I I A A S—
- CLAMP
S1L LOW PASS FILTER
—AN—9 10UTO ]
LEVEL ——to—‘
12TLC272 30K .
100
R/2
REF+ ! .
12 10
J1= ADJUSTABLE REF+ -l-
J2= FIXED REF+
8 TO
PO-P7 —+———-— FRAME
m BUFFER
—A\A\— I0UT1 Bt251
12TLC272
GND 100 vouT ——‘
ool REF-
E OPTIONAL
LOW-PASS
J3 = ADJUSTABLE REF- FILTER
J4 = FIXED REF- (GND EXAMPLE)
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{ — viD1
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-9 4 — viD2
W
], 01 { — viD3
\ ONLY IF AC-COUPLED
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TO VIDEO SIGNAL

J5 =DC RESTORE TO GND
J6 = COLOR DIFFERENCE DC RESTORE

* NEEDED ONLY IF ACTIVE FILTER IS USED. ADJUST FOR MINIMUM CLOCK KICKBACK.

Figure 1.
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Circuit Description (continued)

Lookup Table RAM

A 256 x 8 lookup table RAM is provided on-chip to
implement simple imaging operations such as gamma
manipulation, simple contrast enhancement,
inverting of data, or a 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.

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

Sync Detect Circuitry

The Bt251 performs composite sync detection from
the analog input specified by the command register.
Thus, sync information may be recovered from one
analog input while another input is being digitized.
The composite sync signal (CSYNC*) contains any
serration and equalization pulses the video signal may
contain. Note that CSYNC* is output asynchronously
to the clock and there are no pipeline delays (the
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 uF capacitor between
CEXT1 and CEXT2 AC-couples the video signal to the
sync detection circuit. The MPU selects one of four
levels of sync threshold by selecting how many
millivolts above the sync tip to use for sync detection.
If the sync tip on CEXT2 is below the selected
threshold, CSYNC* will be a logical zero. A low-pass
filter removes subcarrier burst ringing and extraneous
vertical interval signals from false sync detection.

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
1).

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 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 YAA and the CSYNC* output left
floating.

The sync analog multiplexer may still be used to select
from which video source to detect sync information. 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 Digitize select These bits specify which analog input is to be digitized.
The selected signal is output onto VOUT.
(00) VIDO
(01) VID1
(10) VID2
(11) VID3
D5, D4 Sync detect select These bits specify from which analog input sync
information is to be detected. The selected signal is
(00) VIDO output onto CEXT1.
(01) VID1
(10) VID2
(11) VID3
D3, D2 Sync detect level select These bits specify how much above the sync tip to slice
CEXT?2 for sync detection.
(00) 50 mV
(01) 75mV
(10) 100 mV
(11) 125mV
D1, DO reserved (logical zero) The MPU must write a logical zero to these bits to

ensure proper operation.

IOUT Data Registers
These two 8-bit registers specify the output current on the IOUTQ and IOUT1 outputs, from 0 mA ($00) to full scale
($FC). The six MSBs of data are used to drive the DACs. DO and D1 (the two LSBs) must be programmed to be a

logical zero.

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

Pin Name

Description

General Reference Functions

RSET

I0UTO, IOUT1

CEXT1, CEXT2

A/D Functions

REF+

REF-

R/2

ZERO

CLAMP

VIN

VIDO-VID3,
VOUT

Full-scale adjust control. An external 511 Q resistor must be connected between this pin and
GND. It is used to provide reference information to the internal D/A converters. See Figure 1.

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 1. 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 CEXT?2 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 1.

Top of resistor ladder (voltage input). REF+ sets the VIN voltage level that generates $FF from
the A/D converter. 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. A decoupling
capacitor is NOT recommended on R/2. External loading should be < 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 always be a logical zero.

Level control input (voltage input). This input is used to specify what voltage level is to be for
DC restoration while CLAMP is a logical one. In applications where VIN is DC-coupled to the
video signal, LEVEL should float or be connected to 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. VID0-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
CND.

Timing Functions

CLOCK

CSYNC*

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

Recovered composite sync output (TTL compatible). Sync information is detected on the

VIDO-VID3 input specified by the command register, converted to TTL levels, and output onto
this pin. It is output asynchronously to the clock and there are no pipeline delays.
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Pin Descriptions (continued)

Pin Name Description

Digital Control Functions

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

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
via D0-D7. Data is latched on the rising edge of WR*. RD* and WR¥* should not be asserted
simultaneously.

D0-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). AQ and A1l 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 as close to the device as possible. A 0.1
WF 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.

VIN 1 bs
RSET 1 s
vouT 1 o7
10UTO ] a0
VDO 1 a1
IOUT1 1 rD*
VD1 [1 wr+

CLAMP 1 »

viD2 ] »6
LEVEL 1 s
VD3 ] p4
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PC Board Layout Considerations

PC Board Considerations

This product requires special attention to proper
layout techniques to achieve optimum performance.

Before beginning PCB layout, refer to the CMOS
Digitizer layout examples found in the Bt208, Bt251,
or Bt253 Evaluation Module Operation and
Measurements, application notes (AN-13, 14, and 15,
respectively). These application notes can be found
in Brooktree's 1990 Applications Handbook.

The layout should be optimized for lowest noise on
the Bt251 power and ground lines by shielding the
digital inputs/outputs and providing good decoupling.
The trace length between groups of VAA and GND
pins should be as short as possible to minimize
inductive ringing.

Ground Planes

The ground plane area should encompass all Bt251
ground pins, voltage reference circuitry, power supply
bypass circuitry for the Bt251, the analog input
traces, any input amplifiers, and all the digital signal
traces leading up to the Bt251.

Power Planes

The Bt251 and any associated analog circuitry should
have its own power plane, referred to as the analog
power plane. This power plane should be connected to
the regular PCB power plane (VCC) at a single point
through a ferrite bead, as illustrated in Figure 2. This
bead should be located within 3 inches of the Bt251.

The PCB power plane should provide power to all
digital logic on the PC board, and the analog power
plane should provide power to all Bt251 power pins,
any voltage reference circuitry, and any input
amplifiers.

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

Best performance is obiained using a Gedicaied iinear
regulator to provide power to the Bt251.

Supply Decoupling

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

Each group of VAA pins should have a 0.1 uF ceramic
bypass capacitor to GND, located as close as possible
to the device.

Digital Signal Interconnect

The digital signals of the Bt251 should be isolated as
much as possible from the analog signals and other
analog circuitry. Also, the digital signals should not
overlay the analog power plane.

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

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.

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

Bt251
u
+5V (VCC) nmm VAA
=t 3 e L
GROUND GND
Location Description Vendor Part Number
C1, C2 0.1 uF ceramic capacitor Erie RPE112Z5U104M50V
Cc3 10 pF tantalum capacitor Mallory CSR13G106KM
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 Bt251.

Figure 2. Typical Power Supply Connection Diagram and Parts List.
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Application Information

Zeroing

Unlike many CMOS A/D converters requiring the
comparators to be zeroed every clock cycle, the
comparators in the Bt251 are designed to be only
periodically zeroed. It is convenient to assert ZERO
during each horizontal retrace interval.

Note that before using the Bt251 after a power-up
condition, 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 due to the
number of horizontal scan lines that will have
occurred before using the Bt251.

As long as the recommended zeroing interval is
maintained, the Bt251 will meet linearity
specifications. The longer the time between zeroing
intervals, the more the linearity error increases.

Video Standard Nominal Worst Case

Amplitude Amplitudes

RS-170 w/o sync 10V 09-1.1V
BLACK - WHITE

RS-170 w/sync 14V 12-16 V
SYNC - WHITE

RS-170A w/sync 12V 1.0-14 V
SYNC - WHITE

RS-343A w/o sync 07V 0.6-0.85 V
BLACK - WHITE

Table 2. Video Signal Tolerances.

Increasing the Resolution of DACs

With a 511 Q resistor connected between each DAC
output (IOUTO, 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 3 shows a circuit that allows adjustment of the
REF+ inputs from 0.714 V to 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 ratio of R1 and
R2:

Vmin = VREF * (R2/ (R1 +R2))

The bottom of the resistor ladder (REF-) may be
adjusted from 0 V to 0.286 V with 4.5 mV resolution
by using a 121 Q resistor to ground rather than a 511
Q resistor. As long as the minimum range is 0 V, the
resistor to ground may be used to adjust the total
range, and thus the resolution.

VREF = 2.5V

R1=422

“\_ [I0UTO TO VOLTAGE

i
DAC % FOLLOWER

R2=169

Figure 3. Increasing DAC Output
Resolution.
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Application Information (continued)

Using an External Reference

Figure 4 illustrates using a 1.2 V LM38S to generate a
0 V to 1.2 V reference for applications requiring 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 is
capable of operating from a single +5 V supply.

As REF+ should be driven by a high AC impedance
source, a 100 Q resistor should be placed between
REF+ and the output of the op-amp, as shown in
Figure 4. REF- may be driven in a similar manner if a
value other than GND is desired.

Input Ranges

Table 2 shows some common video signal
amplitudes. For signals possibly exceeding 1.2 V,
the signal should be attenuated (using a resistor
divider network) so as not to exceed the 1.2 V input
range.

When digitizing with a full-scale range less than 0.7
V, the Bt251's integral linearity errors are constant in
terms of voltage regardless of the value of the
reference voltage. Lower reference voltages will
therefore produce larger integral linearity errors in
terms of LSBs.

For example, by setting the reference difference to 0.6
V, 0.6 V video signals may be digitized; however the
integral linearity error will increase to about +1.8
LSB; the SNR will be about 40 dB. With a reference
difference of 0.5 V, 0.5 V video signals may be

VAA

digitized with an IL error of about + 2LSB; the SNR
will be about 39 dB.

SNR and Error Rate vs. Clock Timing

Figure 5 illustrates the A/D error rate vs. clock low
time, while Figure 6 illustrates the A/D SNR vs. clock
high time.

An A/D error is defined as being a sample that is more
than 8 LSBs (out of 255) from the expected value,
where the previous and following samples are less
than (or equal to) 8 LSBs from the expected value.

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
adjusting the duty cycle of the clock—this is
especially true above 10 MHz clock operation. Note
that uncorrelated noise less than 1% peak-to-peak will
be perceived with the same quality as that of a
consumer 1/2" VCR.

PC Board Sockets

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

FLOATING REF+
1K

¢ REF+

LM611 ‘2 ; 10K
L

p—— REF-

5K
LEVEL

Figure 4. Using an External Reference.
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Application Information (continued)

Be251 with Minimal External Circuitry

Figure 7 shows the Bt251 in an application for
digitizing 1 V video signals.

In this instance, the IOUTO output is driving the top
of the reference ladder (REF+) directly, without being
buffered by a voltage follower. The 1050 Q resistor
between IOUTO and GND, in parallel with the
reference ladder, develops a 0 V-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 temperature
stable as the one shown in Figure 1 (due to some
variation in the reference ladder resistance over
temperature), it will probably suffice for most
applications.

Error Rate (ppm)
120
w \\
80

20
~—l_
O I
24 25 26 27 28 29 30
Clock Low Time (ns)

At 35 ns Error Rate = 10-6

Figure 5. A/D Error Rate vs. Clock
Low Time.

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. Avoid
ADC 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
constant delay that induces latchup.

Latchup can be prevented by assuring 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 assures that
any signal pin voltage will never exceed the power
supply voltage by more than +0.5 V.

SNR (dB)
43

41 v

39

37

35

%

33 +————+ +
10 12 14 16 18 20 22 24 26 28 30

Clock High Time (ns)

Figure 6. A/D SNR vs. Clock
High Time.
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Application Information (continued)

TO /FROM

CIRCUITRY
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~— — VD3
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3-32

TO VIDEO SIGNAL

J5 =DC RESTORE TO GND
J6 = COLOR DIFFERENCE DC RESTORE

* NEEDED ONLY IF ACTIVE FILTER IS USED. ADJUST FOR MINIMUM CLOCK KICKBACK.

Figure 7.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VAA 4.75 5.00 5.25 Volts
Voltage References
Top REF+ 0.7 1 2.0 Volts
Bottom REF- 0 0 1.3 Volts
Difference (Top—Bottom) 0.7 1 1.2 Volts
VIDO-VID3 Amplitude Range 0.5 VAA-0.5 Volts
Multiplexer Compliance (DC) -0.2 +2.2 Volts
VIN Input Amplitude Range 0.7 1 1.2 Volts
VIN Input Range REF- Volts
to REF+
CEXT AC Amplitude 0.2 Vp-p 2.0 Vp-p Volts
LEVEL Input Voltage TA GND-0.5 REF- REF+ Volts
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 Volts
Voltage on Any Signal Pin* GND-0.5 VAA +0.5 Volts
Analog Input Voltage VIN, VIDx GND-0.5 VAA+0.5 Volts
R/2 Output Current 25 HA
Ambient Operating Temperature TA =55
Storage Temperature TS -65 +125 °C
Junction Temperature I +150 °C
+150 °C
Vapor Phase Soldering TVSOL
(1 minute) 220 °C

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.

* 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) L +1 LSB
Differential Linearity Error DL +1 LSB
A/D Offset Error
Top tbd mV
Bottom tbd mV
Tempco tbd mV/°C
A/D Coding Binary
No Missing Codes guaranteed
VIN Analog Input (note 2)
CLAMP=0
Input Impedance RIN 10 MQ
Input Current 1B 1 HA
Input Capacitance CAIN 15 pF
CLAMP =1
Input Impedance RIN 50 Q
VIDO-VID3 Analog Inputs (note 3)
Input Impedance to VOUT
Input Selected 100 Q
Input Deselected 10 MQ
Input Capacitance tbd pF
REF+ Reference Input
Input Current 1 mA
Input Impedance 1 kQ
Clock Kickback (note 4) tbd pV - sec
Digital Inputs
Input High Voltage VH 2.0 Volts
Input Low Voltage VIL 0.8 Volts
Input High Current (Vin = 2.4 V) IH 1 pA
Input Low Current (Vin = 0.4 V) Im -1 HA
Input Capacitance CIN 10 pF
PO-P7 Digital Outputs
Output High Voltage VOH 2.4 Volts
(IOH = 400 pA)
Output Low Voltage YOL 0.4 Volts
(IOL = 1.6 mA)
Three-State Current 10Z 1 HA
Output Capacitance CouT 10 pF
CSYNC* Digital Output
Output High Voltage VOH 2.4 Volts
(IOH = 400 nA)
Output Low Voltage YOL 0.4 Volts
(IOL=1.6 mA)
Output Capacitance couT 10

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

Parameter Symbol Min Typ Max Units
DO0-D7 Digital Outputs
Output High Voltage VOH 2.4 Volts
(IOH =-400 pA)
Output Low Voltage VOL 0.4 Volts
(IOL=32mA)
Three-State Current 10z 1 HA
Output Capacitance couTt 10 pF
IOUTO0 and IOUT1 Outputs
DAC Output Current 0 2.5 mA
DAC Output Impedance 100 kQ
DAC Output Capacitance 20 pF
DAC Output Compliance (+100 pA) -0.2 +1.2 Volts
A/D Power Supply Rejection Ratio PSRR tbd % 1%
(not including reference) AVAA

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, and
nominal voltage, i.e., 5 V.

Note 1: Best-fit linearity. Averaged value evaluated using a closed-loop system. Linearity is tested with
RAM transparent (data = address).

Note 2: LEVEL =GND.

Note 3: VOUT connected to GND.

Note 4: Measurement of noise coupled onto VIN due to clocking (Rs = 75 Q). Typically occurs over a 5-ns
interval.

Vin* (v) PO -P7 OE*
> 0.996 $FF 0
0.992 SFE 0
0.500 $81 0
0.496 $80 0
0.492 $7F 0
0.004 $01 0
< 0.002 $00 0
3-state 1

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

A/D Coding.
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AC Characteristics

Parameter Symbol Min Typ Max Units
Conversion Rate Fs 18 MHz
Multiplexer Switching Time Tmux 100 ns
ON Resistance 100 Q
Clock Cycle Time 1 55.5 ns
Clock Low Time 2 35% ns
Clock High Time 3 20** ns
P0-P7 Output Delay 4 40 ns
OE* Asserted to PO-P7 Valid 5 50 ns
OE* Negated to PO-P7 3-Stated 6 50 ns
ZERO Setup Time 7 0 ns
ZERO Hold Time 8 20 ns
ZERO, CLAMP High Time (note 1) 1 Clock
Aperture Delay 9 10 ns
Aperture Jitter 50 ps
Full Power Input Bandwidth (note 7) BW 6 MHz
Transient Response (note 2) 1 Clock
Overload Recovery (note 3) 1 Clock
Zero Recovery Time (note 4) 1 Clock
RMS Signal to Noise Ratio SNR
Fin = 4.2 MHz, Fs = 10.7 MHz 43 dB
Fin = 4.2 MHz, Fs = 14.32 MHz 42 dB
Fin =2.75 MHz, Fs = 6.75 MHz 44 dB
Fin =5.75 MHz, Fs = 13.5 MHz 41 dB
Fin =4.2 MHz, Fs = 17.72 MHz 41 dB
Analog Multiplexer Crosstalk
All Hostile Crosstalk -50 dB
Single Channel Crosstalk -50 dB
Adjacent Input Crosstalk -50 dB
IOUTO, IOUT]1 Settling Time 100 ns
to 1 LSB
Differential Gain Error (note 5) DG 2 %
Differential Phase Error (note 5) DP 1 Degree
Supply Current (note 6) 1AA 150 mA
(Excluding REF+)

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

Parameter Symbol Min Typ Max Units
A0, Al Setup Time 10 10 ns
A0, Al Hold Time 11 10 ns
RD*, WR* High Time 12 50 ns
RD* Asserted to Data Bus Driven 13 5 ns
RD* Asserted to Data Valid 14 40 ns
RD* Negated to Data Bus 3-Stated 15 20 ns
WR* Low Time 16 50 ns
Write Data Setup Time 17 10 ns
Write Data Hold Time 18 10 ns
Pipeline Delay 2 2 2 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% and 90% points. Timing reference points at 50% for digital inputs and outputs.
DO0-D7, P0-P7, CSYNC* output load < 75 pF. VOUT, IOUTO, IOUT1 output load < 75 pF. Typical values are
based on nominal temperature, i.e., room, and nominal voltage, i.e., 5 V.

Note 1: Number of clock cycles ZERO is a logical one does not affect linearity. For best performance, ZERO
should be a logical one for an odd number of clock cycles.
Note 2: For full-scale step input, full accuracy attained in specified time.
Note 3: Time to recover to full accuracy after a > 1.2 V input signal.
Note 4: Time to recover to full accuracy following a zero cycle.
Note 5: 4x NTSC subcarrier, unlocked.
Note 6: IAA (typ) at VAA =5.0 V, Fin=4.2 MHz, Fs = 1432 MHz.
TAA (max) at VAA =5.25V, Fin = 6 MHz, Fs = 18 MHz.
Note 7: Tested.

*For 10-6 typical A/D error rate (see Figure 5).
**For typical A/D SNR of 41 dB (see Figure 6).
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Timing Waveforms

10 11
A0, Al VALID
16
—\
* *
RD*, WR N Y, 12
14
13 — 15
DO - D7 (READ) DATA OUT (RD* =0) J
DO - D7 (WRITE) DATA IN (WR* =0)
17
— 18

MPU Read/Write Timing.

ZERO
71 8
1

ot \__/_——-\_/_——\_/_\__

2 3
VIN SN sAMPLEN
T
9 —= SAMPLE

4 —= N+1 (ZERO DATA)
DATA DATA DATA DATA
Po-P7 N-2 N-1 X N N

OE*

Video Input/Output Timing.
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Test Circuits

1K

VIDO vour T
1K Vv |
VouT
VDO VOUT —’\/\,—j 375 11

37.5 VID1 ——VID2
VD2 353 VID3
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VIN
0v-22V

1. VIDO SELECTED

ov.z2v AN :ol "m'zs 2. XTALK = AVERAGE VALUE OF 20 LOG (VOUT/ VIN)
SMHZ 1. VIDO SELECTED @ ) SCANNED SEQUENTIALLY FROM $1 TO §3
(75 OHMS) 2. XTALK =20 LOG (VOUT/VIN) 3. OPEN VID INPUTS HAVE 75 OHM TERMINATION
TO GND
All Hostile Crosstalk Single Channel Crosstalk
Test Circuit. Test Circuit.
1K
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VID3
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Adjacent Input Crosstalk Test Circuit.
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Ordering Information

Analog Multiplexer Circuit

3-40

VID3 —é

SEL3*

Ambient
Model Number Package Temperature
Range
Bt251KPJ 44-pin Plastic 0°to +70° C
J-Lead
Bt251EVM Bt251 Evaluation Board
(includes Bt251KPJ)
SELO
VIDO —é %
| SELO*
SEL1
VID1 {§
SEL1*
% q VOUT / CEXT1
SEL2
VID2 Aé‘ %
SEL2*
CMOS TRANSMISSION GATE:
ON = 50 OHMS
OFF =10M OHMS
—g SEL3
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Revision History

Datasheet
Revision Change from Previous Revision
E Speed increased to 18 MSPS, production pinout added, AC and DC characteristics have "tbds"
replaced with numbers.
F Maximum DAC output current changed to 2.5 mA; RSET and DAC output resistors changed to 511
Q. DAC output compliance changed to 0.2 V to +1.2 V. Address register operation corrected.
G Expanded Applications Section.
H Revised Figures 1,4, and 7. Updated Table 2. Added parameters.
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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

« Two Sets Software-Selectable Analog Inputs

Applications
Three 8-bit Video A/D Converters « Image Processing

» Image Capture
Optional MPU Adjustment of Gain and Offset * Desktop Publishing
Composite Sync Detection * Graphic Art Systems
Genlock Externally Implemented
Standard MPU Interface

TTL Compatible

+5 V CMOS Monolithic Construction
84-pin PLCC Package

Typical Power Dissipation: 1.5 W

Related Products

* Bt251
* Bt261

Functional Block Diagram

| — RSET
CSYNC* =} @ = 10UTO- 10UTS
- 12v
cexm ‘-—-———-——W
SYNCO®, SYNCI* .__..____J o]
RVIDO, RVIDL ROUT
GVIDO, GVIDI 21 Gout
BVIDO, BVID1 M BOUT
u
X
(RGB) REF+ —~ L . OB*
$-BIT 8 8
RIN FLASH L 4 RO-RT
AD
$BIT 8 OUTPUT 8
GIN FLASH A FORMAT Y @-67
AD LoGlic
BIN 8-BIT 18 8
FLASH va — BO-B7
ZERO —ei AD
CLAMP —] - RCLOCK
(R,GB)LEVEL —~] I GcLOCK
(R,G,B) REF- —o! le- BCLOCK
DO-D7 RD*  WR* A0-A2

Brooktree Corporation

9950 Bames Canyon Rd.

San Diego, CA 92121

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

L253001 Rev. G
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Bt233

18 MSPS
Monolithic CMOS
Triple-Channel
8-bit Image Digitizer

Product Description

The Bt253 Image Digitizer is designed to digitize
three channels of video signals, such as RGB,
YIQ, YUV, etc., generating up to 24 bits of color
pixel information. The architecture also supports
single-channel digitization of NTSC and CCIR
video signals, generating 8 bits of gray-scale
pixel information.

The Bt253 supports 24-bit true color, 15-bit true
color, 8-bit true color, and 8-bit pseudo color
modes. A standard MPU interface is provided for
accessing 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 genlocking. A
TTL-compatible composite sync signal is output
to interface to genlock circuitry. Two additional
sync inputs are also provided to support red,
green, blue sync video interfaces.

Optional MPU-controlled adjustment of gain and
offset is supported by the ability to program the
levels of the REF+ and REF- inputs to the 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 via the red, green, and blue
LEVEL pins.

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

Brooktree®
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Circuit Description

MPU Interface

As shown in the functional block diagram, the Bt253
supports a standard MPU interface (D0-D7, RD*,
WR*, and A0-A2). MPU operations are
asynchronous to the clocks.

A0-A2 address the internal registers, as shown in
Table 1.

Flash A/D Converters

The Bt253 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 AC-coupled, 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.

Analog Signal Selection

The Bt253 supports two analog input sources for each
A/D converter: RVIDO and RVID1, GVIDO and GVID1,
and BVIDO and BVID1. The MPU specifies which
ones are to be digitized via 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 digitizing only the luminance informationa of a
video signal containing color subcarrier information,

a filter should be used to remove the subcarrier
information to avoid possible artifacts on the display
screen. A low-pass filter, notch filter, or comb filter
may be used to remove the chroma information.

Note that sync information (if present) will still be
present on ROUT, GOUT, and BOUT.

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

A2, Al, AO

Addressed by MPU

000
001
010
011
100
101
110
111

command register
IOUTO data register
TOUT1 data register
IOUT?2 data register
IOUT3 data register
IOUT4 data register
IOUTS data register

reserved

Table 1. Register Addressing.
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Circuit Description (continued)

A/D Reference Generation

As shown in Figure 2, the Bt253 may be configured to
have either fixed or MPU-adjustable references for the
A/D converter.

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

If jumpers J1 and J3 are selected, gain and offset of the
video signal may be done via the MPU-adjustable
outputs JOUTO and IOUT1. This mode of operation
allows top and bottom reference adjustments so that
different video signals may be digitized or operations
such as contrast enhancement or level adjustments
may be implemented. The TLC272 dual CMOS
op-amps can be used for single +5 V operation.

ZERO
CLAMP —

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 output current.
The 511 Q resistors to GND generate a0 Vo 1.2V
level that drives the (R,G,B)REF+ and (R,G,B)REF-
inputs through voltage followers. The top and bottom
references may thus be adjusted with 19 mV
resolution.

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

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

RCLOCK

RREF+

RIN

RLEVEL

=

GCLOCK
GREF+

GIN

GREEN

GLEVEL
GREF-

BCLOCK

BREF+

BIN
___.___|§ AD
BLEVEL

BREF-

Figure 1. Internal A/D Architecture.
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Circuit Description (continued)

A/D Zeroing

The ZERO input is used to zero the comparators, and
must be asserted sometime during each horizontal
blanking interval. While ZERO is a logical one, the
comparators are zeroed. During ZERO cycles, the
RO-R7, G0-G7, and B0-B7 outputs are not updated.
They retain the data loaded before the ZERO cycle.

Note that 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.

A/D Input Clamping

If RIN, GIN, and BIN are AC-coupled to the video
signals, the CLAMP and (R,G,B) LEVEL controls may
be used to DC restore the video signals. While
CLAMP is a logical one, the video signals are
clamped to the voltage level present on the (R,G,B)
LEVEL pins.

If RIN, GIN, and BIN are DC-coupled to the video
signals, all three LEVEL pins should float or CLAMP
should always be a logical zero.

VIN Input Considerations

The 50-300 Q resistor shown in Figure 2 after the
low-pass filter is only required if an active low-pass
filter is used. It provides isolation from any clock
kickback noise on Vin, preventing it from being
coupled onto the video signal. 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 kickback noise.

The 0.1 pF capacitor shown in Figure 2 after the
low-pass filter is only required if an active low-pass
filter is used and DC restoration must be performed. If
no filter or a passive low-pass filter is used, the
capacitor is not required, as the DC restoration can
still be implemented using the 0.1 pF capacitors on
the (R,G,B)VID inputs.

Multiplexer Considerations

Maintaining DC levels within the rated compliance
range is necessary to obtain the best linearity and
crosstalk performance. Clamping through the MUX
accomplishes this on the selected channel. Adding
clamp diodes on all video inputs to a positive bias
will optimize multiplexer fidelity.
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Sync Detect Circuitry

The Bt253 performs composite sync detection from
the analog input specified by the command register.
Thus, sync information may be recovered from one
analog input while another input is being digitized.
The composite sync signal (CSYNC*) contains any
serration and equalization pulses the video signal may
contain. Note that CSYNC* is output asynchronously
to the clock and there are no pipeline delays (the
output delay from Vin or SYNC* to CSYNC* is
approximately 25 ns).

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 between CEXT1
and CEXT2 AC-couples the video signal to the sync
detection circuit. The MPU selects how many
millivolts above the sync tip to use for sync
detection. If the sync tip on CEXT2 is below the
selected threshold, CSYNC* will be a logical zero.

Two additional sync inputs are provided (SYNCO* and
SYNC1*) to support red, green, blue sync systems.
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 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 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 left
floating.

The sync analog multiplexer may still be used to
select from which video source to detect sync
information. As the multiplexer switches analog
video signals, the selected video source will be output
onto CEXT1.

Color Output Modes

The Bt253 outputs several modes of color
information, as shown in Table 2.

RO-R7, GO-G7, and BO-B7 are three-stated while
OE* is a logical one.
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Circuit Description (continued)
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Figure 2.

Typical Bt253 External Circuitry.
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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 digitized.
The selected signals are output onto ROUT, GOUT, and
(0) xVIDO BOUT.
(1) xVID1
D6-D4 Sync detect select Composite sync information detected on the selected
input is output onto CSYNC*.
(000) RVIDO
(001) RVID1
(010) GVIDO
(011) GVID1
(100) BVIDO
(101) BVID1
(110) SYNCO*

(111) SYNC1*

D3, D2 Color output select Color output mode select. See Table 2. In mode (11),
the red and blue A/D converters are ignored.
(00) 24-bit true color
(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 writing
to the command register.

DO Sync detect level select This bit specifies how much above the sync tip to slice
CEXT?2 for sync detection.
©0) 125mV
(1) 50mV
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Internal Registers (continued)

IOUT Data Registers

These six 8-bit registers specify the output current on the IOUT0-IOUTS outputs, from 0 mA ($00) to full scale ($FC).
The six MSBs of data are used to drive the DACs. DO and D1 (the two LSBs) must be programmed to be a logical zero.

These registers may be written to or read by the MPU at any time and are not initialized. DO is the least significant
bit.

24-Bit 15-Bit 8-Bit 8-Bit
True True True Pseudo

Color Color Color Color

Output Mode Mode Mode Mode

Pins (00) (01) (10) (11)
R7 R7 0 R7 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 B5 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 a7 G4
B3 B3 0 G6 G3
B2 B2 0 G5 G2
B1 B1 0 B7 G1
BO BO 0 B6 GO

Table 2. Color Output Configurations.
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Pin Descriptions

Pin Name

Description

General Reference Functions

RSET

IOUTO-IOUTS

CEXT1, CEXT2

A/D Functions
RREF+, GREF+,
BREF+

RREF-, GREF-,
BREF-

ZERO

CLAMP

RLEVEL,
GLEVEL,
BLEVEL

Input Selection

RIN, GIN,
BIN

RVIDO, RVID1,
ROUT

GVIDO, GVID1,
GOUT

Full-scale adjust control. An external 511 Q resistor must be connected between this pin and
GND. It is used to provide reference information to the internal D/A converters. See Figure 2.

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 2. The
relationship between full scale IOUT and RSET is:

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

External capacitor pins. A 0.1 uF 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. If AC coupled, amplitude is < 2 Vp—p.

Red, green, and blue top of resistor ladder (voltage input). These set the Vin voltage level that
generates $FF from the appropriate A/D converter. 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 perform DC restoration of
the video signals. In applications where RIN, GIN, and BIN are DC-coupled to the video
signals, the LEVEL pins should float or CLAMP should always be a logical zero. CLAMP is
asynchronous to the clocks.

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

Functions

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 RVIDI1 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.
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Pin Descriptions (continued)

Pin Name

BVIDO, BVID1,
BOUT

Description

Blue channel analog inputs and analog output. BVIDO and BVID1 are connected to the video
signals to be digitized. The signal selected to be digitized is output onto BOUT. Unused inputs
should be connected to GND.

Timing Functions

RCLOCK,
GCLOCK,
BCLOCK

CSYNC*

SYNCO*,

SYNC1*

Digital Control

RO-R7,

G0-G7,
B0-B7

OE*

RD*

WR*

D0-D7

A0-A2

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 via these pins and output onto CSYNC*. SYNCO*
and SYNC1* may be either TTL or normal video signal levels. Unused inputs should be
connected to GND.

Functions

Digitized video data outputs (TTL compatible). RO-R7 are output following the rising edge of
RCLOCK, G0-G7 are output following the rising edge of GCLOCK, and BO-B7 are output
following the rising edge of BCLOCK. They are three-stated if OE* is a logical one. RO, GO,
and B0 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
via DO-D7. Data is latched on the rising edge of WR*. RD* and WR* should not be asserted
simultaneously.

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

Address control inputs (TTL compatible). A0-A2 address the internal registers as shown in
Table 1. They are latched on the falling edge of RD* or WR*.

Power and Ground

VAA

+5 V power. All VAA pins must be connected together as close to the device as possible. A 0.1
WF ceramic capacitor should be connected between each group ot VAA pins and GND, as close to
the device as possible.

Ground. All GND pins must be connected as close to the device as possible.
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Pin Descriptions (continued)
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PC Board Layout Considerations

PC Board Considerations

This product requires special attention to proper
layout techniques to achieve optimum performance.

Before beginning PCB layout, refer to the CMOS
Digitizer layout examples found in the B:208, Bt251,
or Bt253 Evaluation Module Operation and
Measurements, application notes (AN-13, 14, and 15,
respectively). These application notes can be found
in Brooktree's 1990 Applications Handbook.

The layout should be optimized for lowest noise on
the Bt253 power and ground lines by shielding the
digital inputs/outputs and providing good decoupling.
The trace length between groups of VAA and GND
pins should be as short as possible to minimize
inductive ringing.

Ground Planes

The ground plane area should encompass all Bt253
ground pins, voltage reference circuitry, power supply
bypass circuitry for the Bt253, the analog input
traces, any input amplifiers, and all the digital signal
traces leading up to the Bt253.

Power Planes

The Bt253 and any associated analog circuitry should
have its own power plane, referred to as the analog
power plane. This power plane should be connected to
the regular PCB power plane (VCC) at a single point
through a ferrite bead, as illustrated in Figure 3. This
bead should be located within 3 inches of the Bt253.

The PCB power plane should provide power to all
digital logic on the PC board, and the analog power
plane should provide power to all Bt253 power pins,
any voltage reference circuitry, and any input
amplifiers.

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

Best performance is obtained using a dedicated linear
regulator to provide power to the Bt253.

Supply Decoupling

The bypass capacitors should be installed using the
shortest leads possible, consistent with reliable
operation, to reduce the lead inductance. These
capacitors should also be placed as close as possible
to the device.

Each group of VAA pins should have a 0.1 uF ceramic
bypass capacitor to GND, located as close as possible
to the device.

Digital Signal Interconnect

The digital signals of the Bt253 should be isolated as
much as possible from the analog signals and other
analog circuitry. Also, the digital signals should not
overlay the analog power plane.

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

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.

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

Bt253
L1
+5V (VCO) nmm VAA
L a1 c2
GROUND GND
Location Description Vendor Part Number
C1,C2 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
Cc3 10 pF tantalum capacitor Mallory CSR13G106KM
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 Bt253.

Figure 3.
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Application Information

Zeroing

As the comparators on the Bt253 must be periodically
zeroed, it is convenient to assert ZERO during each
horizontal retrace interval.

Note that before using the Bt253 after a power-up
condition, ZERO must be a logical one for at least
1000 clock cycles (cumulative) to initialize the
comparators to the rated linearity. In normal video
applications this will be transparent due to the
number of horizontal scan lines that will have
occurred before using the Bt253.

As long as the recommended zeroing interval is
maintained, the Bt253 will meet linearity
specifications. The longer the time between zeroing
intervals, the more the linearity error increases.

Video Standard Nominal Worst Case
Amplitude Amplitudes
RS-170 w/o sync 10V 09-1.1V
BLACK - WHITE
RS-170 w/ sync 14V 1.2-1.6 V
SYNC - WHITE
RS-170A w/sync 12V 1.0-14 V
SYNC - WHITE
RS-343A w/o sync 07V 0.6-0.85 V
BLACK - WHITE
Table 3. Video Signal Tolerances.

Increasing the Resolution of DACs

With a 511 Q resistor connected between each DAC
output (IOUT0-OUTS5) 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 V to 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 ratio of R1 and
R2:

Vmin = VREF * (R2 / (R1 + R2))

The bottom of the resistor ladder (REF-) may be
adjusted from 0 V to 0.286 V with 4.5 mV resolution
by using a 121 Q resistor to ground rather than a 511
Q resistor. As long as the minimum range is 0 V, the
resistor to ground may be used to adjust the total
range, and thus the resolution.

VREF = 2.5V
E R1 =422
DAC louTo TO VOLTAGE
FOLLOWER
R2=169
Figure 4. Increasing DAC Output

Resolution.
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Application Information (continued)

Using an External Reference

Figure 5 illustrates using a 1.2 V LM385 to generate a
0 V to 1.2 V reference for applications requiring 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 is
capable of operating from a single +5 V supply.

As REF+ should be driven by a high AC impedance
source, a 100 Q resistor should be placed between
REF+ and the output of the op-amp, as shown in
Figure 5. REF- may be driven in a similar manner if a
value other than GND is desired.

Input Ranges

Table 3 shows some common video signal
amplitudes. For signals possibly exceeding 1.2 V,
the signal should be attenuated (using a resistor
divider network) so as not to exceed the 1.2 V input
range.

When digitizing with a full scale range less than 0.7
V, the Bt253's integral linearity errors are constant in
terms of voltage regardless of the value of the
reference voltage. Lower reference voltages will
therefore produce larger integral linearity errors in
terms of LSBs.

For example, by setting the reference difference to 0.6
V., 0.6 V video signals may be digitized; however the

VAA

integral linearity error will increase to about +1.8
LSB; 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; the SNR
will be about 39 dB.

SNR and Error Rate vs. Clock Timing

Figure 6 illustrates the A/D error rate vs. clock low
time, while Figure 7 illustrates the A/D SNR vs. clock
high time.

An A/D error is defined as being a sample that is more
than 8 LSBs (out of 255) from the expected value,
where the previous and following samples are less
than (or equal to) 8 LSBs from the expected value.

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
adjusting the duty cycle of the clock—this is
especially true above 10 MHz clock operation. Note
that uncorrelated noise less than 1% peak-to-peak will
be perceived with the same quality as that of a
consumer 1/2 inch VCR.

REF+

LM611

FLOATING REF+
L

10K
p—— REF-
SK
9 —— LEVEL

Figure 5. Using an External Reference.
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PC Board Sockets

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

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. Avoid

Error Rate (ppm)

120

80

60 \
oD

20
—
\\\\
v} T .
24 25 27 28 29 30
Clock Low Time (ns)

At 35 ns Error Rate = 10-6

Figure 6. A/D Error Rate vs. Clock
Low Time.

ADC 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
constant delay that induces latchup.

Latchup can be prevented by assuring 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 assures that any signal pin
voltage will never exceed the power supply voltage
by more than +0.5 V.

SNR (dB)
43

39

37

35

Vi

10 12 14 16 18 20 22 24 26 28 30
Clock High Time (ns)

Figure 7. A/D SNR vs. Clock
High Time.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VAA 4.75 5.00 5.25 Volts
Voltage References
Top xREF+ 0.7 1 2.0 Volts
Bottom xREF- 0 0 1.3 Volts
Difference (Top-Bottom) 0.7 1 1.2 Volts
VIDO-VID1 Amplitude Range 0.5 VAA-0.5 Volts
Multiplexer Compliance (DC) -0.2 +2.2 Volts
(R,G,B) IN Amplitude Range 0.7 1 1.2 Volts
(R,G,B) IN Input Range REF- Volts
to REF+
CEXT AC Amplitude 0.2 Vp-p 2.0 Vpp Volts
(R,G,B) LEVEL Input Voltage GND-0.5 REF- REF+ Volts
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 Volts
Voltage on Any Signal Pin* GND-0.5 VAA +0.5 Volts
Analog Input Voltage VIN, VIDx GND-0.5 VAA +0.5 Volts
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)

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.

* 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) L +1 LSB
Differential Linearity Error DL +1 LSB
A/D Offset Error
Top tbd mV
Bottom tbd mY
Tempco tbd mV/°C
A/D to A/D Matching tbd %
A/D Coding Binary
No Missing Codes guaranteed
(R,G,B) IN Inputs (note 2)
CLAMP=0
Input Impedance RIN 10 M-ohms
Input Current 1B 1 HA
Input Capacitance CAIN 15 pF
CLAMP=1
Input Impedance RIN 50 Ohms
(R,G,B) VIDO,1 Inputs (note 3)
Input Impedance to (R,G,B) OUT
Input Selected 100 Ohms
Input Deselected 10 M ohms
Input Capacitance tbd pF
(R,G,B) REF+ Reference Inputs
Input Current 1 mA
Input Impedance 1 kQ
Clock Kickback (note 4) tbd pV -sec
Digital Inputs
Input High Voltage VHH 2.0 Volts
Input Low Voltage VIL 0.8 Volts
Input High Current (Vin = 2.4 V) IH 1 pA
Input Low Current (Vin= 04 V) 115 -1 pA
Input Capacitance CIN 10 pF
RGB (0-7) Digital Outputs
Output High Voltage VOH 2.4 Volts
(IOH = 400 pA)
Output Low Voltage VOL 0.4 Volts
(IOL = 1.6 mA)
Three-State Current 102 1 HA
Output Capacitance cour i0 pE
CSYNC* Digital Output
Output High Voltage VOH 2.4 Volts
(IOH = -400 pA)
Output Low Voltage VOL 0.4 Volts
(IOL=1.6 mA)
Output Capacitance couTt 10 pF

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

Parameter Symbol Min Typ Max Units
DO - D7 Digital Outputs
Output High Voltage VOH 2.4 Volts
(IOH = -400 pA)
Output Low Voltage VOL 0.4 Volts
(IOL =3.2mA)
Three-State Current ) (074 1 HA
Output Capacitance court 10 pF
IOUTO - IOUTS Outputs
DAC Output Current 0 2.5 mA
DAC Output Impedance 100 xQ
DAC Output Capacitance 20 pF
DAC Output Compliance -0.2 +1.2 Volts
A/D Power Supply Rejection Ratio PSRR tbd % /%
(f=1kHz) AVAA

Test conditions (unless otherwise specified):

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

and (R,G,B)REF- = GND. REF- < Vin < REF+, (R,G,B) LEVEL = float. Typical values are based on nominal
temperature, i.e., room, and nominal voltage, i.e., 5 V.

Note 1: Best-fit linearity (offset independent). Averaged value evaluated using a closed loop system.

Note 2: (R,G,B)LEVEL = GND.

Note 3: ROUT, GOUT, BOUT connected to GND.
Note 4: Measurement of noise coupled onto RIN, GIN, and BIN due to clocking (Rs = 75 Q). Typically

occurs over a 5-ns interval.

Vin* (V) (R,G,B) 0-7 OE*
> 0.996 $FF 0
0.992 $FE 0
0.500 $81 0
0.496 $80 0
0.492 $7F 0
0.004 $01 0
< 0.002 $00 0
3-state 1

*with (R,G,B)REF+ = 1.000 V and (R,G,B)REF- = 0.000 V. Ideal center values.
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A.C. Characteristics
Parameter Symbol Min Typ Max Units

Conversion Rate Fs 18 MHz
Multiplexer Switching Time Tmux 100 ns

ON RESISTANCE 100
Clock Cycle Time 1 55.5 ns
Clock Low Time 2 35% ns
Clock High Time 3 20%* ns
R,G,B(0-7) Output Delay 4 40 ns
OE* Asserted to Pixel Data Valid 5 50 ns
OE* Negated to Pixel Data 3-Stated 6 50 ns
ZERO Setup Time 7 0 ns
ZERO Hold Time 8 20 ns
ZERO, CLAMP High Time (note 1) 1 Clock
Aperture Delay 9 10 ns
Aperture Jitter 50 ps
Full Power Input Bandwidth (note 7) BW 6 MHz
Transient Response (note 2) 1 Clock
Overload Recovery (note 3) 1 Clock
Zero Recovery Time (note 4) 1 Clock
RMS Signal-to-Noise Ratio SNR

Fin = 4.2 MHz, Fs = 10.7 MHz 43 dB

Fin = 4.2 MHz, Fs = 1432 MHz 42 dB

Fin = 2.75 MHz, Fs = 6.75 MHz 44 dB

Fin = 5.75 MHz, Fs = 13.5 MHz 41 dB

Fin = 42 MHz, Fs = 17.72 MHz 41 dB
Analog Multiplexer Crosstalk

All Hostile Crosstalk -50 dB

Single Channel Crosstalk -50 dB

Adjacent Input Crosstalk -50 dB
IOUTO-IOUTS Settling Time 100 ns

tot 1LSB
Differential Gain Error (note 5) DG 2 %
Differential Phase Error (note 5) DP 1 Degree
Supply Current (note 6) 1AA 300 tbd mA

(Excluding REF+)
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AC Characteristics (continued)

Parameter Symbol Min Typ Max Units
A0-A2 Setup Time 10 10 ns
A0-A2 Hold Time 11 10 ns
RD*, WR* High Time 12 50 ns
RD* Asserted to Data Bus Driven 13 5 ns
RD* Asserted to Data Valid 14 40 ns
RD* Negated to Data Bus 3-Stated 15 20 ns
WR* Low Time 16 50 ns
Write Data Setup Time 17 10 ns
Write Data Hold Time 18 10 ns
Pipeline Delay 1 1 1 Clock

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with (R,G,B)REF+ =1V
and (R,G,B)REF- = GND. REF- < Vin < REF+, (R,G,B) LEVEL = float. TTL input values are 0-3 V, with input
rise/fall times < 4 ns, measured between the 10% and 90% points. Timing reference points at 50% for digital
inputs and outputs. D0-D7 output load < 75 pF. CSYNC*, RO-R7, G0-G7, and BO-B7 output load < 75 pF.
ROUT, GOUT, BOUT, IOUTO-IOUTS output load < 75 pF. Typical values are based on nominal temperature, i.e.,
room, and nominal voltage, i.e., 5 V.

Note 1: Number of clock cycles ZERO is a logical one does not affect linearity. For best performance, ZERO
should be a logical one for an odd number of clock cycles.
Note 2: For full-scale step input, full accuracy attained in specified time.
Note 3: Time to recover to full accuracy after a > 1.2 V input signal.
Note 4: Time to 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, Fs = 14.32 MHz.
IAA (max) at VAA =5.25 V, Fin = 7.5 MHz, Fs = 15 MHz.
Note 7:  Tested

*For 10~ typical A/D error rate (see Figure 6).
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Timing Waveforms

10 11
A0- A2 VALID
16
RD*, WR* y, 12
14
13 — 15
DO - D7 (READ) DATA OUT (RD* =0) J
DO - D7 (WRITE) DATA IN (WR* =0)
17
-—-‘ 18

MPU Read/Write Timing.

ZERO
7 8
1

RCLOCK, GCLOCK, \

BCLOCK \

RIN, GIN
, GIN, SAMPLEN
BIN ~

4 — N+1 (ZERO DATA)
~ e ~— N r
RO-R7, §0-G7, DATA A DATA DATA DATA )
BO- B7 N-1 N N+1 N+1

OE*

Video Input/Qutput Timing.
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Test Circuits

1K vour A%
RVIDO ROUT _%Jv\r_‘ RVIDO ROUT —J\Ar—‘
s1
375 GVIDO 375 ——GVID0
s2
BVIDO =21BVIDO
X 1K
s3
RVD1 GOUT __va_‘ —{RvID1 GouT —J\A’_l
s4
GVID1 —jcvi1
1K ' ss 1K
BVDL BOUT ___Jv\,_‘ =4BVIDI1 BOUT| —/\/\,—‘
VIN
VIN
ov-2v ov-2v 1. RVIDO SELECTED
5MHZ ;RVlm ~ SMHZ 2. XTALK = AVERAGE VALUE OF 20 LOG (VOUT / VIN)
(75 OHMS) XTALK =20LOG (VOUT / VIN) (75 OHMS) SCANNED SEQUENTIALLY FROM §1 TO §5
3. OPEN VID INPUTS HAVE 75 OHM TERMINATION
TO GND
All Hostile Crosstalk Single Channel Crosstalk
Test Circuit. Test Circuit.
VOUT "
FJV\,—-— RVIDO  ROUT
75
‘—'W— GVYIDO
75
'J\/\,— BVIDO
75 ) 1K
’J\/\,—— BVD1 GouT
5
r/\/\,——— GVID1
s 1K
RVl  BOUT ———'V\,——-‘
VIN
‘;VN;;;' 1. RVIDI SELECTED
(75 OHMS) 2. XTALK =20LOG (VOUT / VIN)

Adjacent Input Crosstalk Test Circuit.
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Ordering Information

Ambient
Model Number Package Temperature
Range
Bt253KPJ 84-pin Plastic 0°to +70° C
J-Lead
Bt253EVM Bt253 Evaluation Board
(includes Bt253KPJ)

Analog Multiplexer Circuit

RVIDO/

SELO

GVIDO/
BVIDO

SELO*

SEL1L

2t

RVID1/
GVID1/
BVID]

SEL1*

ROUT/GOUT /BOUT

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

Datasheet
Revision Change from Previous Revision
D Speed increased to 18 MSPS, production pinout added, AC and DC characteristics have "tbds"
replaced with numbers.
E Maximum DAC output current changed to 2.5 mA; RSET and DAC output resistors changed to 511
Q. DAC output compliance changed to -0.2 V to +1.2v.
F Command bit DO function inverted.
G Added Multiplexer Considerations to Circuit Description. Revised figures 2, 5, and table 3.

Added Multiplexer Compliance (DC) and CEXT AC Amplitude parameters.
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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

Bt261

30 MHz Pixel Clock

¢ Programmable 12-Bit Video Timing + Image Processing

+ Bidirectional HSYNC and CLOCK Pins * Video Digitizing

« Horizontal Sync Noise Gating * Desktop Publishing
» External YCO Support * Graphic Art Systems
* Standard MPU Interface

* TTL Compatible

* +5 V Monolithic CMOS

* 28-pin PLCC Package

Typical Power Dissipation: 300 mW

Functional Block Diagram

CSYNC N
PHAS PCOUT
HSYNC | COMPARATOR
A
osc1, —|
oscr* —f XTAL OSCTO D~ T CLOCK
osc2 — PIXEL CLOCK
3STATE
oscze —] GENERATOR
usrer | HORIZONTAL
COUNTER
HORIZONTAL ZERO
VIDEO SYNC SYNC VDEO Lavp
STRIP NOISE GATE TIMING HSYNC
CONTROL |
CAPTURE
VERTICAL
Ld  svac vsynee
PROCESSOR FIELD
CSYNC*

Brooktree Corporation

9950 Bames Canyon Rd.

San Diego, CA 92121

(619) 452-7580 « (800) VIDEO IC
TLX: 383 596 « FAX: (619) 452-1249
L261001 Rev. E

3 - 67

Monolithic CMOS
HSYNC Line Lock
Controller

Product Description

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

Either composite video or TTL composite sync
information is input via VIDEO. An internal sync
separator separates horizontal and vertical sync
information. Programmable horizontal and
vertical video timing enables recovery of both
standard and non-standard timing information.

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

Alternately, a high speed clock (OSC) may be
divided down to generate the pixel clock. The
OSC inputs may be configured to be either TTL or
ECL compatible. Thus, four TTL clocks, two TTL
clocks and one differential ECL clock, or two
differential ECL clocks may be used. The ECL
clock inputs are designed to be driven by 10KH
ECL using a single +5 V supply. The higher the
OSC clock rate, the lower the pixel clock jitter.

The CLAMP and ZERO outputs are programmed by
the MPU for DC restoration of the video signal
and zeroing the Image Digitizer or A/D converter
at the appropriate time.

Brooktree®
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Circuit Description

MPU Interface

As seen in the functional block diagram, the Bt261
supports a standard MPU interface (D0-D7, RD*,
WR*, and A0). MPU operations are asynchronous to
the clocks.

A0 is used to select either the internal 5-bit address
register (A0 = logical zero) or the control register
specified by the address register (A0 = logical one).
ADDRS5-ADDR?7 are ignored during MPU write cycles,
and are in an unknown state when read by the MPU.
ADDRO corresponds to D0 and is the least significant
bit. ADDRO-ADDR4 increment following any MPU

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
$oC CLAMP 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 ZERO stop high register
$14 FIELD gate start low register
$15 FIELD gate start high register
$16 FIELD gate stop low register
$17 FIELD gate stop high register
$18 noise gate start low register
$19 noise gate start high register
$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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read or write cycle to a control register other than the
address register. MPU write cycles to reserved
addresses are ignored and MPU read cycles from
reserved 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).

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 threshold, 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 Bt251/253
Image Digitizer, and the highest sync slicing level
will be selected.

Horizontal Counter

The rising edge of pixel clock (CLOCK) increments a
12-bit horizontal counter used to generate horizontal
video timing information. The value of the counter is
compared to various registers to determine when
signals are to be asserted and negated. $000
corresponds to the falling edge of CSYNC* with a
variable pipeline delay.

Horizontal Sync Separation

The Bt261 separates horizontal sync information
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.

Two 12-bit noise gate start and stop registers specify
at what horizontal count (with pixel clock resolution)
to open and close sync transitions on the VIDEO
input to be detected.
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Circuit Description (continued)

The sync noise gating is provided to filter incorrect
horizontal sync information from noisy video
signals. The noise gating also serves a second
purpose: to filter serration and equalization pulses at
half-line intervals from CSYNC* during the vertical
retrace interval. This enables steady synchronization
of horizontal sync information during vertical retrace
intervals.

HSYNC Input/Output

The HSYNC output may be programmed to be either
active high or active low. The beginning of HSYNC
(in pixel clock cycles) is determined by the HSYNC
start register, and is typically programmed to be
coincident with beginning of the noise-gated
CSYNC*. The width of the HSYNC output is
determined by the HSYNC stop register and is
specified in pixel clock cycles.

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 vertical sync interval is determined by sampling
CSYNC* a specified number of pixel clock cycles
after the beginning of the recovered composite sync.
This interval is specified by the VSYNC sample
register.

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 programmed so that
the sample occurs well after the end of CSYNC*.
VSYNC is output on the rising edge of PCLK.

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).
ZERQC is used to zero the comparators of the A/D
converter or Image Digitizer. CLAMP is used to
DC-restore the video signal. Both CLAMP and ZERO
may be programmed to be either active high or active
low.

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
distinguishing the fields.

The polarity of the FIELD output may be programmed
to be either active high (field one = 1, field two = 0) or
active low (field one = 0, field two = 1).

When digitizing noninterlaced video signals, the
FIELD output will remain a logical one if FIELD is
programmed to be active low. FIELD will remain a
logical zero if the FIELD output is programmed to be
active high.

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

Capture Output

The Bt261 outputs a CAPTURE signal, which is a
command register bit (CR0OS5) synchronized to the
vertical sync or FIELD signals.

To capture a single frame of video in an interlaced
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 one until the next rising edge or field
(one frame time).

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)

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 connected to
the CLOCK pin and any one of the OSC input pins
(the one used must be selected by command bits
CRO0-CR02). Note that the VCO must have positive
control voltage (positive voltage forces a higher
frequency).

An on-chip phase comparator is available to compare
the phase of HSYNC and the falling edge of the
noise-gated CSYNC*.

If the falling edge of the noise-gated CSYNC* occurs
before the beginning of HSYNC, the phase
comparator "dumps” a charge onto an external
capacitor, increasing the VCO frequency. If the
falling edge of noise-gated CSYNC* occurs after the
beginning of HSYNC, the phase comparator "sinks" a
charge from the external capacitor, decreasing the
VCO frequency.

The output of the phase comparator is PCOUT and it is
a TTL-compatible three-statable output. The width of
the output pulse on PCOUT is equal to the phase
difference with a gain of 4/ VCC.

HSYNC
(ACTIVE LOW)

FIELD GATE
(START < STOP)

VSYNC* }

[

EVEN FIELD
(FIELD =0)

ODD FIELD
(FIELD =1)

mo | [[1]

FIELD GATE
(START > STOP)

VSYNC* l

|11

EVEN FIELD
(FIELD =1)

ODD FIELD
(FIELD =0)

Figure 1. FIELD Output Operation.
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Circuit Description (continued)

The "divide-by-N" for the PLL loop is the 12-bit
HCOUNT register. Command register bits CR07 and
CRO06 must be set to (1,0) for proper operation. This
configures the horizontal counter to be reset to zero
upon reaching the HCOUNT value.

Phase/Frequency Detector Operation

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

In the event of a missing horizontal sync (either
recovered or generated), the phase comparator can be
configured to ignore the missing pulse and to not
adjust the frequency of the VCO. This phase
limiting avoids adjusting the VCO frequency
erroneously due to the large phase error that would
otherwise occur until the next sync interval.
Command bit CR10 enables or disables this
capability.

If the falling edge of the noise-gated CSYNC* and
generated HSYNC are within the number of pixel
clock cycles specified by command bits CR24—CR27
(1 to 16 clock cycles), the Bt261 considers itself
locked to the video signal. If the clock cycle
condition (as specified by command bits
CR24-CR27) is not met, status bit SR00 is set to low
to indicate locking to the video signal was lost. If
the line count condition (as specified by command
bits CR30-CR37) is not met, the phase limiter is
disabled.

In the event lock is lost, phase limiting is disabled
until lock is re-established. Command bit CR22 may
be used to override this feature to tell the phase
comparator it is always locked.

Asynchronous (non-line locked) Pixel
Clock Generation

Four oscillator clock inputs are provided (OSC),
selectable 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 desired
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).

