Am81C176

CMOS Color Palette

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
®  Plug-in Replacement for Inmos G171 and G176

VGA hardware and software compatible
Clock rates up to 80 MHz

Availabte in 28-pin DIP and 32-pin PLCC
package

256 x 18 Color Look-Up Table (LUT)

Triple 6-bit Digital-to-Analog Converters
(DACs)

RS-170A compatible RGB outputs

External current reference

Asynchronous MPU interface

Single monolithic, high-performance CMOS

Single +5 V power supply

GENERAL DESCRIPTION

The Am81C176 is a monolithic CMOS Color Palette and
is hardware and software compatible with the VGA stan-
dard. Applications include high-resolution color graph-
ics, CAD/CAM/CAE, and desktop publishing. The
AmM81C176 operates at speeds up to 80 MHz and can
support monitors with resolutions up to 1024 x 768.

The Am81C176 has a 256 x 18 Look-Up Table and triple
6-bit DACs. It can simultaneously display 256 colors out
of an available set of 256K colors.

Because of a proprietary technique, read and write
operations to the Color look-up table may occur during
active video.

The Am81C176 generates RS-170A compatible out-
puts into doubly-terminated 75Q loads, without external
buffers.

The Am81C 176 is tabricated using AMD’s state-of-the-
art 1.2u CMOS process. The device is available in a
28-lead DIP and 32-lead PLCC package. It is pin- and
functionally-compatibie with the Inmos IMS G171 and
IMS G176.
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CONNECTION DIAGRAMS
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The ordering 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

Am81C176 =35 P

-L———- e. OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

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

(o]

c. PACKAGE TYPE
J = 32-Pin Plastic Leaded Chip Carrier (PL 032)
P = 28-Pin Plastic DIP (PD 028)

b. SPEED OPTION
—80 = 80 MHz
—66 = 66 MHz
-50 = 50 MHz
-35 = 35 MHz

a. DEVICE NUMBER/DESCRIPTION
Am81C176
CMOS Color Palette

Valid Combinations

Valid Combinations Valid Combinations list configurations planned to
be supported in volume for this device. Consult
Am81C176-80 the local AMD sales office to confirm availability of
Amg81C176-66 JC, PCB, PC specific valid combinations, to check on newly
Am81C176-50 released combinations, and to obtain additional
Am81C176-35 data on AMD's standard military grade products.

Am81C176
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PIN DESCRIPTION
Timing Section

CLK
Clock source pin (TTL compatible Input)

This input is the pixel clock of the video system and is to
be driven by a dedicated TTL buffer. The rising edge of
CLK latches the BLANK and PIXo— PIXz inputs and also
controls the flow of these signals through the pipeline
stages of the Color Palette and DACs to the R, G, and B
outputs.

BLANK

Blank (TTL compatible input)

The BLANK input, when active, overrides the pixel data
to force the R, G, and B outputs to their blank levels. This
blank level is required during the monitor vertical and
horizontal retrace times. It is latched on the rising edge
of CLK. Typically, blank time is used to update the Color-
Look-up Table through Do — D=

Bit Map Interface Section

PIX, — PIX;

Color Pixel Data addresses (TTL compatible inputs)
These 8 inputs select which of the 256 entries in the
Color Look-Up Table is to be used to provide pixel color
information. These inputs run at the pixel rate of the sys-
tem and are latched on the rising edge of CLK. PlXo is
the least signiticant bit.

MPU Interface Section

Do - D7

Data and address bus (TTL compatible
bi-directional)

These 8 pins are used by the host microprocessor to
write to ( with WR low) and read from ( with RD tow) the
internal registers (Pixel Mask Register, Pixet Address
Register, and Color Data Register). Do is the least
significant bit.

During write cycles, the rising edge of WR latches data
from the Do — D7 inputs into the register selected by the
RSo— RS inputs. During read cycles, RD drives the Do~
D- lines from the register selected by RSo — RS1. The
end of a read cycle is determined by the rising edge of
RD.

tion on the external data bus is available to the Do — D7
inputs.

RD

Read Control Input (TTL compatible input)

‘RD must be a logical zero to read data from the internal
registers. During Read operations, RSe — RS: are
latched on the falling edge of RD. When active, informa-

tion on the internal data bus is available to the Do — D~
pins.

