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Quad Differential Backplane Transceiver Devices

DISTINCTIVE CHARACTERISTICS

H 10 Mb data rate W Driver register and receiver latch with register

H 0.45 V DC noise margin bypass mode

B Biasing line terminations aliow low voltage E Driver output short-circult protected to Vcc
swing while maintaining high nolse margin limits

M Pair delay 55 ns maximum M Outputs disabled during power-up and down

W Controlled driver skew to minimize noise M Three-state recelver outputs maintain Hi-Z

during power-up and down and over Vcc range

GENERAL DESCRIPTION
The Am26L.S38 is a high performance backplane trans- backpiane can have up to 24 receiver unit loads in a
ceiver designed to integrate Schottky TTL performance, party-line, wired-OR logic configuration, with a guaran-

high noise immunity and wired logic capability into a low teed fail-safe state, and operates from a single 5 V
cost differential backplane structure. The resulting power supply.
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CONNECTION DIAGRAM
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Nota:
Pin 1 is marked for orientation.
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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:

AM26LS38 _ D c B

-|—— OPTIONAL PROCESSING

Blank = Standard Processing
B = Burn-In

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

PACKAGE TYPE
D = 24-Pin Ceramic DIP (CD3024)
S = 24-Pin Small Outline (SO 024)

SPEED OPTION
Not Applicable
DEVICE NUMBER/DESCRIPTION
Am261.538
Quad Differential Backplane Transceiver
Valld Combinations Valid Combinations
AM26LS38 I DC, DCB, SC Valid Combinations list configurations planned to be

supported in volume for this device. Consuit the local
AMD sales office to confirm availability of specific
valid combinations and to check on newly released
combinations.

Am26LS38 3
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PIN DESCRIPTION

Pin No. | Name VO | Description
22,20 | BA, BB, /O | Paired open emitter (Bi)/ open collector (Bi) driver outputs and receiver inputs, The
18,16, | BC, BD driver outputs are either simultaneously active or simultaneously inactive. In the in-
21,19, | (B) BA, active state (Dli= LOW) both drivers (Bi and Bi) are turned off and the voltage differ-
17,15 BB, BC, ential representing the OFF state is determined by the line terminating resistor net-
BD (B) works. In the active state (Dii = HIGH), both drivers are driven on and act to reverse
the voltage differential across the line to produce the ON state.
The open-emitter/open-collector outputs are always connected in a wried-OR
(or wired-AND) configuration. A driver is disabled by making its outputs inactive.

23 BE | Bus Enable operates 1o enable or disable all output drivers by making them inactive
when BE = HIGH and controlled by data input when BE = LOW.

13 CP | Clock Pulse input to the driver register enters data on the LOW-to-HIGH transition.

3,5,7, | DIA DIB, t Data inputs each driver’s buffer or register. A HIGH input to DIi will result in an
9 DIC, active (ON) output. A LOW input will cause an inactive (OFF) output.
DID (D)
4,6,8, | DOA DOB, | O | Receiver data latch outputs. An inactive bus (OFF state) will produce a LOW DOi
10 DOC, output and an active bus (ON state) will produce a HIGH DOi output.
DOD (DOi)

14 EN | Clock Enable for the driver registers. EN = LOW enables DI, data to be clocked into
the respective register. EN = HIGH acts to hold previous data in each register
regardless of the state of CP.

2 OE I Output Enable for the receiver laich Joutput buffer. When OE is LOW the outputs are
enabled. When OE is HIGH all receiver outputs are in the high impedance state.

1 RLE | Recaiver Latch Enable for the receiver latches. When RLE is HIGH the latches are
transparent. When RLE is LOW received data meaeting the setup and hold
requirements relative to the HIGH-10-LOW transition of RLE will be stored.

11 S | Select input control for the drivers. When S is HIGH driver data from the registers
will be selected (Register Mode). When S is LOW (Buffer Mode) the drivers respond
to the Dli inputs directly, bypassing the driver registers.

