Am81C453

CMOS Color Palette

n

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B Plug-In Replacement for Bt453

Macintosh !l Compatible

Available In 44-Pin PLCC Package

u

H  Available In 40 and 66 MHz versions
u

B 256 x 4 Color Look-Up Tabie (LUT)

Triple 8-bit DACs

RS343A/RS-170A Compatible RGB Outputs
3 x 24 Dual-Port Overiay RAM

Standard MPU Interface

+5 V monolithic, high-performance CMOS

GENERAL DESCRIPTION

The Am81C453 CMOS Color Palette has been de-
signed specifically for the Macintosh Il market. Applica-
tions include high resolution color graphics, CAD/CAM/
CAE, image processing and desktop publishing. The
Am81C453 operates at speeds sufficient to support
screen resolutions up to 1024 x 768.

The Am81C453 has an input latch, a 256 x 24 Look-Up
Table, a 3 x 24 Overlay Table and triple 8-bit video
DACs. It can simultaneously display 259 colors out of an
available set of 16.8 million colors. Proprietary DAC de-
coding techniques minimize glitch energy and skew. Itis
available in versions with pixel rates as high as 66 MHz.

The Am81C453 generates RS-343A compatible out-
puts into doubly-terminated 75 Q loads and RS-170
compatible output into a singly-terminated 75 Q load,
without extemnal buffers. Overlaying cursors, text, grids,
etc. can be implemented using the three overlay regis-
ters!

The Am81C453 is fabricated using AMD’s state-of-the-
art 1.2u CMOS process. The device is available in a
44-pin PLCC package. The Am81C453 is pin and func-
tionally compatible with the Bt453.
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination)
is formed by a combination of: a. Device Number

b. Speed Option (if applicable)

c. Package Type

d. Temperature Range

e. Optional Processing

AM81C453 -66 J C

-[_— e. OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

d. TEMPERATURE RANGE
C = Commercial (0 to + 70°C)

c. PACKAGE TYPE
J = 44-Pin Plastic Leaded Chip
Carrier (PL 044)

b. SPEED OPTION
- —66 = 66 MHz
—40 = 40 MHz

a. DEVICE NUMBER/DESCRIPTION

AmB1C453
CMOS Color Palette
Valid Combinations

Valld Combinations Valid Combinations list configurations planned to be
. supported in volume for this device. Consult the lo-
AMB1C453-66 Jc cal AMD sales office to confirm availability of specific
AMB1C453-40 valid combinations, and to check on newly released
valid combinations, and to obtain additional data on

AMD’s standard military grade products.

Am81C453
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PIN DESCRIPTION
Timing Section

CLK

Clock Source Pin (TTL Compatible Input)

This input operates at the pixel clock rate of the system.
It is to be driven by a dedicated TTL buffer. The rising
edge of CLK latches the SYNC, BLANK, PIXo— PIX7 and
OVLo— OVL,inputs.

BLANK

Blank (TTL Compatible Input)

The BLANK input, when active, overrides the color pixel
and overlay datato force the R,G, and B video outputs to
their blank levels. This blank level is required during the
monitor's vertical and horizontal retrace times. It is
latched on the rising edge of CLK.

SYNC

SYNC (TTL Compatible Input)

The SYNC input, when active, switches off a 40 IRE cur-
rent source on the ISYNC output. It is latched on the ris-
ing edge of CLK. Because SYNC does not override any

other input or control pin, it should be asserted only dur-
ing blanking intervals.

Bit Map Interface Section

PIXo-PIX7

Color Pixel Data Addresses

{TTL Compatible Inputs)

These eight inputs select which of the 256 entries inthe
Color Look-Up Table is to be used to provide pixel color
information. They are loaded into the input latch on the
rising edge of CLK. PIXp is the least significant bit. Un-
used inputs should be grounded.

OVL.—~OVL,

Overlay Data Address (TTL Compatible inputs)
These two inputs select which of the 3 Overlay Regis-
ters is to be used to provide color information, as illus-
trated in Table 5. They are loaded into the input latch on
the rising edge of CLK. The PIXo — PiX7 inputs are ig-
noredwhen the overlay palette is accessed. OVLgis the
least significant bit. Unused inputs should be grounded.

MPU interface Section
Do-Dr7

Data and Address Bus

(TTL Compatible Bi-Directional)

These eight pins are used to load and read back the
Color Look-Up Table and the internal control registers.
Do is the least significant bit.

