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A NewConcept
in &bit Microcomputer 
Design 

The TMS7000 incorporates many of the best features of both memory and 
register-based miemeomputers, and brings many new, unique advantages 
not amiable before in a microcomputer of this size. 

Beginning with the very layout procedure, designed to reduce intercon- -.:?: 
nedion problems of very large scale inteption circuits (VLSI), the ., . 
TMS7000 Series holds many advantages for designers and production , _.:,' 

people and meets many requirements in design and produdion. 
TI made it the first fully mimprogmnmable %bit miemeomputer. Tfk$ ' 

means that the instruction set may be customized to meet specific user -
application requirements. 

fRADlTlQNAL DESIGN 	 Unique Architectural Layout 
The unique strip architecture of the TMS7000 Series represenb an innova- 
tive solution to the o n d i p  interconnection problem of very complex VLSI 
devices. The traditional approach to designing a complex microcomputer is 
tominimize the size of each individual section -control, ALU, and 
~gis ters ,  and then use a large amount of random logic to interconned 
the sections. 

TI took the opposite approach -to eliminate as much random logic as 
possible by designing individual sections -control, ALU, and registers -
for easy interconnections. The net result is a smaller chip for low cost, and 
a chip that can be easily cwtomized or expanded to add new M y  
members. 	 - ..'<

Fbr example, the registers for the timer, 110 control, interrupt handling,, .:,'.ALU, etc., are arranged in a strip. This ease9 future expansion in that the 

-TRADITIONAL MIP (TFllglOOO)-
&bit additional registers that may be needed, canbe added to the strip 
with the 8-interconnect lines already being available. There is no need :' 

for additional registers to be located randomly and then routing inter- ::-':, 
connect lines all over the bar. '.':. 

- r '  ;,. 
Another concrete example of the strip chips architectural flexibility - - L, + 

'1 

.17-;
;, 
version without redesigning the chip The bar design was separated at the ,LL;!:l-
memory border and the additional 2K of memory shply inserted I ?,, b*,;, 

,J ' 

TI m t e d  the TMS7040 4K ROM version from the TMS7020 2K ROM 

dongside the original 2K of memory by the design computer. Likewise, 
additional features such as more ROM, RAM, or different 110 structures 

1: 

,, ,r- i. 

can be added with a minimum of design, resources and time. 
TI plaw to take advantage of the flexibility of the strip architectureby 

TMSTOOO MICROCOMPUTER STRIP CHIP DESlaN 	 adding many new devices to the TMS7000 Series in the near future, to 
&r a b m d  spectrum of TMS7000 microcomputer devices to meet a wide 
m g e  of different user requirements. 

TMSJOOO MlCROCOMPUTER STRIP CHIP 



Unique
Microprogrammability

Capability 

Since a control ROM has replaced random logic for defining the instruction TMS 7020 MICROCOMPUTER BAR PLAN 
execution sequence, the origrnal TI instruction set can be modified simply 
by replacing on@ TI instructions with new user-defined instructions. 

In some user applications, this microprogramming option will enhance 
the TMS7000 Series microcomputers' performance. By combining or modi-
fyhg existing micro-instruction execution sequences to perform ZK BYTE 

IrO CONTR Lcertainunique, repetitive tasks or sub-routines in less instruction clock 
MICRO INTERRUPT 

cycles, the throughput or "speed" of the microcomputer in the user's ENTRY MINT  

- is clearlv enhanced. a~~lication 
Another adwt&e of microprogramming is a more efficient use of the 1-1I 
 PROGRAMMABL 

limited onchip program memory. By combining or modifying the standard 
micro-instruction execution sequences for certain unique repetitive tasks 

CODE 

or subroutines, total application programs may require fewer steps, and MASK ROM 

lem-on-chip program memory. 
Microprogramming could also potentidy provide increased system s e  

curity for TMS7000 Series users operating in very competitive business 
environments. Duplication of a system implemented on a user-defined 
unique instruction set for the TMS7000 Series microcomputer would 

ROM 

-

SP 

ADDR 
BUFFER 

be difficult. 
Thus, the net result of the strip architecture of the TMS7000 Series is 

the amkbility of a powerful and efficient &bit mimomputer at a cost 
level comparable with many 4-bit mimomputers. 