The generated pixel clock is synchronized to the
falling edge of the noise-gated CSYNC* each scan
line. Each time a horizontal sync is detected on the
VIDEO input, the CLOCK output is resynchronized by
the OSC clock so that the beginning of a pixel clock
cycle and the falling edge of the noise-gated
CSYNC*are coincident (see Figure 3) within a period
of the OSC input. While there is some sampling 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

HSYNC LAGS CSYNC*,
INCREASE FREQ (PCOUT =5V)

NO CHANGE (PCOUT = HIGH IMPEDANCE)

HSYNC LEADS CSYNC*,
DECREASE FREQ. (PCOUT =0V)

PCOUT

Bt261

Figure 2. External VCO Configuration.
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Circuit Description (continued)

jitter, 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
number 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
falling 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
number 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
falling edge of the noise-gated CSYNC*, and begins
incrementing 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): Resets H counter at
HCOUNT only.

BN
RECOVERED 2
HSYNC H __;J
H H
i H
CLOCK F
—_—
" Hoount

Dm'Au[

GATED
CSYNC

RESTARTED

0sC
et COUNT
CLOCK LOowW

0sC
COUNT
HIGH

o UL

Figure 3. Pixel Clock Output Timing (Crystal-Based Clock).

3-72 SECTION 3



Brooktree® Bt261

Internal Registers

Horizontal Counter

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

Command Register_0

This command register may be written to or read by the MPU at any time and is not initialized. CR0O corresponds to
DO and is the least significant bit.

CRO7, CRO6 Horizontal counter control A value of (01) or (11) forces the horizontal
counter to be reset to zero at the beginning of

(00) reserved every recovered horizontal sync. These modes

(01) reset each recovered HSYNC (typically mode 01) should be selected when

(10) reset to zero upon reaching HCOUNT using crystal-based pixel clock generation.

(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).

CRO5 Capture strobe This bit is synchronized to VSYNC* and FIELD
and output onto the CAPTURE output pin.

CRO4, CRO3 Sync detect select These bits specify how much above the sync tip
to slice VIDEO for sync detection. If inputting
(00) 25mV TTL sync information, the highest slicing level
(01) 50 mV should 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*

(100) ECL compatible OSC1, OSC1*
(101) ECL compatible OSC2, OSC2*
(110) reserved

(111) reserved
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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 not initialized. CR10 corresponds to
DO and is the least significant bit.

CR17 Interlaced or noninterlaced select This bit specifies whether an interlaced or
noninterlaced video signal is being digitized.

(0) noninterlaced operation The MPU must write a logical zero followed by a

(1) interlaced operation logical one to this bit to reset the status bit

(SR00) to a logical one.

CR16 CLOCK output disable This bit specifies whether the CLOCK pin is
three-stated (logical one) or is actively driven
(0) drive CLOCK output (logical zero). A logical one enables an external
(1) three-state CLOCK output pixel clock to drive the internal counters,
ignoring the OSC inputs and pixel clock
generator.
CR15 CSYNC* output disable This bit specifies whether the CSYNC* output is
three-stated (logical one) or is actively driven
(0) drive CSYNC* output (logical zero).

(1) three-state CSYNC* output

CR14 VSYNC* output disable This bit specifies whether the VSYNC* output is
three-stated (logical one) or is actively driven
(0) drive VSYNC* output (logical zero).

(1) three-state VSYNC* output

CR13 HSYNC output disable This bit specifies whether the HSYNC output is
three-stated (logical one) or is actively driven

(0) drive HSYNC output with the internally generated HSYNC signal

(1) three-state HSYNC output (logical zero). If external circuitry is driving the

HSYNC pin, this bit must be set to a logical one.
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Internal Registers (continued)

Command Register_1 (continued)

CR12 Reset lock loss status bits
(0) reset status bits
(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 resets the status bits indicating loss of
lock. The MPU must write a logical zero to this
bit to clear the status bits (SRO5 and SR00) to a
logical zero.

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 YVCO
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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Internal Registers (continued)

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 These bits specify the maximum number of pixel
clock cycles between the falling edge of
(0001) 2 clock cycles noise-gated CSYNC* and the HSYNC signal
: (either internally or externally generated) to be
(1111) 16 clock cycles 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 (SRO0) is set to a logical

zero.
CR23 Pixel clock mask enable If this bit is a logical one, the CLOCK output is
stopped in the logical one state when the
(0) continuous pixel clock horizontal counter reaches the HCOUNT value.
(1) stop pixel clock at HCOUNT This ensures a minimum pulse width when the

noise-gated CSYNC* signal is asynchronously
sampled. If it is a logical zero, the CLOCK
output will continuously clock (if command bit
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).

CR22 Lock override If the Bt261 goes out of lock, the phase limiter
is automatically disabled until it is back in lock.
(1) normal operation If this bit is a logical zero, this function is
(0) tell phase comparator it's locked overridden.
CR21, CR20 Pixel clock select These bits specify whether to use the
OSC-generated pixel clock or an external pixel
(00) OSC inputs clock (driving the CLOCK pin) to clock internal
(01) external pixel clock counters.
(10) OSC drives CLOCK direct
(11) reserved 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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Internal Registers (continued)

Command Register_3

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

CR37-CR30 Phase lock line count These bits specify the number of consecutive scan lines
for which lock must be maintained. If lock is not
(0000 0000) 1 scan line maintained for the specified number of scan lines, the

(0000 0001) 2 scan lines phase limiter is disabled only if command bit CR22 is a
: logical one.
(1111 1111) 256 scan lines

VSYNC Sample Register

This 8-bit register specifies the number of pixel clock cycles after the falling edge of noise-gated CSYNC* at which
to sample the CSYNC* signal each scan line. 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 [1/4 HCOUNT] is recommended
(greater than the maximum horizontal sync pulse width of about 5 pS). 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 with some pipeline delay.

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. Note that the counters clock on both the rising and falling edge of the selected OSC input.

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.

SR00 Lock loss status (pixel count related) This bit is reset if loss of lock occurred for a period
defined by CR24-CR27. It is reset by writing to
(0) lock loss detected command bit CR12.

(1) reset or no lock loss
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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 zero. Values from $0000 (1) to SOFFF (4096) may be specified. Note that
there is a variable pipeline delay between the CSYNC* and HSYNC outputs.

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 | H11 H10 H9 H8 H7 Hé6 H5 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 zero. Values
from $0000 (1) to $OFFF (4096) may be specified. Note that there is a variable pipeline delay between the CSYNC*
and CLAMP outputs.

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 ™ D3 D2 D1 DO

Cascaded Value | H11 H10 H9 H8 H7 H6 H5 H4 H3 H2 H1 HO

A value corresponding to 1 uS after the falling edge of CSYNC* is recommended for the [start] value, and a value of 1
WS 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 uS after the
rising edge of CSYNC* is recommended for the [stop] value.
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Internal Registers (continued)

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 [stopvalue] 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 zero. Values from $0000 (1) to $OFFF (4096) may be specified. Note that there is a
variable pipeline delay between the CSYNC* and ZERO outputs.

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 >4 D3 D2 D1 DO

Cascaded Value | H11  H10  H9 H8 H7 Heé H5 H4 H3 H2 H1 HO

Since an active high signal is need for the Bt208, Bt251, and Bt253 during non-acquisition intervals, the ZERO
output can be programmed to be within the horizontal retrace interval.
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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 high during field one if [start value] < [stop value] or low 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
zero. Values from $0000 (1) to SOFFF (4096) may be specified. Field edge coincides with VSYNC* falling edge.

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

D4-D7 of FIELD gate stop high are ignored during MPU write cycles and 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 High FIELD Gate Start/Stop Low

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

Cascaded Value | H11 H10  H9 H8 H7 Hé H5 H4 H3 H2 H1 HO

A difference between [start] and [stop] greater than [HCOUNT/2] is recommended, 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 noise-gated 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 open. Values from $0000 (1) to $OFFF (4096) may be specified.

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 H10 H9 H8 H7 Hé H5 H4 H3 H2 H1 HO

A value corresponding to [HCOUNT/2 — 2.5 pS] is recommended for the [start] value and a value of [> HCOUNTY/2] is
recommended for the [stop] value to remove typical equalization and serration pulses. This register should be
initialized early to minimize indeterminate outputs during vertical retrace.

HCOUNT Register
This 16-bit register specifies the maximum number of pixel clocks to generate per horizontal line.

The HCOUNT low and high registers are cascaded to form a 16-bit HCOUNT register. D4-D7 of HCOUNT high are
ignored during MPU write cycles and return a logical zero during MPU read cycles. The 16-bit HCOUNT register is not
updated until the write cycle to the HCOUNT high register. Thus, the writing sequence should be [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 | H11 H10 H9 H8 H7 Hé H5 H4 H3 H2 H1 HO
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Pin Descriptions

Pin Name

HSYNC

VSYNC*

CSYNC*

ZERO

CLAMP

PCOUT

VIDEO

CLOCK

0OSC1, OSC1*,
08C2, OSC2*

CAPTURE

RD*

WR*

D0-D7

Description

Horizontal sync input/output (TTL compatible). As an output, HSYNC is programmed to be
either a logical zero or logical one during the desired horizontal sync interval. It is output
following the rising edge of CLOCK. As an input, it is input into the phase comparator
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 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.

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 transitions
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 either a logical
one or a logical zero, depending on whether it is programmed to be active high or low. It is
output on the falling edge of VSYNC*.

Phase comparator output (TTL compatible). This three-state output indicates the phase
difference in time between the generated horizontal sync signal (either the internally generated
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 2v 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.

External clock inputs (TTL or ECL compatible). These inputs are programmed to be either 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.

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.

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

Bidirectional data bus (TTL compatible). MPU data is transferred into and out of the device over
this 8-bit data bus. If RD* is a logical one, DO-D7 are three-stated.
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Pin Descriptions (continued)

Pin Name - Description

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.

EuB.opb
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Application Information

Interfacing to the Bt208

Figure 4 illustrates interfacing the Bt261 to the Bt208
Flash A/D Converter. The VIDEO input of the Bt261
connects to the VIN input of the Bt208 through a 0.1
WUF ceramic capacitor. The sync slicing level of the
Bt261 should be selected for optimum performance.

The Bt261 provides the ZERO and CLAMP signals
required by the Bt208, in addition to the CLOCK.

The HSYNC, VSYNC*, FIELD, and CAPTURE signals
of the Bt261 interface to the video timing controller

and video DRAM controller.

-

Bt261

ZERO CLAMP CLOCK

HSYNC
VSYNC*

]

CAPTURE

OPTIONAL
SUBCARRIER

l

FILTER

VIDEO

(1Vp.p) I

VIN

ZERO CLAMP CLOCK

Br208

IF AC-COUPLED TO
VIDEO SIGNAL

Figure 4. Interfacing to the Bt208.
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Application Information (continued)

Interfacing to the Bt251

Figure 5 illustrates interfacing the Bt261 to the Bt251 The HSYNC, VSYNC*, FIELD, and CAPTURE signals
Image Digitizer. The VIDEO input of the Bt261 of the Bt261 interface to the video timing controller
connects directly to the CSYNC* output of the Bt251. and video DRAM controller.

As CSYNC* is a TTL-compatible output, the highest
sync slicing level should be selected on the Bt261.

The Bt261 provides the ZERO and CLAMP signals
required by the Bt251, in addition to the CLOCK.

HSYNC
VSYNC*
FIELD
Bt261 CAPTURE TO VIDEO TIMING
CONTROLLER AND
VDRAM CONTROLLER

VIDEO ZERO CLAMP CLOCK

———

CSYNC* ZERO CLAMP CLOCK

Bt251

Figure 5. |Interfacing to the Bt251.
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Application Information (continued)

Interfacing to the Bt253

Figure 6 illustrates interfacing the Bt261 to the Bt253
Image Digitizer. The VIDEO input of the Bt261
connects directly to the CSYNC* output of the Bt253.
As CSYNC* is a TTL-compatible output, the highest
sync slicing level should be selected on the Bt261.

The Bt261 provides the ZERO and CLAMP signals
required by the Bt253, in addition to the (R,G,B)
CLOCK inputs of the Bt253.

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

VIDEO ZERO CLAMP CLOCK

HSYNC
VSYNC*

FIELD
Bt261 CAPTURE

Il

i

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.

Latchup can be prevented by assuring 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 assures that any signal pin
voltage will never exceed the power supply voltage
by more than +0.5 V.

TO VIDEO TIMING
CONTROLLER AND
VDRAM CONTROLLER

Bt253

CSYNC* ZERO CLAMP RCLOCK GCLOCK BCLOCK

Figure 6. Interfacing to the Bt253.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply vCcC 4.75 5.00 5.25 Volts
Ambient Operating Temperature TA 0 +70 °C
Video Input
DC-coupled 5 Volts
AC-coupled* 0.2 2 Voltspp

* Video input DC quiesent about (VCC/2) volts.

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units
VCC (measured to GND) 7.0 Volts
Voltage on any Signal Pin* GND-0.5 VCC +0.5 Volts
Ambient Operating Temperature TA =55 +125 °C
Storage Temperature TS -65 + 150 °C
Junction Temperature gy + 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.

* 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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D.C. Characteristics

Parameter Symbol Min Typ Max Units
TTL Digital Inputs
Input High Voltage VIH 2.0 VCC +0.5 Volts
Input Low Voltage VIL GND-0.5 0.8 Volts
Input High Current (Vin =24 V) IH 1 HA
Input Low Current (Vin = 0.4 V) IL -1 HA
Input Capacitance CIN pF
(f =1MHz, Vin = 2.4v) 7
OSC Digital Inputs
TTL Mode
Input High Voltage VH 2.0 VCC +0.5 Volts
Input Low Voltage VIL GND-0.5 0.8 Volts
Input High Current (Vin = 2.4 V) oH 1 HA
Input Low Current (Vin = 0.4 V) jine -1 MHA
Input Capacitance CIN 7 pF
(f=1MHz, Vin=24YV)
ECL Mode
Input High Voltage VH VCC-1.0 VCC +0.5 Volts
Input Low Voltage VIL GND-0.5 VCC-1.6 Volts
Input High Current (Vin = 4.0 V) IH 1 MA
Input Low Current (Vin = 0.4 V) L -1 HA
Input Capacitance CIN 7 pF
(f=1MHz, Vin = 2.4v)
DO - D7 Digital Outputs
Output High Voltage VOH 2.4 Volts
(IOH = 400 pA)
Output Low Voltage VOL 0.4 Volts
(IOL = 6.4 mA)
3-state Current 10Z 50 HA
Output Capacitance cour 20 pF
PCOUT Output
Output High Voltage 1 von 100 Q
(IOH = —400 pA) '
Output Low Voltage VoL 75 Q
(IOL =3.2mA)
3-state Current 10Z 50 HA
Output Capacitance couT 20 pF
Other Digital Outputs
Output High Voltage VOH 24 Volts
(IOH = 400 pA)
Output Low Voltage yoL 0.4 Volts
(IOL=3.2mA)
3-State Current 10Z 50 HA
Output Capacitance cout 20 pF

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

Parameter Symbol Min Typ Max Units
OSC Cycle Time OSCmax 10 ' ns
CLOCK Cycle Time* Fmax 33.33 ns
A0 Setup Time 1 10 ns
A0 Hold Time 2 10 ns
RD*/WR* Low Time 3 50 ns
RD*/WR* High Time 4 50 ns
RD* Asserted to Data Bus Driven 5 5 ns
RD* Asserted to Data Valid 6 40 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
OSC High Time 10 3.5 ns
OSC Low Time 11 3.5 ns
CLOCK Low Time 12 tbd tbd ns
CLOCK High Time 13 tbd tbd ns
OSC to CLOCK Output Delay Pipelines 14 tbd ns
VIDEO to CSYNC* Output Delay 15 tbd ns
HSYNC, ZERO, CLAMP Output Delay 16 tbd ns
VSYNC*, FIELD Output Delay Pipelines 17 tbd ns
PCOUT Output Delay 18 tbd ns
Minimum Compare Differential 19 5 tbd ns
VCC Supply Current** 1cC 60 tbd 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% and 90% points. Timing reference points at 50%
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., and nominal voltage,
ie,5V.

*Maximum load of 20 pf.
**At Fmax. 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

A0

RD*, WR*

DO - D7 (READ)

DO - D7 (WRITE)

1 2
VALD

5 — 7

DATA OUT (RD* = 0) J

X DATA IN (WR* = 0)

MPU Read/Write Timing.

OSC PERIOD

« UL L L LT

o [ L L [

HSYNC, CLAMP,
ZERO

VSYNC*, FIELD

17

100 mV ABOVE SPECIFIED THRESHOLD

VIDEO

l 100 mV BELOW SPECIFIED THRESHOLD l

CSYNC*

= Tt

Video Input/Output Timing.
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Timing Waveforms (continued)

HSYNC I ,
I-— 19
VIDEO
HSYNC)

18 BELOW SPECIFIED THRESHOLD

_t
e

[

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

IMAGING PRODUCTS 3-91






Preliminary Information

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

Distinguishing Features Applications
* Real-Time Color Space Conversion  Image Processing
+ Pseudo-Color Mode » Image Capture

* Programmable Matrix Coefficients + Color Correction

* Three 256 x 8 Input Lookup Table RAMs
« Standard MPU Interface

* TTL Compatible

* +5 V Monolithic CMOS

¢ 84-pin PLCC Package

+ Typical Power Dissipation: 1.1 W

Functional Block Diagram

INO,INI —»] = OUTO, OUT1
CFLAG —=
8 | asexs| 8 21 8
. Z y Z yd
DAO-DA? - RAM |7 - st QA0-QA7
8/ 256X 8 8/ 3X3 2/1 s/
] AND
PRO-DBT =177 ram [77T] MATRX [ 7 QB0 - QB
8 8 21 | rounpiNG | 8
pa Z. s Z
DCO - DC? 256X 8 QC0-QC?
7/ RAM Vd V4 7/
e— OE*
CLOCK —=

BERRN

DO-D7 CS* RD* WR* A0,Al RESET*

Brooktree Corporation

9950 Barnes Canyon Rd.

San Diego, CA 92121

(619) 452-7580 « (800) VIDEO IC

TLX: 383 596 « FAX: (619)452-1249

L281001 Rev. F 3-93

Bt281

36 MHz
Programmable
Color Space Converter
and Color Corrector

Product Description

The Bt281 Color Space Converter is designed
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
requirement that RGB information be generated to
drive the CRT.

Twenty-four bits of color information are input
via 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 converting to
another color space.

The QAx, QBx, and QCx outputs may be
three-stated asynchronously to CLOCK via the
OE* control input.

Two sets of matching delay lines are included to
maintain synchronization of control signals.
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Circuit Description

MPU Interface

As seen in the functional block diagram and in Figure
1, the Bt281 supports a standard MPU interface
(D0-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 shown in Table 1. The 11-bit address
register specifies which control register or RAM
location the MPU is accessing, as shown in Table 1.
The address register resets to $000 following a read or
write cycle to location $7FF. Write cycles to reserved
addresses are ignored, and read cycles from reserved
addresses return invalid data. ADDR11-ADDR1S5 are
always a logical zero.

The address register increments after each MPU read or
write cycle and is not initialized. ADDRO and ADDRS
correspond to data bus bit DO, with ADDRO being the
least significant bit. The address register is not
initialized following a reset or power-up condition.

The lookup table RAMs are not dual-ported, so MPU
accesses have priority over pixel accessing. During
MPU access to the color palette RAMs, the QAx,
QBx, and QCx outputs are undefined and invalid. Thus,
lookup table updates should occur only during
blanking intervals.

Matrix Multiplier

DA0-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 fundamental
color space conversion, as follows:

QA ml m2 m3 DA
QB = m4 m5 mé DB
QC m7 m8 m9 DC

3-94 SECTION 3

m1-m9 are loaded by the MPU to perform the color
space conversion desired. The values of m1-m9 are
programmable over the range of —4.000 to +3.996
using 2's complement notation.

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 select which 8
bits (or 7 bits + sign) of these 21 bits are output, as
shown in Table 2.

The fractional data indicated in Table 2 is used to
round to 8 bits as follows: round 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 will 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 allowable
values.

QA0-QA7, QB0-QB7, and QC0-QC7 are output
following the rising edge of CLOCK.

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

Bypassing

The Bt281 may be entirely bypassed with no change
in the pipeline delay via the command register.
Following a reset condition, the Bt281 is initialized
to be in the bypass mode. (See Figure 8.)

I/0 Delay Lines

The INO and IN1 inputs are latched on the rising edge
of CLOCK, pipelined to maintain synchronization
with the color data, and output onto OUT0 and OUT1.

The delay lines may be used for control signals, such
as sync, blank, etc., that should have the same
pipeline delay as the pixel data.
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Circuit Description (continued)

Accessed by MPU

address register low (ADDR0-ADDR7)
address register high (ADDR8-ADDR10)

DA RAM location $00
DA RAM location $01

DA RAM location $FF
DB RAM location $00
DB RAM location $01

DB RAM location $FF
DC RAM location $00
DC RAM location $01

DC RAM Ilocation $FF

m1 register low
ml register high
m2 register low
m2 register high
m3 register low
m3 register high
m4 register low
m4 register high
mS register low
mS5 register high
m6 register low
m6 register high
m7 register low
m7 register high
m8 register low
m8 register high
m9 register low
m9 register high

command register_0
command register_1

reserved

reserved
reserved

Al, A0 ADDRO-ADDR10
00 $xxx
01 $xxx
10 $000
10 $001
10 $OFF
10 $100
10 $101
10 $1FF
10 $200
10 $201
10 $2FF
10 $300
10 $301
10 $302
10 $303
10 $304
10 $305
10 $306
10 $307
10 $308
10 $309
10 $30A
10 $30B
10 $30C
10 $30D
10 $30E
10 $30F
10 $310
10 $311
10 $312
10 $313
10 $314
10 $7FF
11 $xxx

Table 1.

SECTION 3
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Circuit Description (continued)

Matrix Multiplication Operation

8-bit pixel input:  DA7 DA6 DAS DA4 DA3 DA2 DAl DAO

11-bit coefficient:

C10C9C8.C7C6C5C4C3C2C1CO0

19-bittotal: S T17 T16 T15 T14 T13 Ti12 T11 T10 T9 T8 . T7 T6 TS5 T4 T3 T2 T1 TO

Three of these 19-bit totals (since there are three coefficients per channel) must be added together, resulting in a 21-
bit result per channel (S = sign bit):

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 | QAS | QA4 | QA3 | QA2 | QA1 | QA0 Used for Rounding
unsigned
magnitude
format
100 R19 R18 | R17 R16 | R15 R14 | R13 R12 R11-RO
011 R18 R17 | R16 R15 | R14 R13 | R12 R11 R10-RO
010 R17 | R16 | R15 | R14 | R13 | R12 | R11 | R10 R9-RO
001 R16 | R15 | R14 | R13 | R12 | R11 | R10 R9 R8-RO
000 R15 R14 | R13 R12 | R11 R10 R9 R8 R7-RO
other two
formats
100 3 Ri18 | Ri7 Ri6 | KRi5 Ki4 | K13 Kiz Kii-Kvu
011 S R17 | R16 | R15 | R14 | R13 | R12 | R11 R10-RO
010 S R16 | R15 | R14 | R13 | R12 | R11 | R10 R9-RO
001 S R15 | R14 R13 | R12 R11 R10 R9 R8-RO
000 S R14 | R13 | R12 | R11 | R10 | R9 R8 R7-RO
Table 2. Example Dynamic Qutput Range Selections (QAx Channel).
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Circuit Description (continued)

Number Representations

The Bt281 accommodates analog sign magnitude,
unsigned magnitude, and 2's complement formats to
ease interfacing to A/D and D/A converters, 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 representation for
processing of 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 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 representation for
processing of 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 unsigned magnitude
representation (0-255) for luminance processing.

2's complement may be used at the input if a frame
buffer is driving the DAx and DCx inputs to ease
interfacing to other image processing circuitry. 2's
complement may be used at the output if the QAx and
QCx outputs are interfaced to a frame buffer to ease
interfacing to image processing circuitry.

Unsigned Magnitude Representation
This 0 to 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
SFF 1111 1111 +127 1111 1111 -1 1111 1111 255
$FE 1111 1110 +126 1111 1110 -2 1111 1110 254
$81 1000 0001 +1 1000 0001 -127 1000 0001 129
$80 1000 0000 0 1000 0000 -128 1000 0000 128
$7F 0111 1111 -1 0111 1111 +127 0111 1111 127
$01 0000 0001 -127 0000 0001 +1 0000 0001 1
$00 0000 0000 -128 0000 0000 0 0000 0000 0

Table 3. Numbering Representations.
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Input Interpolation Circuitry

The Bt281 may be configured to input 8 bits of
luminance on the DBx inputs and 8 bits of
multiplexed color difference signals on the DCx
inputs. The multiplexed color difference signals are
demultiplexed and the missing values interpolated
using linear interpolation filters. The resulting 24
bits of luminance and color difference data are input to
the 3 x 3 matrix multiplier for processing (see Figure
9). The DAx inputs are ignored. Figure 2 illustrates
the input interpolation circuitry.

Assume YCrCb processing 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)

Ym+1)
Cr (n)

Yn+2) Y@n+3)
Cbn+2) Cr(n+2)

The 24-bit output after the interpolation filters is:

DBx'= Y(n) Y@+1) Y@+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)

The CFLAG input indicates whether the multiplexed
DCx inputs contain Cb (CFLAG = 1) or Cr (CFLAG =
0) information. The demultiplexer, controlled by
CFLAG, demultiplexes the Cr and Cb information.
Alternately, nonmultiplexed color difference signals

may be input via the DAx and DCx inputs, with a data
rate of 1/2 the DBx inputs (see Figure 11). The
interpolation filter generates the missing values by
averaging successive data points.

Assume YCrCb processing 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(m) Y@®m+1) Y®m+2) Y®m+3)
DCx= Cb(m) Cb(n) Cbmn+2) Cb(n+2)

The 24-bit output after the interpolation filters is:

DBx'= Y(n) Y@m+1) Y®m+2) Y@+3)
DCx'= Cb(m) Cb(n+1) Cb(n+2) Cb(n+3)
DAxX'= 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
|
INTERPOLATION MUX | pax
MUX FILTER 1 ———
X L .| (A+B)/2
EVEN
ROUNDING 0
8 .
MATRIX
8 ° MULTIPLIER
bov- D7 Wr‘
1
—
MUX DCx'
DEMUX INTERPOLATION |
o FILTER 1
(A+B)/2
MULTIPLEXED e
INTERPOLATION ROUNDING I
L ) INTERPOLATE
CFLAG
Figure 2. Input Interpolation Circuitry.
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The output of the interpolation filters is 9 bits
(including sign). Rounding to 8 bits is done as
follows: round 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 will 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
multiplexed color difference signals on the QCx
outputs. The color difference signals from the matrix
multiplier are decimated and multiplexed onto the QCx
outputs (see Figure 10).

The QBx outputs are configured for an unsigned
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, Cr data is output
during the next clock cycle. This timing enables the
CFLAG status to match the data present on the QCx
outputs.

QAX'

Decimation is done by the multiplexer, by removing
every other sample of color information.

Figure 3 illustrates the output decimation circuitry.

Assume YCrCb processing with Y output via the QBx
outputs and multiplexed CrCb output via the QCx
outputs:

The 24-bit input to the decimation circuit is:
QAx'= Cr(n) Cr(n+1) Cr(n+2) Cr(n+3)

QBx'= Y(n) Y@+1) Y(m+2) Y@+3)
QCx'= Cb(n) Cb(n+1) Cb(n+2) Cb(n+3)

The output sequence is:

QBx= Y(n) Y@m+1) Y@m+2) Y@m+3)
QCx= Cb(n) Crn) Cb(m+2) Cr(n+2)
QAx= Cr(n) Cr(n+1) Cr(n+2) Cr(n+3)

Note that the QAx outputs contain normal output data.

v QAO- QA7
FROM
3X3 QBx 8
MATRIX 4 QBO- QB7
MULTIPLIER
Q' 0
8
MUX _._._+_. QO0-QC7
1
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 transformations
Bt281. Figure 4a shows the Bt281 being used when to take place in real time, simplifying the system
the color space of the analog video signal to be design.

digitized may be one of several formats. The Bt281 is
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 using a color space other than RGB (i.e., YIQ,
YUYV, etc.) into the RGB color space to drive the CRT

display.
Bt281
3 H
RO-R7 ya
AD - DAO - DA7 QA0 - QA7 —-74——-»
ANALOG VIDEO 60-G7 8 8 DIGITAL VIDEO
INFORMATION AD z 4 DBO - DB7 QBO-QB7 ——F,—e TO FRAME BUFFER
(RGB, YIQ, YUV,ETC)) (RGB, YIQ, YUV, ETC)
8 8
B0 - B7
AD v DO - DC7 Q- QC7 ——H4~——
Figure 4a. Typical Application.
Bt281
8 8
———~4—«{Dao-DaA7 QA0-QA7 —~£ RO-R7) b
DIGITAL VIDEO 8 g
FROM FRAME 60-G7 ANALOG RGB
. . L D/A
BUFFER ———~—{ DB0-DB7 QBO-QB7 — ) 1O MONITOR
(RGB, YIQ, YUV, ETC)
8 8
—< Jpco-per Qeo-Qc7 |—<— BOBT pja

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. Note that the pipeline delay is
constant regardless of the input/output configuration.

CR07-CRO5

CR04-CR02

CRO1

3 -102

DAXx, 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 always configured for unsigned magnitude operation.

If pseudo-color mode is selected, the DBx inputs address all three lookup table RAMs
simultaneously, generating 24 bits of color information. The DAx and DCx inputs are ignored.

QAXx, QCx output format select

(000) unsigned magnitude (nonmultiplexed, no decimation)
(001) offset binary (nonmultiplexed, no decimation)

(010) offset binary (multiplexed, decimated)

(011) reserved

(100) 2's complement (nonmultiplexed, no decimation)
(101) 2's complement (multiplexed, decimated)

(110) reserved

(111) reserved

These bits specify the output format and range for the QAx and QCx outputs. The QBx outputs are
always configured for unsigned magnitude operation. These bits are ignored in bypass 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 outputs
while outputting an unsigned magnitude number (which should always be positive). To reset the
bit to a logical zero, the MPU must write a logical zero to this bit. Note that the error flag may be
set if the MPU accesses the lookup table RAMs and while programming the command registers 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. Note that the overflow/underflow flag may be set if the MPU
accesses the lookup table RAMs and while programming the command registers if the operating

mode is changed.

Command Register_l

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 D0. Note that the pipeline delay is
constant regardless of the input/output configuration.

CR17-CR15 Matrix dynamic output range select

(000) R8-R15 for unsigned magnitude output format; R9-R14 + sign for other formats
(001) R9-R16 for unsigned magnitude output format; R10-R15 + sign for other formats
(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 to bypass the entire device with no change in pipeline delay. See Table 2.
CR14-CR11 reserved
CR10 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-stating the QAx, QBx, and QCx outputs.
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Internal Registers (continued)

ml-m9 Low/High Registers

For the m1-m9 values, the 8-bit low and high registers are cascaded to form a 11-bit register. D0-D7 comprise 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 a logical zero.

The m1-m9 low/high registers may be written to or read by the MPU at any time and are not initialized following 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 - DO 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

DAO-DA7,
DB0-DB7,
DC0-DC7

QA0-QA7,
QBO-QB7,
QCo-QC7

INO, IN1,
OUT0, OUT1

CFLAG

OE*

CLOCK

D0-D7

Cs*

RD*

WR*

Description

Color inputs (TTL compatible). These inputs are latched on the rising edge of CLOCK. DAO,
DBO, and DCO are the least significant bits.

Color outputs (TTL compatible). These signals are output following the rising edge of CLOCK.
QAO0, QBO, and QCO are the least significant bits.

Input/output delay line (TTL compatible). INO and IN1 are latched on the rising edge of CLOCK,
pipelined to maintain synchronization with the color data, and output onto OUT0 and OUT1
following the rising edge of CLOCK.

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.

Output enable control input (TTL compatible). This input is logically gated with command bit
CR10, and the result controls three-stating 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 input (TTL compatible).

Bidirectional MPU data bus (TTL compatible). MPU data is input to and output from the device
via this 8-bit data bus. DO is the least significant bit.

Chip select control input (TTL compatible). CS* is latched on the falling edge of either RD* or
WR*. An internally latched logical zero enables data to be written to or read from the device by
the MPU. CS* should be connected to GND if not used.

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. (See Figure 7.)

Write control input (TTL compatible). D0-D7 data is latched on the rising edge of WR*. Both
RD* and WR* should not be asserted simultaneously. (See Figure 7.)

Latched CS* RD* WR* MPU Operation
0 0 0 invalid operation
0 0 1 read data onto DO-D7
0 1 0 write D0-D7 data
0 1 1 DO0-D7 three-stated
1 X X DO0-D7 three-stated
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Pin Descriptions (continued)

Pin Name

A0, Al

RESET*

VCC

3 - 106

Description

Register select inputs (TTL compatible). A0 and A1l are latched on the falling edge of either RD*

or WR*,

Reset control input (TTL compatible). RESET* must be a logical zero for a minimum of three

consecutive clock cycles to reset the device.

operation.

Power. All VCC pins must be connected together.

Ground. All GND pins must be connected together.

~
E

L]

LA N R - - - I I

_-
- o

53
52
51
50
49

47

45

43
42
41
40
39
38
37
36
35

33

RESET* must be a logical one for normal

1 pB1
1 pBo
[1 pa7
[1 paA6
] Das
] DA4
] DA3
1 DA2
] DAL
] DpAo
] cLock
]l onp
1 vee
[] wre
] ro*
[1 cs+
1 a0
] AL
1 vee
] RESET*
] vee

Qa0 [ 12
Qal [ 13
QA2 [] 14
Qa3 [ 15
vee [ 16
6ND [ 17
Qas [] 18
Qas [ 19
Qas [1 20
[TV E
po [0 22
Dt [] 23
p2 [ »
oND [ 28
vee [ 26
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pa [ 28
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ps [ 30
ps [] 31
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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 normalized to have
arange of 0 to 1 and are gamma-corrected RGB data.

Y 0.299 0.587 0.114 R
R-Y| = 0.701 -0.587 -0.114 G
B-Y] -0.299 -0.587 0.886 B

Note that 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 to 1.

The conversion of digital RGB to normalized digital
Y, R -Y), B - Y) (the ' indicates normalized
notation) is slightly different in order to compress the
(R -Y) and (B - Y)' output range to £0.5. The input
and output assignment of the Bt281 video I/O pins is
assumed to be as follows:

DAO-DA7 = Ry-Ry
DB0-DB7 = Gy-Gy
DC0-DC7 = By-B;

QA0-QA7= (R - Y)o~R-Y)7
QBO-QB7 = Y-Y7
QCO-QC7 = (B - Y)'o~(B - Y)7

The RGB inputs to the matrix can have a range of 0 to
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 to 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:

Y 0.299 0.587 0.114 R

R-YY

0.500 -0.419 -0.081 G

B-Y) -0.169 -0.331 0.500 B

Given 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-YY $0.80 $7.95 $7.EC R
Y | = | so4c $0.96 $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 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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RGB to YUV Conversion

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

Y 0.299 0.587 0.114 R
U = -0.147 -0.289 0.436 G
A 0.615 -0.515 -0.100 B

Note that the analog U and V terms have an output
range of + 0.436 and + 0.615, respectively, while Y
has arange of 0 to 1.

Note that U and V may also be defined as:
U=B-Y)/2.03=04926B -Y)

V=(R-Y)/1.14=08712R - Y)

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

DAO-DA7 =Rp-Ry
DB0-DB7 = Gg-G7
DCO0-DC7 = By-By

QA0-QAT = V'g-V'5
QBO-QB7 = Y(-Y7
QC0-QCT7 = U'y-U

The RGB inputs to the matrix can have a range of 0 to
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 to 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:
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Y 0.299 0.587 0.114 R
U = -0.169 -0.331 0.500 G
\A 0.500 -0.419 -0.081 B

Given 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:

\4 $0.80 $7.95 $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 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)

RGB to YIQ Conversion
The matrix for converting analog RGB to YIQ is as

follows. The RGB inputs are normalized to have a
range of 0 to 1 and are gamma-corrected RGB data.

Y 0.299 0.587 0.114 R
I = 0.596 -0.275 -0.321 G
Q 0.212 -0.523 0.311 B

Note that the analog I and Q terms have an output
range of +0.596 and +0.525, respectively, while Y
has arange of O to 1.
I and Q may also be defined as follows:

I=Vcos 33° - Usin 33°

Q = Vsin 33° + Ucos 33°
or

I=0.839V - 0.545U

Q =0.545V + 0.839U
or

I =0.736(R -Y) - 0.268(B - Y)

Q=0478(R-Y)+0413(B-Y)
The conversion of digital RGB to normalized digital
YI'Q' (the ' indicates normalized notation) is slightly
different in order to compress the I' and Q' output
range to +0.5. The input and output assignment of the

Bt281 video I/O pins is assumed to be as follows:

DAO-DA7 =Rg-Rg
DBO0-DB7 = Gy-Gq
DCO-DC7 = By-B;

QA0-QA7 =T¢-I'
QBO-QB7 = Y(-Yq
QC0-QC7 =Q-Q7

The RGB inputs to the matrix can have a range of 0 to
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 to 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 0.299 0.587 0.114 R
T = 0.500 -0.231 -0.269 G
Q 0.203 -0.500 0.297 B

Given 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 = $0.4C $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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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.

R 1 1 0 Y
G = 1 -0.509 -0.194 | |R-Y
B 1 0 1 B-Y

Note that 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 to 1.

The conversion of normalized digital Y,R - Y)',(B -
Y)' (the ' indicates 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-DA7 =R -Y)-R -Y)7
DB0-DB7 = Yg-Y7
DCO-DC7 =B - Y)'g-(B -Y)'7

QA0-QA7 =Rg-Ry
QB0-QB7 = GGy
QC0-QC7 = By-By

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

R 1 1402 0 Y
¢| = 1 -0.714 -0344 || R-Y)
B 1 o 1772 || -
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Given 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 $1.66 $1.00 $0.00 | |®R-Y)
G| = | $74a s$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 YUV inputs are not normalized and
generate gamma-corrected RGB data.

R 1 0 1.140 Y
G = 1 -0.395 -0.581 U
B 1 2.032 0 A

Note that the analog U and V terms have an input
range of +0.436 and +0.615, respectively, while Y
has arange of O to 1.

The conversion of normalized digital YU'V' (the '
indicates 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:

DA0-DA7 = Vig-V'7
DBO-DB7 = Y-Y;
DCO-DC7 = U'y-U'y

QA0-QA7 = Ry-Ry
QB0-QB7 = G(-G7
QC0-QC7 = By-Bq

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

R 1 0 1.402 Y
G = 1 -0.344 -0.714 U
B 1 1.772 0 \A

J

Given 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 \A
G = $7.4A $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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Application Information (continued)

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 1 0.956 0.620 Y
G = 1 -0.272 -0.647 I
B

1 -1.108 1.705 Q

Note that the analog I and Q terms have an input range
of £ 0.596 and * 0.525, respectively, while Y has a
range of 0 to 1.

The conversion of normalized digital YI'Q' (the '
indicates 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 =I-I
DBO-DB7 = Y(-Y7
DCO-DC7 = Qy-Q;

QA0-QA7 =Ry-R7
QB0-QB7 = Gyp-G7
QC0-QC7 = By-By

The Y input to the matrix can have a range of 0 to
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 to 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 I
B 1 -1.321 1.783 Q
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Given 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 $1.23 $1.00 $0.A5 I
G = $7.AE  $1.00 $7.53 Y
B $6.AE  $1.00 $1.C8 Q

The command register should specify unsigned
magnitude representation for the QAx and QCx
outputs, and either offset binary or 2's complement
representation for the DAx and DCx inputs.
Command bits CR17-CR15 should be 000.
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YIQ (D2 Format)-to-RGB Conversion

The D2 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 0-130, I has a range of
0-78 and Q has a range of 0-+68.

The matrix for converting digital YIQ (derived from a
D2 format) to RGB is as follows.

R 1.972 18.875 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/O pins is assumed to be as follows:

DAO-DAT = Ij-I
DB0-DB7 = Y-Y7
DC0-DC7 = Qy-Q;

QA0-QA7=Ry-Ry
QB0-QB7 = Gyp-G7
QC0-QC7 = By-By

The Y input to the matrix can have a range of 0-130,
while the I and Q inputs can have a range of 0—+78 and
Q can have a range of 0-+68. The gamma-corrected
RGB outputs of the matrix have a range of 0-255.

Given 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.E0  S$1.F9 $1.39 I
G| = | $7.77 s1F9 $6BC Y
B $5.01 S$1.F9 $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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Application Information (continued)

Concatenating Matrices

By concatenating matrices, conversions such as YIQ
to YUV may be implemented. The procedure for
concatenating matrices is as follows:

aj+bm+cp ak+bn+cq al +bo +cr
di+em+fp dk+en+fq dl+eo+fr =
gi+hm+ip gk+hn+iq gl+ho+ir

Implementing RGB to HSV

RGB to HSV may be performed 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)/ R-Y)

Using the 16 bits (8 bits each) of (R — Y) and (B - Y)
data generated by the Bt281 to address a 64K x 8§ ROM
(a 16K x 8 ROM may be used addressed by the six
MSBs of the (R - Y) and (B - Y) data), the ROM is be
programmed to generate 8 bits of saturation data using
the equation above. An output register on the ROM
data outputs may be needed to meet setup and hold
times for any circuitry after the ROM.

The same 16 bits of (R — Y) and (B — Y) data generated
by the Bt281 to address another 64K x 8 ROM (a 16K
x 8 ROM may be addressed by the six MSBs of the (R
-Y) and (B - Y) data), this ROM is programmed to
generate 8 bits of hue data using the equation above.
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 instead of two
64K x 8 ROMs.
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Implementing HSV to RGB

HSV to RGB may be performed by configuring the
Bt281 to implement Y/R-Y/B-to-RGB conversion.

The V value is equivalent to the Y (luminance) input
via DB0-DB7.

R-Y =S8 *cos (H)
B-Y =S8 *sin (H)

Using the 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 may be programmed to generate
8 bits of (R — 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 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 instead of 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 selected, rather than the MO-M7 outputs.
This may reduce rounding errors, especially when
multiple devices are used.

Color Correction of Cameras

The color response of a video camera is never exactly
that specified by the standards, which require negative
responses to certain portions of the light spectrum. In
practice, this is achieved by matrixing the three color
signals of the form:

Reorrect = 8Rcam + BGcam + Beam

G,

correct = R

cam * €Ccam + Beam

Beorrect = 8Rcam + 8Gcam + Beam

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 implementing the color correction using
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.

Note 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
would 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 assuring 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 assures 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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Figure 6. Typical Application.
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Recommended Operating Conditions

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

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units
VCC (measured to GND) 7.0 Volts
Voltage on Any Signal Pin* GND- 0.5 VCC +0.5 Volts
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)

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.

* 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 VH 2.0 VCC + 0.5 Volts
Input Low Voltage VIL GND-0.5 0.8 Volts
Input High Current (Vin = 2.4 V) IH 1 HA
Input Low Current (Vin = 0.4 V) mw -1 HA
Input Capacitance CIN 7 PF
(f=1MHz, Vin=24YV)
Digital Outputs (D0-D7)
Output High Voltage VOH 2.4 Volts
(IOH = -400 pA)
Output Low Voltage VoL 0.4 Volts
(IOL = 6.4 mA)
3-state Current 10Z 10 HA
Output Capacitance CouT 10 pF
QAx, QBx, QCx Digital Outputs
Output High Voltage VOH 2.4 Volts
(IOH = -400 pA)
Output Low Voltage VoL 0.4 Volts
(IOL =64 mA)
3-state Current 10Z 10 HA
Output Capacitance couT 10 pF
Other Digital Outputs
Output High Voltage VOH 2.4 Volts
(IOH = 400 pA)
Output Low Voltage VoL 0.4 Volts
(IOL = 6.4 mA)
Output Capacitance cour 10 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.
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AC Characteristics

Parameter Symbol Min Typ Max Units

Clock Rate Fmax 36 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
RD* Asserted to Data Bus Driven 5 1 ns
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 27.7 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* IcC 220 tbd 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% and 90% points. Timing reference points at 50%
for inputs and outputs. QAx, QBx, QCx, OUTO0, OUT1 output load < 75 pF, D0-D7 output load < 75 pF. Typical
values are based on nominal temperature, i.e., room, and nominal voltage, i.e., 5 V.

*At Fmax. ICC (typ) at VCC =5.0 V. ICC (max) at VCC (max).
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Timing Waveforms

1 2
A0, Al, CS* VALID

TN
RD*, WR* N / .
3
le—3 — ‘—— 7
DO - D7 (READ) DATA OUT (RD* = 0)

.

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

Figure 7. MPU Read/Write Timing.
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DAO - DA7, DBO- DB7,
DD DET, N0, INT X DATA (N) X DATA (N +1)
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QAO- QA7, QBO- QB7,
DATA (N - 14) DATA (N - 13)
QC0-QC7 X N-14) (N-13)

16 17
OE*

OUTO, OUT1 X X X DATA(N- 14) DATA (N -13)

Figure 8. Video Input/Output Timing
(Bypass or Noninterpolated & Nonmultiplexed 24-bit 1/0).
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Timing Waveforms (continued)
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Figure 9. Video Input/Output Timing
(Multiplexed & Interpolated 16-bit Input, 24-bit Output).
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Figure 10. Video Input/Output Timing
(24-bit Input, Multiplexed & Decimated 16-bit Output).
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Timing Waveforms (continued)
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Figure 11. Video Input/Output Timing
(Nonmultiplexed & Interpolated 24-bit Input, 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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Revision History

Datasheet
Revision

3-124

Change from Previous Revision

Pipeline delay changed to 14 clock cycles, pixel setup time changed to 5 ns. Even rounding added
after interpolation filters. Command bit CR10 modified to optionally three-state outputs. Table
2 added.

Replaced analog sign with offset binary notation. Note added to CRO1 and CR00 command bits
that they may be set while programming the command registers. Note added about 2's
complement conversion and row-swapping between some matrices to clarify matrix
transformations. YIQ to RGB matrices adjusted. Added note to DC/AC sections regarding typical
values.
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Preliminary Information

This document contains information on a new product. Parametric information, although

not fully characterized, is the result of testing initial devices.

Distinguishing Features

* NTSC and CCIR Compatible
Three 256 x 8 RGB Input RAMs
Selectable RGB to YCrCb Conversion
16-Bit Multiplexed YCrCb I/O Bus
8-bit Ancillary Data Input Bus
Selectable Cr/Cb Decimation Filters
Low-Pass Y Filter (Optional)

Video Timing Insertion

Dynamic Range Control

TTL Compatible Inputs and Outputs

+5 V Monolithic CMOS
100-pin PLCC Package
Typical Power Dissipation:

e o o o o o o o o o o

1.1W

Functional Block Diagram

Applications

» CCIR601
« SMPTE RP125

» EBU3246-E

¢ Image Processing and Capture
* RGB to YCrCb Conversion

Related Products

« Bt294, Bt296
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Brooktree Corporation
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San Diego, CA 92121
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L291001 Rev. E
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CBFLAG CLOCK CLOCK/2
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Bt291

27 MHz VideoNet™
RGB-to-YCrCb
8-bit Encoder for
4:2:2 Video Applications

Product Description

The Bt291 performs real-time RGB-to-YCrCb
conversion. Twenty-four bits of RGB information
(8 bits each) are input and converted to YCrCb
color information (8 bits each). YCrCb data
(4:4:4 format) may also be input via the RGB
inputs.

The Y data is optionally low-pass filtered. The Cr
and Cb data are decimated to 1/2 the Y data rate and
multiplexed together. The Y and Cr/Cb data are
further multiplexed, video timing information
inserted, and output onto D0-D7.

A 16-bit YCICb I/O bus is available for active
video data I/O. Ancillary data may also be input
via A0-A7 for insertion of digital audio, teletext,
etc.

Three 256 x 8 lookup RAMs are available on the
RGB inputs, to support gamma correction, etc.

The output enable (OE*) three-states the D0-D7
outputs asynchronously to the clocks.

An internal command register (accessible via
A0-A7) enables forced blanking levels of Y and
Cr/Cb data, and automatic line count
transmission. RD* and WR¥* are used to control
accessing the command register.

Brooktree®
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Circuit Description

Input Lookup Table RAMs

RO-R7, GO-G7, and BO-B7 are latched on the rising
edge of CLOCK while CLOCK/2 is a logical one.
RO-R7 address the red 256 x 8 lookup table RAM,
GO0-G7 address the green 256 x 8 lookup table RAM,
and BO-B7 address the blue 256 x 8 lookup RAM. The
outputs of the lookup table RAMs drive the RGB to
Y/Cr/Cb color conversion circuitry. (See Figure 1.)

Note that gamma-corrected RGB data must be used for
conversion to the YCrCb color space. The three input
lookup table RAMs may be used to provide gamma
correction on the RO-R7, G0-G7, and B0-B7 inputs
in the event that they contain linear (rather than
gamma-corrected) RGB data.

The lookup table RAMs are not dual-ported, so MPU
accesses have priority over pixel accessing. During
MPU access to the color palette RAMs, the lookup
table RAM outputs are undefined and invalid.

The lookup table RAMs are not initialized following a
reset condition or power-up sequence.

RGB to YCrCb Matrix
The output of the lookup table RAMs drives the RGB
to YCrCb matrix. The selected RGB to YCrCb
conversion is determined by the command register and
is either:
analog coefficient matrix:

Y = 0.299R + 0.587G + 0.114B

Cr = 0.500R - 0.419G - 0.081B + 128

Cb = -0.169R - 0.331G + 0.500B + 128

or digital coefficient matrix:
Y = (77/256)R + (150/256)G + (29/256)B
Cr = (131/256)R - (110/256)G - (21/256)B + 128

Ch = —(44/256)R — (87/256)G + (131/256)B + 128

The analog coefficient matrix can handle RGB data
ranges of 1-254 or 16-235. The digital coefficient
matrix can only handle RGB data ranges of 16-235.

If the RGB data has a range of 0 to 255 (such as data in
a graphics frame buffer), the lookup table RAMs may
also be used to compress the RGB data range to 16 to

235 (or 1-254), in addition to providing gamma
correction.

ROM lookup tables are used to perform the
multiplications, and for the analog matrix, 5 bits of
fractional data are maintained. The final result is
rounded to 8 bits as specified by command register_1.
Note the digital matrix maintains full precision (8
bits of fractional data).

The output range of matrix is selected by the CR04
command bit:

(0) Y =1610235; Crand Cb = 16 to 240
or

(1) Y=110254; CrandCb=1to 254

If the CRO4 command bit is a logical one, then if the
Y, Cr, or Cb output value is zero, it is made 1; if the
Y, Cr, or Cb output value is 255, it is made 254.

If the CR04 command bit is a logical zero, then if the
Y output value is 0-15, it is made 16; if the Y output
value is 236-255, it is made 235. If the Cr or Cb
output value is 0-15, it is made 16; if the Cr or Cb
output value is 241-255, it is made 240.

This YCrCb range limiting also applies when
inputting YCrCb data via the RGB inputs, bypassing
the RGB to YCrCb matrix. Note that the lookup table
RAMs are still used when inputting YCrCb data via
the RGB inputs. The YCrCb range limiting occurs
after the lookup table RAMs.

To ease system timing requirements, the RGB,
YCrCb, CbFLAG, H, V, and F inputs have the same
relative input timing.

Y Low-Pass Filter

The Y channel has a digital low-pass filter after the
RGB to YCrCb matrix. Command bit CR0O specifies
whether or not to bypass the low-pass filter.

Cr/Cb Filters and Multiplexer

Digital filters low-pass and subsample the Cr and Cb
data, reducing the sampling rate of the Cr and Cb data
to 1/2 the Y rate, generating 4:2:2 data. The
decimated Cr and Cb data is multiplexed together by
the Cr/Cb multiplexer. The multiplexer is controlled
by the CbFLAG signal.

CbFLAG is latched on the rising edge of CLOCK while
CLOCK/2 is a logical one.
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Circuit Description (continued)

YCrCb Multiplexer

The YCrCb multiplexer multiplexes the Y and
multiplexed Cr/Cb video data into an 8-bit data
stream. The timing of the multiplexer is controlled by
the internal video timing circuitry.

Timing Insertion

The Bt291 inputs horizontal blanking (H), vertical
blanking (V), and evenfodd frame (F) timing
information. H, V, and F are latched on the rising
edge of CLOCK while CLOCK}/2 is a logical one and
pipelined to maintain synchronization with the RGB
data inputs. All changes in state of the V and F inputs
must occur with a change of state in H. (Refer to
Figures 2-7.)

EAV and SAV Sequences

A zero-to-one transition on the H input triggers an
EAY (end of active video) sequence that is output onto
D0-D7, overriding YCrCb color data (refer to Figure
9). A one-to-zero transition on the H input triggers a
SAV (start of active video) sequence that is output
onto DO-D7, overriding any Ancillary data (refer to
Figure 10. The pipeline delay of the H input is
internally adjusted relative to the RGB inputs so that
the SAV and EAV sequences start at the proper
location.

The EAYV and SAYV output sequences are as follows:

SFF $00 $00 $xx

$FF is output with the start of horizontal blanking
during the EAV sequence. $xx is output with the end
of horizontal blanking during the SAV sequence.

$xx is defined as follows:

D7 = logical one

D6 =F input (F =1 for field 2; F =0 for field 1)
DS = Vinput (V =1 during vertical blanking)
D4=H (H=0atSAV,H=1atEAV)

D3-D0 = protection bits
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The protection bits are derived from V, H, and F as
follows:

F=D6 | V=D5 | H=D4 D3-D0
0 0 0 0000
0 0 1 1101
0 1 0 1011
0 1 1 0110
1 0 0 0111
1 0 1 1010
1 1 0 1100
1 1 1 0001

D1-D3 are protection bits (Hamming code 6:3) while
DO is an even parity bit for D1-D6.

Line Count Ancillary Sequence

If the line count ANC bit in the command register is
set, the Bt291 will generate an Ancillary (ANC)
sequence indicating the line number of the scan line
about to be sent. This occurs during the six words
preceding the SAV sequence. The Line Count ANC
output sequence is as follows:

$00 $FF $FF TT MM LL

TT is the automatic Line Count ANC identification
code, and is specified by the Line Count register.

Byte TT

D7 = Line Count register bit A7
D6 = Line Count register bit A6
D5 = Line Count register bit AS
D4 = Line Count register bit A4
D3 = Line Count register bit A3
D2 = Line Count register bit A2
D1 = Line Count register bit Al
DO = odd parity bit

The Bt291 generates an odd parity bit for the Line
Count register contents automatically.
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The MM and LL data words are defined as:

Byte MM Byte LL

D7=0 D7=0

D6=L11 D6=L5

D5=L10 D5=14

D4=L9 D4=L3

D3=L38 D3=12

D2=L7 D2=L1

D1=L6 D1=L0

DO = odd parity bit | DO = odd parity bit

An internal 12-bit vertical counter (LO is the least
significant bit) is used to determine the line number.
The H, V, and F inputs are used to control the vertical
counter. Command bit CR10 specifies whether line
counting is to conform to SMPTE/NTSC or EBU/CCIR
standards.

If CR10 is a logical zero (SMPTE/NTSC compatible),
the vertical counter is reset to $001 when the V input
makes a transition from a logical zero to a logical one
while the F input is a logical one. The F input must
change state only at the beginning of the vertical

sync interval, and have the same timing as the H
input. The V input must also have the same timing as
the H input (i.e., all changes in state of the V and F
inputs must occur with a change of state in H). Field 1
will have 262 lines and field 2 will have 263 lines
(assuming a 525-line interlaced system).

If CR10 is a logical one (EBU/CCIR compatible), the
vertical counter is reset to $001 when the F input
makes a transition from a logical one to a logical
zero. The F input must change state only at the
beginning of the vertical sync interval, and have the
same timing as the H input. The V input must also
have the same timing as the H input (i.e. all changes
in state of the V and F inputs must occur with a change
of state in H). Field 1 will have 312 lines and field 2
will have 313 lines (assuming a 625-line interlaced
system).

The vertical counter increments when the H input
makes a transition from a logical zero to a logical
one.

Note that there are no Ancillary data words associated
with the line count ANC sequence. If the automatic
line count ANC is enabled, the ANC* output will go
high six clock cycles earlier than indicated in Figure
10.

525-Line 625-Line
60 Field per Sec. 50 Field per Sec.

Effective sampling frequency*

Luminance (Y) 13.5 MHz 13.5 MHz

Color difference (Cr, Cb) 6.75 MHz 6.75 MHz
Luminance samples (Y) per total line 858 864
Color difference samples per total line (Cr, Cb) 429 432
Number of samples per digital active line

Y 720 720

Cr, Cb 360 360
Analog to digital horizontal timing relationship

start of digital blanking to start of analog sync 32 words 24 words

start of analog sync to end of digital blanking 244 words 264 words

digital blanking interval 276 words 288 words

*with CLOCK = 27 MHz. Sampling structure is orthogonal, line, field, and picture repetitive Cr
and Cb samples co-sited with odd (1st, 3rd, 5th, etc.) Y samples in each line.

Table 1. Typical Operational Parameters.
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‘WORD 31
LOCATION
I 50% SYNC
L v
DIGITAL
BLANKING DIGITAL ACTIVE LINE
276 WORDS 1440 WORDS
©-215) (276 - 1715)
TOTAL LINE
1716 WORDS
(0-1715)

Figure 2. 525-Line, 60 Field/Sec. Horizontal Sync Relationship.

_J | H CONTROL SIGNAL (DELAYED)

START OF DIGITAL LINE START OF DIGITAL ACTIVE LINE NEXT LINE
EAV CODE BLANKING SAVCODE | CO-SITED CO-SITED
DIGITAL
Flojo|x]s]s[s]s s|sfrloflolxfc|[y[c]yYlclY|c]Y clylFr VIDEO
Flojo|Y|lo|o}o]o oloJr|lo]o]Y]E R B R R F
L e STREAM
4 268 4 1440
1716

Figure 3. 525-Line, 60 Field/Sec. Digital Horizontal Blanking.
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YCrCb 1/0 Bus

A 16-bit bidirectional multiplexed YCrCb bus is
provided for reading and writing active video data. The
SRD* and SWR* inputs are used to synchronously
read and write YCrCb data. SRD* and SWR* must be
synchronous to CLOCK/2. (See Figure 8.)