RS, — RS,

Register Select inputs (TTL compatible inputs)
RSo — RS allow the MPU to select any of the internal
registers. These inputs determine the type of read or
write operation being performed. See Table 1.

Analog Output Section

R
Red video output (Analog output)

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

G

Green video output (Analog output)

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

B
Blue video output (Analog output)

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

lrer
Current reference (Analog input).

Irer is the reference current input. Through this pin the
user provides the reference current for the DAC which,
in turn, control the full-scale output currents.

Vwhite

1 ——————————————————
IREF = 57 * Rioms (= 37.50)

Power Supply Section
When both WRand RD are a logical one, the Do— D7 pins Vee
go into three-state. +5 volt supply.
WR DVcc
Write Control Input (TTL compatible input) +5 volt digital power supply.
WRisthe control signal used for writing data into internal AVee
registers. WR must be a logical zero to write data to the
internal registers. During Write operations, RSo — RS: +5 volt analog power supply.
are latched on the falling edge of WR and Do — D are GND
latched on the rising edge of WR. When active, informa- Ground
4 Am81C176
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FUNCTIONAL DESCRIPTION

The Am81C176 CMOS color palette integrates all major
functions required in the video section of a graphics sys-
tem and supports pixel rates sufficient to drive monitors
with resolutions up to 1024 x 768.

A programmable 256 x 18 Color Look-Up Table (LUT)
maps pixel data from a bit-map memory into physical
color, and three 6-bit Digital-to-Analog-Converters
(DACs) convert the outputs of the Color Look-Up-Table
(LUT) into RS170 compatible RGB analog format. Upto
8 bits per pixe! are supported for a maximum of 256 si-
multaneous colors out of 256K available color combina-
tions.

MPU Interface

The Am81C176 is designed to support a standard MPU
bus interface with direct access to 256 Color Look-Up
Table (LUT) locations and two control registers. The
MPU interface is completely asynchronous with respect
to pixel clock. However, data transfers between the LUT
and Red Register, Green Register, and Blue Register
(see block diagram) are internally synchronized to pixel
clock. Double sampling techniques have been utilized in
order to minimize metastability problems occurring
when synchronizing an asynchronous event (such as
RD or WR) with a free running clock (such as CLK).

The Read and Write accesses to the LUT take one and
two pixel clock cycles, respectively.

The nature of the MPU access is determined by the
Register Select (RS1, RSo) inputs. RSiand RS select
among Address Register (LUT write), Address Register
(LUT read), Color Data Register and Pixel Mask Regis-
ter, as shown in Table 1.

Table 1. RS,, RS, Decoding

RS, RS, Function
0 [¢] Address Register (LUT write)
0 1 Color Data Register
1 0 Pixel Mask Register
1 1 Address Register {LUT read)

Atypical colordata write cycleis initiated by settingthe
8-bit Address Register (LUT write) with the address of
the LUT into which data is to be written. Next the MPU
performs three write cycles to the Color Data Register:
one for red, one for green, one for blue intensity. At the
end of the blue cycle the data is concatenated into an
18-bit word and written to the LUT location pointed to by
the Address Register. The Address Register is then
auto-incremented to point to the next location in LUT.
This process may be repeated again as required. If the
user needs to access consecutive LUT locations, the
Address Register needs to be written to only at the be-
ginning of the sequence. See Table 2.

Atypical color data read cycle is initiated by setting the
8-bit Address Register {LUT read) with the address of
the LUT to be read. Atthis point, 18 bits of color data are

transferred from the LUT to the Red, Green and Blue
portion of the Color Data Register (see block diagram)
and the Address Register is auto-incremented to point
to the next locationin LUT. Nextthe MPU performs three
read cycles to the Color Data Register: one for red, one
for green, one for blue intensity. At the end of the blue
cycle a new setof 18 bits is tranferred to the Red, Green
and Blue portions of the Color Data Register, and the
Address Register is again auto-incremented. This proc-
ess may be repeated as required. If the user needs to
access consecutive LUT locations the Address Register
needs fo be written to only at the beginning of the se-
quence. See table 2.

