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PRODUCT
DATABOOK
1989

Thank you for your interest in Brooktree
products.

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

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



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

Copyright © 1989 Brooktree Corporation (all rights reserved)
VIDEODAC and RAMDAC are trademarks of Brooktree Corporation. Brooktree is a registered trademark of

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

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

Company Facts

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

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

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

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

1-3

Products

Our first product, introduced in early 1985, was a 75
MHz 8-bit CMOS video digital-to-analog converter
(VIDEODAC). By mid-1985, Brooktree had introduced
six CMOS video digital-to-analog converter products
(our VIDEODAC line) to the high-performance
graphics market. Further system level integration led
to our family of RAMDACS, which combine triple
VIDEODAC:S, 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 the industry's first
octal 8-bit monolithic DAC and progtammable timing
verniers which achieve delay resolutions of as little as
20 picoseconds.

Strategy

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

Advance Information

This is the 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.
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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 marking with an additional "ES" marked on top of the package. These devices have a Preliminary datasheet
under document control.

Pre-Qual

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

Full Production

These devices have production silicon, testing, burn-in, and have successfully passed a QA life-test qual. These

devices have standard marking with no additional designators. These devices have a Final datasheet under document
control.
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Quality Assurance

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%
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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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Brooktree®

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; refer to the Military Section of this
manual for further details. The basic method used to
estimate product life is accelerated environmental
testing. These tests expose the product to stresses
greater than expected in actual use. The number of
device failures that occur can be related to the
magnitude of the stress applied. The common practice
is to express the results in failures in 109 hours, or
FITs (one FIT is equal to one failure per billion device

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

Figure 3 is an idealized graph of device failure rate vs
time, often called the Bathtub Curve. Three distinct
regions are of importance. Region A is
characterized by high failure rates that show up in
early usage and then decrease with time. This area of
early life failures needs to be eliminated prior to
product being shipped to the final consumer. The
early life failure rate is minimized by screening
procedures, the most common of which is 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.

B REGION A REGION B REGION C

g Infant Mortality or Normal useful operating region Wearout region

a 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

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

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

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

Wafer Probe

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

Device Assembly

The Quality Assurance department monitors the
performance of various processing steps by requiring
mandatory sampling of each lot moving through
critical quality operations. We have instituted eight
sampling points or gates in the assembly area: wafer
inspection, material inspection, 1st QA die visual
(high magnification), die attach control, 2nd QA die
visual (low magnification), QA hermeticity check, QA

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 identifies reliability problems and
performs corrective action on failures from in-house
stress testing as well as customer field returns.
Brooktree provides customers with specific feedback
so that the customer can be assured that appropriate
action has been taken.
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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 A 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 77171 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 0.5v 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.
****FIT shall be calculated using the Ahhrenius acceleration model and the following assumptions:

Ea = 0.5 eV if no failures; if failures, Ea to be determined based upon failure mechanism.

Ts = 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**.

2-9
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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 *kk
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.
***+FIT shall be calculated using the Ahhrenius acceleration model and the following assumptions:
Ea = 0.5 eV if no failures; if failures, Ea to be determined based upon failure mechanism.
Ts = 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. In semiconductor
materials this energy is usually equal to 0.96 eV.

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[EK /Ty -1Tp]

‘Where:

AF = Acceleration Factor

e = natural logarithm base of 2.71828

E = the activation energy for semiconductor
material

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

T1 = Lower temperature in Degrees Kelvin

T2 = Higher temperature in Degrees Kelvin

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

Bias

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

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.




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."

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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VIDEODAC Selection Guide

D/A Speed (MHz) Part Page DL Error IL Error
Organization Number (LSB) (LSB)

triple 4-bit 75, 30 Bt103 4-33 + 1/16 +1/8 monolithic CMOS
single 8-bit 400 Bt107 4-61 +1/2 +1/2 2:1 muxed inputs
single 8-bit 75 Bt102 4-19 +1/4 12 programmable setup
single 8-bit 50, 30 Bt106 4-47 +1 +1 monolithic CMOS
triple 8-bit 250 Bt109 4-75 122 +1/2 10KH ECL
triple 8-bit 50, 30 Bt101 4-5 +1 +1 monolithic CMOS

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 Bt103 Bt103
8-bit Bt101 Bt102 Bt109 Bt109 Bt107
Bt102
Bt106
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Distinguishing Features Applications

« 50, 30 MHz Operation ¢ High Resolution Color Graphics
« Triple 8-bit D/A Converters « CAE/CAD/CAM Applications

« +1 LSB Differential Linearity Error ¢ Image Processing

¢ +1 LSB Integral Linearity Error ¢ Video Reconstruction

* Guaranteed Monotonic * Instrumentation

* RS-343A/RS-170 Compatible Outputs
* TTL Compatible Inputs

« +5v CMOS Monolithic Construction
* 40-pin DIP or 44-pin PLCC Package

« Typical Power Dissipation: 600 mW

Functional Block Diagram

FS ADJUST
CLOCK ——————-——l
g
RO-R7 ot

R

8 E

GO-G7 - G

|

s s

b

BO-B7 —e E

R
SYNC*
BLANK*
REF WHITE

VAA AGND

Brooktree Corporation

9950 Bames Canyon Rd.

San Diego, CA 92121

(619) 452-7580

(800) VIDEOIC

TLX: 383 596

FAX: (619) 452-1249

L101001 Rev. H 4-5

Bt101

50 MHz
Monolithic CMOS
Triple 8-bit
VIDEODAC™

Product Description

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

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

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

The Bt101 generates RS-343A compatible
video signals into a doubly-terminated
75-ohm load, and RS-170 compatible video
signals into a singly-terminated 75-ohm
load, without requiring external buffering.
Both the differential and integral linearity
errors of the D/A converters are guaranteed to
be a maximum of + 1 LSB over the full
temperature range.
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Circuit Description

As illustrated in the functional block diagram, the
Bt101 contains three 8-bit D/A converters, input
registers, and a reference amplifier.

On the rising edge of each clock cycle, as shown
below in Figure 1, 24 bits of color information (RO -
R7, GO - G7, and BO - B7) are latched into the device
and presented to the three 8-bit D/A converters. The
REF WHITE input, also latched on the rising edge of
each clock cycle, forces the inputs of each D/A
converter to $FF.

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

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

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

The D/A converters on the Bt101 use a segmented
architecture in which bit currents are routed to either
the output or AGND by a sophisticated decoding
scheme. This architecture eliminates the need for
precision component ratios and greatly reduces the
switching transients associated with turning current
sources on or off. Monotonicity and low glitch are
guaranteed by using identical current sources and
current steering their outputs. An on-chip operational
amplifier stabilizes the full-scale output current
against temperature and power supply variations.

The analog outputs of the Btl0l are capable of
directly driving a 37.5-ohm load, such as a
doubly-terminated 75-ohm coaxial cable.

= _ /N S

RO-R7, GO-G7, BO-B7,
SYNC*, BLANK*, REF WHITE

o | X X

IOR, I0G, IOB, ISYNC

o

Figure 1.

Input/Output Timing.
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Circuit Description (continued)

RED, BLUE GREEN

1905 | 0714 | 26.67 | 1.000 'WHITE LEVEL
925 IRE
144 | 0.054 | 9.05 0340 BLACK LEVEL
75 IRE
000 | 0.000 | 762 | 028 BLANK LEVEL
40IRE
0.00 0.000 SYNC LEVEL

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

Figure 2. Composite Video Output Waveforms.

Description 10G IOR, IOB REF SYNC* BLANK* DAC
(mA) (mA) WHITE Input Data

WHITE 26.67 19.05 1 1 1 $xx
WHITE 26.67 19.05 0 1 1 $FF
DATA data + 9.05 | data + 1.44 0 1 1 data
DATA -SYNC data + 1.44 | data + 1.44 0 0 1 data
BLACK 9.05 1.44 0 1 1 $00
BLACK - SYNC 1.44 1.44 0 0 1 $00
BLANK 7.62 0 X i 0 $xx
SYNC 0 0 x 0 0 $xx

Note: Typical with full scale IOG = 26.67 mA. RSET = 542 ohms, VREF = 1.2v. ISYNC connected to
10G.

Table 1. Video Output Truth Table.
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Pin Descriptions

Pin Name

BLANK*

SYNC*

REF WHITE

RO -R7,

G0-G7,
B0 -B7

IOR, IOG, IOB

ISYNC

FS ADJUST

Description

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

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

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

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

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

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

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

ISYNC (mA) = 3,442 * VREF (v) / RSET (ohms)

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

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

are maintained, regardless of the full scale output current.

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

RSET (ohms) = 12,046 * VREF (v) / IOG (mA)
The full scale output current on IOR and IOB for a given RSET is defined as:

IOR, IOB (mA) = 8,604 * VREF (v) / RSET (ohms)
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Pin Descriptions (continued)

Pin Name Description

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

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

AGND Analog ground. All AGND pins must be connected.
VAA Analog power. All VAA pins must be connected.
40-pin DIP Package 44-pin Plastic J-Lead (PLCC)
Package
e [ P, P ; b
w 02 » o E228R3885a5
rRe [I3 18[] o7
rs [« 37 [] BLANK*
Re [Os 361 synce - 2 [] Acxp
7 (s 35[] AGND B 2 1 108
Bs []7 3 (] 08 " 0 108
Bs [& 1[] or VAA 2 1 100
B4 Qo 2 100 VAA 2 [] 1sYneC
vaa [0 31 ] 1sYNC AGND 2] vaa
acNp [ 11 0[] vaa AGND %[ vaa
B0 [Ji2 2 [] AGND B0 2 [ o
B [13 % [] Fs ADIUST - 2] Acnp
B2 [J1¢ 21 {1 VREF B2 1 Fs ADJUST
B3 [J1s 2% [] comp B ] veer
aock [}16 25 [ REFWHITE
rRo []17 #%[] o3
Rt 18 2{] a2 “oZ2RB8cGEBEE
R 1o 2] a S""‘ OOOES
R Q2 2] o E
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PC Board Layout Considerations

PC Board Considerations

The layout should be optimized for lowest noise on
the Bt101 power and ground lines by shielding the
digital inputs and providing good decoupling. The
lead length between groups of VAA and AGND pins
should be minimized so as to minimize inductive
ringing.

Ground Planes

The Bt101 and any associated analog circuitry should
have its own ground plane, referred to as the analog
ground plane. This ground plane should connect to the
regular PCB ground plane at a single point through a
ferrite bead, as illustrated in Figure 3. This bead
should be located within three inches of the Bt101.

The analog ground plane area should encompass all
Bt101 ground pins, voltage reference circuitry, power
supply bypass circuitry for the Bt101, the analog
output traces, and any output amplifiers.

The regular PCB ground plane area should encompass
all the digital signal traces, excluding the ground
pins, leading up to the Bt101.

Power Planes

The Bt101 and any associated analog circuitry should
have its own power plane, referred to as the analog
power plane. This power plane should be connected to
the regular PCB power plane at a single point through
a ferrite bead, as illustrated in Figure 3. This bead
should be located within three inches of the Bt101.

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 Bt101 power pins,
voltage reference circuitry, and any output amplifiers.

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

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 pF ceramic capacitor
should be used to decouple each of the two groups of
VAA pins to AGND. These capacitors should be
placed as close as possible to the device.

It is important to note that while the Bt101 contains
circuitry to reject power supply noise, this rejection
decreases with frequency. If a switching power supply
is used, the designer should pay close attention to
reducing power supply noise and consider using a
three terminal voltage regulator for supplying power
to the analog power plane.

Digital Signal Interconnect

The digital inputs to the Bt101 should be isolated as
much as possible from the analog outputs and other
analog circuitry. Also, these input signals should not
overlay the analog ground and power planes.

Due to the high clock rates involved, long clock lines
to the Bt101 should be avoided to reduce noise
pickup.

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

Analog Signal Interconnect

The Bt101 should be located as close as possible to
the output connectors to minimize noise pickup and
reflections due to impedance mismatch.

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

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

CcoMP
ER’
[
ANALOG POWER PLANE
VAA
L
—I—- a-a YN +5V
VREF
= == cs == a
Bt101
ANALOG GROUND PLANE 12
AGND Y\ t— GROUND
- s <
Rl |R2 |R3
FS ADJUST
A———
IOR
06| —¢ viDEo
CONNECTOR
ISYNC -—-J
0B
Location Description Vendor Part Number
C1 33 uF tantalum capacitor Mallory CSR13F336KM
C2,C3,C5 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
C4 " 0.01 pF ceramic capacitor Erie RPE110Z5U103M50V
Cé6 10 pF tantalum capacitor Mallory CSR13G106KM
L1,L2 ferrite bead Fair-Rite 2743001111
R1, R2, R3 75-ohm 1% metal film resistor Dale CMF-55C
R4 1000-ohm 1% metal film resistor Dale CMF-55C
R5 15-ohm 1% metal film resistor Dale CMF-55C
RSET 549-ohm 1% metal film resistor Dale CMF-55C
YA\ 1.2v voltage reference National Semiconductor LM385BZ-1.2

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar

characteristics will not affect the performance of the Bt101.

Figure 3.

Typical Connection Diagram and Parts List.
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Application Information

RS-170 Video Generation

For generation of RS-170 compatible video, it is
recommended that a singly-terminated 75-ohm load be
used with an RSET value of about 774 ohms. If the
Bt101 is not driving a large capacitive load, there will
be negligible difference in video quality between
doubly-terminated 75-ohm and singly-terminated
75-ohm loads.

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

COMP Resistor

To optimize the settling time of the Bt101, a resistor
may be added in series between the COMP capacitor
and COMP pin. The series resistor damps inductive
ringing on COMP, thus improving settling time.

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

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

Non-Video Applications

The Bt101 may be used in non-video applications by
disabling the video-specific control inputs. SYNC*
and REF WHITE should be a logical zero and BLANK*
should be a logical one. ISYNC should be connected
to AGND. All three outputs will have the same full
scale output current.

The relationship between RSET and the full scale

output current (Iout) in this configuration is as
follows:

RSET (ohms) = 7,958 * VREF (v) / Iout (mA)

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

Imin (mA) = 650 * VREF (v) / RSET (ohms)
Therefore, the total full scale output current will be

Tout + Imin. The REF WHITE input may optionally be
used as a "force to full scale” control.
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Bt101

Recommended Operating Conditions

Parameter Symbol Min Typ Max Units

Power Supply VAA 4.75 5.00 5.25 Volts
Ambient Operating Temperature TA

Bt101KC30, Bt101KPJ 0 +70 °C.

Bt101BC -25 +85 °C.
Output Load RL 37.5 Ohms
Reference Voltage VREF 1.14 1.20 1.26 Volts
FS ADJUST Resistor RSET 542 Ohms

Absolute Maximum Ratings
Parameter Symbol Min Typ Max Units

VAA (measured to AGND) 7.0 Volts
Voltage on any Digital Pin AGND - 0.5 VAA +0.5 Volts
Analog Output Short Circuit

Duration to any Power Supply

or Common IsC indefinite
Ambient Operating Temperature TA -55 +125 °C.
Storage Temperature TS -65 + 150 °C.
Junction Temperature Ty

Ceramic Package +175 °C.

Plastic Package + 150 °C.
Soldering Temperature TSOL 260 °C.

(5 seconds, 1/4" from pin)
Vapor Phase Soldering TVSOL 220 °C.

(1 minute)

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

rating conditions for extended periods may affect device reliability.
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D.C. Characteristics

Parameter Symbol Min Typ Max Units
Resolution (each DAC) 8 8 8 Bits
Accuracy (each DAC)
Integral Linearity Error IL +03 +1 LSB
Differential Linearity Error DL +03 +1 LSB
Gray Scale Error +1 5 % Gray Scale
Monotonicity guaranteed
Coding Binary
Digital Inputs
Input High Voltage VH 2.0 VAA +0.5 Volts
Input Low Voltage VIL AGND-0.5 0.8 Volts
Input High Current (Vin = 2.4v) H 1 HA
Input Low Current (Vin = 0.4v) L -1 HA
Input Capacitance CIN 10 pF
(f =1 MHz, Vin = 2.4v)
Analog Outputs
Gray Scale Current Range 15 20 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 I0G 0 5 50 HA
LSB Size 69.1 A
DAC to DAC Matching 2 %
Output Compliance voc -1.0 +14 Volts
Output Impedance ROUT 10 K ohms
Output Capacitance couT 30 pF
(f=1MHz, IOUT = 0 mA)
Voltage Reference Input Current IREF 10 A
Power Supply Rejection Ratio PSRR 0.2 0.5 % | % AVAA
(COMP = 0.01 pF, f =1 KHz)

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

50 MHz Devices - 30 MHz Devices

Parameter Symbol | Min Typ Max Min Typ Max Units
Clock Rate Fmax 50 30 MHz
Data and Control Setup Time TSU 6 8 ns
Data and Control Hold Time TH 2 2 ns
Clock Cycle Time TCYC 20 333 ns
Clock Pulse Width High Time TCLKH 8 10 ns
Clock Pulse Width Low Time TCLKL 8 10 ns
Analog Output Delay TDLY 25 25 ns
Analog Output Rise/Fall Time TVRF 8 9 ns
Analog Output Settling Time TS 12 15 ns
Clock and Data Feedthrough* -28 -28 dB
Glitch Impulse* 100 100 pV - sec
DAC to DAC Crosstalk -23 -23 dB
Analog Output Skew 0 3 0 3 ns
Differential Gain Error DG 1.8 1.8 % Gray Scale
Differential Phase Error DP 1.2 1.2 Degrees
Pipeline Delay 1 1 1 1 1 1 Clock
VAA Supply Current** 1AA 120 175 100 140 mA

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

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test,
the digital inputs have a 1k-ohm resistor to the regular PCB ground plane and are driven by 74HC logic. Settling time
does not include clock and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth =
2x clock rate.

**At Fmax. JAA (typ) at VAA = 5.0v. JAA (max) at VAA =5.25v.
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Ordering Information

Ambient
Model Number Speed Package Temperature
Range
Bt101BC 50 MHz 40-pin 0.6" -25° to +85° C.

CERDIP

Bt101KC30 30 MHz 40-pin 0.6" 0° to +70° C.
CERDIP

Bt101KPJ 30 MH:z 44-pin Plastic 0° to +70° C.
J-Lead

Bt101IEVM Evaluation Board for the Bt101

Timing Waveforms

RO-R7, GO-G7, BO-B7,

TCYC

TCLKH | ToLKL

ClDCK_/

e

TH
SYNC®, BLANK®, REF WHITE X DATA % X

TDLY —

IOR, I0G, IOB, ISYNC

Note 1:

Note 2:

Note 3:

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

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

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

Figure 4. Input/Output Timing.
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Device Circuit Data

VAA

AGND

Figure 5. Equivalent Circuit of the Digital Inputs.

N In % vaa
- Ay
o ’\Z, >_Q_.mmm

* 7 IFEEDBACK
x

AGND

Figure 6. Egquivalent Circuit of the Reference Amplifier.
Bt101
VAA
G0-G7
| T
SYNC* BLANK* 'l'~30pp RL Cstray +load)
(I0G ONLY)
Figure 7.

Egquivalent Circuit of the Current Output (10G).
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Distinguishing Features

75 MHz Pipelined Operation

+ 1/4 LSB Differential Linearity Error
+ 1/2 LSB Integral Linearity Error
RS-343A/RS-170 Compatible Output
0, 7, or 10 IRE Programmable Setup
+5v CMOS Monolithic Construction
24-pin 0.3" DIP Package

Typical Power Dissipation: 550 mW

Functional Block Diagram

Applications

¢ High Resolution Color Graphics
« CAE/CAD/CAM Applications

« Image Processing

¢ Instrumentation

« Conventional D/A Applications

VREF FS ADJUST
THRESHOLD —]
SET
REFERENCE
CLOCK AMPLIFIER
l coMp
8
ya Py
D0-D7 - R s . Y
10% E 9% DAC fout
OVERBRIGHT* ‘|3 /
]
SYNC* T —= RET
BLANK* E
R SETUP
REF WHITE*

VAA

Brooktree Corporation
9950 Bames Canyon Rd.
San Diego, CA 92121
(619) 452-7580

(800) VIDEO IC

TLX: 383 596

FAX: (619) 452-1249
L102001 Rev. D

AGND

Bt102

75 MHz
Monolithic CMOS
8-bit
VIDEODAC™

Product Description

The Bt102 is an 8-bit multi-function
VIDEODAC, designed specifically for color
graphics and conventional D/A converter
applications.

Available control inputs include sync,
blank, reference white, and 10% overbright.

Additional features include a threshold set
input to configure the digital inputs to be
either TTL or CMOS compatible, and a setup
input to specify one of three available setups
in the analog output.

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

The Bt102 generates RS-343A compatible
video signals into a doubly-terminated
75-ohm load, and RS-170 compatible video
signals into a singly-terminated 75-ohm
load, without requiring external buffering.
The differential and integral linearity errors
of the D/A converter are guaranteed to be a
maximum of + 1/4 LSB and * 1/2 LSB,
respectively, over the full temperature range.
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Circuit Description

As illustrated in the functional block diagram, the
Bt102 contains a single 8-bit D/A converter, input
registers, and a reference amplifier.

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

On the rising edge of each clock cycle, as shown
below in Figure 1, eight bits of data (DO - D7) are
latched into the device and presented to the 8-bit D/A
converter. The REF WHITE* input, latched on the
rising edge of CLOCK, forces the inputs of the D/A
converter to $FF, regardless of the value of the DO -
D7 inputs.

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

The SETUP input is used to control the difference
between the black and blanking level. Available
setups include 10 IRE (SETUP = VAA), 7 IRE (SETUP
= float), and 0 IRE (SETUP = AGND). A setup of 0 IRE
specifies that the blanking level is the same as the
black level.

A N

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

The D/A converter on the Bt102 uses a segmented
architecture in which bit currents are routed to either
the output or IRET by a sophisticated decoding
scheme. This architecture eliminates the need for
precision component ratios and greatly reduces the
switching transients associated with turning current
sources on or off. Monotonicity and low glitch are
guaranteed by using identical current sources and
current steering their outputs. An on-chip operational
amplifier stabilizes the full-scale output current
against temperature and power supply variations.

The analog output of the Bt102 is capable of directly
driving a 37.5-ohm load, such as a doubly-terminated
75-ohm coaxial cable.

DO0-D7, 10% OVERBRIGHT*, DATA
SYNC*, BLANK®*, REF WHITE*

out

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

RSET = RSET = RSET =
1130 1110 1050
SETUP = SETUP = SETUP=
VAA FLOAT AGND
RE |MA | RE | MA | RE | MA
2890 2874 29.00 10% OVERBRIGHT LEVEL
95 10 1075 /\ T\
2101 2681 2697 7 \ WHITE LEVEL
90 929 100
959 9.09 823 BLACK LEVEL
10 71 0
7.65 172 823 BLANK LEVEL
395 405 a4
0.00 0.00 0.00 SYNC LEVEL

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

Figure 2. Composite Video Output Waveform.

Description our 10% REF SYNC* BLANK* DAC
(mA) OVERBRIGHT* ‘WHITE* Input Data

WHITE +10% 28.74 0 1 1 1 $FF
WHITE 26.81 1 0 1 1 $xx
‘WHITE 26.81 1 1 1 1 $FF
DATA +10% data + 11.0 0 1 1 1 data
DATA data + 9.09 1 1 1 1 data
DATA - SYNC data + 1.37 1 1 0 1 data
BLACK 9.09 1 1 1 1 $00
BLACK -SYNC 1.37 1 1 0 1 $00
BLANK 1.72 X X 1 0 $xx
SYNC 0 X X 0 0 $xx

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

Table 1. Video Output Truth Table.
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Pin Descriptions

Pin Name

BLANK*

SYNC*

REF WHITE*

10%

OVERBRIGHT*

DO-D7

SETUP

THRESHOLD

IouTt

VAA

Description

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

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

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

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

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

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

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

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

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

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

Analog ground. All AGND pins must be connected.
Analog power. All VAA pins must be connected.

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

Pin Name

COMP

FS ADJUST

Description

Compensation pin. This pin provides compensation for the internal reference amplifier. A
0.01 pF ceramic capacitor in series with a resistor must be connected between this pin and the
adjacent VAA pin (Figure 3). Connecting the capacitor to VAA rather than to AGND provides
the highest possible power supply noise rejection. The COMP resistor and capacitor must be as

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

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

are maintained regardless of the full scale output current.

The relationship between RSET and the white level output current is:
RSET (ohms) =K1 * VREF (v) / IOUT (mA)

The amount of additional current generated to achieve the overbright level is:
IOUT (mA) = K2 * VREF (v) / RSET (ohms)

K1 and K2 are defined as follows:

SETUP
float VAA AGND
K1 24,096 24,713 22,930
K2 1,735 1,729 1,726
REF WHITE* VAA
BLANK* 10% OVERBRIGHT*
D7 SYNC*
D6 SETUP
D5 IRET
D4 IoUT
CLOCK AGND
D3 VAA
D2 CcoMP
D1 FS ADJUST
Do VREF
THRESHOLD SET AGND
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PC Board Layout Considerations

PC Board Considerations

The layout should be optimized for lowest noise on
the Bt102 power and ground lines by shielding the
digital inputs and providing good decoupling. The
lead length between groups of VAA and AGND pins
should be minimized so as to minimize inductive
ringing.

Ground Planes

The Bt102 and any associated analog circuitry should
have its own ground plane, referred to as the analog
ground plane. This ground plane should connect to the
regular PCB ground plane at a single point through a
ferrite bead, as illustrated in Figure 3. This bead
should be located within three inches of the Bt102.

The analog ground plane area should encompass all
Bt102 ground pins, voltage reference circuitry, power
supply bypass circuitry for the Bt102, the analog
output traces, and any output amplifiers.

The regular PCB ground plane area should encompass
all the digital signal traces, excluding the ground
pins, leading up to the Bt102.

Power Planes

The Bt102 and any associated analog circuitry should
have its own power plane, referred to as the analog
power plane. This power plane should be connected to
the regular PCB power plane at a single point through
a ferrite bead, as illustrated in Figure 3. This bead
should be located within three inches of the Bt102.

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 Bt102 power pins,
voltage reference circuitry, and any output amplifiers.

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

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 pF ceramic capacitor
should be used to decouple each VAA pin to AGND.
These capacitors should be placed as close as possible
to the device.

It is important to note that while the Bt102 contains
circuitry to reject power supply noise, this rejection
decreases with frequency. If a switching power supply
is used, the designer should pay close attention to
reducing power supply noise and consider using a
three terminal voltage regulator for supplying power
to the analog power plane.

Digital Signal Interconnect

The digital inputs to the Bt102 should be isolated as
much as possible from the analog outputs and other
analog circuitry. Also, these input signals should not
overlay the analog ground and power planes.

Due to the high clock rates involved, long clock lines
to the Bt102 should be avoided to reduce noise
pickup.

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

Analog Signal Interconnect

The Bt102 should be located as close as possible to
the output connector to minimize noise pickup and
reflections due to impedance mismatch.

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

For maximum performance, the analog output should
have a 75-ohm load resistor connected to AGND. The
connection between the current output and AGND
should be as close as possible to the Bt102 to
minimize reflections.
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VAA

PC Board Layout Considerations (continued)

ANALOG POWER PLANE

L

L

—I— «Q-a » +5V
e L
2 c6 = a
Bt102
i
AaND ANALOG GROUND PLANE ren GROUND
RSET
R
FS ADJUST
R
IRET TO
L3 VIDEO
CONNECTOR
10UT
Location Description Vendor Part Number
C1,C2,C3,C5 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
C4 0.01 uF ceramic capacitor Erie RPE110Z5U103M50V
C6 10 pF tantalum capacitor Mallory CSR13G106KM
L1,L2,1L3 ferrite bead Fair-Rite 2743001111
R1 75-ohm 1% metal film resistor Dale CMF-55C
R2 1000-ohm 1% metal film resistor Dale CMF-55C
R3 27-ohm 1% metal film resistor Dale CMF-55C
RSET 1% metal film resistor Dale CMF-55C
Z1 1.2v voltage reference National Semiconductor LM385BZ-1.2

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar

characteristics will not affect the performance of the Bt102.

Figure 3.

Typical Connection Diagram and Parts List.
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Application Information

RS-170 Video Generation

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

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

Color Applications

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

IOUT (mA) = K * VREF (v) / RSET (ohms)

where K is equal to 17,714; 17,158; or 15,933 for
SETUP = VAA, float, and AGND, respectively.

Using Multiple Devices

If located close together on the same PC board,
multiple Bt102 devices may be connected to a single
analog power and ground plane. In addition, a single
voltage reference may be used to drive multiple
devices.

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

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

Non-Video Applications

The Bt102 may be used in non-video applications by
disabling the video-specific control inputs. SYNC*
should be a logical zero, while REF WHITE*, 10%
OVERBRIGHT*, and BLANK* should be a logical
one. SETUP should be connected to AGND. The
output current will be determined solely by the DO -
D7 inputs.

