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TMS7000 Series

The first microprogrammable
8-bit microcomputer

from Texas Instruments




A New Concept
in 8-bit Microcomputer
Design
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TMS7000 MICROCOMPUTER STRIP CHIP DESIGN

TMS7000 MICROCOMPUTER STRIP CHIP

2 £ 1981 Texas Instruments Incorporated

The TMST7000 incorporates many of the best features of both memory and
register-based microcomputers, and brings many new, unique advantages
not available before in a microcomputer of this size.

Beginning with the very layout procedure, designed to reduce intercon-
nection problems of very large scale integration circuits (VLSI), the
TMS7000 Series holds many advantages for designers and production
people and meets many requirements in design and production.

TI made it the first fully microprogrammable 8bit microcomputer. This
means that the instruction set may be customized to meet specific user
application requirements.

Unique Architectural Layout

The unique strip architecture of the TMS7000 Series represents an innova-
tive solution to the on-chip interconnection problem of very complex VLSI
devices. The traditional approach to designing a complex microcomputer is
to minimize the size of each individual section — control, ALU, and
registers, and then use a large amount of random logic to interconnect

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 customized or expanded to add new family
members.

For example, the registers for the timer, I/0 control, interrupt handling,
ALU, ete., are arranged in a strip. This eases future expansion in that the
8-hit additional registers that may be needed, can be 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.

Another concrete example of the strip chips architectural flexibility —
TI created the TMS7040 4K ROM version from the TMS7020 2K ROM
version without redesigning the chip. The bar design was separated at the
memory border and the additional 2K of memory simply inserted
alongside the original 2K of memory by the design computer. Likewise,
additional features such as more ROM, RAM, or different 1/0 structures
can be added with a minimum of design, resources and time.

TI plans to take advantage of the flexibility of the strip architecture by
adding many new devices to the TMS7000 Series in the near future, to
offer a broad spectrum of TMS7000 microcomputer devices to meet a wide
range of different user requirements.



Unique
Microprogrammability
Capability

Since a control ROM has replaced random logic for defining the instruction
execution sequence, the original T1 instruction set can be modified simply
by replacing original 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-
fying existing micro-instruction execution sequences to perform
certain unique, repetitive tasks or sub-routines in less instruction clock
cycles, the throughput or “speed” of the microcomputer in the users
application is clearly enhanced.

Another advantage of microprogramming is a more efficient use of the
limited on-chip program memory. By combining or modifying the standard
micro-instruction execution sequences for certain unique repetitive tasks
or subroutines, total application programs may require fewer steps, and
less-on-chip program memory.

Microprogramming could also potentially provide increased system se-
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
be difficult.

Thus, the net result of the strip architecture of the TMST000 Series is
the availability of a powerful and efficient 8-bit microcomputer at a cost
level comparable with many 4-bit microcomputers.
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TMS7000 SERIES MEMORY CAPABILITY

=>0000 — >00FF

>0100 — >01FF

>0200 — >FFF

=>H00 — >FiFF

>FB00 — >FFFF

REGISTER FILE

PERIPHERAL FILE

MEMORY EXPANSION

7040 ROM

ROM

The TMS7000, TMS7020 and TMS7040 are the first members of the series
with 0, 2048 and 4096 bytes respectively of on-chip ROM. Each offers
these outstanding features:

¢ 8-hit instruction data word

* Instruction set includes 8-bit multiply, BCD add and BCD subtract

¢ 128 bytes of on-chip RAM

* 0/2048/4096 bytes of on-chip mask programmable ROM

» Program execution from RAM or ROM

* 5-memory expansion modes

¢ On-chip timer event counter with capture latch

¢ 32 bits of on-chip I/0

« 3 prioritized interrupts, plus RESET

* 256 byte peripheral I/0 file

« 64K byte memory address space

o 5-volt NMOS technology

¢ 40-pin, 600-mil DIP



Powerful
Instruction

Set

The TMS7000 Series Standard Instruction Set supports sixty-one distinct,
powerful instructions that increase programming efficiency and reduce
programming time.