Reading YCrCb Data

While SRD* is a logical zero, YCrCb information
from the RGB to YCrCb matrix is output onto Y (0-7)
and Cr/Cb (0-7) following the rising edge of CLOCK
while CLOCK/2 is a logical one.

LINE4 T
BLANKING

FIELD 1
(F=0)
oDD

LINE 266 ——
BLANKING

FIELD 2
(F=1)
EVEN

LINE3 -

H=1
EAV

H=0
SAV

The YCrCb output range is selected by the CR04
command bit:

(0) Y =16 to235; Crand Cb = 16 to 240
or

(1) Y=110254; Crand Cb=1to 254

If the CR04 command bit is a logical one, then if the
Y, Cr, or Cb output value is zero, it is made 1; if the
Y, Cr, or Cb output value is 255, it is made 254.

If the CR04 command bit is a logical zero, then if the
Y output value is 0-15, it is made 16; if the Y output
value is 236-255, it is made 235. If the Cr or Cb
output value is 0-15, it is made 16; if the Cr or Cb
output value is 241-255, it is made 240.

LINE1(V=1)
LINE 10 (V =0)
LINE P v H | u
NUMBER (BAV) | (SAV)
1-3 1 1 1 0
4.9 0 1 1 0
10- 263 0 0 1 0
264 - 265 0 1 1 0
LINE 264 (V=1) 266- 272 1 1 1 0
23-525 1 0 1 0
LINE 273 (V=0)

| LINE 525 (V=0)

Figure 4. 525-Line, 60 Field/Sec. Vertical Timing.
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WORD 23
LOCATION

V..

50% SYNC
’ LEVEL
DIGITAL
BLANKING DIGITAL ACTIVE LINE
288 WORDS 1440 WORDS
0-287) (288 -1727)
TOTAL LINE
1728 WORDS
(0-1727)

Figure 5. 625-Line, 50 Field/Sec. Horizontal Sync Relationship.
_| I H CONTROL SIGNAL (DELAYED)
START OF DIGITAL LINE START OF DIGITAL ACTIVELINE NEXTLINE
EAV CODE BLANKING SAV CODE CO-SITED CO-SITED
DIGITAL
FlOjJoOo] X8| 88| S8 8| 8JFlOjJo|XJClY|CjY|]C|lY|C|Y C VIDEO
Fl|ojJo|lYjojo|oO|oO OJ|OfJF|OjO|Y]B R B R R F
STREAM
4 280 4 1440
1728
Figure 6.
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Circuit Description (continued)

525/60 systems 122T 720T 16T
OH digital
active line Next line
leading edge of line syncs, period
half-amplitude reference OH
625/50 systems 132T 720T 12T

T = one luminance sampling clock (74 ns nominal).

Table 2. Digital-Analog Timing Relationship.

LINE 1 LINE1(V=1)
BLANKING
LINE 23 (V =0)
FIELD 1 LINE F v H H
(F=0)
opD NUMBER (EAV) | (SAV)
1-22 [ 1 1 0
23-310 0 0 1 0
311-312 0 1 1 0
LINE311 (V=1) 313-335 1 1 1 [
LINE 313 ——
BLANKING 336-623 1 [ 1 0
LINE 336 (V=0) 624-625 1 1 1 [
FIELD 2
(F=1)
EVEN
LINE 624 (V=1)
BLANKING
LINE 625 LINE 625 (V=1)
H=1
EAV
H=0
sav

Figure 7. 625-Line, 50 Field/Sec. Vertical Timing.
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If reading YCrCb data during the blanking intervals, Y
will be either 1 (CR04 = logical one) or 16 (CR04 =
logical zero); CrCb data will be 128.

Note that Y data will be 16 if command register bit
CRO06 is a logical one (regardless of the value of
CR04) and CrCb data will be 128 if command register
bit CRO7 is a logical one.

If CbFLAG is a logical zero (and CLOCK/2 = 1), Cb
data is output onto the CrCb bus during the next read
cycle; if CbFLAG is a logical one (and CLOCK/2 = 1),
Cr data is output during the next read cycle. This
timing enables the CbFLAG status to match the data
present on the CrCb (0-7) outputs. CbFLAG is latched
on the rising edge of CLOCK while CLOCK/2 is a
logical one.

While SRD* is a logical one, the YCrCb bus is
three-stated. Note: SRD* must be synchronized to
CLOCK externally for proper operation.

Writing YCrCb Data

While SWR* is a logical zero, YCrCb information
(and CbFLAG) are latched on the rising edge of
CLOCK while CLOCK/2 is a logical one (the RGB
inputs are ignored). This YCrCb information is used
to generate the DO-D7 output data, rather than the
RGB inputs.

The YCrCb input range is selected by the CR04
command bit:

(0) Y =161t0235; Crand Cb=16to240
or

(1) Y=1t0254; Crand Cb=1 10254

If the CR04 command bit is a logical one, then if the
Y, Cr, or Cb input value is zero, it is made 1; if the Y,
Cr, or Cb input value is 255, it is made 254.

If the CR04 command bit is a logical zero, then if the
Y input value is 0-15, it is made 16; if the Y input
value is 236-255, it is made 235. If the Cr or Cb
input value is 0-15, it is made 16; if the Cr or Cb
input value is 241-255, it is made 240.

Note that if command register bit CR06 is a logical
one, the Y data will be made 16. CrCb data will be
made 128 if command register bit CR07 is a logical
one.
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The CbFLAG input is used to specify whether Cr
(CbFLAG = 0) or Cb (CbFLAG = 1) data is being
latched via the CrCb bus.

Inputting Ancillary Data—Mode 0

The A1-A7 bus, along with the ANC* output and
SAWR* input, are used to input Ancillary data, such as
digital audio, teletext, etc. The Bt291 ensures that the
ANC and its associated data block will not occupy the
intervals reserved for EAV, SAV, or active video.

ANC* is a logical zero for CLOCK cycles that
Ancillary data may be input into the Bt291 during
horizontal blanking intervals (except when EAYV,
SAV, or automatic Line Count ANCs are being
generated) and active video time during vertical
blanking intervals. ANC* is output following the
rising edge of CLOCK and its timing is relative to the
A1-A7 inputs.

If both SAWR* and ANC* are a logical zero during the
rising edge of CLOCK, the A1-A7 input data is
accepted as Ancillary data on the rising edge of
CLOCK. If ANC* or SAWR* are a logical one,
A1-A7 are ignored (except while accessing the
command register).

The Ancillary sequence input via A1-A7 and output
onto D0-D7 is:

$00 S$FF $FF TT MM IL xx xx...

where the A1-A7 inputs provide the TT, MM, LL, and
$xx data. TT is the data identification code, MM and
LL specify the Ancillary data word count, and xx are
Ancillary data words.

The Bt291 automatically generates the three word
preamble ($00, $FF, $FF). The preamble is generated
after a high to low transition of SAWR* while ANC*
is a logical zero.

Note that if more than one Ancillary sequence is to be
transmitted during a digital blanking interval, the
SAWR* input must be a logical one for at least three
CLOCK cycles to allow the generation of the three
word preamble ($00, $FF, $FF).

Ancillary data identification codes (TT) are
represented by a 7-bit word, input via A1-A7. The A0
input is ignored, and the Bt291 internally generates
an odd parity bit for the DO data. This prevents the
data identification codes from generating the $00 and
S$FF values reserved for timing reference purposes.
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Circuit Description (continued)

5 ,

M

[ [

EAV SEQUENCE

[ ]

g%](‘lz')l%lmtl)w'm[mlm SOOISFF |sn*luj;

l

l

1l

20 CLOCK /2 CYCLES

b L

LOW IF VERTICAL BLANKING

I

HIGH IF VERTICAL BLANKING

D0-D7
ANC*

SAWR*

Al-A7
MPU!

oo 1L L LU L LT
T T T T T T T ]
o | I | L

RGB INPUTS
H

Figure 9. [EAV Sequence and Writing Ancillary Data.
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Figure 10.
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Byte TT

D7=A7
D6 = A6
D5 =AS
D4=Ad
D3 =A3
D2=A2
D1=Al
DO = odd parity bit (A0 = x)

The Ancillary data word count is specified as a 12-bit
binary value, with a range of 1 to 1440. Two 6-bit
values (MM) and (LL) are written, the most significant
6 bits (MM) first.

The Ancillary data word count is represented as two
6-bit words, input via A1-A6. The A0 and A7 inputs
are ignored. The Bt291 internally generates an odd
parity bit for the DO data and internally sets the D7 bit
to a logical zero. This prevents the data from
generating the $00 and $FF values reserved for timing
reference purposes. The most significant 6 bits are
transmitted first.

Byte MM Byte LL

D7=0(A7 =x) D7=0(A7=x)

D6 = M5 (A6) D6 = L5 (A6)

D5 = M4 (A5) D5 =14 (AS)

D4 =M3 (A4) D4 =13 (A4)

D3 =M2 (A3) D3 =L12(A3)

D2 =M1 (A2) D2=L1(A2)

D1 =MO0 (A1) D1=L0 (A1)

DO = odd parity bit (A0 = x) | DO = odd parity bit (A0 = x)

Ancillary data words are represented as one or more
7-bit words, input via A1-A7. The AO input is
ignored, and the Bt291 internally generates an odd
parity bit for the AO data. This prevents the data from
generating the $00 and $FF values reserved for timing
reference purposes.

Byte(s) xx

D7=A7
D6 = A6
D5=A5
D4 = A4
D3 =A3
D2=A2
D1=Al
DO = odd parity bit (A0 = x)
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Ancillary sequences can occur multiple times per scan
line if different blocks of data are transmitted.

SAWR* and A1-A7 are latched on the rising edge of
CLOCK. When not transmitting Ancillary
information (ANC* = logical zero, SAWR* = logical
one), a value of 128 is transmitted.

Inputting Ancillary Data—Mode 1

Unlike Mode 0, in this mode the A0-A7 data are
output onto DO-D7 directly. No three word ANC
preamble is generated, no parity information is
generated, and no checking is done to ensure the
reserved words $00 and $FF are not transmitted. It is
the responsibility of external circuitry to properly
generate the Ancillary sequence. There is no change
in the pipeline delay from the Mode 0 operation.

Ancillary sequences can occur multiple times per scan
line if different blocks of data are transmitted.

SAWR* and A0-A7 are latched on the rising edge of
CLOCK. When not transmitting Ancillary
information (ANC* = logical zero and SAWR* =
logical one), a value of 128 is transmitted.

Ancillary Data Blocks (NTSC)

During horizontal blanking, small blocks of data, up
to 268 words in total length (including the ANC
preamble(s)), can be transmitted within a horizontal
blanking interval. If the Line Count ANC is enabled,
262 words are available (including the ANC preamble

(s)-

During vertical blanking, large blocks of data, up to
1440 words in total length (including the ANC
preamble(s)), may be transmitted in the interval
starting with the end of the SAV and terminating with
the beginning of EAV.

Note that in Ancillary mode 1, three less words are
available per horizontal or vertical blanking interval.

Ancillary Data Blocks (CCIR)

During horizontal blanking, small blocks of data, up
to 280 words in total length (including the ANC
preamble(s)), can be transmitted within a horizontal
blanking interval. If the Line Count ANC is enabled,
274 words are available (including the ANC preamble

().
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During vertical blanking, large blocks of data, up to
1440 words in total length (including the ANC
preamble(s)), may be transmitted in the interval
starting with the end of the SAV and terminating with
the beginning of EAYV.

Note that in Ancillary mode 1, three less words are
available per horizontal or vertical blanking interval.

D0-D7 Outputs

Video data is output onto D0-D7 following the rising
edge of CLOCK. Command bit CR11 is logically
gated with the OE* input, and the resulting value is
used to control three-stating the D0-D7 outputs
asynchronously to the clocks as described in the Pin
Descriptions section.

The output sequence of YCrCb color data is:

where the three words Cb, Y, Cr refer to co-sited
samples, the following word [Y] being an isolated
luminance sample. Note that Y data will be 16 if
command register bit CR06 is a logical one and Cr/Cb
data will be 128 if command register bit CR07 is a
logical one.

Note that the Bt291 ensures that color data does not
generate $00 or $FF to avoid timing errors in the
received data.

During horizontal and vertical digital blanking
intervals (except for EAV and SAV sequences), the
Bt291 outputs 128 if no Ancillary information is
being transmitted.

Cb Y Cr [Y]..
RS1, RSO CR17, CR16 ADDRO-ADDR7 Accessed by MPU

00 XX $xx address register
01 00 $00 red RAM location $00
01 00 $01 red RAM location $01
01 00 $FF red RAM location $FF
01 01 $00 blue RAM location $00
01 01 $01 blue RAM location $01
01 01 $FF blue RAM location $FF
01 10 $00 green RAM location $00
01 10 $01 green RAM location $01
01 10 SFF green RAM location $FF
10 XX $00 command register_0
10 XX $01 command register_1
10 XX $02 line count ANC register
10 XX $03 reserved
10 XX $FF reserved
11 XX $xx reserved

Table 3. Internal Register Addressing.
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MPU Interface

The Bt291 supports a standard MPU interface (A0-A7,
RD*, WR*, MPU*, RS0, and RS1).

The MPU* output indicates when the MPU may access
the Bt291 via the AO-A7 pins. A logical zero
indicates MPU accesses may be done without
contention with Ancillary data timing.

RSO and RS1 are used to select address register
(logical zero) or RAM location or control register
specified by the address register (logical one), as
shown in Table 3. The 8-bit address register specifies
which control register or RAM location the MPU is
accessing, also seen in Table 3. The address register
resets to $00 following a read or write cycle to
location $FF. Write cycles to reserved addresses are
ignored, read cycles from reserved addresses return
invalid data.

The address register increments after each MPU read or
write cycle (except when reading or writing to the
address register), and is not initialized. ADDRO is the
least significant bit and corresponds to bit A0.

As the MPU shares the Ancillary bus with Ancillary
information, care must be taken that the MPU does
not attempt to access the internal registers and lookup
table RAMs during the digital blanking intervals. The
MPU* output signal may be used to provide
arbitration; while MPU* is a logical zero, the MPU
may access the Bt291 without contention with any
Ancillary data.

The rising edge of WR* latches AO-A7 into the
selected register or lookup table RAM location. While
RD* is a logical zero, the contents of the selected
register or lookup table RAM location are output onto
AO0-A7. Only one of the RD*, WR*, and SAWR*
inputs should be asserted at a time to avoid bus
contention.

. CCIR601
GSYNCG GENLOCK
CLOCK  |H, V,F
CLOCK /2 21 MHZ
13.5MHZ TO /FROM FRAME BUFFER
TIMING CONTROLLER
CBFLAG e
8 BT291 s
R/R-Y RO-R7 {|
AD — RO-R7 Y0- Y7 eyl
TO/FROM FRAME BUFFER
s s (Y /CR/CB COLOR SPACE)
ANALOG G/Y GO0-G7 ,
VIDEO AD — Go-G7 CR/CB(0-7) [+—pfle
B/B-Y BO- B7 3 s BT296 TOECL
- AD ' L BO-B7 D0-D7 74
7 7 TTL /ECL DRIVER BUS
AO-A7 ANC* SAWR*
ANCILLARY DATA
INTERFACE
Figure 11. Typical Application.
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Typical Application

Figure 11 shows the Bt291 in a typical application.
Three A/D converters digitize three channels of
analog RGB video.

The Bt291 converts this digital video information
into 16-bit multiplexed Y and Cr/Cb data for loading
into the frame buffer. Data from the frame buffer may
also be clocked into the Bt291.

The Bt291 formats the YCrCb data, inserting the
necessary timing signals, for driving the Bt296
TTL-to-ECL driver.

A 24-bit frame buffer may also drive the RGB inputs,
while the A0-A7 inputs provide Ancillary data. In
this instance, the YCrCb I/O bus would not be used, as
shown in Figure 12.

CCIR601
TIMING
GENERATOR

CLOCK /2 27 MHZ
133MHZ TO /FROM FRAME BUFFER
TIMING CONTROLLER
CBFLAG

. BT291

m_. RO-R7
FROM FRAME BUFFER 8
(RGBOR Y/CR/CB %;. G0-G7
COLOR SPACE)

$ } BT296 ToBaL

M+. BO-B7 D0-D7 —~ | I
TTL /ECL DRIVER BUS
A0-A7 ANC* SAWR*

|1

ANCILLARY DATA
INTERFACE

Figure 12. Typical Application.
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Command Register_0

This command register may be written to or read by the MPU at any time and is initialized to $03 following a reset
condition. CROO is the least significant bit and corresponds to bit AQ.

CRO7 Cr/Cb blanking enable

(0) normal operation

(1) set Cr/Cb data to 128
CRO6 Y blanking enable

(0) normal operation

(1) setY datato 16
CRO5 Line count ANC enable

(0) no line count ANC

(1) automatic line count ANC
CR0O4 YCrCb range

(0) Y =16 to 235, Cr/Cb = 16 to 240
(1) Y,Cr,Cb=11t0254

CRO3 RGB or YCrCb input select

(0) RGB
(1) YCrCb

CR0O2, CRO1 Cr/Cb decimation filters select
(00) use 3-tap filters
(01) wuse 13-tap filters
(10) reserved
(11) bypass filters
CROO Y low pass filter bypass enable

(0) wse filter
(1) bypass filter
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A logical one forces the Cr/Cb data from the color
matrix to 128, and also forces Cr/Cb data output onto
DO0-D7 to 128.

A logical one forces the Y data from the color matrix
to 16, and also forces Y data output onto D0-D7 to
16.

A logical one enables a Line Count ANC to be
automatically sent, using the six words prior to the
SAYV sequence. A logical zero disables transmitting
the Line Count ANC.

This bit specifies the range of Y, Cr, and Cb for the
output of the RGB to YCrCb matrix and the YCrCb I/O
bus (when inputting or outputting color data).
Typically, mode (0) should be used. Regardless of the
selection, there is no change in the pipeline delay.

This bit specifies whether the RGB inputs are
inputting RGB or YCrCb color information. Y
information is input via the GO0-G7 inputs, Cr
information is input via the R0-R7 inputs, and Cb
information is input via the BO-B7 inputs. If
inputting YCrCb information, the RGB-to-YCrCb
matrix is bypassed; however, the range specified by
command bit CR04 is still used. Regardless of the
selection, there is no change in the pipeline delay.

These bits specify whether or not to bypass the Cr/Cb
decimation filters and which decimation filter to use.
If bypassed, the Cr/Cb multiplexer performs the actual
decimation of the Cr and Cb data. Regardless of the
selection, there is no change in the pipeline delay.
Typically, the 13-tap filters should be used.

This bit specifies whether or not to bypass the Y low
pass filter. Regardless of the selection, there is no
change in the pipeline delay.
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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 $3A following a reset
condition. CR10 is the least significant bit and corresponds to bit AQ.

CR17, CR16 Lookup table RAM select

(00) red lookup table RAM
(01) blue lookup table RAM
(10) green lookup table RAM
(11) reserved

CR15 Matrix coefficient select

(0) analog matrix
(1) digital matrix

CR14, CR13 Rounding select
(00) normal rounding

(01) even rounding
(10) reserved

(11) Dynamic Rounding™

CR12 Ancillary input format
(0) mode 0
(1) mode1
CR11 DO0-D7 output disable

(0) enable DO-D7 outputs
(1) disable DO-D7 outputs

These bits specify which lookup table RAM the MPU
is accessing. NOTE: This decode differs from the
Bt294 command bits CR03 and CRO2.

This bit selects which set of coefficients to use in the
RGB-to-YCrCb matrix, as described in the text.
Typically, the digital matrix should be used.
Regardless of the selection, there is no change in the
pipeline delay.

This bit specifies the type of rounding used.
Regardless of the selection, there is no change in the
pipeline delay.

(00) specifies round up if the fractional data is = 0.5.
If the fractional data is < 0.5, the number will be
rounded down.

(01) specifies round 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 will be rounded down.

(11) specifies to use Dynamic Rounding™, where the
fractional data is compared to a random number, and
the result (1 bit) added to the 8 bits of color data. If
the fractional data = 0, no rounding is done. R, G, and
B each have their own random number generator.
Typically, this mode should be used.

Dynamic Rounding™ is used under license from
Quantel Limited.

This bit specifies the operation of inputting Ancillary
data. Refer to text for details. Typically. mode (0)
should be used.

This bit is logically gated with the OE* input pin, and
the resulting value is used to control] three-stating the
DO0-D7 outputs.
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Internal Registers (continued)

Command Register_1 (continued)

CR10 Vertical counter operation

(0) SMPTE/NTSC compatible
(1) EBU/CCIR compatible

Line Count ANC Register

This bit specifies whether the vertical counter scan
line numbering for the Line Count ANC function is to
be SMPTE/NTSC (logical zero) or EBU/CCIR (logical
one) compatible.

During SMPTE/NTSC compatibility, scan line number
one is the first scan line during vertical blanking in
digital field 2.

During EBU/CCIR compatibility, scan line number
one is the first scan line during vertical sync in digital
field 1.

The 8-bit Line Count register may be written to or read by the MPU at any time and is initialized to $00 following a

reset condition. AO is the least significant bit.

This register specifies the Ancillary data ID value (TT) of the automatic Line Count ANC.

Bit A0 is always a logical zero. MPU data written to bit A0 is ignored.
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Pin Descriptions

Pin Name

YO0-Y7

CR/Cb (0-7)

SWR*

SRD*

AO0-A7

SAWR*

ANC*

CbFLAG

RO-R7

GO0-G7

B0-B7

D0-D7

V,H,F

Description

Y data inputs/outputs (TTL compatible). Y information is input or output via these pins
depending on the value of SWR* and SRD*. YO is the least significant bit. If inputting Y data,
it is latched on the rising edge of CLOCK while CLOCK/2 is a logical one. If outputting Y data,
it is output following the rising edge of CLOCK while CLOCK}/2 is a logical one.

Cr/Cb data inputs/outputs (TTL compatible). Multiplexed Cr and Cb information is input or
output via these pins depending on the value of SWR* and SRD*. CrCb0 is the least significant
bit. If inputting Cr/Cb data, it is latched on the rising edge of CLOCK while CLOCK/2 is a
logical one. If outputting Cr/Cb data, it is output following the rising edge of CLOCK while
CLOCK/2 is a logical one.

Synchronous write control input (TTL compatible). A logical zero enables Y/Cr/Cb data to be
input via the YO-Y7 and Cr/Cb (0-7) pins. Both SRD* and SWR* should not be asserted
simultaneously.

Synchronous read control input (TTL compatible). A logical zero enables Y/Cr/Cb data to be
output onto the YO-Y7 and C1/Cb (0-7) pins. Both SRD* and SWR* should not be asserted
simultaneously.

Ancillary data inputs (TTL compatible). While both ANC* and SAWR* are a logical zero,
A1-A7 are latched on the rising edge of CLOCK and output onto D0-D7. MPU data is also input
and output via this bus. AO is the least significant bit.

Ancillary write control input (TTL compatible). If ANC* is a logical zero, a logical zero on
SAWR* will enable A1-A7 data to be latched. SAWR* is latched on the rising edge of CLOCK,
and pipelined to maintain synchronization with the A1-A7 data. This pin should be a logical
one if the Ancillary data transmission capabilities are not used.

Ancillary output (TTL compatible). A logical zero indicates Ancillary data may be input via the
A1-A7 pins. ANC* is output following the rising edge of CLOCK.

CbFLAG control input (TTL compatible). It is latched on the rising edge of CLOCK while
CLOCK/2 is a logical one.

Red inputs (TTL compatible). Red color information is input via these pins. Data is latched on
the rising edge of CLOCK while CLOCK/2 is a logical one. RO is the least significant bit.

Green inputs (TTL compatible). Green color information is input via these pins. Data is latched
on the rising edge of CLOCK while CLOCK}/2 is a logical one. GO is the least significant bit.

Blue inputs (TTL compatible). Blue color information is input via these pins. Data is latched
on the rising edge of CLOCK while CLOCK/2 is a logical one. BO is the least significant bit.

Data outputs (TTL compatible). Transmitted data is output onto DO-D7 following the rising
edge of CLOCK. DO is the least significant bit.

Video timing control inputs (TTL compatible). They are latched on the rising edge of CLOCK
while CLOCK/2 is a logical one.
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Pin Descriptions (continued)

Pin Name

OE*

RESET*

RD*

WR*

RS0, RS1

MPU*

CLOCK/2

vCC

3 - 146

Description

Output enable control input (TTL compatible). This input is logically gated with command bit
CR11, and the result controls three-stating the D0-D7 outputs as follows:

CR11 OE* DO0-D7 Outputs

0 enabled

1 three-stated
0 three-stated
1 three-stated

_——0 O

Reset control input (TTL compatible). RESET* is sampled on the rising edge of CLOCK, and
must be a logical zero for a minimum of three consecutive CLOCK cycles to reset the device.
RESET* must be a logical one for normal operation.

MPU read control input (TTL compatible). While a logical zero, the contents of the control
register/RAM location are output onto A0-A7 asynchronously to the clocks. If both RD* and
WR¥* are asserted simultaneously, all signal pins are three-stated (note the device should be reset
after three-stating the signal pins).

MPU write control input (TTL compatible). The rising edge of WR* latches the AO-A7 inputs
into the control register/RAM location asynchronously to the clocks. If both RD* and WR* are
a asserted simultaneously, all signal pins are three-stated (note the device should be reset after
three-stating the signal pins).

Register select control inputs (TTL compatible). These bits specify whether the MPU is

accessing the address register or the control register/RAM location specified by the address
register. See Table 3.

MPU access control output (TTL compatible). A logical zero indicates the MPU may access the
internal registers without contention with Ancillary data. MPU* is output following the rising
edge of CLOCK.

27 MHz clock input (TTL compatible). The clock must be present for the MPU to access the
internal control registers.

13.5 MHz clock input (TTL compatible).
Power pins. All VCC pins must be connected together.

Ground pins. All GND pins must be connected together.
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Pin Descriptions (continued)
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Application Information

Cr/Cb Decimation Filters

The Cr/Cb linear phase decimation filters low-pass
and subsample the Cr and Cb data to generate 4:2:2
YCrCb data.

If the CR0O4 command bit is a logical one, then then if
the result is zero, it is made 1; if the result is 255, it
is made 254. If the CR04 command bit is a logical
zero, if the result is 015, it is made 16; if the result
is 241-255, it is made 240.

The transfer function of the 13-tap filters is:

H(Z) = 128/256 * Z0
+(80/25) * (Z-1 + Z+1)
+ (=24/256)*(Z~3 + Z+3)
+ (12/256)*(Z-5 + Z+5)
+ (~6/256)*%(Z-T + Z+T)
+ (3/256)*(Z-9 + Z+9)
+ (<1/256)(Z-11 4+ Z+11)

Eighteen-bit precision (including sign and overflow)
is maintained until the final output stage, then
rounded to 8 bits as specified by command register_1.
Figure 13 shows the transfer function of the 13-tap Cr
and Cb decimation filters.

The transfer function of the 3-tap filters is:

H(Z) = 128/256*Z0
+ (64/256)*(Z-1 + Z+1)

Twelve-bit precision (including sign and overflow) is
maintained until the final output stage, then rounded
to 8 bits as specified by command register_1.

During blanking periods, the input color data is
undefined, possibly disturbing the computed color
data at the beginning and end of active color data. To
avoid this, if the 13-tap is filter selected, the 3-tap
filter is automatically used at the beginning and end of
the active line unless the 13-tap filter is available
(i.e., the filter pipe is full). Regardless of the filter
selection, the first active pixel per scan line to be
decimated uses only the multiplexer (bypassing the
digital filters).

3 - 148 SECTION 3

Y Low-Pass Filter

Y may be optionally low-pass filtered using a 19-tap
filter whose transfer function is:

H(Z) = 116/128* Z0

+ (12/128)(Z-1 + Z+1)
+ (-11/128)%(Z-2 + Z+2)
+ (10/128)*(Z-3 + Z+3)
+ (-8/128)X(Z—4 + Z+4)
+ (6/128)*(Z-5 + Z+5)

+ (=5/128)*(Z—-6+ Z+6)
+ 3N28y*(Z-T + Z+7)

+ (-2/128)*(Z-8+ Z+8)
+ (1/128)*(Z-9 + Z+9)

Seventeen-bit precision (including sign and overflow)
is maintained until the final output stage, then
rounded to 8 bits as specified by command register_1.
If the CR04 command bit is a logical one, then if the
result is zero, it is made 1; if the result is 255, it is
made 254. If the CR04 command bit is a logical zero,
then if the result is 0-15, it is made 16; if the result is
236-255, it is made 235. Figure 14 shows the
transfer functions of the 19-tap Y filter.

During blanking periods, the input color data is
undefined, possibly disturbing the computed color
data at the beginning and end of active color data. To
avoid this, the first and last 19 active pixels per scan
line are not processed by the digital filter (bypassing
the digital filter).

The Y data and control signals are pipelined to
maintain synchronization with the Cr/Cb data. There
is no change in the pipeline delay regardless of which
filter (if any) is used.
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Application Information (continued)
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Figure 13. CrCb 13-Tap Pass-Band and Stop-Band
Low-Pass | Decimation Filter Characteristics.
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Application Information (continued)
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Figure 14. Y 19-Tap Pass-Band and Stop-Band
Low-Pass Filter Characteristics.
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Figure 15. Random Number Generator.
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Application Information (continued)

Random Number Generator

Figure 15 illustrates the random number generator

used when Dynamic Roundingm(used under license
from Quantel Limited) is selected. Following a reset
condition the random number generator is initialized
to $00000.

As each YCrCb value in the analog matrix has 5
fractional data bits, 5 bits of random numbering is
generated for each Y, Cr, and Cb value (random
number bits D0, D4, and D8 correspond to the LSBs of
Y, Cr, and Cb digital matrix fractional data).

Usage Fractional Data Bits
(MSB-LSB)
Y matrix (digital) D7-DO
Y matrix (analog) D7-D3
Cr matrix (digital) D11-D4
Cb matrix (digital) D15-D8
Cr matrix (analog) D11-D7
Cb matrix (analog) D15-D11
Y filter D3-D0, D19-D17
CrCb filter (13-tap) D19-D12
CrCb filter (3-tap) D19, D18

As a single CrCb filter is used in a multiplexed
fashion, a single CrCb random number generator is
used. The 13-tap CrCb filter has 8 bits of fractional
data. Random number bit D12 corresponds to the LSB
of Cr and Cb fractional data.

Random number bits D19 and D18 are used for the
3-tap CrCb filter, which has 2 bits of fractional data.

The 19-tap Y filter has 7 fractional data bits, with the
random number fractional bits shown above.

Typical Applications

Figure 16 shows the Bt291 and Bt294 being used with
a 24-bit RGB frame buffer. The Bt291 and Bt294
provide another video I/O port to the
imaging/graphics system.

Figure 17 shows the Bt291 and Bt294 being used with
a 16-bit YCrCb frame buffer. The Bt291 and Bt294
provide another video I/O port to the
imaging/graphics system.

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 assuring 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 assures that
any signal pin voltage will never exceed the power
supply voltage by more than +0.5 V.

PLCC Sockets

100-pin PLCC sockets for the Bt291 are available
from:

McKenzie Technology

44370 Old Warm Springs Blvd.
Fremont, CA 94538

Phone: (415) 651-2700

FAX: (415) 651-1020

TLX: 910-240-6355

Part Number: PLCC-100-P-T

or

Yamaichi Electric Mfg.Co., LTD.
3-28-7 Nakamagome, Ohta-Ku,
Tokyo 143 Japan

Phone: 03-778-6161

FAX: 03-778-6181

U.S. Representative: (408) 452-0797
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Bt291 Brooktree®

Recommended Operating Conditions

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

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units
VCC (measured to GND) 7.0 Volts
Voltage on Any Signal Pin* GND-0.5 VCC +0.5 Volts
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)

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.

* 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® Bt291
DC Characteristics
Parameter Symbol Min Typ Max Units
Digital Inputs
Input High Voltage VH 2.0 VCC +0.5 Volts
Input Low Voltage VIL GND-0.5 0.8 Volts
Input High Current (Vin =24 V) H 1 pA
Input Low Current (Vin = 0.4 V) I -1 HA
Input Capacitance CIN pF
(f=1MHz, Vin=24V) 7
Digital Outputs
Output High Voltage VOH 2.4 Volts
(IOH = 400 pA)
Output Low Voltage yoL 0.4 Volts
(IOL = 6.4 mA)
3-state Current (If Applicable) 10Z 50 HA
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.
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AC Characteristics

Parameter Symbol Min Typ Max Units
Clock Rate Fmax 27 MHz
MPU Write Data Setup Time 1 10 ns
MPU Write Data Hold Time 2 10 ns
RS0, RS1 Setup Time 3 10 ns
RSO0, RS1 Hold Time 4 10 ns
RD* Low Time 5 1 Clock
WR* Low Time 6 100 ns
WR* Cycle Time 7 3 Clocks
RD*, WR* High Time 8 30 ns
RD* Asserted to Data Bus Driven 9 5 ns
RD* Asserted to Data Valid 10 100 ns
RD* Negated to Data Bus 3-Stated 11 25 ns
Clock/2 Setup Time 12 12 ns
Clock/2 Hold Time 13 5 ns
RGB (0-7), H, V, F, CbFLAG,
Y/Cr/Cb (0-7)
Setup Time 14 10 ns
Hold Time 15 4 ns
Y/Cr/Cb Output Delay 16 5 23 ns
A1-A7 Input Data, SAWR*
Setup Time 17 10 ns
Hold Time 18 4 ns
SRD* Asserted to YCrCb Bus Driven 25 ns
SRD* Negated to YCrCb Bus 3-Stated 25 ns
MPU*, ANC* Output Delay 19 5 23 ns
D0-D7 Output Delay 20 5 23 ns
D0-D7
Three-State Disable Time 21 25 ns
Three-State Enable Time 22 25 ns
Clock Cycle Time 23 37.04 ns
Clock Pulse Width High 24 15 ns
Clock Pulse Width Low 25 15 ns
VCC Supply Current* ICC 220 tbd 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% and 90% points. Timing reference points at 50%
for inputs and outputs. ANC*, Yx, Crx/Cbx, Dx, MPU* output load < 75 pF. Typical values are based on
nominal temperature, i.e., room, and nominal voltage, i.e., 5 V.

*At Fmax. ICC (typ) at VCC =5.0 V. ICC (max) at VCC (max).
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Timing Waveforms

RSO, RS1 VALID
3 4
9 — 1
A0 - A7 (READ) DATA OUT (RD* =0)

A0 - A7 (WRITE) DATA IN(WR* =0)

1

MPU Read/Write Timing.

. U N e an
cLock/2 B ____/—_

CBFLAG /
* 1 le— 15

Y/CR/CB (0 - 7) - INPUT,

SRD*, SWR*, H, V, F, RGB OR Y/CB DATA )( RGB OR Y/CR DATA
RGB(0-7)
16
Y/CR/CB (0-7) - OUTPUT X Y/CB DATA Y/CR DATA

RGB, YCrCb Timing.
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Timing Waveforms (continued)
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Al-A7, DO-D7 Timing.

XX

OE*

Output Enable Timing.

3 - 158 SECTION 3



Brooktree® Bt291

Ordering Information

Ambient
Model Number Package Temperature
Range
Bt291KPJ 100-pin Plastic 0°t0+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

* NTSC and CCIR Compatible

YCrCb to RGB Conversion

16-bit Multiplexed YCrCb I/O Bus
8-Bit Ancillary Data Output Bus
Selectable Cr/Cb Interpolation Filters
Optional Data Rate Doubling to 27 MHz
Three 256 x 8 RGB Output RAMs
Video Timing Recovery
Programmable Color Key Output

TTL Compatible Inputs and Outputs
+5 V Monolithic CMOS

100-pin PLCC Package

Typical Power Dissipation: 900 mW

Functional Block Diagram

Applications

« CCIR601

» SMPTE RP125

« EBU 3246-E

» Image Processing and Capture
* YCrCb-to-RGB Conversion

Related Products

« Bt291, Bt297

A0-A7  ANC* CRICB(-7) Y(0-7) SRD* SWR*  RESET*
& , 8 8 | FRROR
Vi A /] 8 N
N 71 Y R p— RO-R7
D0-D7 - DEMUX s MATRIX s/
8 S—e{r G sy G0-G7
CLOCK — —~ DEMUX | 4 s
—~—{c B |~ B0-B7
TIMING DECODE le— OB+
L—e COLOR KEY
HV,F  RD* WR* RSO,RSI MPU* CBFLAG CLOCK/2

Brooktree Corporation

9950 Bames Canyon Rd.

San Diego, CA 92121

(619) 452-7580 « (800) VIDEO IC
TLX: 383 596 « FAX: (619) 452-1249
L294001 Rev. E
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Bt294

27 MHz VideoNet™
YCrCb-to-RGB
8-bit Converter for
4:2:2 Video Applications

Product Description

The Bt294 performs real-time YCrCb to RGB
conversion. Eight bits of multiplexed YCrCb
information are input and converted to RGB color
information (8 bits each).

The incoming D0-D7 data has video timing
information extracted, generating the horizontal
blanking (H), vertical blanking (V), and field (F)
outputs. Y and Cr/Cb data are demultiplexed, and
available on the 16-bit Y and Cr/Cb I/O bus.

The Cr and Cb data are demultiplexed and
interpolated data is generated using one of two
interpolation filters, selectable by the MPU.

Ancillary data is detected and output onto the
AO0-A7 pins. ANC* is a logical zero while
outputting Ancillary data.

Three 256 x 8 lookup table RAMs are provided, to
support gamma correction, etc.

The output enable (OE*) control three-states the
RO-R7, GO-G7, and BO-B7 outputs
asynchronously to clock. YCrCb data (4:4:4
format) may also be output onto the RGB outputs.

Brooktree®
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Circuit Description

Video Timing Recovery

The DO-D7 inputs are monitored for start of active
video (SAV) and end of active video (EAV) sequences.
(See Figure 1.) The SAV and EAV sequences are as
follows:

$FF $00 $00 $xx
where $xx is defined as follows:

D7 = logical one

D6=F (F=1 for field 2; = 0 for field 1)
DS =V (V =1 during vertical blanking)
D4=H (H=0atSAV,H=1at EAV)
D3-D0 = protection bits

After the necessary error-checking and correcting are
performed, the H, V, and F signals are output onto
their respective pins following the rising edge of
CLOCK. The Bt294 corrects single-bit errors in the
fourth byte of the SAV and EAYV sequences; double-bit
errors, and some multiple-bit errors, are detected and
flagged (via the ERROR output), but not corrected. If
there is an uncorrected error, the ERROR output pin
will be a logical one for five CLOCK cycles, three
CLOCK cycles after the error has been input via the
DO0-D7 inputs. Refer to the Application Information
section for more details regarding the protection bits
and their operation.

To ease system timing requirements, the RGB,
YCrCb, CbFLAG, and H, V, and F outputs have the
same relative output timing.

Note: a minimum of 36 CLOCK cycles must occur
between the end of a SAV sequence and the beginning
of an EAV sequence and between the end of a EAV
sequence and the beginning of an SAV sequence. (See
Figures 3 and 4.)

D0-D7 Color Data Recovery

If the CRO7 command bit is a logical one, then, if the
Y, Cr, or Cb input value is zero, it is made 1; if the Y,
Cr, or Cb input value is 255, it is made 254.

If the CRO7 command bit is a logical zero, then, if
the Y input value is 0-15, it is made 16; if the Y input
value is 236-255, it is made 235. If the Cr or Cb
input value is 0-15, it is made 16; if the Cr or Cb
input value is 241-255, it is made 240.

Outputting Ancillary Data

The ANC* output is a logical zero during the
horizontal and vertical digital blanking intervals,
except during the EAV and SAV sequences. All DO-D7
data is output onto A0-A7 unmodified.

Ancillary sequences can occur multiple times per scan
line if different blocks of data are received.

The Ancillary input sequence via DO-D7 is:

$00 $FF SFF TT MM IL xx xx...

TT is the Ancillary data identification code, MM and
LL specify the Ancillary data word count. xx are
information data words.

While receiving the TT Ancillary data identification
code, the parity is recalculated and checked against the
transmitted parity bit (odd parity). If there is an error
in parity, the ERROR output pin will be a logical one
for five CLOCK cycles, three CLOCK cycles after the
TT data has been input via the DO-D7 inputs. The TT
data is output onto the A0-A7 outputs, following the
rising edge of CLOCK.

Byte TT

A7=D7
A6=D6
A5=D5
A4=D4
A3=D3
A2=D2
A1=DI
A0 = DO (odd parity bit)

While receiving the MM and LL Ancillary data word
count, the parity is recalculated and checked against
the transmitted parity bit (odd parity). If there is an
error in parity, the ERROR output pin will be a logical
one for five CLOCK cycles, three CLOCK cycles after
the MM or LL data has been input via the D0-D7
inputs. The MM and LL data are output onto the
AO0-A7 outputs, following the rising edge of CLOCK.
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Byte MM Byte LL
A7 =D7 (output as received) | A7 = D7 (output as received)
A6 =MS (D6) A6=L5 (D6)
AS =M4 (D5) A5 =14 (D5)
A4 =M3 (D4) A4 =13 (D4)
A3 =M2 (D3) A3 =12 (D3)
A2 =M1 (D2) A2=L11(D2)
Al =MO0 (D1) Al1=L0(D1)

A0 = DO (odd parity bit) A0 = DO (odd parity bit)

While receiving the Ancillary data (xx), the parity is
recalculated and confirmed against the transmitted
parity (odd parity). If there is an error in parity, the
ERROR output pin will be a logical one for five
CLOCK cycles, three CLOCK cycles after the
Ancillary data has been input via the DO-D7 inputs.
The Ancillary data is output onto the AO-A7 outputs,
following the rising edge of CLOCK.

Byte(s) xx

A7=D7
A6=D6
A5=D5
A4=D4
A3=D3
A2=D2
Al1=D1
A0 = DO (odd parity bit)

Note that the number of Ancillary data words specified
by the data word count are parity-checked by the
Bt294. After the specified number of data words,
parity checking is disabled until the next Ancillary
sequence.

Line count ANC sequences (such as implemented on
the Bt291) do not follow the standard Ancillary data
format. Thus, upon reception of line count ANC
sequences, error conditions may occur. No error will
occur if the line count ANC sequence occupies the last
six words of the digital blanking interval (as
implemented on the Bt291).

Note: a minimum of 36 CLOCK cycles must occur

between the end of a EAV sequence and the beginning
of an SAV sequence.
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SAV sequences take precedence over Ancillary data.
Therefore, if a SAV sequence is received before the
number of Ancillary data words (as specified by the
Ancillary data word count) has passed, the Ancillary
data sequence is aborted and no ERROR is generated.

Ancillary Data Blocks (NTSC)

During horizontal blanking, small blocks of data,
less than 268 words in total length (including the
ANC preamble), can be received within a horizontal
blanking interval, starting with the end of EAV and
terminating with the SAV.

During vertical blanking, large blocks of data, up to
1440 words in total length (including the ANC
preamble), may be received with the interval starting
with the end of the SAV and terminating with the
beginning of EAV.

Ancillary Data Blocks (CCIR)

During horizontal blanking, small blocks of data,
less than 280 words in total length (including the
ANC preamble), can be received within a horizontal
blanking interval, starting with the end of EAV and
terminating with the SAV.

During vertical blanking, large blocks of data, up to
1440 words in total length (including the ANC
preamble), may be received with the interval starting
with the end of the SAV and terminating with the
beginning of EAV.

YCrCb Demultiplexer

The YCrCb demultiplexer separates the Y (8 bits) and
multiplexed Cr/Cb (8 bits) information using the SAY
sequence as a reference.

CbFLAG is also generated using the SAV sequence as a
reference. It is output aligned with the YCrCb 1/O bus.

YCrCbh I/0 Bus

A 16-bit bidirectional multiplexed YCrCb bus is
provided for reading and writing active video data. The
SRD* and SWR¥* inputs are used to synchronously
read and write YCrCb data. SRD* and SWR* must be
synchronous to CLOCK. (See Figure 2.)
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Figure 2. Reading/Writing Active Video Data
(13.5 MHz RGB Output Rate).
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Reading YCrCb Data

While SRD* is a logical zero, YCrCb information
from the RDO-D7 inputs is output onto Y (0-7) and
CrCb (0-7) following the rising edge of CLOCK while
CLOCK/2 is a logical one. Cb data is being output
onto the CrCb bus while CbFLAG is a logical one.

The YCrCb output range is selected by the CR07
command bit:

(0) Y =16 to235; Crand Cb=16to 240
or

(1) Y=1t0254; Crand Cb=1 to 254

If the CRO7 command bit is a logical one, then if the
Y, Cr, or Cb output value is zero, it is made 1; if the
Y, Cr, or Cb output value is 255, it is made 254.

If the CRO7 command bit is a logical zero, then if the
Y output value is 0-15, it is made 16; if the Y output
value is 236-255, it is made 235. If the Cr or Cb
output value is 0-15, it is made 16; if the Cr or Cb
output value is 241-255, it is made 240.

If CbFLAG is a logical one, Cb data is present on the
CrCb bus; if CbFLAG is a logical zero, Cr data is
present. CbFLAG is output following the rising edge
of CLOCK while CLOCK/2 is a logical one.

While SRD* is a logical one, the YCrCb bus is
three-stated. Note: SRD* must be synchronized to
CLOCK externally for proper operation.

Writing YCrCb Data

While SWR* is a logical zero, YCrCb information is
latched on the rising edge of CLOCK while CLOCK/2
is a logical one. This YCrCb information is used to
generate the RGB output data, rather than the D0-D7
inputs.

The YCrCb input range is selected by the CRO7
command bit:

(0) Y =161 235; Crand Cb=16to240
or

(1) Y=1t0254; CrandCb=1to 254
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If the CR0O7 command bit is a logical one, if the Y, Cr,
or Cb input value is zero, it is made 1; if the Y, Cr, or
Cb input value is 255, it is made 254.

If the CRO7 command bit is a logical zero, then if the
Y input value is 0-15, it is made 16; if the Y input
value is 236-255, it is made 235. If the Cr or Cb
input value is 0-15, it is made 16; if the Cr or Cb
input value is 241-255, it is made 240.

‘While CbFLAG is a logical one, Cb data is latched on
the CrCb bus; if CbFLAG is a logical zero, Cr data is

latched. CbFLAG is output following the rising edge
of CLOCK while CLOCK/2 is a logical one.

CrCb Demultiplexer | Filters

The CrCb demultiplexer, using the CbFLAG signal,
separates the 8 bits of multiplexed Cr and Cb data.

As Cr and Cb data are to be co-sited with the odd (first,
third, fifth, etc.) Y samples, digital interpolation
filters provide the even 8 bits of Cr and Cb data,
converting the 4:2:2 YCrCb data to 4:4:4 YCrCb
data.

YCrCb-to-RGB Matrix

The matrix converts the 24 bits of YCrCb data (8 bits
each) to 24 bits of RGB data (8 bits each), and outputs
the data onto RO-R7, G0-G7, and BO-B7.

The YCrCb to RGB conversion is selected by the
command register and is either:

analog coefficient matrix:
R =Y +1.402(Cr - 128)
G =Y - 0.714(Cr - 128) - 0.344(Cb - 128)

B =Y +1.772(Cb - 128)

or digital coefficient matrix:
R =Y +1.370(Cr - 128)
G =Y - 0.698(Cr — 128) — 0.336(Cb - 128)

B =Y +1.730(Cb - 128)
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ROM lookup tables are used to perform the
multiplications and 4 bits of fractional data are
maintained. The final result is rounded to 8 bits as
specified by command register_1. If the resulting R,
G, or B value is less than zero, it is set to zero. If the
resulting R, G, or B value is greater than 255, it is set
to 255.

Note the digital coefficient matrix operates properly
only when the YCrCb input range is Y = 16 to 235; Cr
and Cb = 16 to 240 (the RGB output range will
typically be 16 to 235). The analog coefficient
matrix can handle the YCrCb input range of Y = 16 to
235; Cr and Cb = 16 to 240 (the RGB output range
will typically be 16 to 235) or YCrCb = 1 to 254 (the
RGB output range will typically be 1 to 254).

The YCrCb to RGB matrix may also be bypassed via
the command register.

Output Lookup Table RAMs

Note that gamma-corrected RGB data is generated by
the YCrCb to RGB matrix. The three output lookup
table RAMs may be used to remove gamma correction
on the RO-R7, GO-G7, and B0-B7 outputs in the
event that they are to contain linear (rather than
gamma-corrected) RGB data.

As the RGB data range from the YCrCb to RGB matrix
is typically 16 to 235 (or 1 to 254), the lookup table
RAMs may also be used to expand the range to 0 to
255.

The lookup table RAMs are not dual-ported, so MPU
accesses have priority over pixel accessing. During
MPU access to the color palette RAMs, the lookup
table RAM outputs are undefined and invalid.

The lookup table RAMs are not initialized following a
reset condition or power-up sequence.

RS1, RSO CRO3, CR02 ADDRO-ADDR7 Accessed by MPU
00 XX $xx address register
01 00 $00 red RAM location $00
01 00 $01 red RAM location $01
01 00 $FF red RAM location $FF
01 01 $00 green RAM location $00
01 01 $01 green RAM location $01
01 01 $FF green RAM location $FF
01 10 $00 blue RAM location $00
01 10 $01 blue RAM location $01
01 10 SFF blue RAM location $FF
10 XX $00 command register_0
10 XX $01 command register_1
10 XX $02 red color key register
10 XX $03 green color key register
10 XX $04 blue color key register
10 XX $05 red color mask register
10 XX $06 green color mask register
10 XX $07 blue color mask register
10 XX $08 reserved
10 XX SFF reserved
11 XX $xx reserved

Table 1. Internal Register Addressing.

IMAGING PRODUCTS 3 - 169




Bt294

Brooktree®

Circuit Description (continued)

The RGB (or YCrCb) output rate may optionally be
doubled to 27 MHz via the command register. In this
mode of operation, the RGB outputs are updated every
CLOCK cycle. The doubling of the data rate occurs
after the lookup table RAMs.

Note that RGB data addressing the RAM is $00 during
digital blanking intervals (including EAV and SAV
sequences). When YCrCb data is selected as the output
(CRO6 is set to one), the lookup table is bypassed.

Output Enable Control

Command bit CRO1 is logically gated with the OE*
input, and the resulting value is used to control
three-stating the RO-R7, G0-G7, and B0O-B7 outputs
asynchronously to the clocks as described in the Pin
Descriptions section.

Color Key Output

The Bt294 generates a COLOR KEY output,
determined by the color key and color mask registers.
For a programmed color, or range of colors, the
COLOR KEY output will be a logical one coincident
with the specified color being output on the RGB
outputs. COLOR KEY is output following the rising
edge of CLOCK.

MPU Interface

The Bt294 supports a standard MPU interface (A0-A7,
RD*, WR*, RSO0, and RS1).
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The MPU* output indicates when the MPU may access
the Bt294 via the AO-A7 pins. A logical zero
indicates MPU accesses may be done without
contention with Ancillary data timing.

RSO and RS1 are used to select address register
(logical zero) or RAM location or control register
specified by the address register (logical one), as
shown in Table 1. The 8-bit address register specifies
which control register or RAM location the MPU is
accessing. The address register resets to $00
following a read or write cycle to location $FF. Write
cycles to reserved addresses are ignored, and read
cycles from reserved addresses return invalid data.

The address register increments after each MPU read or
write cycle (except when reading or writing to the
address register), and is not initialized. ADDRO is the
least significant bit and corresponds to bit A0.

As the MPU shares the Ancillary bus with Ancillary
information, care must be taken that the MPU does
not attempt to access the internal registers and lookup
table RAMs during the digital blanking intervals. The
MPU* output signal may be used to provide
arbitration; while MPU* is a logical zero, the MPU
may access the Bt294 without contention with any
Ancillary data.

The rising edge of WR* latches A0-A7 into the
selected register or lookup table RAM location. While
RD* is a logical zero, the contents of the selected
register or lookup table RAM location are output onto
A0-A7.
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Typical Application

Figure 5 illustrates a typical application of the Bt294. The Bt294 converts the YCrCb data into the RGB
The Bt294 converts the incoming D0-D7 data stream format for driving a true-color VIDEODAC and
from the Bt297 ECL to TTL receiver, recovering video RAMDAUQG, such as a Bt101 or Bt473.
timing information, and reformatting the color data
into 16 bits of multiplexed Y and Cr/Cb color data for The RGB outputs may also be used to interface to an
loading into the frame buffer. Data from the frame RGB frame buffer, rather than driving a VIDEODAC or
buffer may also be clocked into the Bt294. RAMDAC, as shown in Figure 6.
CCIR601
VIDEO TIMING
CONTROLLER

H V,F CLOCK
CBFLAG |27 MHZ

BT294
8 8
—F w7 RO-RT |4 D/A R/R-Y
TO /FROM FRAME BUFFER
(Y/CR/CB COLOR SPACE) s 8
yl , G/Y ANALOG
— CRICBO-CRICB7 ~ GO-G7 |— D/A VIDEO
FROMECL BT297 s s B/B-Y
— “ 4 D0-D7 B0-B7 |~ D/A /B-
BUS ECL/TTL RECEIVER
A0-A7 ANC*
ANCILLARY DATA
INTERFACE

Figure 5. Typical Application.
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FROM ECL
BUS
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CCIR601
VIDEO TIMING
CONTROLLER

H V,F |cuock
CBFLAG |27 MHZ

BT297 ¢
ECL/TTLRECEIVER | 7
Figure 6.
SECTION 3

BT294

RO-R7 V4

P TO FRAME BUFFER
4 (RGB COLOR SPACE)

DO- D7 B0-B7 [A—e

AO-A7 ANC*

| |

ANCILLARY DATA
INTERFACE

Typical Application.
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Command Register_0

This command register may be written to or read by the MPU at any time and is initialized to $03 following a reset
condition. CROO is the least significant bit and corresponds to data bit A0.

CRO7 YCrCb range This bit specifies the range of Y, Cr, and Cb on the
YCrCb I/O bus (when inputting or outputting color
(0) Y =1610235, Cr/Cb =16 to 240 data), and the DO-D7 color data. Typically, mode (0)
(1) Y,Cr,Cb=110254 should be used. Regardless of the selection, there is
no change in the pipeline delay.

CRO6 RGB or YCrCb output select This bit specifies whether the RGB outputs are
outputting RGB or YCrCb color information. Y

(0) RGB information is output onto the G0-G7 outputs, Cr

(1) YCrCb information is output onto the RO-R7 outputs, and Cb

information is output onto the B0-B7 outputs.
Regardless of the selection, there is no change in the
pipeline delay.

CROS5 13.5 MHz or 27 MHz RGB outputs This bit specifies whether or not to double the data
rate of the RGB data.
(0) 13.5 MHz
(1) 27MHz
CRO4 Cr/Cb interpolation filters select This bit specifies which interpolation filters to use
for the Cr and Cb data. Typically, the 12-tap filters
(0) wuse 12-tap filters should be used. Regardless of the selection, there is
(1) use 2-tap filters no change in the pipeline delay.
CRO03, CR0O2 Lookup table RAM select These bits specify which lookup table RAM the MPU

is accessing.
(00) red lookup table RAM
(01) green lookup table RAM
(10) blue lookup table RAM
(11) reserved

CRO1 RGB output disable This bit is logically gated with the OE* input pin, and
the resulting value is used to control three-stating the
(0) enable RGB outputs RGB outputs.

(1) disable RGB outputs

CROO Matrix coefficient select This bit selects which set of coefficients to use in the
YCrCb-to-RGB matrix, as described in the text.

(0) analog matrix Typically, the digital matrix should be used.

(1) digital matrix Regardless of the selection, there is no change in the

pipeline delay.
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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 11xx xxxx following a
reset condition. CR10 is the least significant bit and corresponds to data bit A0.

CR17, CR16 Rounding select This bit specifies the type of rounding used.
Regardless of the selection, there is no change in the
(00) normal rounding pipeline delay.
(01) even rounding
(10) reserved (00) specifies round up if the fractional data is 2 0.5.
(11) Dynamic Rounding™ If the fractional data is < 0.5, the number will be
rounded down.

(01) specifies round 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 will be rounded down.

(11) specifies to use Dynamic Rounding™, where the
fractional data is compared to a random number, and
the result (1 bit) added to the 8 bits of color data. If
the fractional data = 0, no rounding is done. R, G, and
B each have their own random number generator.
Typically, this mode should be used.

Dynamic Rounding™ is used under license from
Quantel Limited.

CR15-CR10 reserved (test bits) These bits should be ignored when the MPU reads this
register. Data written to these bits are ignored.

Color Key Registers

The three 8-bit color key registers may be written to or read by the MPU at any time and are initialized to $00
following a reset condition. Data bit A0 is the least significant bit and corresponds to the RO, GO, and BO output
bits.

The red color key register is compared against the RO-R7 outputs, the green color key register is compared against
the GO-G7 outputs, and the blue color key register is compared against the BO-B7 outputs. If all unmasked bits
match, the COLOR KEY output is a logical one.

Color Mask Registers

The three 8-bit color mask registers may be written to or read by the MPU at any time and are initialized to $00
following a reset condition. Data bit A0 is the least significant bit and corresponds to the R0, GO, and BO output
bits.