The 6-bit color data occupy the six least significant posi-
tions in the data bus. Bits Ds and D are ignored during
write cycles and are set to 0 during read cycles. Bit Dois
the least significant bit.

The AmM81C176 uses one 8-bit Address Register to
address the LUT as shown in Table 3. The Address Reg-
ister resets to 0 after a blue read/write cycle to the LUT
address 255. A user transparent modulo-3 counter
(ARb, ARa) keeps track of the red, green and biue cycles
and auto-increments at the end of each read/write ac-
cess to the LUT. This counter is reset to zero after awrite
access 1o the Address Register, and is unchanged fol-
lowing a read access to the Address Register. Thus a
write to the Address Register will abort any unfinished
read or write sequence.

The Am81C176 uses one 8-bit Pixel Mask Registerto
modify the address of the LUT as provided by PiXo —
PIX7. The eight bits of this register are ANDed with PIXo
— PIX7, and the result used as the address to the LUT .
This mechanism provides a quick way to alter the ap-
pearance of one or more colors on the display unit with
just one MPU access, without the need for changing the
bit-map memory or the LUT contents. The CPU ad-
dresses are not affected by this register.

Display Memory Interface

Pixel data P1Xo — PIX> are latched on the rising edge of
CLK and are used as address to the 256 locations of the
LUT. The total pipeline delay from PIXo — PIX7 and
BLANK inputs, to R, G, B outputs is four clock cycles.

Video Generation

During each clock cycle, a 18-bit word from the LUT is
presented to three DACs: 6 bits forred, 6 for green and 6
for biue. The three DACs convert the digital color mem-
ory output into RGB RS-170A analog format.

The BLANK input is latched on the rising edge of CLK. It
is routed to the three DACs after a delay of four clock pe-
riods, identical to the delay incurred by the video stream.

BLANK, when active, forces a zero to the input to the
DACs, overriding the current LUT output.

Am81C176 5
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The three analog outputs of the Am81C176 are each
capable of driving a doubly terminated 75 coaxial

cable.
Table 2. Read/Write Access to the Am81C176
RD WR RS, RS, AR. AR, Function
1 o 0 0 X X Write Address Register AR(7:0) «D(7:0); ARb:ARa «-00.
(LUT Write)
1 o] 0 1 0 (o] Write Color Data Register(Red) RREG(5:0)«D(5:0); ARb:ARa«01.
1 o] 0 1 0 1 Write Color Data Register(Green) GREG(5:0)«-D(5:0); ARb:ARa«10;
1 0 o] 1 1 o] WriteColor Data Register(Blue) BREG(5:0) < D(5:0); ARb:ARa«00;
Write Color Look-Up-Table R(5:0) —RREG; G(5:0)«-GREG;
B(5:0)BREG; INC. AR(7:0).
1 0 1 1 X X Write Address Register AR(7:0) «D(7:0); ARb:ARa«00;
(LUT Read)
Read Color Look-Up Table RREG«R(5:0); GREG«G(5:0);
BREG «B(5:0); INC. AR(7:0).
0 1 o] 1 o] 0 Read Color Data Register (Red) D(5:0) —RREG(5:0); D(7:6)«-0;
ARb:ARa«-01.
0 1 0 1 0 1 Read Color Data Register (Green) D(5:0) —~GREG(5:0); D(7:6)«0;
ARb:ARa«10.
0 1 0 1 1 0 Read Color Data Register (Blue) D(5:0) «<BREG(5:0); D(7:6)«0;
ARb:ARa «00.
0 1 0 X X Read Address Register D(7:0)«AR(7:0).
1 0 1 X X Write Pixel Mask Register PMREG(7:0)«D(7:0).
0 1 1 (o] X X Read Pixel Mask Register D(7:0) «PMREG(7:0).

Note: Refer to timing diagrams for edge information on RD and WR.

Am81C176
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage Temperature —65 to +150°C Commercial (C) Devices
Ambient Temperature Ambient Temperature (Ta) 0to +70°C
Under Bias -55to +125°C Supply Voltage (Vce)
Junction Temperature +175°C for B0 MHz devices +4.75t0 +5.25V
Supply Voltage to Ground for 35, 50, 66 MHz device +4.50to +5.50 V
Potential Continuous —-05t070V Irer Current -7to -9 mA
DC Voltage Applied 1o Outputs Output Load 37.5Q
for HIGH Output State —-0.5t0 Vec +0.5 V

o~ » Operating ranges define those limits between which the func-
' DC Input Voltage 0.510 Vec +0.5V tionality of the device is guaranteed.