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

RSET (ohms) = 15,933 * VREF (v) /IOUT (mA)

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

COMP Resistor

To optimize the settling time of the Bt102, a resistor
may be added in series between the COMP capacitor
and COMP pin. The series resistor damps inductive
ringing on COMP, thus improving settling time.

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

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

Parameter Symbol Min Typ Max Units
Power Supply VAA 4.75 5.00 5.25 Volts
Ambient Operating Temperature TA -25 +85 °C.
Output Load RL 37.5 Ohms
Reference Voltage VREF 1.14 1.235 1.26 Volts

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units

VAA (measured to AGND) 7.0 Volts
Voltage on any Digital Pin AGND-0.5 VAA +0.5 Volts
Analog Output Short Circuit

Duration to any Power Supply

or Common IsC indefinite
Ambient Operating Temperature TA -55 +125 °C.
Storage Temperature TS - 65 + 150 °C.
Junction Temperature T +175 °C.
Soldering Temperature TSOL 260 °C.

(5 seconds, 1/4" from pin)

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




(COMP =0.01 pF, f= 1 KHz)

Bt102 Brooktree®
D.C. Characteristics
Parameter Symbol Min Typ Max Units
Resolution 8 8 8 Bits
Accuracy
Integral Linearity Error IL +1/2 LSB
Differential Linearity Error DL +1/4 LSB
Gray Scale Error +5 % Gray Scale
Monotonicity guaranteed
Coding Binary
Digital Inputs
TTL Compatible Mode
Input High Voltage VH
CLOCK 3.0 VAA+05 Volts
Other 2.0 VAA+0.5 Volts
Input Low Voltage VIL AGND - 0.5 0.8 Volts
Input High Current (Vin = 2.4v) IH -200 - 1200 HA
Input Low Current (Vin = 0.4v) o - 200 - 1200 HA
Input Capacitance CIN 10 pF
CMOS Compatible Mode
Input High Voltage VH 3.5 AGND +05 Volts
Input Low Voltage VIL AGND-0.5 0.8 Volts
Input High Current (Vin = 3.5v) IH 2 HA
Input Low Current (Vin = 1.5v) L 2 HA
Input Capacitance CIN 10 pF
Analog Output
Gray Scale Current Range 15 20.5 mA
Output Current
Overbright Relative to White 1.60 1.93 2.40 mA
White Level Relative to Blank 17.90 19.09 20.31 mA
White Level Relative to Black 16.80 17.72 18.61 mA
Black Level Relative to Blank
SETUP = float 1.10 1.37 1.70 mA
SETUP=AGND 0 5 50 HA
SETUP=VAA 1.6 1.93 2.4 mA
Blanking Level 7.2 7.72 8.3 mA
Sync Level 0 5 50 HA
LSB Size 69.5 pA
Output Compliance voc -1.0 +14 Volts
Output Impedance ROUT 33 K ohms
Output Capacitance CcouT 20 pF
Voltage Reference Input Current IREF 10 A
Power Supply Rejection Ratio PSRR 0.2 0.5 % | % AVAA

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with SETUP = float, RSET

= 1110 ohms, VREF = 1.235v.

As the above parameters are guaranteed over the full temperature range,
temperature coefficients are not specified or required.
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A.C. Characteristics

Parameter Symbol Min Typ Max Units

Clock Rate Fmax 75 MHz
Data and Control Setup Time TSU 4 ns
Data and Control Hold Time TH 1 ns
Clock Cycle Time TCYC 13.33 ns
Clock Pulse Width Low TCLKH 5 ns
Clock Pulse Width High TCLKL 6 ns
Analog Output Delay TDLY 20 ns
Analog Output Rise/Fall Time TVRF 6 ns
Analog Output Settling Time* TS

to+ 1/2LSB 15 ns

tot1LSB 12 ns
Clock and Data Feedthrough* -20 dB
Glitch Impulse* 100 pV -sec
Differential Gain Error DG 1 % Gray Scale
Differential Phase Error DP 1 Degree
Pipeline Delay 3 3 3 Clocks
VAA Supply Current** T1AA 110 175 mA

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

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For
this test, the digital inputs have a 1k-ohm resistor to the regular PCB ground plane and are driven by 74HC
logic. Settling time does not include clock and data feedthrough. Glitch impulse includes clock and data
feedthrough, -3 dB test bandwidth = 150 MHz.

**At Fmax. JAA (typ) at VAA =5.0v. TAA (max) at VAA = 5.25v
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Ordering Information

Ambient
Model Number Speed Package Temperature
Range
Bt102BC 75 MHz 24-pin 0.3" -25° to +85° C.
CERDIP
Bt102EVM Evaluation Board for the Bt102

Timing Waveforms

TCYC

Toks | ToLkL

DO- D7, 10% OVERBRIGHT®*,
SYNC*, BLANK*, REF

DATA

=

X

‘WHITE*

ouT

T\
A

TDLY —

e

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

full scale transition.

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

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

Figure 4.

Input/Output Timing.
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Device Circuit Data
VAA
INPUT 0.5mA
500 1500
AGND

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

The 0.5 mA bias current is disabled when THRESHOLD SET is connected to VAA, resulting in a
standard high-impedance CMOS input. n

Figure 5. Equivalent Circuit of the Digital Inputs.

VAA

500 TODAC

Fs aDIUST [} ’\/\,1 +
500 IFEEDBACK
T | Ao

Figure 6. Egquivalent Circuit of the Reference Amplifier.

Bt102

10UT

b

4

~20 pF
SYNC* BLANK* P RL C(stray + load)

10%
OVERBRIGHT*

—i—4

Figure 7. Egquivalent Circuit of the Current Output.
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Distinguishing Features

e 75, 30 MHz Operation

« Triple 4-bit D/A Converters

» *1/16 LSB Differential Linearity Error
e =+ 1/8 LSB Differential Linearity Error
* RS-343A/RS-170 Compatible Outputs
e TTL Compatible Inputs

» +5v CMOS Monolithic Construction

e 28-pin DIP Package

« Typical Power Dissipation: 800 mW

Functional Block Diagram

Applications

« High Resolution Color Graphics
» CAE/CAD/CAM Applications

« Image Processing

« Video Reconstruction

FS ADJUST
|
12v
REFERENCE [ |
REFERENCE
CLOCK — 'AMPLIFIER
l ‘ —— comp1
4 4
RO-R3 e - -4 DAC —= JOR
R
E
4 4
Go-G3 e ‘IS 4 & DAC 106
s
4 E 4
BO-B3 <—» = < DAC = JOB
SYNC*
BLANK* comez

Brooktree Corporation
9950 Bames Canyon Rd.
San Diego, CA 92121
(619) 452-7580

(800) VIDEO IC

TLX: 383 596

FAX: (619) 452-1249
L103001 Rev. D

AGND

Bt103

75 MHz
Monolithic CMOS
Triple 4-bit
VIDEODAC™

Product Description

The Bt103 is a triple 4-bit VIDEODAC,
designed specifically for high performance,
high resolution color graphics.

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

The Bt103 generates RS-343A compatible
video signals into a doubly-terminated
75-ohm load, and RS-170 compatible video
signals into a singly-terminated 75-ohm
load, without requiring external buffering.
The differential and integral linearity errors
of the D/A converters are guaranteed to be a
maximum of + 1/16 LSB and + 1/8 LSB,
respectively, over the full temperature range.
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Circuit Description

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

As shown below in Figure 1, on the rising edge of
each clock cycle, 12 bits of color information (RO -
R3, GO - G3, and BO - B3) are latched into the device
and presented to the three 4-bit D/A converters.

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

The full scale output current is set by an external
resistor (RSET) between the FS ADJUST pin and
AGND. RSET has a typical value of 499 ohms for
generation of RS-343A video into a 37.5-ohm load.

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

The analog outputs of the Bt103 are capable of
directly driving a 37.5-ohm load, such as a
doubly-terminated 75-ohm coaxial cable.

RO-R3, GO-G3, BO-B3, X DATA

SYNC*, BLANK*

IOR, I0G, I0OB

o

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

RED, BLUE GREEN

1905 | 0714 | 2667 | 1.000 WHITE LEVEL
93.75 IRE
1.19 | 0.045 | 881 0330 BLACK LEVEL
625IRE
0.00 | 0.000 ) 7.62 0.286 BLANK LEVEL
40 IRE
0.00 0.000 SYNC LEVEL

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

Figure 2. Composite Video Output Waveforms.

Description I0G (mA) IOR (mA) IOB (mA) SYNC* BLANK* DAC
Input Data

WHITE 26.67 19.05 19.05 1 1 $F
DATA data + 8.81 | data+ 1.19 | data +1.19 1 1 data
DATA -SYNC data+ 1.19 | data+ 1.19 | data + 1.19 0 1 data
BLACK 8.81 1.19 1.19 1 1 $0
BLACK - SYNC 1.19 1.19 1.19 0 1 $0
BLANK 7.62 0 0 1 0 $x
SYNC 0 0 0 0 0 $x

Note: Typical with full scale IOG = 26.67 mA. RSET =499 ohms.

Table 1. Video Output Truth Table.
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Pin Descriptions

Pin Name

BLANK*

SYNC*

RO - R3,
GO - G3,
B0-B3

IOR, I0G, IOB

AGND
VAA

FS ADJUST

Description

Composite blank control input (TTL compatible). A logical zero drives the analog outputs to
the blanking level, as illustrated in Table 1. It is latched on the rising edge of CLOCK. When
BLANK* is a logical zero, the RO - R3, GO - G3, and BO - B3 inputs are ignored.

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

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

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

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

Analog ground. All AGND pins must be connected.

Analog power. All VAA pins must be connected.

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

The relationship between RSET and the full scale output current on I0G is:

RSET (ohms) = 13,308 / IOG (mA)

The full scale output current on IOR and IOB for a given RSET is defined as:

TOR, IOB (mA) = 9,506 / RSET (ohms)
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Pin Descriptions (continued)

Pin Name Description
COMP1, Compensation pins. These pins provide compensation for the internal reference amplifier. A
COMP2 0.1 pF ceramic capacitor must be connected between these two pins (Figure 3). The COMP

resistor and capacitor must be as close to the device as possible to keep lead lengths to an
absolute minimum.

B 1 ™ 2 Nc
r [z 27[1 synee
r s 26[] 10r
ro s 251 106
a3 [s 2 (] 108
a2 Os 23{] vaa
a1 O+ 2[] comr2
co [Os 21 {1 Fs ADjUsT
3 [o 201 comp
B2 10 [l acvp
B Ou 18[1 acND
Bo []12 17[] AGND
BLANK* []13 16[] vaa
N Qs 15[ cLock

Note: N/C pins may be left floating without affecting the performance of the Bt103.
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PC Board Layout Considerations

PC Board Considerations

The layout should be optimized for lowest noise on
the Bt103 power and ground lines by shielding the
digital inputs and providing good decoupling. The
lead length between groups of VAA and AGND pins
should be minimized so as to minimize inductive
ringing.

Ground Planes

The Bt103 and any associated analog circuitry should
have its own ground plane, referred to as the analog
ground plane. This ground plane should connect to the
regular PCB ground plane at a single point through a
ferrite bead, as illustrated in Figure 3. This bead
should be located within three inches of the Bt103.

The analog ground plane area should encompass all
Bt103 ground pins, power supply bypass circuitry for
the Bt103, the analog output traces, and any output
amplifiers.

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

Power Planes

The Bt103 and any associated analog circuitry should
have its own power plane, referred to as the analog
power plane. This power plane should be connected to
the regular PCB power plane at a single point through
a ferrite bead, as illustrated in Figure 3. This bead
should be located within three inches of the Bt103.

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 Bt103 power pins
and any output amplifiers.

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

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 uF ceramic capacitor
should be used to decouple each VAA pin to AGND.
These capacitors should be placed as close as possible
to the device.

It is important to note that while the Bt103 contains
circuitry to reject power supply noise, this rejection
decreases with frequency. If a switching power supply
is used, the designer should pay close attention to
reducing power supply noise and consider using a
three terminal voltage regulator for supplying power
to the analog power plane.

Digital Signal Interconnect

The digital inputs to the Bt103 should be isolated as
much as possible from the analog outputs and other
analog circuitry. Also, these input signals should not
overlay the analog ground and power planes.

Due to the high clock rates involved, long clock lines
to the Bt103 should be avoided to reduce noise
pickup.

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

Analog Signal Interconnect

The Bt103 should be located as close as possible to
the output connectors to minimize noise pickup, and
reflections due to impedance mismatch.

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

For maximum performance, the analog outputs should
each have a 75-ohm load resistor connected to AGND.
The connection between the current output and AGND
should be as close as possible to the Bt103 to
minimize reflections.
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PC Board Layout Considerations (continued)

comP2
% R¢
c4
compr
ANALOG POWER PLANE
VAA
L
= 2-C3 nmm +5V
=£ cs == C1
Bt103
L2
AGND ANALOG GROUND PLANE o =
- s <
Rl |R2 |R3
FS ADJUST
]
IOR
TO
106 VIDEO
CONNECTOR
I0B
Location Description Vendor Part Number
C1,C2,C3,C4 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
C5 10 pF tantalum capacitor Mallory CSR13G106KM
L1, L2 ferrite bead Fair-Rite 2743001111
R1, R2, R3 75-ohm 1% metal film resistor Dale CMF-55C
R4 22-ohm 1% metal film resistor Dale CMF-55C
RSET 499-ohm 1% metal film resistor Dale CMF-55C

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar

characteristics will not affect the performance of the Bt103.

Figure 3.

Typical Connection Diagram and Parts List.
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Application Information

RS-170 Video Generation

For generation of RS-170 compatible video, it is
recommended that a singly-terminated 75-ohm load be
used with an RSET value of about 713 ohms. If the
Bt103 is not driving a large capacitive load, there will
be negligible difference in video quality between
doubly-terminated 75-ohm and singly-terminated
75-ohm loads.

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

COMP Resistor

To optimize the settling time of the Bt103, a resistor
may be added in series between the COMP capacitor
and COMP pin. The series resistor damps inductive
ringing on COMP, thus improving settling time.

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

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

Non-Video Applications

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

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

RSET (chms) = 8,912 / Iout (mA)

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

Imin (mA) = 594 / RSET (ohms)

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

Parameter Symbol Min Typ Max Units
Power Supply VAA 4.75 5.00 5.25 Volts
Ambient Operating Temperature TA
Bt103KC30 0 +70 °C.
Bt103BC -25 +85 °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 AGND) 7.0 Volts
Voltage on any Digital Pin AGND - 0.5 VAA +0.5 Volts
Analog Output Short Circuit

Duration to any Power Supply

or Common IsC indefinite
Ambient Operating Temperature TA -55 +125 °C.
Storage Temperature TS - 65 + 150 °C.
Junction Temperature T +175 °C.
Soldering Temperature TSOL 260 °C.

(5 seconds, 1/4" from pin)

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

Parameter Symbol Min Typ Max Units
Resolution (each DAC) 4 4 4 Bits
Accuracy (each DAC)
Integral Linearity Error L +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+0.5 Volts
Input Low Voltage VIL AGND-0.5 0.8 Volts
Input High Current (Vin = 2.4v) IH - 200 - 1200 pA
Input Low Current (Vin = 0.4v) I - 200 - 1200 HA
Input Capacitance CIN 10 pF
(f=1MHz, Vin = 2.4v)
Analog Outputs
Gray Scale Current Range 15 20 mA
Output Current
White Level Relative to Blank 16.88 19.05 20.69 mA
‘White Level Relative to Black 15.86 17.62 19.38 mA
Black Level Relative to Blank 1.02 1.19 1.31 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 1.175 mA
DAC to DAC Matching 2 5 %
Output Compliance voc -1.0 +1.4 Volts
Output Impedance ROUT 10 K ohms
Output Capacitance CcouT 20 pF
(f=1MHz, IOUT =0 mA)
Internal Voltage Reference VREF 1.2 Volts
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 ohms.
As the above parameters are guaranteed over the full temperature range, temperature coefficients are not specified
or required.
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A.C. Characteristics

75 MHz Devices 30 MHz Devices

Parameter Symbol | Min Typ Max Min Typ Max Units
Clock Rate Fmax 75 30 MHz
Data and Control Setup Time TSU 4 10 ns
Data and Control Hold Time TH 1 2 ns
Clock Cycle Time TCYC 13.3 33.3 ns
Clock Pulse Width High Time TCLKH 5 10 ns
Clock Pulse Width Low Time, TCLKL 5 10 ns
Analog Output Delay TDLY 12 12 ns
Analog Output Rise/Fall Time TVRF 4 9 ns
Analog Output Settling Time* TS 12 15 ns
Clock and Data Feedthrough* -30 -30 dB
Glitch Impulse* 50 50 pV - sec
DAC to DAC Crosstalk -25 -25 dB
Analog Output Skew 0 2 0 2 ns
Pipeline Delay 2 2 2 2 2 2 Clocks
VAA Supply Current** T1AA 175 110 mA

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

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test,
the digital inputs have a 1k-ohm resistor to the regular PCB ground plane and are driven by 74HC logic. Settling time
does not include clock and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth =
2x clock rate.

**At Fmax. IAA (typ) at VAA = 5.0v. TAA (max) at VAA = 5.25v.
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Ordering Information

Ambient
Model Number Speed Package Temperature
Range
Bt103BC 75 MHz 28-pin 0.6" -25° to +85° C.
CERDIP
Bt103KC30 30 MHz 28-pin 0.6" 0° to +70° C.
CERDIP
Bt103EVM Evaluation Board for the Bt103

Timing Waveforms

TCYC

ToLkH | ToLkL

U

TSU
TH
RO-R3, GO-G3, BO-B3, DATA
SYNC*, BLANK*

TDLY —*

IOR, 10G, I0B

Note 1:

Note 2:

Note 3:

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

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

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

Figure 4. Input/Output Timing.
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Device Circuit Data

VAA
INPUT 0.5mA
500 1500
AGND
High speed operation is accomplished through pipelining and a unique (patent pending) TTL input
buffer.

This input buffer features a resistive level shifter that uses a temperature and
process-compensated current source.

Figure 5. Equivalent Circuit of the Digital Inputs.

= "
1 TT

FEREN '\
= i 500 >—é—"ro DACS
Fs aprusT [} AN

b

AGND

Figure 6. Equivalent Circuit of the Reference Amplifier.

Bt103

VAA

_ 106G
| L.
SYNC* BLANK* 'l' i RL Cstray + load)
(IOG ONLY)
Figure 7.

Egquivalent Circuit of the Current Output (10G).
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Distinguishing Features

50, 30 MHz Operation

+ 1 LSB Differential Linearity Error
+ 1 LSB Integral Linearity Error
RS-343A/RS-170 Compatible Output
TTL Compatible Inputs

+5v CMOS Monolithic Construction
20-pin DIP Package

Typical Power Dissipation: 400 mW

Functional Block Diagram

Applications

High Resolution Color Graphics
CAE/CAD/CAM Applications
Image Processing

Video Reconstruction
Instrumentation

VREF  FS ADJUST

J

N oo

8
DO-D7  — R

E

REF WHITE ¢
s

SYNC* I
BLANK* R

REFERENCE
AMPLIFIER

DAC s I0UT

VAA

Brooktree Corporation
9950 Barnes Canyon Rd.
San Diego, CA 92121
(619) 452-7580

(800) VIDEO IC

TLX: 383 596

FAX: (619) 452-1249
L106001 Rev. F

AGND

Bt106

50 MHz
Monolithic CMOS
8-bit
VIDEODAC™

Product Description

The Bt106 is an 8-bit VIDEODAC, designed
specifically for high performance, high
resolution color graphics.

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

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

The Bt106 generates RS-343A compatible
video signals into a doubly-terminated
75-ohm load, and RS-170 compatible video
signals into a singly-terminated 75-ohm
load, without requiring external buffering.
Both the differential and integral linearity
errors of the D/A converter are guaranteed to
be a maximum of + 1 LSB over the full
temperature range.
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Circuit Description

As illustrated in the functional block diagram, the
Bt106 contains an 8-bit D/A converter, input
registers, and a reference amplifier.

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

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

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

The D/A converter on the Bt106 uses a segmented
architecture in which bit currents are routed to either
the output or AGND by a sophisticated decoding
scheme. This architecture eliminates the need for
precision component ratios and greatly reduces the
switching transients associated with turning current
sources on or off. Monotonicity and low glitch are
guaranteed by using identical current sources and
current steering their outputs. An on-chip operational
amplifier stabilizes the full-scale output current
against temperature and power supply variations.

The analog output of the Bt106 is capable of directly
driving a 37.5-ohm load, such as a doubly-terminated
75-ohm coaxial cable.

= _/ N/ f S

DO-D7, SYNC*,
BLANK*, REF WHITE

o | X X

ouT

o

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

MA | v

26.67 | 1.000 WHITE LEVEL
925 IRE

9.05 | 0340 BLACK LEVEL
75IRE

762 | 0286 BLANK LEVEL
40IRE

000 | 0.000 SYNC LEVEL

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

Figure 2. Composite Video Output Waveform.

Description Ioutr REF SYNC* BLANK* DAC
(mA) WHITE Input Data

WHITE 26.67 1 1 1 $xx
WHITE 26.67 0 1 1 $FF
DATA data + 9.05 0 1 1 data
DATA - SYNC data + 1.44 0 0 1 data
BLACK 9.05 0 1 1 $00
BLACK - SYNC 1.44 0 0 1 $00
BLANK 7.62 X 1 0 $xx
SYNC 0 b 0 0 $xx

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

Table 1. Video Output Truth Table.
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Pin Descriptions

Pin Name

BLANK*

SYNC*

REF WHITE

DO -D7

VAA

FS ADJUST

Description

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

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

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

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

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

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

Analog ground. All AGND pins must be connected.

Analog power. All VAA pins must be connected.

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

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

RSET (ohms) = 12,046 * VREF (v) /IOUT (mA)
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Pin Descriptions (continued)

Pin Name Description

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

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure

VREF 3, must supply this input with a 1.2v (typical) reference. The Bt106 has an internal pull-up
resistor between VAA and VREF. As the value of this resistor may vary slightly due to process
variations, the use of a resistor network to generate the reference is not recommended. A 0.1 puF
ceramic capacitor must be used to decouple this input to VAA, as shown in Figure 3. The
decoupling capacitor must be as close to the device as possible to keep lead lengths to an
absolute minimum.

LI I I LT R S I
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PC Board Layout Considerations

PC Board Considerations

The layout should be optimized for lowest noise on
the Bt106 power and ground lines by shielding the
digital inputs and providing good decoupling. The
lead length between groups of VAA and AGND pins
should be minimized so as to minimize inductive
ringing.

Ground Planes

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

The analog ground plane area should encompass all
Bt106 ground pins, voltage reference circuitry, power
supply bypass circuitry for the Bt106, the analog
output traces, and any output amplifiers.

The regular PCB ground plane area should encompass
all the digital signal traces, excluding the ground
pins, leading up to the Bt106.

Power Planes

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

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 Bt106 power pins,
voltage reference circuitry, and any output amplifiers.

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

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 uF ceramic capacitor
should be used to decouple each VAA pin to AGND.
These capacitors should be placed as close as possible
to the device.

It is important to note that while the Bt106 contains
circuitry to reject power supply noise, this rejection
decreases with frequency. If a switching power supply
is used, the designer should pay close attention to
reducing power supply noise and consider using a
three terminal voltage regulator for supplying power
to the analog power plane.

Digital Signal Interconnect

The digital inputs to the Bt106 should be isolated as
much as possible from the analog outputs and other
analog circuitry. Also, these input signals should not
overlay the analog ground and power planes.

Due to the high clock rates involved, long clock lines
to the Bt106 should be avoided to reduce noise
pickup.

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

Analog Signal Interconnect

The Bt106 should be located as close as possible to
the output connector to minimize noise pickup and
reflections due to impedance mismatch.

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

For maximum performance, the analog output should
have a 75-ohm load resistor connected to AGND. The
connection between the current output and AGND
should be as close as possible to the Bt106 to
minimize reflections.
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PC Board Layout Considerations (continued)

Bt106

coMP
% Rz
[
ANALOG POWER PLANE
VAA
= 5
L
= C2-C3 N\ — + 5V
VREF
=n =t ¢ == C1
Bt106
ANALOG GROUND PLANE 2
AGND N, GROUND
RSET
RL
FS ADIUST To
10UT . CONNECTOR
Location Description Vendor Part Number
C1,C2,C3,C5 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
C4 0.01 uF ceramic capacitor Erie RPE110Z5U103M50V
Cc6 10 pF tantalum capacitor Mallory CSR13G106KM
L1, L2 ferrite bead Fair-Rite 2743001111
R1 75-ohm 1% metal film resistor Dale CMF-55C
R2 12-ohm 1% metal film resistor Dale CMF-55C
RSET 549-ohm 1% metal film resistor Dale CMF-55C
71 1.2v voltage reference National Semiconductor LM385BZ-1.2

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar
characteristics will not affect the performance of the Bt106.

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

RS-170 Video Generation

For generation of RS-170 compatible video, it is
recommended that a singly-terminated 75-ohm load be
used with an RSET value of about 774 ohms. If the
Bt106 is not driving a large capacitive load, there will
be negligible difference in video quality between
doubly-terminated 75-ohm and singly-terminated
75-ohm loads.

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

Color Applications

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

IOUT (mA) = 8,604 * VREF (v) / RSET (ohms)

Using Multiple Devices

If located close together on the same PC board,
multiple Bt106 devices may be connected to a single
analog power and ground plane. In addition, a single
voltage reference may be used to drive multiple
devices.

Each Bt106 must still have it's individual RSET
resistor, IOUT termination resistor (R1 in Figure 3),
power supply bypass capacitors (C2 and C3 in Figure
3), and COMP resistor and capacitor (C4 and R2 in
Figure 3).

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

Non-Video Applications

The Bt106 may be used in non-video applications by
disabling the video-specific control inputs. SYNC*
and REF WHITE should be a logical zero and BLANK*
should be a logical one.

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

RSET (ohms) = 7,958 * VREF (v) /IOUT (mA)

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

Imin (mA) = 650 * VREF (v) / RSET (ohms)

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

COMP Resistor

To optimize the settling time of the Bt106, a resistor
may be added in series between the COMP capacitor
and COMP pin. The series resistor damps inductive
ringing on COMP, thus improving settling time.

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

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

Parameter Symbol Min Typ Max Units
Power Supply VAA 4.75 5.00 5.25 Volts
Ambient Operating Temperature TA
Bt106KC30 0 +70 °C.
Bt106BC -25 +85 °C.
Output Load RL 37.5 Ohms
Reference Voltage VREF 1.14 1.20 1.26 Volts
FS ADJUST Resistor RSET 542 Ohms

Absolute Maximum Ratings

Parameter Symbol Min Typ Max Units

VAA (measured to AGND) 7.0 Volts
Voltage on any Digital Pin AGND - 0.5 VAA +0.5 Volts
Analog Output Short Circuit

Duration to any Power Supply

or Common IsC indefinite
Ambient Operating Temperature TA -55 +125 °C.
Storage Temperature TS - 65 + 150 °C.
Junction Temperature T +175 °C.
Soldering Temperature TSOL 260 °C.

(5 seconds, 1/4" from pin)

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

Parameter Symbol Min Typ Max Units
Resolution 8 8 8 Bits
Accuracy
Integral Linearity Error 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 2.0 VAA +05 Volts
Input Low Voltage VIL AGND-0.5 0.8 Volts
Input High Current (Vin = 2.4v) IH 1 HA
Input Low Current (Vin = 0.4v) I -1 HA
Input Capacitance CIN 10 pF
(f =1 MHz, Vin = 24v)
Analog Output
Gray Scale Current Range 15 20 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 6.29 7.62 8.96 mA
Sync Level 0 5 50 A
LSB Size 69.1 MA
Output Compliance yocC -1.0 +14 Volts
Output Impedance ROUT 10 K ohms
Output Capacitance CouT 30 pF
(f=1MHz, IOUT =0 mA)
Power Supply Rejection Ratio PSRR 0.2 0.5 % | % AVAA
(COMP = 0.01 pF, f =1 KHz)

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

4-56
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A.C. Characteristics

50 MHz Devices 30 MHz Devices

Parameter Symbol | Min Typ Max Min Typ Max Units
Clock Rate Fmax 50 30 MHz
Data and Control Setup Time TSU 8 8 ns
Data and Control Hold Time TH 2 2 ns
Clock Cycle Time TCYC 20 333 ns
Clock Pulse Width High Time TCLKH 8 10 ns
Clock Pulse Width Low Time TCLKL 8 10 ns
Analog Output Delay TDLY 25 25 ns
Analog Output Rise/Fall Time TVRF 8 9 ns
Analog Output Settling Time* TS 20 25 ns
Clock and Data Feedthrough* -33 -33 dB
Glitch Impulse* 50 50 pV - sec
Differential Gain Error DG 1.8 1.8 % Gray Scale
Differential Phase Error DP 1.2 1.2 Degrees
Pipeline Delay 1 1 1 1 1 1 Clock
VAA Supply Current** T1AA 80 100 60 75 mA

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

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test,
the digital inputs have a 1k-ohm resistor to the regular PCB ground plane and are driven by 74HC logic. Settling time
does not include clock and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth =
2x clock rate.