A logical zero specifies that the corresponding RGB output bit is to be compared against the corresponding bit in the

color key registers. 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 output signal.
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Pin Name

D0-D7

Cr/Cb0-Cr/Cb7

YO0-Y7

CbFLAG

SWR*

SRD*

AO0-A7

ANC*

RO-R7

G0-G7

ERROR

Description

Data inputs (TTL compatible). DO-D7 are latched on the rising edge of CLOCK. DO is the least
significant bit.

Cr/Cb data inputs/outputs (TTL compatible). Multiplexed Cr and Cb information is input or
output via these pins depending on the value of SWR* and SRD*. CrCb0 is the least significant
bit. If inputting Cr/Cb data, it is latched on the rising edge of CLOCK while CLOCK/2 is a
logical one. If outputting Cr/Cb data, it is updated following the rising edge of CLOCK while
CLOCK/2 is a logical one.

Y data inputs/outputs (TTL compatible). Y information is input or output via these pins
depending on the value of SWR* and SRD*. YO is the least significant bit. If inputting Y data,
it is latched on the rising edge of CLOCK while CLOCK/2 is a logical one. If outputting Y data,
it is updated following the rising edge of CLOCK while CLOCK/2 is a logical one.

CbFLAG control output (TTL compatible). A logical one indicates Cb data may be input or
output on the Cr/Cb (0-7) bus. It is output following the rising edge of CLOCK while CLOCK/2
is a logical one.

Synchronous write control input (TTL compatible). A logical zero enables Y/Cr/Cb data to be
input via the Y0-Y7 and Cr/Cb (0-7) pins. Both SRD* and SWR* should not be asserted
simultaneously.

Synchronous read control input (TTL compatible). A logical zero enables Y/Cr/Cb data to be
output onto the YO0-Y7 and Cr/Cb (0-7) pins. Both SRD* and SWR* should not be asserted
simultaneously.

Ancillary data outputs (TTL compatible). D0-D7 data is output onto A0-A7 following the
rising edge of CLOCK. MPU data is also input and output via this bus. AO is the least
significant bit.

Ancillary output (TTL compatible). A logical zero indicates Ancillary data may be present on
the AO-A7 pins. ANC* is output following the rising edge of CLOCK.

Red outputs (TTL compatible). Red color information is output via these pins. Data is output
following the rising edge of CLOCK. RO is the least significant bit.

Green outputs (TTL compatible). Green color information is output via these pins. Data is
output following the rising edge of CLOCK. GO is the least significant bit.

Blue outputs (TTL compatible). Blue color information is output via these pins. Data is output
following the rising edge of CLOCK. BO is the least significant bit.

Video timing control outputs (TTL compatible). They are output following the rising edge of
CLOCK.

Reset control input (I'TL compatible). RESET* is sampled on the rising edge of CLOCK, and
must be a logical zero for a minimum of three consecutive CLOCK cycles to reset the device.
RESET* must be a logical one for normal operation.

Error indicator output (TTL compatible). This output indicates a parity error in the EAV, SAY,
Ancillary data identification code, Ancillary data word count, or Ancillary data. If an error is
detected, ERROR will be a logical one for five CLOCK cycles, three CLOCK cycles after the error
has occurred.
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Pin Name

OE*

CLOCK/2

RD*

WR*

RS0, RS1

MPU*

BLANK*

COLOR KEY

VCC

3-176

Description

Output enable control input (TTL compatible). This input is logically gated with command bit
CRO1, and the result controls three-stating the RGB outputs as follows:

CRO1 OE* RGB Outputs

0 0 enabled

0 1 three-stated
1 0 three-stated
1 1 three-stated

27 MHz clock input (TTL compatible). The clock must be present for the MPU to access the
internal control registers.

13.5 MHz clock output (TTL compatible). The clock output is 1/2 the CLOCK rate.

MPU read control input (TTL compatible). While a logical zero, the contents of the control
register/RAM location are output onto A0-A7. If both RD* and WR* are asserted
simultaneously, all signal pins are three-stated (note the device should be reset after
three-stating the signal pins).

MPU write control input (TTL compatible). The rising edge of WR* latches AO-A7 into the
control register/RAM location. WR* is internally resynchronized to CLOCK, so CLOCK must
be a continuous clock. If both RD* and WR¥* are asserted simultaneously, all signal pins are
three-stated (note the device should be reset after three-stating the signal pins).

Register select control inputs (TTL compatible). These bits specify whether the MPU is
accessing the address register or the control register/RAM location specified by the address
register. See Table 3.

MPU access control output (TTL compatible). A logical zero indicates the MPU may access the
internal registers without contention with Ancillary data. MPU* is output following the rising
edge of CLOCK.

Composite blanking output (TTL compatible). BLANK* is the logical NOR of the H and V
outputs, and has the same timing.

Color key output (TTL compatible). This output is a logical one for clock cycles where the RGB
outputs contain color information specified by the color key and color mask registers. It is
output following the rising edge of CLOCK.

Power pins. All VCC pins must be connected together.

Ground pins. All GND pins must be connected together.
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Pin Descriptions (continued)
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Application Information

Cr and Cb Interpolation Filters

The Cr/Cb linear phase interpolation filters
interpolate the missing Cr and Cb data to generate
4:4:4 YCrCb data. Input color data samples are passed
unchanged to the output; computed color data (from
the filters) are inserted into the output flow.

If the CRO7 command bit is a logical one, then if the
interpolated result is zero, it is made 1; if the
interpolated result is 255, it is made 254. If the CR0O7
command bit is a logical zero, then if the interpolated
result is 0-15, it is made 16; if the interpolated result
is 241-255, it is made 240.

The transfer function of the 12-tap filters is:

H(Z) = (160/256)*(Z-1 + Z+1)
+ (—48/256)*(Z-3 + Z+3)
+ (24/256)%(Z-5 + Z+5)
+ (-12/256)%(Z-7 + Z+7)
+(6/256)*(Z-9 + Z+9)
+ (=2/256)*(Z-11 4+ Z+11)

Seventeen-bit precision (including sign and overflow)
is maintained until the final output stage, then
rounded to 8 bits as specified by command register_1.
Figure 7 shows the transfer function of the 12-tap Cr
and Cb interpolation filters.

The transfer function of the 2-tap filters is:

H(Z) = (128/256)*(Z-1 + Z+1)

Eleven-bit precision (including sign and overflow) is
maintained until the final output stage, then rounded
to 8 bits as specified by command register_1.

The Y data and control signals are pipelined to
maintain synchronization with the Cr and Cb data.
There is no change in the pipeline delay regardless of
which filter is used.
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During blanking periods, the input color data is
undefined, possibly disturbing the computed color
data at the beginning and end of active color data. To
avoid this, if the 12-tap is filter-selected, the 2-tap
filter is automatically used at the beginning and end of
the active line unless the 12-tap filter is available
(i.e., the filter pipe is full). Regardless of the filter
selection, the last active pixel per scan line uses the
previous Cr and Cb data for color information.

Doubling the RGB Data Rate

The data rate of RGB output data may be doubled from
13.5 MHz to 27 MHz via the command register. In
this instance, new RGB data is output following the
rising edge of every CLOCK cycle, rather than every
other CLOCK cycle.

To accomplish this, an additional set of 2-tap linear
interpolation filters are used to double the RGB data
rate from 13.5 MHz to 27 MHz. Input color data
samples are passed unchanged to the output; computed
color data (from the filters) are inserted into the output
flow.

The transfer function of the 2-tap filters is:

H(Z) = (128/256)*(Z-1 + Z+1)

Eleven-bit precision (including sign and overflow) is
maintained until the final output stage, then rounded

to 8 bits using Dynamic RoundingTM (used under
license from Quantel Limited).

Outputting RGB data at the 27 MHz rate may simplify
the analog filtering if the RGB outputs are driving
external D/A converters. Note that any sin x / x
correction must be done with the analog filters after
the D/A converters.

SAV and EAV Error Correction

Table 2 gives corrected values for F, V, and H where
possible. Multiple (uncorrectable) errors are denoted
by an asterisk. D1-D3 are Hamming (6:3) protection
bits, and DO is an even parity bit for D1-D6.

In the event of an uncorrectable error, the H, V, and F
outputs assume the state specified by the EAV or SAV
sequence (as if an error did not occur).
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Application Information (continued)

Random Number Generators

The Bt294 contains two random number generators,
as shown in Figures 8 and 9, used when Dynamic

Rounding‘rM (used under license from Quantel Limited)
is selected.

Figure 8 shows the random number generator used for
the YCrCb to RGB matrix and the RGB data rate
doubling (it is initialized to $000 following a reset
condition). As each RGB value in the matrix has 4
fractional data bits, 4 bits of random numbering is
generated for each RGB value. The LSB of each 4-bit
random number (DO, D4, D8) corresponds to the LSB
of fractional RGB data.

DB

0.1

- frieee
ol N
AV,

-02

03

04

-0.5

The RGB rate doubling filters have 1 bit of fractional
data. Random number bit D12 corresponds to red
fractional data, bit D13 corresponds to green, and bit
D14 corresponds to blue.

Figure 9 shows the random number generator for the
Cr and Cb filters (it is initialized to $00 following a
reset condition). As a single CrCb filter is used in a
multiplexed fashion, a single CrCb random number
generator is used. The 12-tap filter has 7 bits of
fractional data. The LSB of the 7-bit random number
(DO) corresponds to the LSB of fractional Cr and Cb
data. The LSB of this random number generator (DO)
is used for the 2-tap filters, which have 1 bit of
fractional data.

DB

Figure 7. CrCb Pass-Band and Stop-Band
Interpolation Filter Characteristics.
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Application Information (continued)

Typical Applications

Figure 10 shows the Bt291 and Bt294 being used with
a 24-bit RGB frame buffer. The Bt291 and Bt294

Figure 11 shows the Bt291 and Bt294 being used with
a 16-bit YCrCb frame buffer. The Bt291 and Bt294

provide another video I/O port to the provide another video I/O port to the
imaging/graphics system. imaging/graphics system.
BGR
DOUBLER
G R B ;
MATRIX MATRIX MATRIX
DO
D14 o a = 2 @
] 23 ] 3 3
D)JDDDDDDDDDDDDDDD

CLOCK/2

Figure 8. Random Number Generator.

) >

CLOCK/2

Figure 9. Random Number Generator for Cr and Cb Filters.
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Application Information (continued)

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 assuring 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 assures that
any signal pin voltage will never exceed the power
supply voltage by more than +0.5 V.

PLCC Sockets

100-pin PLCC sockets for the Bt294 are available
from:

McKenzie Technology

44370 Old Warm Springs Blvd.
Fremont, CA 94538

Phone: (415) 651-2700
FAX: (415) 651-1020

TLX: 910-240-6355

Part Number: PLCC-100-P-T

or

Yamaichi Electric Mfg. Co., LTD.
3-28-7 Nakamagome, Ohta-ku,
Tokyo 143 Japan

Phone: 03-778-6161

FAX: 03-778-6181

US Representative: (408) 452-0797

Received F, V, H (Bits D6-D4)

D3-D0 000 001 010 011 100 101 110 111
0000 000 000 000 * 000 * * 111
0001 000 * * 111 hd 111 111 111
0010 000 * * 011 * 101 * *
0011 * * 010 * 100 * * 111
0100 000 = = 011 * h 110 *
0101 * 001 *® * 100 * = 111
0110 * 011 011 011 100 * * 011
0111 100 * * 011 100 100 100 *
1000 000 * * * * 101 110 *
1001 * 001 010 he b hd * 111
1010 * 101 010 * 101 101 * 101
1011 010 * 010 010 * 101 010 *
1100 * 001 110 * 110 * 110 110
1101 001 001 * 001 * 001 110 *
1110 * * * 011 * 101 110
1111 hd 001 010 i 100 id *

Table 2. SAV and EAV Error Correction Table.
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Bt294 Brooktree®

Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VCC 4.5 5.00 55 Volts
Ambient Operating Temperature TA 0 +70 °C

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units
VCC (measured to GND) 7.0 Volts
Voltage on any Signal Pin* GND-0.5 VCC +0.5 Volts
Ambient Operating Temperature TA -55 +125 °C
Storage Temperature TS —-65 +150 °C
Junction Temperature Ty +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.

* 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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Brodktree® Bt294

DC Characteristics

Parameter Symbol Min Typ Max Units
Digital Inputs
Input High Voltage VH 2.0 VCC +0.5 Volts
Input Low Voltage VIL GND-0.5 0.8 Volts
Input High Current (Vin = 2.4 V) IH 1 HA
Input Low Current (Vin = 0.4 V) L -1 HA
Input Capacitance CIN pF
(f=1MHz, Vin=24YV) 7
Digital Outputs
Output High Voltage VOH 2.4 Volts
(IOH = -400 pA)
Output Low Voltage YOL 0.4 Volts
(IOL = 6.4 mA)
3-state Current (if applicable) 10Z 50 HA
Output Capacitance CouT 20 pF

Test conditions (unless otherwise specified): "Recommended Operating Conditions." Typical values are based
on nominal temperature, i.e., room, and nominal voltage, i.e., 5 V.
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Bt294 Brooktree®

AC Characteristics

Parameter Symbol Min Typ Max Units
Clock Rate Fmax 27 MHz
MPU Data Setup Time 1 10 ns
MPU Data Hold Time 2 10 ns
RSO, RS1 Setup Time 3 10 ns
RSO0, RS1 Hold Time 4 10 ns
RD* Low Time 5 1 Clock
WR* Low Time 6 100 ns
WR* Cycle Time 7 3 Clocks
RD*, WR* High Time 8 30 ns
RD* Asserted to Data Bus Driven 9 5 ns
RD* Asserted to Data Valid 10 100 ns
RD* Negated to Data Bus 3-Stated 11 25 ns
CLOCK/2 Low Time 12 15 tbd ns
CLOCK/2 High Time 13 15 tbd ns
CLOCK/2, H, V, F, Y/Cr/Cb (0-7),

RGB (0-7), CbFLAG,

BLANK* Output Delay 14 5 23 ns
Y/Cr/Cb Input Data, SRD*, SWR*

Setup Time 15 10 ns

Hold Time 16 4 ns
D0-D7 Input Data

Setup Time 17 10 ns

Hold Time 18 4 ns
MPU*, ANC*, ERROR,

COLORKEY Output Delay 19 5 23 ns
A0-A7 Output Delay 20 5 23 ns
SRD* Asserted to YCrCb Bus Driven 25 ns
SRD* Negated to YCrCb Bus 3-Stated 25 ns
RGB Three-State Disable Time 21 25 ns
RGB Three-State Enable Time 22 25 ns
Clock Cycle Time 23 37.04 ns
Clock Pulse Width High 24 15 ns
Clock Pulse Width Low 25 15 ns
VCC Supply Current* ICC 180 tbd 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% and 90% points. Timing reference points at 50%
for inputs and outputs. CbFLAG, CLOCK/2, ANC*, Yx, Crx/Cbx, A0-A7, R0-R7, G0-G7, B0-B7, MPU*,
COLOR KEY, and ERROR output load < 75 pF. Typical values are based on nominal temperature, i.e., room, and
nominal voltage, i.e., 5 V.

*At Fmax. ICC (typ) at VCC =5.0 V. ICC (max) at VCC (max).
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Timing Waveforms

RD*

RSO, RS1 VALD
—_—
3 4

. \
WR \ / s
10
9 —— \k— 11
AO- A7 (READ) DATA OUT (RD* = 0) D

A0 - AT (WRITE) T DATA IN (WR* =0)
1

— 2

MPU Read/Write Timing.

12
CLOCK/2 \ —\—/——
|/ 1
et} po—— 14 I
CBFLAG \
Y/CR/CB (0-7) - OUTPUT,
H, V, F, RGB(0-T), >/ RGB OR Y/CB DATA X RGB OR Y/CR DATA
BLANK®
1 15 16 |

Y/CR/CB (0 -7) - INPUT, )I(
SRDS, SWR i Y/CB DATA Y/CR DATA

RGB, YCrCb Timing.
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Timing Waveforms (continued)

Ao-a7 X X

' s
o X X L X
s

A0-A7, D0-D7 Timing.

Output Enable Timing.
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Brooktree® Bt294

Ordering Information

Ambient
Model Number Package Temperature
Range
Bt294KPJ 100-pin Plastic 0°to +70°C
J-Lead
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Advance Information

This document contains information on a product under development. The parametric
information contains target parameters and is subject to change.

Distinguishing Features Applications

+ Latched TTL-Compatible Inputs » CCIR601

+ 10KH ECL-Compatible Parallel Outputs » SMPTE RP125

* PLL Operation for Stable Timing « EBU 3246-E

¢ Separate TTL and ECL Supply Pins

* TTL-Compatible Control Inputs Related Devices

* 68-pin PLCC Package
« Bt297

Functional Block Diagram

=3 ECL CLK*
PLL

TTLCLK
| 3= ECL CLK

10 —— ECL (D0* - D9*%)
TTL (DO - D9) ohedD  Q 10

—# ECL (DO - D9)

fe—— OE*

vcc GND VEE

Brooktree Corporation

9950 Barnes Canyon Rd.

San Diego, CA 92121

(619) 452-7580 « (800) VIDEO IC

TLX: 383 596 « FAX: (619) 452-1249

L296001 Rev. B 3 -191

Bt296

27 MHz VideoNet™
TTL-to-10KH ECL
11-Bit Translator

Product Description

The Bt296 TTL/ECL Translator converts 11 bits of
TTL data to 11 bits of differential 10KH ECL data.

In many cases involving the transmission of
digital video signals, differential ECL signals
levels are used. In addition, the phase
relationship between the clock and data signals
(and between data signals) is tightly defined.
Thus, the TTL video data must be converted to ECL
levels, and the phase relationship between clock
and data adjusted to compensate for part-to-part
output delay variations of TTL devices.

The Bt296 incorporates all translators in one
package to eliminate delay skew that results when
using multiple devices. A 10-bit data path is
supported for high-end systems and compatibility
with future products.

The clock-to-data timing on the ECL outputs is
controlled by the on-chip PLL, enabling
CCIR601, EBU 3246-E, and SMPTE RP-125
timing requirements to be met without adjustment.
In addition, the ECL CLK outputs have a 50% duty
cycle regardless of the TTL CLK duty cycle.




Bt296

Pin Descriptions

Pin Name Description
TTL (D0-D9) TTL data inputs (TTL compatible). They are latched on the rising edge of TTL CLK, converted to
differential ECL levels, and output onto the ECL (D0-D9) and (D0*-D9*) pins. Unused pins
should be connected to GND. In 8-bit systems, TTL DO and TTL D1 should be connected to
ground, using the TTL D2 (LSB)-TTL D9 inputs for the 8 bits of data.
TTLCLK TTL clock input (TTL compatible). The rising edge of TTL CLK latches the TTL D0-D9 data.
ECL (D0-D9), Differential ECL data outputs (ECL compatible). These are open emitter-follower outputs.
ECL (D0*-D9*)
ECL CLK, Differential ECL clock outputs (ECL compatible). These are open emitter-follower outputs.
ECL CLK*
OE* Output enable control (TTL compatible). A logical one forces the ECL outputs low and the ECL*
outputs high (both data and clock) asynchronously to the clocks.
REXT VCO free-running control. A resistor between this pin and GND sets the free-running frequency
of the VCO. For 27 MHz, a value of 4220 ohms is recommended.
LF Loop filter pin. The loop filter for the PLL is connected between this pin and GND. See Figure 1
(resistor values are in ohms, capacitor values are in pF).
vcc TTL power supply. All VCC pins must be connected together as close to the device as possible.
GND Ground. All GND pins must be connected together as close to the device as possible.
VEE ECL power supply. All VEE pins must be connected together as close to the device as possible.
22
REXT —/\j\,—-——'
LF
0.005
562
Bt296 005
Figure 1. PLL Loop Filter (27 MHz Clock, 100 KHz Loop Bandwidth).
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Brooktree® Bt296

Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Device Ground GND 0 0 0 Volts
TTL Power Supply vccC +4.75 +5.0 +5.25 Volts
ECL Power Supply VEE -4.9 -5.2 -5.5 Volts
Ambient Operating Temperature TA 0 +70 °C

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

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units
VEE (measured to GND) -8.0 Volts
VCC (measured to GND) +7.0 Volts
Voltage on Any ECL Pin -1.8 GND Volts
Voltage on Any TTL Pin GND-0.5 VCC +0.5 Volts
ECL Output Current -50 mA
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.
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Bt296 Brooktree®

ECL DC Characteristics

Parameter Symbol TA (°C) Min Typ Max Units
0 -1020 -840 mV
Output High Voltage* VYOH +25 -980 -810 mV
+70 -920 -735 mV
0 -1950 -1630 mV
Output Low Voltage* VOL +25 -1950 -1630 mV
+70 -1950 -1600 mV

Output Impedance 7 Ohms
Output Capacitance tbd pF
0 55 70 mA
VEE Supply Current** IEE +25 55 70 mA
+70 55 70 mA

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with ECL output loading
of 50 Q to —2.0 V. Typical values are based on nominal temperature, i.e., room, and nominal voltage, i.e., 5 V.

*Relative to GND.
**For power calculations, it is necessary to add an additional 330 mW due to emitter-follower devices.

The specified limits shown can be met only after thermal equilibrium has been established. Thermal equilibrium

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

TTL DC Characteristics

Parameter Symbol Min Typ Max Units
Input High Voltage* VH 2.0 TTLVCC Volts
+0.5
Input Low Voltage* VIL TTLGND 0.8 Volts
-0.5
Input High Current IH 70 HA
(Vin=24YV)
Input Low Current 1L -0.7 mA
(Vin=04YV)
Input Capacitance tbd pF
VCC Supply Current Icc 80 110 mA

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.

*Relative to GND.
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Brodktree® Bt296
AC Characteristics
Parameter Symbol Min Typ Max Units
TTL D0-D9 Setup Time 1 3 ns
TTL DO-D9 Hold Time 2 3 ns
TTL CLK High Time 3 10 ns
TTL CLK Low Time 4 10 ns
TTL CLK Input Rate Fin tbd 27 MHz
ECL D0-D9 Output Delay 5 tbd 10 ns
ECL D0-D9 Delay Skew* 3 ns
ECL CLK Output Delay** 6 (0.5 /Fin)}-3 | 0.5/Fin (0.5 / Fin)+3 ns
ECL CLK Output Duty Cycle 42 50 58 %o
PLL Acquire Time***
100 KHz Loop Bandwidth 10,000 Clocks
1 MHz Loop Bandwidth 200 Clocks
Output Rise/Fall Time 0.5 1 2 ns
(20%-80%)
Output Disable Time 7 15 ns
Output Enable Time 8 15 ns

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with ECL output loading
of 50 Q to -2 V. TTL input values are 0-3 V, with input rise/fall times < 4 ns, measured between the 10% and
90% points. Timing reference points at 50% for inputs and outputs. Typical values are based on nominal
temperature, i.e., room, and nominal voltage, ie., 5 V.

*Fastest/slowest (unipolar).

**Rising edge of ECL CLK relative to ECL (DO - D9).
***At 27 MHz. Initial frequency offset of + 30%, final residual frequency error of 1 %.

Timing Waveforms

TIL CLK

TTL (DO - D9)

ECL (D0 - D9)

EQ.aK

OB*

Input/Output Timing.

IMAGING PRODUCTS

3-195



Bt296

Brooktree®

Ordering Information

3 - 196

Ambient
Model Number Package Temperature
Range
Bt296KP]J 68-pin Plastic 0°to +70°C
J-lead
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Advance Information

This document contains information on a product under development. The parametric

information contains target parametersis are subject to change.

Distinguishing Features Applications 27 MHz VideoNet™

+ 10KH ECL Compatible Inputs « CCIR601 10KH. ECL to TTL

+ Registered or Transparent Operation « SMPTE RP125 11-Bit Translator 3
* TTL-Compatible Outputs « EBU 3246-E

¢ Separate TTL and ECL Supply Pins

* TTL-Compatible Control Inputs Related Devices

* 68-pin PLCC Package Product Description

» Typical Power Dissipation: 550 mW . Bt296

The Bt297 ECL/TTL Translator converts 11 bits of
differential 10KH ECL data to 11 bits of TTL
data.

The Bt297 incorporates all translators in one
package to eliminate delay skew that results when
using multiple devices.

Functional Block Diagram s
The REG EN input controls whether the input data
is registered or the data register is bypassed
(transparent operation).

The TTL clock and data outputs may be three-stated
ECL CLK* -0 asynchronously to the clock by the OE* pin.
p——a TTL CLK
ECL CLK -
10 7
ECL (D0* - D9*)  meefemymip| an®
10 D Q == TTL (DO - D9)
ECL (D0 - D9) y A =
fo—— OE*
REGEN —

VCC GND VEE

Brooktree Corporation
9950 Bames Canyon Rd.
San Diego, CA 92121

(619) 452-7580 « (800) VIDEO IC
TLX: 383 596 « FAX: (619) 452-1249 mme®
L297001 Rev. D 3 - 197
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Pin Descriptions

Pin Name
TTL (D0-D9)
TTLCLK

ECL (D0-D9)
ECL (D0*-D9*)

ECLCLK,
ECL CLK*

REGEN

OE*

vce

3-198

Description

TTL data outputs (TTL compatible).

TTL clock output (TTL compatible).

Differential ECL data inputs (ECL compatible). ECL data is latched by the ECL CLK signals,
converted to TTL levels, and output onto the TTL data pins. Single-ended ECL operation may be
used by connecting the ECL (D0*~D9*) pins to VBB (-2 V). If a pair of ECL inputs are left
floating or are in the same logical state, the corresponding TTL output will be a logical zero.
Differential ECL clock inputs (ECL compatible). Single-ended ECL operation may be used by
connecting the ECL CLK pin to VBB (-2 V). If REG EN is a logical one, the ECL CLK is
inverted and output onto the TTL CLK output pin. If REG EN is a logical zero, the ECL CLK is
not inverted before being output onto the TTL CLK output pin.

Register enable control input (TTL compatible). A logical one enables the DO-D9 input data to

be registered by the data input register. A logical zero bypasses the data input register, enabling
transparent operation.

Output enable control (TTL compatible). A logical one three-states the TTL (D0-D9) and TTL
CLK outputs asynchronously to the clock.

TTL power supply. All VCC pins must be connected together as close to the device as possible.
Ground. All GND pins must be connected together as close to the device as possible.

ECL power supply. All VEE pins must be connected together as close to the device as possible.
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Brodktree® Bt297

Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Device Ground GND 0 0 0 Volts
TTL Power Supply vce +4.75 +5.0 +5.25 Volts
ECL Power Supply VEE -4.9 -5.2 -5.5 Volts
Ambient Operating Temperature TA 0 +70 °C

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

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units
VEE (measured to GND) -8.0 Volts
VCC (measured to GND) +7.0 Volts
Voltage on Any ECL Pin -18V GND Volts
Voltage on Any TTL Pin GND-0.5 VCC +0.5 Volts
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.
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ECL DC Characteristics

Parameter Symbol TA (°C.) Min Typ Max Units
0 -1170 -840 mY
Input High Voltage* VH +25 -1130 -810 mV
+70 -1070 -735 mY
0 -1950 -1480 mV
Input Low Voltage* VIL +25 -1950 -1480 mV
+70 -1950 -1450 mV
0 10 HA
Input Current IN +25 10 HA
(Vin = VIHmax or VIL min) +70 10 HA
Common Mode Voltage Range -310 mV
Differential Input Voltage tbd mV
Input Impedance - 2450 tbd Ohms
Input Capacitance 185 tbd pF
0 5 7 mA
ECL VEE Supply Current IEE +25 5 7 mA
+70 5 7 mA

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.

*Relative to GND.

The specified limits shown can be met only after thermal equilibrium has been established. Thermal equilibrium
is established by applying power for at least 2 minutes while maintaining a transverse air flow of 400 linear feet
per minute over the device, either mounted in the test socket or on the printed circuit board.
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Brodktree® Bt297
TTL DC Characteristics
Parameter Symbol Min Typ Max Units
Input High Voltage* VH 2.0 TTLVCC Volts
+0.5
Input Low Voltage* VIL TILGND 0.8 Volts
-0.5

Input High Current IH 70 HA
(Vin=24YV)

Input Low Current I -0.7 mA
(Vin=0.4YV)

Output High Voltage* VOH 2.5 Volts
(IOH =-2.0mA)

Output Low Voltage* VOL 0.5 Volts
(IOL =20 mA)

Three-State Qutput Current 10Z
Vout = VOHmin 10 HA
Vout = VOLmax -10 MHA

Output Capacitance tbd pF

Input Capacitance tbd pF

TTL VCC Supply Current ICcC 100 130 mA

Test conditions (unless otherwise specified):
on nominal temperature, i.e., room, and nominal voltage, i.e., 5 V.

*Relative to GND.

IMAGING PRODUCTS
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AC Characteristics—Registered Operation

Parameter Symbol Min Typ Max Units
ECL D0-D9 Setup Time 1 3 ns
ECL D0-D9 Hold Time 2 3 ns
ECL CLK High Time 3 10 ns
Clock Rate tbd 27 MHz
TTL D0-D9 Output Delay 4 tbd 10 ns
TTL CLK Output Delay 5 tbd 10 ns
Output Disable Time 6 tbd 15 ns
Output Enable Time 7 tbd 15 ns

Test conditions (unless otherwise specified): "Recommended Operating Conditions." ECL input values are
-0.89 to -1.69 V, with input rise/fall times < 4 ns, measured between the 20% and 80% points. Timing
reference points at 50% for inputs and outputs. Typical values are based on nominal temperature, i.e., room, and
nominal voltage, i.e., 5 V.

Timing Waveforms—Registered Operation

ECL CLK

OE*

ECL (D0 -D9)

TTL (DO - D9)

TTLCLK

Registered Input/Output Timing.
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AC Characteristics—Transparent Operation

Parameter Symbol Min Typ Max Units
Output Delay 1 tbd 10 ns
Output Disable Time 2 tbd 15 ns
Output Enable Time 3 tbd 15 ns

Test conditions (unless otherwise specified): "Recommended Operating Conditions.” ECL input values are
-0.89 to -1.69 V, with input rise/fall times < 4 ns, measured between the 20% and 80% points. Timing
reference points at 50% for inputs and outputs. Typical values are based on nominal temperature, i.e., room, and

nominal voltage, i.e., 5 V.

Timing Waveforms—Transparent Operation

OE* \ /'
ECL (D0- D9), DATA
ECL CLK N
3 — 1 —— 2
TTL (DO- DY), DATA
TILCLK ouT

Transparent Input/Qutput Timing.
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Ordering Information
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Ambient
Model Number Package Temperature
Range
Bt297KPJ 68-pin Plastic 0°to+70°C
J-lead
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Advance Information

This document contains information on a product under development. Specifications are
subject to change without notice.

Distinguishing Features

Arbitrary Scaling of Raster Bit Maps from 5% through 750%

Scale Down (Reduce) and Scale Up (Enlarge) Capability

Rotation of +/- 90° and 180°

Output Image Cropping

Output Image Bit-aligned Block Transfers (Bitblt)

Scaler Output of 4-bit Gray Scale

Output Mapping through Internal 8-bit Lookup Table for 1-, 4-, or 8-bit Output
132-pin PGA Package

Applications
» Raster Data Accelerator for Image Viewing and Printing

* Document Imaging Systems Requiring Fast Response Times
» Laser Printer Controllers

Functional Block Diagram

10 —\_‘ ADDRESS BUS 1 | 10
ADDRESS 47 ADDRESS BUS - ~
] t ,
DATA =% SOURCE DEST | wonxspc] DATA
8 DMA DMA DMA
< 5}
3 E AN
MUX_ 2 7 . MUX
CONTROL E CONTROL
g roEL ||
b
3 § ORTHOGONAL L | Lookup | JFORMATTER §
BUS )l ROTATOR TABLE BLT 3, BUS
CONTROL Bgé‘gg;r LOGIC 7/ CONTROL
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ARBITRATION 7 _ L ARBITRATION
L DATA BUS hall B
Brooktree Corporation
9950 Barnes Canyon Rd.
San Diego, CA 92121-2790
(619) 452-7580
(800) VIDEO IC
TLX: 383596

FAX: (619)452-1249

L710001 Rev. D 3-205

Bt710

Scaler/Orthogonal
Rotator Element
(SCORE)

Product Description

The Bt710 is a high-speed raster data processor
which performs scaling and rotation of bi-level
(black and white) raster data. This data is typically
raster images created via a scanner or via the
expansion of CCITT-coded raster images. The
Bt710 allows high-density raster images to be
resampled (scaled down) to map to the desired
screen or print resolution. Likewise, the Bt710
allows images to be expanded (scaled up) for
pixel-level editing and other applications where an
image larger than the original is desired.

The heart of the Bt710 is the Scaler/Orthogonal
Rotator Engine. This raster engine performs both
scaling and rotation functions. The scaler produces
a 4-bit gray scale as a result of the scaling algorithm.
This gray scale may be retained for output or may be
thresholded via programmable threshold logic to
bi-level data.

The output of the scaler engine is directed toward an
internal look-up table (LUT). The look-up table
maps the four bits from the scaler to the contents of
the 16 x 8 look-up table. Either one, four, or eight
bits may be extracted from the look-up table. The
output of the look-up table is directed to DMA logic
which supports both packed pixels as well as
multiple bit planes.

Bus master interfaces on both ports use direct

memory access (DMA) to move all data into and out
of the Bt710.
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Brooktree®

Functional Overview

Architecture

Conceptually, the Bt710 is a processor which operates
upon an input image (source) and creates an output
image (destination). The operations which the Bt710 can
perform on the source image include scaling, rotation,
cropping, and pixel-aligned transfers (blt).

The Bt710 performs this function autonomously through
bus master interfaces on its bus interfaces. Thus, the
Bt710 is pointed to the start of the source buffer and
destination buffer, and provided parameters which
specify what operations to perform. Once initiated, the
Bt710 will perform the function until completion.
Termination can be determined under software polling
or via interrupts.

Because the Bt710 operates upon images, the data from
the Bt710 is assumed to have two dimensional
attributes: width and length. Since images are often
placed on pixel boundaries, bit-aligned transfers are
performed by the Bt710.

Generally speaking, the Bt710 operates upon an image
and outputs an image unless a special "strip" mode of
operation is specified. This special mode of operation is
described in the section entitled Strip DMA Operation.

Scaler/Orthogonal Rotator

The Scaler/Orthogonal Rotator is a raster engine which
performs both scaling and rotation functions on a source
bi-level image.

Scaler

The Bt710's scaler provides N/M scaling of bi-level
raster bitmaps. N can range from 2 through 15. M can
range from 2 through 31. Through various combinations
of these two parameters, the Bt710 will scale up
(enlarge) and scale down (reduce) by factors ranging
from 5% through 750%.

When the Bt710 scales a bi-level image, it creates a
4-bit gray scale pixel as a result. The 4-bit gray scale can
be taken directly from the scaler or be converted back to
bi-level via a programmable threshold register. As an
option, the output of the scaler can be mapped through
the on-chip look-up table to either 1 bit, 4 bits, or 8 bits
of output from the look-up table.

Rotzator

The rotator will rotate +/- 90° and 180°. The rotator
hardware is shared with the scaler. As a result, the Bt710
must make two passes through the data when both
scaling and rotation are desired. A workspace buffer is
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defined where the Bt710 stores intermediate results
during the scale and rotate process. If both scaling and
rotation are not performed at once, the workspace buffer
is not used.

Pixel Formatter

The pixel format from the SCORE unit or the look-up
table is for packed pixels. That is, four 4-bit or two 8-bit
or 16 1-bit pixels are contained in each 16-bit word. If
the desired output is for separate bit planes, the pixel
formatter contains the appropriate logic to separate
multibit pixels into separate bit planes.

Blt Logic

The blt logic block provides pixel-aligned block transfer
capability on the destination DMA channel. This allows
output images to be placed in any position in the
destination frame buffer. Additionally, common logic
operations may be performed between the output image
data and the existing frame buffer data.

Bus Interfaces

The Bt710 contains two complete bus interfaces for
two-port operation. Both ports can function
independently as bus masters for direct memory access
(DMA) of source and destination data for maximum
bandwidth. The Bt710 can also function with all bus
activity from a single port. The source DMA,
destination DMA, and workspace DMA channels can be
independently mapped to either port.

The Bt710 utilizes a triple multiplexed address bus and
16-bit data bus on both of its bus interfaces. The address
buses provide 24-bits of address allowing the Bt710 to
address up to 16 megawords of memory.

The Bt710 can directly interface to 256K, 1M, and 4M
DRAMs. The number of address bits output during each
phase of the address multiplexing depends upon which
RAM density is being supported (Table 1).

An extended cycle is performed during the first memory
cycle following acquisition of the bus, or whenever
there is a change in the value of the extended address. A
row address cycle occurs every memory cycle and
outputs the row address for the DRAM. A column
address cycle also occurs every memory cycle and
outputs the column address for the DRAM.

The Bt710 can also be programmed to provide CAS
before RAS refresh of external DRAM and VRAM.
When refresh is enabled, the Bt710 will initialize the
external RAM with eight CAS before RAS cycles.



Broodktree®

Bt710

Functional Overview (continued)

EXTENDED RAS CAS
RAM DENSITY CYCLE CYCLE CYCLE
64K x 4 8 8
256K x 4 9 9
1024K x 4 10 10

Table 1. RAM Size vs. Multiplexing Cycle Sizes.

Bus Request Operation

When the Bt710 arbitrates for the external bus, external
arbitration logic does not know if the request is for
memory, or if a refresh cycle is pending. To provide this
information to external arbitration logic, two bus request
pins (REQ1* and REQO*) are provided on each port.
These pins encode the type of request being made as
shown in Table 2.

REQ1* REQO*
No Request H H
Memory Request H L
Initialization Request L H
Refresh Request L L

Table2. REQ* Encoding

Strip DMA Operation

An attribute bit in a Bt710 register defines a special case
of DMA, called strip DMA mode. Strip DMA mode is a
form of DMA chaining where the Bt710 automatically
chains between two source buffers. The Bt710
handshakes via two pins or register bits before
beginning data transfer from the subsequent buffer area.

Strip DMA mode is intended for use with external
processors, which can fill one source buffer while the
Bt710 is processing the second source buffer. This
pipelining operation allows overlapped processes which
can substantially increase throughput. By using strip
buffers, an image generated from the decoding of an
encoded image, or read from disk, need not be
completely buffered in system memory before scaling
operations are performed. Thus, strip buffers can
substantially reduce the amount of memory required in
many applications.
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Internal Registers

The Bt710 contains a set of programmable registers by which the Bt710 operational modes may be controlled by host software.
A total of 45 registers exist which occupy only 32 consecutive locations. This is accomplished by selectable mapping of the
last eight 16-bit locations, via map select bits in the BUS.CNTL Register. These bits select the register set (shown in Table 3)
to be mapped to locations 0x08 through 0xOF.

The registers are accessible through port A, and are selected by pins AA3-AAQ during programmed I/O read and write cycles
(see Figure 1).

RMAP2 RMAP1 RMAPO SELECTED REGISTER BLOCK
0 0 0 Source DMA Parameters
0 0 1 Destination DMA Parameters
0 1 0 Workspace DMA Parameters
0 1 1 Engine Parameter Registers
1 0 0 Lookup Table Registers (low bank)
1 0 1 Lookup Table Registers (high bank)

Table 3. Register Select Bits - BUS.CNTL Register.

REGISTER
ADDRESS 15 3 7 0
Base + 0 CONTROL
+1 INTERRUPT.MSK
+2 INTERRUPT.STATUS
+3 BUS.CNTL
+4 REFRESH.B REFRESH.A
+5 reserved
+6 reserved
+7 reserved
+8 b e e e e i
+9 ! !
e e —————— - ———— - 1
+A | |
e o e e - 1
+B 1 |
e - ———— 1
+C | 1
+D } :
+E [_ ______________________ :
+F L ______________________ !

Figure 1.  Bt701 Registers.
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Bt710

Internal Registers (continued)

CONTROL Register

The CONTROL Register contains several control bits as
shown in Figure 2 below:

15 MSB RUN

14 SCALE

13 ROTATE
12 R_VAL1

11 R_VALO
10 PIXEL_MODE
9 PIXEL_LEN1
8 PIXEL_LENO
7 -

6 -

5 -

4 _

3 -

2 -

1 TEST
OLSB RESET

Figure 2. CONTROL Register.

The bits in the CONTROL register have the following
meanings:

Bit 15 RUN. This bit enables/disables Bt710
operation.

0 - Bt710 halted
1 - Bt710 start operations

Bit 14 SCALE. This bit enables or disables image
scaling.

0 - Disable scaling
1 - Enable scaling

Bit13

Bit12,11

Bit 10

Bit9,8

Bit1

Bit0

ROTATE. This bit enables or disables image
rotation.

0 - Disable rotation
1 - Enable rotation

RVAL1,RVALOQ. These bits select the
clockwise rotation value for the Bt710.

b'00' - none
b'01’ - 90°

b'10' - 180°
b'11' - 270°

PIXEL_MODE. This bit selects the format
of multi-bit pixels when output from the
Bt710.

1 - Packed pixels
0 - Plane pixels

PIXEL_LEN1,PIXEL_LENO. These bits
determine the number of bits to be extracted
from the look-up table.

b'00’ - 1 bit per pixel
b'01" - 4 bits per pixel
b'10' - 8 bits per pixel
b'11" - reserved

TEST. This bit reserved for manufacturing
tests.

RESET. This bit provides a software reset
function. After writing one to this bit, the 710
is reset, put in a halted state, and then this bit
is automatically cleared.
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Internal Registers (continued)

INTERRUPT.MSK Register

The INTERRUPT.MSK register is used to control the
masking and generation of hardware interrupts presented

on the INT* pin (see Figure 3).
15 MSB MIE
14 SRC_HLT_MSK
13 DST_HLT_MSK
12 SBA_MSK
11 DBF_MSK
10 -
9 -
8 -
7 —_
6 -
5 -
4 _
3 -
2 —
1 -
OLSB -

Figure 3. INTERRUPT.MSK Register.

The bits in the INTERRUPT.MSK register have the
following meanings:

Bit15 MIE. This bit provides a master interrupt
enable for all interrupts.

0 - Disable all interrupts
1 - Enable all interrupts

Bit14  SRC_HLT_MSK. This bit controls the
masking of source DMA done interrupts.

0 - Disable this interrupt
1 - Enable this interrupt

Bit13  DST_HLT_MSK. This bit controls the
masking of destination DMA done interrupts.

0 - Disable this interrupt
1 - Enable this interrupt

Bit12 SBA_MSK. This bit controls the masking of
source buffer available interrupts.

0 - Disable this interrupt
1 - Enable this interrupt
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Bit11 DBF_MSK. This bit controls the masking of
destination buffer available interrupts.

0 - Disable this interrupt
1 - Enable this interrupt

INTERRUPT.STATUS Register

The INTERRUPT.STATUS register is a read-only
register which reports the cause of interrupts (Figure 4).
Alternatively, this register may be polled under software
control. Writing any value to this register causes the
interrupt condition to be cleared.

15 MSB SRC_HLT
14 DST_HLT
13 SBA
12 DBA
11 -

10 -

9 -

8 -

7 -

6 -

5 -

4 -

3 p—

2 -

1 -
OLSB -

Figure 4. INTERRUPT .STATUS Register.
The bits in the INTERRUPT.STATUS register have the
following meaning:

Bit15  SRC_HLT. This bit indicates if the source
DMA channel is done.

0 - Source DMA active
1 - Source DMA halted

Bit14  DST_HLT. This bit indicates if the destination
DMA channel is done.

0 - Destination DMA active
1 - Destination DMA halted
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Bt710

Internal Registers (continued)

Bit13  SBA. This bit indicates if the source buffer is
available for additional data. It is equivalent to
the pin by the same name.

0 - Source buffer not available
1 - Source buffer available

BUS.CNTL Register

The BUS.CNTL register provides bits for controlling
refresh operations, address multiplexing on both Port A
and Port B, and shadow register mapping (see Figure 5).
The bits in the BUS.CNTL register have the following
meanings:

15 MSB RAMSIZE_B_1
14 RAMSIZE_B_0
13 RAMSIZE_A_1
12 RAMSIZE_A_O
11 REFRESH_B
10 REFRESH_A
9 -

8 -

7 -

6 -

5 -

4 -

3 -

2 RMAP2

1 RMAP1
OLSB RMAPO

Figure 5. BUS.CNTL Register.

Bit 15,14 RAMSIZE_B_1,RAMSIZE_B_0. These bits
define the size of the external DRAM on Port
B. They affect address multiplexing as shown
in Table 1.

b'00' - 64K x 4 DRAM
b'01' - 256K x 4 DRAM
b'10' - 4M x 4 DRAM

Bit 13,12 RAMSIZE_A_1,RAMSIZE_A_0. These bits
define the size of the external DRAM on Port
A. They affect address multiplexing as shown
in Table 1.

b'00' - 64K x 4 DRAM
b'01' - 256K x 4 DRAM
b'10' - 4M x 4 DRAM

Bit11  REFRESH_B. This bit enables refresh for
DRAM on Port B. When refresh is enabled, the
Bt710 performs DRAM initialization prior to
beginning refresh operations.

0 - Disable refresh on Port B
1 - Enable refresh on Port B

Bit 10 REFRESH_A. This bit enables refresh for
DRAM on Port A. When refresh is enabled, the
Bt710 performs DRAM initialization prior to
beginning refresh operations.

0 - Disable refresh on Port A
1 - Enable refresh on Port A

Bit2-0 RMAP2,RMAP1,RMAPO. These bits control
the mapping of registers to the last eight
locations of the Bt710 register map (see Table
3).

REFRESH A Register

The REFRESH.A register selects the refresh interval the
Bt710 will use if DRAM refresh has been enabled for
Port A. The refresh interval is given by the following
equation:

Interval (ns) = 4 « CLOCK cycle time « REFRESH.A
REFRESH.B Register
The REFRESH.B register selects the refresh interval the
Bt710 will use if DRAM refresh has been enabled for

Port B. The refresh interval is given by the following
equation:

Interval (ns) = 4 « CLOCK cycle time « REFRESH.B
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Internal Registers (continued)

Source DMA Channel Registers The bits in the SRC.CNTL register have the following
meanings:
The source DMA channel registers are selected via the
RMARP bits of the BUS.CNTL register (Figure 6). Bit7 SBF. This bit is intended as a software
handshake bit which can be used in lieu of the
pin by the same name.

ADDRESS REGISTER 0 - Source buffer is not full
15 8 7 0 1 - Source buffer is full
Base +8 SRCONTL | _SRC.ADR: Bit64 STRIP2-STRIPO. These bits select the size, in
+9 SRC.ADR.1 image lines, of the strip buffer for the source
+A _ l SRC.ADR.2 data. These bits have the following encode:
+B SRC.ADR2 b'000' - Strip Mode Disabled
+C SRC.PITCH b'001' - 32 line strip buffer
+D SRC.LINE.LEN b'010' - 64 lu}e Stl‘l]? buffer
b'011' - 128 line strip buffer
+E SRC.LINECNT b'100' - 256 line strip buffer
b'101' - 512 line strip buffer
b'110' - 1024 line strip buffer
Figure 6. Source DMA Channel Registers. b'111' - 2048 line strip buffer
Bit2  PORT. This bit selects to which port the source
DMA will occur.
SRC.CNTL Register 0 - Map source DMA on Port A

1 - Map source DMA on Port B

This register provides additional control information for

source DMA operations (Figure 7). Bit 1,0 SRC_ORDI1, SRC_ORDO. These bits define the
bit and byte order of source data. See Figure 8.

BIT Byte 0 Byte 1
15 8 7 0
7MSB SBF 500" l MSB I ISB I
6 STRIP2
7 0 15 8
STRIP1
; vor | LSB [ MSB ]
4 STRIPO
3 - 0 7 8 15
N PORT b1 | MSB | LSB |
1 SRC_ORD_1 8 15 0 7
0 SRC_ORD_0 b1 | MSB | LSB |
Figure 7. SRC.CNTRL Register. Figure8. SRC_ORDER Decode.
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Bt710

Internal Registers (continued)

SRC.ADR.I Register

The SRC.ADR.1 register contains the starting address of
the first of two source buffers if strip mode is selected
via the STRIP bits of the SRC.CNTRL register. If strip
mode is not selected, then this register contains the
normal starting address for source DMA operations. The
least-significant bit of the address provides an address
resolution of one 16-bit word.

SRC.ADR.2 Register

The SRC.ADR.2 register contains the starting address of
the second of two source buffers if strip mode is selected
via the STRIP bits of the SRC.CNTL register. If strip
mode is not selected, then this register is ignored. The
least-significant bit of the address provides an address
resolution of one 16-bit word.

SRC.PITCH Register
The SRC.PITCH register contains the pitch of the frame

buffer containing the source image. Pitch is the distance
in words from one line to the next.

SRC.LINE.LEN Register

The SRC.LINE.LEN register specifies the line length of
the source image. This parameter is the line length
expressed in words.

SRC.LINE.COUNT Register

The SRC.LINE.COUNT register defines how many lines
are contained in the source image. When the number of
lines (as specified by this register) has been read by the
Bt710, source DMA halts.

Destination DMA Channel Registers

These registers provide additional information for
destination DMA operations (Figure 9).

TER
ADDRESS RESIS7 0
Base + 8 DSTCNTL |  DST.ADR.1

+9 DST..ADR.1

+A - I -

+B -

+C DST.PITCH

+D DST.LINELLEN

+E DST.LINE.CNT

+F PLANE.PITCH

Figure 9. Destination DMA Channel Registers.
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Internal Registers (continued)

DST.CNTL Register Bit2  PORT. This bit selects to which port the
destination DMA operations will be mapped.
This register provides additional control information for
destination DMA operations (Figure 10). 1 - Destination DMA mapped to Port B
' 0 - Destination DMA mapped to Port A

BIT
Bit1,0 DST_ORD1, DST_ORDO. These bits define
7MSB DBA the bit and byte order of destination data (see
Figure 11).
6 STRIP2
5 -
4 _
3 - BYTEO BYTE 1
2 PORT 15 8 17 0
1 DST_ORD_1 b0 | MsB ] LSB |
0 DST_ORD_0 7 0 15 8
vor | LSB | MSB J
Figure 10. DST.CNTL Register. 0 7 8 15
v10 | MSB | LSB |
The bits in the DST.CNTL register have the following 8 15 0 7
meanings: b1 | MSB | LSB ]

Bit7 DBA. This bit is intended as a software

handshake bit which can be used in lieu of the
pin by the same name. Figure 11. DST_ORDER Decode.

0 - Destination buffer not available.
1 - Destination buffer available.
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Bt710

Internal Registers (continued)

DST.ADR.1 Register

This register contains the normal starting address for
destination DMA operations. The least-significant bit of
the address provides an address resolution of one 16-bit
word.

DST.PITCH Register

The DST.PITCH register contains the pitch of the frame
buffer in words. Pitch is the distance in words from one
line to the next.

DST.LINE.LEN Register

The DST.LINE.LEN register specifies the line length of
the destination image. This parameter is the line length
expressed in words.

DST.LINE.COUNT Register

The DST.LINE.COUNT register defines how many lines
are contained in the destination image. When the number
of lines (as specified by this register) has been written by
the Bt710, destination DMA halts.

PLANE.PITCH Register

This register specifies the pitch between bit planes when
the Bt710 performs bit plane writes of 4-bit or 8-bit
pixels. This parameter is the offset in words on a 32-word
boundary (the five least-significant bits are not specified
and assumed to be zero). For example, a value of 0x0001
for this parameter specifies a 32-word offset between
consecutive bit planes. The actual offset is given by 32*
PLANE.PITCH.

Workspace DMA Channel Registers

These registers provide additional information for
workspace DMA operations (Figure 12).

ADDRESS REGISTER
15 8 7 0
Base + 8 WORK.CNTL WORK.ADR
+9 WORK.ADR
FA WORK.LINE.LEN
Figure 12. Workspace DMA Channel Registers.
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Internal Registers (continued)

WORK.CNTL Register

This register provides additional control information
for workspace DM A operations (Figure 13).

BIT

7MSB REMOTE
6 PORT

5 —

4 —

3 —

2 —

1 —

0 —

Figure 13. WORK.CNTL Register.

The bits in the WORK.CNTL register have the following
meanings:

Bit7 REMOTE. This bit specifies whether the bus
request should be local or remote (state of
REQ1* and REQO* during arbitration).

0 - local request
1 - remote request

Bit 6 PORT. This bit selects to which port the
workspace DMA operations will be mapped.

0 - Workspace DMA mapped to Port A
1 - Workspace DMA mapped to Port B
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WORK.ADR Register

This register contains the starting address of the
workspace buffer. This address is 24 bits and is a word
address parameter.

WORK.LINE.LEN Register

The WORK.LINE.LEN register specifies the number of
words per line in the workspace buffer.

Engine Parameter Registers

The Engine Parameter registers provide additional
information with regard to pixel-aligned block transfer
operations on the destination buffer (Figure 14).

ADDRESS

Base + 8
+9
+A

REGISTER

15

8 7

BLT.FNCTS

GREY.ADJ

SRC.MARGINS

DST.MARGINS

NVAL

MVAL

Figure 14. BLT Parameter Registers.
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Internal Registers (continued)

BLT.FNCTS Register GRAY.ADJ Register
This register contains 4 bits which define the logical The GRAY.ADJ register contains bits which control the
operation between the output image and the existing gray scale output from the scaler (Figure 16).
contents of the destination buffer (Figure 15 and Table
4).
BIT BIT
15 MSB BLT_FNCT_3 7MSB SELECT2
14 BLT_FNCT_2 6 SELECT1
13 BLT_FNCT_1 5 SELECTO
12 BLT_FNCT_0 4 GAIN4
11 - 3 GAIN3
10 - 2 GAIN2
- 1 GAIN1
8 - OLSB GAINO
Figure 15. BLT.FNCTS Register. Figure 16. GREY.ADJ Register.
SRC.MARGINS Register
3 2 1 0 FUNCTION The SRC.MARGINS register specifies a left and right
margin offset into the 16-bit word at the start and end of
0 0 0 0 0 each line (Figure 17).
0 0 0 1 s ANDd
0 0 1 0 s ANDNOT d
0 0 1 1 s
0 1 0 0 NOT s ANDd BIT
0 1 0 1 d
0 1 1 0 sXORd 15 MSB SRC_LM3
0 ! 1 1 sORd 14 SRC_LM2
1 0 0 0 NOT s AND NOT d 1
1 0| o 1 | sXNORd 13 SRC_LM
1 0 1 0 NOTd 12 SRC_LMO
1 1 0 0 NOT s
1 1 0 1 NOTs ORd 10 SRC_RM2
1 1 1 0 NOT s OR NOTd 9 SRC_RM1
1 1 1 1 1 8 LSB SRC_RMO
Table 4. BLT.FNCTS Operations. Figure 17. SRC.MARGINS Register.
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DST.MARGINS Register NVAL Register
The DST.MARGINS register specifies a left and right The NVAL register contains the numerator portion of
margin offset into the 16-bit word at the start and end of the N/M scale factor. This 4-bit value is left justified
each line (Figure 18). within the byte (MSB is equal to bit 15, LSB is equal to
bit 12). The full scale factor is given by:
BIT
SCALE FACTOR (%) = N/M « 100
7MSB DST_LM3 N must be in the range from 2 through 15.
6 DST_LM2
5 DST_LM1 MVAL Register
4 DST_LMO The MVAL register contains the denominator portion of
3 DST_RM3 the /M scale factor. This 4-bit value is right justified
2 DST RM?2 within the byte (MSB is equal to bit 3, LSB is equal to
. DST:RMI bit 0). The full scale factor is given by :
OLSB DST_RMO SCALE FACTOR (%) =N/M « 100
M must be in the range from 2 through 31.
Figure 18. DST.MARGINS Register. Lookup Table Regis[ers
The lookup table registers specify the content of the
lookup table used to map the 4 bits of scaler output to
1-, 4-, or 8-bit pixels (Figures 19 and 20). There are 16
eight-bit registers.
When 1 bit is extracted from each table location, the bit
taken is the most-significant bit. When 4 bits are
extracted from each table location, the 4 least-significant
bits are taken.
These registers are selected via the RMAP bits of the
CONTROL.1 register.
ADDRESS REGISTER ADDRESS REGISTER
15 8 7 0 15 8 7
Base +8 reserved LUT.O Base + 8 reserved LUT.8
+9 reserved LUT.1 +9 reserved LUT.9
+A reserved LUT.2 +A reserved LUT.10
+B reserved LUT3 +B reserved LUT.11
+C reserved LUT4 +C reserved LUT.12
+D reserved LUT.5 +D reserved LUT.13
+E reserved LUT.6 +E reserved LUT.14
+F reserved LUT.7 +F reserved LUT.15
Figure 19. Lookup Table Registers Low. Figure 20. Lookup Table Registers High.
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Pin Name

AA<9-0>

ARAS*

ACAS*

AXAL*

AD<15-0>

ADS*

ACS*

AR/W*

ARDY*

AGNT*

AREQ1*

AREQO*

o

1/0

OouT

ouT

ouT

I/0

1/0

/o

/0

ouT

ouT

Description

Port A Address Bus. Pins AA9 (MSB) through AAOQ (LSB) comprise a triple multiplexed
address bus. The first phase is termed the extended address cycle. The next two phases are
termed the RAS and CAS DRAM cycles. On the falling edge of AXAL*, AA9-AAO contain
the extended address bits. On the falling edge of ARAS*, AA9-AAQ contain the row address.
On the falling edge of ACAS*, AA9—-AAOQ contain the column address. During programmed I/O
operations, AA3—-AAQ are inputs and select the internal register to be read or written by the
MPU. When DMA is not active, this bus is high-7.

Port A Row Address Strobe. This pin is asserted when the row address has been placed on
AA9-AAQ. When DMA is not active, this pin is high-7.

