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PRELIMINARY VP1 6V8E

DESCRIPTION

The VTI Eleetrioally Erasable
GAL device, VP16V8E, comblnes
a high performance CMOS i

. process with electrically
erasable floating gate .
technology. This proven

programmable memory ‘technology

applied to array logic :
provides designers with -
reconfigurable logic and
bipolar performance at
signifieantly reduced power
levels.

Unique test oirouitry and
reprogrammable fuses allow
complete ac, dec, fuse and
functionality testing during
manufacture. Therefore, VTI
guarantees 100% field

programmability and
functionality of the GAL
devices. In additionm,

_electronic signature is

available to provide positive
device identification. A
security circuit is built in,
providing the user’s ,
proprietary circuit with copy
protectlon

The GAL'deviee fuse map is

‘logically equivalent to the

industry standard PAL devices
and is programmed with readily

“available hardvare and

software tools. VTI
guarantees 100 erase/write
cycles and data retention-
exceeding 10 years.
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OUTPUT LOGIC MACROCELL:

The outpﬁts of the AND arraj

are fed into an output logic -

macrocell, where each output
can be individually set to
active high or active low,
with either combinationail
(asynchronous) or registered
(synchronous) configurationms.

A common output enable can be

connected to all outputs.:

Alternatively, separate inputs

or product terms can be used
to provide individual output
enable controls. The output

logic macrocell provides the
designer with maximal output

flexibility in matching signal

requirements, thus potentially
providing more functions than
possible with existing 20-pin
devices.

The various configurations of
the output logic macrocell are

_ controlled by programming

certain cells (SYN, ACO,
ACl(n), and the XOR(n)
polarity bits) within the
82-bit architecture control
word. The SYN bit determines
wvhether or not a device will
have registered output
cepablility or will have purely
combinational outputs It also

Dedicated input Mode

SYN | ACO JACi(n}]
1 ] 1

FUNCTION
INPUT MODE
(8. 10L8, 1494)
{N THIS ARCHITECTURE MODE, -
PINS 1 AND 11 ARE DATA INPUTS, -

THE OUTPUT BUFFER IS DISABLED..

replaces the ACO bit in the
two outermost macrocells. OLMC
(12) and OLMC (19). When first
setting up the device
architecture, this is the
first bit to choose.

.-Architecture control bit ACO
and the eight ACl(n) bits -
direct the outputs to be wired
always on, always off (as an
input), to have a common OE
term (pin 11), or to be
3-state controlled separately
from a product term. The
architecture control bits also
determine the source of the
array feedback term through
the FMUX, and select either
combinational or registered
outputs.

The five valid macrocell
configurations are shown in
each of the macrocell
equivalent diagrams. In all
cases, the eight XOR(mn) bits
individually determine each
output ‘s polarity. The truth
table associated with each
diagram shows the bit values
of SYN, ACO, and ACl(n) that
set the macrocell to the
configuration shown.
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pREmeARY V'P1 6V8E

Dedicated Combinational Output

SYN | ACO [AC1(n) FUNCTION
1 [] 0 ALL OUTPUTS
. COMSINATIONAL
(1.0, 10L8, 12H8)
¥ THIS ARCHITECTURE MODE,

PINS 1 AND 11 ARE DATA INPUTS. -
- ALL OUTPUTS ARE COMBINATIONAL AND

ALWAYS ACTIVE.
“XOR(n) OUTPUT POLARITY
° ACTIVE LOW
1 ACTIVE HIGH
Combinational Qutput
SYN | ACO _[ACi(n) FUNCTION
1 1 1 ALL OUTPUTS
COMBINATIONAL
. {l.e. 16L8, 18H8)
i THIS ARCHITECTURE MODE,

PINS 1 AND 11 ARE DATA INPUTS.
ALL OUTPUTS ARE COMBINATIONAL.