The TMS7000 Series supports single instruction I/0 operations on bit
fields from 1-8 bits. These powerful 1/0 instructions allow logical operator
manipulation of bit fields without moving I/0 data into or out of accumula-
tor registers. This feature increases the flexibility and efficiency of control-
oriented programs.

The TMS7000 Series Instruction Set has a unique, powerful “bit test
and jump” feature that functions on both I/0 and memory data. This
provides efficient branching and looping capabilities. Special decrement
and jump if non-zero instructions simplify the coding of interactive
algorithms.

The TMS7000 Series has a powerful set of arithmetic instructions which
set the series apart from other microcomputer systems. Arithmetic opera-
tions can be performed on both binary and BCD numbers. Single and
multiple precision operations are also available for greater accuracy. Opera-
tions include decimal add with carry (DAC) which performs fully corrected
additions on two packed BCD bytes, and a companion decimal subtract
with borrow (DSB) which performs a similar function for subtract func-
tions. These operations make the TMST7000 Series ideal for point-of-sale
terminals.

Another powerful instruction is the 8 x 8 multiply. The TMS7000 Series
can perform this unsigned multiply in just 10.8 microseconds with a 8 MHz
crystal frequency. This is far superior to software emulation which typically
requires 150-200 microseconds to perform.

TMS7000 INSTRUCTION EXECUTION TIMES

INSTRUCTION MIN-MAX (uS) NOTES
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TABLE OF INSTRUCTION EXECUTION TIMES — NOTES

1. THE TIMES ARE BASED ON A CLOCK FREQUENCY
OF 5 MHZ.*

2. THE MINIMUM EXECUTION TIME REPRESENTS
THE TIME FOR AN A/B REGISTER TRANSFER.

. THE MAXIMUM EXECUTION TIME REPRESENTS
THE TIME FOR A REGISTER FILE TRANSFER.

. THE MAXIMUM EXECUTION TIME REPRESENTS
THE TIME FOR AN IMMEDIATE OPERAND
TRANSFER.

5. THE MINIMUM EXECUTION TIME REPRESENTS
THE TIME FOR INDIRECT REGISTER FILE
TRANSFER.

6. THE MAXIMUM EXECUTION TIME REPRESENTS
THE TIME FOR INDEXED GENERAL MEMORY
TRANSFER.

7. THE MINIMUM EXECUTION TIME REPRESENTS
THE TIME FOR AN UNCONDITIONAL JUMP TO

- W

8-BIT MICROCOMPUTER BENCHMARKS
PROCESSOR TMS7000 Z8 8051 6801
CLOCK RATE — MHz 8 8 12 4
BENCHMARKS u
BINARY ADDITION (us) 4 2 6 13
BCD ADDITION (ps) 6 12 12 22
BLOCK MOVE (ps) 1112 1785 3307 4584
TABLE SEARCH (ps) 283 544 326 645
BINARY TO BCD (ps) 184 236 229 650
BCD TO BINARY (ps) 55 63 46 130
BIT /O (us) 13 15 10 33
TOTAL (ps) 1657 2658 3936 6077
RELATIVE PERFORMANCE 1.00 0.62 0.42 0.27
REQUIRED MEMORY SPACE (BYTES)

TMS7000 Z8 8051 6801

BINARY ADDITION 4 4 ) 6
BCD ADDITION 5 14 14 14
BLOCK MOVE 10 20 33 27
TABLE SEARCH 1" 7 20 14
BINARY TO BCD 16 19 23 30
BCD TO BINARY 44 82 50 66
BIT VO 15 16 j §4 23
TOTAL 105 162 164 180
RELATIVE EFFICIENCY 1.00 0.65 0.64 0.58

*5 MHz and 8 MHz parts are available.

OCCUR, WHILE THE MAXIMUM EXECUTION REP-
RESENTS THE TIME FOR A CONDITIONAL JUMP
TO OCCUR.




TMS7000
Program
Flexibility

TMS7000 SERIES ADDRESSING MODES

A REGISTER
B REGISTER
REGISTER FILE
REGISTER FILE INDIRECT

DIRECT
INDEXED

IMMEDIATE

PC RELATIVE

PERIPHERAL FILE (/O INSTRUCTIONS)

Nine basic addressing modes provide programming flexibility and easy
data management. Additionally, the Move Double (MOVD) instruction
allows 16-bit addresses to be efficiently manipulated.