TMS7000 
Series 
Features 

TMS7000 SERIES FUNCTIONS 

+5 V GND 

INTER- 
RUPTS 

TMS7000 SERIES MEMORY CAPABILITY 

I MEMORY EXPANSION I 

The TMS7000, TMS7020 and TMS7W are the flmt members of the series 
with 0,2048 and 4096 bytes mpedively of on-chip ROM. Each offers 
these outstanding features: 

&bit instruction data word 
Instruction set includes %bit multiply, BCD add and BCD subtract 
128 bytes of on-chip RAM 
9/2048/4096 bytes of on-chip mask p m ~ b l e  ROM 
Program execution from RAlM or ROM 

* bmemory expansion mades 
On-chip h e r  event counter with capture latch 
32 bits of on-chip 110 
3 prioritized interrupts, plus RESET 
256 byte peripheral 110 file 
W byte memory address space 
&volt NMOS technology 
40-pin, 60@-mil DIP 



Powerful 
Instruction 

Set 

The TMS7000 Series Standard I-don Set supports sixty-onedistinct, 
powafd instructions that inwetse pm-g efficiency and reduce 
programming time. 

The TMS7000 Series supporh shgle instruction 110operatiom on bit 
fieldsfrom14bits. These powerful I10 instmdions allow logical operator 
manipulation of bit fields without moving 110data into or out of xmb-
tor registem. This, feature inereaaea the flexibility and efficiency of control-
oriented progmtm, 

The TMS7W Wes Instruction Set has a unique, powerful %itkBt 
and jump" featme that functions on both 110andmemory data. 'I?& 
provides eflcient b m & g  md looping capabilities. Special de~y?ment 
and jump if non-zero iylstructiom simplifythe coding of interactive 
*rith. 

The TMS7000 Series has a powerful set of arithmetic instructionswhich 
set the series apart from other microcomputer systems, Arithmetic opera-
tions cayl be perfmedon both b ' i  and BCD numbem. Single and 
multiple prehion opw&icm are &a available for grater accuracy Opemc-
tiom include d& add with (DAC) which perfom fully comcted 
additions on two packed BCD byhs, and a companion d e d  subtract 
with borrow (DSB) which per fom a similar function for subtract fwne-
tions. These operations make the TMS7000 Seriesideal for point-of&e 
te-. 

Another rrowerful htruction is the 8x 8mul.Ijrh. The TMS7000 Series 
can perfor& this unsigned multiply iPlj u t  l0,8 d&s&~on&with a 8 MHz 
wstd frequency, This fhr ~uperiorto software emulation which typically 

BENCHMARKS I I I 
BINARY ADDITION (ps) I 4 3 6 13 

BCD ADDITION (ps) 6 12 12 22 

1 BLOCK MOVE (us) 1 1112 1 1785 1 3307 1 4584 

1 TABLE SEARCH (ps) 283 544 326 645 

BINARY TO BCD (ps) 184 236 229 650 

BCD TO BINARY (ps) 1 55 
63 46 130 

I TOTAL (as) 1 1657 1 2658 1 3936 1 6077 

RELATIVE PERFORMANCE 1 1.00 1 0.62 1 0.42 1 0.27 

REQUIRED MEMORY SPACE (BYTES) 

I BINARY ADDITION I 4 1 4 1 7 1 6 

BCD ADDITION 5 14 14 14 

BLOCK MOVE 10 20 33 27 

I TABLE SEARCH 1 11 I 7 1 20 1 14 

BINARY TO BCD 16 19 23 30 

BCD TO BINARY 44 82 50 66 

BIT I10 15 16 17 23 

I TOTAL 1 105 1 162 1 164 1 180 

TM87OMI INSTRUCTIONEXECUTIONTIME8 

ADC 
ADD 
AND 
ANDP 
BtJO 
BTJOP 
BTJZ 
BTJZP 
BR 
CALL 
CLR 
CLRC 
CMP 
CMPA 
DAC 
DEC 
DECD 
DINT 
DJNZ 
DSB 
ElNT 
IDLE 
INC 
INV 
JMP 
LDA 
LDSP 
MOV 
MOVD 
MOVP 
MPY 
NOP 
OR 
ORP 
POP . 
PUSH 
RETl 
RETS 
RL 
RLC 
RR 
RRC 
SBB 
SETC 
STA 
STSP 
SUB 
SWAP 
TRAP 
TSTA 
TSTB 
XCHB 
XOR 
XORP 

TABLE OF INSTRUCTION EXECUTIONTIMES -NMES 
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TMS7000 

Program

Flexibility 


REGISTER FlLE 


REGISTER FlLE INDIRECT 


DIRECT 


INDEXED 


IMMEDIATE 


PC RELATIVE 


Nine basic addressing modes provide programming flexibility and easy 
data management. Additionally, the Move Double (MOVD) instruction 
allows 16-bit addresses to be e6ciently manipulated. 
Themachine state is constantly maintained in three hadmreghtem 

the program counter, status register, and stack pointer. All RAM bytes 
(128)aseaddressableas working registers. Therefore, the register contents 
do not have tobe saved on the stack when transferring control to 
subroutinesor interrupts as most other mimcomputers must do. The 
contentsmay, however, be saved on the stack if required. Parameters may 
be passed to submutinesvia the MLPB RAM resident stack, or h u g h  
dedicated rehters. 