**At Fmax. JAA (typ) at VAA = 5.0v. IAA (max) at VAA = 5.25v.
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Ordering Information

Ambient
Model Number Speed Package Temperature
Range
Bt106BC 50 MHz 20-pin 0.3" -25° to +85° C.
CERDIP
Bt106KC30 30 MHz 20-pin 0.3" 0° to +70° C.
CERDIP
Bt106EVM Evaluation Board for the Bt106

Timing Waveforms

TCYC

TekH | Tk

DO-D7, SYNC*,
BLANK®, REF WHITE

e

DATA

ouUT

TDLY —*

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

full scale transition.

Note 2:  Settling time measured from the 50% point of full scale transition to the output remaining

within + 1 LSB.

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

Figure 4.

Input/Output Timing.
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Device Circuit Data

= Th

VAA

AGND

Figure 5. Equivalent Circuit of the Digital Inputs.

VREF

FS ADJUST

x ’L—jr-m
“Ii

VAA
AN
>—é— TO DAC
+
4 IFEEDBACK
AGND

Figure 6. Equivalent Circuit of the Reference Amplifier.

Bt106

VAA

DO0-D7

SYNC* BLANK* T~3°PF RL Clstray +load)
Figure 7. Equivalent Circuit of the Current Output.
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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

* 400 MHz Pipelined Operation

¢ =+ 1/2 LSB Differential Linearity Error
¢ * 1/2 LSB Integral Linearity Error

¢ 500 ps Typical Rise/Fall Time

* RS-343A Compatible Output

¢ 0 or 7.5 IRE Blanking Pedestal

¢ Handles 25-Ohm Output Loads

* 10KH and 100K ECL Compatible I/O
¢ 2:1 Multiplexed Pixel Inputs

» 32-pin Flatpack Package

» Typical Power Dissipation: 1 W

Functional Block Diagram

FSADJUST VREFIN

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

¢ Radar Processing
» Instrumentation

Related Products

« Bt424, Bt492

'VREF OUT

DIV2IN D

DIV20UT*

CLOCK
CLOCK*

DAO-DA7

DBO-DB7

VOLTAGE
FEREN(

BLANK

Brooktree Corporation
9950 Bames Canyon Rd.
San Diego, CA 92121
(619) 452-7580

(800) VIDEO IC

TLX: 383 596

FAX: (619) 452-1249
L107001 Rev. C

SETUP

Bt107

400 MHz

10KH/100K ECL

8-bit Multiplexed Input
VIDEODAC™

Product Description

The Bt107 is an 8-bit VIDEODAC, designed
specifically for high performance, high
resolution color graphics.

Multiplexed pixel inputs enable pixel data to
be latched into the Bt107 at a 200 MHz data
rate, while maintaining the 400 MHz output
rate necessary for high resolution graphics.
On-chip circuitry divides the pixel clock by
two, generating the 200 MHz clock signal.

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

The Bt107 generates an RS-343A compatible
video signal, and is capable of driving either
doubly-terminated 75-ohm or 50-ohm coax
directly, without requiring external
buffering. Both the differential and integral
linearity errors of the D/A converter are
guaranteed to be a maximum of + 1/2 LSB
over the full temperature range.
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Circuit Description

As illustrated in the functional block diagram, the
Bt107 contains a single 8-bit D/A converter, 2:1
multiplexed input register, a voltage reference, and a
reference amplifier.

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

DIV2IN is defined to be 1/2 the CLOCK rate. To
simplify system design, the Bt107 outputs a
DIV20UT* signal, which when connected to the
DIV2IN pin, generates a clock equal to 1/2 the CLOCK
rate. For a color system requiring three Bt107s, the
DIV20UT* signals may be synchronized by
connecting the DIV20OUT* signal on one of the
devices to the DIV2IN pins of all three devices. Care
should be taken to keep signal paths short and equal
for each connection. The unused DIV20OUT* signals
from the remaining Bt107s can be used to clock
external lookup table RAMs.

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

Full scale output current is set by an external resistor
(RSET) between the FS ADJUST pin and AGND. RSET
has a typical value of 1092 ohms for generation of
RS-343A video into a 37.5-ohm load, or 729 ohms
for generation of RS-343A video into a 25-ohm load.
The on-chip voltage reference(VREF OUT) may be
used to provide the reference for the VREF IN pins of
up to three Bt107s, or an external reference may be
used.

DIV2IN, DIV20UT*

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

The D/A converter on the Bt107 uses a segmented
architecture in which bit currents are routed to either
TOUT or IOUT* by a sophisticated decoding scheme.
This architecture eliminates the need for precision
component ratios and greatly reduces the switching
transients associated with turning sources on or off.
Monotonicity and low glitch are guaranteed by using
identical current sources and current steering their
outputs. An on-chip operational amplifier stabilizes
the full-scale output current against temperature and
power supply variations.

The analog outputs of the Btl107 are capable of
directly driving either a 37.5-ohm or 25-ohm load,
such as a doubly-terminated 75-ohm or 50-ohm
coaxial cable.

DAO - DA7, DBO - DB7, BLANK

DATA

iout*

DBO-DB7,

DA0-DA7,\ BLANK
BLANK

Figure 1.

Input/Output Timing (DIV2IN connected to DIV2OUT*).
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Circuit Description (continued)
MA MA v
RSET = RSET =
729 1092
00.00 00.00 0.000 WHITE LEVEL
925 IRE
-26.40 -17.60 | - 0.660 BLACK LEVEL
1.51RE J
-28.56 -19.05 | -0714 BLANK LEVEL

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

Figure 2. Composite Video Output Waveform (IOUT*).

RSET = RSET =
729 ohms | 1092 ohms
Description IOUT* IoUT* BLANK DAC
(mA) (mA) Input Data
WHITE 0 0 0 $FF
DATA data data 0 data
BLACK - 26.40 - 17.62 0 $00
BLANK 1 $xx
SETUP = AGND - 26.40 - 17.62
SETUP = float - 28.56 - 19.05

Note: Typical with VREF IN = -1.21v.

Table 1. Video Output Truth Table.
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Pin Descriptions

Pin Name

BLANK

DAO - DA7,
DB0 - DB7

CLOCK*

DIV2IN

DIV20UT*

I0UT,

10UT*

VAA

SETUP

Description

Composite blank control input (ECL compatible). A logic one drives the analog output to the
blanking level, as illustrated in Table 1. It is latched on the falling edge of DIV20OUT*. When
BLANK is a logical one, the DAO - DA7 and DBO - DB7 inputs are ignored. Blanking
information is output synchronously with the even pixel data.

Even and odd pixel data inputs (ECL compatible). DO is the least significant data bit. They are
latched on the falling edge of DIV20OUT*. Even data represents the first (leftmost) pixel on the
display screen. DAx represent the even pixel data, and DBx represent the odd pixel data.
Coding is binary.

Differential clock inputs (ECL compatible). It is typically the pixel clock rate of the video
system. The Bt107 may be operated with a single-ended clock by connecting CLOCK* to a
-1.3v VBB, however, common mode noise immunity at high clock rates may degrade.

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

CLOCK/2 output (ECL compatible). When connected to the DIV2IN pin, this output is 1/2 the
CLOCK rate. When not connected to DIV2IN, it generates a signal that is DIV2IN synchronized
to CLOCK and inverted. DIV20UT* must be terminated to -2v.

Differential video current outputs. These high impedance current sources are capable of directly
driving either a doubly-terminated 50-ohm or 75-ohm coaxial cable (Figure 3). Both outputs,
whether used or not, should have the same output load.

Analog ground. All AGND pins must be connected.
Analog power. All VAA pins must be connected.

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

Compensation pin. This pin provides compensation for the internal reference amplifier. A
0.01 uF ceramic chip capacitor and a 0.001 ceramic chip capacitor must be connected between
this pin and VAA(0O) (Figure 3). Connecting the capacitors to VAA rather than to AGND
provides the highest possible power supply noise rejection. The COMP capacitors must be as
close to the device as possible to keep lead lengths to an absolute minimum.

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

Pin Name

FS ADJUST

VREFOUT

VREFIN

Description

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

The relationship between RSET and the full scale output current is:
RSET (ohms) =K * VREFIN (v) / IOUT (mA)
where K = 17,205 if SETUP = float or 15,915 if SETUP = AGND.

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

Voltage reference output. This output provides a -1.2v (typical) reference, and may be connected
to the VREF IN inputs of up to three Bt107s. When driving multiple Bt107s, use 100-ohm
interconnect resistance to minimize noise pick-up. If it is not used to provide a voltage
reference, it should remain floating.

Voltage reference input. An external voltage reference, such as the one shown in Figure 4, or
the VREF OUT pin must supply this input with a -1.2v (typical) reference. A 0.01 pF ceramic
chip capacitor in parallel with a 0.001 pF ceramic chip capacitor must be connected between
this pin and VAA(0), as shown in Figure 3. The decoupling capacitors must be as close to the
device as possible to keep lead lengths to an absolute minimum.

52533568
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PC Board Layout Considerations

PC Board Considerations

The layout should be optimized for lowest noise on
the Bt107 power and ground lines by shielding the
digital inputs and providing good decoupling. The
lead length between groups of VAA and AGND pins
should be minimized so as to minimize inductive
ringing.

Ground Planes

The Bt107 and any associated analog circuitry should
have it's own ground plane, referred to as the analog
ground plane. This ground plane should connect to the
regular PCB ground plane at a single point through a
ferrite bead, as illustrated in Figure 3. This bead
should be located within three inches of the Bt107.

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

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

Power Planes

The Bt107 and any associated analog circuitry should
have it's own power plane, referred to as the analog
power plane. This power plane should be connected to
the regular PCB power plane at a single point through
a ferrite bead, as illustrated in Figure 3. This bead
should be located within three inches of the Bt107.

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 Bt107 power pins,
any external voltage reference circuitry, and any
output amplifiers.

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

Supply Decoupling

In addition to the ferrite beads between the analog and
regular PCB power and ground planes, an additional
ferrite bead must be installed between the VAA(1)
power pin and the analog power plane, as illustrated
in Figure 3. The ferrite bead must be located as close
as possible to the VAA(1) pin.

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

Digital Signal Interconnect

The digital inputs to the Bt107 should be isolated as
much as possible from the analog outputs and other
analog circuitry. Also, these input signals should not
overlay the analog ground and power planes.

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

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

Analog Signal Interconnect

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

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

13 ANALOG POWER PLANE
VAA(D)
coMp :_M_Cl.:;\k
VAA(0)
Bt107 600 | o501 _[ 2,088 u
N, -sav
VREFIN
VREF OUT =? C12 == a
ANALOG GROUND PLANE 12
AGND AMAR GROUND
RSET R1 R2
FS ADJUST
10uT
vibEo
lout* CONNECTOR
Location Description Vendor Part Number
C1 0.1 pF ceramic capacitor Mallory CK05BX104K
C2,C3 0.1 uF ceramic chip capacitor Johanson Dielectrics X7R-500S41W104KP
C4-C7 0.01 uF ceramic chip capacitor Johanson Dielectrics X7R-500841W103KP
C8-Ci11 0.001 uF ceramic chip capacitor Johanson Dielectrics NPO-500S41N102JP
C12 10 pF tantalum capacitor Mallory CSR13G106KM
L1,L2,L3 ferrite bead Fair-Rite 2743001111
R1 24.9-ohm 1% metal film resistor Dale CMF-55C
R2 49.9-ohm 1% metal film resistor Dale CMF-55C
RSET 732-ohm 1% metal film resistor Dale CMF-55C

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar
characteristics will not affect the performance of the Bt107. R1, R2, and RSET values assume
doubly-terminated 50-ohm load on IOUT*.

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

Terminated Inputs

All digital inputs of the Bt107 should be terminated
using normal ECL termination practices. In addition,
all of the digital inputs have internal pull-down
junctions. Thus, if a digital input is left floating, it
assumes the logical zero state.

External Voltage Reference
An external voltage reference may be used with the
Bt107, as shown in Figure 4. In this instance, the

VREF OUT pin should be left floating.

Note that the VREF IN pin still requires bypass
capacitors to VAA(0) (C6 and C9 in Figure 3).

Package Heatsink

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

VREF IN

Using Multiple Bt107s

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

Both the even and odd pixel data require separate shift
registers and color palette RAM (Bt404s are used in
this illustration). The Bt502s interface the color
palette RAM to the TTL compatible MPU bus. If more
than 256 colors are desired, additional Bt404s may be
wired in parallel to expand each color palette RAM to
1024 x 8.

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

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

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

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

VAA(0)

LM385BZ-1.2

AGND

Figure 4. External Voltage Reference.
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Bt107 Brooktree®

Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VAA -42 -52 -55 Volts
Ambient Operating Temperature TA -25 +85 °C.
Output Load RL 25 Ohms
Reference Voltage VREFIN -1.13 -12 -13 Volts
FS ADJUST Resistor RSET 729 Ohms

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

VAA (measured to AGND) VAA - 6.5 Volts
Voltage on any Digital Pin AGND +0.5 VAA-05 Volts
Analog Output Short Circuit

Duration to any Common indefinite
Ambient Operating Temperature TA -55 +125 °C.
Storage Temperature TS -65 + 150 °C.
Junction Temperature TJ + 175 °C.
Vapor Phase Soldering TVSOL 220 °C.

(1 minutes)

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

Parameter Symbol Min Typ Max Units
Resolution 8 8 8 Bits
Accuracy
Integral Linearity Error L +1/2 LSB
Differential Linearity Error DL +1/2 LSB
Gray Scale Error
Using Internal Reference +10 % Gray Scale
Using External Reference +5 % Gray Scale
Monotonicity guaranteed
Coding Binary
Digital Inputs
Input High Voltage VHH - 1160 - 710 mV
Input Low Voltage VIL - 1870 - 1480 mV
Input High Current IH
(Vin = VIHmax)
Data 30 MA
All Other Inputs 150 HA
Input Low Current IL
(Vin = VILmin)
Blank 150 HA
All Other Inputs 5 HA
Input Capacitance CIN 10 pF
(f=1MHz, Vin = VIHmax)
Digital Output
Output High Voltage VOH - 1060 - 955 - 880 mV
Output Low Voltage VoL - 1810 - 1705 - 1620 mV
Analog Output
Gray Scale Current Range -40 mA
Output Current
White Level 0 -5 -50 HA
Black Level Relative to White - 25.08 - 2640 -27.72 mA
Blank Level Relative to Black
SETUP = AGND 0 0 0 mA
SETUP = float - 2.05 -2.16 -2.28 mA
LSB Size -103.5 HA
Output Compliance yoc -12 +1.5 Volts
Output Impedance ROUT 10 K ohms
Output Capacitance couT 9 pF
(f=1MHz, IOUT =0 mA)
Reference Input Current IREFIN 10
Reference Output Voltage VREFOUT -1.14 -1.22 -13 Volts
Reference Output Current IREFOUT - 200 HA
Power Supply Rejection Ratio PSRR 0.03 0.5 % | % AVAA
(COMP = 0.001 pF Il 0.01 pF,
f=1KHz)

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET adjusted for
-28.56 mA full scale output current, VREF IN = -1.21v, SETUP = float. All digital inputs have 50 ohms to -2.0v.
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.

4.7
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A.C. Characteristics

Parameter Symbol Min Typ Max Units
Clock Rate Fmax 400 MHz
Data and Control Setup Time TSU 1 ns
Data and Control Hold Time TH 0 ns
Clock Cycle Time TCYC 2.5 ns
Clock Pulse Width High TCLKH 1 ns
Clock Pulse Width Low TCLKL 1 ns
DIV20UT Delay*** DDLY 1.5 2.2 ns
DIV2IN Setup Time DSU 0 ns
DIV2IN Hold Time DH 1 ns
Analog Output Delay TDLY 2 ns
Analog Output Rise/Fall Time TVRF 350 700 ps
Analog Output Settling Time TS 2 ns
Clock and Data Feedthrough* tbd dB
Glitch Impulse* 10 LSB -ns
Non-Harmonic Spurious -45 dBc
Pipeline Delay 2 2 2 Clocks
VAA Supply Current** TIAA 225 mA

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET adjusted for
-28.56 mA full scale output current, VREF IN = -1.21v, SETUP = float. ECL input values are -0.95 to -1.69 volts,
with input rise/fall times < 1 ns, measured between the 20% and 80% points. Timing reference points at 50% for
inputs and outputs. All digital inputs have 50 ohms to -2.0v, unless other specified. Analog output load < 10 pF.
See timing notes in Figure 6.

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

**At Fmax. IAA (typ) at VAA = -4.5v. JAA (max) at VAA = -5.5v.

***Tested with one ECL load.
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Ordering Information

Ambient
Model Number Speed Package Temperature
Range
Bt107BF400 400 MHz 32-pin Ceramic -25° to +85° C.
Flatpack
w/heatsink

Timing Waveforms

DIV2IN, DIV20UT* m

DDLY TSU TH
DAO-DA7, DB0 - DB7, BLANK X / l DATA 1 X

TCYC PIPELINE
1ouT* DELAY

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

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

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

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

Bt107
BLANK DO-D7
l ~2-5nH IOUT, IOUT*
l _rrm -
T ~9pF RL Cstray + load)
VAA

The output network of the Bt107 may be modeled as a three pole low pass filter. Settling time is tested
on a sample basis with C(stray + load) tuned for optimum performance.

Figure 7. Egquivalent Output Circuit of the Bt107.
VAA
vy [} A N
500 TODAC
FS ADJUST +
e
IFEEDBACK
AGND
Figure 8.

Egquivalent Circuit of the Reference Amplifier.



Distinguishing Features

250 MHz Pipelined Operation

Triple 8-bit D/A Converters

+ 1/2 LSB Differential Linearity Error
+ 1/2 LSB Integral Linearity Error
350 ps Typical Rise/Fall Time
RS-343A Compatible Outputs

10KH ECL Compatible Inputs

40-pin DIP Package

Applications

« High Resolution Color Graphics
¢ CAE/CAD/CAM Applications

» Image Processing

« Video Reconstruction
 Instrumentation

Related Products

Pin Compatible with TDC1318 « Bt424
Typical Power Dissipation: 2 W « Bt468
Functional Block Diagram
FS ADJUST
|
REFERENCE
oo —| [ o RS
——= COMP
— 10R
RO-R7 —
R et JOR*
E i [0G
G0-G7 . G
I — 10G*
? |—= 0B
BO-B7 ~
E f—— [OB*
SYNC R
BLANK
OVERLAY
VAA AGND

Brooktree Corporation
9950 Bamnes Canyon Rd.
San Diego, CA 92121
(619) 452-7580

(800) VIDEO IC

TLX: 383 596

FAX: (619) 452-1249
L109001 Rev. F

Bt109

250 MHz
10KH ECL
Triple 8-bit
VIDEODAC™

Product Description

The Bt109 is a triple 8-bit VIDEODAC,
designed specifically for high performance,
high resolution color graphics.

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

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

The Bt109 generates RS-343A compatible
red, green, and blue video signals, and is
capable of driving doubly-terminated
75-ohm coax directly, without requiring
external buffering. Both the differential and
integral linearity errors of the D/A
converters are guaranteed to be a maximum of
+ 1/2 LSB over the full temperature range.
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Circuit Description

As illustrated in the functional block diagram, the
Bt109 contains three 8-bit D/A converters, input
registers, a voltage reference, and a reference
amplifier.

On the rising edge of each clock cycle, as shown
below in Figure 1, 24 bits of color information (RO -
R7, GO - G7, and B0 - B7) are latched into the device
and presented to the three 8-bit D/A converters.

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

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

The full scale output current is set by an external
resistor (RSET) between the FS ADJUST pin and
AGND. RSET has a typical value of 1100 ohms for
generation of RS-343A video into a 37.5-ohm load.

wx [N/ N\

Both sides of the differential current outputs should
have the same output load. A single-ended video
signal may be generated by connecting the IOR, IOG,
and IOB outputs through 37.5-ohm resistors to AGND
(assuming IOR*, IOG*, and IOB* are driving a
doubly-terminated 75-ohm load). The IOR*, I0G*,
and IOB* outputs are then used to generate the video
signals.

The D/A converters on the Bt109 use a segmented
architecture in which bit currents are routed to either
IOUT or IOUT* by a sophisticated decoding scheme.
This architecture eliminates the need for precision
component ratios and greatly reduces the switching
transients associated with turning sources on or off.
Monotonicity and low glitch are guaranteed by using
identical current sources and current steering their
outputs. An on-chip operational amplifier stabilizes
the full-scale output current against temperature and
power supply variations.

The analog outputs of the Btl09 are capable of
directly driving a doubly-terminated 75-ohm coaxial
cable or a singly-terminated 50-ohm coaxial cable.

RO-R7, GO-G7, BO-B7,
SYNC, BLANK, OVERLAY

X

DATA

IOR*, I0G*, 10B*

o

Figure 1.

Input/Output Timing.
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Circuit Description (continued)

Ma | v
000 | 0000 OVERLAY LEVEL
101RE
190 | -00m //\ /\\ WHITE LEVEL
925 RE
-195 | -0 BLACK LEVEL
75IRE
209 | -0784 BLANK LEVEL
40 RE
286 | -10m SYNC LEVEL (GREEN ONLY)

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

all levels.
Figure 2. Composite Video Output Waveforms.
Description 10G* IOR*, JOB* | OVERLAY SYNC BLANK DAC
(mA) (mA) Input Data

OVERLAY 0 0 1 0 0 $xx
WHITE - 1.90 - 1.90 0 0 0 $FF
DATA data - 1.90 data - 1.90 0 0 0 data
BLACK - 19.50 - 19.50 0 0 0 $00
BLANK - 20.90 - 2090 X 0 1 $xx
SYNC - 28.60 - 20.90 b 1 1 $xx

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

Table 1. Video Output Truth Table.
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Pin Descriptions

Pin Name

BLANK

SYNC

OVERLAY

RO -R7,
G0 -G7,
BO - B7

IOR, IOG, IOB,
IOR*, JOG*,
10B*

AGND

VAA

COMP

Description

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

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

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

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

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

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

Analog ground. All AGND pins must be connected.
Analog power. All VAA pins must be connected.

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

Compensation pin. This pin provides compensation for the internal reference amplifier. A
0.01 UF ceramic chip capacitor and a 0.001 ceramic chip capacitor must be connected between
this pin and VAA(0) (Figure 3). Connecting the capacitors to VAA rather than to AGND
provides the highest possible power supply noise rejection. The COMP capacitors must be as
close to the device as possible to keep lead lengths to an absolute minimum.



Brooktree® Bt109

Pin Descriptions (continued)

Pin Name Description

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

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

RSET (ohms) = 31,460 / IOG (mA)

The full scale output current on IOR* and IOB* for a given RSET is defined as:

IOR, IOB (mA) = 22,990 / RSET (ohms)

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

vaao [ w0 [ vaam
rsapiust [2 »[] Bo
comr [13 1l B
BLANK [{4 x{] B2
overtay [s 36{] B3
o8 s asf] B4
ios* [J7 3[] Bs
iorR [s (] Be
orR* [ 2[] 87
1o¢ [0 3] ro
o6 Qu o r
syNne [z »[] rR2
cLock [J13 =[] r3
a1 Qs 2(] re
cs [J1s 2%[] RS
as [ (] re
e Qv %[ r7
a3 Qs 80 6o
a2 [Qw 2{] a1
acNp []20 2[] acyp
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PC Board Layout Considerations

PC Board Considerations

The layout should be optimized for lowest noise on
the Bt109 power and ground lines by shielding the
digital inputs and providing good decoupling. The
lead length between groups of VAA and AGND pins
should be minimized so as to minimize inductive
ringing.

Ground Planes

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

The analog ground plane area should encompass all
Bt109 ground pins, power supply bypass circuitry for
the Bt109, the analog output traces, and any output
amplifiers.

The regular PCB ground plane area should encompass
all the digital signal traces, excluding the ground
pins, leading up to the Bt109.

Power Planes

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

The PCB power plane should provide power to all
digital logic on the PC board, and the analog power
plane should provide power to all Bt109 power pins
and any output amplifiers.

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

Supply Decoupling

In addition to the ferrite beads between the analog and
regular PCB power and ground planes, an additional
ferrite bead must be installed between the VAA(1)
power pin and the analog power plane, as illustrated
in Figure 3. The ferrite bead must be located as close
as possible to the VAA(1) pin.

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

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

Digital Signal Interconnect

The digital inputs to the Bt109 should be isolated as
much as possible from the analog outputs and other
analog circuitry. Also, these input signals should not
overlay the analog ground and power planes.

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

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

Analog Signal Interconnect

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

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

VAA(I)
L
VAA(0) <-
Bt109 Cs,C8 C2,c4,C7 — T —— 52V
= C1o == C
ANALOG GROUND PLANE ”Lzm.‘”
AGND GROUND

C6,C9
\ ANALOG POWER PLANE

RSET R1-R3 R4-R6
FS ADJUST
IOR, 10G, IOB ?
 — TO
IOR?, I0G*, IOB* ,/ } o COXX?IB(?I‘OR
Location Description Vendor Part Number
C1 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
C2,C3 0.1 pF ceramic chip capacitor Johanson Dielectrics X7R-500841W104KP
C4-C6 0.01 uF ceramic chip capacitor Johanson Dielectrics X7R-500841W103KP
C7-C9 0.001 pF ceramic chip capacitor Johanson Dielectrics NPO-500S41N102JP
C10 10 pF tantalum capacitor Mallory CSR13G106KM
L1, L2, L3 ferrite bead Fair-Rite 2743001111
R1, R2, R3 37.4-ohm 1% metal film resistor Dale CMF-55C
R4, RS, R6 75-ohm 1% metal film resistor Dale CMF-55C
RSET 1100-ohm 1% metal film resistor Dale CMF-55C

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar
characteristics will not affect the performance of the Bt109.

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

Terminated Inputs

All digital inputs of the Bt109 should be terminated
using normal ECL termination practices. In addition,
all of the digital inputs have internal pull-down
junctions. Thus, if a digital input is left floating, it
assumes the logical zero state.

Non-Video Applications

The Bt109 may be used in non-video applications by
disabling the video-specific control inputs. The
SYNC, BLANK, and OVERLAY inputs should be a
logical zero. All three outputs will have the same full
scale output current.

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

RSET (ohms) = 19,360 / Tout (mA)

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

Imin (mA) = 2,090 / RSET (chms)

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

Parameter Symbol Min Typ Max Units
Power Supply VAA -49 -52 -55 Volts
Ambient Operating Temperature TA 0 +70 °C.
Output Load RL 37.5 Ohms
FS ADJUST Resistor* RSET 1100 Ohms

*FS ADJUST set to 1.125 mA

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
VAA (measured to AGND) VAA -6.5 Volts
Voltage on any Digital Pin AGND +05 VAA-0S5 Volts
Analog Output Short Circuit

Duration to any Common indefinite

Ambient Operating Temperature TA -55 + 125 °C.
Storage Temperature TS - 65 + 150 °C.
Junction Temperature T +175 °C.
Soldering Temperature TSOL 260 °C.

(5 seconds, 1/4" from pin)

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

Parameter Symbol TA(°C.) Min Typ Max Units
0 - 1170 - 840 mV
Input High Voltage VH +25 - 1130 - 810 mV
+70 - 1070 - 735 mV
0 - 1950 - 1480 mV
Input Low Voltage VIL +25 - 1950 - 1480 mV
+70 - 1950 - 1450 mV
0 25 HA
Input High Current (Data, Sync) IH +25 25 HA
(Vin = VIHmax) +70 25 HA
0 210 HA
Input High Current (Overlay) IH +25 210 HA
(Vin = VIHmax, VILmin) +70 210 HA
0 160 HA
Input High/Low Current (Blank) IH/IL +25 160 HA
(Vin = VIHmax, VILmin) +70 160 HA
Input Low Current 0 5 HA
(Data, Sync, Overlay) L +25 5 HA
(Vin = VILmin) +70 5 HA
Input Capacitance CIN
(f=1MHz, Vin = VIHmax)
BLANK 20 pF
All Others 7 pF
Internal Voltage Reference VREF -1.2 Volts

See test conditions on next page.
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Bt109

D.C. Characteristics (continued)

Parameter Symbol Min Typ Max Units
Resolution (each DAC) 8 8 8 Bits
Accuracy (each DAC)
Integral Linearity Error L +12 LSB
Differential Linearity Error DL +1/2 LSB
Gray Scale Error +10 % Gray Scale
Monotonicity guaranteed
Coding Binary
Analog Outputs
Gray Scale Current Range:
Black Level Relative to White -20 mA
Blank Level Relative to White -30 mA
Output Current
Overlay Level 0 -5 -50 HA
White Level - 1.70 - 1.90 -2.10 mA
Black Level Relative to White - 15.86 - 17.62 - 19.38 mA
Blank Level Relative to Black - 095 - 1.44 - 1.90 mA
Blank Level Relative to White - 16.81 - 19.05 - 21.28 mA
Sync Level Relative to Blank - 6.29 -7.62 - 8.96 mA
LSB Size - 69.1 HA
DAC to DAC Matching 2 5 %
Output Compliance voC -1.2 +1.5 Volts
Output Impedance ROUT 10 K ohms
Output Capacitance cour 9 pF
(f=1MHz, IOUT =0 mA)
Power Supply Rejection Ratio PSRR 0.5 % | % AVAA
(COMP = 0.001 pF 11 0.01 pF,
f=1KHz)

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

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

Parameter Symbol Min Typ Max Units
Clock Rate 250 MHz
Data and Control Setup Time 1 1.5 ns
Data and Control Hold Time 2 0 ns
Clock Cycle Time 3 4 ns
Clock Pulse Width High 4 1.6 ns
Clock Pulse Width Low 5 1.6 ns
Analog Output Delay 6 3 ns
Analog Output Rise/Fall Time 7 0.5 1 ns
Analog Output Settling Time 8 4 ns
Glitch Impulse 50 pV - sec
VAA Supply Current TIAA 400 mA

Test conditions (unless otherwise specified):
-17.62 mA full scale output current (no sync information). ECL input values are -0.89 to -1.69 volts, with input
rise/fall times < 2 ns, measured between the 20% and 80% points. Timing reference points at 50% for inputs and

outputs. Analog output load < 10 pF. See timing notes in Figure 4.