XOR(n) OUTPUT POLARITY
) ACTIVE LOW
1

Comblinational Qutput in a Registered Device

ACTIVE HIGH

SYN | ACO

AC1(n)

FUNCTION

0 - 1 1

QUTPUTINA

COMBINATIONAL
REGISTERED DEVICE

XOR(n)

OUTPUT POLARITY

0
1

ACTIVE LOW
ACTIVE HIGH

IN THIS ARCHITECTURE MODE,

PIN 1 = CK, PIN 11 a OE, THIS MACROCELL

15 COMBINATIONAL, BUT AT LEAST ONE
OF THE OTHERS IS REGISTERED OUTPUT,
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Registerad Active High or Low Output

FUNCTION
OUTPUT
REGISTERED
{i.6. 16R8)
i THIS ARCHITECTURE MODE,
PN 1 = CK, PiN 11 = OF. :

SYN | ACO |ACY(n)
o 1 °

XOR(n) "~ OUTPUT POLARITY
0 ACTIVELOW
1 ACTIVE HIGH

PREL IMINARY VP1 6V8E

SR . o€
—— e  oureut_Locze_maceoces %

1/0¢(n)

POWER-UP RESET

Circuitry within the VP16V8E
provides a reset signal to all
registers during power-up. All
internal registers will have
the Q outputs set LOW after &
specified time (tRESET). As a
result, the state on the
registered output pins, if
they.are enabled through OE,

-will always be HIGH on

power-up, regardless of the
programmed polarity of the
output pins. This feature can

greatly simplify state machine

design by providing a known
state on power-up.

The timing diagram for

‘power-up is shown below.

Because of the asynchronous
nature of system power-up,
some conditions must be met to.
guarantee a valid power-up
reset of the VP1l6V8E. First,
the VCC rise must be
monotonic. Second, the clock
input must become a proper TTL
level within the specified
time (tPR). The registers will
reset within a maximum of
tRESET time. As in normal
system operation, avoid
clocking the device until all
input and feedback path setup
times have been met.
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PRELIMINARY VP1GVS8E
ABSOLUTE MAXIMUM RATINGS o -

Storage temperature = - -65"t0 +;25°C
Ambient Temperature under bias . ' 0°to +70°C
Input voltage on any pin relative to VSS Operating -2.5 to +6.0V
Supply voltage, VCC, with respect to VSS , ~ =.5 to +7 V
Off-state output voltage on any pin relative to VSS -2.5 to +6.0 V

Stresses above those listed under the "Absolute Maximum Ratings®
may cause permanent damage to the device. These are stress only
ratings and functional operation of the device at these or at any
other conditions above those indicated in the operational sections of
this specification is not implied (while programming, following the
programming specifications). : -

AC TEST CONDITIONS

Input Pulse Level " GND to 3.0 V : ,

Input Rise and Fall ' ' i - FROM OUTPUT(BX, FX)
Times (10% to 90% points) 5.0 ns UNDER TEST

Input Timing Reference Level 1.5 Vv

Output Timing Reference Level 1.5V - 3%0

Output Load o See Flgure

3-state levels aré measured 0.5 V from
steady-state active level. '

CAPACITANCE (TA = 25 C, F = 1 MH2)

x CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE

SYMBOL - PARAMETER MAXIMUM UNITS - ~ TEST CONDITIONS
C input Capacitance . 12 pF Vee=5.0V, V= 2.0V
Ce Output Capacitance - .18 1 pF Veo=5.0V, Vp=2,0V 7
Ce Bidirectional Pin Cap 15 pF Voo =5.0V, Vg=2.0V

OPERATING RANGE e T

, , — - MILITARY “COMMERCIAL )
SYMBOL | PARAMETER - N ve [ wAx [ | Tve | WAX UNIT
Vee Supply voltage T 4.5 5 56 | 475 | 5 | 525 v
Ta Ambient temperature S -85 " 125 0 - 75 °C

o
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ROW ADDRESS MAP BLOCK DIAGRAM

There are a total of 36 unique
rowv addresses avallable to the
user when programming the 16V8
GAL devices. Row addresses
0-31 each contain 64 bits of

‘input-term data. This is the

user array where the custom
logiec pattern is programmed.
Row 32 is the user electronic
signature word. It has 64 bits
available for any user-defined
purpose. Rows 33-59 are
reserved by the manufacturer
and are not available to

- addressed to perform a bulk

~ described in the following

Row 60 contains the
architecture and output .
polarity information. The 82 .
bits within this word are
programmed to configure the
device for a specific N
application. Row 61 contains a
one-bit security cell which,
when programmed, prevents the
user array from being read.