Port A Column Address Strobe. This pin is asserted when the column address has been placed
on AA9-AAOQ. When DMA is not active, this pin is high-7.

Port A Extended Address Latch Enable. This pin is asserted when an extended address cycle is
performed to output the high-order address bits on AA9-AA0. AXAL is activated prior to the
first cycle of each DMA transfer and thereafter as necessary (whenever the extended address
changes). The number of bits which are output on an extended cycle depends upon the DRAM
size specification provided in the CONTROL.2 register. The Bt710 will always output 24 bits
of address in a triple multiplexed fashion. This output is never put in high-7 state.

Port A Data Bus. These pins comprise the 16-bit bi-directional data bus. AD15 is the
most-significant bit and ADO is the least-significant bit. When DMA is not active, this bus is
high-7.

Port A Data Strobe. During DMA operations, this pin is an output and is asserted when output
data will be placed on the data bus during DMA writes. It is asserted during DMA reads to
indicate to the slave device that input data may be placed on the data bus. During bus slave
operations, this pin is an input and should be asserted when write data is valid or when read data
should be output on the data bus.

Port A Chip Select. This pin, when active-low, enables access to the internal registers.

Port A Read Not Write Strobe. During DMA operations, this pin is an output. During
programmed I/O operations, this pin is an input. During bus cycles, this signal differentiates
between read and write cycles.

Port A Ready. During DMA operations, this pin is an input. During bus slave operations, this
pin is an output. This signal is asserted to indicate that the current bus cycle may be completed.
If not asserted prior to first being sampled by the Bt710, wait states will be added to the current
DMA cycle.

Port A Bus Grant. This pin is an input which grants the Bt710 access to the bus.

Port A Bus Request 1. This pin, in conjunction with AREQO*, requests access to the Port A and
remains active until AGNT* is asserted. The encode for AREQ1* and AREQO* is shown in
Table 2.

Port A Bus Request 0. This pin is the second of two encoded bus requests output when access to
Port A is requested. Table 2 lists the encode for these two bus requests.
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Pin Name

AOWN

BA<9-0>

BRAS*

BCAS*

BXAL*

BD<15-0>

BDS*

BR/W*

BRDY*

BGNT*

BREQ1*

BREQO*

3-220

/o

OouT

ouT

ouT

ouT

ouT

o

ouT

ouT

ouT

ouT

Description

Port A Bus Owned. This output goes active-high during DMA cycles to indicate to external
devices that the Bt710 has control of the Port A bus. When DMA is not active, this pin is
high-7.

Port B Address Bus. Pins BA9 (MSB) through BAO (LSB) comprise a triple multiplexed
address bus. The first phase is termed the extended address cycle. The second two phases are
termed the RAS and CAS DRAM cycles. On the falling edge of BXAL*, BA9-BAO contain the
extended address bits. On the falling edge of BRAS*, BA9-BAO contain the row address. On
the falling edge of BCAS*, BA9-BAO contain the column address. When DMA is not active,
this pin is high-7.

Port B Row Address Strobe. This pin is asserted when the row address has been placed on
BA9-BAO.

Port B Column Address Strobe. This pin is asserted when the column address has been placed
on BA9-BAOQ. When DMA is not active, this pin is high-7.

Port B Extended Address Latch Enable. This pin is asserted when an extended address cycle is
performed to output the high-order address bits on BA9-BAO. BXAL* is activated prior to the
first cycle of each DMA transfer and thereafter as necessary (i.e., whenever an increment of the
DMA address counter causes a carry out of the lower bits). The number of bits which are output
on an extended cycle depends upon the DRAM size specification provided in the control
register. The Bt701 will always output 24 bits of address in a triple multiplexed fashion. This
output is never put in a high-7 state.

Port B Data Bus. These pins comprise the 16-bit bi-directional data bus. BD15 is the
most-significant bit and BDO is the least-significant bit. When DMA is not active, this bus is
high-7.

Port B Data Strobe. During DMA operations, this pin is an output and is asserted when output
data will be placed on the data bus during DMA writes. It is asserted during DMA reads to
indicate to the slave device that input data may be placed on the data bus. When DMA is not
active, this bus is high-7.

Port B Read Not Write Strobe. This pin differentiates between read and write cycles. When
DMA is not active, this pin is high-7.

Port B Ready. During DMA operations, this input is asserted to indicate that the current bus
cycle may be completed. If not asserted prior to first being sampled by the Bt710, wait states
will be added to the the current DMA cycle.

Port B Bus Grant. This pin is an input which grants the Bt710 access to the bus.

Port B Bus Request 1. This pin, in conjunction with BREQO*, requests access to the Port B and
remains active until BGNT* is asserted. The encode for BREQ1* and BREQO* is shown in
Table 2.

Port B Bus Request 0. This pin is the second of two encoded bus requests output when access to
port B is requested. Table 2 lists the encode for these two bus requests.
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Pin Name

BOWN

SBF*

SBA*

RESET*

CLOCK

TEST*

VDD

VSS

o

ouT

ouT

ouT

Description

Port B Bus Owned. This output goes active-high during a DMA cycle to indicate to external
devices that the Bt710 has control of the Port B bus. When DMA is not active, this pin is
high-7.

Source Buffer Full. This input is from an external processor such as the Bt701 which, when
driven low, indicates that the next available source buffer is full. This input must stay low
until the SBA* output is driven low. When strip mode is not enabled, this input is ignored.

Source Buffer Available. This output is driven low when the SBF* has been sampled low and
the next available source buffer is available to the external processor. This output remains low
until the SBF* input is sampled high. When strip mode is not enabled, this output remains high.

Interrupt. This active-low output indicates a request by the Bt701 for interrupt servicing by the
host processor. The interrupt reason and interrupt enable/disable may be controlled via the

register interface on the Bt710.

Reset. When driven low, the Bt710 operation is halted and put into a known state. This pin
contains an internal pull-up resistor.

External clock input. This input supplies the internal clock signal for timing the Bt701 state
machines and bus timing. This clock is 2x the internal clock.

Test Pin. This pin is intended for manufacturing tests and should be left disconnected in normal
use. This pin contains an internal pull-up resistor causing the input to remain high when

unconnected.

Power supply. All VDD pins must be connected to a common power supply system. This
supply is nominally 5V.

Ground Connections. All VSS pins must be connected to the common ground system.
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Signal

AD9
VSS
AD10
AD11
ADI12
AD13
\AN
VDD
AD14
AD15
AAQ
AA1
AN
AA2
AA3
AA4
AAS
AA6
VSsS
VDD
AA7
AA8
AA9
ADS*
ARAS*
VSS
ACAS*
AXAL
n/c
n/c
n/c
n/c
AR/W*
VDD
ARDY*
AOWN
VSS
AREQ1*
AREQO*
INT*
VSs
CLK
VDD
TEST
ACS*
AGNT*

Pin
Number

C3
B2
Al
D3
C2
B1
C1
E3
D2
D1
E2
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Signal

SBF*
RESET*
n/c
VDD
BRDY*
BGNT*
VSS
n/c
SBA*
VSS

BREQO*
BREQI*

Pin
Number

N8
M8

N9

P10
N10
M10
P11
N11
Mi1
P12
N12
P13
Mi2
N13
P14
Ni14
Mi13
L12
Mi14
L13
L14
K12
K13
K14
J12
ns3
J14
Hi12
H13
H14
G14
G13
G12
F14
F13
F12
El4
E13
E12

Signal

BD10
VSS
BD9

nj/c
n/c
nj/c
n/c
n/c
n/c

VDD
VDD
BD8
BD7
BD6
VSS
BDS

BD3
VSs
BD2
BD1

VDD

Vss
VSS
VDD
VDD

Number

D14
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Pin Descriptions (continued)

14 ne ne nc  BDIO BDI3 BDIS BAl VSS BA4 VSS BAS BDS* BCAS* BXAL
13 VDD nc nc Vss BD12 BDl14 BAO BA2 BAS YDD BA9 Vss nc nc
12 |BD7 VDD nc BD9 BDIl VDD VSS BA3 BA6 BA7 BRAS* nc BRW* VDD
FOREVALUATIVE ,, |y« mps  mos BOWN BREQ! BREQO
PURPOSES ONLY.
Contact the Factory 10 | B3  Bp4  BDS VSS  SBA* o
for Final Pin Out.
BDI  BD2  VSS Bt7 10 VSS BGNT* BRDY*
s Jvop vss BDO VDD  nc  RESET*
7 JADo  AD1  vss (TOP VIEW) ACS* AGNT* SBF*
6 |Ap2 ap3  vDD QK VDD TEST
5 JAp4 AD5S  vss AREQO0 INT*  VSS§
4 AD6 AD7 VDD ARDY* VSS AREQl
3 | AD8 nc AD9 ADIl VDD AAl  AA4 VSS VDD ADS* AXAL nc VDD AOWN
2 e VSS ADI2 ADI4 AA0  AA2  AAS  VSS VDD AAS8  VSS  mc e ARW*
1 @ AD13  VSS ADIS VSS AA3  AA6 VSS VDD AA7  AA9 ARAS* ACAS* o
A B c D E F G H ] K L M N P
14 |BXAL BCAS* BDS* BAS VSS BA4 VSS BAl BDI5S BDI3 BDI0 nc nc ne
alignment
marker 13 ne nc  VSS BA9 VDD BAS BA2 BA0 BDI4 BDI2 VSS nc nc VDD
(on top)
12 VDD BR/W* nc BRAS* BA7 BA6 BA3 Vss VDD  BDI1 BDY nc VDD BD7
11 [BREQ0 BREQ! BOWN BD8 BD6  VSS
FOR EVALUATIVE
PURPOSES ONLY. 10 e SBA*  VSS BDS BD4 BD3
Contact the Factory
. . BRDY* BGNT* VSS Vss BD2 BD1
for Final Pin Out.
8 |RESET* nc VDD (BOTTOM VIEW) BDO VSS VDD
7 | sBF* AGNT* ACs* VSS ADl  ADO
6 JTEST VDD axk VDD AD3  AD2
s | vss INT* AREQO VSS  AD5  AD4
4  JAREQ1 VSS ARDY* VDD AD7  ADS
3 JAOWN VDD nc AXAL ADS* VDD VSS AA4 AAl VDD ADIl AD9  nc  ADS
2 JAaRW* e e VSS AA8 VDD VSS AAS AA2 AA0 ADI4 ADI2 VSS e
1 nc  ACAS* ARAS* AA9 AA7 VDD VSS AA6 AA3  VSS ADIS VSS ADI3 @
P N M L K ] H G F B D c B A
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Bt710 Parameters and Data Structures

Source DMA Parameters

Figure 21 illustrates the parameters used by the Bt710
for source DMA operations.

The SRC.PITCH parameter, specified in the register by
the same name, defines the pitch of the frame buffer
from which the source image is to be read. This
parameter is the distance in words to the next line.

The SRC.ADR.1 parameter is a 24-bit address pointer to
the first word of the source image. This parameter is
specified in the register by the same name. Note that the
source image must be specified on a word boundary.

SRC.LM

The SRC.LINE.LEN parameter specifies the length of
the source image line in 16-bit words. This parameter is
specified in the register by the same name.

The SRC.LM and SRC.RM parameters specify the left
and right margin offsets respectively. These parameters
are found in the SRC.MARGINS register. See the
description for DST.LM and DST.RM in the next
section.

The SRC.LINE.COUNT parameter specifies the total
number of raster lines in the source image. This
parameter is specified in the register by the same name.

SRC.PITCH |

SRC.ADR.1

SRC.LINE.LEN

|_— SRC.RM

1

le———— SRC.LINE.COUNT ———— / /
)
L]

IMAGE
TO BE PROCESSED
BY THE Bt710

FRAME BUFFER

Figure 21. Source X-Y DMA Parameters.
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Destination DMA Parameters

Figure 22 illustrates the parameters used by the Bt710
for destination DMA transfers. The destination DMA
channel is capable of full bit-aligned block transfer to a
destination frame buffer.

The DST.PITCH parameter specifies the pitch of the
frame buffer that will contain the destination image. The
parameter is specified in the register by the same name.
DST.PITCH is expressed in words.

The DST.ADR.1 parameter is a 24-bit address pointer to
the first word of the destination image. This parameter is
specified in the register by the same name. When
rotation is performed, DST.ADR.1 points to the first
word of the image.

The DST.LM parameter specifies the left pixel offset in
the word pointed to the DST.ADR.1 in which the image
is to be placed. This is illustrated in Figure 23. This
parameter allows images to be placed on pixel
boundaries in the destination frame buffer. The DST.LM
parameter is contained in the DST.MARGINS register.
If the output pixels are packed 4-bit or 8-bit pixels, the
DST.LM register must be on a 4-bit or 8-bit boundary as
appropriate. Other values in this case will cause
unpredictable operation.

The DST.LINE.LEN parameter specifies the number of
words in one output line. This parameter is specified in
the register by the same name.

If a DST.LINE.LEN parameter is specified which is not
equal to the line length as a result of scaling and
rotation, then unpredictable operation will occur.

DST.LM \} DST.PITCH l
DST.ADR.1 —— DST.LINELEN |_— DST.RM
\
[ LI 1
% IMAGE
3 TO BE WRITTEN
= BY THE B(710
=~
3
[ 7]
(o)
FRAME BUFFER

Figure 22. Destination X-Y DMA Parameters.

If DST.LM == Image Data ==

Word Pointed to by
DST.ADR.1

15 16-bit Word 0

Figure 23. DST.LM Parameter.
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The DST.LINE.COUNT parameter specifies the total
number of lines in the output image. If the end of image
occurs before DST.LINE.COUNT occurs, Bt710
processing halts. If DST.LINE.COUNT is reached
before the end of image occurs, the remaining lines of
the output image are discarded.

The DST.RM parameter specifies the pixel boundary on
the end of image as shown in Figure 24. The DST.RM
parameter is contained in the DST.MARGINS register.

If 4-bit or 8-bit packed pixels are output, then the
DST.RM parameter must be specified on a 4-bit or 8-bit
boundary respectively. Other values will cause
unpredictable operation.

| Image Data I DST.RM I

Word at End of
Line

15 16-bit Word 0

Figure 24. DST.RM Parameter.

Bt710 Buffer Options

The Bt710 functions with a source buffer, a destination
buffer, and a workspace buffer. The workspace buffer is
only needed when both scaling and rotation are to be
performed on the source image.

<5

These buffers can be independently mapped to either of
the two bus ports on the Bt710. Figure 25 illustrates the
basic configuration where all three buffers are mapped
on one port.

Alternately, the Bt710 may be operated as a two-port
device.  Typically, the source image buffer and
workspace buffer will be mapped to one port and the
destination image buffer will be mapped to the second
port. This example is shown in Figure 26.

SQURCE
BUFFER
< Bt 710
DESTINATION RASTER
BUFFER ACCELERATOR
WORKSPACE
BUFFER

Figure 25. Single Port Configuration.

SOURCE

BUFFER

WORKSPACE
BUFFER

ACCELERATOR

Bt 710 DESTINATION
RASTER BUFFER

Figure 26. Dual Port Configuration.
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Strip DMA Operation

The STRIP2-0 bits in the SRC.CNTL register enable a
special case of DMA called Strip DMA Mode. This
mode facilitates efficient transfer of image data to the
Bt710 by allowing image data to be passed to the Bt710
in small buffers called "strips.” Thus, if the image is to
be scaled or manipulated in some fashion, it need not be
completely stored in memory before beginning Bt710
operation.

Figure 27 illustrates strip buffer usage on the source.

When the source DMA channel has been programmed
for strip DMA mode (STRIP2-STRIPO bits in the
control register non-zero), the channel performs a type

of circular chained DMA operation. When DMA has
been completed to one buffer, the channel chains to the

MEMORY

(T~

STRIP

SRC.ADR.1

second buffer. After the second buffer is read, DMA
chains back to the first buffer. However, before DMA
operations begin to a buffer, a handshake is performed
by two pins on the bus interface or bits in a register to
assure buffer availability. The size of the strip buffers is
controlled by the STRIP2-STRIPO bits (see the
SRC.CNTL register).

Since there are two buffers, a pipeline operation may be
configured if the two buffers are individually banked, or
if the buffers are dual ported as would be the case if dual
port vidleo DRAM (VRAM) were used. Thus, while an
external processor is filling one buffer, the Bt710 can be
reading and processing the second buffer.

The handshake which occurs between an external

processor is through two pins. The use of these two pins
with the external hardware is shown in Figure 28.

r\_/

BUFFER A

STRIP .
BUFFERB "

Bt710

DESTINATION
FRAME
BUFFER

/\_/

\— SRC.ADR.2

/\/

Figure 27. Bt710 with Strip Buffers.

External
Hardware

SBF*

Bt710

SBA* [

SBF*

SBA*

Figure 28. Strip Handshake with the
External Hardware.
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The Source Buffer Full (SBF*) output of the external
hardware indicates to the Bt710 that the current source
buffer has been filled and is available for processing.
The Source Buffer Available (SBA*) output from the
Bt710 tells the external hardware that the next buffer is
empty and should be filled. These two pins are level
sensitive and have the relationship shown in Figure 29.

Pixel Format

The Bt710 supports 1-bit monochrome, and 4-bit and
8-bit gray scale output pixels. Two formats are used to
store these pixels: packed pixels and plane pixels. Either
mode is selectable via the PIXEL_MODE bit of the
CONTROL register. Note that packed and plane formats
are the same for monochrome output.

Packed Pixels

A packed pixel is one in which each bit of the pixel is
contained in the same memory word. If 4 bits per pixel
are output from the Bt710, then 4 pixels are contained in
each 16-bit word. If 8 bits per pixel are output from the
Bt710, then 2 pixels are contained in each 16-bit word.
This is illustrated in Figure 30.

SBF*

SBA*

The order in which pixels are packed into words can be
controlled via the DST_ORD bits of the DST.CNTL
register and the on-chip look-up table.

Plane Pixels

Plane pixels separate each significant bit of the pixel
into a separate bitmap. Frame buffers are often
organized this way to allow incremental increases in the
pixel depth via additional plane memory.

Figure 31 illustrates a 4-bit plane pixel. The Bt710
buffers 16 pixels internally, prior to beginning DMA
writes to the frame buffer. When DMA writes occur,
four 16-bit words are written to the frame buffer, one to
each bit plane.

The DST.ADR.1 register points to the first bit plane.
The Bt710 uses the PLANE.PITCH register to calculate
the offset to the subsequent bit planes.

When 8 bit pixels are output, the operation is similar to
that shown in Figure 31, with the exception that eight
words are written to eight pixel planes.

Figure 29. SBF*/SBA* Handshake.
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MSB LSB
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OUTPUT
WORD

4-BIT
PIXEL PIXEL 0 PIXEL 1 PIXEL 2 PIXEL 3

8-BIT
PIXEL PIXEL 0 PIXEL 1

Figure 30. Packed Pixels.

FRAME BUFFER MEMORY
WORDO [
PLANE O
é é PLANE PITCH
J—
Wi
WORD 0 ORD1 B
WORD 1 PLANE 1
PLANE PITCH

WORD 2
WORD 3 _\‘:.J

WORD 2

PLANE 2
PLANE PITCH

‘WORD 3 :J
PLANE 3

Figure 31. Plane Pixels.
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Gray Scale Control

The resultant output from the on-chip scaler is 4 bits of
gray. This output is achieved through several steps.

The scaler engine actually creates a 10-bit gray scale
result, which is converted through a bit selection process
to 5 bits of gray. The 5 bits from the 10-bit word is
user-selectable via the SELECT bits in the GRAY.ADJ
register. When the SELECT bits are set to b'000', the
most significant 5 bits of the 10-bit word are extracted
(see Figure 32).

When the SELECT bits are set to something other than
b'000', they define a left offset into the 10-bit superpixel
from which to extract the 5 bits. Three 'phantom’ bits
exit beyond the LSB of the 10-bit superpixel so that if
the SELECT bits are set to b'110' or greater, the
least-significant bits of the 5-bit extracted value which
overlap the phantom bits are set to zero (see Figure 32).

The 5-bit result obtained (as described above) is then
multiplied by the GAIN4-GAINO bits in the
GRAY.ADJ register. This 5 x 5 multiply results in a
10-bit product. The upper 4 bits of this product are the
final output of the scaler. This is shown in Figure 33.

l-— 10-BIT SUPERPIXEL
MSB LSB

lols]7]6ls

4]3]2

1JoJo] oo

o|s|7]6]s

1]o]o]o]o

SELECT2-0 = b'000

SELECT2-0 = b'111'

Figure 32. SELECT Parameter.

FROM SCALER ENGINE

!

GREY.ADJ 16-BIT SUPERPIXEL
REGISTER

¥ 5-BIT GAIN
GAII‘IIBO I'l%AIN4 SELECTOR

| L

5x5
MULTIPLIER
't 4 BITS (MSB'S)

Figure 33. Gray Scale Generation.
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Table S provides a list of recommended values for the MVAL SELECT GAIN
SEPECT bits and the GA]I‘.I bits of the GRAY.ADJ Register Value Value Value
register for the range of possible values for MVAL, the
. . 2 7 31
denominator portion of the scale factor.
3 6 28
Calculating Workspace Line Length 4 5 31
5 5 20
The WORK.LINE.LEN register must be loaded with the
width of the workspace line length before Bt710 operation 6 4 28
begins. This parameter must be specified properly or un- 7 4 21
predictable operation may occur. 8 3 3
Through simulation tests, the following formula was de- 9 3 25
termined to produce a comect calculation for the 10 3 20
WORK.LINE.LEN parameter: 1 3 17
wil = ((s11+16-slm)enebpp)+(me16-1)) 12 2 28
m-16 13 2 24
where: 14 2 2
15 2 18
wll = workspace line length in words 16 1 31
sll = source line length in words (SRC.LINE.LEN)
slm = source left margin (SRC.LM) 17 1 28
n = scale factor numerator (NVAL) 18 1 25
m = scale factor denominator (MVAL) 19 1 23
bpp = 1 for monochrome output, 4 otherwise
20 1 20
. . 21 1 18
Calculating Workspace Buffer Size 2 1 17
The workspace buffer stores 32 lines of the image. Thus, 23 1 31
the workspace buffer size is determined by the 2 0 28
WORK.LINE.LEN multiplied by 32.
25 0 26
Performance 26 0 24
Figure 34 provides a table of scaling times for various zn 0 3
scale factors. 28 0 21
. : - 29 0 19
The performance depicted is based upon preliminary 8
models of the scaling engine. Future performance reports 30 0 1
will include actual benchmarked values. 31 0 17

The performance of the Bt710 will depend upon:
Table 5. SELECT and GAIN Bit Selection.
1. Scale factor
2. Number of parses required
3. Memory speed
4. Refreshrate
5. Bus accessibility
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Application Information (continued)

Output Scale Scale Time (Seconds)
Input Size Size Factor Bi-level 4-bit 8-bit
2550 x 3300 1024 x 768 730 237 237 237
5100 x 6600 1640 x 1280 4120 756 756 756
10200 x 13200 | 1640 x 1280 2/19 21 21 2.1

2250 x 3300 640 x 480 427 197 197 197
3300 x 5100 1024 x 768 6/30 317 317 317
B 16/24 594 .594 150

c B 16/24 1.346 1.346 1.683

D B 8/16 1346 | 1346 | 1.683

A C 14/7 2.690 2.690 3.366

A A 31/31 594 594 750

Figure 34. Scaling Performance.

Bt710EVK Evaluation Kit

The Bt710EVK is a kit for evaluation of the Bt710 that
contains the Bt710EVM evaluation board, a set of
evaluation software and complete chip and board
documentation.

The Bt710EVM is an add-in board for the PC AT which
contains the Bt710. The board provides a bus master
interface to the PC bus, allowing the Bt710 to access
system RAM through their direct memory access (DMA)
capabilities. :

On-board are 'sockets for up to eight megabytes of

memory, mapped as extended system memory (at or
above the 1M address boundary).

The Bt710EVK allows both hardware and software
designers to evaluate the Bt710's capabilities without the
need for breadboarding.
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ESD and Latchup Considerations

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

All logic inputs should be held low until power to the
device has settled to the specified tolerance.

Latchup can be prevented by assuring 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 assures that any signal pin
voltage will never exceed the power supply voltage by
more than +0.5 V.



Brooktree® Bt710

Recommended Operating Conditions

Parameter Symbol Min Nom Max Units
Supply Voltage VDD 4.75 5 5.25 v
Supply Voltage AAN 0 v
High-level Output Current IOH -400 HA

ARAS*, ACAS*, ADS*, 1.7 mA

AR/W*, ARDY*, AREQ*<1:0>]
Low-level Output Current | BRAS*, BCAS*, BDS*,

BR/W*, BREQ*<1:0>

IOL

AA<9:0>, BA<9:0> 3

All other outputs 2
High-level Input Voltage VIH 2 VCC+.3 A\
Low-level Input Voltage VIL -0.3 0.8 v

ARDY*, AREQ*<1:0> 30 pF

BREQ*<1:0>

SBA*, DBF*, INT*,

AXAL*, BXAL*

ADS*, AR/W*, CL 35
Load Capacitance AOWN, BDS*,

BR/W*, BOWN,

ARAS*, ACAS*, 50

BRAS*, BCAS*

AD<15:0>,BD<15:0>

AA<9:0>, BA<9:0> 65
Operating Free-air TA 0 70 °C
Temperature
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Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units
Supply Voltage 7 v
Input Voltage Range* VS§S-0.3 VCC+.5 A
Output Voltage Range -2 7 v
Operating Free-air Temperature Range TA 0 70 °C

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.

* 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.

DC Characteristics

Parameter Symbol Test Conditions Min  Typ Max Units
High-level output voltage VOH VDD=MIN, IOH=MAX 24 v
Low-level output voltage YOL VDD=MIN, IOL=MAX 0.4 \4
Input leakage current, high ITH VDD=MAX, VIH=MIN 1 LA
Input Leakage current, low IIL VDD=MAX, VIL=MAX -1 HA
Off-state output current 10Z VO=04Vt024V 10 HA
Supply current IDD VDD=MAX, TA=25° 250 mA
Input capacitance CI f=1 MHz, all other inputs 15 pF

at0Vv.
NOTE

Throughout these specifications, the first letter (A or B) is removed from the signal name if the
identical signal on different Bt710 ports has the same behavior. For example, a column address strobe
signal (CAS*) is present on both port A and port B of the Bt710. Since these signals behave
identically, only the generic signal name CAS* will be used.
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CLOCK Timing Parameters (See Note 1 and Figure 35)

No. Parameter Min Max Units
1 | Cycle Time (tc) 19 21
2 | Pulse Width High 6
3 | Pulse Width Low 6 ns
4 | Rise Time 2
5 | Fall Time 2

CLOCK IZ

Figure 35. CLOCK Timing.
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Bus Arbitration Timing Parameters (See Note 1 and Figures 36-37)

No. Parameter Min Max Units
6 Delay time, CLOCK to REQ1*/REQ2* high or low 45
7 Delay time, CLOCK to OWN high 45
8 Delay time, CLOCK to XAL* high 45
9 Delay time, CLOCK to RAS* high 45
10 | Delay time, CLOCK to CAS* high 45
11 | Delay time, CLOCK to R/W*, DS* high 45
12 | Delay time, GNT* low to OWN high 4tc
13 | Delay time, CLOCK to address no longer hi-z. 5 45
14 | Delay time, GNT* low to XAL* high, first memory cycle 8tc ”
(note 4)
15 Hold time, REQ1*, REQO* low after OWN high 0
16 | Hold time, GNT* low after OWN high (note 3) 0
17 Delay time, GNT* high to OWN low, bus release (note 5) 30tc + 3w
18 | Delay time, CLOCK to OWN low, bus release 45
19 | Delay time, CLOCK to address, data, and control hi-z, bus 45
release
20 | Delay time, OWN high to address no longer hi-z tc
21 | Delay time, OWN high to XAL*, RAS*, CAS*, tc
R/W*, DS* driven high or low

Notes:

-

All timing references are to the 0.8 V and 2 V levels.

2. If the GNT* input is taken high prior to state T1 of any cycle, the bus will be released at the end of that
cycle; otherwise the bus release occurs at the end of the next bus cycle unless a refresh operation is
pending. If a refresh is pending, the Bt710 will hold the bus until refresh is complete. If the Bt710 enters
wait states after or when GNT* is taken high, OWN will remain high indefinitely as long as the Bt710 is
in wait states.

3. Once GNT* is asserted to the Bt710, GNT* must remain low until parameter 15 is met.

4. After XAL is driven high, the bus timing is as shown for read, write, or refresh cycles unless this is the
first bus request after enabling DRAM refresh for the first time. In this case, the first bus cycles following
OWN going high will be eight CAS before RAS refresh cycles for DRAM initialization.

5. w =Number of wait states.
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Bus Arbitration Timing Parameters (continued)

I Tx I
croc VAVAVAVAVAVAVAVAVAWA
o T\ iy
o ‘“““““‘1;“:73‘ 2 ||
‘ (ELLLLLLL <

8
XAL* ————m—m e — = N

9 le—ed 10
RASY 4 F
CASs*
21
e 11
RWF e e e F
o111
DS* cmmm e m e e ———— - - = -
D0-D15

Figure 36. Bt710 Acquires Bus.
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Figure 37. Bt710 Releases Bus.

Read/Write Cycle Timing Parameters (See Note 1 and Figures 38-41)

No. Parameter Min Max Units
22 |Delay time, CLOCK to XAL*, DS*, R/W* low or high 43
23 | Delay time, CLOCK to RAS* low 47
24  |Delay time, CLOCK to RAS* high 33
25 |Delay time, CLOCK to address valid, DS*, XAL* high or low 34 ”
26 |Delay time, CLOCK to CAS* low 31
27 |Delay time, CLOCK to CAS* high 31
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Read/Write CycleTiming Parameters (continued)

No Parameter Min Max Unit
28 | Delay time, row address valid to RAS* low tc+2

29 | Delay time, RAS* low to row address no longer valid 3tc-10

30 | Delay time, RAS* low to CAS* low dtc - 16

31 | Delay time, RAS* low to DS* low 2tc-10

32 | Delay time, column address valid to CAS* low tc-3

33 | Delay time, CAS* low to column address no longer valid Stc+3

34 | Pulse width, RAS* low (note 2, 4) 6tc — 10

35 | Pulse width, CAS* low (note 2, 3) 4tc

36 | Pulse width, RAS* high (note 2, 5) 4tc+2

37 | Delay time, extended address valid to XAL* low tc-2 ns
38 | Delay time, XAL* low to extended address no longer valid tc

39 | Access time, RAS* low to read data valid (note 2, 3)

40 | Pulse width, DS* low (note 2, 3) 6tc -4
41 | Delay time, RAS* low to RDY* low

to guarantee zero wait states -5
42 | Delay time, RDY* low to DS* high with zero wait states 8tc-9
43 | Pulse width low, RDY* 2tc
44 | Setup time, read data valid prior to CAS* no longer low 30
45 | Hold time, read data after CAS* high 0
46 | Delay time, R/W* high to CAS* low, read cycle 4tc-12
47 | Read/Write cycle time (note 2) 10tc

48 1 Access time, CAS* low to read data valid (note 2, 3)

49 | Delay time, CAS* high to RAS* no longer high 2tc+3
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Read/Write CycleTiming Parameters (continued)

No Parameter Min Max Unit
50 | Delay time, CAS* high to R/W* no longer high 2tc
51 Delay time, column address valid to RAS* no longer low 3tc+1
52 | Delay time, DS* low to CAS* low 2tc-12
53 | Delay time, RAS* low to DO-D15 no longer hi-z 2tc-6
54 | Delay time, CLOCK high to write data valid 9 40
55 | Delay time, DS* low to write data valid 5
| 56 | Delay time, write data valid to CAS* low 2tc-11 ns
| 57 | Delay time, DS* high to write data no longer valid 2tc+1
58 | Delay time, R/W* high to D0-D15 hi-z 0
59 | Delay time, CAS* high to R/W* no longer low 2tc +1
60 | Hold time, RDY* high after RAS* low to add one or more wait 2tc
states
61 | Delay time, RDY* low to DS* high, one or more wait states 8tc
62 | Setup time, RDY* high prior to RAS* low for one or more wait tc+1
states

Notes: 1. All timing references are to 0.8 Vand 2 V.

2. When one or more wait states are inserted, state T4w is automatically inserted. Only one T4w state is in-
serted irrespective of the number of wait states.

3. When wait states are inserted, 2n+2 additional tc cycles are added to this time where n is equal to the
number of wait states. Minimum times are for zero wait states.

4. Times given are for zero wait states. When one or more wait states are inserted, the maximum and mini-
mum times are extended by 2n tc cycles where n is equal to the number of wait states inserted.

5. The minimum time is when state T1 of the next cycle occurs following TS of the current cycle. If a Tx
cycle occurs, this parameter is increased by one tc period.
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Read/Write CycleTiming Parameters (continued)
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Figure 38. Read Cycle Timing—0 Wait States.
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Read/Write CycleTiming Parameters (continued)
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Read/Write CycleTiming Parameters (continued)
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Figure 40. Write Cycle Timing—0 Wait States.
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Read/Write CycleTiming Parameters (continued)
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Figure 41. Write Cycle Timing with Wait States.
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DRAM Refresh Timing Parameters (See Note 1 and Figures 42-43)

No Parameter Min Max Unit
63 Delay time, CAS* low to RAS* low 2ic+17

64 Pulse width , RAS* low (note 3) 6tc— 10

65 | Pulse width, CAS* low (note 3) 8tc

66 | Pulse width, RAS* high (note 2) 4ic+2

67 | Delay time, CAS* low to RDY* low to guarantee zero wait states -5 ns

68 | Delay time, RDY* low to CAS* high, zero wait states

69 Hold time, RDY* high after CAS* low to guarantee one or more 2tc
wait states
70 Delay time, RDY* low to CAS* high, one or more wait states 8tc

Notes: 1. All timing refererences are to the 0.8 V and 2 V levels.
‘When one or more wait states are inserted, state TSw is automatically inserted. Only one T5w state is
inserted irrespective of the number of wait states.
3. When wait states are inserted, n+1 additional tc cycles are added to this time where n is equal to the
number of wait states.
4. Times given are for zero wait states. When one or more wait states are inserted, the maximum and
minimum times are extended by n tc cycles where n is equal to the number of wait states inserted.
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DRAM Refresh Timing Parameters (continued)
| T1 | T2 | hx} | T4 | TS | T6 | T1
N VAV VAVAVAVAVAVAVAVAVAVAVAW)
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Figure 42. DRAM Refresh Timing—No Wait States.
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DRAM Refresh Timing Parameters (continued)
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Figure 43. DRAM Refresh Timing—Wait States.
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Programmed I/O Timing Parameters (See Note 1 and Figures 44-45)

No. Parameter Min Max Unit

75 | Access time, register address valid to read data valid

76 | Access time, ACS* low to read data valid (note 2) 12tc

77 | Access time, ADS* low to to read data valid (note 2) 12tc

78 | Delay time, ACS* low to AOWN low 30tc + 3w

79 | Delay time, ADS* low to ARDY* low 120 183

80 | Hold time, register address valid after ADS* high 2tc

81 | Setup time, AR/W* high prior to ADS* low 2tc

82 | Hold time, AR/W* after ADS* high 0

83 | Pulse width, ADS* high between consecutive cycles 4ic

84 | Delay time, ADS* high to read data no longer valid 4 ®

85 | Delay time, ADS* high to D0-D15 hi-z 4

86 | Delay time, ADS* high to ARDY* high 2tc

87 | Delay time, ADS* low to ARDY* active 100 163

88 | Setup time, register address prior to ADS* low 2tc

89 | Setup time, ACS* low prior to ADS* low 2tc

90 | Hold time, ACS* low after ADS* high 160

91 | Setup time, write data prior to ADS* no longer low 2ic

92 | Hold time, ADS* high after AOWN no longer high

93 | Pulse width, ADS* low, write cycle 4tc

94 | Hold time, write data valid after ADS* hl gh 4

Notes: 1.  All timing references are to the 0.8 V and 2 V levels.
Register access begins when ACS*, ADS*, and AOWN are all low. If AOWN is high when ACS* is
taken low, register access is delayed until the Bt701 takes AOWN low. The minimum times given are
based upon AOWN being low when the ACS* or ADS* are taken low. The maximum times are the
worst case delay times for the Bt710 to remove AOWN after sampling ACS* low.
3. OWN must be driven low by the Bt710 prior to driving the programmed I/O input signals.
3-248 SECTION 3



Brodktree®

Bt710

Programmed I/O Timing Parameters (continued)
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Figure 44. Programmed I/0 Read Cycle.
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Figure 45. Programmed I/0 Write Cycle.
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Reset Timing Parameters (See Figure 46)
No. Parameter Min Max Unit
95 | Pulse width, RESET low 8tc ns
1 95 |
RESET* 4 k
Figure 46. RESET Timing.
SBF/SBA DBA/DBF Timing Parameters (See Figure 47)
No. Parameter Min Max Unit
96 | Pulse width, SBF*, DBA* low 8tc
ns
97 | Delay time, SBA*, DBA* low to SBF*, DBF* low Tte
1 96 1
SBF*/DBA* J
97
SBA*/DBF*
Figure 47. SBF/SBA DBA/DBF Timing.
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Ordering Information
Ambient
Model Number Package Temperature
Range
Bt710KG 132-pin PGA 0° o +70 °C
Bt700EVK Evaluation Kit 0° to +70 °C
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Advance Information

This document contains information on a product under development. The parametric
information contains target parameters and is subject to change.

Distinguishing Features

¢ C-callable library.

« Concise set of powerful functions.

« Multiple platform support: PC-AT,
Macintosh and SUN.

» Multiple windowing environments:

MS-Windows, Color QuickDraw, and X.

» Multiple operating systems: MS-DOS
with third-party DOS extenders,
Macintosh and UNIX.

¢ Object-oriented processing for maximum
power and flexibility.

» Open Architecture: Support of
application-specific image objects.

 Scale-to-gray algorithm for enhanced
visual quality.

» Transparent hardware acceleration.

Brooktree Corporation

9950 Barnes Canyon Rd.

San Diego, CA 92121

(619) 452-7580 « (800) VIDEO IC
TLX: 383 596 « FAX: (619) 452-1249
L700001 Rev. A

Product Description

PixelVu is a toolkit specifically designed for
OEMs and systems integrators of imaging
systems. PixelVu consists of a concise set of
C-callable functions. Because of the small
number of functions, the programmer can
easily become familiar with this powerful
library. Compressed images can be read,
decompressed, scaled, rotated and BitBLTed
directly into the frame buffer or print buffer.
PixelVu contains all the image manipulation
functions required to process bi-level images on
a disk or in memory and output the result to
memory or a display device.

The PixelVu toolkit was designed with
portability as a key requirement. The same
library is available for 286 and 386-based PCs,

68020- and 68030- based Macintosh
computers, and SUN platforms. In addition,
PixelVu  supports  multiple  operating
environments, including MS-DOS,

MS-Windows, Color QuickDraw, and X.

PixelVu supports devices and system resources
through programming structures called image
objects (Figure 1). Brooktree's object-oriented
software toolkit permits developers to reference
an image object and select an operation to be
performed on that image without having to
know any details about how to read data from
or write data to the object. In this way,
software development is simplified because
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Object-oriented
Software Toolkit
for Imaging

device-specific data need not be studied by the
application developer.

OEMs and third party developers can create
their own objects and interface them within the
PixelVu environment. In this way, custom file
formats or third party devices can be added to
PixelVu's image management and image
manipulation capabilities.

PixelVu provides scale-to-gray capabilities.
Scaling a bi-level image to gray-scale display
image provides anti-aliasing effects. This
provides a much more readable image at
resolutions less than that normally needed for
readability.

PixelVu performance can be increased by
adding image manipulation hardware into the
system. Hardware acceleration can be
transparent to the application. If supported
hardware is present in the system it will be
used to optimize function execution. If no
hardware is present, image manipulation is
executed in software. In this way, PixelVu
provides a low-cost solution for moderate use
environments and a high-performance solution
for performance-critical applications.  The
Brooktree Bt710 scale-to-gray integrated
circuit can be used to efficiently provide
hardware scale-to-gray capability.

Brooktree®




PixelVu™

Raster Image Manipulation

PixelVu includes the
manipulation primitives:

following raster image

¢ Compression and Decompression. CCITT Group 3
and Group 4 compression and decompression are
provided to support existing standards.

« Image Scaling. A bitmap may be scaled down in
increments of 1% to as small as 6% of its initial size. A
bitmap may be scaled up to as much as 750% of its

cropped to any pixel boundary, permitting any window
area to be selected.

* Reflection. To provide correcting capabilities for
reverse scanning of microfilm, bitmaps may also be
reflected.

» Conversion to Gray. A binary bitmap may be
converted to gray when scaling to provide improved

initial size.

display quality on gray scale or color monitors. This
prevents loss of information inherent in decimation
scaling algorithms.

* Image Rotation. Rotation of +/- 90 and 180 degrees

is supported. Rotation facilitates conversion between .

landscape and portrait modes.

¢ Cropping. The input or output bitmap may be

Image In

BitBLT. Bitwise Block Transfers are performed by
PixelVu. Data can be copied into a destination area on
pixel boundaries. Boolean operations can also be

performed on images.
PixelVu Strip Engine
Image Out
Raster
Image Manipulation
Functions

/]

[Do0ooooq|

PixelVu
Image
Manager

Memory Printer Display Application-
Objects Objects Objects Specific
Objects

Figure 1: PixelVu is an Object-Oriented Toolkit.

[ -]

Scanner File

Objects Objects
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PixelVu Functions

There are four types of functions in the PixelVu
library: Initialization and Termination Functions, Image
Object Functions, Image Manipulation Functions and
Support Utility Functions.

Initialization and Termination Functions

Initialization and termination functions provide the
means to begin a session of PixelVu, terminate it and
obtain error and status information.
Bt_Init Initialize the PixelVu Software Toolkit.
Bt_Quit Terminate PixelVu.
Bt_GetError Obtain the last PixelVu error status.
Bt_Version Obtain this PixelVu Version Number.
Bt_ErrorStr  Retumn a text error message.
Image Object Functions

Image Object Functions are used to open, create or
dispose of image objects. The image objects supported
include: file objects: TIFF (Tagged Image File Format)
and Sun Raster file formats; memory objects; and

window objects: Macintosh Color QuickDraw,
Microsoft Windows 3.0 and X11.3.

Bt_OpenlmageTiff Open an existing TIFF file..

Bt_CreateImageTiff Create a new TIFF file.

Bt_OpenlmageSunR Open an existing Sun Raster
file.

Create a new Sun Raster
file.

Bt_CreateImageSunR

Bt_CreateImageMem Create a new memory Image

Object.
Bt_OpenlmageMem Create a new memory Image
Object from a user supplied
memory pointer.

Bt_OpenimageWindow  Open a Macintosh Window.

Bt_OpenlmageWindow  Open a Microsoft Windows
3.0 Window.

Bt_OpenlmageXWindow Open an X.11 Window.

Bt_Freelmage Free up all memory
resources previously

allocated to an Object.

Image Manipulation Functions

All image manipulation functions in PixelVu are
selected using a Parameter Block. Fields in a parameter
block select different processing functions to take place.
Bt_Transfer performs the selected image manipulation
functions.
Bt_GetParamBlock Create a new Parameter Block.
Bt_DisposeParamBlock Deallocate all memory

previously allocated to a
parameter block.

Bt_Setup Verify the validity of the fields
in a parameter block.
Bt_Transfer Perform image manipulation
based upon the fields of the
parameter block.
Bt_UpdateTransfer Perform image manipulation
based upon the fields of the
parameter block but only affect
a subset of the destination area.

Utility Functions

Utility functions are provided to facilitate the
calculation of source and destination rectangles.

Bt_CalcDestRect  Calculate a destination rectangle
based upon a given source rectangle
and scale factor.

Bt_CalcSourceRect Calculate a source rectangle based
upon a given destination rectangle
and scale factor.

Bt_CalcSourceClip  Adjust a source rectangle to
conform to a destination clipping
area, rotation, reflection and scale
factor.

A detailed description of PixelVu functions and
operations may be found in the PixelVu Programmers
Reference Manual.
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Ordering Information

Platforms: PC-AT SUN-3 Macintosh II*
SUN-4
SPARCstation
Operating MS-DOS V3.1* UNIX System 6.0.3*
System
Windowing Microsoft Windows 3.0 X113 Macintosh Windowing
Environments Open Windows Environment
X11.3 Server X11.3 Server
Compilers Microsoft C V5.1 SUNC THINK's LightSpeedC
Supported Turbo C V2.0
Watcom C Opt. Compiler/386 V7.0**
High C-386**
Extended Eclipse 0S/286 DOS Extender**
Memory Eclipse OS/386 DOS Extender** Under System 7
Support Phar Lap 386/ASM/Link and
Phar Lap 386/VMM DOS Extenders**
Part Number Bt700SDA Bt700SSA Bt700SMA

* Indicates a level of support and higher.
**  Not running under Microsoft Windows.

PixelVu, Bt701, Bt710, Bt7102 and Bt7103 are registered trademarks of Brooktree Corporation.

SUN, SUN-3, SUN-4, SPARCstation and Open Windows are registered trademarks of Sun Microsystems, Inc.
Macintosh, Macintosh Plus, QuickDraw and Apple are registered trademarks of Apple Computer, Inc.
Microsoft and MS-DOS are registered trademarks of Microsoft Corporation.

UNIX is aregistered trademark of AT&T.

X Window System is a registered trademark of Massachusetts Institute of Technology.

Turbo C is a registered trademark of Borland International.

High C is a registered trademark of Metaware, Inc.

Watcom is a registered trademark of Watcom, Inc.

Eclipse is a registered trademark of Eclipse Computer Solutions, Inc.

Phar Lap is a registered trademark of Phar Lap Software.

Lightspeed is a registered trademark of Lightspeed, Inc. THINK Technologies is a division of Symantec Corporation.

Information fumished by Brooktree Corporation is believed to be accurate and
re]fiable. Howtgver, no responsibility }s assumed for its use; nor for any
infringements of patents or other rights of third parties which may result from its . .
use. No license is granted by implication or otherwise under any patent or patent COPY‘“.gh['© 1990, Brf)oktree Corpora!mn. .

rights of Brooktree Corporation. Specifications are subject to change without notice.
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Contents
Bt450 80, 66, 50, 35 MHz Triple 4-bit RAMDAC with 16 x 12 RAM
Bt453 66, 40 MHz Triple 8-bit RAMDAC with 256 x 24 RAM

Bt453/883 40 MHz MIL-STD-883 Version of Bt453

Bt454 170, 135, 110 MHz Triple 4-bit RAMDAC with 16 x 12 RAM, 4:1
Multiplexed Pixel Inputs

Bt455 170, 135, 110 MHz single 4-bit RAMDAC with 16 x 4 RAM, 4:1
Multiplexed Pixel Inuts

Btd61 170, 135, 110, 80 MHz Single 8-bit RAMDAC with 1024 x 8 RAM, 256 x 8
Alternate RAM, 3:1, 4:1, or 5:1 Multiplexed Pixel Inputs

Bt462 170, 135, 110, 80 MHz Single 8-bit RAMDAC with 1024 x 8§ RAM, 256 x 8
Alternate RAM, 3:1, 4:1, or 5:1 Multiplexed Pixel Inputs

Bt474 85, 66 MHz Triple 8-bit RAMDAC with 256 x 24 RAM, 4:1 Multiplexed Pixel
Inputs

Bt492 360 MHz Single 8-bit RAMDAC with 256 x 8 RAM

Bt458 Family

Bt451 125, 110, 80 MHz Triple 4-bit RAMDAC with 256 x 12 RAM, 4:1 or 5:1
Multiplexed Pixel Inputs

Bt457 125, 110, 80 MHz Single 8-bit RAMDAC with 256 x 8 RAM, 4:1 or 5:1
Multiplexed Pixel Inputs

Bt458 165, 125, 110, 80 MHz Triple 8-bit RAMDAC with 256 x 24 RAM, 4:1

or 5:1 Multiplexed Pixel Inputs
Bt458/883 110 MHz MIL-STD-883 Version of Bt458
Bt459 Family

Bt459 135, 110, 80 MHz Triple 8-bit RAMDAC with 256 x 24 RAM, 1:1, 4:1, or 5:1
Multiplexed Pixel Inputs, 64 x 64 On-Chip Cursor

Bt460 135, 110, 80 MHz Triple 8-bit RAMDAC with 512 x 24 RAM, 1:1, 4:1, or 5:1
Multiplexed Pixel Inputs, 64 x 64 On-Chip Cursor

Bt468 200, 170 MHz Triple 8-bit RAMDAC with 256 x 24 RAM, 8:1
Multiplexed Pixel Inputs, 64 x 64 On-Chip Cursor

TrueVu Family

Bt463 170, 135, 110 MHz Triple 8-bit True Color Window RAMDAC with (3) 528 x 8
RAM, 1:1, 2:1, 4:1 Multiplexed Inputs

4 -241

4-241

4-421

4-515

4-111

4-135

4-187

4-327

4-279
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VGA Family
Bt471 80, 66, 50, 35 MHz Triple 6-bit RAMDAC with 256 x 18 RAM
Bt473 80, 66, 50, 35 MHz Triple 8-bit RAMDAC with 256 x 24 RAM, 8:1
Multiplexed Pixel Inputs
Bt475 80, 66, 50, 35 MHz Triple 6-bit Power-Down RAMDAC with
256 x 18 RAM
Bt476 66, 50, 35 MHz Triple 6-bit RAMDAC with 256 x 18 RAM
Bt477 80, 66, 50, 35 MHz Triple 8-bit Power-Down RAMDAC with
256 x 24 RAM
Bt478 80, 66, 50, 35 MHz Triple 8-bit RAMDAC with 256 x 24 RAM
Bt479 80, 66, 50, 35 MHz Triple 8-bit WindowVu RAMDAC with 1024 x 24

RAM

4-371

4 -395

4 - 455

4-371

4 -455

4-371

4-481




Brooktree®

RAMDAC Selection Guide

D/A Speed (MHz) Part Page RAM Overlay
Organization Number Size Size
triple 4-bit 80, 66, 50, 30 Bt450 4-7 16 x 12 3x12 4:1 muxed pixel inputs
triple 4-bit 125, 110, 80 Bt451 4-23 256 x 12 4x12 Bt458 pin compatible
triple 4-bit 170, 135, 110 Bt454 4-91 16 x 12 1x12
triple 6-bit 80, 66, 50, 35 Bt471 4-37 256 x 18 15x 12 | Bt478 pin compatible
triple 6-bit 80, 66, 50, 35 Bi475 4 - 455 256 x 18 15x 12 power-down Bt471
triple 6-bit 66, 50, 35 Bt476 4-371 256 x 18 - Bt478 pin compatible
single 8-bit 170, 135, 110, 80 Bt461 4 -241 1024 x 8 256 x 8 muxed pixel inputs
single 8-bit 170, 135, 110, 80| Bt462 4-241 1024 x 8 256 x 8 underlay capability
single 8-bit 125, 110, 80 Bt457 4-23 256 x 8 4x8 Bt458 pin compatible
single 8-bit 360 B492 4-515 256 x 8 16 x 8 2:1 muxed pixel inputs
triple 8-bit 66, 40 Bt453 4-57 256 x 24 3x24
triple 8-bit 165, 125, 110, 80| Bt458 4-23 256 x 24 4x24 4:1, 5:l.muxed pixel
triple 8-bit 135, 110, 80 Bt459 4-135 256 x 24 15 x 24 on-clll;g) 1:;tusrsors
triple 8-bit 135, 110, 80 Bt460 4-187 512 x 24 15x24 on-chip cursors
triple 8-bit 200, 170 Bt468 4-327 256 x 24 15 x 24 | 8:1 muxed pixel inputs
triple 8-bit 85, 66 Bt474 4-421 256 x 24 15 x 24 | 4:1 muxed pixel inputs
triple 8-bit 80, 66, 50 Bt477 4 - 455 256 x 24 15x 24 power-down feature
triple 8-bit 80, 66, 50, 35 Bt478 4-371 256 x 24 15x 24 PS/2 RAMDAC
triple 8-bit 80, 66, 50, 35 Bt479 4 -481 1024 x 24 15x 24 Window RAMDAC
true color 170, 135, 110 Bt463 4.-279 (3)528x 8 3)15x8
true color 80, 66, 50, 35 Bt473 4-395 (3)256x 8 (3)15x8
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RAMDAC Selection Guide (continued)

Display Resolution
DAC Size Low Medium High Medium High Ultra High
(640 x 480) (1k x 800) (1280 x 1024) (1600 x 1200) (2k x 2k)
4-bit B1450 Bt450 Bt451 Bt454
Bt451 Bt454 Bt455
Bt455
6-bit Bt471 Bi471
Bt475 Bt475
Bt476 Bt476
8-bit Bt453 Bt453 Bt492
Bt473 Bt457 Bt457 Bt458
Bt474 Bt458 Bt458 Bt461
Bt477 Bt459 Bt459 Bt462
B1478 Bt460 Bt460 Bt463
Bt479 Bt461 Bt461 Bt468
Bt462 Bt462
Bt473 Bt463
Bi474
Bt477
Bt478
Bt479







Distinguishing Features

66, 50, 30 MHz Operation
Triple 4-bit D/A Converters

16 x 12 Dual Port Color Palette RAM
3 x 12 Dual Port Overlay Palette
RS-343A/RS-170 Compatible Outputs
Standard MPU Interface
+5 V CMOS Monolithic Construction
28-pin DIP Package
» Typical Power Dissipation: 900 mW

e o o o o o

Functional Block Diagram

Applications

Graphics Terminals
CAE/CAD/CAM
Image Processing
Instrumentation
Desktop Publishing

Related Products

+ Bt454, Bt451
« Bt453, Bt476, Bt477

VAA GND FS ADJUST
12V REFERENCE ’ comp
CLOCK —
4 4
PO-P3 o DAC IOR
L 16X12
. A COLOR PALETTE 4
SYNC I RAM - DAC 106
BLANK* H
2 3X12 4
OL0, OL1 F7“*~ OVERLAY PALETTE 4 | 108
ADDR REG R[G|B BUS CONTROL |
5 4
D0-D4 Cs* RD* WR* CO

Brooktree Corporation

9950 Barnes Canyon Rd.

San Diego, CA 92121

(619) 452-7580 « (800) VIDEO IC
TLX: 383 596 « FAX: (619) 452-1249
L450001 Rev. G

Bt450

66 MHz
Monolithic CMOS
16 x 12 Color Palette
RAMDAC™

Product Description

The Bt450 is a triple 4-bit video RAMDAC,
designed specifically for high-resolution color
graphics, supporting up to 19 simultaneous colors
from a 4096-color palette.

Three overlay registers provide for overlaying
cursors, grids, menus, etc. The MPU bus operates
asynchronously to the video data, simplifying the
design interface to the system.

The Bt450 generates RS-343A compatible video
signals into a doubly terminated 75 Q load, and
RS-170 compatible video signals into a singly
terminated 75 Q load, without requiring external
buffering. Differential and integral linearity errors
of the D/A converters are guaranteed to be a
maximum of +1/16 LSB and *1/8 LSB,
respectively, over the full temperature range.
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Circuit Description

MPU Interface

As illustrated in the functional block diagram, the
Bt450 has an internal 16 x 12 color palette RAM,
three 12-bit overlay registers, and three 4-bit D/A
converters, allowing the display of up to 19
simultaneous colors from a 4096-color palette. The
dual-port color palette RAM and dual-port overlay
registers allow color updating without contention
with the display refresh process.

The CO input specifies whether the MPU is accessing
the address register (logical zero), or the color palette
RAM location or overlay register specified by the
address register (logical one).

The 5-bit address register is used to address the color
palette RAM and overlay registers, eliminating the
requirement for external address multiplexers. ADDRO
corresponds to DO and is the least significant bit.

To write color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be modified. During color write
cycles, color data is input from D0-D3, with DO being
the least significant bit. D4 is ignored. The MPU
performs three successive write cycles (4 bits each of
red, green, and blue), using CO to select the color
palette RAM and overlay registers. During the blue
write cycle, the three bytes of color information are
concatenated into a 12-bit word and written to the
location specified by the address register. The address
register then increments to the next location, which
the MPU may modify by simply writing another
sequence of red, green, and blue data.

To read color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be read. During color read cycles,
color data is output onto D0-D3, with DO being the
least significant bit. D4 is a logical zero. The MPU
performs three successive read cycles (4 bits each of
red, green, and blue), using CO to select the color
palette RAM and overlay registers. Following the
blue read cycle, the address register increments to the
next location, which the MPU may read by simply
reading another sequence of red, green, and blue data.

The address register increments to $13 following a
blue read or write cycle to location $12.
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To keep track of the red, green, and blue read/write
cycles, the address register has two additional bits
(ADDRa, ADDRD) that count modulo three, as shown
in Table 1. They are reset to zero when the MPU
writes to the address register, and are not reset to zero
when the MPU reads the address register. The MPU
does not have access to these bits. The other five bits
of the address register (ADDR0-4) are accessible to
the MPU, and are used to address color palette RAM
locations and overlay registers, as shown in Table 1.

Figure 1 illustrates the MPU read/write timing.
Frame Buffer Interface

The PO-P3, OLO, and OL1 inputs are used to address
the color palette RAM and overlay registers, as shown
in Table 2. The addressed location provides 12 bits of
color information to the three 4-bit D/A converters.
Refer to Figure 2 for video input/output timing.

The SYNC* and BLANK* inputs, also latched on the
rising edge of CLOCK to maintain synchronization
with the color data, add appropriately weighted
currents to the analog outputs, producing the specific
output levels required for video applications, as
illustrated in Figure 3. Table 3 details how the SYNC*
and BLANK* inputs modify the output levels.

The analog outputs of the Bt450 are capable of
directly driving a 37.5 Q load, such as a doubly
terminated 75 Q coaxial cable.