"Recommended Operating Conditions" with RSET adjusted for
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Ordering Information

Ambient
Model Number Speed Package Temperature
Range
Bt109KC 250 MHz 40-pin 0.6" 0° to +70° C.
Ceramic Cavity
Down DIP

Timing Waveforms

2
RO-R7, GO-G7, BO-B7, DATA
SYNC, BLANK, OVERLAY

e

IOR*, I0G*, I0B*

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

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

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

Figure 4. Input/Output Timing.
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Bt450 70, 50, 30 MHz Triple 4-bit RAMDAC with 16 x 12RAM . ............. 5-5
Bt453 66,40 MHz Triple 8-bit RAMDAC with256 x24RAM ................ 5-51
Bt454 170, 110 MHz Triple 4-bit RAMDAC with 16 x 12 RAM,

4:1 Multiplexed Pixel Inputs. . . .. ...ttt 5-67
Bt459 135, 110, 80 MHz Triple 8-bit RAMDAC with 256 x 24 RAM,

3:1, 4:1, or 5:1 Multiplexed Pixel Inputs, On-Chip Cursor. . ............ 5-85
Bt460 135,110, 80 MHz Triple 8-bit RAMDAC with 512 x 24 RAM,

3:1, 4:1, or 5:1 Multiplexed Pixel Inputs, On-Chip Cursor. . . ........... 5-131
Bt461 170, 135, 110, 80 MHz Single 8-bit RAMDAC with 1024 x 8 RAM,

3:1,4:1, or 5:1 Multiplexed Pixel Inputs. . . ... ... vvviveenennnn 5-133
Bt468 200, 170 MHz Triple 8-bit RAMDAC with 256 x 24 RAM,

8:1 Multiplexed Pixel Inputs, On-ChipCursor . . .. .........covvvnnn. 5-165
Bt492 360 MHz Single 8-bit RAMDAC with256 x 8 RAM. .. ................ 5-237

Bt458 Family

Bt451 125, 110, 80 MHz Triple 4-bit RAMDAC with 256 x 12 RAM,
4:1 or 5:1 Multiplexed Pixel Inputs . ........... ..ot 5-19

Bt457 125, 110, 80 MHz Single 8-bit RAMDAC with 256 x 8 RAM,
4:1 or 5:1 Multiplexed Pixel Inputs . ...............coiiiuenn.. 5-19

Bt458 170, 125, 110, 80 MHz Triple 8-bit RAMDAC with 256 x 24 RAM,
4:1 or 5:1 Multiplexed Pixel Inputs . .........ccoviiivneernnaeens 5-19

PS/2 Family

Bt471 80, 66, 50, 35 MHz Triple 6-bit RAMDAC with 256 x 18RAM ... ........ 5-167
Bt473 80, 66, 50, 35 MHz Triple 8-bit True-Color RAMDAC with

Three 256 X 8RAMS . . . ..o ittt it ittt i ii et 5-187
Bt476 66, 50, 35 MHz Triple 6-bit RAMDAC with256 x 1I8RAM. . ............ 5-167
Bt478 80, 66, 50, 35 MHz Triple 8-bit RAMDAC with256 x24RAM ........... 5-167
Bt479 80, 66, 50, 35 MHz Triple 8-bit RAMDAC with 1024 x24RAM .......... 5-211



RAMDAC Selection Guide

D/A Speed (MHz) Part Page RAM Overlay
Organization Number Size Size
triple 4-bit 170, 110 Bt454 5-67 16 x 12 1x12 muxed pixel inputs
triple 4-bit 125, 110, 80 Bt451 5-19 256 x 12 4x12 Bt458 pin compatible
triple 4-bit 70, 50, 30 Bt450 5-5 16 x 12 3x12
triple 6-bit 80, 66, 50, 35 Bt471 5-167 256 x 18 15x 12 Bt478 pin compatible
triple 6-bit 66, 50, 35 Bt476 5-167 256 x 18 - Bt478 pin compatible
single 8-bit 360 Bt492 5-237 256 x 8 16 x 8 2:1 muxed pixel inputs
single 8-bit | 170, 135, 110, 80 Bt461 5-133 1024 x 8 256x 8 muxed pixel inputs
single 8-bit 125, 110, 80 Bt457 5-19 256 x 8 4x8 Bt458 pin compatible
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 Bt450 Bt450 Bt451 Bt454
Bt451 Bt454
6-bit Bt471 Bt471
Bt476 Bt476
8-bit Bt453 Bt453 Bt457 Bt458 Bt492
Bt473 Bi457 Bt458 Bt461
Bt478 Bt458 Bt459 Bt468
Bt479 Bt459 Bt460
Bt460 Bt461
Bt461
Bt473
Bt478
Bt479
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. . *
RAMDAC Selection Guide (continued)
D/A Speed (MHz) Part Page RAM Overlay .
Organization Number Size Size
triple 8-bit 200, 170 Bt468 5-165 256 x 24 15x24 muxed pixel inputs
triple 8-bit 135, 110, 80 Bt460 5-131 512x 24 15x24 on-chip cursor
triple 8-bit 135, 110, 80 Bt459 5-85 256 x 24 15x 24 on-chip cursor
triple 8-bit 170, 125, 110, 80 Bt458 5-19 256 x 24 4x24 muxed pixel inputs
triple 8-bit 80, 66, 50, 35 Bt479 5-211 1024 x 24 15x 24 Window RAMDAC
triple 8-bit 80, 66, 50, 35 Bt478 5-167 256 x 24 15x24 PS/2 RAMDAC
triple 8-bit 80, 66, 50, 35 Bt473 5-187 (3)256 x 8 (3)15x8 true-color RAMDAC
triple 8-bit 66, 40 Bt453 5-51 256 x 24 3x24
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 Bt450 Bt450 Bt451 Bt454
Bt451 Bt454
6-bit Bt471 Bt471
Bt476 Bt476
8-bit Bt453 Bt453 Bt457 Bt458 Bt492
Bt473 Bt457 Bt458 Bt461
Bt478 Bt458 Bt459 Bt468
Bt479 Bt459 Bt460
Bt460 Bt461
Bt461
Bt473
Bt478
Bt479




Distinguishing Features Applications

« 70, 50, 30 MHz Operation ¢ Graphics Terminals

« Triple 4-bit D/A Converters « CAE/CAD/CAM Applications
¢ 16 x 12 Dual Port Color Palette RAM ¢ Image Processing

¢ 3 x 12 Dual Port Overlay Palette ¢ Instrumentation

¢ RS-343A/RS-170 Compatible Outputs ¢ Desktop Publishing

+ Standard MPU Interface

+ +5v CMOS Monolithic Construction Related Products

¢ 28-pin DIP Package

Typical Power Dissipation: 900 mW « Btd54, Btd51

« Bt453, Bt476, Bt478

Functional Block Diagram

VAA  oND FS ADIUST
|
cLock — 4 > comr
4
Po-P3 7 pAC 10R
L 16X12
A COLOR PALETTE 4
synes T RAM DAC 106
BLANK® H
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Brooktree Corporation

9950 Barnes Canyon Rd.

San Diego, CA 92121

(619) 452-7580

(800) VIDEO IC

TLX: 383596

FAX: (619) 452-1249

1450001 Rev. D 5.5

Bt450

70 MHz

Monolithic CMOS

16 x 12 Color Palette
RAMDAC™

Product Description

The Bt450 is a triple 4-bit vidleo 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-ohm load, and RS-170 compatible video
signals into a singly-terminated 75-ohm
load, without requiring external buffering.
Differential and integral linearity errors of
the D/A converters are guaranteed to be a
maximum of + 1/16 LSB and + 1/8 LSB,
respectively, over the full temperature range.




Bt450

Circuit Description

MPU Interface

As illustrated in the functional block diagram, the
Bt450 has an internal 16 x 12 color palette RAM,
three 12-bit overlay registers, and three 4-bit D/A
converters, allowing the display of up to 19
simultaneous colors from a 4096 color palette. The
dual-port color palette RAM and dual-port overlay
registers allow color updating without contention
with the display refresh process.

The CO input specifies whether the MPU is accessing
the address register (logical zero), or the color palette
RAM location or overlay register specified by the
address register (logical one).

The 5-bit address register is used to address the color
palette RAM and overlay registers, eliminating the
requirement for external address multiplexers. ADDRO
corresponds to DO and is the least significant bit.

To write color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be modified. During color write
cycles, color data is input from DO - D3, with DO
being the least significant bit. D4 is ignored. The
MPU performs three successive write cycles (4 bits
each of red, green, and blue), using CO to select the
color palette RAM and overlay registers. During the
blue write cycle, the three bytes of color information
are concatenated into a 12-bit word and written to the
location specified by the address register. The address
register then increments to the next location which
the MPU may modify by simply writing another
sequence of red, green, and blue data.

To read color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be read. During color read cycles,
color data is output onto DO - D3, with DO being the
least significant bit. D4 is a logical zero. The MPU
performs three successive read cycles (4 bits each of
red, green, and blue), using CO to select the color
palette RAM and overlay registers. Following the
blue read cycle, the address register increments to the
next location which the MPU may read by simply
reading another sequence of red, green, and blue data.

The address register increments to $13 following a
blue read or write cycle to location $12.

To keep track of the red, green, and blue read/write
cycles, the address register has two additional bits
(ADDRa, 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 (ADDRO - 4) are accessible to
the MPU, and are used to address color palette RAM
locations and overlay registers, as shown in Table 1.

Figure 1 illustrates the MPU read/write timing.
Frame Buffer Interface

The PO - 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.

The SYNC* and BLANK* inputs, also latched on the
rising edge of CLOCK to maintain synchronization
with the color data, add appropriately weighted
currents to the analog outputs, producing the specific
output levels required for video applications, as
illustrated in Figure 3. Table 3 details how the SYNC*
and BLANK* inputs modify the output levels.

The analog outputs of the Bt450 are capable of
directly driving a 37.5-ohm load, such as a
doubly-terminated 75-ohm coaxial cable.



Brodktree® 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 ADDRO - 4
ADDRO - 4 (counts binary) $xx 0 0 1 0 write to address register
$00 - $OF 1 0 1 0 write to color palette RAM
$10 1 0 1 0 write to overlay color 1
$11 1 0 1 0 write to overlay color 2
$12 1 0 1 0 write to overlay color 3
$xx 0 0 0 1 read address register
$00 - $OF 1 0 0 1 read color palette RAM
$10 1 0 0 1 read overlay color 1
$11 1 0 0 1 read overlay color 2
$12 1 0 0 1 read overlay color 3
$xx X 0 0 0 invalid operation
$xx x 1 X x 3-state DO - D4

Table 1. Address Register (ADDR) Operation.

Cs*, CO :X VALD X
e T\ /

DO - D4 (READ) \‘ DATA OUT (RD* = 0) Vs

DO - D4 (WRITE) X DATA IN (WR* =0) X

Figure 1. MPU Read/Write Timing.
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Circuit Description (continued)

OL1 OLo PO -P3 Addressed by frame buffer

0 0 $0 color palette RAM location $0
0 0 $1 color palette RAM location $1
0 0 SF 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.

PO -P3, OLO, OL1,
SYNC*, BLANK*

IOR, 10G, 10B

T\
DATA )( )(
/\,\,_

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 | 0054 | 9.05 0340 BLACK LEVEL
75IRE

000 | 0000 | 762 | 0286 BLANK LEVEL
40IRE

000 | 0.000 SYNC LEVEL

Note: 75-ohm doubly-terminated load, RSET = 499 ohms. 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 SF
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 [t} 1} $x

Note: Typical with full scale IOG = 26.67 mA. RSET = 499 ohms.

Table 3. Video Output Truth Table.
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Pin Descriptions

Pin Name

BLANK*

SYNC*

PO-P3

OLO, OL1

IOR, I0G, IOB

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 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 by driven by a dedicated TTL buffer.

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. PO is the LSB. Unused inputs should be connected to GND.

Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to
provide color information, as illustrated in Table 2. When accessing the overlay palette, the PO
- P7 inputs are ignored. They are latched on the rising edge of CLOCK. OLO is the LSB. Unused
inputs should be connected to GND.

Red, green, and blue current outputs. These high impedance current sources are capable of
directly driving a doubly-terminated 75-ohm coaxial cable (Figure 4). All outputs, whether used
or not, should have the same output load.

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 (chms) = 13,308 / IOG (mA)

The amount of full scale output current on IOR and IOB for a given RSET is:

IOR, IOB (mA) = 9,506 / RSET (ohms)
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Bt450

Pin Descriptions (continued)

Pin Name

COMP

VAA

Cs*

WR*

RD*

co

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.

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 five bit
bidirectional data bus. DO is the least significant bit.

» Qi %[ oL
rz 02 2 ou
r [s 2[] BLANK®
ro [Je 2s[] synce
cock Os 2%[] Fs ADIUST
vaa s {1 comp
e [ 2[] vaa
m [s 2] exp
;3 [s »[] or
pz [0 1 106
o [Ou 18[1 108
po [z 17[] oND
ro* [{13 16[] cs*
wr* [J14 15{] @
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Brooktree®

PC Board Layout Considerations

PC Board Considerations

The layout should be optimized for lowest noise on
the Bt450 power and ground lines by shielding the
digital inputs and providing good decoupling. The
lead length between groups of VAA and GND pins
should be minimized so as to minimize inductive
ringing.

Ground Planes

The ground plane should encompass all Bt450 ground
pins, voltage reference circuitry, power supply
bypass circuitry for the Bt450, the analog output
traces, any output amplifiers, and all the digital signal
traces leading up to the Bt450.

Power Planes

The Bt450 and any associated analog circuitry should
have its own power plane, referred to as the analog
power plane. This power plane should be connected to
the regular PCB power plane (VCC) at a single point
through a ferrite bead, as illustrated in Figure 4. This
bead should be located within three inches of the
Bt450.

The PCB power plane should provide power to all
digital logic on the PC board, and the analog power
plane should provide power to all Bt450 power pins,
voltage reference circuitry, and any output amplifiers.

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

Supply Decoupling

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

For the best performance, a 0.1 uF ceramic capacitor
should be used to decouple each of the two VAA pins
to GND. These capacitors should be placed as close as
possible to the device. It is important to note that
while the Bt450 contains circuitry to reject power
supply noise, this rejection decreases with frequency.
If a switching power supply is used, the designer
should pay close attention to reducing power supply
noise and consider using a three terminal voltage
regulator for supplying power to the analog power
plane.

Digital Signal Interconnect

The digital inputs to the Bt450 should be isolated as
much as possible from the analog outputs and other
analog circuitry. Also, these input signals should not
overlay the analog power plane.

Due to the high clock rates involved, long clock lines
to the Bt450 should be avoided to reduce noise
pickup.

Any active termination resistors for the digital inputs
should be connected to the regular PCB power plane
(VCC), and not the analog power plane.

Analog Signal Interconnect

The Bt450 should be located as close as possible to
the output connectors to minimize noise pickup and
reflections due to impedance mismatch.

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

For maximum performance, the analog outputs should
each have a 75-ohm load resistor connected to GND.
The connection between the current output and GND
should be as close as possible to the Bt450 to
minimize reflections.
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PC Board Layout Considerations (continued)

L
[
ANALOG POWER PLANE
VAA
L1
c2-c3 b YY Y\ ssp— + 5V (VOC)
=t cs = a
Bt450
GND : GROUND
TTZI7
R |R2 |m3
PS ADJUST
I0R :
vib#o
106 CONNECTOR
108
Location Description Vendor Part Number
Cl-C4 0.1 pF ceramic capacitor Erie RPE112Z5U104M50V
Cs 10 pF tantalum capacitor Mallory CSR13G106KM
L1 ferrite bead Fair-Rite 2743001111
R1, R2, R3 75-ohm 1% metal film resistor Dale CMF-55C
RSET 499-ohm 1% metal film resistor Dale CMF-55C

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar
characteristics will not affect the performance of the Bt450.

Figure 4. Typical Connection Diagram and Parts List.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply VAA 4.75 5.00 5.25 Volts
Ambient Operating Temperature TA 0 +70 °C.
Output Load RL 37.5 Ohms
FS ADJUST Resistor RSET 499 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 +05 Volts
| Analog Output Short Circuit
Duration to any Power Supply
or Common I1SC 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)

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

Parameter Symbol Min Typ Max Units
Resolution (each DAC) 4 4 4 Bits
Accuracy (each DAC)
Integral Linearity Error IL +1/8 LSB
Differential Linearity Error DL + 1/16 LSB
Gray Scale Error +10 9% Gray Scale
Monotonicity guaranteed
Coding Binary
Digital Inputs
Input High Voltage VH 2.0 VAA+0.5 Volts
Input Low Voltage ‘ VIL GND-0.5 0.8 Volts
Input High Current (Vin = 2.4v) H 10 MHA
Input Low Current (Vin = 0.4v) i -10 HA
Input Capacitance CIN 10 pF
(f=1MHz, Vin = 2.4v) N
Digital Outputs
Output High Voltage VOH 2.4 Volts
(IOH = -400 pA)
Output Low Voltage VOL 0.4 Volts
(IOL=3.2mA)
3-State Current 10Z 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 0 5 50 HA
Blank Level on IOG 6.29 7.62 8.96 mA
Sync Level on IOG 0 5 50 pA
LSB Size 1.175 mA
DAC to DAC Matching 2 %
Output Compliance voc -1.0 +14 Volts
Output Impedance RAOUT 10 K ohms
Output Capacitance CAOUT 30 pF
(f=1MHz, IOUT =0 mA)
Power Supply Rejection Ratio PSRR 0.2 0.5 % | % AVAA
(COMP =0.1 pF, f=1 KHz)

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



Bt450 Brooktree*

A.C. Characteristics

Parameter Symbol | Min/Typ/ Units
Max
Clock Rate Fmax max 70 50 30 MHz
CS*, CO Setup Time 1 min 35 35 35 ns
CS*, CO Hold Time 2 min 35 35 35 ns
RD*, WR* High Time 3 min 25 25 25 ns
RD* Asserted to Data Bus Driven 4 min 10 10 10 ns
RD* Asserted to Data Valid 5 max 100 100 100 ns
RD* Negated to Data Bus 3-Stated 6 max 30 30 30 ns
WR* Low Time 7 min 50 50 50 ns
Write Data Setup Time 8 min 35 35 35 ns
Write Data Hold Time 9 min 10 10 10 ns
Pixel and Control Setup Time 10 min 4 5 10 ns
Pixel and Control Hold Time 11 min 1 2 5 ns
Clock Cycle Time 12 min 14.3 20 333 ns
Clock Pulse Width High Time 13 min 5 7 10 ns
Clock Pulse Width Low Time 14 min 5 7 10 ns
Analog Output Delay 15 typ 15 15 25 ns
Analog Output Rise/Fall Time 16 max 7 7 7 ns
Analog Output Settling Time 17 max 20 20 25 ns
Clock and Data Feedthrough* typ -30 -30 -30 dB
Glitch Impulse* typ 50 50 50 pV -sec
DAC to DAC Crosstalk typ -25 -25 -25 dB
Analog Output Skew typ 0 0 0 ns
max 2 2 2 ns
Pipeline Delay 18 2 2 2 Clocks
VAA Supply Current** 1AA typ 175 140 110 mA
max 220 175 135 mA

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 499 ohms.
TTL input values are 0 to 3 volts, with input rise/fall times < 3 ns, measured between the 10% and 90% points.
Timing reference points at 50% for inputs and outputs. Analog output load < 10 pF, DO - D7 output load < 130
pF. See timing notes in Figure 6. As the above parameters are guaranteed over the full temperature range,
temperature coefficients are not specified or required.

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For
this test, the digital inputs have a 1k-ohm resistor to GND and are driven by 74HC logic. Settling time does not
include clock and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth =
2x clock rate.

**At Fmax. TAA (typ) at VAA = 5.0v. TAA (max) at VAA = 5.25v.
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Timing Waveforms

1 2
Cs*, Co VALID
7
N
RD*, WR* N y, 3
S
4 — 6
DO - D4 (READ) DATA OUT (RD* =0)

DO - D4 (WRITE) DATA N (WR* =0)

L) 1

— 9

Figure 5. MPU Read/Write Timing.

12 8
13 | 1
e ) ‘\L_/ \___ / \_/ _\_
PO-P3, OLO, OLI,
SYNC*, BLANK* DATA
10 15 —=

17

I

1

IOR, IOG, IOB

.

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

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

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

Figure 6. Video Input/Output Timing.
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Ordering Information
Ambient
Model Number Speed Package Temperature
Range
Bt450KC70 70 MHz 28-pin 0.6" 0° to +70° C.
CERDIP
Bt450KC50 50 MHz 28-pin 0.6" 0° to +70° C.
CERDIP
Bt450KC30 30 MHz 28-pin 0.6" 0° to +70° C.
CERDIP
Device Circuit Data
= -{: -
12v : % \

REFERENCE

Fs ADJUST [ |- ?({0\11 +
b

>—-$——‘ TODACS

IFEEDBACK

GND

Figure 7. Egquivalent Circuit of the Reference Amplifier.

Bt450

C(stray + load)



Distinguishing Features Applications
170, 125, 110, 80 MHz Operation
Multiplexed TTL Pixel Ports

256 Word Dual Port Color Palette
4 Dual Port Overlay Registers
RS-343A Compatible Outputs

* Image Processing
e Video Reconstruction

+5v CMOS Monolithic Construction

Functional Block Diagram

Bit Plane Read and Blink Masks Related Products
Standard MPU Interface
84-pin PLCC or PGA Package + Bt431, Bt438, Bt439

¢ High Resolution Color Graphics
» CAE/CAD/CAM Applications

» Bt459, Bt460, Bt461, Bt468
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Brooktree Corporation
9950 Barnes Canyon Rd.
San Diego, CA 92121
(619) 452-7580

(800) VIDEO IC

TLX: 383 596

FAX: (619) 452-1249
LA458001 Rev. H

Bt451 Bt457
Bt438

125 MHz / 170 MHz
Monolithic CMOS
256 Color Palette
RAMDAC™

Product Description

The Bt451, Bt457, and Bt458 are
pin-compatible and software-compatible
RAMDACSs designed specifically for high
performance, high resolution color graphics.
The architecture enables the display of 1280
x 1024 bit mapped color graphics (up to 8
bits per pixel plus up to 2 bits of overlay
information), minimizing the use of costly
ECL interfacing, as most of the high speed
(pixel clock) logic is contained on chip. The
multiple pixel ports and internal
multiplexing enables TTL compatible
interfacing (up to 32 MHz) to the frame
buffer, while maintaining the 125 MHz video
data rates required for sophisticated color
graphics.

The Bt451 has a 256 x 12 color lookup table
with triple 4-bit video D/A converters.

The Bt458 contains a 256 x 24 color lookup
table with triple 8-bit video D/A converters.

The Bt457 is a single-channel version of the
Bt458 and has a 256 x 8 color lookup table
with a single 8-bit video D/A converter. It
includes a PLL output to enable sub-pixel
synchronization of multiple Bt457s.

On chip features include programmable blink
rates, bit plane masking and blinking, color
overlay capability, and a dual-port color
palette RAM.

The Bt451/457/458 generates RS-343A
compatible red, green, and blue video
signals, and are capable of driving
doubly-terminated 75-ohm coax directly,
without requiring external buffering.

Brooktree®
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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 (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.

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 three bytes of color information are
concatenated into a 24-bit word (12-bit word for the
Bt451) and written to the location specified by the

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 DO
- D3.

To read color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be read. The MPU performs three
successive read cycles (red, green, and blue), using CO
and 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 four bits of color data onto D4 - D7 and
forces DO - 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 eight bits of
the address register (ADDRO - 7) are accessible to the
MPU.

ADDRO -7 C1 co Addressed by MPU
$xx 0 0 address register

$00 - SFF 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 (eight bits each of red,
green, blue) may be read or written to three Bt457s in
a single MPU cycle. In this application, the CE*
inputs of all three Bt457s are connected together. If
only an 8-bit data bus is available, the CE* inputs
must be individually selected during the appropriate
color write cycle (red CE* during red write cycle, blue
CE* during blue write cycle, etc.).

When accessing the color palette RAM, the address
register resets to $00 after a read or write cycle to
location $FF. When accessing the overlay registers,
the address register increments to $04 following a
read or write cycle to overlay register 3.

Bt457 Reading/Writing Color Data
(RGB Mode)

To write color data, the MPU loads the address register
with the address of the color palette RAM location or
overlay register to be modified. The MPU performs
three successive write cycles (8 bits each of red,
green, and blue), using CO and 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 eight bits of
the address register (ADDRO - 7) are accessible to the
MPU.

Additional Information

Although the color palette RAM and overlay registers
are dual-ported, if the pixel and overlay data is
addressing the same palette entry being written to by
the MPU during the write cycle, it is possible for one
or more of the pixels on the display screen to be
disturbed. A maximum of one pixel is disturbed if the
write data from the MPU is valid during the entire chip
enable time.

Accessing the control registers is also done through
the address register in conjunction with the CO and 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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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.

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*.

PO-P7 {A-E),

OLO-OL1 {A-E}, X DATA X
SYNC*, BLANK*

IOR, IOG, I0B
(IOUT -- BT457)

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

Color Selection

Each clock cycle, eight bits of color information (PO -
P7) and two bits of overlay information (OL0, 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 are
presented to the D/A converters.

The SYNC* and BLANK* inputs, pipelined to
maintain synchronization with the pixel data, add
appropriately weighted currents to the analog outputs,
producing the specific output levels required for video
applications, as illustrated in Figure 2.

The varying output current from each of the D/A
converters produces a corresponding voltage level,
which is used to drive the color CRT monitor. Note
that only the green output (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 0 $00 color palette entry $00
1 0 0 $01 color palette entry $01
1 0 0 $FF color palette entry $FF
0 0 6 $xx overlay color O
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,I0B 10G (I0UT)

MA v MA v

1905 | 0714 | 26.67 | 1.000 WHITE LEVEL
92.5IRE

144 | 0054 | 9.05 | 0340 BLACK LEVEL
75IRE

0.00 | 0000 | 7.62 | 0.286 BLANK LEVEL
40 RE

0.00 | 0.000 SYNC LEVEL

Note: 75-ohm doubly-terminated load, RSET = 523 ohms, VREF = 1.235v. RS-343A levels and
tolerances assumed on all levels.

Figure 2. Composite Video Output Waveforms.

Description I0G (OUT) | IOR,IOB SYNC* BLANK* DAC
(mA) (mA) Input Data

‘WHITE 26.67 19.05 1 1 SFF
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 ohms, VREF = 1.235v. Note that the Bt451
uses only the upper four DAC input data bits.

Table 3. Video Output Truth Table.
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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 This bit specifies whether 4:1 or 5:1 multiplexing is to
be used for the pixel and overlay inputs. If 4:1 is

(0) 4:1 multiplexing specified, the {E} pixel and {E} overlay inputs are

(1) 5:1 multiplexing ignored and should be connected to GND, and the LD*

input should be 1/4 the CLOCK rate. If 5:1 is specified,
all of the pixel and overlay inputs are used, and the LD*
input should be 1/5 the CLOCK rate.

Note that it is possible to reset the pipeline delay of the
Bt457/458 to a fixed 8 clock cycles. In this instance,
each time the input multiplexing is changed, the
Bt457/458 must again be reset to a fixed pipeline delay.

When the overlay select bits are 00, this bit specifies
CR6 RAM enable whether to use the color palette RAM or overlay color 0
to provide color information.
(0) use overlay color 0
(1) use color palette RAM

These two bits control the blink rate cycle time and duty

CR5, CR4 Blink rate selection cycle, and are specified as the number of vertical retrace
intervals. The numbers in parentheses specify the duty
(00) 16 on, 48 off (25/75) cycle (% on/off).