Row 63 is the row which is

erase of the device, resetting
it back to a generic state.
Each of these functions is

users. seotions
ROV ADDRESS MAP BLOCK DIAGRAM
Sax ——

USER ARRAY

1]} S
32| USER ELEC. SiG.

AMOOMIOO> EOF

F T T | R

USER ARRAY

USER ELEC. SIG.

RESERVED ADDAESS SPACE

(]

3]

e}

ARCHITECTURE CONTROL WORD

" Je2mis

USER SECURITY FUSE (USF) |

—
+| RESERVED

useRcLEAR |

e
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PREL IMINARY VP16V8E ’ﬁ

" ARGHITECTURE CONTROL WORD
DIAGRAM =~

All configurations of the
VP16VBE devices are controlled
by programming cells within
the 82-bit architecture
control word which resides at'
row 60. The location of
specific bits within the
architecture control word is
shown in the control word '
diagram. The function of the
SYN, ACO and ACl(n) bits have
been explained in the output
logic¢ macrocell description.
The eight polarity bits
determine each output’s
polarity individually by
selecting the correct logic.
The numbers below the XOR and
ACl1(n) bits in the
architecture control word ,
diagram show the device output
pin number controlled by the
polarity bits.

USER SIGNATURE WORD

A user signature word is
provided with every VP16VBE
device. It resides at row -
address 32 and contains 64
bits of reprogrammable memory
that can contain user-defined
data. Some uses include user
identification codes, revision
numbers, or inventory control
numbers. This signature data
is always available to the
user independent of the state

- devices as a deterent to
unauthorized copying of the
“-array configuration patterns.
- Once programmed, the circuitry

enabling array access is
~disabled, preventing further
- programming or verification of

~cycle, so the original

USER-SECURITY CELL

Rovw address 61 contains the:
user security cell (one bit).
The user security cell is
provided on all VP16VBE

the user array (rows 0-31).
The cell can be erased only in
conjunction with the user
array during a bulk erase

configuration- can never be
examined once this cell is
programmed. Signature data is
always available to the user.

of the security cell.

| - 82BITS >
PT 63 PT 32 : __PT3 PTO

32 BITS 8BITS * 32 8118
PRODUCT TERM ACI(N) ey 43T | propUCT TERM
DISABLES  ARCHITECTURE , DISABLES

IIHIIH Pl

L
12131418 2ecesee 18171819

ROW
60

4BITS {1817
XOR SYN
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~ preLiMINARY VP1GVSE
OUTPUT REGISTER PRELOAD = ~

~..- ¥hen testing state machine : The VP16VBE devices include

designs, all possible states - eircuitry that allow each
and state transitions must be registered output to be
verified in the design, not synchronously set either HIGH
just those required in normal or LOW. Thus, any present
machine operation. This 1s state condition can be forced
because, in system operation, for test sequencing. Figure 1
certain events occur that may - shows the pin funections during
throw the logic into an the user logic functional test
illegal state, for example mode. The register preload
power-up line voltage timing and pin voltage levels
glitches, brown-outs, ete. To necessary to perform the
test a design for proper -+ function are shown below. This
treatment of these conditlons, test mode is entered by ,
a way must be provided to y raising pin 11 (PRLD) to VIES,
break the feedback paths, and which enables the serial
force any desired (legal or ~ data-in (SDIN) buffer on pin 9
illegal) state into the _ ~and the serial data-out
registers. The machine can (SDOUT) buffer on pin 12, Data
then be sequenced and the is then serially shifted into
outputs tested for the correct the registers on each rising
subsequent state conditioms. edge of the clock (DCLK) on
_ - ' pin 1. Only the macrocells
e with registered output
o Pere L] 2] configurations are loaded. If
( = - only 3 outputs have registers,
N - — , - then only 3 bits need be
— I shifted in. The registers are
= (7 e . loaded from the botton up, as
SDI:E% T soour ' shown in the diagram.

Fig.1 — Output Register Prelood Pinout

VE —— —e —

A
Pt

yee
v

P d

VIES

P
RLD -
1

VIH

" D G 60 S 404

-
DIN

o VW T T T T
(A1 )
vIL

— g & VoM , 1}
£ oour - VALID DATA X VALID DATA X
- voL ' L

e« NOTE - The SDOUT output buffer is an open drain output.