RD
Read Contro! Input (TTL Compatible Input)

RD and CS must be a logical zero to read data from the
Color Look-Up Table or any of the internal control regis-
ters. During Read operations, Co— C1 are laiched onthe
falling edge of RD.

WR

Write Control Input (TTL Compatibie Input)

WR and CS must be a logical zero to write data to the
Color Look-Up Table or any of the internal control regis-
ters. During Write operations, Co—C1 are latched onthe
falling edge of WR.

cs

Chip Select (TTL-Compatible Input)

This signal enables the MPU interface. Data on Do— D7
is internally latched onthe rising edge of CS during Write
operations. R, G, and B outputs are forced to their Biank
level when CSis a logical zero.

C—C,

Address Control Inputs (TTL Compatible Inputs)
Co — C4 allow the MPU to address any location in the
Color Look-Up Table or any of the internal control regis-
ters. These inputs determine the type of read or write op-
eration to be performed.

Analog Output Section
R
Red Video Output (Analog Output)

Analog output of the red DAC. This output is capable of
driving an RS-343A compatible doubly-terminated 75 Q
cable and an RS-170 compatible singly-terminated 75 Q
cable.

G

Green Video Output (Analog Output)

Analog output of the green DAC. This output is capable
of driving an RS-343A compatible doubly-terminated
75 Q cable and an RS-170 compatible singly-terminated
75 Q cable.

B

Blue Video Output (Analog Output)

Analog output of the blue DAC. This output is capable of
driving an RS-343A compatible doubly-terminated 75 Q
cable and an RS-170 compatible singly-terminated 75 Q
cable.

COMP

Compensation Capacitor Connection

(Analog Input)

A 0.1 uF ceramic capacitor is connected between this
pin and Vcc.

VRer

Voltage Reference (Analog Input)

An external voltage reference circuit such as the one
shown in Figure 1 must supply this input witha 1.235 V
(typical) reference.

4 Am81C453
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ISYNC
SYNC Current (Analog Output)

GND. The relationship between the resistor and the full-
scale output current is:

This high impedance sync current signal is used 1o en- Rser (Q) = 6047 * Vgrer (V) / G (mA); with ISYNC con-
code sync information on the G cutput. When SYNC is a nected to G.
Ioglcal zero, ISYNC current is 0. Whenthe sync informa-
tion is not necessary on the G output, the ISYNC output Power Supply Section
should be grounded. The magnitude of this ISYNC cur- Vee
rent output during the active period of SYNC is defined
by- put duning pe +5 Voit Supply
. GND
ISYNC (mA) = 1728 * Vger (V) / RseT (Q). Ground
FSADJ
Full Scale Adjust (Analog Input)
Voltage Mode:

The magnitude of the full-scale video signal is controlled
by a resistor (Rset) connected between FSADJ and

: . Ferrite Boad Power Plane
Main Power Line a'as
0.1yF _L 10 uF -I-ozpr:—l— "«1‘» _Louu: lowF
CeramicT Tamalum Ceramic 12v Ceramic Ceramic
Ground Plane 7 Zener
GND - Vee VREF comp Coaxialt
Am81C4a53

11916-004B
Figure 1. Am81C453 Typlcal Circuit Connection

Am81Ca53 5
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FUNCTIONAL DESCRIPTION

The Am81C453 CMOS Color Palette integrates alt ma-
jor functions required in the backend of a video system
and suppornts pixel rates sufficient to drive most low-to-
medium resolution monitors.

A programmable Look-Up Table maps the pixel data
from a frame buffer into physical color and three Digital-
to-Analog-Converters (DACs) convert the digital out-
puts of the Look-Up Table into RS-343A or RS-170 com-
patible RGB anaiog outputs.

Microprocessor Interface

The Am81C453 is designed to support a standard mi-
croprocessor bus interface with direct access to 256
Look-Up Table (LUT) RAM locations and 3 overlay reg-
isters. The microprocessor interface is asynchronous
with respect to pixel clock. However, data transfers be-
tween the LUT RAM or overlay registers and the Red,
Green and Blue DACs as shown in the block diagram
are synchronized to pixel clock.

The nature of the microprocessor operation is deter-
mined by examining the Co — C, inputs. The Co— C1 in-
puts select the MPU access type as detailed in Table 1.