(01) 16 on, 16 off (50/50)
(10) 32 on, 32 off (50/50)
(11) 64 on, 64 off (50/50)

If a logical one, this bit forces the OL1 {A - E} inputs to

CR3 OL1 blink enable toggle between a logical zero and the input value at the
selected blink rate prior to selecting the palettes. A

(0) disable blinking value of logical zero does not affect the value of the OL1

(1) enable blinking {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

CR2 OLO blink enable toggle between a logical zero and the input value at the
selected blink rate prior to selecting the palettes. A

(0) disable blinking value of logical zero does not affect the value of the OLO

(1) enable blinking {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
(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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Bt451/458 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 four 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
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 four bits of color information the MPU wishes to read (RO - R3, GO - G3, BO - B3, R4 - R7,
G4 - G7, or B4 - B7). When the MPU reads the test register, the four bits of color information from the DAC inputs
are contained in the upper four bits, and the lower four bits contain the (red, green, blue, low or high nibble) enable
information previously written. Note that either the CLOCK must be slowed down to the MPU cycle time, or the same
pixel and overlay data must be presented to the device during the entire MPU read cycle.

For example, to read the upper four bits of red color information being presented to the 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 Ré6
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
four 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 four bits of color information from the DAC inputs are contained in the upper four
bits, and the lower four bits contain whatever was previously written to the register. Note that either the CLOCK must
be slowed down to the MPU cycle time, or the same pixel and overlay data must be presented to the device during the
entire MPU read cycle.

The red, green, and blue enable bits are used to specify the mode of writing color data to, and reading color data from,
the Bt457. If all three enable bits are a logical zero, each write cycle to the color palette RAM or overlay registers
loads eight bits of color data. During each read cycle of the color palette RAM or overlay registers, eight bits of color
data are output onto the data bus. If a 24-bit data bus is available, this enables three Bt457s to be accessed
simultaneously.

If any of the red, green, blue enable bits are a logical one, the Bt457 assumes the MPU is reading and writing color
information using red, green, blue cycles, such as are used on the Bt451 and Bt458. Setting the appropriate enable
bit configures the Bt457 to output or input color data only for the color read/write cycle corresponding to the enabled
color. Thus, if the green enable bit is a logical one, and a red, green, blue write cycle occurred, the Bt457 would input
data only during the green write cycle. If a red, green, blue read cycle occurred, the Bt457 would output data only
during the green read cycle. Note that CE* must be a logical zero during each of the red, green, blue cycles. One, and
only one, of the enable bits must be a logical one. This mode of operation is useful where only an 8-bit data bus is
available, and the software drivers are written for RGB operation.
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Pin Name

BLANK*

SYNC*

OLO - OL1
{A-E}

IOR, IOG, IOB,
Iour

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 IOG output, this pin should be connected to GND.

Load control input (TTL compatible). The PO - P7 {A - E}, OLO - 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 A.C. 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 eight 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 two bits per pixel) for either four or five consecutive pixels are input through this
port. Unused inputs should be connected to GND.

Red, green, and blue video current outputs. These high impedance current sources are capable of
directly driving a doubly-terminated 75-ohm coaxial cable (Figure 3). The Bt457 outputs 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 (ohms)

If sub-pixel synchronization of multiple devices is not required, this output should be connected
to GND (either directly or through a resistor up to 150 ohms).
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Pin Descriptions (continued)

Pin Name

COMP

FS ADJUST

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.

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 (ohms) = 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 (ohms)

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure
3, must supply this input with a 1.235v (typical) reference. The use of a resistor network to
generate the reference is not recommended, as any low frequency power supply noise on VREF
will be directly coupled onto the analog outputs. A 0.1 uF ceramic capacitor must be used to
decouple this input to VAA, as shown in Figure 3. The decoupling capacitor must be as close to
the device as possible to keep lead lengths to an absolute minimum.

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured
for single supply (+5 volt) operation. The clock rate is 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). CO0 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 eight 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
P1C
P1D
P1E

P2A
P2B
P2C

Pin
Number

18]
M10
M9
L8
M8

Gl
G2
H1

n

Mi11
L10
L11

K10
M12

Signal

PSA
P5B
P5C
PSD
PSE

P6A
P6B
P6C
P6D
P6E

OL1A
OL1B
OLIC
OLID
OLIE

10G (I0UT)
IOB (PLL)
IOR (N/C)

Note: Bt457 pin names are in parentheses.

Pin
Number

K11
L12
K12
J11
J12

H11
H12
G12
Gl11
F12

F11
E12
Ell
D12
D11

A10
All
B9

Signal

VAA
VAA
VAA
VAA
VAA
VAA

Pin
Number

C12
C11

L7
M7
A7

Bi12
B11

Bé6
A6

Al12
B10
C10
B8
B7
C3

B3

B4

BS
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Pin Descriptions (continued) -- 84-pin PGA Package

12 COMP GND  VAA PD PIB P6E P6C P6B PSE PsC PSB PME
1 I0B GND VAA PIE PIC PIA PD PeA PD PSA MC RA
10 10G FSADJ VREF PD PMB  SYNC*
9 VAA IR BLK* ID*
“1© ™ Bt451/457/458 >
7 VAA (o] VAA  VAA
s |oo oo (TOP VIEW) m oo
5 [o:3d D7 PC PD
4 D6 Ds P3A P3B
3 D4 D2 Do PRA P2C P2E
2 D D1 OB OLE OLB OLE FB RD PIA PID PIE PD

oD OlA OLIC OouD FoA POC POB P1B PIC P2B

[

oz o

B c D E F G H J K L M

alignment marker (on top)

12 PME PSB P5C PSE P6B P6C PGB PIB PD VAA GND oome
11 MA MC PSA PD PGA PD PIA PIC PIE VAA GND 0B
10 SYNC* PB RD VREF FS ADJ 106G
9 1D* BLK* IOR VAA
8 axK CLk* RW C1
N alae (BOTTOM VIEW) @ wm
6 GND P3E GND GND
5 PD P3C m o4
4 PB PAA DS D6
3 PE P2C P2A DO D2 D4
2 PD PIE PID PIA RD FOB OLIE OLIB OLE OLoB D1 m
1 P2B PIC PIB POE POC POA OoLID OLIC OL1A oL oLoC

Pin | Bt451/458 | Bt457

A10 10G IouT
All I0B PLL
B9 IOR N/C
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PC Board Layout Considerations

PC Board Considerations

It is recommended that a four layer PC board be used
with the Bt451/457/458. The layout should be
optimized for lowest noise on the Bt451/457/458
power and ground lines by shielding the digital inputs
and providing good decoupling. The lead length
between groups of VAA and GND pins should be
minimized so as to minimize inductive ringing.

Ground Planes

The ground plane area should encompass all
Bt451/457/458 ground pins, voltage reference
circuitry, power supply bypass circuitry for the
Bt451/457/458, the analog output traces, any output
amplifiers, and all the digital signal traces leading up
to the Bt451/457/458.

Power Planes

The Bt451/457/458 and any associated analog
circuitry should have its own power plane, referred to
as the analog power plane. This power plane should
be connected to the regular PCB power plane (VCC) at
a single point through a ferrite bead, as illustrated in
Figure 3. This bead should be located within three
inches of the Bt451/457/458.

The PCB power plane should provide power to all
digital logic on the PC board, and the analog power
plane should provide power to all Bt451/457/458
power pins, voltage reference circuitry, and any
output amplifiers.

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

Supply Decoupling
The bypass capacitors should be installed using the

shortest leads possible, consistent with reliable
operation, to reduce the lead inductance.

For the best performance, a 0.1 pF ceramic capacitor
in parallel with a 0.01 pF chip capacitor should be
used to decouple each of the three groups of VAA pins
to GND. These capacitors should be placed as close as
possible to the device. If chip capacitors are not
feasible, radial lead ceramic capacitors may be used.

It is important to note that while the Bt451/457/458
contains circuitry to reject power supply noise, this
rejection decreases with frequency. If a switching
power supply is used, the designer should pay close
attention to reducing power supply noise and consider
using a three terminal voltage regulator for supplying
power to the analog power plane.

Digital Signal Interconnect

The digital inputs to the Bt451/457/458 should be
isolated as much as possible from the analog outputs
and other analog circuitry. Also, these input signals
should not overlay the analog ground plane.

Due to the high clock rates involved, long clock lines
to the Bt451/457/458 should be avoided to reduce
noise pickup.

Any active termination resistors for the digital inputs
should be connected to the regular PCB power plane
(VCC), and not the analog power plane.

Analog Signal Interconnect

The Bt451/457/458 should be located as close as
possible to the output connectors to minimize noise
pickup and reflections due to impedance mismatch.
Also, the external voltage reference circuitry should
be as close as possible to the Bt451/457/458 to avoid
noise pickup.

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

For maximum performance, the analog outputs should
each have a 75-ohm load resistor connected to GND.
The connection between the current output and GND
should be as close as possible to the Bt451/457/458
to minimize reflections.
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PC Board Layout Considerations (continued)

coMP
b ANALOG POWER PLANE
VAA
Ré é T ©
C2-04 cs-c7 L
T -l— Y\ —— SV (VCC)
VREF
21 =% o = a
Bt451/457/458
GND GROUND
—I11T
Rl |R2 |R3
FS ADJUST
N
N/C) IOR
TO
ioun 106 CONNECTOR
(PLL) OB
Note: Bt457 pin names in parentheses.
Location Description Vendor Part Number
C1-C4,C8,C9 0.1 uF ceramic capacitor Erie RPE112Z5U104M50V
C5-C7 0.01 uF ceramic chip capacitor AVX 12102T103QA1018
C10 33 WF tantalum capacitor Mallory CSR13F336KM
L1 ferrite bead Fair-Rite 2743001111
R1, R2, R3 75-ohm 1% metal film resistor Dale CMF-55C
R4 1000-ohm 1% metal film resistor Dale CMF-55C
RSET 523-ohm 1% metal film resistor Dale CMF-55C
Z1 1.2v voltage reference National Semiconductor LM385Z-1.2

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar
characteristics will not affect the performance of the Bt451/457/458. R3 not used with Bt457 (see
Applications Section).

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

Clock Interfacing

Due to the high clock rates at which the
Bt451/457/458 may operate, it is designed to accept
differential clock signals (CLOCK and CLOCK*).
These clock inputs are designed to be generated by
ECL logic operating at +5 volts. Note that the
CLOCK and CLOCK* inputs require termination
resistors (220-ohm resistor to VCC and a 330-ohm
resistor to GND). The termination resistors should be
as close as possible to the Bt451/457/458.

The CLOCK and CLOCK* inputs must be differential
signals due to the noise margins of the CMOS
process. The Bt451/457/458 will not function using
a single-ended clock with CLOCK* connected to
ground.

Typically, LD* is generated by dividing CLOCK by
four or five (depending on whether 4:1 or 5:1
multiplexing was specified) and translating it to TTL
levels. As LD* may be phase shifted relative to
CLOCK, the designer need not worry about
propagation delays in deriving the LD* signal. LD*
may be used as the shift clock for the video DRAMs
and to generate the fundamental video timing of the
system (SYNC*, BLANK*, etc.).

It is recommended that the Bt438 or Bt439 Clock
Generator Chips be used to generate the clock and load
signals. Both support the 4:1 and 5:1 input
multiplexing of the Bt451/457/458, and will also
optionally set the pipeline delay of the Bt457 and
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 ohms).

+5V
+5V
220
4
CLOCK CLOCK
MONITOR 330
PR(;I:;CI‘S +5V Bt451/458
_ 20 %
l cLock® CLOCK®
Bt438 %0
LDA LD*
VAA
o.1_=F
VREF &—={ VREF

Figure 4.

Generating the Bt451/458 Clock Signals.
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Application Information (continued)

Setting the Pipeline Delay
(Btd57, 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 1 clock cycle or follows
the rising edge of LD* by no more than 1.5 clock
cycles). When restarting the clocks, care must be
taken to ensure that the minimum clock pulse width is
not violated.

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.

+5V
+5V
l 220
14
CLOCK CLOCK
MONITOR 330
ety 3V Bt457
> 220
‘ CLOCK* CLOCK*
Bt438 330
LDA LD*
VAA
itd
VREF VREF
1K

Figure 5.

Generating the Bt457 Clock Signals (Monochrome Application).




Bt451/457/458

Broodktree®

Application Information (continued)

Bt457 Color Display Applications

For color display applications where up to four
Bt457s are being used, it is recommended that the
Bt439 Clock Generator Chip be used to generate the
clock and load signals. It supports the 4:1, and 5:1
input multiplexing of the Bt457, synchronizes them
to sub-pixel resolution, and will also optionally set
the pipeline delay of the Bt457 to eight clock cycles.
The Bt439 may also be used to interface the Bt457 to
a TTL clock. Figure 6 illustrates using the Bt439 with
the Bt457.

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 each of the CLOCK and CLOCK*
signals to the Bt457s to minimize the PLL phase
difference.

If sub-pixel synchronization of multiple Bt457s is
not necessary, the Bt438 Clock Generator Chip may
be used instead of the Bt439. In this instance, the
CLOCK, CLOCK*, and LD* inputs of up to four
Bt457s are connected together and driven by a single
Bt438 (with distributed branch termination on each
clock). The VREF inputs of the Bt457s must still be
isolated by 1K-ohm resistors, as shown in Figure 6,
and 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
ohms).

Bt439

PLLO) -—@—————- PLL
CLOCKO)| ——————@—— cLock
CLOCKO® cLoCK*
LD*
v Bt457

01 #1

@;%
29| b

PLL1 1L
CLOCK1 R CLOCK
CLOCK1* R [CLOCK*
LD*
vaA Bt457
=L #2
———N——I— ' VREF
1K
a2 @t
CLOCK: @—‘- ICLOCK
CLOCK2* @_. cLock®
LD LD*
VAR Bt457
#3

:
L
:

1K

+5V
|14
MONITOR
PRODUCTS
9708
’ 7
+5V +5V
® [ w
2N3904 FROM
BT457
)
BT439 150
50
Figure 6.

Generating the Bt457 Clock Signals (Color Application).
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Application Information (continued)

Using Multiple Bt457s

If located close together on the same PC board,
multiple Bt457s may be connected to a single analog
power plane. In addition, a single voltage reference
may drive multiple devices.

Each Bt457 must still have it's individual RSET
resistor, JOUT termination resistor, power supply
bypass capacitors, and COMP capacitor.

Bt457 Non-Video Applications

The Bt457 may be used in non-video applications by
disabling the video-specific control signals. SYNC*
should be a logical zero and BLANK* should be a
logical one.

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

RSET (ohms) = 7,457 * VREF (v) / Iout (mA)

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

Imin (mA) = 610 * VREF (v) / RSET (ohms)

Therefore, the total full scale output current will be
Tout + Imin.

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 8 clock cycles, this initialization
sequence must be performed after the reset sequence.
The command register must also be re-initialized any
time the multiplex selection is changed (i.e. from 4:1
to 5:1 input multiplexing).

This sequence will configure the 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 8 clock cycles, this initialization
sequence must be performed after the reset sequence.
The command register must also be re-initialized any
time the multiplex selection is changed (i.e. from 4:1
to 5:1 input multiplexing).

This sequence will configure the Bt457 as follows:

4:1 multiplexed operation

no overlays

no blinking

color data written/read every cycle

Control Register Initialization 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 is 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 8 clock cycles, this initialization
sequence must be performed after the reset sequence.
The command register must also be re-initialized any
time the multiplex selection is changed (i.e. from 4:1
to 5:1 input multiplexing).

This sequence will configure the Bt457s as follows:

4:1 multiplexed operation

no overlays

no blinking

initialize each Bt457 as a red, green, or blue device

Control Register Initialization 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 Overlay Color Palette Initialization
Write $04 to address register 00 Write $00 to all three address registers 00
Write $FF to read mask register 10 Write red data to overlay (location $00) 11
Write $05 to address register 00 Write green data to overlay (location $00) 11
Write $00 to blink mask register 10 Write blue data to overlay (location $00) 11
Write $06 to address register 00 Write red data to overlay (location $01) 11
Write $40 to command register 10 Write green data to overlay (location $01) 11
Write $07 to address register 00 Write blue data to overlay (location $01) 11
Write $04 to test register 10 : :

Write red data to overlay (location $03) 11
Color Palette RAM Initialization Write green data to overlay (location $03) 11
Write blue data to overlay (location $03) 11

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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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 1.20 1.235 1.26 Volts
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 Digital Pin GND - 0.5 VAA +0.5 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

Ceramic Package +175 °C.

Plastic Package + 150 °C.
Soldering Temperature TSOL 260 °C.

(5 seconds, 1/4" from pin)
Vapor Phase Soldering TVSOL 220 °C.

(1 minute)

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

Parameter Symbol Min Typ Max Units
Analog Outputs
Resolution (each DAC) 8(4) 8(4) 8(@4) Bits
Accuracy (each DAC)
Integral Linearity Error L +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 VH 2.0 VAA +05 Volts
Input Low Voltage VIL GND-0.5 0.8 Volts
Input High Current (Vin = 2.4v) IH 1 HA
Input Low Current (Vin = 0.4v) I -1 HA
Input Capacitance CIN 4 10 pF
(f =1MHz, Vin = 2.4v)
Clock Inputs (CLOCK, CLOCK*)
Input High Voltage VKH VAA-1.0 VAA+0.5 Volts
Input Low Voltage VKIL GND-0.5 VAA-1.6 Volts
Input High Current (Vin = 4.0v) IKH 1 HA
Input Low Current (Vin = 0.4v) IKIL -1 HA
Input Capacitance CKIN 4 10 pF
(f =1MHz, Vin = 4.0v)
Digital Outputs (DO - D7)
Output High Voltage VOH 2.4 Volts
(IOH =-800 pA)
Output Low Voltage VOL 0.4 Volts
(IOL = 6.4 mA)
3-state Current 10z 10 HA
Output Capacitance CDouTr 10 pF

See test conditions on next page.
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D.C. Characteristics (continued)

Parameter Symbol Min Typ Max Units
Analog Outputs
Output Current
White Level Relative to Blank 17.69 19.05 20.40 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 I0OG or IOUT 0 5 50 HA
LSB Size
Bt451 1.175 mA
Bt457, Bt458 69.1 HA
DAC to DAC Matching* 2 5 %
Output Compliance voC -1.0 +1.2 Volts
Output Impedance RAOUT 50 K ohms
Output Capacitance CAOUT 13 20 pF
(f=1MHz IOUT = 0mA)
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 ohms,
VREF = 1.235v. As the above parameters are guaranteed over the full temperature range, temperature
coefficients are not specified or required.

*Does not apply to the Bt457.
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A.C. Characteristics

170 MHz Devices 125 MHz Devices
Parameter Symbol | Min Typ Max Min Typ Max Units

Clock Rate Fmax 170 125 MHz
LD* Rate LDmax 42.5 31.25 MHz
R/W, CO, 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 10 10 ns
CE* Asserted to Data Valid 6 75 75 ns
CE* Negated to Data Bus 3-Stated 7 15 15 ns
Write Data Setup Time 8 35 35 ns
Write Data Hold Time 9 3 3 ns
Pixel and Control Setup Time 10 3 3 ns
Pixel and Control Hold Time 11 2 2 ns
Clock Cycle Time 12 5.88 8 ns
Clock Pulse Width High Time 13 2.6 3.2 ns
Clock Pulse Width Low Time 14 2.6 3.2 ns
LD* Cycle Time 15 23.52 32 ns
LD* Pulse Width High Time 16 9 13 ns
LD* Pulse Width Low Time 17 9 13 ns
Analog Output Delay 18 20 20 ns
Analog Output 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*** 1AA mA

Bt451 n/a n/a 310 400

Bt458Kxx n/a n/a 375 445

Bt458Lxx 310 225 330

Bt457 n/a n/a 200 220

See test conditions on next page.
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A.C. Characteristics

110 MHz Devices 80 MHz Devices
Parameter Symbol | Min Typ Max Min Typ Max Units

Clock Rate Fmax 110 80 MH:z
LD* Rate LDmax 27.5 20 MHz
R/W, CO, 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 10 10 ns
CE* Asserted to Data Valid 6 75 75 ns
CE* Negated to Data Bus 3-Stated 7 15 15 ns
Write Data Setup Time 8 35 35 ns
Write Data Hold Time 9 3 3 ns
Pixel and Control Setup Time 10 3 4 ns
Pixel and Control Hold Time 11 2 2 ns
Clock Cycle Time 12 9.09 12.5 ns
Clock Pulse Width High Time 13 4 5 ns
Clock Pulse Width Low Time 14 4 5 ns
LD* Cycle Time 15 36.36 50 ns
LD* Pulse Width High Time 16 15 20 ns
LD* Pulse Width Low Time 17 15 20 ns
Analog Output Delay 18 20 20 ns
Analog Output Rise/Fall Time 19 2 2 ns
Analog Output Settling Time 20 8 8 ns
Clock and Data Feedthrough* 35 35 pV - sec
Glitch Impulse* 50 50 pV - sec
Analog Output Skew** 0 2 0 2 ns
Pipeline Delay 6 10 6 10 Clocks
VAA Supply Current*** 1AA mA

Bt451 295 385 265 355

Bt458Kxx 360 430 330 400

Bt458Lxx 210 315 200 285

Bt457 190 210 170 190

See test conditions on next page.
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A.C. Characteristics (continued)

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 ohms,
VREF = 1.235v. TTL input values are 0 to 3 volts, with input rise/fall times < 3 ns, measured between the 10%
and 90% points. ECL input values are VAA - 0.8 to VAA - 1.8 volts, with input rise/fall times < 2 ns, measured
between the 20% and 80% points. Timing reference points at 50% for inputs and outputs. Analog output load <
10 pF, DO - D7 output load < 40 pF. See timing notes in Figure 7. As the above parameters are guaranteed over
the full temperature range, temperature coefficients are not specified or required.

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For
this test, the TTL digital inputs have a 1k-ohm resistor to GND and are driven by 74HC logic. Settling time does
not include clock and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth
= 2x clock rate.

**Does not apply to the Bt457.

***xAt Fmax. IAA (typ) at VAA = 5.0v, TA =20° C. IAA (max) at VAA=5.25v, TA=0°C.

w _/_—\Li TN/ /S \__
PO-P7{A-E},
OL0-OL! {A-E}, DATA X X
SYNC®, BLANK®

10

- 1 18 20
IOR, 10G, I0B
(IOUT - BT457)
——l 19
12
13
CLOCK y
fo——14

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 + 1/8 LSB 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)
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Figure 8. MPU Read/Write Timing.

Ordering Information

Model Number RAM DACs Speed Package Ambient
Temperature
Range

Bt458LG170 256 x 24 triple 8-bit | 170 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

Bt458KG80 256 x 24 triple 8-bit | 80 MHz 84-pin Ceramic 0° to +70° C.
PGA
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Ordering Information (continued)

Ambient
Model Number RAM DACs Speed Package Temperature
Range
Bt458LPJ170 256 x 24 triple 8-bit | 1770 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
Bt458LPJ80 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° 1 +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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Ordering Information (continued)

Model Number

Bt451EVM
Bt457EVM

Bt458EVM

Evaluation Board for the Bt451 (includes a Bt451KG125)
Evaluation Board for the Bt457 (includes a Bt457KG125)

Evaluation Board for the Bt458 (includes a Bt458KG125)




Distinguishing Features

Macintosh II Compatible
66, 40 MHz Operation
Triple 8-bit D/A Converters
256 x 24 Color Palette RAM
3 x 24 Overlay Palette

Standard MPU Interface

+5v CMOS Monolithic Construction
40-pin DIP or 44-pin PLCC Package
» Typical Power Dissipation: 1 W

Functional Block Diagram

RS-343A/RS-170 Compatible Outputs

Applications

« High Resolution Color Graphics
» CAE/CAD/CAM Applications

¢ Image Processing

« Instrumentation

¢ Desktop Publishing

Related Products

« Bt478
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(800) VIDEO IC

TLX: 383 596

FAX: (619) 452-1249
LA53001 Rev. G

CS* RD* WR* OO Cl

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-ohm load, and RS-170 compatible video
signals into a singly-terminated 75-ohm
load, without requiring external buffering.

Both the differential and linearity errors of
the D/A converters are guaranteed to be a
maximum of + 1 LSB over the full
temperature range.

Macintosh is a licensed trademark of Apple
Computer, Inc.

Brooktree®




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 anytime the CS* input is a logical zero, the
video outputs are forced to the black level. = When
accessing the color palette RAM, the address register
resets to $00 following a blue read or write cycle to
RAM location $FF. While accessing the overlay
color registers, the six most significant bits of the
address register (ADDR?2 - 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 eight
bits of the address register (ADDRO - 7) are accessible
to the MPU, and are used to address color palette RAM
locations and overlay registers, as shown in Table 2.

Figure 1 illustrates the MPU read/write timing.

Addressed by MPU

address register
color palette RAM

address register
overlay registers

C1 Co
0 0
0 1
1 0
1 1
Table 1.

Control Input Truth Table.
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Circuit Description (continued)

Value C1 co Addressed by MPU
ADDRa, b (counts modulo 3) 00 x 1 red value
01 x 1 green value
10 x 1 blue value
ADDRO - 7 (counts binary) $00 - $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*, €0, C1 :X VALID X
e T\ /

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

D0 - D7 (WRITE) X DATAIN (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 PO - P7, OLO0, and OL1 The analog outputs of the Bt453 are capable of
inputs are used to address the color palette RAM and directly driving a 37.5-ohm load, such as a
overlay registers, as shown in Table 3. The addressed doubly-terminated 75-ohm coaxial cable.

location provides 24 bits of color information to the
three D/A converters.

The SYNC* and BLANK* inputs, also latched on the
rising edge of CLOCK to maintain synchronization
with the color data, add appropriately weighted
currents to the analog outputs, producing the specific
output levels required for video applications, as
illustrated in Figure 3. Table 4 details how the SYNC*
and BLANK* inputs modify the output levels.

OL1 OLo P0-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.

8 __/_\—/_\_ /___\__/
PO-P7, OLO, OL1,
e stavK: X X | X

:

IOR, 10G, OB,
ISYNC

1

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
925IRE

144 | 0054 | 9.05 | 0340 BLACK LEVEL
75IRE

0.00 | 0000 | 762 | 0286 BLANK LEVEL
40IRE

0.00 | 0.000 SYNC LEVEL

Note: 75-ohm doubly-terminated load, RSET = 280 ohms, VREF = 1.235v. 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 + 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 = 280 ohms, VREF = 1.235v. ISYNC connected to
10G.

Table 4. Video Output Truth Table.

5-55



Bt453

Pin Descriptions

Pin Name

BLANK*

SYNC*

OLO, OL1

IOR, IOG, IOB

ISYNC

FS ADJUST

Description

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.

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

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

Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the
256 entries in the color palette RAM is to be used to provide color information. They are
latched on the rising edge of CLOCK. PO is the LSB. Unused inputs should be connected to
GND.

Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to
provide color information, as illustrated in Table 3. When accessing the overlay palette, the PO
- P7 inputs are ignored. They are latched on the rising edge of CLOCK. OLO is the LSB. Unused
inputs should be connected to GND.

Red, green, and blue current outputs. These high impedance current sources are capable of
directly driving a doubly-terminated 75-ohm coaxial cable (Figure 4). All outputs, whether used
or not, should have the same output load.

Sync current output. This high impedance current source is typically connected directly to the
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
SYNCH* is a logical one is:

ISYNC (mA) = 1,728 * VREF (v) / RSET (ohms)

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

Full scale adjust control. A resistor (RSET) connected between this pin and GND controls the
magnitude of the full scale video signal (Figure 4). Note that the IRE relationships in Figure 3
are maintained, regardless of the full scale output current.

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

RSET (ohms) = 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 (chms)
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Bt453

Pin Descriptions (continued)

Pin Name

COMP

VAA

Cs*

WR*

RD*

Co, C1

DO -D7

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 4). The COMP
capacitor must be as close to the device as possible to keep lead lengths to an absolute
minimum.

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure
4, must supply this input with a 1.2v (typical) reference. The Bt453 has an internal pull-up
resistor between VREF and 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 must be used to decouple this input to VAA, as shown
in Figure 4. The decoupling capacitor must be as close to the device as possible to keep lead
lengths to an absolute minimum.

Analog power. All VAA pins must be connected.
Analog ground. All GND pins must be connected.

Chip select control input (TTL compatible). This input must be a logical zero to enable data to
be written to or read from the device. While CS* 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 eight bit
bidirectional data bus. DO is the least significant bit.
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Pin Descriptions (continued)

40-pin DIP Package
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Bt453

PC Board Layout Considerations

PC Board Considerations

The layout should be optimized for lowest noise on
the Bt453 power and ground lines by shielding the
digital inputs and providing good decoupling. The
lead length between groups of VAA and GND pins
should be minimized so as to minimize inductive
ringing.

Ground Planes

The ground plane should encompass all Bt453 ground
pins, voltage reference circuitry, power supply
bypass circuitry for the Bt453, the analog output
traces, any output amplifiers, and all the digital signal
traces leading up to the Bt453.

Power Planes

The Bt453 and any associated analog circuitry should
have its own power plane, referred to as the analog
power plane. This power plane should be connected to
the regular PCB power plane (VCC) at a single point
through a ferrite bead, as illustrated in Figure 4. This
bead should be located within three inches of the
Bt453.