Vectored &tempt overhead involves saving only the m n t  pmgmm 
counter and the status register on the stack. The status re;iskr be 
separately saved or restored &om the stack in a single operation. The 
stack pointer may also be saved or loaded with the program foP flexibility 
of RAMP register allocation and segmentation. 

The TMS7OOO Series allows reduction of both total instruction length 
and execution times. First, by predesignating RO and Rl  as the A and 3 
reg&m, any operation involving either of these two registem h a  tke 
appropriak register number encoded into the op-code. Second, implemen-
tation of the subroutine trap vectors allows designating 28 addrestaes rn 
subroutine destinations. Invocation of the subroutine via the trap iEl then a 
single byte inatruetion. 



Shclard Instruction Set Summwry TMS7000 SERIES INSTRUCTION SET 
The @orman e 'I'MS7000 result from the combinaton 

d the versatile a m i m  architecture that provides 

effluent instruction im~lementation. 


The hplementation*of the onship 128byte memory resident register 

hle herewes program &ciency by providing w Bbit address for program 

variables in lieu of l8bit ddresaes for g e n d  memory acceeses. This 

p v i d e s  &dent useof program memory as well as increasing execution 

time. On-chip program memory eapitahes on the performance advantages 


&q&chip memory through fast instruction acquisition and execution. 
$p.n:+- 1 '-



AdvancedArchitecture 
f aAdvanced
110Capability 

UO Flexibility 
The TMS7000 Series offersthe capability offour %bit inpue/output ports 
and the ability to configure them through the use of five expamion modes. 
These modes give the TMS7000 Series the flexibility to trade-offpins of 
dedicated UO for off-chip peripheral and memory expansion. 

The system emulator mode supports an in-circuit emulator. In this 
mode, all on-chip ROM and UO is disabled and removed from the memory 
map, allowing inexpensive configuration of emuhkor systems. 

A key feature of the TMS7000 Series is the peripheral file, a 256 byte 
block d addresses (>0100 to > O F F )  which references all of the YO 
control and Z//O data registers of the chip. Six instructions m dedicated to 
110 port data manipulation, providing the bit and byte 110manipulation 
required for control applications. Additionally, the I10 ports canbe ac-
cessed with general extended memory addressing instructions. 
Plowerful Timer 
The on-chip &bit timer provides flexibility in system timing tasks with the 
addition of a &bit prescaler driven by either the internal clock or by an 
external source for event counting. The &bit prescaler allows a predivide 
of one to thirty-two to be programmed for optimum resolution for two 
specific applications. When the &bit timer itself decrements through zero, 
a level 2 interrupt request is issued. In addition, a powerful timer initializa- 
tion feature allows the timer to be synchroniaRd with other system events. 

The capture latch is another powefi  feature of the onchip timer, The 
occurrence of a level 3 interrupt loads the capture latch with the contents 
of the timer. Thus, a pprecise measurement of the time the interrupt 
occurred is available. This capability is especially valuable when the exter- 
nal event occurs while the processor is servicing a higher-priority inter- 
rupt. %ks such as pulse-width measurement are accommodated with a 
minimum of externalcircuitry. 

%-BITTIMER WITH CAPTURE LATCH 

EXTERNAL 
SIGNAL 



TMS7000 SERIES 

MEMORY EXPANSION MODES & AVAILABILITY 


'Also supported by the TMS7000 

TMS17000 BERIES 

FULL EXPANSION MODE APPLICATION EXAMPLE 


COLOR 

VIDEO 


DISPLAY 

BUS 



TMS7000 
SeriesDesign-
Support 

The different software and hardwwe development tools to m m b h  
sdtware productivity for TMS7000 Series users we saunwleuized below: 
EvaluationModule (EVM) 
The TMS7000 Series Evaluation Module consists of two boards plus 
rdmmt softwatne. The h t  board contains all the necessary h d -
softwareto support stand-alone operation for in-circuit emulation. The 
wser$ unique software (up to 4,096 bytes) is executed from on-board 
EPROMs md the board communiicates via a &pin ribbon ablewhich 
plugx directly into the user's target board socket. 