The machine state is constantly maintained in three hardware registers:
the program counter, status register, and stack pointer. All RAM bytes
(128) are addressable as working registers. Therefore, the register contents
do not have to be saved on the stack when transferring control to
subroutines or interrupts as most other microcomputers must do. The
contents may, however, be saved on the stack if required. Parameters may
be passed to subroutines via the MLPs RAM resident stack, or through
dedicated registers.

Vectored interrupt overhead involves saving only the current program
counter and the status register on the stack. The status register may be
separately saved or restored from the stack in a single operation. The
stack pointer may also be saved or loaded with the program for flexibility
of RAM register allocation and segmentation.

The TMS7000 Series allows reduction of both total instruction lengths
and execution times. First, by pre-designating R0 and R1 as the A and B
registers, any operation involving either of these two registers has the
appropriate register number encoded into the op-code. Second, implemen-
tation of the subroutine trap vectors allows designating 23 addresses as
subroutine destinations. Invocation of the subroutine via the trap is then a
single byte instruction.



TMS7000 Performance:
Versatile, Powerful
and Fast

Standard Instruction Set Summary

The performance advantages of the TMS7000 result from the combination
of the versatile instruction set and a micro architecture that provides
efficient instruction implementation.

The implementation of the on-chip 128 byte memory resident register
file increases program efficiency by providing an 8-bit address for program
variables in lieu of 16-bit addresses for general memory accesses. This
provides efficient use of program memory as well as increasing execution
time. On-chip program memory capitalizes on the performance advantages
of on-chip memory through fast instruction acquisition and execution.

TMS7000 SERIES INSTRUCTION SET

MNEMONIC | MEANING
SINGLE OPERAND INSTRUCTIONS
CLR CLEAR OPERAND
DEC DECREMENT
DECD DECREMENT DOUBLE
INC INCREMENT
INV INVERT
POP POP FROM STACK
PUSH PUSH ON STACK
RL ROTATE LEFT
RLC RQTATE LEFT THROUGH CARRY
RR ROTATE RIGHT
RRC ROTATE RIGHT THROUGH CARRY
XCHB EXCHANGE WITH B REGISTER
DUAL OPERAND INSTRUCTIONS
ADC ADD WITH CARRY
ADD ADD BYTES
AND AND BYTES
ANDP AND PER\F‘HERAL FILE
CMP COMPAR
DAC BECIMAL ADD W/CARRY
DSB DECIMAL SUBTRACT W/BORROW
MOV MOVE
MOVD MOVE DOUBLE
MOVP MOVE TO/FROM PF (PERIPHERAL FILE)
MPY MULTIPLY
OR OR
ORP OR PERIPHERAL FILE
SBB SUBTRACT WITH BORROW
SUB SUBTRACT BYTES
XOR EXCLUSIVE OR
XORP EXCLUSIVE OR PF
EXTENDED INSTRUCTIONS
BR BRANCH
CMPA COMPARE TO A REGISTER
LDA LOAD A REGISTER
STA STORE A REGISTER
JUMP INSTRUCTIONS
BTJO BIT TEST JUMP IF ONE
BTJOP BIT TEST JUMP IF ONE-PF
BTJZ BIT TEST JUMP IF ZERO
BTJZP BIT TEST JUMP IF ZERO PF
DINZ DEC. REG. JUMP NON-ZERO
JMP JUMP UNCONDITIONAL
JC/JHS JUMP IF CARRY SET/
JUMP IF HIGHER OR SAME
JNALT JUMP IF NEGATIVE/
JUMP IF LESS THAN
JINCAL JUMP IF NO CARRY/
JUMP IF LOWER