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. 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
constant delay that induces latchup.

Latchup can be prevented by assuring 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 assures that
any signal pin voltage will never exceed the power
supply voltage by more than +0.5 V.
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Bt450

Circuit Description (continued)
Value Cco CS* | RD* | WR* Addressed by MPU
ADDRa, b (counts modulo 3) 00 1 red value
01 1 green value
10 1 blue value, increment ADDR0-4
ADDRO-4 (counts binary) $xx 0 0 1 0 write to address register
$00-$0F 1 0 1 0 write to color palette RAM
$10 1 0 1 0 write to overlay color 1
$11 1 0 1 0 write to overlay color 2
$12 1 0 1 0 write to overlay color 3
$xx 0 0 0 1 read address register
$00-$0F 1 0 0 1 read color palette RAM
$10 1 0 0 1 read overlay color 1
$11 1 0 0 1 read overlay color 2
$12 1 0 0 1 read overlay color 3
$xx X 0 0 0 invalid operation
$xx X 1 X X 3-state DO-D4
Table 1. Address Register (ADDR) Operation.

cs*, Co

VALID

RD*, WR*

DO - D4 (READ)

/

DATA OUT (RD*=0)

v

DO - D4 (WRITE)

DATA IN(WR* =0)

X X

Figure 1.

MPU Read/Write Timing.
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Circuit Description (continued)

OL1 OL0 PO-P3 Addressed by frame buffer
0 $0 color palette RAM location $0
0 0 $1 color palette RAM location $1
0 0 $F color palette RAM location $F
0 1 $x overlay color 1
1 0 $x overlay color 2
1 1 $x overlay color 3

Table 2. Pixel and Overlay Control Truth Table.

cLock _/_—\___/_\__ _—\_ O\
s X X [ X A
-

IOR, 10G, 10B

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

RED, BLUE GREEN

MA v MA v

19.05| 0714 | 26.67 | 1.000 WHITE LEVEL
92.5 IRE

144 | 0054 | 9.05 0.340 BLACK LEVEL
75IRE

0.00 | 0000 | 7.62 0.286 BLANK LEVEL
40IRE

0.00 0.000 SYNC LEVEL

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

Figure 3. Composite Video Output Waveforms.

Description 10G IOR, IOB SYNC* BLANK* DAC
(mA) (mA) Input Data

WHITE 26.67 19.05 1 1 $F
DATA data + 9.05 | data + 1.44 1 1 data
DATA - SYNC data + 144 | data + 1.44 0 1 data
BLACK 9.05 1.44 1 1 $0
BLACK -SYNC 1.44 1.44 0 1 $0
BLANK 7.62 0 1 0 $x
SYNC 0 0 0 0 $x

Note: Typical with full-scale JOG = 26.67 mA. RSET =499 Q.

Table 3. Video Output Truth Table.
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Pin Descriptions

Pin Name

BLANK*

SYNC*

PO - P3

OL0, OL1

IOR, IOG, IOB

FS ADJUST

4-12

Description

Composite blank control input (TTL compatible). A logic zero drives the analog outputs to the
blanking level, as illustrated in Table 3. It is latched on the rising edge of CLOCK. When
BLANK?* is a logical zero, the pixel and overlay inputs are ignored.

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40
IRE current source on the IOG output (see Figure 3). SYNC* does not override any other control
or data input, as shown in Table 3; therefore, it should be asserted only during the blanking
interval. It is latched on the rising edge of CLOCK. If sync information is not to be generated
on the IOG output, this pin should be connected to GND.

Clock input (TTL compatible). The rising edge of CLOCK latches the PO-P3, 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 one of the
16 entries in the color palette RAM is to be used to provide color information. They are latched
on the rising edge of CLOCK. PO0 is the LSB. Unused inputs should be connected to GND.
Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to
provide color information, as illustrated in Table 2. When accessing the overlay palette, the
PO-P3 inputs are ignored. They are latched on the rising edge of CLOCK. OLO is the LSB.
Unused inputs should be connected to GND.

Red, green, and blue current outputs. These high-impedance current sources are capable of
directly driving a doubly terminated 75-ohm coaxial cable (Figure 4). All outputs, whether used
or not, should have the same output load.

Full scale adjust control. A resistor (RSET) connected between this pin and GND controls the
magnitude of the full-scale video signal (Figure 4). Note that the IRE relationships in Figure 3
are maintained, regardless of the full-scale output current.

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

RSET () = 13,308 /10G (mA)

The amount of full-scale output current on IOR and IOB for a given RSET is:

IOR, IOB (mA) = 9,506 / RSET (©)

SECTION 4
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Bt450

Pin Descriptions (continued)

Pin Name

COMP

VAA

CS*

WR*

RD*

Cco

D0-D4

Description

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1
WF ceramic capacitor must be connected between this pin and the adjacent VAA pin (Figure 4).
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.

Analog power. All VAA pins must be connected.
Analog ground. All GND pins must be connected.

Chip select control input (TTL compatible). This input must be a logical zero to enable data to
be written to or read from the device. Note that the Bt450 will not function correctly while CS*,
RD*, and WR* are simultaneously a logical zero.

Write control input (TTL compatible). To write data to the device, both CS* and WR* must be a
logical zero. Data is latched on the rising edge of WR* or CS*, whichever occurs 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 input (TTL compatible). CO specifies whether the MPU is accessing the
address register (logical zero) or the color palettes (logical one).

Data bus (TTL compatible). Data is transferred into and out of the device over this 5-bit
bidirectional data bus. DO is the least significant bit.

m» O: 2[] oLo
n [2 2z ou
n O3 2(] BLANK®
o e 2s[] sync+
cock [Os 24[] Ps aDJUST
vaa Oe 2] comp
exp 7 2[] vaa
s [s 200 oo
p3 Ov 2[0 r
p2 [0 [ 106
b1 On 18] 108
po [z 17[] oND
ro* [J13 16[] cs*
wre [J1e 15[] co

Figure 4. 28-pin CERDIP Package.
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PC Board Layout Considerations

PC Board Considerations

This product requires special attention to proper
layout techniques to achieve optimum performance.
Before beginning PCB layout, refer to the CMOS
RAMDAC layout example found in Bt451/7/8
Evaluation Module Operation and Measurements,
application note (AN-16). This application note can
be found in Brooktree's 1990 Applications
Handbook.

The layout should be optimized for lowest noise on
the Bt450 power and ground lines by shielding the
digital inputs and providing good decoupling. The
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. Ground
planes must provide a low-impedance return path for
the digital circuits. A minimum of a 4-layer PC board
is recommended with layers 1 (top) and 4 (bottom) for
signals and layers 2 and 3 for power and ground.

The optimum layout enables the Bt450 to be located
as close to the power supply connector and as close to
the video output connector as possible.

Ground Planes

For optimum performance, a common digital and
analog ground plane with tub isolation (at least a 1/8
inch gap) and connected together only at the power
supply connector (or the lowest impedance source) is
recommended. Ground plane partitioning should
extend the analog ground plane no more than 2 inches
from the power supply connector to preserve digital
noise margins during MPU read cycles. Thus, the
ground tub isolation technique is constrained by the
noise margin degradation during digital readback of
the Bt450.

The digital ground plane should be under all digital
signal traces to minimize radiated noise and crosstalk.

The analog ground plane should include all Bt450
ground pins, all reference circuitry and decoupling
(external reference if used, RSET resistors, etc.),
power supply bypass circuitry for the Bt450, analog
output traces, and the video output connector.
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Power Planes

A separate digital and analog power plane is
necessary. 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 Bt450
power pins, any reference circuitry, and COMP and
reference 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 4. This bead
should be located within 3 inches of the Bt450 and
provides resistance to switching currents, acting as a
resistance at high frequencies. A low resistance bead
should be used, such as Ferroxcube 5659064-3B,
Fair-Rite 2743001111, or TKD BF45-4001.

Plane-to-plane noise coupling can be reduced by
ensuring that portions of the digital power and ground
planes do not overlay portions of the analog power
and ground planes, unless they can be arranged so that
the plane-to-plane noise is common mode.

Device Decoupling

For optimum performance, all capacitors should be
located as close to the device as possible, using the
shortest leads possible (consistent with reliable
operation) to reduce the lead inductance. Chip
capacitors are recommended for minimum lead
inductance. Radial lead ceramic capacitors may be
substituted for chip capacitors and are better than
axial lead capacitors for self-resonance. Values are
chosen to have self-resonance above the pixel clock.

Power Supply Decoupling

Best power supply decoupling performance is
obtained with a 0.1 uF ceramic capacitor decoupling
each of the two groups of VAA pins to GND. For
operation above 75 MHz, a 0.1 pF capacitor in
parallel with a 0.001 pF chip capacitor is
recommended. The capacitors should be placed as
close as possible to the device.

The 10 uF capacitor is for low-frequency power supply
ripple; the 0.1 uF capacitors are for high-frequency
power supply noise rejection.
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PC Board Layout Considerations (continued)

A linear regulator to filter the analog power supply is
recommended if the power supply noise is 2 200 mV
or greater than 10 LSBs. This is especially important
when a switching power supply is used and the
switching frequency is close to the raster scan
frequency. Note that about 10% of power supply hum
and ripple noise less than 1 MHz will couple onto the
analog outputs.

COMP Decoupling

The COMP pin must be decoupled to VAA, typically
using a 0.1 pF ceramic chip capacitor. Low-frequency
supply noise will require a larger value. Lead lengths
should be minimized for best performance, so that the
self-resonance frequency is greater than the LD*
frequency.

If the display has a "ghosting” problem, additional
capacitance in parallel with the COMP capacitor may
helpto fix the problem.

Digital Signal Interconnect

The digital inputs to the Bt450 should be isolated as
much as possible from the analog outputs and other
analog circuitry. Also, these input signals should not
overlay the analog power and ground planes.

Most noise on the analog outputs will be caused by
excessive edge speeds (less than 3 ns), overshoot,
undershoot, and ringing on the digital inputs.

The digital edge speeds should be no faster than
necessary, as feedthrough noise is proportional to the
digital edge speeds. 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 line mismatch will exist if the line
length reflection time is greater than 1/4 the signal
edge time, resulting in ringing, overshoot, and
undershoot that can generate noise onto the analog
outputs. 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 resistor (10-50 Q).

Radiation of digital signals can also be picked up by
the analog circuitry. This is prevented by reducing
the digital edge speeds (rise/fall time), minimizing
ringing by using damping resistors, and minimizing
coupling through PC board capacitance by routing 90
degrees to any analog signals.

Ensure that the power pins for the clock driver are
properly decoupled to minimize transients. Minimize
edge speeds and ringing, using damping resistors
(10-50 Q) or parallel termination where necessary.

If using parallel termination on digital signals, the
resistors should be connected to the digital power and
ground planes, not the analog power and ground
planes.

Analog Signal Interconnect

The Bt450 should be located as close as possible to
the output connectors to minimize noise pickup and
reflections due to impedance mismatch.

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

For maximum performance, the analog outputs should
have a source load resistor equal to the destination
termination (via a clean isolated ground return path).
The load resistor connection between the current
output and GND should be as close as possible to the
Bt450 to minimize reflections. Unused analog
outputs should be connected to GND.

Analog edges exceeding the CRT monitor bandwidth
can be reflected, producing cable-length dependent
ghosts. Simple pulse filters can reduce
high-frequency energy, benefiting EMI and noise
reduction.

Analog Output Protection

The Bt450 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 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).
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Bt450

Brooktree®

PC Board Layout Considerations (continued)

"L
c4
ANALOG POWER PLANE
VAA
L1
- mm +5V (VCO)
L. L.
Bt450 T T
GND GROUND
T2 1Z
Rl |R2 |R3
IOR ®_ o
VIDEO
106 OP CONNECTOR
108 @—
VAA
DAC TO MONITOR
OUTPUT
1N4148/9
GND
Location Description Vendor Part Number
C1-C4 0.1 uF ceramic capacitor Erie RPE112Z5U104M50V
CS5 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 499 Q 1% metal film resistor Dale CMF-55C

Note: The vendor numbers above are listed only as a guide.

characteristics will not affect the performance of the Bt450.

Figure 4.
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Brooktree® Bt450

Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VAA 4.75 5.00 5.25 Volts
Ambient Operating Temperature TA 0 +70 °C
Output Load RL 37.5 Ohms
FS ADJUST Resistor RSET 499 Ohms

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units
VAA (measured to GND) 7.0 Volts
Voltage on Any Signal Pin* GND-0.5 VAA+05 Volts

Analog Output Short Circuit
Duration to Any Power Supply

or Common IsC indefinite
Ambient Operating Temperature TA -55 +125 °C
Storage Temperature TS -65 +150 °C
Junction Temperature TJ
Ceramic Package +175 °C
Plastic Package +150 °C
Soldering Temperature TSOL 260 °C
(5 seconds, 1/4" from pin)
Vapor Phase Soldering TVSOL 220 °C
(1 minute)

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

* 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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Bt450 Brooktree®

DC Characteristics

Parameter Symbol Min Typ Max Units
Resolution (each DAC) 4 4 4 Bits
Accuracy (each DAC)
Integral Linearity Error IL +1/8 LSB
Differential Linearity Error DL +1/16 LSB
Gray Scale Error +10 % Gray Scale
Monotonicity guaranteed
Coding Binary
Digital Inputs
Input High Voltage VH 2.0 VAA+05 Volts
Input Low Voltage VIL GND-0.5 0.8 Volts
Input High Current (Vin = 2.4 V) mH 10 HA
Input Low Current (Vin = 0.4 V) IIL -10 HA
Input Capacitance CIN 10 pF
(f=1MHz, Vin=24YV)
Digital Outputs
Output High Voltage VOH 2.4 Volts
(IOH = -400 pA)
Output Low Voltage YOL 0.4 Volts
(IOL =3.2mA)
3-State Current 107 HA
Output Capacitance CDOUT 20 pF
Analog Outputs
Gray Scale Current Range 20 mA
Output Current
White Level Relative to Blank 16.81 19.05 21.30 mA
White Level Relative to Black 15.86 17.62 19.40 mA
Black Level Relative to Blank 0.95 1.44 1.90 mA
Blank Level on IOR, IOB -10 5 50 HA
Blank Level on IOG 6.29 7.62 8.96 mA
Sync Level on IOG -10 5 50 HA
LSB Size 1.175 mA
DAC to DAC Matching 2 Yo
Output Compliance voc -1.0 +1.4 Volts
Output Impedance RAOUT 10 kQ
Output Capacitance CAOQUT 30 pF
(f=1MHz, IOUT =0 mA)
Power Supply Rejection Ratio PSRR 0.2 0.5 % | % AVAA
(COMP =0.1 pF, f=1KHz)

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 499 Q. As
the above parameters are guaranteed over the full temperature range, temperature coefficients are not specified or
required. Typical values are based on nominal temperature, i.e., room, and nominal voltage, i.e., 5 V.
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Brodktree® Bt450

AC Characteristics

Parameter Symbol | Min/Typ/ Units
Max
Clock Rate Fmax max 66 50 30 MHz
CS*, CO Setup Time 1 min 35 35 35 ns
CS*, CO Hold Time 2 min 35 35 35 ns
RD*, WR* High Time 3 min 25 25 25 ns
RD* Asserted to Data Bus Driven 4 min 4 4 4 ns
RD* Asserted to Data Valid 5 max 100 100 100 ns
RD* Negated to Data Bus 3-Stated 6 max 30 30 30 ns
WR* Low Time 7 min 50 50 50 ns
Write Data Setup Time 8 min 35 35 35 ns
Write Data Hold Time 9 min 10 10 10 ns
Pixel and Control Setup Time 10 min 5 5 10 ns
Pixel and Control Hold Time 11 min 2 2 5 ns
Clock Cycle Time 12 min 15.1 20 33.3 ns
Clock Pulse Width High Time 13 min 5.8 7 10 ns
Clock Pulse Width Low Time 14 min 5.8 7 10 ns
Analog Output Delay 15 typ 15 15 25 ns
Analog Output Rise/Fall Time 16 max 7 7 7 ns
Analog Output Settling Time 17 max 20 20 25 ns
Clock and Data Feedthrough* typ -30 | -30 -30 dB
Glitch Impulse* typ 50 50 50 pV-sec
DAC-to-DAC Crosstalk typ -25 | -25 -25 dB
Analog Output Skew typ 0 0 0 ns
max 2 2 2 ns
Pipeline Delay 18 2 2 2 Clocks
VAA Supply Current** TAA typ 175 140 110 mA
max 220 175 135 mA

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 499 Q. TTL
input values are 0-3 V, with input rise/fall times < 4 ns, measured between the 10% and 90% points. Timing
reference points at 50% for inputs and outputs. Analog output load < 10 pF, D0-D4 output load < 130 pF. See
timing notes in Figure 6. As the above parameters are guaranteed over the full temperature range, temperature
coefficients are not specified or required. Typical values are based on nominal temperature, i.e., room, and
nominal voltage, i.e., 5 V.

*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 kQ resistor to GND and are driven by 74HC logic. Settling time
does not include clock and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test
bandwidth = 2x clock rate.

**At Fmax. IAA (typ) at VAA=5.0 V. IAA (max) at VAA=525V.
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Bt450 Brooktree®

Timing Waveforms

2 —
Cs*, Co l VALID
e .
RD*, WR N\ /] 3
5
6

4 —
DO - D4 (READ) DATA OUT (RD* =0) P
DO- D4 (WRITE) DATA IN (WR* =0)
8
1 9

Figure 5. MPU Read/Write Timing Dimensions.

12 8
13 | 1
v —\L__ —\_ —\__ _\__.
PO- P3, OLO, OLI, OATA
SYNC*, BLANK*
10 15 —=
17
— 1

IOR, 10G, 0B

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

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

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

Figure 6. Video Input/Output Timing.
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Brooktree® Bt450

Ordering Information

Ambient
Model Number Speed Package Temperature
Range
Bt450KC66 66 MHz 28-pin 0.6" 0°to +70° C
CERDIP
Bt450KC50 50 MHz 28-pin 0.6" 0°to +70° C
CERDIP
Bt450KC30 30 MHz 28-pin 0.6" 0°to +70°C
CERDIP
Device Circuit Data
Bt450
VAA
Go-G7
= 10G
SYNC* BLANK* '1' ~30pF RL Cstray + load)
(10G ONLY)

Equivalent Circuit of the Current QOutput (I0G).
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Revision History

Datasheet Change from Previous Revision
Revision
E 70 MHz speed grade replaced with 66 MHz. AC parameters: Clock Cycle Time (66 MHz) changed
from 14.3 ns to 15.1 ns.
F Expanded PCB layout section.
G Changed 35 MHz operation to 30 MHz. RD* Asserted to Data Bus Driver changed from 10 ns to 4

ns. Pixel and Control Setup time changed to 5 ns for 66 MHz and 30 MHz operation.
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Bt4351
Bt437
Bt438

Distinguishing Features Applications 125 MHz / 165 MHz
Monolithic CMOS

« 165, 125, 110, 80 MHz Operation « High-Resolution Color Graphics

+ 4:1 or 5:1 Input MUX + CAE/CAD/CAM 256 Color Palette

» 256-Word Dual Port Color Palette * Image Processing l(AM])I&CTM

* 4 Dual Port Overlay Registers * Video Reconstruction

* RS-343A Compatible Outputs

* Bit Plane Read and Blink Masks inti

e Related Products Product Description

¢ 84-pin PLCC or PGA Package . .

e +5 V CMOS Monolithic Construction « Bt431, B438, Bt439 The Bt451, Bt457, and Bt458 are pin-compatible
- Bt459, Bt460, Bt462, Bt468 and software-compatible RAMDACs designed

specifically for high-performance, high-

resolution color graphics. The architecture

enables the display of 1280 x 1024 bit-mapped

color graphics (up to 8 bits per pixel plus up to 2

R R bits of overlay information), minimizing the use
Functional Block Dlagl‘am of costly ECL interfacing, as most of the high
speed (pixel clock) logic is contained on chip.

The multiple pixel ports and internal multiplexing

CLOCK* CLOCK  VAA  GND FS ADIUST VREF enable TTL-compatible interfacing (up to 32 MHz)
i i | l to the frame buffer, while maintaining the 165
X p— MHz video data rates required for sophisticated
LD* — e coMP .
CONTROL CONTROL color graphics.
= I0R (N/O)
o0 7‘2 o B ; mc’é:;;”" The Bt451 has a 256 x 12 color lookup table with
(A-E) L M S - PALETTE triple 4-bit video D/A converters.
k % g MASK | MASK r— 10G (I0UT)
ow.ou 0 I s 2 2 | ixuzen The Bt458 contains a 256 x 24 color lookup table
(A-E) A H 7 OVERLAY I with triple 8-bit video D/A converters.
SYNC* —
BLANK* — The Bt457 is a single-channel version of the
Bt458 and has a 256 x 8 color lookup table with a
| BUS CONTROL | I ADDR REG | I R l G | B | single 8-bit video D/A converter. It includes a
E: “® PLL output to enable sub-pixel synchronization of
multiple Bt457s.
CE* RW O C1 D0-D7 On-chip features include programmable blink

rates, bit plane masking and blinking, color
overlay capability, and a dual-port color palette
RAM.

Brooktree Corporation

9950 Bames Canyon Rd.

San Diego, CA 92121-2790
(619) 452-7580 » (800) VIDEO IC

TLX: 383 596 » FAX: (619)452-1249 Mme®
LA458001 Rev. K 4 - 23



Bt451/457/458

Brooktree®

Circuit Description

MPU Interface

As illustrated in the functional block diagram, the
Bt451/457/458 supports a standard MPU bus
interface, allowing the MPU direct access to the
internal control registers and color/overlay palettes.
The dual-port color palette RAM and dual-port overlay
registers allow color updating without contention
with the display refresh process.

As illustrated in Table 1, the CO and C1 control
inputs, in conjunction with the internal address
register, specify which control register, color palette
RAM entry, or overlay register will be accessed by the
MPU.

The 8-bit address register (ADDRO0-7) is used to
address the internal RAM and registers, eliminating
the requirement for external address multiplexers.
ADDRO corresponds to DO and is the least significant
bit.

Bt451/458 Reading/Writing Color Data

To write color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be modified. The MPU performs
three successive write cycles (red, green, and blue),
using CO and 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 (12-bit word for the
Bt451) and written to the location specified by the

address register. The address register then increments
to the next location, which the MPU may modify by
simply writing another sequence of red, green, and
blue data. Note that the Bt451 uses only the four most
significant bits of color data (D4-D7) and ignores
DO0-D3.

To read color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be read. The MPU performs three
successive read cycles (red, green, and blue), using CO
and 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 simply reading another
sequence of red, green, and blue data. Note that the
Bt451 outputs only 4 bits of color data onto D4-D7
and forces D0-D3 to a logical zero.

When accessing the color palette RAM, the address
register resets to $00 after a blue read or write cycle to
location $FF. When accessing the overlay registers,
the address register increments to $04 following a
blue read or write cycle to overlay register 3. To keep
track of the red, green, and blue read/write cycles, the
address register has two additional bits that count
modulo three. They are reset to zero when the MPU
reads or writes to the address register. The MPU does
not have access to these bits. The other 8 bits of the
address register (ADDRO-7) are accessible to the
MPU.

ADDRO-7 C1 Cco Addressed by MPU
$xx 0 0 address register

$00-,$FF 0 1 color palette RAM
$00 1 1 overlay color 0
$01 1 1 overlay color 1
$02 1 1 overlay color 2
$03 1 1 overlay color 3
$04 1 0 read mask register
$05 1 0 blink mask register
$06 1 0 command register
$07 1 0 control/test register

Table 1. Address Register (ADDR) Operation.
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Bt451/457/458

Circuit Description (continued)

Bt457 Reading/Writing Color Data
(Normal Mode)

To write color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be modified. The MPU performs a
color write cycle, using CO and C1 to select either the
color palette RAM or the overlay registers. The
address register then increments to the next location,
which the MPU may modify by simply writing
another color.

Reading color data is similar to writing, except the
MPU executes read cycles.

This mode is useful if a 24-bit data bus is available, as
24 bits of color information (8 bits each of red, green,
blue) may be read or written to three Bt457s in a
single MPU cycle. In this application, the CE*
inputs of all three Bt457s are connected together. If
only an 8-bit data bus is available, the CE* inputs
must be individually selected during the appropriate
color write cycle (red CE* during red write cycle, blue
CE* during blue write cycle, etc.).

When accessing the color palette RAM, the address
register resets to $00 after a read or write cycle to
location $FF. When accessing the overlay registers,
the address register increments to $04 following a
read or write cycle to overlay register 3.

Bt457 Reading/Writing Color Data
(RGB Mode)

To write color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be modified. The MPU performs
three successive write cycles (8 bits each of red,
green, and blue), using CO and C1 to select either the
color palette RAM or the overlay registers. After the
blue write cycle, the address register then increments
to the next location, which the MPU may modify by
simply writing another sequence of red, green, and
blue data. Reading color data is similar to writing,
except the MPU executes read cycles.

This mode is useful if only an 8-bit data bus is
available. Each Bt457 is programmed to be a red,
green, or blue RAMDAC, and will respond only to the
assigned color read or write cycle. In this
application, the Bt457s share a common 8-bit data
bus. The CE* inputs of all three Bt457s must be
asserted simultaneously only during color read/write
cycles and address register write cycles.

When accessing the color palette RAM, the address
register resets to $00 after a blue read or write cycle to
location $FF. When accessing the overlay registers,
the address register increments to $04 following a
blue read or write cycle to overlay register 3. To keep
track of the red, green, and blue read/write cycles, the
address register has two additional bits that count
modulo three. They are reset to zero when the MPU
reads or writes to the address register. The MPU does
not have access to these bits. The other 8t bits of the
address register (ADDRO-7) are accessible to the
MPU.

Additional Information

Although the color palette RAM and overlay registers
are dual-ported, if the pixel and overlay data is
addressing the same palette entry being written to by
the MPU during the write cycle, it is possible for one
or more of the pixels on the display screen to be
disturbed. A maximum of one pixel is disturbed if the
write data from the MPU is valid during the entire chip
enable time.

Accessing the control registers is also done through
the address register in conjunction with the C0O and C1
inputs, as shown in Table 1. All control registers
may be written to or read by the MPU at any time. The
address register does not increment following read or
write cycles to the control registers, facilitating
read-modify-write operations.

Note that if an invalid address is loaded into the

address register, data written to the device will be
ignored and invalid data will be read by the MPU.
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Bt451/457/458

Brooktree®

Circuit Description (continued)

Frame Buffer Interface

To enable pixel data to be transferred from the frame
buffer at TTL data rates, the Bt451/457/458
incorporate internal latches and multiplexers. As
illustrated in Figure 1, on the rising edge of LD*, sync
and blank information, color (up to 8 bits per pixel),
and overlay (up to 2 bits per pixel) information, for
either four or five consecutive pixels, are latched into
the device. Note that, with this configuration, the
sync and blank timing will be recognized only with
four- or five-pixel resolution. Typically, the LD*
signal is used to clock external circuitry to generate
the basic video timing.

Each clock cycle, the Bt451/457/458 outputs color
information based on the {A} inputs, followed by the
{B} inputs, etc., until all four or five pixels have been
output, at which point the cycle repeats.

The overlay inputs may have pixel timing,
facilitating the use of additional bit planes in the
frame buffer to control overlay selection on a pixel
basis, or they may be controlled by external character
or cursor generation logic.

PO-P7 {A-E},

To simplify the frame buffer interface timing, LD*
may be phase shifted, in any amount, relative to
CLOCK. This enables the LD* signal to be derived by
externally dividing CLOCK by four or five,
independent of the propagation delays of the LD*
generation logic. As a result, the pixel and overlay
data are latched on the rising edge of LD*,
independent of the clock phase.

Internal logic maintains an internal LOAD signal,
synchronous to CLOCK, and is guaranteed to follow
the LD* signal by at least one, but not more than four,
clock cycles. This LOAD signal transfers the latched
pixel and overlay data into a second set of latches,
which are then internally multiplexed at the pixel
clock rate.

If 4:1 multiplexing is specified, only one rising edge
of LD* should occur every four clock cycles. If 5:1
multiplexing is specified, only one rising edge of
LD* should occur every five clock cycles. Otherwise,
the internal LOAD generation circuitry assumes it is
not locked onto the LD* signal, and will continuously
attempt to resynchronize itself to LD*.

OLO-OL1 {A-E},

SYNC*, BLANK*

IOR, 10G, 10B
(IOUT -- BT457)

Figure 1. Video Input/Output Timing.
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Bt451/457/458

Circuit Description (continued)

Color Selection

Each clock cycle, 8 bits of color information (P0-P7)
and 2 bits of overlay information (OLO, OL1) for each
pixel are processed by the read mask, blink mask, and
command registers. Through the use of the control
registers, individual bit planes may be enabled or
disabled for display, and/or blinked at one of four
blink rates and duty cycles.

To ensure that a color change due to blinking does not
occur during the active display time (i.e., in the
middle of the screen), the Bt451/457/458 monitors
the BLANK* input to determine vertical retrace
intervals. A vertical retrace interval is recognized by
determining that BLANK* has been a logical zero for
at least 256 LD* cycles.

The processed pixel data is then used to select which
color palette entry or overlay register is to provide
color information. Note that PO is the LSB when
addressing the color palette RAM. Table 2 illustrates
the truth table used for color selection.

Video Generation

Every clock cycle, the selected color information
from the color palette RAMs or overlay registers is
presented to the D/A converters.

The SYNC* and BLANK* inputs, pipelined to
maintain synchronization with the pixel data, add
appropriately weighted currents to the analog outputs,
producing the specific output levels required for video
applications, as illustrated in Figure 2.

The varying output current from each of the D/A
converters produces a corresponding voltage level,
which is used to drive the color CRT monitor. Note
that only the green output (IOG) on the Bt451 and
Bt458 contains sync information. Table 3 details
how the SYNC* and BLANK* inputs modify the
output levels.

The D/A converters on the Bt451, Bt457, and Bt458
use a segmented architecture in which bit currents are
routed to either the current output or GND by a
sophisticated decoding scheme. This architecture
eliminates the need for precision component ratios
and greatly reduces the switching transients
associated with turning current sources on or off.
Monotonicity and low glitch are guaranteed by using
identical current sources and current-steering their
outputs. An on-chip operational amplifier stabilizes
the D/A converter's full scale output current against
temperature and power supply variations.

CR6 | OL1 OL0 PO-P7 | Addressed by frame buffer
0 $00 color palette entry $00
1 0 0 $01 color palette entry $01
1 0 0 $FF color palette entry $FF
0 0 0 $xx overlay color 0
X 0 1 $xx overlay color 1
X 1 0 $xx overlay color 2
X 1 1 $xx overlay color 3
Table 2. Palette and Overlay Select Truth Table.
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Circuit Description (continued)

IOR, 10B I0G (IoUuT)

MA v MA v

1905 | 0714 ) 26,67 | 1.000 WHITE LEVEL
92.5IRE

144 | 0054 | 9.05 0.340 BLACK LEVEL
7.5 RE

000 | 0000 § 7.62 | 0286 BLANK LEVEL
40RE

0.00 0.000 SYNC LEVEL

Note: 75 Q doubly terminated load, RSET = 523 Q, VREF = 1.235 V. RS-343A levels and tolerances
assumed on all levels.

Figure 2. Composite Video Output Waveforms.

Description IOG (IOUT) | IOR,IOB 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 + 144 | 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 =523 Q, VREF = 1.235 V. Note that the Bt451
uses only the upper four DAC input data bits.

Table 3. Video Output Truth Table.
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Bt451/457/458

Internal Registers

Command Register

The command register may be written to or read by the MPU at any time, and is not initialized. CRO corresponds to

data bus bit DO.

CR7 Multiplex select

(0) 4:1 multiplexing
(1) 5:1 multiplexing

CR6 RAM enable
(0) use overlay color 0
(1) use color palette RAM
CRS5, CR4 Blink rate selection
(00) 16 on, 48 off (25/75)
(01) 16 on, 16 off (50/50)
(10) 32 on, 32 off (50/50)
(11) 64 on, 64 off (50/50)
CR3 OL1 blink enable

(0) disable blinking
(1) enable blinking

CR2 OLO blink enable

(0) disable blinking
(1) enable blinking

This bit specifies whether 4:1 or 5:1 multiplexing is to
be used for the pixel and overlay inputs. If 4:1 is
specified, the {E} pixel and {E} overlay inputs are
ignored and should be connected to GND, and the LD*
input should be 1/4 the CLOCK rate. If 5:1 is specified,
all of the pixel and overlay inputs are used, and the LD*
input should be 1/5 the CLOCK rate.

Note that it is possible to reset the pipeline delay of the
Bt457/458 to a fixed eight clock cycles. In this
instance, each time the input multiplexing is changed,
the Bt457/458 must again be reset to a fixed pipeline
delay.

When the overlay select bits are 00, this bit specifies
whether to use the color palette RAM or overlay color 0
to provide color information.

These 2 bits control the blink rate cycle time and duty
cycle, and are specified as the number of vertical retrace
intervals. The numbers in parentheses specify the duty
cycle (% on/off).

If a logical one, this bit forces the OL1 {A-E} inputs to
toggle between a logical zero and the input value at the
selected blink rate prior to selecting the palettes. A
value of logical zero does not affect the value of the OL1
{A-E} inputs. In order for overlay 1 bit plane to blink,
bit CR1 must be set to a logical one.

If a logical one, this bit forces the OLO {A-E} inputs to
toggle between a logical zero and the input value at the
selected blink rate prior to selecting the palettes. A
value of logical zero does not affect the value of the OLO
{A-E} inputs. In order for overlay O bit plane to blink,
bit CRO must be set to a logical one.

RAMDACs 4-29




Bt451/457/458

Internal Registers (continued)

Command Register (continued)

CR1 OL1 display enable
(0) disable
(1) enable

CRO OLO display enable

(0) disable
(1) enable

Read Mask Register

If a logical zero, this bit forces the OL1 {A-E} inputs to
a logical zero prior to selecting the palettes. A value of
a logical one does not affect the value of the OL1 {A-E}
inputs.

If a logical zero, this bit forces the OLO {A-E} inputs to
a logical zero prior to selecting the palettes. A value of
a logical one does not affect the value of the OLO {A-E}
inputs.

The read mask register is used to enable (logical one) or disable (logical zero) a bit plane from addressing the color
palette RAM. DO corresponds to bit plane 0 (PO {A-E}) and D7 corresponds to bit plane 7 (P7 {A-E}). Each register
bit is logically ANDed with the corresponding bit plane input. This register may be written to or read by the MPU at

any time and is not initialized.

Blink Mask Register

The blink mask register is used to enable (logical one) or disable (logical zero) a bit plane from blinking at the blink
rate and duty cycle specified by the command register. DO corresponds to bit plane 0 (PO {A-E}) and D7 corresponds
to bit plane 7 (P7 {A-E}). In order for a bit plane to blink, the corresponding bit in the read mask register must be a
logical one. This register may be written to or read by the MPU at any time and is not initialized.
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Bt451/457/458

Internal Registers (continued)

Bt451/458 Test Register

The test register provides diagnostic capability by enabling the MPU to read the inputs to the D/A converters. It may
be written to or read by the MPU at any time, and is not initialized. When writing to the register, the upper 4bits

(D4-D7) are ignored.

The contents of the test register are defined as follows:

D7-D4

color information (4 bits of red, green, or blue)

D3
D2
D1
DO

low (logical one) or high (logical zero) nibble
blue enable
green enable
red enable

To use the test register, the host MPU writes to it, setting one, and only one, of the (red, green, blue) enable bits.
These bits specify which 4 bits of color information the MPU wishes to read (R0-R3, G0-G3, B0-B3, R4-R7,
G4-G7, or B4-B7). When the MPU reads the test register, the 4 bits of color information from the DAC inputs are
contained in the upper 4 bits, and the lower 4 bits contain the (red, green, blue, low or high nibble) enable
information previously written. Note that either the CLOCK must be slowed down to the MPU cycle time, or the same
pixel and overlay data must be presented to the device during the entire MPU read cycle.

For example, to read the upper 4 bits of red color information being presented to the D/A converters, the MPU writes
to the test register, setting only the red enable bit. The MPU then proceeds to read the test register, keeping the pixel
data stable, which results in D4-D7 containing R4-R7 color bits, and DO-D3 containing (red, green, blue, low or
high nibble) enable information, as illustrated below:

D7 R7
D6 R6
D5 RS
D4 R4
D3 0
D2 0
D1 0
DO 1

Note that since the Bt451 has 4-bit D/A converters, bit D3 of the test register will always be a logical zero.
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Internal Registers (continued)

Bt457 Control/Test Register

The control/test register provides diagnostic capability by enabling the MPU to read the inputs to the D/A converter.
It may be written to or read by the MPU at any time, and is not initialized. When writing to the register, the upper 4
bits (D4-D7) are ignored.

The contents of the test register are defined as follows:

D7-D4 color information
D3 low (logical one) or high (logical zero) nibble
D2 blue channel enable
D1 green channel enable
DO red channel enable

To use the control/test register, the MPU writes to it, specifying the low or high nibble of color information. When
the MPU reads the register, the 4 bits of color information from the DAC inputs are contained in the upper 4 bits, and
the lower 4 bits contain whatever was previously written to the register. Note that either the CLOCK must be slowed
down to the MPU cycle time, or the same pixel and overlay data must be presented to the device during the entire MPU
read cycle.

The red, green, and blue enable bits are used to specify the mode of writing color data to, and reading color data from,
the Bt457. If all three enable bits are a logical zero, each write cycle to the color palette RAM or overlay registers
loads 8 bits of color data. During each read cycle of the color palette RAM or overlay registers, 8 bits of color data are
output onto the data bus. If a 24-bit data bus is available, this enables three Bt457s to be accessed simultaneously.

If any of the red, green, blue enable bits are a logical one, the Bt457 assumes the MPU is reading and writing color
information using red, green, blue cycles, such as are used on the Bt451 and Bt458. Setting the appropriate enable
bit configures the Bt457 to output or input color data only for the color read/write cycle corresponding to the enabled
color. Thus, if the green enable bit is a logical one, and a red, green, blue write cycle occurred, the Bt457 would input
data only during the green write cycle. If a red, green, blue read cycle occurred, the Bt457 would output data only
during the green read cycle. Note that CE* must be a logical zero during each of the red, green, blue cycles. One, and
only one, of the enable bits must be a logical one. This mode of operation is useful where only an 8-bit data bus is
available, and the software drivers are written for RGB operation.
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Pin Descriptions

Pin Name

BLANK*

SYNC*

PO-P7
(A-E}

OL0-OL1
{(A-E)

IOR, IOG, IOB,
our

PLL

Description

Composite blank control input (TTL compatible). A logic zero drives the analog outputs to the
blanking level, as illustrated in Table 3. It is latched on the rising edge of LD*. When BLANK*
is a logical zero, the pixel and overlay inputs are ignored.

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40
IRE current source on the IOG output (see Figure 2). SYNC* does not override any other control
or data input, as shown in Table 3; therefore, it should be asserted only during the blanking
interval. It is latched on the rising edge of LD*. If sync information is not to be generated on
the JOG output, this pin should be connected to GND.

Load control input (TTL compatible). The PO-P7 {A-E}, OL0-OL1 {A-E}, BLANK*, and
SYNC* inputs are latched on the rising edge of LD*. LD*, while it is either 1/4 or 1/5 the
CLOCK rate, may be phase independent of the CLOCK and CLOCK* inputs. LD* may have any
duty cycle, within the limits specified by the AC Characteristics section.

Pixel select inputs (TTL compatible). These inputs are used to specify, on a pixel basis, which
one of the 256 entries in the color palette RAM is to be used to provide color information.
Either four or five consecutive pixels (up to 8 bits per pixel) are input through this port. They
are latched on the rising edge of LD*. Unused inputs should be connected to GND.

Note that the {A} pixel is output first, followed by the {B} pixel, etc., until all four or five
pixels have been output, at which point the cycle repeats.

Overlay select inputs (TTL compatible). These control inputs are latched on the rising edge of
LD*, and in conjunction with bit 6 of the command register, specify which palette is to be used
for color information, as follows:

OL1 OLO CR6=1 CR6=0
0 0 color palette RAM overlay color 0
0 1 overlay color 1 overlay color 1
1 0 overlay color 2 overlay color 2
1 1 overlay color 3 overlay color 3

When accessing the overlay palette, the PO-P7 {A-E} inputs are ignored. Overlay information
bits (up to 2 bits per pixel) for either four or five consecutive pixels are input through this port.
Unused inputs should be connected to GND.

Red, green, and blue video current outputs. These high -mpedance current sources are capable of
directly driving a doubly terminated 75 Q coaxial cable (Figure 3). The Bt457 outputs IOUT
rather than IOR, IOG, and IOB.

Phase lock loop current output—Bt457 only. This high-impedance current source is used to
enable multiple Bt457s to be synchronized with sub-pixel resolution when used with an external
PLL. A logical one on the BLANK* input results in no current being output onto this pin, while
a logical zero results in the following current being output:

PLL (mA) = 3,227 * VREF (V) / RSET (Q)

If sub-pixel synchronization of multiple devices is not required, this output should be connected
to GND (either directly or through a resistor up to 150 Q).
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Pin Descriptions (continued)

Pin Name

COMP

FS ADJUST

VREF

CLOCK,
CLOCK*

CE*

Co, C1

D0-D7

VAA

Description

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1
WF ceramic capacitor must be connected between this pin and VAA (Figure 3). Connecting the
capacitor to VAA rather than to GND provides the highest possible power supply noise
rejection. The COMP capacitor must be as close to the device as possible to keep lead lengths
to an absolute minimum and maximize the capacitor's self-resonant frequency to be greater than
the LD* frequency. Refer to PC Board Layout Considerations for critical layout criteria.

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

The relationship between RSET and the full-scale output current on IOG (or IOUT for the Bt457)
is:

RSET () = 11,294 * VREF ( V) /IOG (mA)
The full scale output current on IOR and IOB (for the Bt451 and Bt458) for a given RSET is:

IOR, IOB (mA) = 8,067 * VREF ( V) /RSET (Q2)

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure
3, must supply this input with a 1.235 V (typical) reference. The use of a resistor network to
generate the reference is not recommended, as any low-frequency power supply noise on YREF
will be directly coupled onto the analog outputs. A 0.1 uF ceramic capacitor is used to decouple
this input to VAA, as shown in Figure 3. If VAA is excessively noisy, better performance may
be obtained by decoupling VREF to GND. The decoupling capacitor must be as close to the
device as possible to keep lead lengths to an absolute minimum.

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured
for single supply (+5 V) operation. The clock rate is typically the pixel clock rate of the
system.

Chip enable control input (TTL compatible). This input must be a logical zero to enable data to
be written to or read from the device. During write operations, data is internally latched on the
rising edge of CE*. Care should be taken to avoid glitches on this edge-triggered input.

Read/write control input (TTL compatible). To write data to the device, both CE* and R/W must
be a logical zero. To read data from the device, CE* must be a logical zero and R/W must be a
logical one. R/W is latched on the falling edge of CE*.

Command control inputs (TTL compatible). CO and C1 specify the type of read or write
operation being performed, as illustrated in Table 1. They are latched on the falling edge of
CE*.

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

Analog power. All VAA pins must be connected.

Analog ground. All GND pins must be connected.
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Pin Descriptions (continued)—84-Pin J-Lead Package
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Note: Bt457 pin names are in parentheses.
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Pin Descriptions (continued)—84-pin PGA Package

Signal

BLANK*
SYNC*
LD*
CLOCK*
CLOCK

POA
POB
POC
POD
POE

P1A
P1B
Pi1C
PID
PIE

P2A
P2B
P2C
P2D
P2E

P3A
P3B
P3C
P3D
P3E

P4A
P4B
PAC
P4D
PAE

Pin
Number

L9
M10
M9

M8

Mi11
L10
L11

K10
Mi2

Signal

P5A
P5B
P5C
P5D
PSE

P6A
P6B
P6C
P6D
P6E

P7A
P7B

OLOA
OLOB
OLoC
OLOD
OLOE

OL1A
OL1B
OLIC
OLID
OL1E

10G (I0UT)
IOB (PLL)
IOR (N/C)

Note: Bt457 pin names are in parentheses.
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Pin
Number

K11
L12
K12
m
J12

H11
H12
G12
G11
F12

F11
E12
Ell
D12
D11

Al
C2
B1
C1
D2

D1
E2
E1l
F1
F2

Al10
All
B9

Signal

VAA
VAA
VAA
VAA
VAA
VAA

COMP
FS ADJUST

CE*
C1

Co

D1

SRERES

Pin
Number

C12
C11
A9
L7
M7
A7

B12
B11
M6
B6
A6
Al12
B10
C10
B8
B7
C3

B3

B4

BS5
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Pin Descriptions (continued)—84-pin PGA Package

12 OOMP GND  VAA PD PIB P6E P6C P6B PSE PsC PsB PME
11 I0OB GND VAA PIE PIC PIA PD PA PD PsA AMC PA
10 I0G FSAD] VREF RD PB  SYNC*
9 VAA IOR BLK* D~
‘1° ™ Bt451/457/458 -
7 VAA o] VAA  VAA
s |oo oo (TOP VIEW) mE oD
5 o2 D7 P3C PD
4 D6 Ds A P3B
3 D4 D2 Do PA PRC P2E
2 D3 D1 OB OLCE OLIB OLIEE FPOB D PA PID PIE PD

1JomamwAmcmmmAmcmnn Pc  PB

A B C D E F G H J K L M

alignment marker (on top)

12 P4E PSB P5C PSE P6B PeC P6E PIB PDD VAA GND QOMP
11 PMA MC PSA PD P6A PO PIA PIC PIE VAA GND 0B
10 SYNC* MB PMD VREF FS ADJ 10G
9 1D* BLK* IOR VAA
8 CLK CLK* RW C1
N Dt (BOTTOM VIEW) @™
6 GND P3E GND GND
5 PD PC D7 CE*
4 P3B PRA D5 D6
3 P2E PC PA Do D2 Dé
2 PD PIE PID PIA PO POB OLIE OLIB OLGE OLoB o) D3
1 P2B PIC P1B POE POC POA OLID OLIC OLIA OLD OLOC

M L K J H G F E D [ B A

Pin | Bt451/458 | B457

A10 I0G iour
All 10B PLL
B9 IOR N/C
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PC Board Layout Considerations

PC Board Considerations

This product requires special attention to proper
layout techniques to achieve optimum performance.
Before beginning PCB layout, refer to the CMOS
RAMDAC layout example found in Bt451/457/458
Evaluation Module Operation and Measurements,
application note (AN-16). This application note can
be found in Brooktree's 1990 Applications
Handbook.

The layout should be optimized for lowest noise on
the Bt451/457/458 power and ground lines by
shielding the digital inputs and providing good
decoupling. The 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. Ground
planes must provide a low-impedance return path for
the digital circuits. A minimum of a 6-layer PC board
is recommended. The ground layer should be used as a
shield to isolate noise from the analog traces with
layer 1 (top) the analog traces, layer 2 the ground
plane (preferable analog ground plane), layer 3 the
analog power plane, using the remaining layers for
digital traces and digital power supplies.

The optimum layout enables the Bt451/457/458 to be
located as close to the power supply connector and as
close to the video output connector as possible.

Ground Planes

For optimum performance, a common digital and
analog ground plane with tub isolation (at least a 1/8"
inch gap) and connected together only at the power
supply connector (or the lowest impedance source) is
recommended. Ground plane partitioning should
extend the analog ground plane no more than 2 inches
from the power supply connector to preserve digital
noise margins during MPU read cycles. Thus, the
ground partitioning isolation technique is constrained
by the noise margin degradation during digital
readback of the Bt451/457/458.

The digital ground plane should be under all digital
signal traces to minimize radiated noise and crosstalk.

For maximum performance, a separate isolated ground
plane for the analog output termination resistors,
RSET resistor, and VREEF circuitry should be used, as
shown in Figure 3. Another isolated ground plane is
used for the GND pins of the Bt451/457/458 and
supply decoupling capacitors.
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Power Planes

Separate digital and analog power planes are
necessary. 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
Bt451/457/458 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 3. This bead
should be located within 3 inches of the
Bt451/457/458 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.

Plane-to-plane noise coupling can be reduced by
ensuring that portions of the digital power and ground
planes do not overlay portions of the analog power
and ground planes, unless they can be arranged so that
the plane-to-plane noise is common mode.

Device Decoupling

For optimum performance, all capacitors should be
located as close to the device as possible, using the
shortest leads possible (consistent with reliable
operation) to reduce the lead inductance. Chip
capacitors are recommended for minimum lead
inductance. Radial lead ceramic capacitors may be
substituted for chip capacitors and are better than
axial lead capacitors for self-resonance. Values are
chosen to have self-resonance above the pixel clock.

Power Supply Decoupling

Best power supply decoupling performance is
obtained with a 0.1 pF ceramic capacitor in parallel
with a 0.01 pF chip capacitor decoupling each of three
groups of VAA pins to GND. The capacitors should be
placed as close as possible to the device.

The 33 WF capacitor is for low frequency power supply
ripple; the 0.1 uF and 0.01 pF capacitors are for
high-frequency power supply noise rejection.
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PC Board Layout Considerations (continued)

A linear regulator to filter the analog power supply is
recommended if the power supply noise is = 200 mV.
This is especially important when a switching power
supply is used and the switching frequency is close to
the raster scan frequency. Note that about 10% of
power supply hum and ripple noise less than 1 MHz
will couple onto the analog outputs.

COMP Decoupling

The COMP pin must be decoupled to VAA, typically
using a 0.1 pF ceramic capacitor. Low frequency
supply noise will require a larger value. Lead lengths
should be minimized for best performance so that the
self-resonance frequency is greater than the LD*
frequency.

If the display has a "ghosting" problem, additional
capacitance in parallel with the COMP capacitor may
helpto fix the problem.

Digital Signal Interconnect

The digital inputs to the Bt451/457/458 should be
isolated as much as possible from the analog outputs
and other analog circuitry. Also, these input signals
should not overlay the analog power and ground
planes.

Most noise on the analog outputs will be caused by
excessive edge speeds (less than 3 ns), overshoot,
undershoot, and ringing on the digital inputs.

The digital edge speeds should be no faster than
necessary, as feedthrough noise is proportional to the
digital edge speeds. Lower speed applications will
benefit by using lower speed logic (3-5 ns edge rates)
to reduce data-related noise on the analog outputs.

Transmission line mismatch will exist if the line
length reflection time is greater than 1/4 the signal
edge time, resulting in ringing, overshoot, and
undershoot that can generate noise onto the analog
outputs. 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 resistor (10 to 50 Q).

Radiation of digital signals can also be picked up by
the analog circuitry. This is prevented by reducing
the digital edge speeds (rise/fall time), minimizing
ringing by using damping resistors, and minimizing
coupling through PC board capacitance by routing 90
degrees to any analog signals.

Ensure that the power pins for the clock driver are
properly decoupled to minimize transients. Minimize
edge speeds and ringing, using damping resistors (10
to 50 Q) or parallel termination where necessary.

If using parallel termination on digital signals, the
resistors should be connected to the digital power and
ground planes, not the analog power and ground
planes.

Analog Signal Interconnect

The Bt451/457/458 should be located as close as
possible to the output connectors to minimize noise
pickup and reflections due to impedance mismatch.

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

For maximum performance, the analog outputs should
have a source load resistor equal to the destination
termination (via a clean isolated ground return path).
The load resistor connection between the current
output and GND should be as close as possible to the
Bt451/457/458 to minimize reflections. Unused
analog outputs should be connected to GND.

Analog edges exceeding the CRT monitor bandwidth
can be reflected, producing cable-length dependent
ghosts. Simple pulse filters can reduce
high-frequency energy, reducing EMI and noise.

Analog Output Protection

The Bt451/457/458 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 3 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)

COMPI—) .
ANALOG POWER PLANE
VAA .
mé == C9
C2-04 cs-C7 L1
T T e
- T
I~ c10 == 1
Bt451/457/458 T
N | GROUND
GND (POWER SUPPLY
r : CONNECTOR)
RSET é
Rl |R2 |R3
FS ADJUST
*
(N/O) IOR @ TO
VIDEO
(10UT) 106 @ CONNECTOR
*
(PLL) 10B @
NOTE: BT457 PIN NAMES ARE IN PARENTHESES.
* NOT USED WITH BT457. VAA
® 1N4148/9
DAC TO MONITOR
OUTPUT
1N4148/9
GND
Location Description Vendor Part Number
C1-C4, C8, C9 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
C5-C7 0.01 pF ceramic chip capacitor AVX 12102T103QA1018
C10 33 pF tantalum capacitor Mallory CSR13F336KM
L1 ferrite bead Fair-Rite 2743001111
R1, R2, R3 75 Q 1% metal film resistor Dale CMF-55C
R4 1000 Q 1% metal film resistor Dale CMF-55C
RSET 523 Q 1% metal film resistor Dale CMF-55C
71 1.2 V voltage reference National Semiconductor LM385Z-1.2

Note: The vendor numbers above are listed only as a guide.
characteristics will not affect the performance of the Bt451/457/458.

Application Information

Figure 3.
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Application Information

Clock Interfacing

Due to the high clock rates at which the
Bt451/457/458 may operate, it is designed to accept
differential clock signals (CLOCK and CLOCK*).
These clock inputs are designed to be generated by
ECL logic operating at +5 V. Note that the CLOCK
and CLOCK* inputs require termination resistors
(typically a 220 Q resistor to VCC and a 330 Q
resistor to GND). The termination resistors should be
as close as possible to the Bt451/457/458.

165 MHz applications require robust ECL clock
signals with strong pull-down (~20 mA at VOH) and
double termination for clock trace lengths greater
than 2 inches.

The CLOCK and CLOCK* inputs must be differential
signals and greater than 0.6 V peak-to-peak due to the
noise margins of the CMOS process. The
Bt451/457/458 will not function using a single-ended
clock with CLOCK* connected to ground.

Typically, LD* is generated by dividing CLOCK by
four or five (depending on whether 4:1 or 5:1
multiplexing was specified) and translating it to TTL
levels. As LD* may be phase-shifted relative to
CLOCK, the designer need not worry about
propagation delays in deriving the LD* signal. LD*
may be used as the shift clock for the video DRAMs
and to generate the fundamental video timing of the
system (SYNC*, BLANK*, etc.).

It is recommended that the Bt438 or Bt439 Clock
Generator Chips be used to generate the clock and load
signals. Both support the 4:1 and 5:1 input
multiplexing of the Bt451/457/458, and set the
pipeline delay of the Bt457 and Bt458 to eight clock
cycles. Figures 4 and 5 illustrate using the Bt438 with
the Bt451/457/458.

In applications using a single Bt457, the PLL output
is ignored and should be connected to GND (either
directly or through a resistor up to 150 Q).

+5V
+ 5V
T 220
L CLOCK CLOCK
MONITOR ™
""09'7’;“8 v Bt451/458
= g
' ? CLOCK* CLOCK*
Bt438 330
LDA LD*
VAA
01 £
VREF ————W——T—o VREF

Figure 4. Generating the Bt451/458 Clock Signals.
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Application Information (continued)

Setting the Pipeline Delay
(Bt457, Bt458)

The pipeline delay of the Bt457/458, although fixed
after a power-up condition, may be anywhere from six
to ten clock cycles. The Bt457/458 contains
additional circuitry enabling the pipeline delay to be
fixed at eight clock cycles. The Bt438 and Bt439
Clock Generator Chips support this mode of
operation when used with the Bt457/458.

To reset the Bt457/458, it should be powered up, with
LD*, CLOCK, and CLOCK* running. Stop the
CLOCK and CLOCK* signals with CLOCK high and
CLOCK* low for at least three rising edges of LD*.
There is no upper limit on how long the device can be
held with CLOCK and CLOCK* stopped.

Restart CLOCK and CLOCK?* so that the first edge of
the signals is as close as possible to the rising edge
of LD* (the falling edge of CLOCK leads the rising
edge of LD* by no more than one clock cycle or
follows the rising edge of LD* by no more than 1.5
clock cycles). When restarting the clocks, care must
be taken to ensure that the minimum clock pulse width
is not violated.

The resetting of the Bt457/458 to an eight clock
cycle pipeline delay does not reset the blink counter
circuitry. Therefore, if the multiple Bt457/458s are
used in parallel, the on-chip blink counters may not
be synchronized. In this instance, the blink mask
register should be $00 and the overlay blink enable
bits a logical zero. Blinking may be done under
software control via the read mask register and
overlay display enable bits.

In standard operation, the Bt457/458 need be reset
only following a power-up or reset condition. Under
these circumstances the on-chip blink circuitry may
be used.

Bt457 Color Display Applications

For color display applications where up to four
Bt457s are being used, it is recommended that the
Bt439 Clock Generator Chip be used to generate the
clock and load signals. It supports the 4:1, and 5:1
input multiplexing of the Bt457, synchronizes them
to sub-pixel resolution, and sets the pipeline delay of
the Bt457 to eight clock cycles. The Bt439 may also
be used to interface the Bt457 to a TTL clock. Figure 6
illustrates using the Bt439 with the Bt457.

+5V
+ 5V
220
1 CLOCK CLOCK
MONITOR 130
PRODUCTS +5V Bt457
9708
220
l’ CLOCK* CLOCK*
Bt438 30
LDA LD*
VAA
O.II
VREF————\/\/\-—T——VREP
1K
Figure 5. Generating the Bt457 Clock Signals (Monochrome Application).
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Sub-pixel synchronization is supported via the PLL
output. Essentially, PLL provides a signal to indicate
the amount of analog output delay of the Bt457,
relative to CLOCK. The Bt439 compares the phase of
the PLL signals generated by up to four Bt457s, and
adjusts the phase of each of the CLOCK and CLOCK*
signals to the Bt457s to minimize the PLL phase
difference. There should be minimal layout skew in
the CLOCK and PLL trace paths to assure proper clock
alignment.