The second EVM board has an on-board monitor to provide easy 
software debug capability, RS232 interface, and RAM storage. When 
uaed in conjunction with a terminal or minicomputer (via the RS232 
interface) the Evaluation Module can function as a very 1 ~ wcost 
software evaluation tool for single-chip microcomputer apglic 

The Evalmtiion Module now provides s d t m  debug and breakpoint 
capability. Assembly capabilitywill also be sablelate 1981.The opem
tion af the Edwt ion  Module is mtrided to the stand& TMS7000 
Ekriet3 instruction set. 

-

TMB7000 SOFTWARE DEVELOPMENT OPTIONS 

LFINISHED 
SOFTWARE I 



AMPL* stands for "AdwcedMimprocessor Prototyping Laboratory" 
which is a complete, TI system of hard- and software tools to ma;dmize 
s & m  development productivity for all of TI$ microcomputer and m i m  

-Links relocatable propam modules produced by MACMM. 

MICASM -MICRO ASSEMBLER 

-Only required when user wishes to modify or redefine standard 


TMS7000 Series instmction set. 

; . . A  * AMFL UTILITY 

-Controls emulator and trace modes of operation. 

AMPL Development System mbe configured with optional equipment such as printer, EPROM programmer, trace 
module, buffer module, and emulator memory expansion. The AMPL System pYwides extremely powerful editing, 
wembly, loading, execution, and in-circuit emulation capabilities for both standard and user defined instruction sets. 

If a potential user is consideringm o m  the standard TMS7000 Series instruction set, a 1 0 4TI Regional Technology 
Center canprovide engineering support. TI can also provide the specific information needed for mimprogmmming the 
TMS7000 Series. 
TranrsportableCmss Support (in Development) 
The main software packages for TMS7000 Series AMPL described above (MACASM, MACLINK and MICASM in 
PASCAL) is expected to be available in tramportable cross support versions in late 1981, allowing customers to use most 
%bit minicomputers with resident Pasd compilers. 
TI Design Support 
Another option available to the potential TMS7000 Series user is to contract with TI to pmvide all the software and 
hadware design r e s o w s  required to w&ze the desired application. A local TI Regional Bchnology Center (RTC) wiU 
contract with TMS7000 Series customers to provide this design engineering service. 

In addition, the local RTC$ can provide the indepth training that could be required to fully utilize the advanced feature of 
the TMS7000 Series -such aa m i c r o p r o e .  Contact with a RTC or the main plant canbe coordinated either by 
your 1 4  TI Field SalesEngineer or directly 

Complete TMS7000 Series documentation induding data man&, programing manuals, and microprogramming 
information is readily available. Call your local TI Field Sales Engineer or one of the numbers below for more infomation. 
Let us show you how the state-of-the-art TM87000 Miamcomputer Series can give you the Yvinning:pricdperfomce edge 
aver the competition. 
Fsr direct service, call: 

Boston RTC (617) 890-6671 

Chicago RTC (312) 640-2909 

Southern California RTC (714) 540-7311 

hctory (Houston) (713) 778-6549 




TI Sales Offices 

ALABAMA: Huntsville, 500 Wynn Drive, Suite 514, Huntsville, 
AL 35805. (205) 837-7530. 

ARIZONA; Phoenix, '0 Box 35160. 8102 N. 23rd Ave.. Suite 
A. Phoen~x.AZ 85069. (602) 249-1313. 
CALIFORNIA: El Se undo 831 S. Douglas St. El Se undo CA 
90245, (213 973 2\71, l hne ,  17620Fitch, lrvine, \ ~ ~ 2 ? 1 4 ,  
L714) 545-5410: i acn ien io ,  1900 Polnt West, Way, Sulte 171. 

acramento CA 95815 (916) 929-1521. San Ole o 4333 View 
Ridae ~ v e . . ' ~ u i t e  an Dieao. CA i2123. (7?4i 278-9600: 0.. 
S u i  ale P.O. Box 9064 776 Palomar Ave.' Suinn ale CA 
9408r  (468 732 1840, boodland Hills, 6220 &in7st . 
Woodland Hihs, ~A91364, (213) 704-7759. 

COLORAOO: Denver, 9725 E. Hampden St.. Suite 301. Denver, 
CO 80231, (303) 695-2800. 