Table 1. Cy, Co Decoding

Cy Co Access Type

0 0 Address Register
0 1 Look-Up Table

1 0 Address Register
1 1 Overlay Registers

First Access to the LLook-Up Table and to the Overlay
Registers is achieved by means of two intemnal count-
ers: an 8-bit Address Register (ARo— AR7), which gen-
erates addresses for the Color Memory locations and
the Overlay Registers, and a Modulo 3 Counter

(ARa,ARD) that controls which byte of the 24-bit Color
Memory Word is accessed. Tables 2 and 3 illustrate the
operation of these two counters.

Table 2. Address Register Operation

Locatlon/Register
AR7-ARo | Cy | Co | addressed by MPU
$00-$FF 0 | 1 | ColorLook-Up Table
$00 1 1 Reserved
$01 1 1 Overlay Register 1
$02 1 1 Overlay Register 2
$03 1 1 Overlay Register 3

Table 3. Modulo 3 Counter Operation

Color Byte
ARb ARa Being Accessed
0 0 Red
0 1 Green
1 0 Blue

The Address Register, directly accessible by the MPU,
auto-increments at the end of each third (Blue) access
having Co = 1. This feature avoids the rewriting of the
Address Register with consecutive values, saving MPU
time and Bus bandwidth for transfers to or from con-
secutive Color Memory locations.

The Modulo 3 Counter, not accessible by the MPU, in-
crements at the end of each MPU access with Co = 1
(color operations), and is reset to 0 at the end of each
MPU access with Co = 0 (Control Register operations).

Table 4 illustrates the Read/Write access to the
Am81C453 Palette.

6 AmB81C453
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Table 4. Read/Write Access to the Am81C453

RD| WR| C: | Co | ARb| ARa | Function
1 0 0 0 x X Write Address Register (LUT Write); AR(7:0) <— D(7:0);
ARDb, ARa <- 0.
1 0 0 1 0 0 Write Red Color; RREG(7:0) <— D(7:0); INC. ARb,ARa.
1 0 1 1 Write Green Color; GREG(7:0) <— D(7:0);
INC. ARDb, ARa.
1 0 0 1 1 0 Write Blue Color; BREG(7:0) <— D(7:0); ARb, ARa <—0.
Write Color Look-Up Table; R(7:0) <— RREG;
G(7:0) <~ GREG; B(7:0) <— BREG; INC. AR(7:0).
1 0 1 0 b 4 X Write Address Register (Overlay Write);
AR(7:0) <~ D(7:0); ARb, ARa <~ 0.
1 0 1 1 0 Write Red Color; RREG(7:0) <— D(7:0); INC. ARb, ARa.
1 0 1 1 Write Green Color,GREG(7:0) <— D(7:0);
INC. ARb, ARa.
1 0 1 1 1 0 Write Blue Color; BREG(7:0) <— D(7:0); ARb, ARa <- 0.
Write Overlay Register; R(7:0) <— RREG;
G(7:0) <— GREG; B(7:0) <— BREG; INC. AR(7:0).
0 1 0 0 X X Read Address Register (LUT Read); D(7:0) <— AR(7:0);
ARb, ARa <- 0.
0 1 0 1 0 0 Read Color LUT Red; D(7:0) <— RREG(7:0);
- INC. ARDb, ARa.
0 1 0 1 0 1 Read Color LUT Green; D(7:0) <— GREG(7:0);
INC. ARb, ARa.
0 1 0 1 1 1] Read Color LUT Blue; D(7:0) <— BREG(7:0);
ARb, ARa <- 0. INC. AR(7:0).
0 1 1 0 X X Read Address Register (Overlay Read);
D(7:0) <~ AR(7:0); ARb, ARa <- 0.
0 1 1 1 0 0 Read Overlay Red; D(7:0) <— RREG(7:0);
INC. ARb, ARa.
0 1 1 1 0 1 Read Overlay Green; D(7:0) <— GREG(7:0);
INC. ARb, ARa.
0 1 1 1 1 0 Read Overlay Blue; D(7:0) <— BREG(7:0);
ARb, ARa <— 0. INC. AR(7:0}.

Display Memory Interface

When CSis a logical one, the pixel inputs, PIXo— PIX7
and OVLo— OVL, are latched on the rising edge of CLK
and are used as address to the 256 locations of the LUT
RAM and the 3 Overlay Registers, respectively, as
shown in Table 5.

The total pipeline delay from the digital inputs PiXo —
PiX7, OVLo — OVL4, SYNC, and BLANK to the analog
R,G, and B outputs is four clock cycles.