JINZ/INE JUMP IF NOT ZERO/

JUMP IF NOT EQUAL
JPUGT JUMP IF POSITIVE/

JUMP IF GREATER THAN
JPZIGE JUMP [F POS. OR ZERO/

JUMP IF GREATER OR EQUAL
JZIJEQ JUMP IF ZERO/JUMP IF EQUAL TO
CONTROL INSTRUCTIONS

CLRC CLEAR CARRY BIT

DINT DISABLE INTERRUPTS
EINT ENABLE INTERBUPTS

IDLE IDLE UNTIL INTERRUPT
LDSP LOAD STACK POINTER
NOP NO OPERATION

SETC SET CARRY

STSP STORE STACK POINTER
SWAP SWAP NIBBLES

TSTA TEST A REGISTER

TSTB TEST B REGISTER
SUBROUTINE INSTRUCTIONS

CALL CALL SUBROUTINE

RET! RETURN FROM INTERRUPT
RETS RETURN FROM SUBROUTINE

TRAP O TRAP TO SUBROUTINE

TRAP 23




Advanced Architecture
for Advanced
1/0 Capability

I/O Flexibility

The TMS7000 Series offers the eapability of four 8-bit input/output ports
and the ability to configure them through the use of five expansion modes.
These modes give the TMS7000 Series the flexibility to trade-off pins of
dedicated 1/0 for off-chip peripheral and memory expansion.

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

A key feature of the TMST7000 Series is the peripheral file, a 256 byte
block of addresses (>0100 to >01FF) which references all of the /O
control and I//0 data registers of the chip. Six instructions are dedicated to
/O port data manipulation, providing the bit and byte I/O manipulation
required for control applications. Additionally, the I/O ports can be ac-
cessed with general extended memory addressing instructions.

Powerful Timer

The on-chip 8-bit timer provides flexibility in system timing tasks with the
addition of a 5-bit prescaler driven by either the internal clock or by an
external source for event counting. The 5-hit prescaler allows a pre-divide
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 synchronized with other system events.

The capture latch is another powerful feature of the on-chip timer. The
oceurrence of a level 3 interrupt loads the capture latch with the contents
of the timer. Thus, a precise 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. Tasks such as pulse-width measurement are accommodated with a
minimum of external circuitry.

8-BIT TIMER WITH CAPTURE LATCH

CLOCK =8

EXTERNAL
SIGNAL

MODE

CAPTURED VALUE



TMS7000 Series
Memory Expansion

Modes

The five memory expansion modes give the TMS7000 Series outstanding
flexibility for handling a wide range of different applications. The TMS7020
or TMS7040 can operate as stand-alone single-chip mierocomputers when
in the Single-chip mode. The user has the option of emphasizing either
external, peripheral or memory expansion for more complex applications
by placing the TMS7020 or TMS7040 in the Peripheral Expansion mode
or Memory Expansion mode respectively. The TMS7000, TMS7020, and
TMS7040 can be configured to operate as a ROM-less microcomputer
when placed in the Microprocessor mode. And finally, the TMS7000,
TMS7020, and TMS7040 can be configured in the special System Emula-
tor mode to facilitate development of new TMS7000 systems. The following
table summarizes the five expansion modes.

TMS7000 SERIES

MEMORY EXPANSION MODES & AVAILABILITY

MODES

7000 7020 7040

SINGLE CHIP

PERIPHERAL
EXPANSION

FULL EXPANSION
MICROPROCESSOR

SYSTEM EMULATCR

4

MEMORY EXPANSION MODES AND AVAILABILITY

o EXPANSION MODES SUMMARY
EXPANSION ON-CHIP ON-CHIP ON-CHIP OFF-CHIP
MODE RAM BYTES ROMBYTES VOLINES MEMORY BYTES
| 7020/7040 | 70207040 | 7020/7040

MICROCOMPUTER 128 2048/40906 | 32 0
PERIPHERAL EXPANSION 128 2048/4096 20 246
FULL EXPANSION 128 2048/4096 12 63224/61176
MICROPROCESSOR® 128 0 12 65272
SYSTEM EMULATOR* 128 0 0 65280

“Also supported by the TMS7000

TMS7000 SERIES
FULL EXPANSION MODE APPLICATION EXAMPLE

A PORT [ | INPUT
B PORT | OUTPUT
-
DATA
oo pIsy: 1
T™MS9918 e TMS2516
v | ] VOP 7| ADAPTER EPROM
L
CPORT | 7 i ADDRESS 1L T\[
N C
H
D PORT
COLOR IEEE
VIDEO 488
DISPLAY GPIB
BUS