Stresses above those listed under “Absolute Maximum Rat-

ings” may cause device failure. Functionality at or above

these limits is not implied. Exposure of the device to absolute

maximum rating conditions for extended periods may affect

device reliability.

DC CHARACTERISTICS (over operating range)

Parameter Parameter
Symbol Description Test Conditions Min. Typ. Max. Unit

Digital Inputs

ViH Input High Voltage 2.0 Vce+0.5 vV
Vi Input Low Voltage GND-0.5 08 \Y
I Input High Current Vin= Vee 1 HA
m Input Low Current Vin= GND -1 HA
Cin Input Capacitance f=1 MHz, Vin= 24V 7 pF
2 Digital Outputs
Von Qutput High Voitage lon =-5 mA 24 \
VoL Output Low Voltage loL = +5 mA 4 Y
loz Three-State Current GND <= Vin <= Vcc 50 HA
Cout Output Capacitance 7 pF
Analog Outputs
Resolution (each DAC) 6 6 6 Bits
INL Integral Linearity Error +1/2 LSB
DNL Differential Linearity Error +1/2 LSB
Full Scale Error +5 %Gray
Monotonicity Guaranteed
Coding Binary Binary
Output Voltage 15 Vv
Output Current 21 mA
. DAC-to-DAC Matching 2 %
Glitch Energy 120 pV-sec
Am81C176 7
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SWITCHING CHARACTERISTICS

Parameter Parameter Min/Typ
Number Description Max Unit
Clock Rate 80 66 50 35 MHz
1 RSo — RS, Setup Time Min 10 10 10 15 ns
2 RS — RS+ Hold Time Min 10 10 10 15 ns
3 RD Asserted to Data Bus Driven Min 5 5 5 5 ns
4 RD Asserted to Data Valid Max 40 40 40 40 ns
5 RD Negated to Data Bus 3-stated Max 20 20 20 20 ns
6 Output Hold Time Min 5 5 5 5 ns
7 RD Pulse Width Low Min 50 50 50 50 ns
8 WR Pulse Width Low Min 50 50 50 50 ns
9 Write Data Setup Time Min 10 10 10 15 ns
10 Write Data Hold Time Min 10 10 10 15 ns
11 Clock Cycle Time Min 12.5 15.2 20 28 ns
12 Clock Pulse Width High Time Min 4 5 6 7 ns
13 Clock Pulse Width Low Time Min 4 5 6 9 ns
14 Pixel Setup Time Min 3 3 3 4 ns
15 Pixel Hold Time Min 3 3 3 4 ns
16 Analog Output Delay Max 30 30 30 30 ns
17 Analog Output RiseTime Max 3 6 8 8 ns
(Note 1)
18 Analog Output Settling Time Max 13 156.3 20 28 ns
(Note 1)
19 Read after write address register Min 5*tcyc S*tcve 5*teve 5* teve ns
(read mode)
20 Successive read interval Min 4*tcyc 4*icvc 4~* tcyc 4* {cyc ns
21 Read after color read Min S5*tcyc S*tcve  5*feve 5* fcye ns
22 Write after color read Min 5*tcve  S*teve 5* teve 5* fcve ns
23 Successive write interval Min 4*tcyc  4*tcyc  4*teve 4* tcyc ns
24 Read after color write Min 4*tcyc  4*tcyc  4* leve 4* tcyc ns
25 Write after color write Min 4*fcyc  4*tcvce  4*lcve 4* tcye ns
26 Read followed by write interval Min 4*tcyc 4*tcye  4* tcve 4* tcyc ns
27 Wirite followed by read interval Min 4*tcyc 4*tcvc  4* teve 4* tcye ns
Analog Output Skew Max 2 2 2 2 ns
Pipeline Delay Typ 4 4 4 4 clocks
Vce Supply Current (Note 3) Typ 150 150 150 150 mA
Vce Supply Current (Note 3) Max 180 180 180 180 mA
Notes:

1. Clock and data feedthrough are not included

2 Load = 37.5Q + 30 pF with laer = —8.88 mA
3. Measured at maximum few;
lec(Max.): Vec =5.25 V, To = 0°C
lec(Typ.): Vee = 5.0V, Ta = + 25°C
Test Conditions:
TTL Input Level: 0 to 3 V with tg, t- (10-90%) < 3 ns
Analog Output Load < 10 pF; D, — D; Output Load < 50 pF

8 Am81C176
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SWITCHING WAVEFORMS
Key To Switching Waveforms

WAVEFORM INPUTS OUTPUTS

MUST BE WILL BE
STEADY STEADY

-
MAY WILL BE
CHANGE CHANGING
FROMHTOL FROMHTOL
MAY WILL BE
CHANGE CHANGING
FROMLTOH FROMLTOH
DON'T CARE CHANGING,
ANY CHANGE STATE
PERMITTED UNKNOWN

KS000010
N
TN

AmB81C176
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SWITCHING WAVEFORMS (continued)

XXX XXAXX XXX

QRRXXXXXXX

_ /

7
—> 6

IS
\J

11912-005A

MPU Read Cycle

11912-006A

MPU Write Cycle

10 Am81C176
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SWITCHING WAVEFORMS (continued)

12 13
7 T N
Y
"o Oata DOBAAXXXXX
BLANK 16 —®
14
—» 15 < 18
R G,B
—>| 17
Note 1:  Output delay measured from the 50% point of the rising edge of CLK to the 50 % point
of the fuli scale transition.
Note 2:

Setiling 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.

11912-007A

Video Input /Qutput

N

WR

19 20 ”
RD
Rs, rs, 20K2H QO 1H XXX 1t XXX 11 XRXXX xx XXXXX
Dy~ D, ——ADDR )—<__RED )— GREEN < BLE »—<
11912-008A
. Color Value Read Followed by Any Read
Am81Ci176 1
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SWITCHING WAVEFORMS (continued)

22

20

Dg-D; — < ADDR)—_RED »——creen )—< B )—<

11912-009A

Color Value Read Followed by Any Write

23 23 23

RSq RS,

Dg-D7

11912-010A

Color Value Write Followed by Any Read

T

12 Am81C176
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SWITCHING WAVEFORMS (continued)

23 23 23 25
v ‘\_H_m
& Rsq, RS, 20K XXX 1 XRXXX_1H XXX _1H XXXXX xx XXXXX
Dy - 07—( apbR y— RreD y—— GREEN )——< BLUE )—

11912-011A

Coler Value Write Followed by Any Write

WR
19
20 21
RD
N
Rso. Ry 20X2H QXK 1H XXXXX 11 XXXXX_1H XXXXX_3H XXXXX
Dy-Dy ——(aobr)»—< ReD »——< GREEN »—_BLUE )— ADDR +2)
11912-012A
Read Color Value then Read the Address Register
Am81C176 13
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SWITCHING WAVEFORMS (continued)

el
® L/—

g R, SOOI XXXXXIXXXKXKIIKKIIHX 3 XKKKKXKKX ”ﬂr

Do-D7 XXXXXXXXXX) CXXXXKXAKXXXXXO XX

11912-013A

Write and then Read Back the Address Register

23

\__f

RS,. RS, X72H QOXX ¢ XXXXX) Cxx XRXXX

11912-014A
Write to Mask Register Followed by Read or Write

14 Am81C176
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SWITCHING WAVEFORMS (continued)

WR
RD
s
RS, RS,
OH,2H,3H
11912-015A
Read from Mask or Address Register Followed by Read or Write
SWITCHING TEST WAVEFORM
3v
Data ——ee
wi :lw 15V
te th
Timing 3vy

Input ’
o~ npu oV

Notes: 1. Diagram shown for HIGH data only. Output transition may

be opposite sense.
2. Cross-hatched area is don't care condition.
11912-016A
.»/‘— \‘
Am81C176 15
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APPENDIX A: APPLICATION NOTE FOR THE Am81C176

The design of a system using the Am81C176 shouid be
based on the guidelines used for designing high preci
sion mixed analog and digital circuits. Some of these
rules are outlined here. Users may, of course, choose to
design circuits considerably different from that shown
here.