Inputs Outputs
RLE| CP | EN | OE | S | BE | DK Bi Bi Bi Bi DOi | Function
H X X L L L L NA | NA L H L Driver buffer mode (ioop test)
H X X L L L H NA | NA H L H
H T L L H L L NA | NA L H L Driver register mode
H T L L H L H NA | NA H L H
H X X L X H X L H NA | NA L Receiver latch mode
H X X L X H X H L NA | NA H
L X X L X H X X X X X | DOin-1 | Receiver in circulation
X X X H X H X X X X X z Recaeiver output in high
impedance state
H = HIGH
L = LOW
T = LOW:-to-HIGH transition of clock
DOin-1 = Previous state of DO;
z = High impedance
X = Don't care
NA = Not applicable
4 Am26LS38
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FUNCTIONAL DESCRIPTION

The Am26LS38 represents a new approach in back-
plane transceiver design. its unipolar difterential signal-
ing scheme minimizes problems associated with
crosstalk and the loss of noise immunity due to common
mode voltage while providing high speed, party line and
wired logic capabilities.

A good ground system and shielding are the best meth-
ods for limiting noise on the backplane. Ground planes
can significantly reduce inductive ground voltage ring-
ing. Where multilayer PC backplane are not a reason-
able choice, a differential bus can be created using the
Am26LS38 and twisted pair or any balanced transmis-
sion medium.

A backplane designed with an Am26LS38 has 3 main
elements; 1) a driver section, 2) a receiver section, 3)
and a controlled impedance differential line with a pre-
biasing fine termination. The scheme for driver, re-
ceiver, and termination resistors is shown in Figure A.

System Operation
The system has two operational states.

1. Active — driver outputs on
2. Passive — driver outputs off

This 2-state (active/passive) operation makes passive
or wired logic functions possible. In the passive state,
the lines assume a known polarity and voltage (pre-bi-
ased bus). The passive bus state may be assigned
either the false (wired-OR) or true (wired-AND) sense,
potentially reducing the number of backplane sig-
nal lines.

The 2-state driver employs active pull-down {(open col-
lector) and active pull-up (open emitter) output stages
(Figure A). When a driver is active, both output stages
turn on. This impresses a 0.5 V minimum voltage ditfer-
ential on the bus, reversing the voltage across Ro. Inthe
passive mode both output stages are off. The voltage
levels and polarities return to the conditions set by the
pre-biasing resistive network. In either state the voltage
across the differential lines are symmetrical about
Vce/2. The system achieves high speeds because the
voltage levels required to change state are very
closetogether.

The receiver is designed with a £50 mV threshoid volt-
age. This low threshold level combined with a driver out-
put greater than 500 mV provides a high degree of
tolerance 1o attenuation and refiection effects in the ca-
ble. Receiver hysteresis provides differential noise im-
munity. Without hysteresis, a small amount of noise
around the switching threshold could cause errors.

Propagation delay skew (tpHL — tpLH) is controlled. The
system allows up to 1.5 V of common mode voltage.

Terminating the Transmission Line or Bus

Common mode reflections in the line can be reduced
significantly by symmetrically terminating the bus. This
increases the tolerance to common mode noise. Cen-
tering the network at Vcc/2 (R1 = Ra) further improves
the performance by causing all induced noise and re-
flections to appear as a common mode signal
(Figure B).

VT

2R

Vio &
—_—
< S
Voc 2R 2 RH=20

V2o &

4»

ji R3

= 02163D-4

Figure B. Termination Circuit
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Figure A. The Scheme for Driver, Receiver, and Termination Resistors

Afirst order approximation of resistor values may be de-
veloped by letting the ratio of R1 to Rz be 2:1, and the
Thevenin equivalent resistance of the termination equal
the characteristic impedance of the line (Z25).

Then:

1 Voo = Vr— 22—

(1) Voc = TFiz+2Fi1
2R:R2

2) RTH= ——

@ R™ = R

From equation (1) and (2),

VIRTH
3) Rt =——
(3) R 2Voc
VTRTH
4) R2 = ———
4 R VT-Voc

fVr=5V,Voc =10V, and Rrn = 90 Q = Zo, we can
derive that R1 ~220 Q, R2 ~110 Q.

Second order adjustments require attention to unit load-
ing factors (receiver differential input resistance is in
parallel with Rz}, transmission rates and a host of
otherfactors.

Data Path

Figure C shows the data path from one driver to another
receiver for one bit of the bus interface.

The transmit register or buffer and receiver laich are
configured to provide two modes of operation. The reg-
ister and latch can provide local storage for output and
input data. In the non-storage mode the buffer input to
the driver can be selected and the receiver can be wired
transparent. Incorporating storage on-chip provides im-
proved speed and lower package count without signifi-
cant penalty in the non-storage mode.