CONNECTICUT: Wallinglord, 9 Barnes Industrial Park Rd., 
Barnes Industrial Park, Wallingford, CT 06492, (203) 
269-0074. 

FLORIDA: Clearwater 2280 U.S. Hwy. 19 N. Suite 232 Clear- 
water FL 33515 (813) 325-1861. Ft. Lauderdale 276'5 N.W. 
62nd'~t. Ft. duderdale FL 33909 (305) 973-i502. Winter 
Park, 1850 Lee Rd., ~ u i i e  115. wider Park, FL 32789, (305) 
644-3535. 

GEORGIA:.Atlanta, 3300 Northeast Expy., Building 9, Atlanta, 
GA 30341. (404) 452-4600. 

ILLINOIS: Arlin ton Hei hts 515 W Algonquin, Arlington 
Heights. IL 6000!, (312) 140-1934, 

INDIANA, Ft. Wa ne 2020 lnwood Dr. Ft. Wayne IN 46805 
(219) 424-5174; hdibna olis, 2346 S '~~nhurs t ,  Suite J-400: 
Indianapolis, IN 46241, b17) 248-8555, 

MARYLAND: Baltimore 1 Rutherford PI., 7133 Rutherford Rd., 
Baltimore. MD 21207. (301) 944-8600. 

MASSACHUSETTS: Waltham, 504 Totten Pond Rd.. Waltham. 
MA 02154, (617) 890-7400. 

MICHIGAN: Farmin on Hills 3373 W 12 Mile Rd.. Farm- 
ington Hills, MI 480% (313) i53-1500. 

MINNESOTA: Edina, 7625 Parklawn, Edina, MN 55435, (612) 
830-1600. 

MISSOURI: Kansas City, 8080 Ward Pkwy, Kansas Ci MO 
64114, (816 523 2500, St. Louis, 11861 Westline, lnzstrial 
Line Drive. i t .  Lois, MO 63141. (314) 569-7600. 

NEW JERSEY: Clark, 292 Terminal Ave. West. Clark. NJ 
07066. (201) 574-9800. 

NEW MEXICO: Albuquer ue 5907 Alice NSE. Suite E, Albu- 
querque, NM 87110, (504 285-8491. 

NORTH CAROLINA: Charlotte, 8 Woodlawn Green, Woodlawn 
Rd., Charlotte, NC 28210, (704) 527-0930. 

OHIO: Beachwood 23408 Commerce Park Rd. Beachwood 
OH 44122, (216) 264-6100, Oa ton Kin sle ' Bldg , 4124 
Linden Ave., Dayton. OH 45432, b13j258-!87f. 

TI Distributors 

ALABAMA: Huntsville, Hall-Mark (205) 837-8700 

ARIZONA: Phoenix, Kierulff (602) 243-4101; R.V. Weather- 
ford 602) 272-7144 Tem e Marshall (602) 968-6181; Tuc- 
son, kieruln (602) 6i4-99B6: 

COLORAOO: Denver Arrow (303) 758-2100' Diplomat (303 
740-8300; ~ i e r u l f i  (303) 371-6500; ~ n ' ~ l e w o o d ,  R.V! 
Weatherford (303) 770-9762. 

CONNECTICUT: Orange, Mil ra (203 795-0714; Wal-
lingford, Arrow (203) 265-77611; karshah (203) 265-3822. 

GEORGIA: Norcross, Arrow (404) 449-8252; Marshall (404) 
923-5750. 

ILLINOIS: Bensonville, Hall-Mark (312) 860-3800; Elk Grove 
Villa e Kierulff (312) 640-0200; Chica o Newark (312) 
638-!4ii; Schaumburg, Arrow (312) 893-8450. 

INDIANA: R. Wa ne, Ft Wayne Electron~cs (219) 423-3422: ln:!n:;f,oIls, t raham (317) 634-8202: Arrow (317) 

IOWA: Cedar Rapids, Deeco (319) 365-7551. 

KANSAS: Lenexa Component Specialties (913 492 3555 
Shawnee ~ i s s i d n ,  Hall-Mark (913) 888-474i; ~ h h i t a j  
LCOMP (316) 265-9507. 

MARYLAND: Baltmore, Arrow b202L 737-1700: (301)
247-5200; Hall-Mark 301) 796 93 0, olumbla, D~plomat 
(301) 995-1~26; Rocdl le ,  ~ i l g r a y  (301) 466-6400. 