TMS7000
Series Design
Support

10

The different software and hardware development tools to maximize
software productivity for TMS7000 Series users are summarized below:
Evaluation Module (EVM)

The TMS7000 Series Evaluation Module consists of two boards plus
relevant software. The first board contains all the necessary hardware/
software to support stand-alone operation for in-circuit emulation. The
user’s unique software (up to 4,096 bytes) is executed from on-board
EPROMs and the board communicates via a 40-pin ribbon cable which
plugs 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
used in conjunction with a terminal or minicomputer (via the RS232
interface) the Evaluation Module can function as a very low cost
software evaluation tool for single-chip microcomputer applications.

The Evaluation Module now provides software debug and breakpoint
capability. Assembly capability will also be available late 1981. The opera-
tion of the Evaluation Module is restricted to the standard TMS7000
Series instruction set.

TMS7000 SOFTWARE DEVELOPMENT OPTIONS

11 FS900-410 TI SINGLE OR OTHER 1632 BIT LOW COST
BN "CMéLITEFl MULTI-USER MINICOMPUTER LOW PERFORMANCE TERMINAL
s AMPL SYSTEM WITH PASCAL COMPILER EVALUATION MODULE
EMULATOR AND TRACE l—
TRANSPORTABLE
CROSS SUPPORT
MACASM, MACLINK,
MICASM SOFTWARE
PACKAGES
TI TMAMADTB
SOFTWARE PACKAGE

OPTIONAL PROM OPTIONAL
PROGRAMMER r PRINTER
TI TMAMBO22 181

EVALUATION
MODULE

TI TMAMBEOTO

FINISHED
SOFTWARE




AMPL
Development
System

AMPL* stands for “Advanced Microprocessor Prototyping Laboratory” TMAMS000 AMPL SYSTEM

which is a complete TI system of hardware and software tools to maximize
software development productivity for all of TIs microcomputer and micro-
processor device families. AMPL includes a video display terminal, hard- E
disk (for multiple users) or floppy diskette (for single users) mass storage,
and extensive software that runs on FS990 or TMAM9000 Series
minicomputers.
The following software packages are part of the TMST7000 Series AMPL
development system.
* MACASM — MACRO ASSEMBLER
— General cross assembler to support TMS7000 Series standard
instruction set.
— Used in conjunction with MICASM (see below) to support user
defined nonstandard TMST7000 Series instruction sets.
* MACLINK — LINK EDITOR
— Links relocatable program modules produced by MACASM.
* MICASM — MICRO ASSEMBLER
— Only required when user wishes to modify or redefine standard
TMS7000 Series instruction set.
« AMPL UTILITY
— Controls emulator and trace modes of operation.

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

If a potential user is considering modifying the standard TMS7000 Series instruction set, a local TI Regional Technology

Center can provide engineering support. TI can also provide the specific information needed for microprogramming the
TMS7000 Series.

Transportable Cross 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 transportable cross support versions in late 1981, allowing customers to use most
16-bit minicomputers with resident Pascal compilers.

TI Design Support

Another option available to the potential TMST7000 Series user is to contract with TI to provide all the software and
hardware design resources required to realize the desired application. A local TI Regional Technology Center (RTC) will
contract with TMS7000 Series customers to provide this design engineering service.

In addition, the local RTC’s can provide the indepth training that could be required to fully utilize the advanced feature of
the TMS7000 Series — such as microprogramming. Contact with a RTC or the main plant can be coordinated either by
your local T1 Field Sales Engineer or directly.

Complete TMST000 Series documentation including data manuals, programming manuals, and microprogramming
information is readily available. Call your local TI Field Sales Engineer or one of the numbers below for more information.
Let us show you how the state-of-the-art TMS7000 Microcomputer Series can give you the winning price/performance edge
over the competition.

For direct service, call:

Boston RTC (617) 890-6671
Chicago RTC (312) 640-2909
Southern California RTC (714) 540-7311
Factory (Houston) (713) 778-6549

*AMPL is a trademark of Texas Instruments, Inc.