-9



__,_,r.w—-»‘ =

VLST TECHNOLOGY INC 72 D1 9388347 DDDDLILLI ? r:—r \_“o 13- ._(7

© PRELIMINARY VP16V8E

' LOGIC DIAGRAM VP16VSE

1 : o
—D 8123 4567 8 3101112131415 16171019202122232425262726293931

19

SYN

- 38

‘ ~
4
e e awe ~ R LD

17

CLL

TLLLL

14

UL

R KU umus-mmna’mzz:zqzszuvzusau

e
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| R LR © " pRELIMINARY VP16VS8E
SHIFT -REGISTER I/O TIMING - - PR

' ) - Veor — — — ™ — ] )
L, Vee o LI - : -

Vig —— o e oem

EDIT S -1tz
ov 10% .

Vm
VALID ROW ADDRESS?

" ]
T SICITHD SN G 0
- i . 7 , , )
. - - to trwy—>latp :
Vou <= ' VALID DATA v VALID DATA
Soout? o VALID DATA (N-63) (ﬂ_“‘) 7 X” 7 ‘ Mo e3)

Voo

RAQGY

... 2000000
o XX

Vi = o e v ft e

~
o

DC CHARACTERISTICS (TA = O to +70 C, VDD = 5 V 7+5%)

~

"

SYMBOL PARAMETER " | TESTCONDITIONS | MIN. | MAX, UNITS
s W input Leakage Current GNDsVINchC MAX - +10 pA -
lezn Bidirectional : ; '
lazL Pin Leakage Current GNDSV'~<v°° MAx 7 - $10 - HA
ez 'Output Pin o
rzn Leakage Current GNDSV'NSVCC MAX - 10 A
. ' F =15 MHz CoM'L - 90 mA
! Operating Power Supply Current .
e |TPeraing PRy |Vec=VecMAX [MIL | — | 120 | WA
los' | Output Short Circuit o | Ve = 5.0V Voyur = GND -3 | -130 mA
' CoM'L - 70 mA
! Standb ¢t Supply C ' = : ,
S8 y Power Supply Current Vee=Vee MAX i — 55 —
. ) B = 2 ' — R V
Vou Output Low Voltage Veg= loL=24 mAZ COML 95 v
Vec MIN - 115 =12 mA ML | - 0.5 v
Von Output High Voltage Vec= lon= =3.2mA coM'L 24 = v
, i |VeeMIN' igu=-20mA | MIL 24 | -— Y
Vin Input High Voltage ' , . 7 2.0 Vee+1 v
Vii | Input Low Vottage IR , 7 . - 08 v

10ne output at a time for a maximum duration of one second. o
2] is 24 mA for one pin active at a time. lo; = 16 mA for all outputs active in parallel.

13"
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PREL IMINARY VP1 6VBE

TIMING DIAGRAM

INPUTS
1/8, REG
FEEDBACK

c toven DG tmx
cLK

PIN 1L O .

RECISTERED
OUTPUTS

ANY INPUT.

' m)cﬂnnnzo—XX‘
- 'FOR DE )

CONTROL

VALID 1mr><>0<mm xumm

teuen

. .K:‘

X

DISABLE

VALID
ENABLE

COMBINATORIAL

AC CHARACTERISTICS (TA = O to +70 C, VDD = 5 V +5%)

L e toveut
IS

)

VP16VBE-25

SYMBOL| PARAMETER VVVNGVBEV NITs|  TEST CONDITIONS!
MIN. |MAX. | MIN. |MAX. R@  |euen
Mo [ mvetups | = | B | = [ ® || w |
: Product Term Enable | - | Active High R= os 7
Tovavz Qgcﬁ:zsoﬁmztto - 1 2 ~— 35 ns | active Logv a_m 50
Tovaz? gog:t:tu':‘sengﬂoisable 7_, | = 3 | ns E:g: 32[' g: ;30 5
T [T upson | = | 2 | = | % | ™ |Femverncae | 5
Toaw [psriee | = | B | = | # || Aol | ®
oo [Varirememe | = || = |m|m]| w  |e
ToucH |Dara sewpime. | 2 | = | @ [ = | ™ = -
| Torox |ofaroatme | © | = | o | = |m - -
Terex ?#g‘v"gﬂpi"%zmvb |3 | -] s | - |ns
TeHeL [Clock Width High 15 - 20 — | ns - -
Towcn |Clock Width Low - 15 - 20 - ns
fone_|Praqueney savicit| = | 400 L . K

1Refer also to AC Test Conditions. 23-state levels are measured 0.5V from steady-state active level.