PLLO
+5V
—I— CLOCKO
14 00
MONITOR
PRODUCTS
9708
g Bt439
+5V PLL1
+5V
CLOCK1
15K CLOCK1*
2N39 FROM
04 BT4S7
BT439 300

If sub-pixel synchronization of multiple Bt457s is
not necessary, the Bt438 Clock Generator Chip may
be used instead of the Bt439. In this instance, the
CLOCK, CLOCK*, and LD* inputs of up to four
Bt457s are connected together and driven by a single
Bt438 (daisy chain with single balanced termination
for <100 MHz or through a 10H116 buffer for >100
MHz). The VREF inputs of the Bt457s must still have
a 0.1 uF bypass capacitor to VAA. The PLL outputs
would not be used and should be connected to GND
(either directly or through a resistor up to 150 Q).

PLL2

@ @ t CLOCK2
330 100

CLOCK2*

LD

VREF

Figure 6.

o
Rl CLOCK
[
Btd57
VT e #1
S Wy W
O
@ at| cLock
O @ GO Brasy
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© O
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Application Information (continued)

Using Multiple Devices

When using multiple RAMDACs, each RAMDAC
should have its own power plane ferrite bead. In
addition, a single voltage reference may drive
multiple devices; however, isolation resistors are
recommended to reduce color channel crosstalk.

Higher performance may be obtained if each
RAMDAC has its own voltage reference. This may
further reduce the amount of color channel crosstalk
and color palette interaction.

Each RAMDAC must still have its own individual
RSET resistor, analog output termination resistors,
power supply bypass capacitors, COMP capacitor,
and VREF capacitor.

Bt457 Non-Video Applications

The Bt457 may be used in non-video applications by
disabling the video-specific control signals. SYNC*
should be a logical zero and BLANK* should be a
logical one.

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

RSET (Q) = 7,457 * VREF (V) / Tout (mA)

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

Imin (mA) = 610 * VREF (V) / RSET (Q)

Therefore, the total full-scale output current will be
ITout + Imin.
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Initializing the Bt451/458

Following a power-on sequence, the Bt451/458 must
be initialized. If controlling the clock/LD* sequence
to reset the pipeline delay of the Bt458 to a fixed
pipeline delay of eight clock cycles, this
initialization sequence must be performed after the
reset sequence. The command register must also be
re-initialized any time the multiplex selection is
changed (i.e., from 4:1 to 5:1 input multiplexing).

This sequence will configure the Bt451/458 as
follows:

4:1 multiplexed operation
no overlays
no blinking

Control Register Initialization C1, CO
Write $04 to address register 00
Write $FF to read mask register 10
Write $05 to address register 00
Write $00 to blink mask register 10
Write $06 to address register 00
Write $40 to command register 10
Write $07 to address register 00
Write $00 to test register 10

Color Palette RAM Initialization

Write $00 to address register 00
Write red data to RAM (location $00) 01
Write green data to RAM (location $00) 01
Write blue data to RAM (location $00) 01
Write red data to RAM (location $01) 01
Write green data to RAM (location $01) 01
Write blue data to RAM (location $01) 01
Write red data to RAM (location $FF) 01
Write green data to RAM (location $FF) 01
Write blue data to RAM (location $FF) 01

Overlay Color Palette Initialization

Write $00 to address register 00
Write red data to overlay (location $00) 11
Write green data to overlay (location $00) 11
Write blue data to overlay (location $00) 11
Write red data to overlay (location $01) 11
Write green data to overlay (location $01) 11
Write blue data to overlay (location $01) 11

Write red data to overlay (location $03) 11
Write green data to overlay (location $03) 11
Write blue data to overlay (location $03) 11
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Application Information (continued)

Initializing the Bt457 (Monochrome)

Following a power-on sequence, the Bt457 must be
initialized. If controlling the clock/LD* sequence to
reset the pipeline delay of the Bt457 to a fixed
pipeline delay of eight clock cycles, this
initialization sequence must be performed after the
reset sequence. The command register must also be
re-initialized any time the multiplex selection is
changed (i.e., from 4:1 to 5:1 input multiplexing).

This sequence will configure the Bt457 as follows:

4:1 multiplexed operation

no overlays

no blinking

color data written/read every cycle

Control Register Initialization C1, CO
Write $04 to address register 00
Write $FF to read mask register 10
Write $05 to address register 00
Write $00 to blink mask register 10
Write $06 to address register 00
Write $40 to command register 10
Write $07 to address register 00
Write $00 to test register 10

Color Palette RAM Initialization
Write $00 to address register 00
Write data to RAM (location $00) 01
Write data to RAM (location $01) 01
Write data to RAM (location $FF) 01

Overlay Color Palette Initialization

Write $00 to address register 00
Write data to overlay (location $00) 11
Write data to overlay (location $01) 11
Write data to overlay (location $03) 11

Initializing the Bt457 (Color)
24-bit MPU Data Bus

In this example, three Bt457s are being used in
parallel to generate true color. A 24-bit MPU data bus
is available for accessing all three Bt457s in parallel.

The operation and initialization are the same as for
the Bt457 being used in a monochrome application.

Initializing the Bt457 (Color)
8-bit MPU Data Bus

In this example, three Bt457s are being used in
parallel to generate true color. An 8-bit MPU data bus
is available for accessing the Bt457s.

Note that while accessing the command, read mask,
blink mask, and control/test, and address register,
each Bt457 must be accessed individually. While
accessing the color palette RAM or overlay registers,
all three Bt457s are accessed simultaneously.

Following a power-on sequence, the Bt457s must be
initialized. If controlling the clock/LD* sequence to
reset the pipeline delay of the Bt457s to a fixed
pipeline delay of eight clock cycles, this
initialization sequence must be performed after the
reset sequence. The command register must also be
re-initialized any time the multiplex selection is
changed (i.e., from 4:1 to 5:1 input multiplexing).

This sequence will configure the Bt457s as follows:

4:1 multiplexed operation

no overlays

no blinking

initialize each Bt457 as a red, green, or blue device

Control Register Initialization C1, Co
Red Bt457
Write $04 to address register 00
Write $FF to read mask register 10
Write $05 to address register 00
Write $00 to blink mask register 10
Write $06 to address register 00
Write $40 to command register 10
Write $07 to address register 00
Write $01 to test register 10
Green Bt457
Write $04 to address register 00
Write $FF to read mask register 10
Write $05 to address register 00
Write $00 to blink mask register 10
Write $06 to address register 00
Write $40 to command register 10
Write $07 to address register 00
Write $02 to test register 10
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Application Information (continued)

Blue Bt457
Write $04 to address register 00
Write $FF to read mask register 10
Write $05 to address register 00
Write $00 to blink mask register 10
Write $06 to address register 00
Write $40 to command register 10
Write $07 to address register 00
Write $04 to test register 10

Color Palette RAM Initialization

Write $00 to all three address registers 00
Write red data to RAM (location $00) 01
Write green data to RAM (location $00) 01
Write blue data to RAM (location $00) 01
Write red data to RAM (location $01) 01
Write green data to RAM (location $01) 01
Write blue data to RAM (location $01) 01
Write red data to RAM (location $FF) 01
Write green data to RAM (location $FF) 01
Write blue data to RAM (location $FF) 01
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Overlay Color Palette Initialization

Write $00 to all three address registers 00
Write red data to overlay (location $00) 11
Write green data to overlay (location $00) 11
Write blue data to overlay (location $00) 11
Write red data to overlay (location $01) 11
Write green data to overlay (location $01) 11
Write blue data to overlay (location $01) 11

Write red data to overlay (location $03) 11
Write green data to overlay (location $03) 11
Write blue data to overlay (location $03) 11

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. 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
constant delay that induces latchup.

Latchup can be prevented by assuring 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 assures that
any signal pin voltage will never exceed the power
supply voltage by more than +0.5 V.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VAA 4.75 5.00 5.25 Volts
Ambient Operating Temperature TA 0 +70 °C
Output Load RL 37.5 Q
Reference Voltage VREF 1.20 1.235 1.26 Volts
FS ADJUST Resistor RSET 523 Q

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units

VAA (measured to GND) 7.0 Volts
Voltage on Any Signal Pin* GND-0.5 VAA +0.5 Volts
Analog Output Short Circuit

Duration to Any Power Supply

or Common IsC indefinite
Ambient Operating Temperature TA -55 +125 °C
Storage Temperature TS -65 +150 °C
Junction Temperature 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)

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.

* This device employs high-impedance CMOS devices on all signal pins. It should be handled as an

ESD-sensitive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 V
can induce destructive latchup.
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DC Characteristics

Parameter Symbol Min Typ Max Units
Analog Outputs
Resolution (each DAC) 84 84 8(4) Bits
Accuracy (each DAC)
Integral Linearity Error IL +1 (1/8) LSB
Differential Linearity Error DL +1 (1/16) LSB
Gray Scale Error 5 % Gray Scale
Monotonicity guaranteed
Coding Binary
Digital Inputs
(except CLOCK, CLOCK*)
Input High Voltage VIH 2.0 VAA+0S5 Volts
Input Low Voltage VIL GND-0.5 0.8 Volts
Input High Current (Vin = 2.4 V) IH 1 HA
Input Low Current (Vin = 0.4 V) mw -1 HA
Input Capacitance CIN 4 10 pF
(f=1MHz, Vin=24YV)
Clock Inputs (CLOCK, CLOCK*)
Differential Input Voltage AVIN .6 6 Volts
Input High Current (Vin =4.0 V) IKIH 1 HA
Input Low Current (Vin = 0.4 V) IKIL -1 HA
Input Capacitance CKIN 4 10 pF
(f=1MHz, Vin=4.0V)
Digital Outputs (D0-D7)
Output High Voltage VOH 2.4 Volts
(IOH = -800 pA)
Output Low Voltage VOL 0.4 Volts
(IOL =6.4mA)
3-state Current ) (072 10 HA
Output Capacitance CDOUT 10 pF

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

Parameter Symbol Min Typ Max Units
Analog Outputs
Output Current
White Level Relative to Blank 17.69 19.05 20.40 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 or IOUT 6.29 7.62 8.96 mA
Sync Level on IOG or IOUT 0 5 50 HA
LSB Size
Bt451 1.175 mA
Bt457, Bt458 69.1 MA
DAC to DAC Matching* 2 5 %
Output Compliance voC -1.0 +1.2 Volts
Output Impedance RAOUT 50 kQ
Output Capacitance CAOUT 13 20 pF
(f=1MHz, IOUT = 0 mA)
Voltage Reference Input Current IREF 10 HA
Power Supply Rejection Ratio PSRR 0.5 % | % AVAA
(COMP = 0.1 pF, f=1KHz)

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 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.e., room, and
nominal voltage, i.e., 5 V.

*Does not apply to the Bt457.
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AC Characteristics

165 MHz Devices 125 MHz Devices
Parameter Symbol | Min Typ Max Min Typ Max Units

Clock Rate Fmax 165 125 MHz
LD* Rate LDmax 41.25 31.25 MHz
R/W, C0, C1 Setup Time 1 0 0 ns
R/W, CO0, C1 Hold Time 2 15 15 ns
CE* Low Time 3 50 50 ns
CE* High Time 4 25 25 ns
CE* Asserted to Data Bus Driven 5 7 7 ns
CE* Asserted to Data Valid 6 75 75 ns
CE* Negated to Data Bus 3-Stated 7 15 15 ns
Write Data Setup Time 8 35 35 ns
Write Data Hold Time 9 3 3 ns
Pixel and Control Setup Time 10 3 3 ns
Pixel and Control Hold Time 11 2 2 ns
Clock Cycle Time 12 6.06 8 ns
Clock Pulse Width High Time 13 2.6 3.2 ns
Clock Pulse Width Low Time 14 2.6 3.2 ns
LD* Cycle Time 15 24.24 32 ns
LD* Pulse Width High Time 16 10 13 ns
LD* Pulse Width Low Time 17 10 13 ns
Analog Output Delay 18 12 12 ns
Analog Output Rise/Fall Time 19 2 2 ns
Analog Output Settling Time 20 8 8 ns
Clock and Data Feedthrough* 35 35 pV-sec
Glitch Impulse* 50 50 pV-sec
Analog Output Skew** 0 2 0 2 ns
Pipeline Delay 6 10 6 10 Clocks
VAA Supply Current*** IAA

Bt451 n/a n/a 310 400 mA

Bt458 310 370 225 330 mA

Bt457 n/a n/a 200 250 mA

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

110 MHz Devices 80 MHz Devices
Parameter Symbol | Min Typ Max Min Typ Max Units

Clock Rate Fmax 110 80 MHz
LD* Rate LDmax 27.5 20 MHz
R/W, C0, C1 Setup Time 1 0 0 ns
R/W, C0, C1 Hold Time 2 15 15 ns
CE* Low Time 3 50 50 ns
CE* High Time 4 25 25 ns
CE* Asserted to Data Bus Driven 5 7 7 ns
CE* Asserted to Data Valid 6 75 75 ns
CE* Negated to Data Bus 3-Stated 7 15 15 ns
Write Data Setup Time 8 35 35 ns
Write Data Hold Time 9 3 3 ns
Pixel and Control Setup Time 10 3 4 ns
Pixel and Control Hold Time 11 2 2 ns
Clock Cycle Time 12 9.09 12.5 ns
Clock Pulse Width High Time 13 4 5 ns
Clock Pulse Width Low Time 14 4 5 ns
LD* Cycle Time 15 36.36 50 ns
LD* Pulse Width High Time 16 15 20 ns
LD* Pulse Width Low Time 17 15 20 ns
Analog Output Delay 18 12 12 ns
Analog Output Rise/Fall Time 19 2 2 ns
Analog Output Settling Time 20 8 8 ns
Clock and Data Feedthrough* 35 35 pV-sec
Glitch Impulse* 50 50 pV-sec
Analog Output Skew** 0 2 0 2 ns
Pipeline Delay 6 10 6 10 Clocks
VAA Supply Current*** IAA

Bt451 295 385 265 355 mA

Bt458 210 315 200 285 mA

Bt457 190 240 170 220 mA

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

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 Q, VREF
= 1.235 V. TTL input values are 0-3 V, with input rise/fall times < 4 ns, measured between the 10% and 90%
points. ECL input values are VAA-0.8 to VAA-1.8 V, with input rise/fall times < 2 ns, measured between the
20% and 80% points. Timing reference points at 50% for inputs and outputs. Analog output load < 10 pF,
D0-D7 output load < 75 pF. See timing notes in Figure 7. As the above parameters are guaranteed over the full
temperature range, temperature coefficients are not specified or required. Typical values are based on nominal
temperature, i.e., room, and nominal voltage, i.e., 5 V.

*Clock and data feedthrough is a function of the amount of edge rates, overshoot, and undershoot on the digital
inputs. For this test, the TTL digital inputs have a 1 k-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, -3 dB test
bandwidth = 2x clock rate.

**Does not apply to the Bt457.

***At Fmax. TAA (typ) at VAA=5.0 V, TA =20° C TAA (max) at VAA =525V, TA=0°C

15
16 | n
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PO-PT (A-E},
OLO-OL1 {A-E}, DATA X X
SYNC*, BLANK*
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— 1 18 20
le—
IOR, 10G, OB
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——y 19
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Note 1:  Output delay time measured from 50% point of the rising clock edge to 50% point of
full-scale transition.

Note 2:  Output settling time measured from 50% point of full-scale transition to output settling
within £1 LSB for the Bt457/458 or + 1/8LSB for the Bt451.

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

Figure 7. Video Input/Output Timing.
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Timing Waveforms (continued)

| 1
R/W, Co, C1 VALID
CE* \
/| . | —

DO - D7 (READ) DATA OUT R/W =1)

DO - D7 (WRITE) T DATAIN (R/W=0)
8

[ 9

MPU Read/Write Timing.

Ordering Information

Model Number RAM DACs Speed Package Ambient
Temperature
Range

Bt458LG165 256 x 24 triple 8-bit | 165 MHz | 84-pin Ceramic 0°to +70°C
PGA

Bt458KG125 256 x 24 triple 8-bit | 125 MHz | 84-pin Ceramic 0°to +70°C
PGA

Bt458KG110 256 x 24 triple 8-bit | 110 MHz | 84-pin Ceramic 0°to+70°C
PGA

Bi458KG80 256 x 24 triple 8-bit | 80 MHz 84-pin Ceramic 0°t0 +70° C.
PGA
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Ordering Information (continued)

Ambient
Model Number RAM DACs Speed Package Temperature
Range
Bt458LPJ165 256 x 24 triple 8-bit | 165 MHz 84-Pin Plastic 0°to+70°C
J-Lead
Bt458LPJ125 256 x 24 triple 8-bit | 125 MHz 84-Pin Plastic 0°to +70°C
J-Lead
Bt458LPJ110 256 x 24 triple 8-bit } 110 MHz 84-Pin Plastic 0°to +70°C
J-Lead
Bt458LPJ8O 256 x 24 triple 8-bit | 80 MHz 84-Pin Plastic 0°to +70°C
J-Lead
Bt451KG125 256 x 12 triple 4-bit | 125 MHz | 84-pin Ceramic 0°to +70° C
PGA
Bt451KG110 256 x 12 triple 4-bit | 110 MHz | 84-pin Ceramic 0°to +70°C
PGA
Bt451KG80 256 x 12 triple 4-bit | 80 MHz 84-pin Ceramic 0° to +70° C
PGA
Bt451KPJ125 256 x 12 triple 4-bit | 125 MHz 84-Pin Plastic 0°to +70°C
J-Lead
Bt451KPJ110 256 x 12 triple 4-bit | 110 MHz | 84-Pin Plastic 0°to+70°C
J-Lead
Bt451KPJ80 256 x 12 triple 4-bit | 80 MHz 84-Pin Plastic 0°to +70°C
J-Lead
Bt457KG125 256 x 8 single 8-bit | 125 MHz | 84-pin Ceramic 0°to +70°C
PGA
Bt457KG110 256 x 8 single 8-bit | 110 MHz | 84-pin Ceramic 0°to +70°C
PGA
Bt457KG80 256 x 8 single 8-bit | 80 MHz 84-pin Ceramic 0°to +70°C
PGA
Bt457KPJ125 256 x 8 single 8-bit | 125 MHz | 84-Pin Plastic 0°to +70°C
J-Lead
Bt457KPJ110 256 x 8 single 8-bit | 110 MHz | 84-Pin Plastic 0°to +70°C
J-Lead
Bt457KPJ80 256 x 8 single 8-bit | 80 MHz 84-Pin Plastic 0°to +70°C
J-Lead
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Revision History

Datasheet
Revision Change from Previous Revision
1 Expanded PCB layout section, changed AC parameter "CE* asserted to data bus driven" from 10 ns
to 7 ns minimum.
J Revised AC parameter "VAA Supply Current (Max)" for the Bt457: 80 MHz changed from 190
maA to 220 mA, 110 MHz changed from 210 mA to 240 mA and 125 MHz changed from 220 mA to
250 mA.
K Changed speed grade from 170 MHz to 165 MHz, changed PLL feedback circuitry, consolidated

Bt458 power specs. Changed AC Characteristics CLOCK, Load Cycle, and Pulse Width times,
changed typical analog output delay times.
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Distinguishing Features

* 66, 40 MHz Operation

 Triple 8-bit D/A Converters
¢ 256 x 24 Color Palette RAM

* 3 x 24 Overlay Palette

* RS-343A/RS-170-Compatible Outputs .

¢ Standard MPU Interface

* +5 V CMOS Monolithic Construction
* 40-pin DIP or 44-pin PLCC Package

Applications

« High Resolution Color Graphics
« CAE/CAD/CAM

« Image Processing
 Instrumentation

Desktop Publishing

Related Products

» Typical Power Dissipation: 1 W

« Bt477, Bt478

Functional Block Diagram

VAA GND FS ADJUST  VREF
| comp
CLOCK —
8 8
PO-P7 2 DAC 10R
L 256X 2%
A COLOR PALETTE 3 I 15YNC
.
SYNC T RAM DAC 106
BLANK* H
2
3X%
OLo, OL1 OVERLAY PALETTE DAC > Ios
ADDR REG [ R]c[B] [ suscontroL
8 8
Do-D7 CS¢ RD* WR* O CI

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

1453001 Rev. I
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Bt453

66 MHz
Monolithic CMOS
256 x 24 Color Palette
RAMDAC™

Product Description

The Bt453 RAMDAC is designed specifically for
high-resolution color graphics.

The Bt453 has a 256 x 24 color lookup table with
triple 8-bit video D/A converters, supporting up
to 259 simultaneous colors from a 16.8 million
color palette. Three overlay registers provide for
overlaying cursors, grids, menus, etc. The MPU
bus operates asynchronously to the video data,
simplifying the design interface to the system.

The Bt453 generates RS-343A compatible video
signals into a doubly terminated 75 Q load, and
RS-170 compatible video signals into a singly
terminated 75 Q load, without requiring external
buffering.

Both the differential and linearity errors of the
D/A converters are guaranteed to be a maximum of
+1 LSB over the full temperature range.



Bt453

Circuit Description

MPU Interface

As illustrated in the functional block diagram, the
Bt453 supports a standard MPU bus interface,
allowing the MPU direct access to the color palette
RAM and overlay color registers. The MPU interface
operates asynchronously to the video data,
simplifying the design interface.

The CO and C1 control inputs specify whether the
MPU is accessing the address register, color palette
RAM, or the overlay registers, as shown in Table 1.
The 8-bit address register is used to address the color
palette RAM and overlay registers, eliminating the
requirement for external address multiplexers. ADDRO
corresponds to DO and is the least significant bit.

To write color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be modified. The MPU performs
three successive write cycles (8 bits each of red,
green, and blue), using CO and C1 to select either the
color palette RAM or overlay registers. During the
blue write cycle, the three bytes of color information
are concatenated into a 24-bit word and written to the
location specified by the address register. The address
register then increments to the next location, which
the MPU may modify by simply writing another
sequence of red, green, and blue data.

To read color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be read. The MPU performs three
successive read cycles (8 bits each of red, green, and
blue), using CO and 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 simply reading
another sequence of red, green, and blue data.

Note that any time the CS* input is a logical zero, the
video outputs are forced to the black level. When
accessing the color palette RAM, the address register
resets to $00 following a blue read or write cycle to
RAM location $FF. While accessing the overlay
color registers, the six most significant bits of the
address register (ADDR2-7) are ignored.

To keep track of the red, green, and blue read/write
cycles, the address register has two additional bits
(ADDRa, 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 (ADDRO-7) are accessible to the
MPU, and are used to address color palette RAM
locations and overlay registers, as shown in Table 2.

Figure 1 illustrates the MPU read/write timing.

Addressed by MPU

C1 Co
0 0
0 1
1 0
1 1

address register
color palette RAM

address register

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 b 1 green value
10 x 1 blue value
ADDRO-7 (counts binary) $00 - SFF 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*, Co, C1 :::X VALDD X
e\ /

DO - D7 (READ)

DATA OUT (RD* = 0)

v
N

DO - D7 (WRITE) X DATAN(WR*=0) X

Figure 1. MPU Read/Write Timing.
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Circuit Description (continued)

Frame Buffer Interface

While CS* is a logical one, the P0O-P7, OLO, and OL1
inputs are used to address the color palette RAM and
overlay registers, as shown in Table 3. The addressed
location provides 24 bits of color information to the
three D/A converters. (See Figure 2 for timing
information.)

The SYNC* and BLANK* inputs, also latched on the
rising edge of CLOCK to maintain synchronization
with the color data, add appropriately weighted
currents to the analog outputs, producing the specific
output levels required for video applications, as
illustrated in Figure 3. Table 4 details how the SYNC*
and BLANK* inputs modify the output levels.

The analog outputs of the Bt453 are capable of
directly driving a 37.5 Q load, such as a doubly
terminated 75 Q coaxial cable.

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. 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
constant delay that induces latchup.

Latchup can be prevented by assuring 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 assures that
any signal pin voltage will never exceed the power
supply voltage by more than +0.5 V.

OL1 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
1 1 $xx overlay color 3

Table 3. Pixel and Overlay Control Truth Table.

e/ VA N (R

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

IOR, 10G, IOB,
ISYNC

[\
DATA X X
/\,\,_

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

RED, BLUE GREEN

MA v MA v

19.05 | 0714 | 26.67 | 1.000 WHITE LEVEL
92.5 IRE

144 | 0054 | 9.05 0340 BLACK LEVEL
75IRE

0.00 | 0.000 | 7.62 0.286 BLANK LEVEL
40RE

0.00 0.000 SYNC LEVEL

Note: 75 Q doubly terminated load, RSET = 280 2, VREF = 1.235 V. ISYNC connected to IOG. RS-343A levels and
tolerances assumed on all levels.

Figure 3. Composite Video Qutput Waveforms.

Description 10G IOR, IOB 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, VREF = 1.235 V. ISYNC connected to
I0G.

Table 4. Video Output Truth Table.
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Pin Descriptions

Pin Name Description

BLANK* Composite blank control input (TTL compatible). A logic zero drives the IOR, IOG, and IOB
outputs to the blanking level, as illustrated in Table 4. It is latched on the rising edge of
CLOCK. When BLANK* is a logical zero, the pixel and overlay inputs are ignored.

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

CLOCK 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.

PO-P7 Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the
256 entries in the color palette RAM is to be used to provide color information. They are
latched on the rising edge of CLOCK. PO is the LSB. Unused inputs should be connected to
GND.

OLO, OL1 Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to
provide color information, as illustrated in Table 3. When accessing the overlay palette, the
PO-P7 inputs are ignored. They are latched on the rising edge of CLOCK. OLO is the LSB.
Unused inputs should be connected to GND.

IOR, IOG, IOB Red, green, and blue current outputs. These high-impedance current sources are capable of
directly driving a doubly terminated 75 Q coaxial cable (Figure 4). All outputs, whether used or
not, should have the same output load.

ISYNC 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.

FS ADJUST Full-scale adjust control. A resistor (RSET) connected between this pin and GND controls the
magnitude of the full-scale video signal (Figure 4). Note that the IRE relationships in Figure 3

are maintained, regardless of the full-scale output current.

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

RSET (Q) = 6,047 * VREF (V) /IOG (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)

4 - 62 SECTION 4



Brooktree®

Bt453

Pin Descriptions (continued)

Pin Name

COMP

VREF

VAA
GND

CS*

WR*

RD*

Co, C1

D0-D7

Description

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1
MUF 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. Refer to PC Board Layout Considerations for critical layout criteria.

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure
4, must supply this input with a 1.2 V (typical) reference. The Bt453 has an internal pull-up
resistor between VREF and VAA. As the value of this resistor may vary slightly due to process
variations, the use of a resistor divider network to generate the reference voltage is not
recommended. A 0.1 puF 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.

Analog power. All VAA pins must be connected.

Analog ground. All GND pins must be connected.

Chip select control input (TTL compatible). This input must be a logical zero to enable data to
be written to or read from the device. While CS* is a logical zero, the IOR, IOG, and IOB outputs
are forced to the black level. Note that the Bt453 will not function correctly while CS*, RD*,
and WR* are simultaneously a logical zero.

Write control input (TTL compatible). To write data to the device, both CS* 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 illustrated 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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Pin Descriptions (continued)

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

po [ 40 [] s aDIUST
o 2 39 [] vrer
o2 [3 33 [] vaa
p3 [a 370 comp
s [s 36 {1 10R Ior {140 2 [] cs*
ps O 3s[1 106 comp [J4 nda
ps 07 11 syNc vaa [J42 2] o
o7 [s 33 [] o8 vrer [J43 25 [J auock
oo [ 32[] oNp Fs ADJUST [] 44 2 [] sync+
vaa [0 31 {] vaa po[1 @ 23 [] BLANK*
m fu 3|1 vaa o []2 2] oo
ps []12 2] vaa p2 []3 2 [J o1
ps [13 2[] wre p3 [}« 20 {7 ro
pe []1s4 21[] ro* ps s w[]m
p [1s 2] cs* ps [e 1B e
r s sf] o feaSm8m¥IRER
r [ %] co L0 U
Po []1s 2] cLock EEgpggrEXEE
ot [Juw 2[] syncr > >
oo []2 2t [] BLANK*
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PC Board Layout Considerations

PC Board Considerations

This product requires special attention to proper
layout techniques to achieve optimum performance.
Before beginning PCB layout, refer to the CMOS
RAMDAC layout example found in Bt451/7/8
Evaluation Module Operation and Measurements,
application note (AN-16). This application note can
be found in Brooktree's 1990 Applications
Handbook.

The layout should be optimized for lowest noise on
the Bt453 power and ground lines by shielding the
digital inputs and providing good decoupling. The
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. Ground
planes must provide a low-impedance return path for
the digital circuits. A minimum of a 4-layer PC board
is recommended with layers 1 (top) and 4 (bottom) for
signals and layers 2 and 3 for power and ground.

The optimum layout enables the Bt453 to be located
as close to the power supply connector and as close to
the video output connector as possible.

Ground Planes

For optimum performance, a common digital and
analog ground plane with tub isolation (at least a 1/8
inch gap) and connected together only at the power
supply connector (or the lowest impedance source) is
recommended. Ground plane partitioning should
extend the analog ground plane no more than 2 inches
from the power supply connector to preserve digital
noise margins during MPU read cycles. Thus, the
ground tub isolation technique is constrained by the
noise margin degradation during digital readback of
the Bt453.

The digital ground plane should be under all digital
signal traces to minimize radiated noise and crosstalk.

The analog ground plane should include all Bt453
ground pins, all reference circuitry and decoupling
(external reference, RSET resistors, etc.), power
supply bypass circuitry for the Bt453, analog output
traces, and the video output connector.

Power Planes

Separate digital and analog power planes are
necessary. 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 Bt453
power pins, any reference circuitry, and COMP and
reference 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 4. This bead
should be located within 3 inches of the Bt453 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.

Plane-to-plane noise coupling can be reduced by
ensuring that portions of the digital power and ground
planes do not overlay portions of the analog power
and ground planes, unless they can be arranged so that
the plane-to-plane noise is common mode.

Device Decoupling

For optimum performance, all capacitors should be
located as close to the device as possible, using the
shortest leads possible (consistent with reliable
operation) to reduce the lead inductance. Chip
capacitors are recommended for minimum lead
inductance. Radial lead ceramic capacitors may be
substituted for chip capacitors and are better than
axial lead capacitors for self-resonance. Values are
chosen to have self-resonance above the pixel clock.

Power Supply Decoupling

Best power supply decoupling performance is
obtained with a 0.1 pF ceramic capacitor decoupling
each of the three groups of VAA pins to GND. The
capacitors should be placed as close as possible to the
device.

The 10 pF capacitor is for low-frequency power supply

ripple; the 0.1 puF capacitors are for high-frequency
power supply noise rejection.
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PC Board Layout Considerations (continued)

A linear regulator to filter the analog power supply is
recommended if the power supply noise is = 200 mV
or greater than 10 LSBs. This is especially important
when a switching power supply is used and the
switching frequency is close to the raster scan
frequency. Note that about 10% ofpower supply hum
and ripple noise less than 1 MHz will couple onto the
analog outputs.

COMP Decoupling

The COMP pin must be decoupled to VAA, typically
using a 0.1 pF ceramic chip capacitor. Low-frequency
supply noise will require a larger value. Lead lengths
should be minimized for best performance.

If the display has a "ghosting" problem, additional
capacitance in parallel with the COMP capacitor may
help fix the problem.

Digital Signal Interconnect

The digital inputs to the Bt453 should be isolated as
much as possible from the analog outputs and other
analog circuitry. Also, these input signals should not
overlay the analog power and ground planes.

Most noise on the analog outputs will be caused by
excessive edge speeds (less than 3 ns), overshoot,
undershoot, and ringing on the digital inputs.

The digital edge speeds should be no faster than
necessary, as feedthrough noise is proportional to the
digital edge speeds. Lower speed applications will
benefit by using lower speed logic (3-5 ns edge rates)
to reduce data-related noise on the analog outputs.

Transmission line mismatch will exist if the line
length reflection time is greater than 1/4 the signal
edge time, resulting in ringing, overshoot, and
undershoot that can generate noise onto the analog
outputs. 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 resistor (10 to 50
ohms).
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Radiation of digital signals can also be picked up by
the analog circuitry. This is prevented by reducing
the digital edge speeds (rise/fall time), minimizing
ringing by using damping resistors, and minimizing
coupling through PC board capacitance by routing 90
degrees to any analog signals.

Ensure that the power pins for the clock driver are
properly decoupled to minimize transients. Minimize
edge speeds and ringing, using damping resistors (10
to 50 ohms) or parallel termination where necessary.

If using parallel termination on digital signals, the
resistors should be connected to the digital power and
ground planes, not the analog power and ground
planes.

Analog Signal Interconnect

The Bt453 should be located as close as possible to
the output connectors to minimize noise pickup and
reflections due to impedance mismatch.

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

For maximum performance, the analog outputs should
have a source load resistor equal to the destination
termination (via a clean isolated ground return path).
The load resistor connection between the current
output and GND should be as close as possible to the
Bt453 to minimize reflections. Unused analog
outputs should be connected to GND.

Analog edges exceeding the CRT monitor bandwidth
can be reflected, producing cable-length dependent
ghosts. Simple pulse filters can reduce
high-frequency energy, reducing EMI and noise.

Analog Output Protection

The Bt453 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 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).
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PC Board Layout Considerations (continued)

Bt453

"L
cs
ANALOG POWER PLANE
- T
= cs
Lt
—l— C2-C4 pm— Y\ ae— + 5V (VCC)
VREF
= n =t == a
Bt453
GND GROUND
w2 2 22
R |R2 |R3
I0R @... o
. VIDEO
106 I OP CONNECTOR
ISYNC
108 ®_
VAA
® 1N4148/9
DAC TO MONITOR
OUTPUT
1N4148/9
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
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 Bt453.

Figure 4. Typical Connection Diagram and Parts List.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VAA 4.75 5.00 5.25 Volts
Ambient Operating Temperature TA 0 +70 °C
Output Load RL 37.5 Ohms
Reference Voltage VREF 1.14 1.235 1.26 Volts
FS ADJUST Resistor RSET 280 Ohms
Absolute Maximum Ratings
Parameter Symbol Min Typ Max Units

VAA (measured to GND) 7.0 Volts
Voltage on Any Signal Pin* GND-0.5 VAA +0.5 Volts
Analog Output Short Circuit

Duration to Any Power Supply

or Common IsC indefinite
Ambient Operating Temperature TA -55 +125 °C
Storage Temperature TS -65 +150 °C
Junction Temperature 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)

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.

* 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 L +1 LSB
Differential Linearity Error DL 11 LSB
Gray Scale Error 15 % Gray Scale
Monotonicity guaranteed
Coding Binary
Digital Inputs
Input High Voltage VIH 2.0 VAA+05 Volts
Input Low Voltage VIL GND-0.5 0.8 Volts
Input High Current (Vin = 2.4 V) IH 1 HA
Input Low Current (Vin = 0.4 V) I -1 HA
Input Capacitance CIN 10 pF
(f=1MHz, Vin=24YV)
Digital Outputs
Output High Voltage VO 2.4 Volts
(IOH = -400 pA)
Output Low Voltage VOL 0.4 Volts
(IOL=3.2mA)
3-State Current ) (074 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 HA
DAC-to-DAC Matching (25-70° C.) 2 5 %
Output Compliance voc -1.0 +1.4 Volts
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=1kHz)

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 280 Q,
VREF = 1.235 V, 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, and nominal voltage, ie., 5 V.
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AC Characteristics

66 MHz Devices 40 MHz Devices
Parameter Symbol | Min Typ Max Min Typ Max Units

Clock Rate Fmax 66 40 MHz
CS*, C0, 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* 17 25 25 ns
Clock and Data Feedthrough* -48 -48 dB
Glitch Impulse* 50 50 pY-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** T1AA 220 275 190 250 mA

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 280 ohms, VREF =
1.235 V, ISYNC connected to IOG. TTL input values are 0-3 V, with input rise/fall times < 4 ns, measured between the
10% and 90% points. Timing reference points at 50% for inputs and outputs. Analog output load < 10 pF, D0-D7 output
load < 75 pF.  See timing notes in Figure 6. As the above parameters are guaranteed over the full temperature range,
temperature coefficients are not specified or required. Typical values are based on nominal temperature, i.e., room, and
nominal voltage, i.e., 5 V.

*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 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, -3 dB test bandwidth = 2x clock
rate.

**At Fmax. TAA (typ) at VAA =5.0 V. JTAA (max) at VAA=5.25V.
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Timing Waveforms

1 2 —f
Cs*, €0, C1 VALID
7
TN
RD*, WR* N /] 3
s
4 — 6
DO - D7 (READ) DATA OUT (RD* =0) J
DO - D7 (WRITE) DATA IN (WR* =0)
8
D 9

Figure 5. MPU Read/Write Timing Dimensions.

)
g
:
:

PO -P7, OLO, OL1,
SYNC*, BLANK* DATA
10 15—
17
— 1
IOR, I0G, IOB,
ISYNC

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

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

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

Figure 6. Video Input/Output Timing.
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Ordering Information

4-72

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°t0 +70° C
J-Lead
Bt453KC66 66 MHz 40-pin 0.6" 0°to +70° C
CERDIP
Bt453KC 40 MHz 40-pin 0.6" 0°t0 +70° C
CERDIP
Bt453KP 40 MHz 40-pin 0.6" 0°to +70°C
Plastic DIP
Bt453KPJ 40 MHz 44-pin Plastic 0°to +70°C
J-Lead
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Device Circuit Data

VAA

s
s T

FS ADJUST +
O 500 * e IFEEDBACK
* o

Equivalent Circuit of the Reference Amplifier.

Bt453

SYNC* BLANK* T RL % % Cstray + load)
(10G ONLY)

Equivalent Circuit of the Current Output (10G).
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Revision History

Datasheet

Revision Change from Previous Revision
H Expanded PCB layout section.
I Added ESD/latchup information. Expanded PCB Layout section.

4-74 SECTION 4



Bt453/883

Distinguishing Features Applications MIL-STD-883C, Class B
Monolithic CMOS

« 40 MHz Pipelined Operation » High-Resolution Color Graphics

« Triple 8-bitp;)/A Conl:\’:rters + CAE/CAD/CAM 256 x 24 Color Palette

* 256 x 24 Color Palette RAM * Image Processing 40 MHz RAMDAC™

* 3 x 24 Overlay Palette  Instrumentation

+ RS-343A/RS-170-Compatible Outputs * Desktop Publishing

« Standard MPU Interface st

* +5 V CMOS Monolithic Construction Product Descrlptlon

* 40-pin Ceramic Sidebraze DIP Package

« Typical Power Dissipation: 950 mW The Bt453/883 RAMDAC is designed specifically n

for high-resolution color graphics.

It has a 256 x 24 color lookup table with triple
8-bit video D/A converters, supporting up to 259
simultaneous colors from a 16.8 million color
. . palette. Three overlay registers provide for
Functional Block Dlagram overlaying cursors, grids, menus, etc. The MPU
bus operates asynchronously to the video data,

simplifying the design interface to the system.

The Bt453/883 generates RS-343A compatible

VAA GND FS ADIUST  VRER video signals into a doubly terminated 75 Q load,
| | | and RS-170 compatible video signals into a
AMPLIFIER. conp singly terminated 75 Q load, without requiring
aock — g s external buffering. Both the differential and
Po-F7 74 exas o DAC I0R linearity errors of the D/A converters are
% COLOR PALETTE 3 I . syNe guaranteed to be a maximum of +1 LSB over the
synes T RAM . DAC 106 full temperature range.
BLANK* H l
2 IXAu 81
0oL, OL1 |4e| OVERLAY PALETTE # {pac > 108
[meoma ]
8 8

DO-D7 Cs* RD* WR* OO0 C1

Brooktree Corporation

9950 Barnes Canyon Rd.

San Diego, CA 92121-2790
(619) 452-7580 « (800) VIDEO IC

TLX: 383 596 « FAX: (619) 452-1249 ®
L453M01 Rev. F 4-175
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Circuit Description

MPU Interface

As illustrated in the functional block diagram, the
Bt453/883 supports a standard MPU bus interface,
allowing the MPU direct access to the color palette
RAM and overlay color registers. The MPU interface
operates asynchronously to the video data,
simplifying the design interface.

The CO and C1 control inputs specify whether the
MPU is accessing the address register, color palette
RAM, or the overlay registers, as shown in Table 1.
The 8-bit address register is used to address the color
palette RAM and overlay registers, eliminating the
requirement for external address multiplexers. ADDRO
corresponds to DO and is the least significant bit.

To write color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be modified. The MPU performs
three successive write cycles (red, green, and blue),
using CO and C1 to select either the color palette
RAM or overlay registers. During the blue write
cycle, the three bytes of color information are
concatenated into a 24-bit word and written to the
location specified by the address register. The address
register then increments to the next location, which
the MPU may modify by simply writing another
sequence of red, green, and blue data.

To read color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be read. The MPU performs three
successive read cycles (red, green, and blue), using CO
and 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 simply reading another sequence
of red, green, and blue data.

Note that any time the CS* input is a logical zero, the
video outputs are forced to the black level. When
accessing the color palette RAM, the address register
resets to $00 following a blue read or write cycle to
RAM location $FF. While accessing the overlay
color registers, the six most significant bits of the
address register (ADDR2-7) are ignored.

To keep track of the red, green, and blue read/write
cycles, the address register has two additional bits
(ADDRa, 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 (ADDRO-7) are accessible to the
MPU, and are used to address color palette RAM
locations and overlay registers, as shown in Table 2.

Figure 1 illustrates the MPU read/write timing.

Addressed by MPU

-0 O
—_—O = O

address register
color palette RAM

address register
overlay registers

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

Value C1 Co Addressed by MPU
ADDR@a, b (counts modulo 3) 00 b3 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*, Co, C1 D( VALID Xﬁ
e T\ /

READ (D0 -D7)

DATAOUTRD*=0) >

b
AN /s

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

Figure 1. MPU Read/Write Timing.
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Circuit Description (continued)

Frame Buffer Interface

While CS* is a logical one, the PO-P7, OLO, and OL1 The analog outputs of the Bt453/883 are capable of
inputs are used to address the color palette RAM and direcftly driving a 3:7-5 Q load, such as a doubly
overlay registers, as shown in Table 3. The addressed terminated 75 Q coaxial cable.

location provides 24 bits of color information to the
three D/A converters. (See Figure 2.)

The SYNC* and BLANK* inputs, also latched on the
rising edge of CLOCK to maintain synchronization
with the color data, add appropriately weighted
currents to the analog outputs, producing the specific
output levels required for video applications, as
illustrated in Figure 3. Table 4 details how the SYNC*
and BLANK* inputs modify the output levels.

OL1 OL0 PO-P7 Addressed by frame buffer
0 0 $00 color palette RAM location $00
0 0 $01 color palette RAM location $01
0 0 SFF color palette RAM location $FF
0 1 $xx overlay color 1
1 0 $xx overlay color 2
1 1 $xx overlay color 3

Table 3. Pixel and Overlay Control Truth Table.

w [N/ N[/ \__
PR X X | X X
/\,\__

IOR, 10G, 10B,
ISYNC

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

RED, BLUE GREEN

MA v MA v

19.05 | 0714 | 26.67 | 1.000 'WHITE LEVEL
925 IRE

144 0.054 9.05 0.340 BLACK LEVEL
75IRE

0.00 | 0.000 | 7.62 0.286 BLANK LEVEL
40IRE

0.00 0.000 SYNC LEVEL

Note: 75 Q doubly terminated load, RSET =280 Q, VREF = 1.235 V. ISYNC connected to JOG. RS-343A levels and
tolerances assumed on all levels.

Figure 3. Composite Video Output Waveforms.

Description 10G IOR, IOB 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 1] i 0 $xx
SYNC 0 0 0 0 $xx

Note: Typical with full-scale IOG = 26.67 mA. RSET =280 Q, VREF = 1.235 V ISYNC connected to
10G.

Table 4. Video Output Truth Table.
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Pin Descriptions

Pin Name Description

BLANK* Composite blank control input (TTL compatible). A logic zero drives the IOR, I0G, and IOB
outputs to the blanking level, as illustrated in Table 4. It is latched on the rising edge of
CLOCK. When BLANK* is a logical zero, the pixel and overlay inputs are ignored.

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

CLOCK 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.

PO-P7 Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the
256 entries in the color palette RAM is to be used to provide color information. They are
latched on the rising edge of CLOCK. PO is the LSB. Unused inputs should be connected to
GND.

OLo, OL1 Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to
provide color information, as illustrated in Table 3. When accessing the overlay palette, the
PO-P7 inputs are ignored. They are latched on the rising edge of CLOCK. OLO is the LSB.
Unused inputs should be connected to GND.

IOR, IOG, IOB Red, green, and blue current outputs. These high-impedance current sources are capable of
directly driving a doubly terminated 75 Q coaxial cable (Figure 4). All outputs, whether used or
not, should have the same output load.

ISYNC Sync current output. This high-impedance current source is typically connected directly to the
10G 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.

FS ADJUST Full-scale adjust control. A resistor (RSET) connected between this pin and GND controls the
magnitude of the full-scale video signal (Figure 4). Note that the IRE relationships in Figure 3

are maintained, regardless of the full-scale output current.

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

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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Pin Descriptions (continued)

Pin Name

COMP

VREF

VAA

CS*

WR*

RD*

Co, C1

DO-D7

Description

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1
WUF 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. Refer to PC Board Layout Considerations for critical layout criteria.

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure
4, must supply this input with a 1.2 V (typical) reference. The Bt453/883 has an internal
pull-up resistor between VREF and VAA. As the value of this resistor may vary slightly due to
process variations, the use of a resistor divider network to generate the reference voltage is not
recommended. A 0.1 uF 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.

Analog power. All VAA pins must be connected.
Analog ground. All GND pins must be connected.

Chip select control input (TTL compatible). This input must be a logical zero to enable data to
be written to or read from the device. While CS* is a logical zero, the IOR, IOG, and IOB outputs
are forced to the black level. Note that the Bt453/883 will not function correctly while CS*,
RD*, and WR* are simultaneously a logical zero.

Write control input (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 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.

s
po [ 40 {1 Fs ADjusT
o 02 39 |1 VRER
o2 O3 38[1 vaa
p3 [Ja 37 comp
ps [Os 36 [1 10R
ps Os 35 [1 106
ps 47 34 [] 1sync
o7 [s 33[] 108
e [s 2|1 anD
vaa [0 3 [] vaa
m On 30[] vaa
e [J12 2[] vaa
s [ 28] wre
m []1a 27{] RD*
» Qs 26[] cs+
2 Q6 »s0 a
[ 4[] co
ro []1s 23[] cLock
ot [ 22[] synce
o []2 21 [] BLANK*
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PC Board Layout Considerations

PC Board Considerations

This product requires special attention to proper
layout techniques to achieve optimum performance.
Before beginning PCB layout, refer to the CMOS
RAMDAC layout example found in Bt451/7/8
Evaluation Module Operation and Measurements,
application note (AN-16). This application note can
be found in Brooktree's 1990 Applications
Handbook.

The layout should be optimized for lowest noise on
the Bt453/883 power and ground lines by shielding
the digital inputs and providing good decoupling. The
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. Ground
planes must provide a low-impedance return path for
the digital circuits. A minimum of a 4-layer PC board
is recommended with layers 1 (top) and 4 (bottom) for
signals and layers 2 and 3 for power and ground.

The optimum layout enables the Bt453/883 to be
located as close to the power supply connector and as
close to the video output connector as possible.

Ground Planes

For optimum performance, a common digital and
analog ground plane with tub isolation (at least a 1/8
inch gap) and connected together only at the power
supply connector (or the lowest impedance source) is
recommended. Ground plane partitioning should
extend the analog ground plane no more than 2 inches
from the power supply connector to preserve digital
noise margins during MPU read cycles. Thus, the
ground tub isolation technique is constrained by the
noise margin degradation during digital readback of
the Bt453/883.

The digital ground plane should be under all digital
signal traces to minimize radiated noise and crosstalk.

The analog ground plane should include all
B1453/883/883 ground pins, all reference circuitry
and decoupling (external reference, RSET resistors,
etc.), power supply bypass circuitry for the Bi453,
analog output traces, and the video output connector.
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Power Planes

Separate digital and analog power planes are
necessary. 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 Bt453
power pins, any reference circuitry, and COMP and
reference 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 4. This bead
should be located within 3 inches of the Bt453/883
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.

Plane-to-plane noise coupling can be reduced by
ensuring that portions of the digital power and ground
planes do not overlay portions of the analog power
and ground planes, unless they can be arranged so that
the plane-to-plane noise is common mode.

Device Decoupling

For optimum performance, all capacitors should be
located as close to the device as possible, using the
shortest leads possible (consistent with reliable
operation) to reduce the lead inductance. Chip
capacitors are recommended for minimum lead
inductance. Radial lead ceramic capacitors may be
substituted for chip capacitors and are better than
axial lead capacitors for self-resonance. Values are
chosen to have self-resonance above the pixel clock.

Power Supply Decoupling

Best power supply decoupling performance is
obtained with a 0.1 uF ceramic capacitor decoupling
each of the three groups of VAA pins to GND. The
capacitors should be placed as close as possible to the
device.

The 10 uF capacitor is for low-frequency power supply
ripple; the 0.1 uF capacitors are for high-frequency
power supply noise rejection.

A linear regulator to filter the analog power supply is
recommended if the power supply noise is 2 200 mV
or greater than 10 LSBs. This is especially important
when a switching power supply is used and the
switching frequency is close to the raster scan
frequency. Note that about 10% of power supply hum
and ripple noise less than 1 MHz will couple onto the
analog outputs.
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PC Board Layout Considerations (continued)

COMP Decoupling

The COMP pin must be decoupled to VAA, typically
using a 0.1 uF ceramic chip capacitor. Low-frequency
supply noise will require a larger value. Lead lengths
should be minimized for best performance so that the
self-resonance frequency is greater than the LD*
frequency.

If the display has a "ghosting” problem, additional
capacitance in parallel with the COMP capacitor may
help to fix the problem.

Digital Signal Interconnect

The digital inputs to the Bt453/883 should be isolated
as much as possible from the analog outputs and other
analog circuitry. Also, these input signals should not
overlay the analog power and ground planes.

Most noise on the analog outputs will be caused by
excessive edge speeds (less than 3 ns), overshoot,
undershoot, and ringing on the digital inputs.

The digital edge speeds should be no faster than
necessary, as feedthrough noise is proportional to the
digital edge speeds. Lower speed applications will
benefit by using lower speed logic (3-5 ns edge rates)
to reduce data-related noise on the analog outputs.

Transmission line mismatch will exist if the line
length reflection time is greater than 1/4 the signal
edge time, resulting in ringing, overshoot, and
undershoot that can generate noise onto the analog
outputs. 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 resistor (10 to 50 Q).

Radiation of digital signals can also be picked up by
the analog circuitry. This is prevented by reducing the
digital edge speeds (rise/fall time), minimizing ringing
by using damping resistors, and minimizing coupling
through PC board capacitance by routing 90 degrees to
any analog signals.

Ensure that the power pins for the clock driver are
properly decoupled to minimize transients. Minimize
edge speeds and ringing, using damping resistors (10
to 50 Q) or parallel termination where necessary.

If using parallel termination on digital signals, the
resistors should be connected to the digital power and
ground planes, not the analog power and ground
planes.

Analog Signal Interconnect

The Bt453/883 should be located as close as possible
to the output connectors to minimize noise pickup and
reflections due to impedance mismatch.

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

For maximum performance, the analog outputs should
have a source load resistor equal to the destination
termination (via a clean isolated ground return path).
The load resistor connection between the current
output and GND should be as close as possible to the
Bt453/883 to minimize reflections. Unused analog
outputs should be connected to GND.

Analog edges exceeding the CRT monitor bandwidth
can be reflected, producing cable-length dependent
ghosts. Simple pulse filters can reduce high-frequency
energy, reducing EMI and noise.

Analog Output Protection

The Bt453/883 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 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).

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. 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 constant delay that
induces latchup.

Latchup can be prevented by assuring 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 assures that any signal pin
voltage will never exceed the power supply voltage by
more than +0.5 V.
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PC Board Layout Considerations (continued)

VAA
== cs
L1
—l— C2.C4 p—— Y\ a—— + 5V (VCC)
VREF .
7z = C7 = Cl
Bt453
GND GROUND
T3
R1 R2 R3

FS ADJUST

IOR

ISYNC

. @.__
oG __T ®_ CONNECTOR
—

0B

TO MONITOR
OUTPUT
1N4148/9
GND
Location Description
C1-C6 0.1 pF ceramic capacitor
C7 10 pF tantalum capacitor
L1 ferrite bead
R1, R2, R3 75 Q 1% metal film resistor
RSET 280 Q 1% metal film resistor
Z1 1.2 V voltage reference

Note: The vendor numbers above are listed only as a guide. Substitution of devices with similar
characteristics will not affect the performance of the Bt453/883.

Figure 4. Typical Connection Diagram and Parts List.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VAA 4.5 5.0 5.5 Volts
Ambient Operating Temperature TA -55 +125 °C
Output Load RL 37.5 Ohms
Reference Voltage VREF 1.14 1.235 1.26 Volts
FS ADJUST Resistor RSET 280 Ohms

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units

VAA (measured to GND) 7.0 Volts
Voltage on Any Digital Pin GND-0.5 VAA +0.5 Volts
Analog Output Short Circuit

Duration to Any Power Supply

or Common IsC indefinite
Ambient Operating Temperature TA -55 +125 °C
Storage Temperature TS -65 +150 °C
Junction Temperature T +175 °C
Soldering Temperature TSOL 260 °C

(5 seconds, 1/4" from pin)

6JC 18 °C/W
8JA 28 °C/W

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

Parameter Symbol Min Typ Max Units
Resolution (each DAC) 8 8 8 Bits
Accuracy (each DAC)
Integral Linearity Error L +1 LSB
Differential Linearity Error DL +1 LSB
Gray Scale Error 5 % Gray Scale
Monotonicity guaranteed
Coding Binary
Digital Inputs
Input High Voltage VH
CLOCK 2.4 Volts
Other 2.0 Volts
Input Low Voltage VIL 0.8 Volts
Input High Current (Vin = VAA) IH 1 HA
Input Low Current (Vin=0V) 1198 -1 HA
Input Capacitance** CIN 10 pF
Digital Outputs
Output High Voltage VOH 2.4 Volts
(IOH = -400 uA)
Output Low Voltage VOL 0.4 Volts
(IOL=3.2mA)
3-State Current 102 10 HA
Output Capacitance** cDbouT 30 pF
Analog Outputs
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 -10 1 50 HA
Blank Level on IOG 6.29 7.62 8.96 mA
Sync Level on IOG -10 1 50 HA
LSB Size*** 65.7 69.1 72.6 MA
DAC-to-DAC Matching 3.5 7 %
Output Compliance voC -1.0 +1.4 Volts
Output Capacitance** CAOUT 30 pF

Test conditions (unless otherwise specified):

100% tested at VAA = 4.5V and 5.5 V, TA = -55°, +25°, and +125°

C. RSET = 280 + 0.1% Q, VREF = 1.235 V. Typical values are based on nominal temperature, i.e., room, and

nominal voltage, ie., 5 V.

**Derived from characterization (TA = 25° C, VAA =5 V £ 10%), not tested. These parameters are controlled via
design or process parameters and are not directly tested. They are characterized upon initial design release and upon

design changes which would affect them.

***Computed by the formula: (White Level Relative to Black) / 255.
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AC Characteristics

-55° to +125° C.

Parameter Symbol Min Max Units
Clock Rate Fmax 40 MHz
CS*, CO, C1 Setup Time 1 35 ns
CS*, C0, C1 Hold Time 2 35 ns
RD*, WR* High Time 3 25 ns
RD* Asserted to Data Bus Driven 4 2 ns
RD* Asserted to Data Valid 5 100 ns
RD* Negated to Data Bus 3-Stated 6 15 ns
WR* Low Time 7 50 ns
Write Data Setup Time 8 35 ns
Write Data Hold Time 9 5 ns
Pixel and Control Setup Time 10 7 ns
Pixel and Control Hold Time 11 3 ns
Clock Cycle Time 12 25 ns
Clock Pulse Width High 13 7 ns
Clock Pulse Width Low 14 7 ns
Analog Output Rise/Fall Time** 15 8 ns
VAA Supply Current*** T1AA 300 mA

Test conditions (unless otherwise specified): 100% testing at VAA = 4.5 V and 5.5 V with TA = -55°, 25°, and
125° C. RSET =280 Q + 0.1%, VREF = 1.235 V. Input values are 0.8-2.4 V, with input rise/fall times < 4 ns,
measured between the 10% and 90% points. Analog output load with doubly terminated 50 Q line. D0-D7
output load ~ 75 pF. See timing notes in Figure 6. Typical values are based on nominal temperature, i.e.,
room, and nominal voltage, ie., 5 V.

**Derived from characterization (TA = 25° C. VAA =5 V £ 10%), not tested. These parameters are controlled
via design or process parameters and are not directly tested. They are characterized upon initial design release

and upon design changes which would affect them.

*** TAA (max) is measured at Fmax, with VAA = 5.5 V and is 100% tested at TA = 25° C.
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Timing Waveforms

1 2 —]
Cs+, O, C1 VALID
7
e \ )
5
4 —t 6
DO - D7 (READ) DATA OUT (RD* = 0) P
DO - D7 (WRITE) DATA IN (WR* = 0)
8
_ﬂ 9

Figure 5. MPU Read/Write Timing Dimensions.