11



TI Sales Offices

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

ARIZONA: Phoenix, P.0. Box 35160, 8102 N. 23rd Ave.. Suite
A, Phoenix, AZ 85069, (602) 249-1313

CALIFORNIA: El Segundo, 831 5. Douglas St., El Sequndo, CA
90245, {2133 973-2571; Irvine, 17620 Fitch, Irvine, UA 92714,
714) 545-5210; Sacramento, 1900 Point West Way, Suite 171,
acramento, CA 95815, (916) 929-1521; San Diego, 4333 View
Ridge Ave., Suite B., San Diego, CA 92123, (7 4) 278-9500;
Sunnyvale, P.0. Box 9064, 776 Palomar Ave., Sunnyvale, CA
94086, (408) 732-1840; Woodland Hills, 21220 Erwin St ,
Woodiand Hills, CA 91364, (213) 704-7759.

COLORADDO: Denver, 9725 E. Hampden St.. Suite 301, Denver,
CO0 80231, (303) 695-2800.

CONNECTICUT: Wallingford, 8 Barnes Industrial Park Rd.,
gggnoensﬂndustlial Park, Wallingford, CT 06492, (203)

FLORIDA: Clearwater, 2280 U.S. Hwy. 19 N., Suite 232, Clear-
water, FL 33515, (813) 325-1861; Fi. Lauderdale, 2765 N.W.
62nd St., Ft. Lauderdale, FL 33909, (305) 973-8502; Winter
garka;ggﬂ Lee Rd., Suite 115, Winter Park, FL 32789, (305)
44-3535,

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

ILLINOIS: Arlington Heights, 515 W. Algonguin, Arlington
Heights, IL 60005, (312) 640-2934

INDIANA: Ft. Wayne, 2020 Inwood Dr., Ft. Wayne, IN 46805,
(219) 424-5174; ndiana olis, 2346 5. Lynhurst, Suite J-400,
indianapolis, IN 46241, (317) 248-8555.

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

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

MICHIGAN: Farmington Hills, 3373 W. 12 Mile Rd.. Farm-
ington Hills, MI 48018, (313) 553-1500

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

MISSOURI: Kansas City, 8080 Ward Pkwy., Kansas City,
64114, (816) 523-2500: St. Louis, 11861 Westline. In ustnal
Line Drive, St Louis, MO 63141, (314) 569-7600

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

NEW MEXICO: Albuquerque, 5307 Alice NSE, Suite E, Albu-
querque, NM 87110, (505) 265-8491

NEW YORK: East Syracuse, 6700 Old Collamer Rd., East Syr-
acuse, N‘f 13057, (315) 463-9291; Endicott, 112 Nanticoke
#ve., PO. Box 618, Endicott, NY 13760, (607) 754-3900;
Mnl\fiila 1Hunl|r|glon Quaﬁlangie Suite 3C10, P.O. Box 2936,
Melville, NY 11747, (516) 454-6600, Pou Ite sie 201 Suulh
Ave., Poughkeepsie, NY 12601, (914 Rochester,
1210 Jefferson Rd., Rochester, NY 14623, {?16}424 -5400.

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

OHIO: Beachwood, 23408 Commerce Park Rd.. Beachwood,
OH 44122, (216) 464-6100, Dayton, Kin sle¥ Bldg., 4124
Linden Ave,, Dayton, OH 45432, 513) 258-387

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

OREGON: Beaverton, 6700 SW 105th St., Suite 110, Beaver-
ton, OR 87005, (503) 643-6758

Suite 512, Tulsa, OK

PENNSYLVANIA: Ft. Washington, 575 Virginia Dr.. FL. Wash-
ington, PA 18034, (215) 643-6450

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

TEXAS: Austin, 12501 Research Bidg., P.0. Box 2909, Austin,
TX 78723, 512{ 250-7655; Dallas, PO, Box 225012, Dallas,
TX 75265, (214) 995-6531: Houston, 9000 Southwest Frwy..
Suite 400 Houston, TX 77036, (713) 778-6592.