Am81C453 7
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Table 5. Color LUT and Overiay Selection

ovL, OVLo PiIXo — PIX7 Addressed by Display Memory
0 0 $00 Color Palette RAM focation $00
0 0 $01 Color Palette RAM location $01
0 0 $FF Color Palette RAM location $FF
0 1 $xx Overlay Register 1
1 0 $xx Overlay Register 2
1 1 $xx Overlay Register 3

Video Generation

During each clock cycle, a 24-bit word from either the
LUT RAM or the Overlay Registers is presented to the
three DACs. The three DACs convert the digital color
memory output into RGB RS-343A analog format.

The SYNC and BLANK inputs are latched on the rising
edge of CLK. These two inputs are responsible for add-
ing weighted currents to RGB analog outputs as shown
in Figure 2.

Table 6 shows how the SYNC and BLANK inputs
change analog output levels.

The SYNC and BLANK inputs are routed to the DACs af-
ter a delay equal to four clock periods, identical to the
delay incurred by the video stream to produce the rela-
tive Blank and Sync levels. BLANK is routed to all three
DACs while SYNC is routed only to the Green DAC.

Table 6. Video Output Truth Table

S - lout (G) lout {R,B) DAC
Description SYNC BLANK (mA) {mA) Input Data
White 1 1 26.67 19.05 $FF
Data 1 1 data + 9.05 data + 1.44 data
Data-SYNC 0 1 data + 1.44 data + 1.44 data
Black 1 1 9.05 1.44 $00
Black-SYNC 0 1 1.44 1.44 $00
Blank 1 0 7.62 0 $xx
SYNC 0 0 0 0 $xx
Note: Typical with full scale lout (G) = 26.67 mA. RseT = 280 Q, VRer = 1.235 V. ISYNC connected to G.
Red, Blue Green
v mA v mA
0.714 | 19.05 | 1.000 | 26.67 / White Level
92.5 IRE
0.054 | 1.44 |0.340 | 9.05 Black Level
7.5IRE
0.000 | 0.00 J0.286 | 7.62 Blank Level
40 1RE
0.000 | 0.00 SYNC Level
11916-005B
Figure 2. Composite Video Output Signals
8 Am81C453
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage Temperature —65 to +150°C Commerclal (C) Devices
Ambient Temperature Under Bias 0to +70°C Ambient Temperature (Ta) 0to +70°C
Supply Voltage to Ground Supply Voltage (Vcc) +4.7510 +56.25V
Potential Continuous -05w 7.0V Reference Voltage +1.1410 +1.26 V
DC Voltage Applied to Outputs Output Load 37.5Q
for HIGH Output State -0.5t0 Vec +0.5 V

FSADJ Resistor (RseT) 280 Q
DC Input Voltage -0.5t0 Vec +0.5 V

Operating ranges define those limits between which the
Stresses above those listed under ABSOLUTE MAXIMUM functionality of the device is guaranteed.
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

Am81C453 9
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DC CHARACTERISTICS over operating range with ISYNC connected to G

Parameter
Symbol | Parameter Description Test Conditions Min. Typ. Max. Unit
Digital Inputs
Vin Input High Voltage 2.0 v
Vi Input Low Voltage GND-0.5 v
] Input High Current ViN=24V HA
he Input Low Current Vin=04V HA
Cin Input Capacitance f=1MHz,Vn=2.4V pF
Digital Outputs
Vou Output High Voltage low = 0.4 mA "
Voo Output Low Voltage loe = +3.2 mA Vv
loz Three-State Current GND <= VN <= Ve 10 HA
Cout Output Capacitance pF
Analog Outputs
LN, Resolution (each DAC) 8 8 Bits
Integral Linearity Error +1 LSB
Ditferential Linearity Error +1 LSB
Gray Scale Error +5 %Gray
Monotonicity Guaranteed
Coding Binary
Output Compliance 1.2 \Y
Gray Scale Current Ran 22 mA
DAC-to-DAC Matching 2 5 Yo
LINg Glitch Energy 50 50 pV-sec
Output Current
17.69 19.05 20.40 mA
16.74 17.62 18.50 mA
0.95 1.44 1.90 mA
0 5 50 17,
6.29 7.62 8.96 mA
0 5 50 pA
69.1 pA
10 HA
hver 10 kQ
Output Capacitance (Note 1) 20 pF
PSRR Power Supply Rejection Ratio| (Note 2) 0.12 0.5 |%/% AVAA

Notes:

1. f=1MHz, lour = 0 mA
2. COMP = 0.1 uF, f=1kHz

10 Am81C453
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SWITCHING CHARACTERISTICS

Parameter
Number | Parameter Description Unit
Clock Rate MHz
1 CS, Co—C1 Setup Time ns
2 €S, Co—C1 Hold Time ns
3 RD, WR High Time ns
4 RD Asserted to Data Bus Driven ns
5 RD Asserted to Data Valid 100 ns
6 RD Negated to Data Bus 3-stated 15 ns
7 WR Pulse Width Low 50 ns
8 Write Data Setup Time 35 ns
9 Write Data Hold Time ns
10 Pixel/Control Setup Time 7 ns
11 Pixel/Control Hold Time ns
12 Clock Cycle Time 25 ns
13 Clock Pulse Width High Time . Min. 5 7 ns
14 Clock Pulse Width Low Time. Min. 5 7 ns
15 Analog Output Delay Max. 30 30 ns
Typ. 20 20 ns
16 Max. ns
Typ. 3 3 ns
Max. ns
17 Typ. 25 25 ns
Max. 2 2 ns
Typ. 1 1 ns
Typ. 2 2 clocks
Typ. 175 150 mA
18 Current (Note 2) Max. 220 200 mA
DAC to"PAC Crosstalk Typ. -23 -23 dB
Clock and Data Feedthrough Typ. -30 -30 dB
Notes: Test Conditions;
1. Clock and data feedthrough are not included TTL input Level: 0 to 3 V with tg, tr (10-90%) < 3 ns
2. Measured at maximum foik; Analog Output Load < 10 pF; Do-D7 Output Load < 50 pF
lcc(Max.): Vec =5.25 V, Ta= 0°C,
icc(Typ.): Voo = 5.0 V, Ta = + 25°C
Am81C453 11
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must Be Will Be
Steady Steady

May Will Be
Change Changing
fromHtoL fromHtolL
May Will Be
Change Changing
fromLtoH fromLtoH
Don't Care Changing

Any Change State
Permitted Unknown
Does Not Center
Apply Line is High
Impedence
“Off" State

KS000010

SWITCHING TEST WAVEFORMS

13, 4

oK _/_\{_J,_\_/,-_\__J/_\_
OVL,- OVL, PIX, - PiX,

ST, SV xa OORKXKXXX

15—

— 1t 17

| S

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

ISYNC, R, G, B

Note 2: Sattling time measured from the 50% point of the 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.

Video Input/Output Timing 11916-0068

12 Am81C453
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! | 2 ]
TS, Co- C,

RD, WR \
\- / 3 \
5 . . g
READ D, - D, = 1'"

/
WRITE Dy - D
°n D7 LLXXOXXXOHXXX
8
— 9
MPU Read/Write Timing 11916-007B
Am81C453 13
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PHYSICAL DIMENSIONS
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Sales Offices

North American

ALABAMA ... (205) 882-9122
ARIZONA .. (602) 242-4400
CALIFORNIA,
Culver City -
Newport Beach . 752-6262
Roseville ..... ..{916) 786-6700
San Diego .{(619) 560-7030
San Jose. (408) 452-0500
Woodland (818) 992-41585
CANADA, Ontario,
Kanata 613) 592-0060
Willowdale .. ..(416) 224-5193

COLORADO .. 741-2900
CONNECTICUT ... 264-7800
FLORIDA,
Clearwater ..{813) 530-9971
Ft. Lauderdale.. ..{305) 776-2001
Orlando (Casselberry) . ..{407) 830-8100

GEORGIA ..{404) 449-7920
ILLINOIS,

Chicago (ltasca) . ..{312) 773-4422

Naperville ..{312) 505-9517
KANSAS ....... 451-3115
MARYLAND . . 796-9310
MASSACHUS ..(617) 273-3970
MICHIGAN ....... ..(313) 347-1522
MINNESOTA ..(612) 938-0001
NEW JERSEY,

Cherry Hill ..(609) 662-2900

Parsippany .... ..{201) 299-0002
NEW YORK,

Liverpaol ..{315) 457-5400

Poughkeepsie ..{914) 471-8180

Rochester ...... ..{716) 272-9020

NORTH CAROLINA.
OHIO,
Columbus (Westervilie)

..(919) 878-8111

..(614) 891-6455
245-0080
. 398-8006
..{(803) 772-8760

346-7830
934-9099
- 785-9001
..(801) 264-2900

International
BELGIUM, Bruxelles

.(02) 771-91-42
02) 762-37-12

FRANCE, Paris ................ ..51 :g-;g-:‘l 8-}2
....263282F

(0511) 736085

WEST GERMANY,
Hannover area.