6 Am26LS38
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02163D-6
Figure C. The Data Path for One Bit of the Bus Interface
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02163D-7
Equivalent Circuit Recommended Termination

Termination Resistors and Equivalent Impedance Equivalent Termination Versus DC Resistance

Minimum line Vo (differential voltage) = 0.5 V

Zo R1 =R’ Rz = R Zo Ro
90 Q 220Q 110Q 88.0Q 4.0Q
120 Q 300Q 150 Q 1200 Q2 60.0 Q

Am26LS38
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage .................... ... .. 7.0V
CommonModeRange ................. 01to Vce
Differential Mode Range (REC) ... ... ... 0to Vce
Logiclnputs . ......................... .. 55V
Storage Temperature Range ... .. —65°C to +150°C

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maxi-
mum ratings for extended periods may affect device reliability.

OPERATING RANGES

Commercial (C) Devices
Temperature ... ............... 0°C to +70°C
Supply Voltage ............ +4.75Vto+525V

Opaerating ranges define those limits between which the func-
tionality of the device is guaranteed.

Am26LS38
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DC CHARACTERISTICS over operating ranges unless otherwise specified

Parameter
Symbol | Parameter Description Test Conditions Min Typ. Max | Unit
Bus Driver Output
Vo Output Differential BE = LOW Dii = HIGH 05 \
Voltage (Driver Active) Test Circuit #1
VBi— \&i
Iss Output Current Dl = HIGH la -225 -55 -115 | mA
Test Circuit #2
BE = LOW Ib +22.5 +55 +115 | mA
Isc Output Short Circuit Current Vec =55V -75 -150 -250 | mA
Bus Recelver input
VTH Differential Input Vem =010 Vee -50 +10 +50 mvV
Thresholid Voltage Vour = VoL or VoH
RIN Input Resistance to GND 0 < Vce < Vee Max 4 57 kQ
RN Differential input Resistance 0 < Vee < Vee Max 11.4 kQ2
Vos Center Voltage Test Circuit #3 Active and Passive 20 Vee/2 3.0 \'
[Vos|-|Vos] | Center Voltage Difference Test Circuit #3 90 300 mV
(Active vs. Passive)
Non-Bus Input and Outputs
VOH Output HIGH Voltage AVin=+0.1V low = =15 mA 24 34 \
lon = —24 mA 20 33 \
VoL Output LOW Voltage AViN=-0.1V MIL, loL = 32 mA 0.5 \']
COM'L, loL = 48 mA 0.5 "
VIH Input HIGH Voltage Guaranteed Input Logical HIGH
Voltage for All Inputs 20 v
Vit input LOW Voltage Guaranteed Input Logical LOW
Valtage for All Inputs 0.8 \
I Input LOW Current Vin=04V Data ~275 —400 | pA
Control ~0.65 -1.0 mA
Clock -0.65 -1.0 mA
[[T8] Input HIGH Current ViN=27V 0.1 +50 RA
Isc Output Short Circuit Current Vec=55V -75 -150 -250 | mA
It Input Leakage Current VIN=55V 1 mA
Vic Input Clamp Voltage IN=-18 mA -0.75 -1.2 \
loz Leakage Current Passive Vo=24V +50 HA
Vo=04V -50 pA
Icc Power Supply Current BE, OE = HIGH 145 mA

Am26LS38
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SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0 V)