The PCB power plane should provide power to all
digital logic on the PC board, and the analog power
plane should provide power to all Bt453 power pins,
voltage reference circuitry, and any output amplifiers.

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

Supply Decoupling

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

For the best performance, a 0.1 UF ceramic capacitor
should be used to decouple each of the three groups of
VAA pins to GND. These capacitors should be placed
as close as possible to the device.

It is important to note that while the Bt453 contains
circuitry to reject power supply noise, this rejection
decreases with frequency. If a switching power supply
is used, the designer should pay close attention to
reducing power supply noise and consider using a
three terminal voltage regulator for supplying power
to the analog power plane.

Digital Signal Interconnect

The digital inputs to the Bt453 should be isolated as
much as possible from the analog outputs and other
analog circuitry. Also, these input signals should not
overlay the analog power plane.

Due to the high clock rates involved, long clock lines
to the Bt453 should be avoided to reduce noise
pickup.

Any active termination resistors for the digital inputs
should be connected to the regular PCB power plane
(VCC), and not the analog power plane.

Analog Signal Interconnect

The Bt453 should be located as close as possible to
the output connectors to minimize noise pickup and
reflections due to impedance mismatch.

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

For maximum performance, the analog outputs should
each have a 75-ohm load resistor connected to GND.
The connection between the current output and GND
should be as close as possible to the Bt453 to
minimize reflections.
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PC Board Layout Considerations (continued)

Tl
cs
ANALOG POWER PLANE
VAA
Lt
_!_ c2-c4 nm +5V (VO0)
VREF
1*’ z == == a
Bt4s3 [
GND GROUND
i s <
Rl |R2 |R3
FS ADJUST
I
I0R
106 - VIDEO
CONNECTOR
ISYNC‘——J
10B
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-ohm 1% metal film resistor Dale CMF-55C
RSET 280-ohm 1% metal film resistor Dale CMF-55C
Z1 1.2v voltage reference National Semiconductor LM385BZ-1.2

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

Ceramic Package +175 °C.

Plastic Package + 150 °C.
Soldering Temperature TSOL 260 °C.

(5 seconds, 1/4" from pin)
Vapor Phase Soldering TVSOL 220 °C.

(1 minute)

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

Parameter Symbol Min Typ Max Units
Resolution (each DAC) 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 VIH 2.0 VAA+0.5 Volts
Input Low Voltage VIL GND -0.5 0.8 Volts
Input High Current (Vin = 2.4v) IH 1 HA
Input Low Current (Vin = 0.4v) j1 -1 HA
Input Capacitance CIN 10 pF
(f =1 MHz, Vin = 2.4v)
Digital Outputs
Output High Voltage VOH 2.4 Volts
(IOH = -400 pA)
Output Low Voltage VOL 0.4 Volts
(IOL =3.2mA)
3-State Current 10z 10 [17:N
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 +14 Volts
Output Impedance RAOUT 10 K ohms
Output Capacitance CAOUT 30 pF
(f=1MHz, IOUT =0 mA)
Voltage Reference Input Current IREF 10 HA
Power Supply Rejection Ratio PSRR 0.12 0.5 % | % AVAA
(COMP =0.1 pF, f= 1 KHz)

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 280 ohms,
VREF = 1.235v, ISYNC connected to IOG. As the above parameters are guaranteed over the full temperature
range, temperature coefficients are not specified or required.
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A.C. Characteristics

66 MHz Devices 40 MHz Devices
Parameter Symbol | Min Typ Max Min Typ Max Units

Clock Rate Fmax 66 40 MHz
CS*, CO, 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 pV - sec
DAC to DAC Crosstalk -22 -22 dB
Analog Output Skew 1 2 1 2 ns
Pipeline Delay 18 2 2 2 2 2 2 Clocks
VAA Supply Current** 1AA 220 275 190 250 mA

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 280 ohms, VREF =
1.235v, ISYNC connected to IOG. TTL input values are 0 to 3 volts, with input rise/fall times < 3 ns, measured between
the 10% and 90% points. Timing reference points at 50% for inputs and outputs. Analog output load < 10 pF, DO - D7
output load < 50 pF. See timing notes in Figure 6. As the above parameters are guaranteed over the full temperature
range, temperature coefficients are not specified or required.

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test,
the digital inputs have a 1k-ohm resistor to ground and are driven by 74HC logic. Settling time does not include clock
and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test bandwidth = 2x clock rate.

**At Fmax. IAA (typ) at VAA =5.0v. TAA (max) at VAA = 5.25v.
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Timing Waveforms

! 2 —f
Cs*, Co, C1 VALID
7
RD*, WR* N A 3
5
4 — 6
DO - D7 (READ) DATA OUT (RD* =0)
DO - D7 (WRITE) DATA IN (WR* =0)
8
— 9

Figure 5. MPU Read/Write Timing.

-
:
:
:

PO-P7, OLO, OL1,
SYNC*, BLANK* DATA
10 15—
17
—_— 1
IOR, I0G, 10B,
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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Bt453

Ordering Information

Ambient
Model Number Speed Package Temperature
Range
Bt453KP66 66 MHz 40-pin 0.6" 0° to +70° C.
Plastic DIP
Bt453KPJ66 66 MHz 44-pin Plastic 0° to +70° C.
J-Lead
Bt453KC66 66 MHz 40-pin 0.6" 0° to +70° C.
CERDIP
Bt453KC 40 MHz 40-pin 0.6" 0° to +70° C.
CERDIP
Bt453KP 40 MHz 40-pin 0.6" 0° to +70° C.
Plastic DIP
Bt453KPJ 40 MHz 44-pin Plastic 0° to +70° C.
J-Lead
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Device Circuit Data

TODACS

FS ADJUST
500 l IFEEDBACK
3 ¢ GND

i ,Li
A

Figure 7. Egquivalent Circuit of the Reference Amplifier.

Bt453

OO DN BLANK* 'l‘ R % % Clstray +load)
(10G ONLY)

Figure 8. Equivalent Circuit of the Current Output (10G).




Distinguishing Features

170, 110 MHz Operation

4:1 Multiplexed TTL Pixel Ports
Triple 4-bit D/A Converters

16 x 12 Dual Port Color Palette

1 x 12 Dual Port Overlay Palette
RS-343A Compatible Outputs
Standard MPU Interface

+5v CMOS Monolithic Construction
44-pin PLCC Package

Typical Power Dissipation: 1 W

Functional Block Diagram

Applications

« High Resolution Color Graphics
» CAE/CAD/CAM Applications

* Image Processing

* Video Reconstruction

* Desktop Publishing

Related Products

* Bt451

CLOCK* CLOCK  VAA  GND FS ADJUST
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Brooktree Corporation -
9950 Barnes Canyon Rd.
San Diego, CA 92121
(619) 452-7580

(800) VIDEO IC

TLX: 383596

FAX: (619) 452-1249
1454001 Rev. E

Bt434

170 MHz

Monolithic CMOS

16 x 12 Color Palette
RAMDAC™

Product Description

The Bt454 is a triple 4-bit vidleo RAMDAC,
designed specifically for high performance,
high resolution color graphics. The
architecture enables the display of 1600 x
1200 bit mapped color graphics (up to 4 bits
per pixel plus one bit of overlay
information), minimizing the use of costly
ECL interfacing, as most of the high speed
(pixel clock) logic is contained on chip. The
multiple pixel ports and internal
multiplexing enables TTL compatible
interfacing (up to 42.5 MHz) to the frame
buffer, while maintaining the 170 MHz video
data rates required for sophisticated color
graphics.

The Bt454 supports up to 17 simultaneous
colors from a 4096 color palette. On chip
features include a temperature compensated
precision voltage reference, divide by four of
the clock for load generation, color overlay
capability, and a dual-port color palette
RAM.

The Bt454 generates RS-343A compatible
red, green, and blue video signals, and is
capable of driving doubly-terminated
75-ohm coax directly, without requiring
external buffering. Both the differential and
integral linearity errors of the D/A
converters are guaranteed to be a maximum of
+ 1/4 LSB over the full temperature range.
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Circuit Description

MPU Interface

As illustrated in the functional block diagram, the
Bt454 supports a standard MPU bus interface,
allowing the MPU direct access to the internal control
registers and color/overlay palettes. The dual-port
color palette RAM and overlay register allow color
updating without contention with the display refresh
process.

As shown in Table 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.

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). ADDRO - 3 are not used.

To keep track of the red, green, and blue read/write
cycles, the address register has two additional bits
(ADDRa, 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 four bits of the
address register (ADDRO - 3) are accessible to the
MPU, and are used to address the color palette RAM
locations.

When reading or writing the color values, the RAM or
overlay register is accessed each time a 4-bit color
value is read or written.

Although the color palette RAM and overlay register
are dual-ported, if the pixel and overlay data is
addressing the same palette entry being written to by
the MPU, it is possible for one or more of the pixels
on the display screen to be disturbed.

Figure 1 illustrates the MPU read/write timing when
accessing the device.
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Circuit Description (continued)

Value C1 Cco CE* | R'W Addressed by MPU
ADDRa, b (counts modulo 3) 00 1 red value
01 1 green value
10 1 blue value
ADDRO - 3 (counts binary) $x 0 0 0 0 write to address register
$0 - $F 0 1 0 0 write to color palette RAM
$x 1 0 0 0 DO - D3 ignored, 0 --> ADDRa, b
$x 1 1 0 0 write to overlay register
$x 0 0 0 1 read address register
30 - $F 0 1 0 1 read color palette RAM
$x 1 0 0 1 0-->D0-D3,0-->ADDRa, b
$x 1 1 (] 1 read overlay register
$x X x 1 X 3-state DO - D3

Table 1. Address Register (ADDR) Operation.

R/W, Co, C1 X VALID ><
« TN /

DO- D3 (READ) DATA OUT R/W =1) N

DO - D3 (WRITE) X DATAIN (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 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
DRAMs of the frame buffer.

The overlay inputs may have pixel timing,
facilitating the use of an additional bit plane in the
frame buffer to control overlay selection on a pixel
basis, or they may be controlled by external character
or cursor generation logic.

The Bt454 generates the LDOUT signal internally by
dividing the clock by four. LDOUT is the setup and
hold time reference for the pixel, overlay, sync, and
blank inputs. It is recommended that LDOUT be
buffered to clock the shift registers of the video
DRAMEs.

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 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.

= SN S

P0-P3{A-D},

OL {A-D}, X DATA x
SYNC*, BLANK*

IOR, 10G, I0B

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

Video Generation

Each clock cycle, four bits of color information (PO -
P3) and one bit of overlay information (OL) for each
pixel are used to determine whether a color palette
entry in the RAM or whether the overlay register is to
provide color information. Note that PO is the LSB
when addressing the color palette RAM. Table 2
illustrates the truth table used for color selection.

Every clock cycle, the selected 12 bits of color
information (4 bits each of red, green, and blue) are
presented to the three 4-bit D/A converters.

The SYNC* and BLANK* inputs, pipelined to
maintain synchronization with the pixel data, add
appropriately weighted currents to the analog outputs,
producing the specific output levels required for video
applications, as illustrated in Figure 3.

The varying output current from each of the D/A
converters produces a corresponding voltage level,
which is used to drive the color CRT monitor. Note
that only the green output (IOG) contains sync
information. Table 3 details how the SYNC* and
BLANK?* inputs modify the output levels.

The D/A converters on the Bt454 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-ohm load, such as a doubly-terminated 75-ohm
coaxial cable, when soldered directly to a PC board.
When the device is socketed, it is recommended that
only a singly-terminated 75-ohm load be used (unless
air flow or heat sinking are available). Note that
when driving a singly-terminated 75-ohm load, the
RSET value must be adjusted.

Addressed by frame buffer

color palette entry $0
color palette entry $1

color palette entry $F

overlay color

(o B PO-P3
0 $0
0 $1
0 SF
1 $x
Table 2.

Palette and Overlay Select Truth Table.
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Circuit Description (continued)

19.05

144

0714 | 2667 | 1.000

0054 | 9.05 0340

0000 | 762 | 0286

000 | 0.000

WHITE LEVEL
925 IRE

BLACK LEVEL
75 RE

BLANK LEVEL
401RB

SYNC LEVEL

Note: 75-ohm doubly-terminated load, RSET = 523 ohms. RS-343A levels and tolerances assumed on

all levels.
Figure 3. Composite Video Output Waveforms.
Description 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 + 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 ohms.

Table 3.

Video Output Truth Table.
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Pin Descriptions

Pin Name

BLANK*

SYNC*

OL {A-D}

IOR, I0G, IOB

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 IOG 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 generated by dividing the
clock by four.

Pixel select inputs (TTL compatible). These inputs are used to specify, on a pixel basis, which
one of the 16 entries in the color palette RAM is to be used to provide color information. Four
consecutive pixels (up to four bits per pixel) are input through this port. They are latched on the
rising edge of LDOUT. PO is the LSB. Unused inputs should be connected to 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, 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-ohm coaxial cable (Figure 4). All outputs, whether used
or not, should have the same output load.
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 (ohms) = 13,948 / IOG (mA)
The full scale output current on IOR and IOB for a given RSET is:

IOR, IOB (mA) = 9,963 / RSET (ohms)
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Pin Descriptions (continued)

Pin Name

COMP

CLOCK*

CE*

Co, C1

DO-D3

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.

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured
for single supply (+5 volt) operation. The clock rate is typically the pixel clock rate of the
system.

Chip enable control input (TTL compatible). This input must be a logical zero to enable data to
be written to or read from the device. During write operations, data is internally latched on the
rising edge of CE* (Figure 1). Care should be taken to avoid glitches on this edge triggered
input.

Read/write control input (TTL compatible). To write data to the device, both CE* and R/W must
be a logical zero. To read data from the device, CE* must be a logical zero and R/W must be a
logical one. R/W is latched on the falling edge of CE*. See Figure 1.

Command control inputs (TTL compatibie). 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 four bit
bidirectional data bus. DO is the least significant bit.
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PC Board Layout Considerations

PC Board Considerations

It is recommended that a four layer PC board be used
with the Bt454. The layout should be optimized for
lowest noise on the Bt454 power and ground lines by
shielding the digital inputs and providing good
decoupling. The lead length between groups of VAA
and GND pins should be minimized so as to minimize
inductive ringing.

Ground Planes

The ground plane area should encompass all Bt454
ground pins, power supply bypass circuitry for the
Bt454, the analog output traces, any output
amplifiers, and all the digital signal traces leading up
to the Bt454.

Power Planes

The Bt454 and any associated analog circuitry should
have its own power plane, referred to as the analog
power plane. This power plane should be connected to
the regular PCB power plane (VCC) at a single point
through a ferrite bead, as illustrated in Figure 4. This
bead should be located within three inches of the
Bt454.

The regular PCB power plane should provide power to
all digital logic on the PC board, and the analog
power plane should provide power to all Bt454 power
pins and any output amplifiers.

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

Supply Decoupling
The bypass capacitors should be installed using the

shortest leads possible, consistent with reliable
operation, to reduce the lead inductance.

For the best performance, a 0.1 pUF ceramic capacitor
in parallel with a 0.01 puF chip capacitor should be
used to decouple each of the two groups of VAA pins
(pins 35, 36; 9) to GND. These capacitors should be
placed as close as possible to the device. If chip
capacitors are not feasible, radial lead ceramic
capacitors may be used.

It is important to note that while the Bt454 contains
circuitry to reject power supply noise, this rejection
decreases with frequency. If a switching power supply
is used, the designer should pay close attention to
reducing power supply noise and consider using a
three terminal voltage regulator for supplying power
to the analog power plane.

Digital Signal Interconnect

The digital inputs to the Bt454 should be isolated as
much as possible from the analog outputs and other
analog circuitry. Also, these input signals should not
overlay the analog power plane.

Due to the high clock rates involved, long clock lines
to the Bt454 should be avoided to reduce noise
pickup.

Any active termination resistors for the digital inputs
should be connected to the regular PCB power plane
(VCC), and not the analog power plane.

Analog Signal Interconnect

The Bt454 should be located as close as possible to
the output connectors to minimize noise pickup and
reflections due to impedance mismatch.

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

For maximum performance, the analog outputs should
each have a 75-ohm load resistor connected to GND.
The connection between the current output and GND
should be as close as possible to the Bt454 to
minimize reflections.
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PC Board Layout Considerations (continued)

comp
L
ANALOG POWER PLANE
VAA
c2-cs L1
nm +5V.(VCO)
=t o = a
Btds4 T ]
GND = GROUND
”
RSET
Rl |R2 |R3
FS ADJUST
R
IR
ViDEO
10G CONNECTOR
10B
Location Description Vendor Part Number
C1, C7 10 uF tantalum capacitor Mallory CSR13G106KM
C2,C3,C6,C8 0.1 UF ceramic capacitor Erie RPE110Z5U104M50V
C4,C5 0.01 pF ceramic chip capacitor Johanson Dielectrics X7R500841W103KP
L1 ferrite bead Fair-Rite 2743001111
R1, R2, R3 75-ohm 1% metal film resistor Dale CMF-55C
RSET 523-ohm 1% metal film resistor Dale CME-55C

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar
characteristics will not affect the performance of the Bt454.

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

LDOUT Termination

To reduce reflections on the LDOUT signal, it should
be terminated at the point furthest from the Bt454. A
330-ohm resistor to VCC and a 470-ohm resistor to
GND should work in most cases.

TTL Clock Interfacing

Figure 5 illustrates interfacing the Bt454 to a TTL
clock. The MC10H116 is operated from a single +5v
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-ohm resistor to VCC and
330-ohm resistor to GND), located as close as
possible to the Bt454.

ECL Clock Generation

Due to the high clock rates at which the Bt454 may
operate, it is designed to accept differential clock
signals (CLOCK and CLOCK*). These clock inputs are
designed to be generated by ECL logic operating at +5
volts. Note that the CLOCK and CLOCK* inputs
require termination resistors (220-ohm resistor to
VCC and 330-ohm resistor to GND), located as close
as possible to the Bt454.

The CLOCK and CLOCK* inputs must be differential
signals due to the noise margins of the CMOS
process. The Bt454 will not function using a
single-ended CLOCK with CLOCK* connected to
ground.

A 10K or 10KH ECL crystal oscillator that generates
differential outputs, operating between +5v and
ground, may be interfaced directly to the B454, as
shown in Figure 6. If the crystal oscillator generates
only a single-ended output, a 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 volt
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

+5V
180
TTL BUFFER 270
TIL
CLOCK
820
Figure 5.

N CLOCK*
r‘d/Pcch
VB!

B
(PIN 11)

Interfacing the Bt454 to a TTL Clock.
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Application Information (continued)

+5V

i®

+5V 5V
14 220 %
MONITOR CLOCK
PRODUCTS 130
970E +5V
Bt454
7 220
CLOCK*

Figure 6.

MONITOR
PRODUCTS
970E

330

+5V +5V

Interfacing to a Differential ECL Oscillator.

Figure 7.

330
+5V

20 % |1.16
33"% ) I’g 10H116 I 220
330
VBB

(PIN 11)

:
T

CLOCK

Bt454

CLOCK*

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 Digital 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 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 are not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.
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D.C. Characteristics

Parameter Symbol Min Typ Max Units
Resolution (each DAC) 4 4 4 Bits
Accuracy (each DAC)
Integral Linearity Error IL +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 VH 2.0 VAA +0.5 Volts
Input Low Voltage VIL GND -0.5 0.8 Volts
Input High Current (Vin = 2.4v) IH 1 HA
Input Low Current (Vin = 0.4v) L -1 HA
Input Capacitance CIN 10 pF
(f=1MHz, Vin = 2.4v)
Clock Inputs (CLOCK, CLOCK*)
Input High Voltage VKH VAA-10 VAA+05 Volts
Input Low Voltage VKIL GND - 0.5 VAA-1.6 Volts
Input High Current (Vin = 4.2v) IKIH 1 HA
Input Low Current (Vin = 3.2v) IKIL -1 HA
Input Capacitance CKIN 10 pF
(f=1MHz, Vin = 4.2v)
Digital Outputs
Output High Voltage VOH
DO - D3 (IOH = -400 pA) 2.4 Volts
LDOUT (IOH =-12 mA) 2.4 Volts
Output Low Voltage VoL
DO - D3 (IOL =3.2 mA) 0.4 Volts
LDOUT (IOL = 24 mA) 0.5 Volts
3-state Current (DO - D3) 10z 10 HA
Output Capacitance CDhOouT 10 pF

See test conditions on next page.
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D.C. Characteristics (continued)

Parameter Symbol Min Typ Max Units
Analog Outputs
Output Current
‘White Level Relative to Blank 16.81 19.05 21.30 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 pA
Blank Level on IOG 6.29 7.62 8.96 mA
Sync Level on IOG 0 5 50 [17:%
LSB Size 1.175 mA
DAC to DAC Matching 5 %
Output Compliance voC - 1.0 +14 Volts
Output Impedance RAOUT 50 K ohms
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 ohms.
As the above parameters are guaranteed over the full temperature range, temperature coefficients are not specified
or required.
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A.C. Characteristics

170 MHz Devices 110 MHz Devices
Parameter Symbol | Min Typ Max Min Typ Max Units

Clock Rate Fmax 170 110 MHz
R/W, CO, 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 10 10 ns
CE* Asserted to Data Valid 6 75 75 ns
CE* Negated to Data Bus

3-Stated 7 15 15 ns
Write Data Setup Time 8 35 35 ns
Write Data Hold Time 9 10 10 ns
LDOUT Pulse Width High 10 9 13 ns
LDOUT Pulse Width Low 11 9 13 ns
Clock to LDOUT 12 4 7.5 14.3 4 7.5 14.3 ns
Pixel and Control Setup Time 13 0 0 ns
Pixel and Control Hold Time 14 3 5 ns
Clock Cycle Time 15 5.88 9 ns
Clock Pulse Width High 16 2 3.6 ns
Clock Pulse Width Low 17 2 3.6 ns
Analog Output Delay 18 20 20 ns
Analog Output Rise/Fall Time 19 2 2 ns
Analog Output Settling Time* 20 6 9 ns
Clock and Data Feedthrough* 70 70 pV -sec
Glitch Impulse* 50 50 pV -sec
Analog Output Skew 0 2 0 2 ns
Pipeline Delay 6 6 6 6 6 6 Clocks
VAA Supply Current** 1AA 200 120 200 mA

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 523 ohms. TTL input
values are 0 to 3 volts, with input rise/fall times < 3 ns, measured between the 10% and 90% points. ECL input values are
3.2 to 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, DO - D3 output load < 40 pF. See timing notes in Figure 9. As
the above parameters are guaranteed over the full temperature range, temperature coefficients are not specified or required.

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test,
the TTL digital inputs have a lk-ohm resistor to 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. TAA (max) at VAA=5.25v, TA=0°C.
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Timing Waveforms

R/W, Co, C1

CE*

DO - D3 (READ)

DO - D3 (WRITE)

DATA OUT (R/W = 1)

% DATA IN (R/W =0)
8

| 9

Figure 8. MPU Read/Write Timing.

2 U o N e N/ N

PO-P3 {A-D},
OL (A-D},
SYNC*, BLANK*

IOR, 10G, I0B

Note 1:

Note 2:

Note 3:

b— 14 18 20
12 —oI 19
15
16
CLOCK 4
fe—17

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

Output settling time measured from 50% point of full scale transition to output settling
within + 1/4 LSB.

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

Figure 9. Video Input/Output Timing.
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Ordering Information

Ambient
Model Number Speed Package Temperature
Range
Bt454KP] 110 MHz 44-pin Plastic 0° to +70° C.
J-Lead
Bt454KPJ170 170 MHz 44-pin Plastic 0°to +70° C.
J-Lead
Device Circuit Data
= -
12v +
REFERENCR AN N
500 TODACS
FS ADJUST +
., I}{o\’ * e IFEEDBACK
x oD

Figure 10. Equivalent Circuit of the Reference Amplifier.

Bt454

VAA

SYNC*
(I0OG ONLY)

BLANK*

o
& | L ]_
_l_-mPF

C(stray + load)

Figure 11. Equivalent Circuit of the Current Output (I10G).



Preliminary Information

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

initial devices.

Distinguishing Features

135, 110, 80 MHz Operation

1:1, 4:1, or 5:1 Multiplexed Pixel Ports
256 x 24 Color Palette RAM

16 x 24 Overlay Color Palette

1x to 16x Integer Zoom Support

1, 2, 4, or 8 Bits per Pixel

Frame Buffer Interleave Support

Pixel Panning Support

On-Chip User-Definable 64 x 64 Cursor
RS-343A Compatible Outputs
Programmable Setup (0 or 7.5 IRE)

« X-windows Support for Overlays/Cursor
« Standard MPU Interface

» 132-pin PGA Package

Functional Block Diagram

Applications

» High Resolution Color Graphics
e CAE/CAD/CAM Applications

« Image Processing

¢ Video Reconstruction

Related Products

« Bt438, Bt439
« Bt460, Bt461, Bt468

CLOCK* CLOCK VAA  GND FS ADJUST VREF
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‘CONTROL CONTROL CONTROL
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Brooktree Corporation
9950 Barnes Canyon Rd.
San Diego, CA 92121
(619) 452-7580

(800) VIDEO IC

TLX: 383 596

FAX: (619) 452-1249
1459001 Rev. F

Bt459

135 MHz

Monolithic CMOS

256 x 24 Color Palette
RAMDAC™

Product Description

The Bt459 triple 8-bit RAMDAC is designed
specifically for high performance, high
resolution color graphics. The multiple
pixel ports and internal multiplexing
enables TTL compatible interfacing to the
frame buffer, while maintaining the 135 MHz
video data rates required for sophisticated
color graphics.

On chip features include a 256 x 24 color
palette RAM, 16 x 24 overlay color palette
RAM, programmable 1:1, 4:1, or 5:1 input
multiplexing of the pixel and overlay ports,
bit plane masking and blinking,
programmable setup (0 or 7.5 IRE), pixel
panning support, and 1x to 16x integer
zoom support.

Pixel data may be input as 1, 2, 4, or 8 bits
per pixel. Overlay and cursor information
may optionally be enabled on a
pixel-by-pixel basis for X-windows support.

The Bt459 has an on-chip three-color 64 x
64 pixel cursor and a three-color full screen
(or full window) cross hair cursor.

The PLL current output enables the
synchronization of multiple devices with
sub-pixel resolution.

The Bt459 generates RS-343A compatible
red, green, and blue video signals, and is
capable of driving doubly-terminated
75-ohm coax directly, without requiring
external buffering. The differential and
integral linearity errors of the D/A
converters are guaranteed to be a maximum of
+ 1 LSB over the full temperature range.

Brooktree®
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Circuit Description

MPU Interface

As illustrated in the functional block diagram, the
Bt459 supports a standard MPU bus interface,
allowing the MPU direct access to the internal control
registers and color palettes. The dual-port color
palette RAMs and dual-port overlay RAM allow color
updating without contention with the display refresh
process.

As illustrated in Table 1, the CO and C1 control
inputs, in conjunction with the internal address
register, specify which control register or color
palette location will be accessed by the MPU. The
16-bit address register eliminates the requirement for
external address multiplexers. ADDRO is the least
significant bit.

To write color data, the MPU loads the address register
with the address of the primary color palette RAM,
overlay RAM, or cursor color register location to be
modified. The MPU performs three successive write
cycles (8 bits each of red, green, and blue), using CO
and C1 to select either the primary color palette RAM,
overlay RAM, or cursor color registers. After the blue
write cycle, the address register then increments to the
next location which the MPU may modify by simply
writing another sequence of red, green, and blue data.
Reading color data is similar to writing, except the
MPU executes read cycles.

When accessing the color palette RAM, overlay
RAM, or cursor color registers, the address register
increments after each blue read or write cycle. To keep
track of the red, green, and blue read/write cycles, the
address register have two additional bits (ADDRa,
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 12 bits of the address register (ADDRO - 11)
are accessible to the MPU. ADDR12 - ADDR15 are
always a logical zero. ADDRO and ADDRS correspond
to DO.

The only time the address register resets to $0000 is
after accessing location $OFFF (due to wraparound).

ADDRO - 15 C1, Co Addressed by MPU
$xxxx 00 address register (ADDRO - 7)
$xxxx 01 address register (ADDRS - 15)

$0000 - $OOFF 10 reserved
$0100 10 overlay color 0*

: 10 :
$010F 10 overlay color 15%
$0181 10 cursor color register 1*

: : cursor color register 2*
$0183 10 cursor color register 3*
$0200 10 ID register ($4A)
$0201 10 command register 0
$0202 10 command register 1
$0203 10 command register 2
$0204 10 pixel read mask register
$0205 10 reserved ($00)
$0206 10 pixel blink mask register
$0207 10 reserved ($00)
$0208 10 overlay read mask register
$0209 10 overlay blink mask register
$020A 10 interleave register
$020B 10 test register
$020C 10 red signature register
$020D 10 green signature register
$020E 10 blue signature register
$0300 10 cursor command register
$0301 10 cursor (x) low register
$0302 10 cursor (x) high register
$0303 10 cursor (y) low register
$0304 10 cursor (y) high register
$0305 10 window (x) low
$0306 10 window (x) high
$0307 10 window (y) low
$0308 10 window (y) high
$0309 10 window width low register
$030A 10 window width high register
$030B 10 window height low register
$030C 10 window height high register

$0400 - $O7FF 10 cursor RAM
$0000 - $OOFF 11 color palette RAM*

*Indicates requires three read/write cycles -- RGB.