2 U an U e UV an U

PO-P7, OLO, OL1,
SYNC*, BLANK* DATA
10
— n
10R, 10G, IOB,
ISYNC

s

Note 1:  Settling time measured from the 50% point of full-scale transition to the output remaining
within +1 LSB for data only.

Note 2:  Output rise/fall time measured between the 10% and 90% points of full-scale transition.

Figure 6. Video Input/Output Timing.
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Ordering Information

Ambient
Model Number MTBF* Package Temperature
(hours) Range
Bt453SC883 0.54 x 105 40-pin 0.6" -55° to +125° C.
Ceramic
Sidebraze DIP

*MTBEF is calculated per MIL Handbook 217.
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Bt4354
Bt4535

Distinguishing Features Applications 170 MHz
Monolithic CMOS

* 170, 135, 110 MHz Operation « High Resolution Color Graphics

« 4:1 Multiplexed TTL Pixel Ports « CAE/CAD/CAM 16 Color Palette

 Triple 4-bit D/A Converters » Image Processing RAMD IXCTM

* 16 Word Dual Port Color Palette * Video Reconstruction

¢ 1 Dual Port Overlay Palette ¢ Desktop Publishing

: gf‘i‘ﬁﬁggﬁ:bfle Outputs Product Description

« Stan rface

* +5 V CMOS Monolithic Construction Related Products . .

+ 44-pin PLCC Package The Bt454 and Bt455 are pin-compatible and soft-

« Typical Power Dissipation: 1 W « Bt451, Bt457, Bt458, Bt459 ware-compatible RAMDACS designed specifically
Bt460, Bt468 for high-performance, high-resolution color

graphics. The architecture enables the display of

1600 x 1200 bit-mapped color graphics (up to 4

bits per pixel plus 1 bit of overlay information),

R R minimizing the use of costly ECL interfacing, as
Functional Block Dlagram most of the high-speed (pixel clock) logic is con-
tained on chip. The multiple pixel ports and inter-

nal multiplexing enables TTL-compatible

CLOCK* CLOCK  VAA  GND FS ADJUST interfacing (up to 42.5 MHz) to the frame buffer,

} i P while maintaining the 170-MHz video data rates

required for sophisticated color graphics.
LD* - LOAD MUX VOLTAGE
CONTROL CONTROL
16 16 16 4 16X12

P0-P3
ap 7 7 l’couon

T

The Bt454 is a triple 4-bit vidleo RAMDAC, and
supports up to 17 simultaneous colors from a
4096 color palette. On-chip features include a
temperature-compensated precision voltage
reference, divide-by-four of the clock for load
generation, color overlay capability, and a
dual-port color palette RAM.

xax

TOa-E» -

1X12
OVERLAY

'S
el Fd ol
IS

OL(A-D) -4

SYNC* —]

BLANK* — The Bt455 is a single-channel version of the

. Bt454, well-suited for high-performance

I BUS CONTROL ” ADDRREG J LR J G I B I monochrome or gray-scale applications.
4

4

The Bt454/455 generates RS-343A-compatible
. ] video signals, and is capable of driving doubly
CE* RW @ Cl D0-D3 terminated 75 Q coax directly, without requiring
external buffering. Both the differential and
integral linearity errors of the D/A converters are
guaranteed to be a maximum of +1/4 LSB over the
full temperature range.

Brooktree Corporation

9950 Barnes Canyon Rd.

San Diego, CA 92121-2790
(619) 452-7580 « (800) VIDEO IC

TLX: 383 596 « FAX: (619) 452-1249 the®
1454001 Rev. I 4 - 91
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Circuit Description

MPU Interface

As illustrated in the functional block diagram, the
Bt454/455 supports a standard MPU bus interface,
allowing the MPU direct access to the internal control
registers and color/overlay palettes. The dual-port
color palette RAM and overlay register allow color
updating without contention with the display refresh
process.

As shown in Table 1, the CO and C1 control inputs, in
conjunction with the internal address register, specify
which color palette RAM entry or overlay register
will be accessed by the MPU. The address register is
used to address the internal RAM, eliminating the
requirement for external address multiplexers. ADDRO
corresponds to DO and is the least significant bit.

To write color data to the color palette RAM, the MPU
loads the address register with the desired RAM
location to be modified. The MPU performs three
successive write cycles (4 bits each of red, green, and
blue), using CO and C1 to select the color palette
RAM. Following the blue write cycle, the address
register increments to the next location, which the
MPU may modify by simply writing another sequence
of red, green, and blue data.

To read color data from the color palette RAM, the
MPU loads the address register with the desired RAM
location to be read. The MPU performs three
successive read cycles (4 bits each of red, green, and
blue), using CO and C1 to select the color palette
RAM. Following the blue read cycle, the address
register increments to the next location, which the
MPU may read by simply reading another sequence of
red, green, and blue data.
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When accessing the color palette RAM, the address
register resets to $0 following the blue read or write
cycle to location $F.

To read from or write to the overlay register, the MPU,
using CO and C1 to select the overlay register,
performs three successive read or write cycles (4 bits
each of red, green, and blue). ADDRO0-3 are not used.

To keep track of the red, green, and blue read/write
cycles, the address register has two additional bits
(ADDRa, ADDRD) that count modulo three, as shown
in Table 1. They are reset to zero when the MPU reads
or writes to the address register. The MPU does not
have access to these bits. The other 4 bits of the
address register (ADDR0-3) are accessible to the
MPU, and are used to address the color palette RAM
locations.

Although the Bt455 uses only the green channel, it
must still go through the count modulo 3 write
sequence. The values loaded into the red and blue
color palette should be $0.

When reading or writing the color values, the RAM or
overlay register is accessed each time a 4-bit color
value is read or written.

Although the color palette RAM and overlay register
are dual-ported, if the pixel and overlay data is
addressing the same palette entry being written to by
the MPU, it is possible for one or more of the pixels
on the display screen to be disturbed.

Figure 1 illustrates the MPU read/write timing when
accessing the device.
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Circuit Description (continued)

Value C1 Co CE* | R/W Addressed by MPU
ADDRa, b (counts modulo 3) 00 1 red value
01 1 green value
10 1 blue value
ADDRO0-3 (counts binary) $x 0 0 0 0 write to address register
$0-$F 0 1 0 0 write to color palette RAM
$x 1 0 0 0 DO0-D3 ignored, 0 --> ADDRa, b
$x 1 1 0 0 write to overlay register
$x 0 0 0 1 read address register
$0-$F 0 1 0 1 read color palette RAM
$x 1 0 0 1 0-->D0-D3, 0 --> ADDRa, b
$x 1 1 0 1 read overlay register
$x b3 X 1 b3 3-state DO-D3

Table 1. Address Register (ADDR) Operation.

RW, C0, C1 X VALD >(
« TN /

DO - D3 (READ) < DATA OUT R/W = 1) >

DO - D3 (WRITE) X DATA IN (R/W =0) x

Figure 1. MPU Read/Write Timing.
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Circuit Description (continued)

Frame Buffer Interface

To enable pixel data to be transferred from the frame
buffer at reasonable data rates (up to 42.5 MHz), the
Bt454/455 incorporates internal latches and
multiplexers. As illustrated in Figure 2, the SYNC*,
BLANK*, PO-P3 {A-D}, and OL {A-D} inputs are
latched on the rising edge of LDOUT. Note that with
this configuration, the sync and blank timing will be
recognized only with four pixel resolution. Typically,
the LDOUT signal is used to clock external circuitry to
generate the basic video timing and to clock the video
DRAM s of the frame buffer.

The overlay inputs may have pixel timing,
facilitating the use of an additional bit plane in the
frame buffer to control overlay selection on a pixel
basis, or they may be controlled by external character
or cursor generation logic.

The Bt454/455 generates the LDOUT signal
internally by dividing the clock by four. LDOUT is
the setup-and-hold time reference for the pixel,
overlay, sync, and blank inputs. It is recommended
that LDOUT be buffered to clock the shift registers of
the video DRAMs.

Once the pixel and overlay data are latched by LDOUT,
they are internally multiplexed at the pixel clock rate.
On each clock cycle, the Bt454/455 outputs color
information based on the {A} inputs, followed by the
{B} inputs, etc., until all four pixels have been
output, at which point the cycle repeats.

= /N S S

PO-P3 (A-D},

OL {A-D}, X DATA X
SYNC*, BLANK*

IOR, 10G, 10B
(IOUT -- BT455)

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

Video Generation

Each clock cycle, 4bits of color information (P0-P3)
and 1 bit of overlay information (OL) for each pixel
are used to determine whether a color palette entry in
the RAM or whether the overlay register is to provide
color information. Note that PO is the LSB when
addressing the color palette RAM. Table 2 illustrates
the truth table used for color selection.

Every clock cycle, the selected information is
presented to the three 4-bit D/A converters.

The SYNC* and BLANK* inputs, pipelined to
maintain synchronization with the pixel data, add
appropriately weighted currents to the analog outputs,
producing the specific output levels required for video
applications, as illustrated in Figure 3.

The varying output current from each of the D/A
converters produces a corresponding voltage level,
which is used to drive the color CRT monitor. Note
that only the green output (IOG) on the Bt454
contains sync information. Table 3 details how the
SYNC* and BLANK* inputs modify the output levels.

The D/A converters on the Bt454/455 use a segmented
architecture in which bit currents are routed to either
the current output or GND by a sophisticated decoding
scheme. This architecture eliminates the need for
precision component ratios and greatly reduces the
switching transients associated with turning current
sources on or off. Monotonicity and low glitch are
guaranteed by using identical current sources and
current-steering their outputs. An on-chip
operational amplifier stabilizes the full-scale output
current against temperature and power supply
variations.

CRT Monitor Interface

The analog outputs are capable of directly driving a
37.5 Q load, such as a doubly terminated 75 Q coaxial
cable, when soldered directly to a PC board. When the
device is socketed, it is recommended that only a
singly terminated 75 2 load be used (unless air flow or
heat sinking are available). Note that when driving a
singly terminated 75 Q load, the RSET value must be
adjusted.

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. 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
constant delay that induces latchup.

Latchup can be prevented by assuring 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 assures that
any signal pin voltage will never exceed the power
supply voltage by more than +0.5 V.

Addressed by frame buffer

oL PO-P3
0 $0
0 $1
$F
1 $x

color palette entry $0
color palette entry $1

color palette entry $F
overlay color

Table 2. Palette and Overlay Select Truth Table.
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Circuit Description (continued)

IOR, I0B 10G, I0UT
MA |V |Ma| v
1905 | 074 | 2667 | 1000 WHITE LEVEL
925 IRE
144 | 0054 | 905 | 0340 BLACK LEVEL
75IRE
000 | 0000 | 762 | 0286 BLANK LEVEL
40IRE
000 | 0000 SYNC LEVEL
Note: 75 Q doubly terminated load, RSET = 523 Q. RS-343A levels and tolerances assumed on all
levels.
Figure 3. Composite Video Output Waveforms.
Description I0G, IOUT IOR, IOB SYNC* BLANK* DAC
(mA) (mA) Input Data
WHITE 26.67 19.05 1 1 SF
DATA data + 9.05 | data+ 1.44 1 1 data
DATA - SYNC data + 1.44 | data + 1.44 0 1 data
BLACK 9.05 1.44 1 1 $0
BLACK - SYNC 1.44 1.44 0 1 $0
BLANK 7.62 0 1 0 $x
SYNC 0 0 0 0 $x
Note: Typical with full-scale IOG = 26.67 mA. RSET =523 Q.
Table 3. Video Output Truth Table.
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Pin Descriptions

Pin Name

BLANK*

SYNC*

PO-P3
{A-D}

OL {A-D}

IOR, IOG, IOB,
ouTr
GND
VAA

FS ADJUST

Description

Composite blank control input (TTL compatible). A logic zero drives the analog outputs to the
blanking level, as illustrated in Table 3. It is latched on the rising edge of LDOUT. When
BLANK* is a logical zero, the pixel and overlay inputs are ignored.

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40
IRE current source on the IOG output (see Figure 3). SYNC* does not override any other control
or data input, as shown in Table 3; therefore, it should be asserted only during the blanking
interval. It is latched on the rising edge of LDOUT. If sync information is not to be generated
on the JOG output, this pin should be connected to GND.

Load control output (TTL compatible). The PO-P3 {A-D}, OL {A-D}, BLANK*, and SYNC*
inputs are latched on the rising edge of LDOUT. LDOUT is internally gencrated by dividing the
clock by four. LDOUT should have absolute minimal loading (one TTL load) to avoid display
artifacts.

Pixel select inputs (TTL compatible). These inputs are used to specify, on a pixel basis, which
one of the 16 entries in the color palette RAM is to be used to provide color information. Four
consecutive pixels (up to 4 bits per pixel) are input through this port. They are latched on the
rising edge of LDOUT. PO is the LSB. Unused inputs should be connected to GND.

Note that the {A} pixel is output first, followed by the {B} pixel, etc., until all four pixels have
been output, at which point the cycle repeats.

Overlay select inputs (TTL compatible). These control inputs are latched on the rising edge of
LDOUT, and specify which palette is to be used for color information. A logical zero indicates
the color palette RAM is to provide color information, while a logical one indicates the overlay
register is to provide color information. When accessing the overlay palette, the PO-P3 {A-D}
inputs are ignored. Unused inputs should be connected to GND.
Red, green, and blue video current outputs. These high-impedance current sources are capable of
directly driving a doubly terminated 75 Q coaxial cable (Figure 4). All outputs, whether used or
not, should have the same output load. The Bt455 outputs IOUT rather than IOR, IOG, and IOB.
Analog ground. All GND pins must be connected.
Analog power. All VAA pins must be connected.
Full-scale adjust control. A resistor (RSET) connected between this pin and GND controls the
magnitude of the full scale video signal (Figure 4). Note that the IRE relationships in Figure 3
are maintained, regardless of the full scale output current.
The relationship between RSET and the full scale output current on IOG is:

RSET (Q2) = 13,948 / IOG (mA)
The full-scale output current on IOR and IOB for a given RSET is:

IOR, IOB (mA) = 9,963 / RSET (Q)
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Pin Descriptions (continued)

Pin Name

COMP

CLOCK,
CLOCK*

CE*

Co, C1

Description

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1
WF ceramic capacitor must be connected between this pin and the adjacent VAA pin (Figure 4).
Connecting the capacitor to VAA rather than to GND provides the highest possible
low-frequency power supply noise rejection. The COMP capacitor must be as close to the device
as possible to keep lead lengths to an absolute minimum. Refer to PC Board Layout
Considerations for critical layout criteria.

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured
for single supply (+5 V) operation. The clock rate is typically the pixel clock rate of the
system.

Chip enable control input (TTL compatible). This input must be a logical zero to enable data to
be written to or read from the device. During write operations, data is internally latched on the
rising edge of CE* (Figure 1). Care should be taken to avoid glitches on this edge-triggered
input.

Read/write control input (TTL compatible). To write data to the device, both CE* and R/W must
be a logical zero. To read data from the device, CE* must be a logical zero and R/W must be a
logical one. R/W is latched on the falling edge of CE*. See Figure 1.

Command control inputs (TTL compatible). CO and C1 specify the type of read or write
operation being performed, as illustrated in Table 1. They are latched on the falling edge of
CE*.

Data bus (TTL compatible). Data is transferred into and out of the device over this 4 bit
bidirectional data bus. DO is the least significant bit.

5 < &S
A EEEREEEE
o W e W hne Wows B o W oon B o Winn B o B B
AaRBELAIRNEeRRA
po [J a0 28 [] poa
b1 (& 27 [1 poB
o2 [f42 26 [] poc
p3 [as 25 [] pop
cer [as 24 [] BLANK*
rwj1 @ 23 [J synee
o [2 2 [ pa
a[ls 21 [] piB
) 1or []4 20 [] pic
aounioc [} s 19 J pip
o/ 108 [J6 18 [ p2a
N roa838083%08s8
S0 o
TEHHHL
2
4

Note: Bt455 pin names are in parentheses.
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PC Board Layout Considerations

PC Board Considerations

This product requires special attention to proper
layout techniques to achieve optimum performance.
Before beginning PCB layout, refer to the CMOS
RAMDAC layout example found in Bt451/7/8
Evaluation Module Operation and Measurements,
application note (AN-16). This application note can
be found in Brooktree's 1990 Applications
Handbook.

The layout should be optimized for lowest noise on
the Bt454/455 power and ground lines by shielding
the digital inputs and providing good decoupling. The
trace length between groups of VAA and GND pins
should be as short as possible to minimize inductive
ringing.

A well-designed power distribution network is critical
to eliminating digital switching noise. Ground
planes must provide a low-impedance return path for
the digital circuits. A minimum of a 6-layer PC board
is recommended. The ground layer should be used as a
shield to isolate noise from the analog traces with
layer 1 (top) the analog traces, layer 2 the ground
plane (preferably analog ground plane), layer 3 the
analog power plane, using the remaining layers for
digital traces and digital power supplies.

The optimum layout enables the Bt454/455 to be
located as close to the power supply connector and as
close to the video output connector as possible.

Ground Planes

For optimum performance, a common digital and
analog ground plane with tub isolation (at least a 1/8
inch gap) and connected together only at the power
supply connector (or the lowest impedance source) is
recommended. Ground plane partitioning should
extend the analog ground plane no more than 2 inches
from the power supply connector to preserve digital
noise margins during MPU read cycles. Thus, the
ground tub isolation technique is constrained by the
noise margin degradation during digital readback of
the Bt454/455.

The digital ground plane should be under all digital
signal traces to minimize radiated noise and crosstalk.

The analog ground plane should include all Bt454/455
ground pins, reference circuitry (RSET resistors, etc.),
power supply bypass circuitry for the Bt454/455,
analog output traces, and the video output connector.
The Bt455 no-connect (N/C) pins should be tied
directly to ground.

Power Planes

Separate digital and analog power planes are
necessary. 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
Bt454/455 power pins, any reference circuitry, and
COMP and reference 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 4. This bead
should be located within 3 inches of the Bt454/455
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.

Plane-to-plane noise coupling can be reduced by
ensuring that portions of the digital power and ground
planes do not overlay portions of the analog power
and ground planes, unless they can be arranged so that
the plane-to-plane noise is common mode.

Device Decoupling

For optimum performance, all capacitors should be
located as close to the device as possible, using the
shortest leads possible (consistent with reliable
operation) to reduce the lead inductance. Chip
capacitors are recommended for minimum lead
inductance. Radial lead ceramic capacitors may be
substituted for chip capacitors and are better than
axial lead capacitors for self-resonance. Values are
chosen to have self-resonance above the pixel clock.

Power Supply Decoupling

Best power supply decoupling performance is
obtained with a 0.1 pF ceramic capacitor in parallel
with a 0.01 pF chip capacitor decoupling each of the
two groups of VAA pins to GND. The capacitors
should be placed as close as possible to the device.

The 10 uF capacitor is for low frequency power supply

ripple; the 0.1 pF and 0.01 uF capacitors are for
high-frequency power supply noise rejection.
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PC Board Layout Considerations (continued)

A linear regulator to filter the analog power supply is
recommended if the power supply noise is 2 200 mV.
This is especially important when a switching power
supply is used and the switching frequency is close to
the raster scan frequency. Note that about 10% of
power supply hum and ripple noise less than 1 MHz
will couple onto the analog outputs.

COMP Decoupling

The COMP pin must be decoupled to VAA, typically
using a 0.1 uF ceramic capacitor. Low-frequency
supply noise will require a larger value. Lead lengths
should be minimized for best performance.

If the display has a "ghosting"” problem, additional
capacitance in parallel with the COMP capacitor may
help to fix the problem.

Digital Signal Interconnect

The digital inputs to the Bt454/455 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 ground planes.

Most noise on the analog outputs will be caused by
excessive edge speeds (less than 3 ns), overshoot,
undershoot, and ringing on the digital inputs.

The digital edge speeds should be no faster than
necessary, as feedthrough noise is proportional to the
digital edge speeds. Lower speed applications will
benefit using lower speed logic (3-5 ns edge rates) to
reduce data-related noise on the analog outputs.

Transmission line mismatch will exist if the line
length reflection time is greater than 1/4 the signal
edge time, resulting in ringing, overshoot, and
undershoot that can generate noise onto the analog
outputs. 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 resistor (10 to 50 Q).
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Radiation of digital signals can also be picked up by
the analog circuitry. This is prevented by reducing
the digital edge speeds (rise/fall time), minimizing
ringing by using damping resistors, and minimizing
coupling through PC board capacitance by routing 90
degrees to any analog signals.

Ensure that the power pins for the clock driver are
properly decoupled to minimize transients. Minimize
edge speeds and ringing, using damping resistors (10
to 50 Q) or parallel termination where necessary.

If using parallel termination on digital signals, the
resistors should be connected to the digital power and
ground planes, not the analog power and ground
planes.

Analog Signal Interconnect

The Bt454/455 should be located as close as possible
to the output connectors to minimize noise pickup
and reflections due to impedance mismatch.

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

For maximum performance, the analog outputs should
have a source load resistor equal to the destination
termination (via a clean isolated ground return path).
The load resistor connection between the current
output and GND should be as close as possible to the
Bt454/455 to minimize reflections. Unused analog
outputs should be connected to GND.

Analog edges exceeding the CRT monitor bandwidth
can be reflected, producing cable-length dependent
ghosts. Simple pulse filters can reduce
high-frequency energy, reducing EMI and noise.

Analog Output Protection

The Bt454/455 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 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 (BAY99 or MMBD7001).
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ML
ANALOG POWER PLANE
VAA
c2-Cs L1
Yn, + 5V (VCO)
1 = == a
Bt454/455 T <
GND ., GROUND
Y
Rl |R2 |m3
FS ADJUST
(N/C) IOR @ TO
VIDEO
(10UT) 10G @ CONNECTOR
(N/C) 0B @
VAA
@ 1N4148 /9
DAC TO MONITOR
oUTPUT
1N4148 /9
GND
Location Description Vendor Part Number
C1, C7 10 pF tantalum capacitor Mallory CSR13G106KM
C2, C3, C6, C8 0.1 pF ceramic capacitor Erie RPE110Z5U104M50V
C4, C5 0.01 puF ceramic chip capacitor Johanson Dielectrics X7R500S41W103KP
L1 ferrite bead Fair-Rite 2743001111
R1, R2, R3 75 Q 1% metal film resistor Dale CMF-55C
RSET 523 Q 1% metal film resistor Dale CMF-55C

Note: The vendor numbers above are listed only as a guide.

characteristics will not affect the performance of the Bt454/455.

Substitution of devices with similar

Figure 4. Typical Connection Diagram and Parts List.
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LDOUT Termination

To reduce reflections on the LDOUT signal, it should
be terminated at the point furthest from the
Bt454/455. A 330 Q resistor to VCC and a 470 Q
resistor to GND should work in most cases.

LDOUT should have absolute minimal loading (one
TTL load) to avoid display artifacts.

Using Multiple Bt455s

When using multiple Bt455s, each Bt455 should have
its own power plane ferrite bead.

Each Bt455 must still have its own individual RSET
resistor, analog output termination resistors, power
supply bypass capacitors, and COMP capacitor.

TTL Clock Interfacing

Figure 5 illustrates interfacing the Bt454/455 to a
TTL clock. The MC10H116 is operated from a single
+5 V supply. The resistor network attenuates the TTL
levels to MECL input levels. Although not shown,
both the CLOCK and CLOCK* lines require
termination resistors (220 Q resistor to VCC and 330
Q resistor to GND), located as close as possible to the
Bt454/455.

+5V

£,

ECL Clock Generation

Due to the high clock rates at which the Bt454/455
may operate, it is designed to accept differential clock
signals (CLOCK and CLOCK*). These clock inputs are
designed to be generated by ECL logic operating at +5
V. Note that the CLOCK and CLOCK* inputs require
termination resistors (typically a 220 Q resistor to
VCC and a 330 Q resistor to GND), located as close as
possible to the Bt454/455.

170 MHz applications require robust ECL clock
signals with strong pull-down (~20 mA at VOH) and
double termination for clock trace lengths greater
than 2 inches.

The CLOCK and CLOCK* inputs must be differential
signals due to the noise margins of the CMOS
process. The Bt454/455 will not function using a
single-ended CLOCK with CLOCK* connected to
ground.

A 10K or 10KH ECL crystal oscillator that generates
differential outputs, operating between +5 V and
ground, may be interfaced directly to the B454/455,
as shown in Figure 6. If the crystal oscillator
generates only a single-ended output, a MC10H116
may be used to generate the differential clock signals,
as illustrated in Figure 7. If the MC10H116 is not
readily available, a MC10H101, MC10H105, or
MC10H107 may be used.

Although ECL works well using a single +5 V supply,
care must be taken to isolate the TTL power supply
lines from the ECL power supply. Further information
on ECL design may be obtained in the MECL Device
Data Catalog and the MECL System Design
Handbook, by Motorola.

10H116

TTL BUFFER 20
TIL
CLOCK
820
Figure 5.

SECTION 4

N CLOCK*
"—W CLOCK

VBB
(PIN 11)

Interfacing the Bt454/455 to a TTL Clock.
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Application Information (continued)

+5V +5V
14 20
8
MONITOR CLOCK
PRODUCTS 130
Sl & X Bt454/455
CLOCK*

Figure 6. Interfacing to a Differential ECL Oscillator.

+5V
+5V
20
14 +5V +5V "
MONITOR % I
PRODUCTS  |g 0 1,16 sV 330
9708 Bt454/455
7 330 % 8 10HI16 20 %
330
VBB
®PIN 11)

Figure 7. |Interfacing to a Single-Ended ECL Oscillator.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VAA 4.75 5.00 5.25 Volts
Ambient Operating Temperature TA 0 +70 °C
Output Load RL 37.5 Ohms
FS ADJUST Resistor RSET 523 Ohms

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units

VAA (measured to GND) 7.0 Volts
Voltage on Any Signal Pin* GND-0.5 VAA +05 Volts
Analog Output Short Circuit

Duration to Any Power Supply

or Common 1SC 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)

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.

* 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.

4 - 104 SECTION 4



Brooktree® Bt454/455

DC Characteristics

Parameter Symbol Min Typ Max Units
Resolution (each DAC) 4 4 4 Bits
Accuracy (each DAC)
Integral Linearity Error L +1/4 LSB
Differential Linearity Error DL +1/4 LSB
Gray Scale Error +10 % Gray Scale
Monotonicity guaranteed
Coding Binary
Digital Inputs
(except CLOCK, CLOCK*)
Input High Voltage VHH 2.0 VAA +05 Volts
Input Low Voltage VIL GND-0.5 0.8 Volts
Input High Current (Vin = 2.4 V) IH 1 HA
Input Low Current (Vin = 0.4 V) L -1 HA
Input Capacitance CIN 10 pF
(f=1MHz, Vin=24YV)
Clock Inputs (CLOCK, CLOCK*)
Differential Input Voltage AVIN .6 6 Volts
Input High Current (Vin = 4.2 V) IKIH 1 HA
Input Low Current (Vin = 3.2 V) IKIL -1 HA
Input Capacitance CKIN 10 pF
(f=1MHz, Vin=4.2YV)
Digital Outputs
Output High Voltage VOH
D0-D3 (IOH = 400 pA) 2.4 Volts
LDOUT (IOH =-12mA) 2.4 Volts
Output Low Voltage VOL
D0-D3 (IOL =3.2mA) 0.4 Volts
LDOUT (IOL = 24 mA) 0.5 Volts
3-state Current (D0-D3) 10Z 10 HA
Output Capacitance CDOUT 10 pF

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

Parameter Symbol Min Typ Max Units
Analog Outputs
Output Current
White Level Relative to Blank 16.81 19.05 21.30 mA
White Level Relative to Black 15.86 17.62 19.40 mA
Black Level Relative to Blank 0.95 1.44 1.90 mA
Blank Level on IOR, IOB 0 5 50 HA
Blank Level on IOG or IOUT 6.29 7.62 8.96 mA
Sync Level on IOG or IOUT 0 5 50 HA
LSB Size 1.175 mA
DAC-to-DAC Matching 5 %
Output Compliance yoc -1.0 +1.4 Volts
Output Impedance RAOUT 50 kQ
Output Capacitance CAOUT 20 pF
(f=1MHz, IOUT =0 mA)
Internal Reference Voltage VREF 1.18 1.22 1.26 Volts
Power Supply Rejection Ratio PSRR 0.5 % | % AVAA
(COMP = 0.1 pF, f =1KHz)

Test conditions (unless otherwise specified):

"Recommended Operating Conditions" with RSET = 523 Q. As

the above parameters are guaranteed over the full temperature range, temperature coefficients are not specified or
required. Typical values are based on nominal temperature, i.e., room, and nominal voltage, i.e., 5 V.
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AC Characteristics

170 MHz 135 MHz 110 MHz
Devices Devices Devices
Parameter Symbol| Min | Typ | Max | Min | Typ | Max| Min | Typ | Max Units

Clock Rate Fmax 170 135 110 MHz
R/W, C0, C1 Setup Time 1 0 0 0 ns
R/W, C0, C1 Hold Time 2 15 15 15 ns
CE* Low Time 3 50 50 50 ns
CE* High Time 4 25 25 25 ns
CE* Asserted to Data Bus 5 10 10 10 ns
CE* Asserted to Data Valid 6 75 75 75 ns
CE* Negated to Data Bus

3-Stated 7 15 15 15 ns
Write Data Setup Time 8 35 35 35 ns
Write Data Hold Time 9 10 10 10 ns
LDOUT Pulse Width High 10 9 11.5 13 ns
LDOUT Pulse Width Low 11 9 11.5 13 ns
Clock to LDOUT 12 4 7.5 | 143 4 7.5 | 143] 4 7.5 | 143 ns
Pixel and Control Setup Time 13 0 0 0 ns
Pixel and Control Hold Time 14 3 5 5 ns
Clock Cycle Time 15 5.88 7.4 9 ns
Clock Pulse Width High 16 2 3 3.6 ns
Clock Pulse Width Low 17 2 3 3.6 ns
Analog Output Delay 18 20 20 20 ns
Analog Output Rise/Fall Time| 19 2 2 2 ns
Analog Output Settling Time*| 20 6 9 9 ns
Clock and Data Feedthrough* 70 70 70 pV -sec
Glitch Impulse* 50 50 50 pV -sec
Analog Output Skew 0 2 0 2 0 2 ns
Pipeline Delay 6 6 6 6 6 6 6 6 6 Clocks
VAA Supply Current** TIAA 200 | tbd 150 | tbd 120 | 200 mA

Test conditions (unless otherwise specified): "Recommended Operating Conditions” with RSET = 523 Q. TTL input
values are 0-3 V, with input rise/fall times < 4 ns, measured between the 10% and 90% points. ECL input values are
3.2-4.2 volts, with input rise/fall times < 2 ns, measured between 20% and 80% points. Timing reference points at 50%
for inputs and outputs. Analog output load < 10 pF, D0-D3 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, and nominal voltage, i.e., 5 V.

*Clock and data feedthrough is a function of the amount of edge rates, overshoot, and undershoot on the digital inputs.
For this test, the TTL digital inputs have a 1 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, -3 dB test bandwidth = 2x clock

rate.

**At Fmax. IAA (typ) at VAA=5.0V, TA =20° C. IAA (max)at VAA=525V, TA=0°C.
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Timing Waveforms

2
1
R/W, C0, C1 VALID
3
m‘ \
N\ /| . l\__
6 |
5 7
DO - D3 (READ) DATA OUT ®R/W=1)
DO - D3 (WRITE) % DATA IN(R/W =0)
8
| 9

Figure 8. MPU Read/Write Timing Dimensions..

Sy U e N N N

P0-P3(A-D},
OL (A-D}, DATA X X
SYNC*, BLANK*
13
- 14 18 20

]
IOR, 10G, I0B
(IOUT -- BT455)

12 — 19
15
16
CLOCK 4
fe—17

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

Note 2:  Output settling time measured from 50% point of full-scale transition to output settling
within +1/4LSB.

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

Figure 9. Video Input/Output Timing.
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Device Circuit Data

Bt454/455

5 a

REFERENCE e 'W \

500 >—é—~ TO DACS
Fs apiusT [} AN
500 * IFEEDBACK
T

GND

\

Equivalent Circuit of the Reference Amplifier.

Bt454/455
. 2 VAA
GO-G7
o sy S
s
S B %W " Oty 1ot

Equivalent Circuit of the Current Output (I10G or IOUT).
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Ordering Information

Ambient
Model Number Speed Package Temperature
Range

Bt454KPJ 110 MHz 44-pin Plastic 0°to +70°C
J-Lead

Bt454KPJ135 135 MHz 44-pin Plastic 0°to +70°C
J-Lead

B1454KPJ170 170 MHz 44-pin Plastic 0°to +70°C
J-Lead

Bt455KPJ110 110 MHz 44-pin Plastic 0°to +70°C
J-Lead

Bt455KPJ135 135 MHz 44-pin Plastic 0°to +70°C
J-Lead

Bt455KPJ170 170 MHz 44-pin Plastic 0°to +70°C
J-Lead

Revision History

Datasheet
Revision

4 - 110

Change from Previous Revision

Note added to pin description and applications section that LDOUT should have absolute minimal

loading (one TTL load) to avoid display
Expanded PCB layout section.

Added Bt455 part and description.

artifacts.

Expanded ESD and PCB Layout sections.
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Distinguishing Features

¢ 110 MHz Pipelined Operation

+ Multiplexed TTL Pixel Ports

« Triple 8-bit D/A Converters

* 256 x 24 Dual Port Color Palette

* 4 x 24 Dual Port Overlay Registers
» RS-343A Compatible RGB Outputs
« Bit Plane Read and Blink Masks

« Standard MPU Interface

* +5 V CMOS Monolithic Construction
» 84-pin Ceramic PGA Package

e Typical Power Dissipation: 2W

Functional Block Diagram

Applications

« High-Resolution Color Graphics
« CAE/CAD/CAM

« Image Processing
» Video Reconstruction

LD+ — LOAD MUX BLINK
CONTROL CONTROL CONTROL
- 40 40 40 8
@am 7
L M READ
L A u MASK
A T X
oo ¥ [T & | 2
wn 7TE
SYNC* —
BLANK* —
l BUS CONTROL I ADDR REG B
8 $

CE* RW Co0 C1

Brooktree Corporation

9950 Barnes Canyon Rd.

San Diego, CA 92121

(619) 452-7580 « (800) VIDEO IC
TLX: 383 596 « FAX: (619) 452-1249
LA458MO01 Rev. I

DO-D7
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Bt458/883

MIL-STD-883C, Class B
Monolithic CMOS
256 x 24 Color Palette
110 MHz RAMDAC™

Product Description

The Bt458/883 is a triple 8-bit RAMDAC
designed specifically for high-performance, high-
resolution color graphics.

The architecture enables the display of 1280 x
1024 bit-mapped color graphics (up to 8 bits per
pixel plus up to 2 bits of overlay information),
minimizing the use of costly ECL interfacing, as
most of the high speed (pixel clock) logic is
contained on chip. The multiple pixel ports and
internal multiplexing enables TTL-compatible
interfacing (up to 28 MHz) to the frame buffer,
while maintaining the 110 MHz video data rates
required for sophisticated color graphics.

The Bt458/883 has a 256 x 24 color lookup table
with triple 8-bit video D/A converters. On-chip
features include programmable blink rates, bit
plane masking and blinking, color overlay
capability, and a dual-port color palette RAM.

The Bt458/883 generates RS-343A-compatible
red, green, and blue video signals, and is capable
of driving doubly terminated 75 Q coax directly,
without requiring external buffering.




Bt458/883

Circuit Description

MPU Interface

As illustrated in the functional block diagram, the
Bt458/883 supports a standard MPU bus interface,
allowing the MPU direct access to the internal control
registers and color/overlay palettes. The dual-port
color palette RAM and dual-port overlay registers
allow color updating without contention with the
display refresh process.

As illustrated in Table 1, the CO and C1 control
inputs, in conjunction with the internal address
register, specify which control register, color palette
RAM entry, or overlay register will be accessed by the
MPU.

The 8-bit address register (ADDRO-7) is used to
address the internal RAM and registers, eliminating
the requirement for external address multiplexers.
ADDRO corresponds to DO and is the least significant
bit.

To write color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be modified. The MPU performs
three successive write cycles (red, green, and blue),
using CO and 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
location specified by the address register. The address
register then increments to the next location, which
the MPU may modify by simply writing another
sequence of red, green, and blue data.

To read color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be read. The MPU performs three
successive read cycles (red, green, and blue), using CO
and 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 simply reading another
sequence of red, green, and blue data.

When accessing the color palette RAM, the address
register resets to $00 after a blue read or write cycle to
location $FF. When accessing the overlay registers,
the address register increments to $04 following a
blue read or write cycle to overlay register 3. To keep
track of the red, green, and blue read/write cycles, the
address register has two additional bits (ADDRa,
ADDRD) that count modulo three. They are reset to
zero when the MPU reads or writes to the address
register. The MPU does not have access to these bits.
The other 8 bits of the address register (ADDR0-7) are
accessible to the MPU.

Value C1 Cco Addressed by MPU
ADDRa, b (counts modulo 3) 00 X red value
01 X 1 green value
10 X 1 blue value
ADDRO-7 (counts binary) $xx 0 0 address register
$00 - $FF 0 1 color palette RAM
$00 1 1 overlay color 0
$01 1 1 overlay color 1
$02 1 1 overlay color 2
$03 1 1 overlay color 3
$04 1 0 read mask register
$05 1 0 blink mask register
$06 1 0 command register
$07 1 0 test register

Table 1.
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Bt458/883

Circuit Description (continued)

Additional Information

Although the color palette RAM and overlay registers
are dual-ported, if the pixel and overlay data is
addressing the same palette entry being written to by
the MPU during the blue write cycle, it is possible for
one or more of the pixels on the display screen to be
disturbed. A maximum of one pixel is disturbed if the
write data from the MPU is valid during the entire chip
enable time.

Accessing the control registers is also done through
the address register in conjunction with the C0 and C1
inputs, as shown in Table 1. All control registers
may be written to or read by the MPU at any time. The
address register does not increment following read or
write cycles to the control registers, facilitating
read-modify-write operations.

Note that if an invalid address in loaded into the
address register, data written to the device will be
ignored and invalid data will be read by the MPU.

Figure 1 illustrates the MPU read/write timing when
accessing the Bt458/883.

R/W, Co, C1 X

- T\

/

DO - D7 (READ) \

DATA OUT (RIW = 1) D2 I

DO - D7 (WRITE) X

DATA IN (R/W =0) X

Figure 1. MPU Read/Write Timing.
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Circuit Description (continued)

Frame Buffer Interface

To enable pixel data to be transferred from the frame
buffer at reasonable data rates (up to 28 MHz), the
Bt458/883 incorporates internal latches and
multiplexers. As illustrated in Figure 2, on the rising
edge of LD*, sync and blank information, color (up to
8 bits per pixel), and overlay (up to 2 bits per pixel)
information, for either four or five consecutive
pixels, are latched into the device. Note that with this
configuration, the sync and blank timing will be
recognized only with four- or five-pixel resolution.
Typically, the LD* signal is used to clock external
circuitry to generate the basic video timing.

Each clock cycle, the Bt458/883 outputs color
information based on the {A} inputs, followed by the
{B} inputs, etc., until all four or five pixels have been
output, at which point the cycle repeats.

The overlay inputs may have pixel timing,
facilitating the use of additional bit planes in the
frame buffer to control overlay selection on a pixel
basis, or they may be controlled by external character
or cursor generation logic.

PO-P7{A-E},

To simplify the frame buffer interface timing, LD*
may be phase shifted, in any amount, relative to
CLOCK. This enables the LD* signal to be derived by
externally dividing CLOCK by four or five,
independent of the propagation delays of the LD*
generation logic. As a result, the pixel and overlay
data are latched on the rising edge of LD¥*,
independent of the clock phase.

Internal logic maintains an internal LOAD signal,
synchronous to CLOCK, and is guaranteed to follow
the LD* signal by at least one, but not more than four,
clock cycles. This LOAD signal transfers the latched
pixel and overlay data into a second set of latches,
which are then internally multiplexed at the pixel
clock rate (up to 110 MHz).

If 4:1 multiplexing is specified, only one rising edge
of LD* should occur every four clock cycles. If 5:1
multiplexing is specified, only one rising edge of
LD#* should occur every five clock cycles. Otherwise,
the internal LOAD generation circuitry assumes it is
not locked onto the LD* signal, and will continuously
attempt to resynchronize itself to LD*.

OL0-OL1 {A-E}, X DATA X
SYNC*, BLANK*

IOR, IOG, I0B

CLOCK

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

Color Selection

Each clock cycle, 8 bits of color information (PO-P7)
and 2 bits of overlay information (OLO, OL1) for each
pixel are processed by the read mask, blink mask, and
command registers. Through the use of the control
registers, individual bit planes may be enabled or
disabled for display, and/or blinked at one of four
blink rates and duty cycles.

To ensure that a color change due to blinking does not
occur during the active display time (i.e., in the
middle of the screen), the Bt458/883 monitors the
BLANK* input to determine vertical retrace intervals.
A vertical retrace interval is recognized by
determining that BLANK* has been a logical zero for
at least 256 LD* cycles.

The processed pixel data is then used to select which
color palette entry or overlay register is to provide
color information. Note that PO is the LSB when
addressing the color palette RAM. Table 2 illustrates
the truth table used for color selection.

Video Generation

Every clock cycle, the selected 24 bits of color
information (8 bits each of red, green, and blue) are
presented to the three 8-bit D/A converters.

The SYNC* and BLANK* inputs, pipelined to
maintain synchronization with the pixel data, add
appropriately weighted currents to the analog outputs,
producing the specific output levels required for video
applications, as illustrated in Figure 3.

The varying output current from each of the D/A
converters produces a corresponding voltage level,
which is used to drive the color CRT monitor. Note
that only the green output (IOG) contains sync
information. Table 3 details how the SYNC* and
BLANK* inputs modify the output levels.

The D/A converters on the Bt458/883 use a segmented
architecture in which bit currents are routed to either
the current output or GND by a sophisticated decoding
scheme. This architecture eliminates the need for
precision component ratios and greatly reduces the
switching transients associated with turning current
sources on or off. Monotonicity and low glitch are
guaranteed by using identical current sources and
current steering their outputs. An on-chip operational
amplifier stabilizes the D/A converter's full scale
output current against temperature and power supply
variations.

CR6 | OL1 OLo P7-P0 | Addressed by frame buffer
1 0 0 $00 color palette entry $00
1 0 0 $01 color palette entry $01
1 0 0 $FF color palette entry $FF
0 0 0 $xx overlay color 0
X 0 1 $xx overlay color 1
x 1 0 $xx overlay color 2
X 1 1 $xx overlay color 3
Table 2. Palette and Overlay Select Truth Table.
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Circuit Description (continued)

RED, BLUE GREEN

MA \J MA v

19.05 | 0714 | 26.67 | 1.000 WHITE LEVEL
925 IRE

144 | 0054 | 9.05 | 0340 BLACK LEVEL
75 RE

000 | 0000 | 762 | 0286 BLANK LEVEL
40IRE

000 | 0.000 SYNC LEVEL

Note: 75 Q doubly terminated load, RSET = 523 Q, VREF = 1.235 V. RS-343A levels and tolerances
assumed on all levels.

Figure 3. Composite Video Output Waveforms.

Description 10G IOR, IOB 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 =523 Q, VREF=1.235 V.

Table 3. Video Output Truth Table.
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Internal Registers

Command Register

The command register may be written to or read by the MPU at any time, and is not initialized. CRO corresponds to

data bus bit DO.

CR7 Multiplex select

(0) 4:1 multiplexing
(1) 5:1 multiplexing

CR6 RAM enable
(0) use overlay color 0
(1) use color palette RAM
CRS, CR4 Blink rate selection
(00) 16 on, 48 off (25/75)
(01) 16 on, 16 off (50/50)
(10) 32 on, 32 off (50/50)
(11) 64 on, 64 off (50/50)
CR3 OL1 blink enable

(0) disable blinking
(1) enable blinking

CR2 OLO blink enable

(0) disable blinking
(1) enable blinking

This bit specifies whether 4:1 or 5:1 multiplexing is to
be used for the pixel and overlay inputs. If 4:1 is
specified, the {E} pixel and {E} overlay inputs are
ignored and should be connected to GND, and the LD*
input should be 1/4 the CLOCK rate. If 5:1 is specified,
all of the pixel and overlay inputs are used, and the LD*
input should be 1/5 the CLOCK rate.

Note that it is possible to reset the pipeline delay of the
Bt458/883 to a fixed eight clock cycles. In this
instance, each time the input multiplexing is changed,
the Bt458/883 must again be reset to a fixed pipeline
delay.

When the overlay select bits are 00, this bit specifies
whether to use the color palette RAM or overlay color 0
to provide color information.

These two bits control the blink rate cycle time and duty
cycle, and are specified as the number of vertical retrace
intervals. The numbers in parentheses specify the duty
cycle (% on/off).

If a logical one, this bit forces the OL1 {A-E} inputs to
toggle between a logical zero and the input value at the
selected blink rate prior to selecting the palettes. A
value of logical zero does not affect the value of the OL1
{A-E} inputs. In order for overlay 1 bit plane to blink,
bit CR1 must be set to a logical one.

If a logical one, this bit forces the OLO { A-E} inputs to
toggle between a logical zero and the input value at the
selected blink rate prior to selecting the palettes. A
value of logical zero does not affect the value of the OLO
{A-E} inputs. In order for overlay O bit plane to blink,
bit CRO must be set to a logical one.
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Internal Registers (continued)

Command Register (continued)

CR1 OL1 display enable If a logical zero, this bit forces the OL1 {A-E} inputs to
a logical zero prior to selecting the palettes. A value of
(0) disable a logical one does not affect the value of the OL1 {A-E}

(1) enable inputs.
CRO OLO display enable If a logical zero, this bit forces the OLO {A-E} inputs to
a logical zero prior to selecting the palettes. A value of
(0) disable a logical one does not affect the value of the OLO {A-E}

(1) enable inputs.

Read Mask Register

The read mask register is used to enable (logical one) or disable (logical zero) a bit plane from addressing the color
palette RAM. DO corresponds to bit plane 0 (PO {A-E}) and D7 corresponds to bit plane 7 (P7 {A-E}). Each register
bit is logically ANDed with the corresponding bit plane input. This register may be written to or read by the MPU at
any time and is not initialized.

Blink Mask Register

The blink mask register is used to enable (logical one) or disable (logical zero) a bit plane from blinking at the blink
rate and duty cycle specified by the command register. DO corresponds to bit plane 0 (PO {A-E}) and D7 corresponds
to bit plane 7 (P7 {A-E}). In order for a bit plane to blink, the corresponding bit in the read mask register must be a
logical one. This register may be written to or read by the MPU at any time and is not initialized.
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Internal Registers (continued)

Test Register

The test register provides diagnostic capability by enabling the MPU to read the inputs to the D/A converters. It may
be written to or read by the MPU at any time, and is not initialized. When writing to the register, the upper 4 bits
(D4-D7) are ignored.

The contents of the test register are defined as follows:

D7-D4 color information (4 bits of red, green, or blue)

D3 low (logical one) or high (logical zero) nibble
D2 blue enable

D1 green enable

DO red enable

To use the test register, the host MPU writes to it, setting one, and only one, of the (red, green, blue) enable bits.
These bits specify which 4 bits of color information the MPU wishes to read (RO-R3, G0-G3, B0-B3, R4-R7,
G4-G7, or B4-B7). When the MPU reads the test register, the 4 bits of color information from the DAC inputs are
contained in the upper 4 bits, and the lower 4 bits contain the (red, green, blue, low or high nibble) enable
information previously written. Note that either the CLOCK must be slowed down to the MPU cycle time, or the same
pixel and overlay data must be presented to the device during the entire MPU read cycle.

For example, to read the upper 4 bits of red color information being presented to the D/A converters, the MPU writes
to the test register, setting only the red enable bit. The MPU then proceeds to read the test register, keeping the pixel
data stable, which results in D4-D7 containing R4-R7 color bits, and D0-D3 containing (red, green, blue, low or
high nibble) enable information, as illustrated below:

D7 R7
D6 R6
D5 RS
>4 R4
D3 0
D2 0
D1 0
DO 1
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Pin Descriptions

Pin Name Description

BLANK* Composite blank control input (TTL compatible). A logic zero drives the analog outputs to the
blanking level, as illustrated in Table 3. It is latched on the rising edge of LD*. When BLANK*
is a logical zero, the pixel and overlay inputs are ignored.

SYNC* Composite sync control input (TTL compatible). A logical zero on this input switches off a 40
IRE current source on the IOG output (see Figure 3). SYNC* does not override any other control
or data input, as shown in Table 3; therefore, it should be asserted only during the blanking
interval. It is latched on the rising edge of LD*.

LD* Load control input (TTL compatible). The PO-P7 {A-E}, OL0-OL1 {A-E}, BLANK*, and
SYNC* inputs are latched on the rising edge of LD*. LD*, while it is either 1/4 or 1/5 th=
CLOCK rate, may be phase independent of the CLOCK and CLOCK* inputs. LD* may have any
duty cycle, within the limits specified by the AC Characteristics section.

PO-P7 Pixel select inputs (TTL compatible). These inputs are used to specify, on a pixel basis, which

{A-E} one of the 256 entries in the color palette RAM is to be used to provide color information.
Either four or five consecutive pixels (up to 8 bits per pixel) are input through this port. They
are latched on the rising edge of LD*. Unused inputs should be connected to GND.

Note that the {A} pixel is output first, followed by the {B} pixel, etc., until all four or five
pixels have been output, at which point the cycle repeats.

OLO-OL1 Overlay select inputs (TTL compatible). These control inputs are latched on the rising edge of
{A-E} LD* and, in conjunction with bit 6 of the command register, specify which palette is to be used
for color information, as follows:
OL1 | OLO CR6=1 CR6=0

0 0 color palette RAM overlay color 0

0 1 overlay color 1 overlay color 1

1 0 overlay color 2 overlay color 2

1 1 overlay color 3 overlay color 3

When accessing the overlay palette, the PO-P7 {A-E} inputs are ignored. Overlay information
bits (up to 2 bits per pixel) for either four or five consecutive pixels are input through this port.
Unused inputs should be connected to GND.

IOR, I0G, IOB Red, green, and blue video current outputs. These high impedance current sources are capable of
directly driving a doubly terminated 75-ohm coaxial cable (Figure 4).

VAA Analog power. All VAA pins must be connected.

GND Analog ground. All GND pins must be connected.
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Pin Descriptions (continued)

Pin Name

COMP

FS ADJUST

VREF

CLOCK,
CLOCK*

CE*

R/W

Co, C1

DO0-D7

Description

Compensation pin. This pin provides compensation for the internal reference amplifier. A
0.01 pF ceramic capacitor must be connected between this pin and VAA (Figure 4). Connecting
the capacitor to VAA rather than to GND provides the highest possible power supply noise
rejection. The COMP capacitor must be as close to the device as possible to keep lead lengths
to an absolute minimum. Refer to PC Board Layout Considerations for critical layout criteria.

Full-scale adjust control. A resistor (RSET) connected between this pin and GND controls the
magnitude of the full-scale video signal (Figure 4). Note that the IRE relationships in Figure 3
are maintained, regardless of the full-scale output current.

The relationship between RSET and the full-scale output current on IOG is:
RSET (2) = 11,294 * VREF (V) /IOG (mA)

The full-scale output current on IOR and IOB for a given RSET is:
IOR, IOB (mA) = 8,067 * VREF (V) /RSET (R2)

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure
4, must supply this input with a 1.23 5 V (typical) reference. The use of a resistor network to
generate the reference is not recommended, as any low-frequency power supply noise on VREF
will be directly coupled onto the analog outputs. A 0.01 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.

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured
for single supply (+5 V) operation. The clock rate is typically the pixel clock rate of the
system.

Chip enable control input (TTL compatible). This input must be a logical zero to enable data to
be written to or read from the device. During write operations, data is internally latched on the
rising edge of CE* (Figure 1). Care should be taken to avoid glitches on this edge triggered
input.

Read/write control input (TTL compatible). To write data to the device, both CE* and R/W must
be a logical zero. To read data from the device, CE* must be a logical zero and R/W must be a
logical one. R/W is latched on the falling edge of CE*. See Figure 1.

Command control inputs (TTL compatible). CO and C1 specify the type of read or write
operation being performed, as illustrated in Table 1. They are latched on the falling edge of
CE*.

Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit
bidirectional data bus. DO is the least significant bit.
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Pin Descriptions (continued)

Signal

BLANK*
SYNC*

CLOCK*

4 - 122

LD*

P4A

Pin
Number

L9
M10
M9
L8
M8

Gl
G2
H1
H2
J1

J2
K1
L1
K2
L2

K3
M1
L3
M2
M3

4
M4
LS
M5
L6

Mi11
L10
L11
K10
Mi2

SECTION 4

Signal

OLOA
OLOB

OLOD
OLOE

OL1A
OL1B
OLIC
OL1D
OLI1E

I0G
I0B
IOR

Pin
Number

K11
L12
K12
m
J12

Hi11
Hi12
G12
Gl11
F12

F11
E12
El1
D12
D11

Al10
All
B9

Signal

VAA
VAA
VAA
VAA
VAA
VAA

COMP
FS ADJUST
VREF
CE*

C1
Co
D1
D3
D5

D7

Pin
Number

C12
C11
A9
L7
M7
A7

Al2
B10
C10
B8
B7
C3
B3
B4

A4
BS
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Pin Descriptions (continued)

12 JlooM GND VAA PD PB PE PC PGB PSE PSC PSB  PE
1n1 | 10B GND VAA PE PIC PA PD PRA PD PA RC RA
10 | 06 FSAN VREF MD PB SYNC*
9 |vaa v BLK* ID*
B Bt458/883 o
7 |lvma o VAA  VAA
6 oo o (TOP VIEW) PE  OND
s ® O B PD
4 D6 DS PA PB
3 D¢ D2 DO PA PC PE
2 D3 DI OM0B OKE OB OLLE RMB RMD PA PD PE PD

joa] oo oD oA oOuC OUD RA RC ME PB PC  PB

A B c D E F G H ) K L M

alignment marker (on top)

12 PE P5B P5C PSE P6B PeC P6E PIB PD VAA GND [e0) 4
11 MA MC PSA PD P6A PD PIA PIC PIE VAA GND 0B
10 SYNC* MB PMD VREF FS ADJ 106G
9 D* BLK* IOR VAA
8 K CLK* RW Cl
™ (BOTTOM VIEW) @
6 GND P3E GND GND
s PD PC D o234
4 P3B PAA DS D6
3 P2E PC PA DO D2 D4
2 PD PIE PID Pl1A PD POB OLIE OLIB OLE OLOB D1 D3
1 | m mc mB e RC RA OUD OUC OUA OUD OUC {OLOA]
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PC Board Layout Considerations

PC Board Considerations

This product requires special attention to proper
layout techniques to achieve optimum performance.

Before beginning PCB layout, refer to the CMOS
RAMDAC layout example found in Bt451/7/8
Evaluation Module Operation and Measurements,
application note (AN-16). This application note can
be found in Brooktree's 1990 Applications
Handbook.

The layout should be optimized for lowest noise on
the Bt458/883 power and ground lines by shielding
the digital inputs and providing good decoupling. The
trace length between groups of VAA and GND pins
should be as short as possible to minimize inductive
ringing.

A well-designed power distribution network is critical
to eliminating digital switching noise. Ground
planes must provide a low-impedance return path for
the digital circuits. A minimum of a 6-layer PC board
is recommended. The ground layer should be used as a
shield to isolate noise from the analog traces with
layer 1 (top) the analog traces, layer 2 the ground
plane (preferably analog ground plane), layer 3 the
analog power plane, using the remaining layers for
digital traces and digital power supplies.

The optimum layout enables the Bt458/883 to be
located as close to the power supply connector and as
close to the video output connector as possible.

Ground Planes

For optimum performance, a common digital and
analog ground plane with tub isolation (at least a 1/8
inch gap) and connected together only at the power
supply connector (or the lowest impedance source) is
recommended. Ground plane partitioning should
extend the analog ground plane no more than 2 inches
from the power supply connector to preserve digital
noise margins during MPU read cycles. Thus, the
ground partitioning isolation technique is constrained
by the noise margin degradation during digital
readback of the Bt458/883.

The digital ground plane should be under all digital
signal traces to minimize radiated noise and crosstalk.

For maximum performance, a separate isolated ground
plane for the analog output termination resistors,
RSET resistor, and VREF circuitry should be used, as
shown in Figure 13. Another isolated ground plane is
used for the GND pins of the Bt458/883 and supply
decoupling capacitors.
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Power Planes

Separate digital and analog power planes are
necessary. 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
Bt458/883 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 13. This bead
should be located within 3 inches of the Bt458/883
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.

Plane-to-plane noise coupling can be reduced by
ensuring that portions of the digital power and ground
planes do not overlay portions of the analog power
and ground planes, unless they can be arranged so that
the plane-to-plane noise is common mode.

Device Decoupling

For optimum performance, all capacitors should be
located as close to the device as possible, using the
shortest leads possible (consistent with reliable
operation) to reduce the lead inductance. Chip
capacitors are recommended for minimum lead
inductance. Radial lead ceramic capacitors may be
substituted for chip capacitors and are better than
axial lead capacitors for self-resonance. Values are
chosen to have self-resonance above the pixel clock.

Power Supply Decoupling

Best power supply decoupling performance is
obtained with a 0.1 pF ceramic capacitor in parallel
with a 0.01 pF chip capacitor decoupling each of four
groups of VAA pins to GND. The capacitors should be
placed as close as possible to the device.

The 33 UF capacitor is for low-frequency power supply
ripple; the 0.1 pF and 0.01 pF capacitors are for
high-frequency power supply noise rejection.
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PC Board Layout Considerations (continued)

A linear regulator to filter the