12




" USER BULK ERASE MODE

By addressing row 63 during a
programming cycle, & user
clear function performs a bulk
erase of the user array, the
XOR cells, and the
architecture word. In :
addition, the user electronic
signature word and security
cell are erased. This mode
essentially resets a
previously configured device
to its generic state.

>

Bulk erase occurs by first
applying VCCP to pin 20 and
selecting the edit mode by
applying VIE to pin 2, the

' EDIT select pin, Bulk erase is
selected by addressing row 63
with SDIN at VIH. The bulk
erase cycle is then begun by
performing a programming pulse
cycle. The edit mode must be
exited and reentered before:
verifying that the array has
been erased.

20-PIN SIDE-BRAZED CERAMIC DUAL IN-LINE

S,
e

[]
310 (7.874)
.280 (7,112}
A ¥
4325 (8.258) , , :
290 (7.366) 105 (2.667) 1.030(26.162) 1010 (.254)
et | 980 (24.892) MIN
i MIN. 4
: H
‘3 TT BASEPLANE
1 B SEATING
055 (1, 397) | ____Y, PLANE -
012(.305) 0250.638)_| __]III 1060 (1.524)i A5 (4445) -
0081203 038 (965} | | 125 (3.175)
1008 (,203} 085 (1. 651) e 1356
030 (.762) 021(533) 100 (2.540)
. o15(381) TYP.
20-PIN PLASTIC DUAL IN-LINE
a— = T 210 (6.856)
; .230 (5.842)
, . | oY 7—
1320 (8.128) oS00 22 “‘”__.l
MAX. - 200 (5.080) 1.050 (25 670)
=" Max. MAX. _ .155(3.837)
i | NKTD (3 175)
. b
_ h J JE——
015 (0.38%) !,;ﬂwi r ] ¥ SEATING
00802081 Goe § o1s03ey (U U U - PLANE
oM [ fiE 0008 sy
-t -y —-ijve-  TYP, L ¢ e
,350 (8.890) 075 (1.905) T, 1203048
TYP. MAX.  .023(0.584)  .100 (2.540)
015 (0.381) TYP.

13



Commereial

VPl6VEE PC

1 35 ns |
VP16VS8E DC { : | 0 to 70 C
VP16V8E CC 1 |
——————————————— I-——————-——I—-—————---———7
VP16VSE-25 PC I 25 ns | Commerclal
VP16V8E-25 DC | - |

1 i

0O to 70 C
VP1E6VBE-35 CC ' '

NOTES:
PC suffix = Plastc dual in—line package
DC suffix = Cerdip dual in-line package :
CC suffix = Side-brazed ceramic dual in-line package

SOFTWARE VENDOR

528-5 Weddell Dr.,

| Software |
Source I Type I Systems Supported
__________ |_____--____I__-_______________-_____
Data I/0 | ABEL | IBM PC & Compatibles
' I Rev 1.13 | VAX
! ' I VALID
__________ |___________|_____________________-__
Assisted | CUPL | IBM Pc & Compatibles
Technology! 1 VAX
| I Valid
PROGRAVMMER VENDOR
o [ | VTI GAL | VTI
I Programmer |- Personality | Socket
Vendor | Model(s) |-~ Module | Adapter
----------------------- PR PICHBERERETESE Y PR
Data I/0 ! 29B I  LOGIC PAK | 303A-009
10526 Willows Rd, N. E. | | I :
P.O.Box 97046 | | ! |
Redmond, VWA, 98073 I I |
(206) 881-6444 I 1 [
——————————————————————— |—___-__________;|____________———l———————————
Stag Microsystems, I PPZ Universal ! N/A | N/A
| 1 I
1 i -1

Sunnyvale, CA, 94089

ABEL ond LOGIC PAK ore trademarks of Daoto l/O Corp
JBM is o registered trodemark of International Business Mochmes
VAX is @ trodemork of Digital Equipment Corporation -
VALID is @ trodemork of Valid Logic Systems, Inc.
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VTl DESIGN CENTERS '