Table 1.

Address Register (ADDR) Operation.
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Circuit Description (continued)

Although the color palette RAM, overlay RAM, and
cursor color registers are dual-ported, if the pixel and
overlay data is addressing the same palette entry
being written to by the MPU during the write cycle, it
is possible for one or more of the pixels on the
display screen to be disturbed. A maximum of one
pixel is disturbed if the write data from the MPU is
valid during the entire chip enable time.

Accessing the control registers and cursor RAM is
also done through the address register in conjunction
with the CO and C1 inputs, as shown in Table 1. All
control registers may be written to or read by the MPU
at any time. When accessing the control registers and
cursor RAM, the address register increments
following a read or write cycle.

Note that if an invalid address is loaded into the
address register, data written to the device will be
ignored and invalid data will be read by the MPU.

Figure 1 illustrates the MPU read/write timing of the
Bt459.

was X X

e T\

/

DO - D7 (READ) <

DATA OUT R/W =1) N

DO - D7 (WRITE) X

DATAIN 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 TTL data rates, the Bt459 incorporates
internal latches and multiplexers. As illustrated in
Figure 2, on the rising edge of LD*, sync and blank
information, color, and overlay information, for
either one, four, or five consecutive pixels, are
latched into the device. Note that with this
configuration, the sync and blank timing will be
recognized only with one, four, or five pixel
resolution. Typically, the LD* signal is used to clock
external circuitry to generate the basic video timing
and to clock the video DRAMs.

For 4:1 or 5:1 input multiplexing, the Bt459 outputs
color information each clock cycle based on the {A}
inputs, followed by the {B} inputs, etc., until all four
or five pixels have been output, at which point the
cycle repeats. In the 1:1 input multiplexing mode,
the (B}, {C}, (D}, and {E} inputs are ignored.

The overlay inputs may have pixel timing,
facilitating the use of additional bit planes in the

frame buffer to control overlay selection on a pixel
basis, or they may be controlled by external circuitry.

LD*

PO-P7 (A-E), OLE (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
three, clock cycles. This LOAD signal transfers the
latched pixel and overlay data into a second set of
latches, which are then internally multiplexed at the
pixel clock rate.

If 4:1 multiplexing is specified, only one rising edge
of LD* should occur every four clock cycles. If 5:1
multiplexing is specified, only one rising edge of
LD* should occur every five clock cycles. Otherwise,
the internal LOAD generation circuitry assumes it is
not locked onto the LD* signal, and will continuously
attempt to resynchronize itself to LD*.

OL0-OL3 {A-E}, DATA
o, X X X X
IOR, I0G, I0B, PLL i ’
CLOCK
Figure 2. Video Input/Output Timing.
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If 1:1 multiplexing is specified, LD* is also used for
clocking the Bt459 (at a maximum of 66 MHz). The
rising edge of LD* still latches the PO - P7 {A}, OLO -
OL3 (A}, OLE {A}, SYNC*, and BLANK* inputs.
However, analog information is output following the
rising edge of LD* rather than CLOCK. Note that
CLOCK must still run, but is ignored.

Read and Blink Masking

Each clock cycle, 8 bits of color information (PO - P7)
and four bits of overlay information (OLO - OL3) for
each pixel are processed by the read mask, blink
mask, and command registers. Through the use of the
control registers, individual pixel and overlay inputs
may be enabled or disabled for display, and/or blinked
at one of four blink rates and duty cycles.

To ensure that a color change due to blinking does not
occur during the active display time (i.e. in the middle
of the screen), the Bt459 monitors the BLANK* input
to determine vertical retrace intervals.

The processed pixel data is then used to select which
color palette entry or overlay register is to provide
color information. Note that PO is the LSB when
addressing the color palette RAMs, and OLO is the
LSB when addressing the overlay palette RAM. Table
4 illustrates the truth table used for color selection.

Pixel Panning

To support pixel panning, command registerl
specifies by how many clock cycles to pan. Only the
pixel inputs and underlays are panned, overlays are
not. Panning is done by delaying SYNC* and
BLANK?¥, an additional 1, 2, 3, or 4 clock cycles.

If O pixel panning is specified, pixel (A} is output
first, followed by pixel {B}, etc., until all four or five
pixels have been output, at which point the cycle
repeats (note that this assumes the interleave select is
pixel {A}).

If 1 pixel panning is specified, pixel (B} will be first,
followed by pixel {C}, etc. Pixel {A} will have been
processed during the last clock cycle of the blanking
interval, and will not be seen on the display screen.
At the end of the active display line, pixel {A} will be
output. Pixels {B}, {C}, {D}, and {E} will be output
during the blanking interval, and will not be seen on
the display screen.

The process is similar for panning by 2, 3, or 4
pixels.

Note that when a panning value other than 0 pixels is
specified, valid pixel data must be loaded into the
Bt459 during the first LD* cycle that BLANK* is a
logical zero.

In the 1:1 multiplex mode, 0 pixel panning should be
specified.

Note that the cursor position does not change relative
to the edge of the display screen during panning.

Bits per Pixels per Pixels per Pixels per Colors
Pixel LD* LD* LD* Displayed
(1:1 muxing) (4:1 muxing) (5:1 muxing)
1 8 32 40 1
2 4 16 20 4
4 2 8 10 16
8 1 4 5 256

Table 2. Block Mode Operation.
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Circuit Description (continued)

Pixel Zoom

The Bt459 supports 1x to 16x integer zoom through
the use of pixel replication. Only the PO - P7 inputs
are zoomed.

If 2x zooming is specified, the {A} pixel is output for
two clock cycles, followed by the {B} pixel for two
clock cycles, etc. 3x zooming is similar, except each
pixel is output for 3 clock cycles. For 1:1
multiplexing, only the {A} pixel is output.

Note that LD* must always be the pixel clock (1:1
multiplex mode) or 1/4 or 1/5 the CLOCK rate.
Regardless of the zoom factor, PO - P7 data is latched
every LD* cycle.

During 2x zoom, new PO - P7 data must be presented
every two LD* cycles. During 3x zoom, new PO - P7
data must be presented every three LD* cycles. The
pixel data must be held at the PO - P7 {A - E} inputs for
the appropriate number of LD* cycles until new PO -

P7 information is needed. OLO - OL3, OLE, SYNC*,
and BLANK* information are still latched every LD*
cycle.

Note that in the 1:1 multiplex mode, 1x zoom must be
specified. Also, while in the block mode (1, 2, or 4
bits pixel), 1x zoom must be specified.

Figure 3 illustrates the zoom timing.
Block Mode Operation

The Bt459 supports loading of pixel data at 1, 2, 4, or
8 bits per pixel. Only the PO - P7 inputs are affected.

Note that LD* must always be the pixel clock (1:1
multiplex mode) or 1/4 or 1/5 the CLOCK rate,
regardless of the block mode. Regardless of the block
mode, PO - P7 data is latched every LD* cycle.

1 Bit per Pixel 2 Bits per Pixel 4 Bits per Pixel 8 Bits per Pixel
(RA1-RA7=0) (RA2-RA7=0) (RA4-RA7=0) RA7-RAO=
RAO= RA1,RAO0 = RA3 -RAO=
P7A P7A,P6A P7A, P6A, P5A, P4A P7A, P6A, PSA, P4A, P3A, P2A, P1A, POA
P6A P5A, P4A P3A, P2A, P1A, POA P7B, P6B, P5B, P4B, P3B, P2B, P1B, POB (4:1)
. P3A,P2A P7B, P6B, P5B, P4B (4:1) P7C, P6C, P5C, PAC, P3C, P2C, P1C, POC (4:1)
POA P1A, POA P3B, P2B, P1B, P0B (4:1) P7D, P6D, P5D, P4D, P3D, P2D, P1D, POD (4:1)
P7B (4:1) P7B, P6B (4:1) P7C, P6C, PSC, PAC (4:1) P7E, P6E, PSE, P4E, P3E, P2E, P1E, POE (5:1)
P6B (4:1) P5B, P4B (4:1) P3C, P2C, P1C, POC (4:1)
. P3B, P2B (4:1) P7D, P6D, P5D, P4D (4:1)
POB (4:1) P1B, POB (4:1) P3D, P2D, P1D, POD (4:1)
P7C (4:1) P7C, P6C (4:1) P7E, P6E, PSE, P4E (5:1)
P6C (4:1) P5C, P4AC (4:1) P3E, P2E, P1E, POE (5:1)
. P3C, P2C (4:1)
POC (4:1) P1C, POC (4:1)
P7D (4:1) P7D, P6D (4:1)
P6D (4:1) P5D, P4D (4:1)
. P3D, P2D (4:1)
POD (4:1) P1D, POD (4:1)
P7E (5:1) P7E, P6E (5:1)
P6E (5:1) PSE, P4E (5:1)
. P3E, P2E (5:1)
POE (5:1) P1E, POE (5:1)

Note: Each line represents one pixel clock cycle. A column represents one LD* cycle loading new PO - P7 data. All entries
with "4:1" descriptor are also valid for 5:1 mode.

Table 3.

Block Mode Operation (RA = Color Palette RAM Address).
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For 8 bits per pixel, new PO - P7 information must be
presented every LD* cycle. For 4 bits per pixel, new
PO - P7 information must be presented every two LD*
cycles. For 2 bits per pixel, new PO - P7 information
must be presented every four LD* cycles. For 1 bit per
pixel, new PO - P7 information must be presented
every eight LD* cycles.

The pixel data must be held at the PO - P7 inputs for
the appropriate number of LD* cycles until new PO -
P7 information is needed. OLO - OL3, OLE, SYNC*,
and BLANK* information are still latched every LD*
cycle.

Tables 2 and 3 show the block mode operation, and
the addressing of the color palette RAM.

Figure 4 illustrates the block mode timing (4 bits per
pixel).

Note that in the 1:1 multiplex mode, 8 bits per pixel
must be specified. Also, for block modes other than 8
bits per pixel, a 0 pixel interleave must be selected.

OLO- OL3 (A-E},
SYNC*, BLANK®, X
OLE (A-E}

X X

PO-P7{A-E} X

X

D D = OUTPUT SEQUENCE

Figure 3. Zoom Input Timing.
(8 Bits per Pixel, 2x Zoom, 4:1 Multiplexing)

- TN

OLO0-OL3 {A -E},
SYNC®, BLANK*, X X
OLE {A-E}

X X

X

PO-P7 {A-E} X
UA LA UB LB UC ILC UD LD =OUTPUTSEQUENCE

BLANK* /
UA =P4-P7 {A}; LA=P0-P3 (A}

UB =P4- P7 {B); LB =P0-P3 {B}
UC=P4-P7 {C}; LC=PO-P3 (C}
UD =P4-P7 {D}; LD =P0 - P3 (D}

Figure 4. Block Mode Input Timing.
(4 Bits per Pixel, 1x Zoom, 4:1 Multiplexing)
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On-Chip Cursor Operation

The Bt459 has an on-chip three-color 64 x 64 pixel
user-definable cursor. The cursor operates only with a
noninterlaced video system.

The pattern for the cursor is provided by the cursor
RAM, which may be accessed by the MPU at any time.
Cursor positioning is done via the cursor (x,y)
register. Note that the Bt459 expects (x) to increase
going right, and (y) to increase going down, as seen
on the display screen. The cursor (x) position is
relative to the first rising edge of LD* following the
falling edge of SYNC*. The cursor (y) position is
relative to the second sync pulse during vertical
blanking.

Three Color 64 x 64 Cursor

The 64 x 64 x 2 cursor RAM provides two bits of
cursor information every clock cycle during the 64 x
64 cursor window, selecting the appropriate cursor
color register as follows:

planel plane0 cursor color
0 0 cursor not displayed
0 1 cursor color register 1
1 0 cursor color register 2
1 1 cursor color register 3

SYNC* ——  ——
fp— X ———=

(0,0) enables the color palette RAM and overlay RAM
to be selected as normal. Each "plane" of cursor
information may also be independently enabled or
disabled for display via the cursor command register
(bits CR47 and CR46).

The cursor pattern and color may be changed by
changing the contents of the cursor RAM.

The cursor is centered about the value specified by the
cursor (x,y) register. Thus, the cursor (x) register
specifies the location of the 31st column of the 64 x
64 array (assuming the columns start with 0 for the
left-most pixel and increment to 63). Similarly, the
cursor (y) register specifies the location of the 31st
row of the 64 x 64 array (assuming the rows start with
0 for the top-most pixel and increment to 63).

*ONASA
TVNIELNT

Inn]

]

CURSOR(X,Y) ___ ]
REGISTER
64x64 /

DISPLAY
CURSOR SCREEN
AREA

Figure 5. Cursor Positioning.
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Cross Hair Cursor

Cursor positioning for the three-color cross hair
cursor is also done through the cursor (x,y) register.
The intersection of the cross hair cursor is specified
by the cursor (x,y) register. If the thickness of the
cross hair cursor is greater than one pixel, the center
of the intersection is the reference position.

During times that cross hair cursor information is to
be displayed, the cursor command register (bits CR45
and CR44) is used to specify the color of the cross
hair cursor.

CR45 CR44 cross hair color
0 0 cross hair not displayed
0 1 cursor color register 1
1 0 cursor color register 2
1 1 cursor color register 3

The cross hair cursor is limited to being displayed
within the cross hair window, which is specified by
the window (x,y), window width, and window height
registers. Since the cursor (x,y) register must specify
a point within the window boundaries, it is the
responsibility of the software to ensure
that the cursor (x,y) register does not
specify a point outside of the cross hair
cursor window.

If a full screen cross hair cursor is desired, the window
(x,y) registers should contain $0000 and the window
width and height registers should contain $OFFF.

Again, the cursor (x) position is relative to the first
rising edge of LD* following the falling edge of
SYNC*. The cursor (y) position is relative to the
second sync pulse during vertical blanking.

<
CROSS HARR % g
CURSOR *
/ ThF
............ 7. Y
/ i
\\
CROSS HAIR
WINDOW

Figure 6. Cross Hair Cursor Positioning
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Dual Cursor Positioning

Both the user-definable cursor and the cross hair
cursor may be enabled for display simultaneously,
enabling the generation of custom cross hair cursors.

As previously mentioned, the cursor (x,y) register
specifies the location of bit (31, 31) of the cursor
RAM. As the user-definable cursor contains an even
number of pixel in the horizontal and vertical
direction, there will be a one pixel offset from being
truly centered about the cross hair cursor.

Figure 7 illustrates displaying the dual cursors.

During the 64 x 64 pixel area in which the
user-definable cursor would be displayed, each plane
of the 64 x 64 cursor may be individually logically
ORed or exclusive-ORed with the cross hair cursor
information. Thus, the color of the displayed cursor
will be dependent on the cursor pattern, whether they
are logically ORed or XORed, and the individual cursor
display enable and blink enable bits.

Figure 8 shows the equivalent cursor generation
circuitry.

SWNCt ——_

f— X —

X-Windows Cursor Mode

In the X-windows mode, plane 1 of the cursor RAM is
a cursor display enable and plane0 of the cursor RAM
selects either cursor color 2 or 3. The operation is as
follows:

planel | plane0 Selection
0 0 no cursor
0 1 no cursor
1 0 cursor color 2
1 1 cursor color 3

Refer to Figure 12 as to the organization of the cursor

RAM while in the X-windows mode.
<
CROSS HAIR % g
CURSOR
Vi T

CURSOR(XY) ___ ]

REGISTER

/ DISPLAY
64x64 SCREEN

CURSOR
AREA \ CROSS HAIR
WINDOW
Figure 7. Dual Cursor Positioning.
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Overlay | Underlay Operation The priority of display operation is:
The overlay inputs (OLO - OL3 and OLE) may operate cursor

in three modes: normal overlays, X-windows overlays

overlays, or provide an underlay, as shown in Tables pixel data

4 and 5. underlays

Overlay and underlay information may be displayed
on a pixel basis. Note that overlays and underlay may
both be used. If using X-windows overlays, the
underlay is not available.

Cursorl, | CR30 | CR22 | OLE | CRO5 | OLO-OL3 | PO-P7 Addressed by frame buffer Overlay Mode
CursorQ

11 X x x b3 $x $xx cursor color 3

10 X x x X $x $xx cursor color 2

01 x x x b $x $xx cursor color 1

00 0 0 X x $F $xx overlay color 15 normal

00 0 0 X X $1 $xx overlay color 1

00 0 0 x 1 $0 $xx overlay color 0

00 0 0 X 0 $0 $00 RAM location $00

00 0 0 X 0 $0 $01 RAM location $01

00 0 0 x 0 $0 SFF RAM location $FF

00 x 1 1 x $F $xx overlay color 15 X-windows

00 x 1 1 x $1 $xx overlay color 1

00 X 1 1 x $0 $xx overlay color 0

00 b3 1 0 0 $x $00 RAM location $00

00 X 1 0 0 $x $01 RAM location $01

00 x 1 0 0 $x $FF RAM location $FF

00 1 0 x x $F $xx overlay color 15 underlay

00 1 0 x X $1 $xx overlay color 1

00 1 0 1 x $0 $00 overlay color 0 (underlay)

00 1 0 0 0 $x $00 RAM Ilocation $00

00 1 0 x 0 $x $01 RAM Ilocation $01

00 1 0 X 0 $nx SFF RAM location $FF

Note: Refer to Figure 8 for generation of Cursorl and Cursor0 control bits.

Table 4. Palette and Overlay Select Truth Table.
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In normal overlay mode, the overlay enable inputs,
OLE {A - E} are ignored, and typically only 15
overlays are available. Graphics information (PO -
P7) would be displayed only when no overlay
information is present (OLO - OL3 = 0000).

In the X-windows overlay mode, the overlay enable
inputs specify whether overlay information is present
(OLE = 1) or not (OLE = 0). If OLE = 1, overlay
information is displayed as determined by OLO - OL3.
If OLE = 0, the OLO - OL3 inputs are ignored and PO -
P7 pixel data is displayed.

In the underlay mode (CR30 = 1), if OLE = 0, pixel
data is displayed. If OLE = 1, the underlay is displayed
if PO - P7 = 0; if PO - P7 # 0, then pixel data is
displayed. Note that overlay color 0 is used for
underlay color information.

PO - P7 Pixel Inputs
1:1 Mux Block |Interleave | Panning | Zooming | Overlays | Underlay
Mode

Block Mode no - yes yes n/s n/a n/a
Interleave n/s yes - yes yes yes yes
Panning n/s yes yes - yes n/a yes
Zooming n/s n/s yes yes - n/a n/a
Overlays yes yes yes n/a n/a - yes
Underlay yes yes yes yes n/a yes -

Cursor n/a n/a n/a n/a n/a n/a n/a

n/s: functions not supported together.

n/a: functions operate together, but do not affect each other.

Table 5.

Features and Function

5-96
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Video Generation

Every clock cycle, the selected 24 bits of color
information are presented to the three 8-bit D/A
converters.

The SYNC* and BLANK* inputs, pipelined to
maintain synchronization with the pixel data, add
appropriately weighted currents to the analog outputs,
producing the specific output levels required for video
applications, as illustrated in Figures 9 and 10.
Command register2 specifies whether a 0 IRE or 7.5
IRE blanking pedestal is to be generated, and whether
or not sync information is to be encoded on the video
output. A 0 IRE pedestal will force the black level and
the blank level to be the same.

The varying output current from the D/A converters
produces a corresponding voltage level, which is used
to drive the CRT monitor. Tables 6 and 7 detail how
the SYNC* and BLANK* inputs modify the output
levels.

64X64X2

deﬁﬁ )
CRﬂ:

The D/A converters on the Bt459 use a segmented
architecture in which bit currents are routed to either
the current output or GND by a sophisticated decoding
scheme. This architecture eliminates the need for
precision component ratios and greatly reduces the
switching transients associated with turning current
sources on or off. Monotonicity and low glitch are
guaranteed by using identical current sources and
current steering their outputs. An on-chip operational
amplifier stabilizes the full scale output current
against temperature and power supply variations.

T 1

Figure 8. Cursor Control Circuitry.
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RED, BLUE GREEN

MA v MA v

19.05 | 0714 | 26.67 | 1.000 'WHITE LEVEL
925 IRE

144 | 0054 | 9.05 0340 BLACK LEVEL
751IRE

000 | 0000 | 762 | 0286 BLANK LEVEL
40IRE

0.00 | 0.000 SYNC LEVEL

Note: 75-ohm doubly-terminated load, RSET = 523 ohms, VREF = 1.235v. Blank pedestal = 7.5 IRE. RS-343A
levels and tolerances assumed on all levels.

Figure 9. Composite Video Output Waveform (SETUP = 7.5 IRE).

Description 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 ohms, VREF = 1.235v. Blank pedestal =
751RE.

Table 6. Video Output Truth Table (SETUP = 7.5 IRE).
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Circuit Description (continued)

RED, BLUE GREEN

MA v MA v
18.60 | 0698 | 26.67 | 1.000 'WHITE LEVEL
100 IRE
0.00 | 0000 | 8.05 0302 BLACK/BLANK LEVEL
43IRE
000 | 0.000 SYNC LEVEL

Note: 75-ohm doubly-terminated load, RSET = 495 ohms, VREF = 1.235v. Blank pedestal = 0 IRE. RS-343A levels
and tolerances assumed on all levels.

Figure 10. Composite Video Output Waveform (SETUP = 0 IRE).

Description 10G IOR, IOB SYNC* BLANK* DAC
(mA) (mA) Input Data

WHITE 26.67 18.60 1 1 $FF
DATA data + 8.05 data 1 1 data
DATA - SYNC data data 0 1 data
BLACK 8.05 0 1 1 $00
BLACK - SYNC 0 0 0 1 $00
BLANK 8.05 0 i 0 $xx
SYNC 0 0 0 0 $xx

Note: Typical with full scale IOG = 26.67 mA. RSET = 495 ohms, VREF = 1.235v. Blank pedestal =
0IRE.

Table 7. Video Output Truth Table (SETUP = 0 IRE).
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Internal Registers

Command Register0

This register may be written to or read by the MPU at any time and is not initialized. CROO corresponds to data bus

bit DO.

CR07, CRO6

CRO5

CRO4

CR03, CR02

CRO1, CR0OO

Multiplex select

(00) reserved

(01) 4:1 multiplexing
(10) 1:1 multiplexing
(11) 5:1 multiplexing

Overlay 0 enable

(0) use color palette RAM
(1) use overlay color 0

reserved (logical zero)

Blink rate selection

(00) 16 on, 48 off (25/75)
(01) 16 on, 16 off (50/50)
(10) 32 on, 32 off (50/50)
(11) 64 on, 64 off (50/50)

Block mode

(00) 8 bits per pixel
(01) 4 bits per pixel
(10) 2 bits per pixel
(11) 1 bit per pixel

These bits specify whether 1:1, 4:1, or 5:1
multiplexing is to be used for the pixel and overlay
inputs. If 4:1 is specified, the {E} pixel and overlay
inputs are ignored and should be connected to GND, and
the LD* input should be 1/4 the CLOCK rate. If 5:1 is
specified, all of the pixel and overlay inputs are used,
and the LD* input should be 1/5 the CLOCK rate. If 1:1
is specified, the {B}, {C}, {D}, and {E} inputs are
ignored.

Note that in the 1:1 multiplex mode, the maximum
clock rate is 66 MHz. LD* is used for the pixel clock.
Although CLOCK is ignored in the 1:1 mode, is must
remain running.

Note that it is possible to reset the pipeline delay of the
Bt459 to a fixed 8 clock cycles. In this instance, each
time the input multiplexing is changed, the Bt459 must
again be reset to a fixed pipeline delay.

When in the normal overlay mode, this bit specifies
whether to use the color palette RAM or overlay color 0
to provide color information when the overlay inputs
are $0. See Table 4.

These two bits specify the blink rate cycle time and duty
cycle, and are specified as the number of vertical retrace
intervals. The numbers in parentheses specify the duty
cycle (% on/off). The counters that determine the blink
rate are reset when command register0 is written to.

These bits specify whether the pixel data is input as 1,
2, 4, or 8 bits per pixel. Note that only the PO - P7
inputs are affected.
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Internal Registers (continued)

Command Registerl

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

CR17 - CR1S Pan select These bits specify the number of pixels to be panned.
These bits are typically modified only during the

(000) O pixels {pixel A} vertical retrace interval, and should be set to 000 in the
(001) 1 pixel {pixel B} 1:1 multiplex mode. The {pixel A} indicates pixel A
(010) 2 pixels {pixel C} will be output first following the blanking interval,
(011) 3 pixels {pixel D} {pixel B} indicates pixel B will be output first, etc.
(100) 4 pixels {pixel E}
(101) reserved Note that only pixel and underlay information is
(110) reserved panned. Overlay information is not panned.

(111) reserved
In the 1:1 multiplex mode, 0 pixels should be specified.

CR14 reserved (logical zero)
CR13 - CR10 Zoom factor These bits specify the amount of zooming to
implement. For 2x zoom, pixel {A} is output for two
(0000) 1x clock cycles, followed by pixel {B} for two clock
(0001) 2x cycles, etc. For 3x zoom, pixel {A} is output for three
: clock cycles, etc.
(1111) 16x

In the 1:1 multiplex mode, only the {A)} pixels are
output, and 1x zoom should be selected.

Note that only PO - P7 are zoomed.
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Command Register2

This register may be written to or read by the MPU at any time and is not initialized. CR20 corresponds to data bus

bit DO.

CR27 Sync enable
(0) disable sync
(1) enable sync
CR26 Pedestal enable
(0) O IRE pedestal
(1) 7.5 IRE pedestal

CR2S, CR24 Load palette RAM select

(00) normal
(01) red RAMDAC

(10) green RAMDAC
(11) blue RAMDAC

CR23 PLL select

(0) SYNC*

(1) BLANK*
CR22 X-windows overlay select

(0) normal overlays

(1) X-windows overlays
CR21 X-windows cursor select

(0) normal cursor

(1) X-windows cursor
CR20 Test mode select

(0) signature analysis test
(1) data strobe test

This bit specifies whether sync information is to be
output onto IOG (logical one) or not (logical zero).

This bit specifies whether a 0 or 7.5 IRE blanking
pedestal is to be generated on the video outputs. 0 IRE
specifies that the black and blank levels are the same.

If (00) is specified, color data is loaded into the Bt459
using three write cycles (red, green, and blue), and color
data is output using three read cycles (red, green, and
blue).

Modes (01), (10), and (11) enable the Bt459 to emulate
a single-channel RAMDAC using only the green
channel. The Bt459 expects color data be to input and
output using (red, green, blue) cycles. The exact value
indicates during which one of the three color cycles it is
to load or output color information. The value is loaded
into or read from the green color palette RAM.

This bit specifies whether the PLL output uses SYNC* or
BLANK* for generating PLL information.

This bit specifies whether the overlays are to operate
normally (logical zero) or in an X-window environment
(logical one).

This bit specifies whether the cursor is to operate
normally (logical zero) or in an X-window compatible
mode (logical one).

This bit determines the method of high-speed test used.
The signature analysis registers are used to hold the test
result for both test methods.
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Interleave Register

This register may be written to or read by the MPU at any time and is not initialized. CR30 corresponds to data bus
bit DO. The interleave register is for support of frame buffer systems configured for interleave operation.

CR37 - CR35 Interleave select These bits specify the order in which the pixels are to be
output, as shown in Table 8. The order is repeated every

(000) O pixels LD* cycle for a given scan line. Thus, if the output
(001) 1 pixel sequence is DABC, it is that sequence for all pixels on
(010) 2 pixels that scan line.
(011) 3 pixels
(100) 4 pixels The phrase "repeats every x" in table 8 means that the
(101) reserved output sequence repeats every x scan lines. Thus, for 4:1
(110) reserved multiplexing and a 1 pixel interleave select, ABCD
(111) reserved would be repeated every 4th scan line.

In the 1:1 input multiplex mode, a value of 0 pixels
(000) must be specified.

CR34 - CR32 First pixel select These bits are used to support panning in the Y direction
with an interleaved frame buffer. Due to the interleave

(000) pixel {A} capability, it is necessary to specify the value of the
(001) pixel {B} first pixel on the first scan line following a vertical
(010) pixel {C} retrace. The pixel {E} selection is only used in the 5:1
(011) pixel {D} multiplex mode.
(100) pixel {E}
(101) reserved These bits are ignored in the 1:1 multiplex mode.

(110) reserved
(111) reserved

CR31 Overlay interleave enable This bit specifies whether or not OLO - OL3 and OLE are
to be interleaving or not. If interleaving is enabled, the

(0) interleaving disabled interleave factor and first pixel selection are the same as

(1) interleave enabled for PO - P7. If interleaving is disabled, pixel {A} is

always output first and no interleaving occurs.