Parameter
Symbol |Parameter Description Test Conditions Min Typ. Max | Unit
toBA Dli to Bi/B; Propagation Delay | Active | BE=LOW  Test Circuit #1 7 10 ns
toBP Passive | S = LOW 7 10 ns
tca CP to Bi/B Propagation Delay | Active | BE =LOW  Test Gircuit #1 10.5 16 ns
tcap Passive | S = HIGH 13 16 ns
tPA BE to Bi/Bi Propagation Delay | Active | Dli=HIGH  Test Circuit #1 8.5 12 ns
tPp Passive | S = LOW 4 8 ns
ts Dii to Clock Setup Time BE = LOW 5 25 ns
tH DIi to Clock Hold Time 2 ns
ts EN to Clock Setup Time 8 4 ns
tH EN to Clock Hold Time ] ns
ts Bi/Bi to RLE Setup Time 5 ns
tH Bi/Bi to RLE Hold Time 2 ns
trLztpHz | OE to DO Disable Time CL=50pF Test Clrcuit #4 20 ns
tPLZ/tPHZ CL=5pF Test Clrcuit #4 13 ns
tPzL OE to DOi Disable Time Test Clrcuit #4 17 ns
tPzH 17 ns
tPLH RLE to DOi OE =LOW  Test Circuit #4 11 13 ns
tPHL 14 17 ns
tPRX Bi/Bi to DOi BLE = HIGH  Test Circuit #4 12 17 ns
OE = LOW
tPLH BE to DOi Propagation Delay RLE = HIGH Test Circuits 15 25 ns
tPHL OE=LOW #1, #4
tPLH Dli to DOI (Buffer Mode) S =LOW Test Circuits 18 25 ns
tPHL RLE = HIGH #1, #4
OE = LOW
tPLH CP to DOi (Register Mode) S = HIGH Test Circuits 22 28 ns
tPHL RLE = HIGH #1, #4
OE = LOW
tPwL Clock Puise Width LOW 10 ns
tPwH HIGH 10 ns
1PWH RLE Pulse Width HIGH 10 ns
tSKEW Propagation Delay Skew Vee=5V Test Circuit #1 +1 5 ns
(tpen — tew) C.=50pF
Measurement Vgc/2

10
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified

Ta =0to +70°C
Parameter Vee = 5.0 V+10%
Symbol | Parameter Description Test Conditions Min Max Unit
tDBA Dlito B/ Bi Propagation Delay | Active BE =LOW Test Circuit #1 12 ns
tosp Passive | S = LOW 12 ns
tCBA CP to B/ Bi Propagation Delay | Active | BE = LOW Test Circuit #1 20 ns
tcep Passive | S = HIGH 20 ns
tPA BE to B/ Bi Propagation Delay | Active Dli = HIGH Test Circuit #1 17 ns
tPp Passive | S = LOW 12 ns
ts Dlito Clock Setup Time BE = LOW 7 ns
tH Dlito Clock Hold Time 3 ns
ts EN to Clock Setup Time 10 ns
tH EN to Clock Hold Time 0 ns
1s Bi/ Bi to RLE Setup Time ns
tH B8/ Bi to RLE Hold Time 3 ns
trLzAPHz | OF to DO, Disable Time C. =50 pF Test Circuit #4 17 ns
tPLZAPHZ CL=5pF Test Circuit #4 10 ns
tPzL OE to DO Enable Time Test Circuit #4 15 ns
tPzH 15 ns
tPLH RLE to DO; OE = LOW Test Circuit #4 15 ns
tPHL 20 ns
tPRX Bv/Bi to DO RLE = HIGH Test Circuit #4 21 ns
OE = LOW
tPLH BE to DO; Propagation Delay RLE = HIGH Test Circuits 32 ns
tPHL OE = LOW #1, #4
tPLH Dlito DO; (Buffer Mode) S=LOW Test Circuits
tere RLE = HIGH #1, #4 30 ns
OE = LOW
tPLH CP to DO, (Register Mode) S = HIGH Test Circuits 35 ns
ter RLE = HIGH #1, #4
OE = LOW
tPwL Clock Pulse Width LOW 10 ns
tPWH HIGH 10 ns
tPWH RLE Pulse Width HIGH 13 ns
tSKEW Propagation Delay Skew Vee =5V Test Circuit #1
(teLr — terL) CL =50 pF +7 ns
Measurement Vcc/2
AM26LS38 LL
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must Be Will Be
Steady Steady
May. Wil Be
Change Changing
fromHto L fromHto L

May Will Be
Change Changing
fromLto H fromLto H
Don't Care, Changing,
Any Change State

Permitted Unknown
Does Not Center
Apply Line is High
Impedance
“Off" State
KS000010
RLE 45V
OE
BE oV
S
l 3 3V
Dli 7 ( - ;3 v
toBA le tDBP
B Vec/2
B ———— Vcc/2
toBA I tPAX tosp ) tPRX
/ N
DO 7 ‘ 15V
tPLH tPHL

02163C-8
Dli to Bi,Bi, DOi (Buffer Mode)
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RLE 45V
S
OE oV
BE
EN A [\ L :13 :v
n__/ \ /. oV
s ™= 1y
- 3v
- ( 1.5V
ce_ 7 _f 7 oV
fe— tPwH tPwi -
- /—— 3V
Dii /  — 15V
—_ oV
ts —1 tH ts tH
Bi — Vcce/2
[ tcBA I+ {cap
B . ——— Vccr2
— {CBA l%- {cap '|
DO 15V
[*— tPLH [ tPHL
02163C-9