Mdnchen ...
Stuttgart ............cccee.....
HONG KONG, ..................
Wanchai
ITALY, Milan ......ccccccceneee -
(02) 3533241
(02) 3498000
843-315286
JAPAN,
Kanagawa........ccccocoeun. ...462-47-2911
462-47-1729
TOKYO -ocveeverrieranieinanes (03 346-7550
342-5196
J24 64AMDTKOJ

...06-243-3250
...06-243-3253

Internatlonal (Conr/nued)
KOREA, Seoul ..

LATIN AMERICA,
Ft. Lauderdale...

....822-784-0030
.822-784-8014

..(305) 484-8600
305) 485-9736
554261 AMDFTL
~(03) 010156
-(02) 591959

NORWAY, Hovik....

.79079HBCN
SINGAPORE .......ccooeeee .65-3481188
.65-3480161
50 AMDMMI

SWEDEN,
Stockholm ........c..ccoeeee ...{08) 733 03 50
(Sundbyberg) (08) 733 212682
TAIWAN . ..886-2-7213393

..886-2-7723422
..886-2-7122066

UNITED KINGDOM,

Manchester area........TEL . . 0925; 828008
(Warrington) FAX. 0925) 827693
TLX. 851-628524
London area ................TEL . (0483) 740440
(Woking) FAX (0483) 756196
TLX.... 851-859103
North American Representatives________
CANADA
Burnaby,
DA TEK "MARKETING ....ccoooomvrerrerrerern. (604) 430-3680
Cal[gary Alberta
TEK MARKETING .......ocovovvirenn. (403) 291-4984
Kanata, Ontario
VITEL ELECTRONICS .......ooovreooeeeeeve {613) 592-0060
Mississauga, Ontario
VITEL ELECTRONICS ..ottt (416) 676-9720
Lachine, Quebec
IDxi-liTE ELECTRONICS ... (514) 636-5951
ILLImBFigMOUNTAIN TECH MKTG, INC .......... (208) 888-6071
INI;%[EAFATLAND TECH MKTG, INC .........ccoeeee (312) 577-9222

Huntington - ELECTRONIC MARKETING
CONSULTANTS, INC ..o (317) 921-3450
Indianapolis - ELECTRONIC MARKETING

OV?IRNS LTANTS, INC ... (317) 921-3450

LORENZ SALES ... ..(319) 377-46866

KANSA
Merriam — LORENZ SALES ..(913) 384-6556
(316) 721-0500

Wichita —LORENZ SALES ...

KENTUCKY
ELECTRONIC MARKETING
CONSULTANTS, INC...c.coeoiiiiieee e (317) 921-3452
MICHIGAN
Birmingham - MIKE RAICK ASSOCIATES .(313) 644-5040
Holland — COM-TEK SALES, IN (616) 399-7273
Novi - COM-TEK SALES, INC ...[313) 344-1409
MISSOURI
LORENZ SALES ... (314) 997-4558
NEBRASKA
LORENZ SALES ....c.coooecevircerrinccreenen . (402) 475-4660
NEW MEXICO
NEW?RSON DESERT STATES ......cocoovevneee (505) 293-8555
East Syracuse — NYCOM, INC ..o (315) 437-8343
Woodbury — COMPONENT
oH(IDgNSUL ANTS, INC ... (516) 364-8020

Centerville - DOLFUSS ROOT & CO ...

(513) 433-6776
Columbus —DOLFUSS ROOT & CO

(614) 885-4844

Strongsville —DOLFUSS ROOT & CO ......... (216) 238-0300

PENNSYLVANIA
DOLFUSS ROOT & CO ...ooovvvvecee e (412) 221-4420

PUERTQ RICO

COMP REP ASSOC, INC ..ooooorrrreerenen, (809) 746-6550
WASHINGTON

ELECTRA TECHNICAL SALES .......c.ooocvve. (206) 821-7442
WISCONSIN

HEARTLAND TECH MKTG, INC ... (414) 792-0920

Advanced Micro Devices reserves the right to make changes in its product without notice in order to improve design or performance characteristics. The performance
characteristics listed in this document are guaranteed by specific tests, guard banding, design and other practices common to the industry. For specific testing details,
contact your local AMD sales representative. The company assumes no responsibility for the use of any circuits deseribed herein.
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