Separate power planes should be used for the analog
and digital power pins to reduce the noise on the analog
output due to the switching at the digital inputs. A high
frequency capacitor of around 0.1 pf should be placed
close to the package between Vccand GND. A large tan-
talum capacitor of about 22 puF should also be placed in
parallel to the 0.1 uF capacitor. This same arrangement
should be used on the DIP package as well. An inductor
used in series with the power supply acts as a low-pass
tilter and improves the Am81C176 supply even further.
Care should be taken to see that the analog plane does
not cross the digital plane. The pixeldata lines should be
kept as far from the digital lines accessible by the MPU
intertace.

Use of a current mirror such as the one shown in Figure
A1 is recommended to ensure a constant current source
for the DACs. The current sources may need to be tem-
perature compensated externally using a diode bias. It
may be necessary to add coupling capacitors (47 pF in
parallel with 0.1 pF) between lrer and Vcc to absorb
power supply variations not absorbed by the current
source. The two capacitors heip track the variations in
power supply at the low and the high frequency end.

The connection between the DACs and the monitor acts
as a transmission lie The two ends of the line need to be
terminated to provide proper impedance matching and
thereby avoid any reflections that might result other-
wise. Also, analog output protection is provided by the
diode as shownin Figure A2. The diode basically acts to
prevent excessive negative or positive voltage swings
which could result from electrostatic discharges and
things of that nature.

+5V

tREF

GND

11912-017A

Figure A1.

15Q
150Q

R
l } > LM334
— 1+——1

11912-018A

Figure A2.

16 AmB1C176
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Address

P A ADDRESS

Four
> \ Memory
Planes
) VGA
! ] Controller
Convol ADDRESS £ S
s}
Video BIOS m
: Control
PC/AT &
10 Interface
- y > -
BLANK,
DATA . WR

\ -

R
AmB81C176 G Analog
Color B Monitor
Palette

\A 4

| PIX[7:0] OXOX®)
LuT D{7:0)
Address

— t
DATA
11912-019A
Figure A3. Application Example: VGA system using a VGA Controller and an Am81C176
P
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PHYSICAL DIMENSIONS
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Sales Offices

North American

ALABAMA .. ....(205) 882-9122
ARIZONA .. ...(602) 242-4400
CALIFORNIA
Culver Cny (213) 645-1524
Newport Beach . .(714) 752-6262
Roseville ..... .{916) 786-6700
San Diego .{619) 560-7030
San Jose ..... .{408) 452-0500
Woodland Hills .. .{818) 992-4155
CANADA Ontario,

...{613) 5§92-0060

Wlllowdale {416) 224-5193

COLORADO .. ..{303) 741-2900
CONNECTICUT .. 203) 264-7800
FLORIDA,

Clearwater ....{813) 530-9971

Ft. Lauderdale .{305) 776-2001

Orlando .... .{407) 830-8100
GEORGIA ...{404) 449-7920
ILLINOIS,

Chicago (312) 773-4422

Naperville .{312) 505-9517
KANSAS .{913) 451-3115
MARYLA .(301) 796-9310
MASSACHUSETTS.. . 617; 273-3970
MICHIGAN ....... .(313) 347-1522
MINNESOTA ... ...{(612) 938-0001
NEW JERSEY,

Cherry Hill... ....(609) 662-2900

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

Liverpool ..{315) 457-5400

.(914) 471-8180
(914) 471-8180
...(716) 272-9020

....(614) 891-6455

.(513) 439-0470
.{503) 245-0080
.(215) 398-8006
...(803) 772-6760

....(512) 346-7830
-(214) 934-9099
.-{713) 785-9001

Poug keepsne

Roc
NORTH CAROLINA..
OHIO,

Columbus....

Dayton...
OREGON ..
PENNSYLVANIA .
SOUTH CAROLINA ..
TEXAS,

Austin ...

Dallas .

Houston.

International
BELGIUM, Bruxelles

FRANCE, Paris ..............