CP to B,Bi, DO: (Register Mode)

Dl
45V
RLE
s
_S ov
OE
v
_ 4 "\ 3
BE 4 L ——————— 15V
7 N o
[ tep fe- tPA
B —— Vcer2
fe— tpp [ tpA
Bi — Vce/2
e tPHL fe— tpi H
DO TSV

02163C-10
BE 1o B;,Bi, DO (Passive and Active)
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—— |- {SKEW
Bi l/
) - veer2
Bi
02163C-11
Qutput to Output
BE oV
"R T.
RLE 7 ( 7 15V

oV

—
Bi _\— *— Vce/2
I

ts wre ty

Vce/2

- tpHL -.' fe— tPLH _-'

¥ S

02163-012C

RLE to DOs

OE 5\ % _ 15V
—4

DO fe— t21 Lz
Output
Normally Low S2 O -15V
Y 2-pen 05V
¥ Vou
I 171 tHz n
05V VoH
DO S1Openg- —-1.5V —
Output
Normally High
02163-013C
OE to DOy
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SWITCHING TEST CIRCUITS

I
Ri1 :E
Bi " Bi o @
T » Veer2
pDUT R2 S < DUT b ¢ °
I [ la
B N Bi ~ ()
o )
- ——
RS TS Ri-2000
J[ = R2=50Q
— CL =50 pF
02163C-14 02163C-15
Test Circult #1 Test Circuit #2
Test Point Vee
= ]
Bi
|'—°ﬁ‘ From Output St AL
> Under Test
nag vos ‘ 180 Q
ouT ‘ip—o Ct Includes b :\:‘Ilg;gd;s
100< Probe and Jig < 1.0kQ 1N3064
< .
Bi r Capacitance
— o>
S2 l_
02163C-16 02163C-17
Test Circuit #3 Test Circuilt #4
Notes:
1. CL = 50 pF unless otherwise specified.
2. St and Sz are closed except where shown.
Am26LS38 15
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PHYSICAL DIMENSIONS*

CD3024
24-Pin Ceramic DIP (measured in inches)

L 1.235
| 1.280
280
1 310
[ ]
.045 100 005
.065 BSC MIN .300
TOP VIEW BSC
140 ] 008
350 o1 018

4 o5
_) : .
125 f 060 %':50 Vo
200
—= L_ 400 __!
014 MAX 06850F
026

SIDE VIEW END VIEW

SO 024
24-Pin Small Outline (measured in inches)

AR A A

jwnununm

2914 3940
2992 4190

1

.055
. 5985 N
6141
0926
1043 | éfgih ¥ 0091
et .0125
‘ .0040 L.U_" —’I L—
0138 0118 8° 016
0792 : 550
093108
SIDE VIEW END VIEW 0 b

*For refarence only. BSC is an ANS/ standard for Basic Space Centering.
Trademarks

Copyright © 1993 Advanced Micro Devices, Inc. All rights reserved.
AMD is a registered trademark of Advanced Micro Devices, Inc.

Product names used in this publication are for identification purposes only and may be trademarks of their respective companies.
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North American

ALABAMA .. ....(205) 882-9122

ARIZONA ... ...(602) 242-4400

CALIFORNIA,
Culver City ........... ....{310) 645-1524
Newport Beach ....(714) 752-6262
Sacramento{Rose (916) 786-6700
San Diego ... (619) 560-7030
San Jose........ (408) 452-0500
Woodland Hills ... ...(818) 878-9988

CANADA, Ontario,

....(613) 592-0060

Willowdale (416) 222-7800
COLORADO .. ....{(303) 741-2900
CONNECTICUT ..o s (203) 264-7800
FLORIDA,

Clearwater .... ....(813) 530-9971

Boca Raton... (407) 361-0050

Orlando (Longwood).. ....(407) 862-9292
GEORGIA .. ....(404) 449-7920

...{208) 377-0393

ILLINOIS,

Chicago (Itasca) .... ....{708) 773-4422

Naperville ... .(708) 505-9517
MARYLAND ... .{(301) 381-3790
MASSACHUSETTS .{(617) 273-3970
MINNESOTA ....{612) 938-0001
NEW JERSEY,

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

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

Brewster ... .{914) 279-8323

Rochester .... ..{716) 425-8050
NORTH CAROLINA

Charlotte ... ...(704) 875- 3091

.(919) 8788111

Columbus (Westerville)
Dayton...
OREGON ...