BOSTON DALLAS SAN JOSE SANTA ANA EUROPE

261 Ballardvale St. 850, Arapaho Rd., Sle 270 2235 Qume D1, 1751 E. Garry Ave,, Ste. A GEBMANY
Wilmington, MA 01887 Richardson, TX 75081 San Jose, CA 95131 Sanla Ana, CA92705 Rosenkavalierplaiz 10
617-658-9501/9502 214-231-6716 . 408-943-0264 ) 714-250-4900 D-8000 Munich81 ~
CHICAGO - 714-250-4597 WestGermany

1350 Remington Rd., Stes. A/B - 49-89-926905-0
Schaumburg, IL 60195 TELEX 521-4279-VTID
312-310-9595 =

ATLANTA IE)ALLAS PHOENIX . TAMPA FRANCE

4020 Holcomb Bridge Rd., Ste. 110 850 E. Arapaho Rd., Ste. 270 10220 8. 51st St. 1345 S. Missouri Ave., Ste. 203 40, Rue du Seminaire
Norcross, GA 30071 Richardson, TX 75081 Phoenix, AZ 85044 Clearwater, FL33516 Cenlra 416
404-446-1326 214-231-6716 602-893-8574 813-443-5797 F-94616 Rungis Cedex
BALTIMORE FAX214-663-1413 SAN JOSE EUROPE Franee ranat
P.0.Box 289 MIAMI 2235 Qume Dr. -1

124 Maryland, Rte, 3N, 5805 N.W. Biue Lagoon Dr., Ste. 307 San Jose, GA 95131 ENGLAND ouse - TELEX 206608 VTIFR
Millersville, MD 21108 Miami, FL.33126 408-943-0264 1 - GERMANY

Midsummer Blvd.

301-987-8777 305-262-2002 FAX 408-263-2511 . Rosenkavallerplatz 10
Central Milton Keynes, MK9 3BN ¢

BOSTON MINNEAPOLIS TELEX 278807 Englan Y/ D-8000 Munich 61
261 Ballardvate St. 5871 Cedar Lake Rd., Ste.9 SANTA ANA 44-908-667595 West Germany
Wilmington, MA 01887 St. Louis Park, MN 55416 1751 E. Garry Ave,, Ste. A TELEX 825135VTIUK G - 49-89-926905-0 |
617-658-9501/9502 612-545-1490 Santa Ana, CA92705 TELEX 621-4279:VTID
FAX 617-657-6420 PHILADELPHIA 714-250-4900
CHICAGO 5 Great Valley Pkwy., Ste. 221 FAX 714-250-9041 -
1350 Remington Rd., Stes. A/B Malvern, PA 19335

° Schaumburg, I..60195 215-648-3946
312-310-9595 FAX 215-644-7048
FAX 312-310-9632 -
ALABAMA CONNECTICUT NEW MEXICO OKLAHOMA WASHINGTON:
ELECTRONIC MFGS'. AGENTS NEW-ENGLAND TECH. SALES F-P SALES LOGIG 1 SALES MICRO SALES
Huntsville, 800-633-2920 Meriden, 203-237-8627 Albuquerque, 505-345-5553 Tulsa, 918-494-0765. Bellevue, 206-451-0568
TWX 205-830-4030 GEORGIA _ FAX501-10-2435 OREGON CANADA
ARIZONA ELECTRONIC MFGS'". AGENTS NEW YORK MICRO SALES bbd ELECTRONICS, INC.
ELECTRONICS TECH. SALES Roswell, 404-992-7240 L-MAR ASSOC. Aloha, 503-642-1818 Mississauga, Ontatio
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Scotisdale, 602-941-9137
CALIFORNIA
BESTRONICS

San Diego, 619-693-1111
EMERGING TECHNOLOGY
Santa Clara, 408-727-1771
TELEX 757199
COLORADO

LUSCOMBE ENGINEERING
Boulder, 303-772-3342

TWX 810-726-2110
MARYLAND

CONROY SALES " '
Baltimore, 301-296-2444
TELEX 87770

MASSACHUSETTS
NEW ENGLAND TECH. SALES

Burlington, 617-272-0434

TWX 710-332-0435

Ithica, 607-257-5712

L-MAR ASSOC,

Rochester, 716-323-1000
TWX510-253-0942

L-MAR ASSOC.