UTAH: Salt Lake clgi 3672 West 2100 South, Sait Lake City UT
B4120, (801) 973-6310

VIRGINIA: Fairfax, 3001 Prosperity, Fairfax, VA 22031, (703)
849-1400; Midiothian, 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.
K2POMB, (613) 233-1177; Richmond Hill, 280 Centre St. E_,
Richmond Hill L4C1B1, Ontario, Canada, (416) 884-9181; St.
Laurent, Ville St. Laurent Quebec. 9460 Trans Canada Hwy.,
St. Laurent, Quebec, Canada H4S1R7, (514) 334-3635 L

TI1 Distributors

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

ARIZONA: Phoenix, Kierulff (602) 243-4101; R.V. Weather-
ford (602) 272-7144, Tsmgg. Marshall (602) 968-6181; Tue-
son, Kierultf (602) 624-9986.

CALIFORNIA: Anaheim, R.V. Weatherford (714) 634-9600;
Canoga Park, Marshall (213) 999-5001; Chatsworth, JACO
[213] 998-2200; EI Monte, Marshall (213) 686-0141: Glen-
dale, R.V. Weatherford (213) 849-3451; Goleta, RP$ (805
964-6823: Irvine, JACO (714) 540-5600; Marshall ‘?14
556-6400; Los Angeles, Kierulff (213) 725-0325; RPS (213
748-1271; Palo Alto, Kierulff (415) 968-6292; Pomona, R.V.
Weatherford (714) 623-1261; San Diego, Arrow 3?14}
565-4800; Kierultf (714) 278-2112; Marshall (714) 578-

A.V. Weatherford sﬁ-tg 278-7400; Santa Barbara, R.V.
Weathertord (805) 465-8551; Santa Clara, United Cumpn~
nents (408) 496-6900; Sunnyvale, Arrow (408) 745-6600;
Marshall (408) 732-1100; Time (408) 734-9888; United Com-
onents (408) 496-6900; Torrance, Time (213) 320-0880;

stin, Kierulff (714) 731-5711.

COLORADO: Denver, Arrow (303) 758-2100; Diplomat (303\)
740-8300; Kierulff (303) 371-6500; Englewood, R.V.
Weatherford (303) 770-9762.

COMNECTICUT: Orange, Mil raiq (203) 795-0714; Wal-
lingtord, Arrow (203) 265-7741; Marshall (203) 265-3822.

FLORIDA: Clearwater, D galurnat (813) 443-4514; Ft. Lauder-
dale, Arrow (305) 973-8502; Diplomat (305) 971-7160; Hall-
Mark (305) 971-3280; Orlando, Hall-Mark (305) 855-4020;
Paim Bay, Arrow {30?} 725-1480; g&umat (305) 725-4520;
St. Petersburg, Kierulff (813) 576-1 Winter Park, Milgray
(305) 647-5747.

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

ILLINOIS: Bensonville, Hall-Mark {312} 860-3800; Elk Grove
Village, Kierultf (312) 640-0200, Blm:agn Newark (312)
638- 4!1 Schaumburg, Arrow (312) 893

INDIANA: Ft. Wayne, Ft. Wayne Electronics (219) 423-3422;

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

KANSAS: Lenexa, Component Specialties (913) 492-3555;
Shawnee Mission, Hall-Mark (913) 888-4747; Wichita,
LCOMP (316) 265-9507.

MARYLAND: Baltmore, Arrow (ﬂﬁﬂ?& 737-1700, (301)
247-5200; Hall-Mark 301} 796-93 olumbia, Diplomat
(301) 995-1226; Rockville, Milgray (301) 466-6400.

MASSACHUSETTS: Billerica, Kierultf (617) 667-8331; Bur-
lington, Marshall ;51?: 272-8200; Woburn, Arrow (617)
933-8130; Time (617) 935-8080.

MICHIGAN: Ann Arbor, Arrow (313) 971-8200; Oak Park,
Newark (313) 967-0600; Farmington, Di inmal (313)
477-3200; Grand Rapids, Newark (616) 241-

MINNESOTA: Edina, Arrow (612) 830-1800, Kierulﬂ (612)
B35-4388; Mtnueapnlis Diplomat (612) 788-8601.