WEST GERMANY,

Hannover area ........... TEL . ...(0511) 736085
FAX. (0511) 721254
TLX e 922850
Minchen ... TEL . ..{089) 4114-0
FAX. (089) 406490
TLX.. ceveene.... 523883
Stuttgart ..o TEL .. ..(0711 62 3377
FAX . (0711) 625187

TLX.. coceiensine 721
HONG KONG ... TEL . .852-5-8654525

.852-5-8654335
.867955AMDAPHX

ITALY, Milan .....ccoecveene TEL . .{02) 3390541
. .(02) 3533241
FAX .(022 3498000
TLX ....843-315286

JAPAN,
Kanagawa.................... TEL ... ..462-47-2911
FAX ..462-47-1729
TOKYO oo TEL (03) 345-8241
FAX. 03) 342-5196
TLX J24064AMDTKOJ
Osaka.......oocoeriiiienne TEL ..06-243-3250
FAX ..06-243-3253

International (Continued)
KOREA, Seoul

LATIN AMERICA,
Ft. Lauderdale.............

...822-784-0030
...B22-784-8014

...{305) 484-8600
305) 485-9736
5109554261 AMDFTL
-..(02) 537810
(02) 591959

..79079

NORWAY, Hovik.

SINGAPORE ....
65-3480161
50 AMDMMI

SWEDEN,

Stockholm ........cc.......... (08) 733 03 50
..(08) 733 22 85
.............. 1602
TAIWAN oo, 86-2-7213393

.B86-2-7122066
..B86-2-7723422

..(0925) 828008
.(0925) 827693
..851-628524
(0483) 740440
.(0483) 756196
851-859103

North American Representatives________
CANADA

UNITED KINGDOM,
Manchester area

London area ................

Burnaby, B

DAVETEK MARKETING ................................. (604) 430-3680
Calgary, Alber!

8 VETEK MARKETING ................................. (403) 291-4984
Kanata, Ontario

VITEL ELECTRQNICS .................................. (613) 592-0060
Mississauga, Ontario

VITEL ELECTRONICS ..., (416) 676-9720
Lachine, Quebec

VITEL ELECTRONICS ... (514) 636-5951
DAHO

...(208) 888-6071

INTESRMOUNTAIN TECH MKTG ..

ILLIN

HEARTLAND TECHNICAL MARKETING .....(312) §77-9222
INDIANA

Huntington - INDIANAPOLIS ELECTRONIC

C)MARK TING CONSULTANTS, INC. ....{317) 921-3450

LORENZ SALES ..o (319) 377-4666
KANSAS

Merriam — LORENZ SALES ... ....{913) 384-6556

Wichita - LORENZ SALES ...{316) 721-0500
KENTUCKY

ELECTRONIC MARKETING

CONSULTANTS, INC ..o (317) 921-3452
MICHIGAN

Birmingham - MIKE RAICK ASSOCIATES

Heolland - COM-TEK SALES

.(313) 644-5040
(616) 399-7273

Novi — COM-TEK SALES, INC ...(313) 344-1409
MISSOURI

LOHENZ SALES ... (314) 997-4558
NEBRASKA

LORENZ SALES ... (402) 475-4660

NEW MEXICO,

THORSON DESERT STATES .. ...(505) 293-8555
NEW YORK
East Syracuse — NYCOM, INC .................... (315) 437-8343
Woodbury — COMPONENT
OHCI:(C))NSUL ANTS, INC ..., {516) 364-8020

Centerville — DOLFUSS ROOT & CO ...

Columbus — DOLFUSS ROOT & CO ..

Strongsville —- DOLFUSS ROQOT & CO ..
PENNSYLVANIA

DOLFUSS ROOT & CO ... (412) 221-4420
PUERTO RICO

COMP REP. ASSOCIATES .. ....(809) 746-6550
UTAH, R? MARKETING ...(801) 595-0631
WASHINGTON

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

HEARTLAND TECHNICAL MARKETING .....(414) 796-1128

...(513) 433-6776
(614) 885-4844
.(216) 238-0300

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 described herein.

Advanced Micro Devices, Inc. 501 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088, USA
‘ Tel: (408) 732-2400 - TWX: 910-339-9280 « TELEX: 34-6306 - TNt FRFF: (800) 538-8450
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