CR30 Underlay enable If command bit CR22 is a logical zero, this bit is used to
enable or disable the underlay from being displayed. If
(0) underlay disabled CR22 is a logical one, this bit is ignored.

(1) underlay enabled
If the underlay is enabled (and CR22 is a logical zero),
the OLE inputs function as follows: If OLE =0, PO - P7
data is displayed. If OLE = 1, the underlay is displayed if
PO - P7 = 0, if PO - P7 # O then normal pixel data is
displayed. The underlay uses overlay color 0 to provide
underlay color information.
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Interleave Register (continued)

5:1 multiplexing 4:1 multiplexing
interleave output scan line output scan line
select sequence number sequence number
0 ABCDE each line ABCD each line
1 ABCDE n ABCD n
BCDEA n+l BCDA n+1
CDEAB n+2 CDAB n+2
DEABC n+3 DABC n+3
EABCD n+4 (repeats every 4)
(repeats every 5)
2 ABCDE n ABCD n
CDEAB n+1 CDAB n+1
EABCD n+2 ABCD n+2
BCDEA n+3 CDAB n+3
DEABC n+4 (repeats every 2)
(repeats every 5)
3 ABCDE n ABCD n
DEABC n+1 DABC n+1
BCDEA n+2 CDAB n+2
EABCD n+3 BCDA n+3
CDEAB n+4 (repeats every 4)
(repeats every 5)
4 ABCDE n invalid invalid
EABCD n+l
DEABC n+2
CDEAB n+3
BCDEA n+4
(repeats every 5)

Table 8. Interleave Operation (First Pixel Select = Pixel A).
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Interleave Zoom Enable

If zooming while interleaving, the IZE* input pin If no zooming is done (1x zoom), the IZE* should
indicates when to change the interleave sequence. always be a logical zero or connected directly to GND.

For example, while interleaving with 3x zoom, the
IZE* pin should be a logical zero during the blanking
interval of every third scan line (as shown in Figure
11). IZE* may be asserted coincident with the falling
edge of BLANK*, but must must remain low at least 16
LD* cycles after the falling edge of BLANK*.

e~ vmmen [ [ LU

=

Figure 11. Interleave and Zoom Operation (3x Zoom Example).
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ID Register

This 8-bit register may be read by the MPU to determine the type of RAMDAC being used in the system. The value is
different for each RAMDAC. For the Bt459, the value read by the MPU will be $4A. Data written to this register is
ignored.

Pixel Read Mask Register

The 8-bit pixel read mask register is used to enable (logical one) or disable (logical zero) a bit plane from addressing
the color palette RAM. Each register bit is logically ANDed with the corresponding bit plane input. This register
may be written to or read by the MPU at any time and is not initialized. DO corresponds to PO.

Pixel Blink Mask Register

The 8-bit pixel blink mask register is used to enable (logical one) or disable (logical zero) a bit plane from blinking
at the blink rate and duty cycle specified by command registerQ. This register may be written to or read by the MPU at
any time and is not initialized. DO corresponds to PO.

Overlay Read Mask Register

The 8-bit overlay read mask register is used to enable (logical one) or disable (logical zero) an overlay plane from
addressing the overlay palette RAM. DO corresponds to overlay plane 0 (OLO {A - E}) and D3 corresponds to overlay
plane 3 (OL3 {A - E}). Bits DO - D3 are logically ANDed with the corresponding overlay plane input. D4 - D7 are

always a logical zero.

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

Overlay Blink Mask Register

The 8-bit overlay blink mask register is used to enable (logical one) or disable (logical zero) a overlay plane from
blinking at the blink rate and duty cycle specified by command register0. DO corresponds to overlay plane 0 (OLO {A
- E}) and D3 corresponds to overlay plane 3 (OL3 {A - E}). In order for a overlay plane to blink, the corresponding bit
in the overlay read mask register must be a logical one. D4 - D7 are always a logical zero.

This register may be written to or read by the MPU at any time and is not initialized.
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Red, Green, and Blue Signature Registers

Signature Operation

These three 8-bit signature registers may be read by the MPU while BLANK* is a logical zero. While BLANK* is a
logical one, the signatures are being acquired. The MPU may write to the signature registers while BLANK* is a
logical zero to load the seed value.

By loading a test display into the frame buffer, a given value for the red, green, and blue signatures registers will be
returned if all circuitry is working properly.
Data Strobe Operation

If command bit CR20 selects "data strobe testing”, the operation of the signature registers changes slightly. Rather
than determining the signature, they capture red, green, and blue data being presented to the three DACs.

Each LD* cycle, the three signature registers capture the color values being presented to the DACs. As only one of
the (A - E) pixels can be captured each LD* cycle, DO - D2 of the test register are used to specify which pixel (A - E) is
to be captured.
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Test Register

This 8-bit register is used for testing the Bt459. If 1:1 pixel multiplexing is specified, signature analysis is done on
every pixel; if 4:1 pixel multiplexing is specified, signature analysis is done on every fourth pixel; if 5:1 pixel
multiplexing is specified, signature analysis is done on every fifth pixel. DO - D2 are used for 4:1 and 5:1
multiplexing to specify whether to use the A, B, C, D, or E pixel inputs, as follows:

D2-DO0 Selection
000 pixel A
001 pixel B
010 pixel C
011 pixel D
100 pixel E
101 reserved
110 reserved
111 reserved

In 1:1 multiplexing mode, DO - D2 should select pixel A.

D3 - D7 are used to compare the analog RGB outputs to each other and to a 145 mV reference. This enables the MPU
to determine whether the CRT monitor is connected to the analog RGB outputs or not, and whether the DACs are
functional.

D7 D6 D5 D4 D3 b7, pe p Ql—ns
DS, D4

red green blue | 145mV ref. | result

select | select | select select N
CURSOR
D7-D4 IfD3=1 IfD3=0

0000 normal operation - -
1010 red DAC compared to blue DAC red > blue blue > red
1001 red DAC compared to 145 mV reference red > 145 mV red < 145 mV
0110 green DAC compared to blue DAC green > blue blue > green
0101 green DAC compared to 145 mV reference green > 145 mV green < 145 mV

The above table lists the valid comparison combinations. A logical one enables that function to be compared; the
result is D3. The comparison result is strobed into D3 on the left edge of the 64 x 64 cursor area. The output levels of
the DACs should be constant for 5 pis before the left edge of the cursor.

For normal operation, D3 - D7 must be a logical zero.
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Cursor Command Register

This command register is used to control various cursor functions of the Bt459. It is not initialized, and may be
written to or read by the MPU at any time. CR40 corresponds to data bus bit DO.

CR47 64 x 64 cursor planel display enable Specifies whether planel of the 64 x 64 cursor is to be
displayed (logical one) or not (logical zero).
(0) disable planel
(1) enable planel

CR46 64 x 64 cursor planeQ display enable Specifies whether plane0 of the 64 x 64 cursor is to be
displayed (logical one) or not (logical zero).
(0) disable plane0
(1) enable plane0

CR45 cross hair cursor planel display enable  Specifies whether planel of the cross hair cursor is to be
displayed (logical one) or not (logical zero).
(0) disable planel
(1) enable planel

CR44 cross hair cursor plane0 display enable  Specifies whether plane0 of the cross hair cursor is to be
displayed (logical one) or not (logical zero). Note that
(0) disable plane0 plane0 and planel contain the same information.

(1) enable plane0

CR43 Cursor format If both the 64 x 64 cursor and the cross hair cursor are
enabled for display, this bit specifies whether the

(0) XOR contents of the cursor RAM are to be logically

(1) OR exclusive-ORed (logical zero) or ORed (logical one)

with the cross hair cursor.

CR42, CR41 Cross hair thickness This bit specifies whether the vertical and horizontal
thickness of the cross hair is one, three, five, or seven
(00) 1 pixel pixels. The segments are centered about the value in the

(01) 3 pixels cursor (Xx,y) register.

(10) S pixels
(11) 7 pixels

CR40 Cursor blink enable This bit specifies whether the cursor is to blink (logical
one) or not (logical zero). If both cursors are displayed,
(0) blinking disabled both will blink. The blink rate and duty cycle are as

(1) blinking enabled specified by command register0.
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Internal Registers (continued)

Cursor (x,y) Registers

These registers are used to specify the (x,y) coordinate of the center of the 64 x 64 pixel cursor window, or the
intersection of the cross hair cursor. The cursor (x) register is made up of the cursor (x) low register (CXLR) and the
cursor (x) high register (CXHR); the cursor (y) register is made up of the cursor (y) low register (CYLR) and the cursor
(y) high register (CYHR). They are not initialized and may be written to or read by the MPU at any time. The cursor
position is not updated until the vertical retrace interval after CYHR has been written to by the MPU.

CXLR and CXHR are cascaded to form a 12-bit cursor (x) register. Similarly, CYLR and CYHR are cascaded to form a
12-bit cursor (y) register. Bits D4 - D7 of CXHR and CYHR are always a logical zero.

Cursor (x) High Cursor (x) Low |
(CXHR) (CXLR)

Data Bit D3 D2 DI D0 | D7 D6 DS D4 D3 D2 DI DO
X Address X1l X10 X9 X8 | X7 X6 X5 X4 X3 X2 X1 X0
Cursor (y) High Cursor (y) Low
(CYHR) (CYLR)

Data Bit D3 D2 DI D0 | DI D6 DS D4 D3 D2 DI DO
Y Address YII YO Y9 W|Y Y Y Y Y Y YI Yo

The cursor (x) value to be written is calculated as follows:
Cx = desired display screen (x) position + H - P
where
P =37 if 1:1 input multiplexing, 52 if 4:1 input multiplexing, 57 if 5:1 input multiplexing
H = number of pixels between the first rising edge of LD* following the falling edge of SYNC*

to active video.

Values from $0000 to $OFFF may be written into the cursor (x) register.

The cursor (y) value to be written is calculated as follows:
Cy = desired display screen (y) position + V - 32
where
V = number of scan lines from the second sync pulse during vertical blanking to active video.

Values from $OFCO (-64) to $OFBF (+4031) may be loaded into the cursor (y) register. The negative values (SOFCO to
$OFFF) are used in situations where V < 32, and the cursor must be moved off the top of the screen.
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Bt459

Window (x,y) Registers

These registers are used to specify the (x,y) coordinate of the upper left corner of the cross hair cursor window. The
window (x) register is made up of the window (x) low register (WXLR) and the window (x) high register (WXHR); the
window (y) register is made up of the window (y) low register (WYLR) and the window (y) high register (WYHR). They
are not initialized and may be written to or read by the MPU at any time. The window position is not updated until the
vertical retrace interval after WYHR has been written to by the MPU.

WXLR and WXHR are cascaded to form a 12-bit window (x) register. Similarly, WYLR and WYHR are cascaded to form
a 12-bit window (y) register. Bits D4 - D7 of WXHR and WYHR are always a logical zero.

Window (x) High Window (x) Low
(WXHR) (WXLR)
Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO
X Address X11 X10 X9 X8 X7 X6 X5 X4 X3 X2 X1 X0
Window (y) High Window (y) Low
(WYHR) (WYLR)
Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO
Y Address Y11 Y10 Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO0

The window (x) value to be written is calculated as follows:
Wx = desired display screen (x) position + H - P
where
P =5 if 1:1 input multiplexing, 20 if 4:1 input multiplexing, 25 if 5:1 input multiplexing
H = number of pixels between the first rising edge of LD* following the falling edge of HSYNC*
to active video.
The window (y) value to be written is calculated as follows:
Wy = desired display screen (y) position + V
where
V = number of scan lines from the second sync pulse during vertical blanking to active video.
Values from $0000 to $OFFF may be written to the window (x) and window (y) registers. A full screen cross hair is

implemented by loading the window (x,y) registers with $0000 and the window width and height registers with
$OFFF.
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Window Width and Height Registers

These registers are used to specify the width and height (in pixels) of the cross hair cursor window. The window width
register is made up of the window width low register (WWLR) and the window width high register (WWHR); the
window height register is made up of the window height low register (WHLR) and the window height high register
(WHHR). They are not initialized and may be written to or read by the MPU at any time. The window width and height
are not updated until the vertical retrace interval after WHHR has been written to by the MPU.

WWLR and WWHR are cascaded to form a 12-bit window width register. Similarly, WHLR and WHHR are cascaded to
form a 12-bit window height register. Bits D4 - D7 of WWHR and WHHR are always a logical zero.

Window Width High Window Width Low
(WWHR) (WWLR)
Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO
X Address X11 X10 X9 X8 X7 X6 X5 X4 X3 X2 X1 X0
Window Height High Window Height Low
(WHHER) (WHLR)
Data Bit D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO
Y Address Yl Y10 Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO

The actual window width is 2, 8, or 10 pixels more than the value specified by the window width register, depending
on whether 1:1, 4:1, or 5:1 input multiplexing is specified. The actual window height is 2 pixels more than the value
specified by the window height register. Therefore, the minimum window width is 2, 8, or 10 pixels, for 1:1, 4:1, and
5:1 multiplexing, respectively, and the minimum window height is two pixels.

Values from $0000 to $OFFF may be written to the window width and height registers.
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Cursor RAM

This 64 x 64 x 2 RAM is used to define the pixel pattern within the 64 x 64 pixel cursor window. It is not initialized,
and may be written to or read by the MPU at any time. As MPU accesses to the cursor RAM have priority over the
cursor display process, the cursor RAM should not be accessed during the horizontal sync intervals to minimize
contention of the cursor updating and displaying processes.

During MPU accesses to the cursor RAM, the address pointer register is used to address the cursor RAM. Figure 12
illustrates the internal format of the cursor RAM, as it appears on the display screen.

Note that in the X-windows mode, planel serves as a cursor display enable while plane0 selects one of two cursor
colors (if enabled).

Note: in both modes of operation, planel = D7, D5, D3, D1; plane0 = D6, D4, D2, DO.

UPPER LEFT CORNER AS
DISPLAYED ON SCREEN
6
_—
PIXELS
BYTE$400 | BYTE $401 BYTE $40F
BYTE$410 | BYTE $411 BYTE $41F
o
PIXELS
BYTE $7F0 | BYTE $7F1 BYTE $7FF
4PIXELS

|m.DGI DS,D4|D3.D2| Dl.DOI

Normal Mode:

00 = color palette or overlay RAM
01 = cursor color 1
10 = cursor color 2
11 = cursor color 3

X-Windows Mode:
00 = color palette or overlay RAM
01 = color palette or overlay RAM

10 = cursor color 2
11 = cursor color 3

Figure 12. Cursor RAM as Displayed on the Screen.
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Pin Name

BLANK*

SYNC*

OL0- OL3
{(A-E}

OLE (A-E}

IOR, IOG, IOB

IZE*

VAA

Description

Composite blank control input (TTL compatible). A logical zero drives the analog output to the
blanking level, as illustrated in Tables 6 and 7. It is latched on the rising edge of LD*. When
BLANK* is a logical zero, the pixel and overlay inputs are ignored.

Composite sync control inputs (TTL compatible). A logical zero typically switches off a 40
IRE current source on the IOG output (see Figures 9 and 10). SYNC* does not override any other
control or data input, as shown in Tables 6 and 7; therefore, it should be asserted only during the
blanking interval. SYNC* is latched on the rising edge of LD*.

Load control input (TTL compatible). The PO - P7 {A - E}, OLO - OL3 {A - E}, OLE {A - E},
BLANK*, and SYNC* inputs are latched on the rising edge of LD*. LD*, while it is the output
clock (1:1 multiplex mode) or is 1/4 or 1/5 of CLOCK, may be phase independent of the CLOCK
and CLOCK* inputs. LD* may have any duty cycle, within the limits specified by the A.C.
Characteristics section.

Pixel select inputs (TTL compatible). These inputs are used to specify, on a pixel basis, which
location of the color palette RAM is to be used to provide color information (see Table 4).
Either one, four, or five consecutive pixels (up to eight bits per pixel) are input through this
port. They are latched on the rising edge of LD*. Unused inputs should be connected to GND.
Note that typically the {A} pixel is output first, followed by the {B} pixel, etc., until all one,
four, or five pixels have been output, at which point the cycle repeats.

Overlay select inputs (TTL compatible). These inputs are latched on the rising edge of LD*, and
in conjunction with CROS in command register0, specify which palette is to be used for color
information, as illustrated in Table 4. When accessing the overlay palette RAM, the PO - P7 (A
- E} inputs are ignored. Overlay information (up to four bits per pixel) for either one, four, or
five consecutive pixels are input through this port. Unused inputs should be connected to GND.

Overlay enable inputs (TTL compatible). In the X-windows mode for overlays, a logical one
indicates overlay information is to be displayed. A logical zero indicates to display PO - P7
information. In the normal mode for overlays, these inputs are ignored. They are latched on the
rising edge of LD*. Unused inputs should be connected to GND.

Red, green, and blue current outputs. These high impedance current sources are capable of
directly driving a doubly-terminated 75-ohm coaxial cable (Figure 13). All outputs, whether
used or not, should have the same output load.

Phase lock loop output current. This high-impedance current source is used to enable multiple

Bt459s to be synchronized with sub-pixel resolution when used with an external PLL. A logical

one for SYNC* or BLANK* (as specified by CR23 in command register2) results in no current

being output onto this pin, while a logical zero results in the following current being output:
PLL (mA) = 3,227 * VREF (v) / RSET (ohms)

If sub-pixel synchronization of multiple devices is not required, this output should be connected
to GND (either directly or through a resistor up to 150 ohms).

Interleave zoom enable input (TTL compatible). This input should be a logical zero for a
minimum of 16 LD* cycles after the falling edge of BLANK* during scan lines that require an
interleave shift. If zoom while interleaving is not supported, this pin may be connected directly
to GND.

Analog power. All VAA pins must be connected.

Analog ground. All GND pins must be connected.
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Pin Name

COMP

FS ADJUST

CLOCK,

CE*

Co, C1

D0 -D7

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 13). 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.

Full scale adjust control. A resistor (RSET) connected between this pin and GND controls the
magnitude of the full scale video signal (Figure 13). Note that the IRE relationships in Figures 9
and 10 are maintained, regardless of the full scale output current.
The relationship between RSET and the full scale output current on IOG is:

RSET (ohms) =K1 * VREF (v) / IOG (mA)
The full scale output current on IOR and IOB for a given RSET is:

IOR, IOB (mA) = K2 * VREF (v) / RSET (ohms)

where K1 and K2 are defined as:

Setup 10G IOR, IOB

751IRE | K1=11,294 K2 = 8,067

0IRE K1 = 10,684 K2 = 7,457

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure
13, must supply this input with a 1.235v (typical) reference. The use of a resistor network to
generate the reference is not recommended, as any low frequency power supply noise on VREF
will be directly coupled onto the analog outputs. A 0.1 pF ceramic capacitor must be used to
decouple this input to VAA, as shown in Figure 13. The decoupling capacitor must be as close
to the device as possible to keep lead lengths to an absolute minimum.

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured
for single supply (+5 volt) operation. The clock rate is typically the pixel clock rate of the
system.

Chip enable control input (TTL compatible). This input must be a logical zero to enable data to
be written to or read from the device. During write operations, data is internally latched on the
rising edge of CE*. Care should be taken to avoid glitches on this edge triggered input.

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 eight bit
bidirectional data bus. DO is the least significant bit.
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Pin Descriptions (continued)

Signal Pin Signal Pin Signal Pin
Number Number Number
BLANK* L1 OLOA El GND H1
SYNC* K3 OLOB F2 GND H2
LD* A5 OLOoC F1 GND H3
CLOCK K1 OLOD G3 GND Cc7
CLOCK* K2 OLOE G2 GND G12
1IZE* BS5 GND M8
OL1A M1 GND M7
POA E3 OL1B L2 GND N7
POB D2 OL1C N1
POC D1 OL1D L3 COMP NY
POD B2 OLIE M2 FS ADJUST M10
POE F3 VREF P9
OL2A M3
P1A Al OL2B N2 CE* P13
P1B D3 oL2C P1 RW Ni2
P1C c2 OL2D P2 C1 P12
PiD B1 OL2E N3 co Mi1
P1E C1
OL3A M4 DO L13
PZA A3 OL3B P3 Di Mid
P2B B3 OL3C N4 D2 L12
P2C A2 OL3D P4 D3 Mi3
P2D C3 OL3E M5 D4 N14
P2E B2 D5 P14
OLEA N5 D6 N13
P3A A8 OLEB P5 D7 Mi12
P3B A7 OLEC Mé6
P3C B7 OLED N6 reserved Gl14
P3D A6 OLEE P6 reserved G13
P3E B6 reserved F14
10G P10 reserved F13
P4A Cc9 IOB P11 reserved El4
P4B B9 IOR N10 reserved J13
P4AC A9 PLL Ni1 reserved J14
P4D C8 reserved H12
P4E B8 VAA J1 reserved H13
VAA J2 reserved H14
P5A B11 VAA J3 reserved C5
P5B All VAA C6 reserved A4
P5C C10 VAA F12 reserved B4
P5D B10 VAA M9 reserved Cc4
PSE A10 VAA P7 reserved Cl4
VAA P8 reserved C13
P6A Al4 VAA N8 reserved B14
P6B Al13 reserved Ci2
P6C B12 reserved B13
P6D C11 reserved L14
P6E Al12 reserved K12
reserved J12
P7A E13 reserved K14
P7B E12 reserved K13
P7C Di4
P7D D13
P7E D12
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Pin Descriptions (continued)

4 A NC Nc PIC NC NC NC NC NC NC NC DI D¢ DS
13 B NC NC PD PA NC NC NC NC NC D D3 D6 CB
12 P8 PC NC PE PB VAA GND NC NC NC D2 DI RW Cl
u |8 PA PO © AL 0B
10 | PE PD PC FSADJ IR DG
9 | mMc mB  maA B t 4 5 9 VAA COMP VREF
s fma mME RO GND VAA VAA
7 | mB mc G (TOP VIEW) GND GND VAA
6 | P> PE VA OLEC OLED OLEE
s ID* EE* NC OL3E OLEA OLEB
4 e N N O3A OLC D
3 PA PB PD PIB RMA PE OUMD GND VAA SYNC* OLID O2A OLZE O3B
2 §PC ME PC WB RD OWB OLE GND VAA CLK* OLIB OLIEE OB 0D
1 IE PID PIE RC OWA OWC NC GND VAA QX BLK* OLUA OLC 0L

A B c D E F G H 3 K L M N P

4 IDs D¢ DI NC NC NC NC NC NC NC PIC NC NC FA

alignment

marker 3 |l D D D NC NC NC NC NC PA PD NC NC FB

(on top)
2 Ja RW D D2 NC NC GND VAA PBB PE NC PRC PR
n fo8 AL o PO PA PSB
10 | 0G R PFsADS PSC  PD PSE
9 JvReF o vaa MA MB MC
N (BOTTOM VIEW) ropEoM
7 fvaa oND  GND GND PC BB
6 JoE OED OEC VAA PE PD
s JoEB oBA oLm NC ZE*  ID*
4 Jomd oc as NC NC NC
3 JO3B O O2A OLID SYNC* VAA GND OUD PE FA PB PD PB PA
2 Jo2> OB OLE OB CLK* VAA GND OLUE OWB MD RB PC PE PXC
1 Joic ouc ouA BIK* CGK VAA GND NC OLC OWOA RC PE  PD EA]

P N M L K 3 H [ F E D c B A
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PC Board Layout Considerations

PC Board Considerations

It is recommended that a four layer PC board be used
with the Bt459. The layout should be optimized for
lowest noise on the Bt459 power and ground lines by
shielding the digital inputs and providing good
decoupling. The lead length between groups of VAA
and GND pins should be minimized so as to minimize
inductive ringing.

Ground Planes

The ground plane area should encompass all Bt459
ground pins, voltage reference circuitry, power supply
bypass circuitry for the Bt459, the analog output
traces, any output amplifiers, and all the digital signal
traces leading up to the Bt459.

Power Planes

The Bt459 and any associated analog circuitry should
have its own power plane, referred to as the analog
power plane. This power plane should be connected to
the regular PCB power plane (VCC) at a single point
through a ferrite bead, as illustrated in Figure 13. This
bead should be located within three inches of the
Bt459.

The PCB power plane should provide power to all
digital logic on the PC board, and the analog power
plane should provide power to all Bt459 power pins,
voltage reference circuitry, and any output amplifiers.

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

Supply Decoupling
The bypass capacitors should be installed using the

shortest leads possible, consistent with reliable
operation, to reduce the lead inductance.
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For the best performance, three 0.1 pF ceramic
capacitors in parallel with three 0.01 pF chip
capacitors should be used to decouple the VAA pins to
GND. These capacitors should be placed as close as
possible to the device. If chip capacitors are not
feasible, radial lead ceramic capacitors may be used.

It is important to note that while the Bt459 contains
circuitry to reject power supply noise, this rejection
decreases with frequency. If a switching power supply
is used, the designer should pay close attention to
reducing power supply noise and consider using a
UITee lenminal vollage Iegulalor 10I Supplying power
to the analog power plane.

Digital Signal Interconnect

The digital inputs to the Bt459 should be isolated as
much as possible from the analog outputs and other
analog circuitry. Also, these input signals should not
overlay the analog ground plane.

Due 1o the high ciock rartes invoived, iong ciock iines
to the Bt459 should be avoided to reduce noise
pickup.

Any active termination resistors for the digital inputs
should be connected to the regular PCB power plane
(VCC), and not the analog power plane.

Analog Signal Interconnect

The Bt459 should be located as close as possible to
the output connector to minimize noise pickup and
reflections due to impedance mismatch. Also, the
external voltage reference circuitry should be as close
as possible to the Bt459 to avoid noise pickup.

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

For maximum performance, the analog outputs should
each have a 75-ohm load resistor connected to GND.
The connection between the current output and GND
should be as close as possible to the Bt459 to
minimize reflections.
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PC Board Layout Considerations (continued)

acl e N
ANALOG POWER PLANE
VAA
R4 é _T- @
2.0 cs5-C7 u
T T o e
VREF
- =£ c0 = c
Bt459
GND GROUND
Tz L L2
Rl R |Rs
FS ADJUST
B
I0R
foc CONNBCTOR
108
Location Description Vendor Part Number
C1-C4,C8,C9 0.1 pF ceramic capacitor Erie RPE110Z5U104M50V
Cc5-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-ohm 1% metal film resistor Dale CMF-55C
R4 1000-ohm 1% metal film resistor Dale CMF-55C
RSET 523-ohm 1% metal film resistor Dale CMF-55C
71 1.2v voltage reference National Semiconductor LM385Z-1.2

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar
characteristics will not affect the performance of the Bt459.

Figure 13. Typical Connection Diagram and Parts List.
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Application Information

Clock Interfacing

Due to the high clock rates at which the Bt459 may
operate, it is designed to accept differential clock
signals (CLOCK and CLOCK¥). These clock inputs
are designed to be generated by ECL logic operating at
+5 volts. Note that the CLOCK and CLOCK* inputs
require termination resistors (220-ohm resistor to
VCC and a 330-ohm resistor to GND). The
termination resistors should be as close as possible to
the Bt459.

The CLOCK and CLOCKY®™ inputs must be ditterential
signals due to the noise margins of the CMOS
process. The Bt459 will not function using a
single-ended clock with CLOCK* connected to
ground.

Typically, LD* is generated by dividing CLOCK by
four or five (depending on whether 4:1 or 5:1
multiplexing was specified) and translating it to TTL
levels. As LD* may be phase shifted relative to
CLOCK, ihe designer need noi 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.).

For display applications where a single Bt459 is
being used, is recommended that the Bt438 Clock
Generator Chip be used to generate the clock and load
signals. It supports the 4:1 and 5:1 input
multiplexing of the Bt459, and will also optionally

+5V
m g
14
CLOCK CLOCK
Mo 330
PRODUCTS +5V
po Bt459
20
I’ cLocks cLock*
Bt438 330 %
LDA LD*
VAA
L
VREF —\/\/\—1——— VREF
1K

set the pipeline delay of the Bt459 to eight clock
cycles. The Bt438 may also be used to interface the
Bt459 to a TTL clock. Figure 14 illustrates using the
Bt438 with the Bt459.

When using a single Bt459, the PLL output is ignored
and should be connected to GND (either directly or
through a resistor up to 150 ohms).

Using Multiple Bt459s

For display applications where up to four Bt459s are
pemng used, 1t 1S recommended that the B43Y Clock
Generator Chip be used to generate the clock and load
signals. It supports the 4:1 and 5:1 input
multiplexing of the Bt459, synchronizes them to
sub-pixel resolution, and will also optionally set the
pipeline delay of the Bt459 to eight clock cycles. The
Bt439 may also be used to interface the Bt459 to a
TTL clock. Figure 14 illustrates using the Bt439 with
the Bt459.

\)“U'PMVI »yuvluulul.auvu n BUPPUIW\‘ via ulC I /s
output. Essentially, PLL provides a signal to indicate
the amount of analog output delay of the Bt459,
relative to CLOCK. The Bt439 compares the phase of
the PLL signals generated by up to four Bt459s, and
adjusts the phase<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>