...(614) 891-6455

.(513) 439-0268
.(503) 245-0080
...(215) 398-8006

(512) 3486-7830
.{214) 934-9099
HOUSION ..ot (713) 376-8084
International

BELGIUM, Antwerpen ... TEL .... ......(03) 248 43 00
FAX (o (03) 248 46 42

FRANCE, Paris ................ TEL ... ...(1) 49-75-10-10
FAX... ...(1) 49-75-10-13

GERMANY,
Bad Homburg .............. TEL .ot (06172)-240861

FAX oo (06172)-23195
MONGREN .......ccvvrrrreee TEL. .(089) 45053-0

FAX .(089) 406490
HONG KONG, ................... TEL.... ... (852) B65-4525
Wanchai FAX ... .....(852) 865-4335
ITALY, Milano ............... TEL oo (02) 3390541
FAX ..(02) 38103458

JAPAN,
AtSUGi ..o TEL.... (0462) 29-8460
.{0462) 29-8458
Kanagawa .................... .(0462) 47-2911

(0462) 47-1729

International (continued)

TOKYO oo TEL .....(03) 3346-7550
FAX .(03) 3342-5196

Osaka ... TEL ..(06) 243-3250
FAX ... ...(08) 243-3253

KOREA, Seoul................... TEL ... ..(82) 2-784-0030
FAX. ..(82) 2-784-8014

LATIN AMERICA,
Ft. Lauderdaie ............. TEL i, (305) 484-8600
. (305) 485-9736

SINGAPORE .........ccccoovnuee TEL .{65) 3481188
FAX. ....(65) 3480161
SWEDEN,
Stockholm area ........... TEL.... ...(08) 98 6180
(Bromma) FAX ....(08) 98 09 06
TAIWAN, Taipei ............... TEL ... (886) 2-7153536
FAX. ...(886) 2-7122183
UNITED KINGDOM,
Manchester area ......... TEL.... {0925) 830380
(Warrington) ...(0925) 830204
London area (0483) 740440
(Woking) (0483) 756196
North American Representatives
CANADA
Burnaby, B.C. - DAVETEK MARKETING...........(604) 430-3680
Kanata, Ontario — VITEL ELECTRONICS .......... (613) 592-0060

Mississauga, Ontario - VITEL ELECTRONICS .(416) 564-9720
Lachine, Quebec — VITEL ELECTRONICS ........ (514) 636-5951
ILLINOIS

Skokie — INDUSTRIAL

REPRESENTATIVES,INC
|OWA

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

Merriam — LORENZ SALES ..

Wichita - LORENZ SALES
MICHIGAN

Holland -~ COM-TEK SALES, INC ......

Brighton — COM-TEK SALES, INC ...
MINNESOTA

(708) 967-8430

(9183) 469-1312
..(316) 721-0500

...(616) 335-8418
(313) 227-0007

Mel Foster Tech. Sales, Inc. ... (612) 841-8790
MISSOURI

LORENZ SALES ...ttt (314) 997-4558
NEBRASKA

LORENZ SALES ............. i (402) 475-4660
NEW MEXICO

THORSON DESERT STATES .......ccccovvvimenn, (505) 883-4343
NEW YORK

East Syracuse - NYCOM, INC ...................... (315) 437-8343

Hauppauge — COMPONENT

CONSULTANTS, INC ... .o (516) 273-5050
OHIO

Centerville — DOLFUSS ROOT & CO ... (513) 433-6776

Columbus — DOLFUSS ROOT & CO
Westlake ~ DOLFUSS ROOT & CO
PENNSYLVANIA

_.(614) 885-4844
...(216) 899-9370

RUSSELL F. CLARKCO.INC. ..., (412) 242-8500
PUERTO RICO

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

Front Range Marketing ... ... (801) 288-2500
WASHINGTON

ELECTRA TECHNICAL SALES ...................... (206) B21-7442
WISCONSIN

Brookfield — INDUSTRIAL

REPRESENTATIVES,INC ... (414) 574-9393

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
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