MASSACHUSETTS: Blllerica, Kierulff 617) 667-8331; Bur- 
I in ton, Marshall $617) f72-8,200; doburn, Arrow (617) 
9388130; Time (61 ) 935 8080 

MICHIGAN: Ann Arbor Arrow (313) 971-8200. Oak Park 
Newark (313) 967-0800; Farmington, Di h a t  (313j 
477-3200; Grand Rapids, Newark (616) 241-6t81. 

MINNESOTA: Edina, Arrow (612) 830-1800: Kierulff (612) 
835-4388; Minneapolis, Diplomat (612) 788-8601. 

MISSOURI. Earth City Hall-Mark (314) 291-5350, Kansas 
Clt LCO'MP 816 $21 2400 St. Louis, ~ r r d w  (314) 
56j-6888; LCOAP (d14) 2&620;0. 

NEW HAMPSHIRE: Manchester, Arrow (603) 668-6968. 

NEW MEXICO: Albu uerque Arrow (505 243 4566; Interna- 
tional Electronics (585) 345h127; united components (505) 
345-9981 

NORTH CAROLINA: Raleigh, Arrow (919) 876-3132; Hall- 
Mark 919) 832-4465; Winston-Salem, Arrow (919)
725-8711, 

OKLAHOMA: Tulsa, 3105 E. Skelly Dr.. Suite 512. Tulsa. OK 
74105, (918) 749-9547. 

OREGON: Beaverton, 6700 SW 105th St.. Suite 110, Beaver- 
ton, OR 97005, (503) 643-6758. 

PENNSYLVANIA: Ft. Washin ton, 575 Virginia Dr., Ft. Wash- 
Ington, PA 19034, (215) 6438450. 

TENNESSEE: Johnson City, Drawer 1255, Erwin Hwy., 
Johnson City, TN 37601. (615) 461-2129. 

UTAH: Salt Lake Ci 3672 West 2100 South, Salt Lake City UT 
84120, (801) 973-630. 

VIRGINIA: Fairlax, 3001 Prosperity, Fairfax. VA 22031. (703) 
849-1400; Midlothian, 13711 Sutter's Mill Circle, Midlothian, 
VA 23113, (804) 744-1007. 

WASHINGTON: Redmond, 2723 152nd Ave., N.E. Bldg 6. 
(206) 881-3080. Redmond. WA 98052. 

CANADA: Ottawa 436 McClaren St. Ottawa Canada' 
K2POM8 (613) 233-1177. Richmond Hill' 280 ~eritre St. E.' 
~ ichmoid Hill L4C1B1. Ontario. Canada.'l416) 884-9181: St: 
Laurent, V~lle St Laurent Quebec. 9460 trans Canada Hwy 
St Laurent, Quebec, Canada H4SlR7, (514) 334-3635 i 

OHIO: Centerville Arrow 513) 435-5563. Cincinnati 
Graham (513) 731-1661 holumbus ~ali- ark (614'
846-1882; Dayton, ESCG '(513) 226-ly33; Marshall (5131 
236-8088; Hi hland He1 hts, Hall-Mark (216) 473-2907; 
Solon, Arrow 7216) 248-3890. 

OKLAHOMA: Tulsa Com onent Specialties (918) 664-2820; 
Hall-Mark (918) 835-845f. 

OREGON: Beaverton, AlmaclStroum (503) 641-9070; Port- 
land, Kierulff (503) 641-9150. 

PENNSYLVANIA: Pittsburgh, Arrow (412) 856-7000. 

TEXAS: Austln, Component Specialties (512) 837-8922; Hail- 
Mark (512) 837-2814; Harrison E uipment f12), 45823555; 
Dallas, Component Spec~alt~es $14) 357- 511, Hall Mark 
214) 341-1147; International Electron~cs (214 233 9323 El 

baso, lnternatlonal Electronics 915) 778 9561; Housion 
Com onent Spec~alt~es (713) 7h-7237; Hall- ark (7133
781-&00; Harrison Equ~pment (713) 652-4700. 

UTAH: Salt Lake City, Diplomat (801) 486-4134; Kierulff (801) 
973-6913. 

WASHINGTON: Redmond United Components (206 
885-1985. Seattle ~ l m a c l ~ ~ r o u m  763 2300 (206 Klerud 
(206) 57L4420; ~ i k w i l a ,  Arrow (206) 5$5-0&. ' ' 

WISCONSIN: Oak Creek. Arrow (4M4) 764-6600; Hall-Mark 
(414) 761-3000; Waukesha, Kierulff ( 14) 784 8160. 

Printed in U.S.A. I N C O R P O R A T E D  