E. Syracuse, 315-437-7779
NORTH CAROLINA
ELECTRONIC MFGS’, AGENTS
Pineville, 704-541-2628
ELECTRONIC MFGS'. AGENTS
Winston-Satem, 919-784-7304

TWX 910-464-5133
TEXAS

LOGIC 1 SALES

Auslin; 512-459-1297
TWX910-874-1395

FAX 512-459-1712

LOGIC 1 SALES
Houston, 713-981-0233
LOGIC 1 SALES
Richardson, 214-234-0765
FAX 214-669-3042

LOGIC 1 SALES

Fort Worth, 817-336-2192 .

416-821-7600

TELEX 06-218523

bbd ELECTRONICS, INC.
Ottawa, Ontario
613-729-0023

bbd ELECTRONICS, INC.
Pointe Claire, Quebec
514-697-0804

ARROW ELECTRONICS, INC. Anowinrs. mwxsio izt

ALABAMA

Huntsvllle, 205-837-6955
ARIZONA

Phoenix, 602-968-4800
CALIFORNIA ~ -~

Easi Bay, 415-487-4600

Los Angeles, 818-701-7500
Orange County, 714-838-5422
Sacramento, 916-925-7456
San Diego, 619-565-4800

San Francisco, 40B-745-6600
COLORADO

Denver, 303-696-1111

CONNECTICUT

Wallingford, 203-265-7741
FLORIDA

Clearwater, 813-576-8995

Fort Lauderdale, 305-429-8200
Melbourne, 305:725-1480

GEORGIA ,
Allanta; 404-449-8252
ILLINOIS .
Chicago, 312-397-3440
iNDIANA

fndianapolis, 317-243-9353
Iowa '

.Cedar Rapids, 319-395-7230

MARYLAND

Ballimore, 301-995-0003
MASSACHUSETTS
Boston, 617-933-8130
MICHIGAN

Delroit, 313-971-8220

Grand Rapids, 616-243-0912 '

MINNESOTA. -
Minneapolis, 612-830- 1800

MISSOURI

St. Louis, 314-567-6888
NEW HAMPSHIRE
Manchester, 603-668-6968
NEW JERSEY

Fairfietd, 201-575-5300 -
Marlton, 609-596-8000
NEW MEXICO -
Albugquerque, 505-243-4566
NEW YORK

Long Istand, 516-231-1000
Rochester, 716-427-0300

. Syracuse, 315-652-1000

NORTH CAROLINA
Raleigh, 919-876-3132
Winston-Salem, 919-725-8711

OHIO

Cleveland, 216-248-3990
Golumbus, 614-885-8362
Dayton, 513-435-6563 -
OKLAHOMA

Tulsa, 918-665-7700
OREGON

Porlland, 503-684-1690
PENNSYLVANIA
Philadelphia, 215-928-1800
Pittsburgh, 412-856-7000
RHODE ISLAND

East Providence, 401-431- 0980-»

TEXAS -
Auslin, 512-835-4180

Dallas, 214-380-6464
Houston, 713-530-4700

UTAH - )
Salt Lake City, 801-972:0404

WASHINGTON

Seatlle, 206-643-4800
WISCONSIN

Milwaukee, 414-792-0150

PUERTO RICO

San.Juan, 808-723-6500
CANADA

Montreal, 514-735-551
Ottawa, 613-226-6903
Quebec City, 418-687-4231
Toronto, 416-661-0220

The information contained in this dotument has been
carefully checked and is believed to be reliable;
however, VT shall not be responsible for any loss or
damage of whatever nature resulting from the use of,
or reliance upon, the information contained in this
document. VTl makes no guarantee or warranty

_concerning the accuracy of such

information, and this document does notin any way
extend VTF's warranty on any product beyond that set
forth in VTI's standard terms and conditions of sale.
VTI does not guarantee that the use of any
information contained herein will.not infringe upon
the patent or otherrights of third parties, and no-

_ patentorother Ilcense isimplied hereby. V1

reserves the right to make changes in the product
without notification which would render the
information contained in this document obsolete or

inaccurate, Please contact VT for the latest

information concerning this product.
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