MISSOURI: Earth I:Ily Hal! Mark {314) 291-5350; Kansas
City, LCOMP (816 . Louis, Arrow {314)
567-6888; LCOMP | 1d} 291 szuﬂ

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

NEW JERSEY: Camden, General Radio Supgly :609]
964-8560; Cherg Hill, Hall-Mark (609) 424-0880; Clitton,
Marshall (201) 340-1900: Fairfield, Kierulf (201) 575-6750;
Mariton, Milgray (509& 424-1300; Moorestown, Arrow (609)
235-1900; Saddlebrook, Arrow (201) 797-5800; Totowa, Dip-
lomat (201) 785-1830.

NEW MEXICO: Alhu% rgue, Arrow (505) 243-4566; Interna-
g:galg Electronics (505) 345-8127; United Components (505)

NEW YORK: Endweil, Marshall (607) 754-1570; Freeport,
Milgray (516) 546-5600, N.J. {BUD} 5-3986, Hauppauge,
Arrow (516) 231-1000; JACO (51 5) 273-5500; Liverpool, Ar-
row (315) 652-1000; Diplomat (313) 652-5000; Helv IIe Dlp
lomat (516) 454- 6400; Rochester, Arrow (?16}

zﬂgsch?eézt%r Radio Supply (716) 454-7800; Marshail [?16]

NORTH CAROLINA: Raleigh, Arrow (919) 876-3132; Hall-

OHIO: Genlelvllte‘ Arrow 5513] 435-5563; Cincinnati,
Graham (513) 732-1661; Columbus, Hail-Mark (614)
846-1882; Dayton, ESCO (513] 226- 1133 Marshall (513)
236-8088; Highland Helghls Hall-Mark 1216} 473-2907;
Solon, Arrow (216) 248-3990

OKLAHOMA: Tulsa, Com apnnent Specialties (918) 664-2820;
Hall-Mark (918) 835-845

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

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

TEXAS: Austin, Component Specialties (512) 837-8922; Hall-
Mark (512) 837-2814; Harrison Equipment (512) 458-3555;
Dallas, Companent Speciaities ( 14) 357-6511; Hall-Mark
LZM: 341-1147; International Electronics (214) 233-9323; EI
aso, International Electronics ;915 778-9761; Houston,
Component Specialties (713) 771-7237; Hall-Mark {?13}
781-6100; Harrison Equipment (713) 652-4700.

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

WASHINGTON: Redmond, United Components (206)
885-1985; Seattle, Almac/Stroum {206} 763-2300; Kierulff
(206) 575-4420; I‘ukwila Arrow (206) 575-0907.

WISCONSIN: Dak Creek, Arrow (414) 764-6600; Hall-Mark
(414) 761-3000; Waukesha, Kierultf (414) 784-8160.
CAMADA: Calgary, Cam Gard Sugplg (5403} 287-0520; Future
(403) 259-6408; Varah (403) 230-1235; Downsview, CESCO
5“5) 661-0220; Edmonton, Cam Gard Supply (403)
26-1805; rlallfat. Cam Gard Supply (302) 454-B581:
Hamilton, Varah (416) 561-9311; Kam oaps, Cam Gard Sug
glg 125063 372-3338; Monclol‘l Cam Gard Supply (501
5- Montreal, CESCO 514: 735-5511; Future (514
731-7441; Ottawa, CESCO 13} 729-5118, Future (613
820-8313: Quebec City, CESC (418) 687-4231; Regina, Cam
Gard Sugp & 5308 505-1317: Saskatoon, Cam Gard Supply
oronto, Future {416& 663-5563; Vancouver,
arn Garﬁ Sup%lyaéﬁﬂ-ﬂ 291-1441; Future (604) 438-5545,

Indianapolis, Graham (317) 634-8202; Arrow (317) Mark (919) 832-4465, Winston-Salem, Arrow (919)  Varah 8804‘} 11; Winnipeg, Cam Gard Supply {2043
243-9353. 725-8T11 786-84 ‘arah (204) 633-6130. A
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