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G western peripherals™

one of them,
controllers
from
western
peripherals

Universal Tape Controllers

e Software compatible for
PDP-1T* NOVA**& Interdata.

e Embedded design.

e 9 Trk 800/1600 bpi, 7 Trk
200/556/800 bpi
intermixed.

e 12.5t0 125 ips, any two
speeds.

e NRZ and PE formats.

Universal Disc Controllers

e Software compatible for
PDP-11 & NOVA.

e Embedded design.

e Top Load (5440) & Front
Load (2315).

e Up to 20 mb per drive.
e Media compatibility.

*trade name 1 Kty
**rade name ot Data Ger



KENNEDY

SERIES 5300 DISK DRIVES

Series 5300 drives are fixed media, high The tightly sealed disk compartment allows
performance units utilizing advanced Winchester Series 5300 drives to be used in environments
disk technology. 3 unsuitable for conventional drives.

Available in one, two, or three platter versions, Other Series 5300 features include: NRZ-MFM
the unformatted data capacity can be as high as data encode/decode circuits; daisy chaining of
70M bytes—all in 7" of rack space. up to 4 drives; address mark detection; built-in

Track density of 300 Tpi is made possible by power supply; small, easily replaced circuit cards
prewritten servo tracks utilizing one disk surface, and a standard interface.
thus assuring accurate head alignment under all Series 5300 is sophisticated in concept, yet like
circumstances. High data density results from use all Kennedy products, is simple in design for greater
of advanced media and write compensated reliability, improved performance and lower cost.

MFM recording.
Maximum seek time is 70 msec, rotational KENNEDY
speed, 3000 rpm, and data rate — 1.0 MB/sec. Subsidiary, Magnetics & Electronics Inc
1600 Shamrock Ave., Monrovia, CA. 91016
(213) 357-8831 TWX 910-585-3249
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IT PAYS TO HAVE
THE NEW TALLY T-3000

Put half your service costs back in your pocket.

Say good-bye to planning maintenance calls same panel displays operator correctable faults.)
around the printer in your system. Tally's new 300 And the host computer isn’'t needed to run atest.
line per minute printer has unmatched reliability. Plus, the modular design of the T-3000 allows for
With no preventive maintenance requirements, a quick swap of any faulty module.
low parts usage and a high 5000 hour MTBF, the And of course, the T-3000 delivers outstanding
Tally T-3000 has only half the service costs of print quality with uniform character density,
comparable printers. straight lines and clear carbon copies. The printer
Yes, the Tally T-3000 is designed ruggedly is quiet running and has easy paper loading and
reliable to keep the maintenance man away. But ribbon replacement.
if an ailment occurs, the T-3000 lets the Call your nearest Tally sales representative
service man know what’s wrong. for all the details. Tally Corporation, 8301

S.180th St. Kent, WA 98031.
Phone (206)251-5524.

Quickly and easily. The microproc-
essor based T-3000 has 16 Self

Test routines. A handy status e
panel speeds up fault isola-

tion and identification. (Dur- ;

ing regular operation, the =

i~

TALLY
PRINTERS
WORLDWIDE

Tally Corporation is

a member of the

Mannesmann Group.
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MEMORY THAN

NOBODY OFFERS A WIDER RANGE OF
INTERDATA MEMORY PRODUCTS

DATARAM. . . EX(

THAN DATARAM. . .EXCEPT

Interdata 32KB and 64KB

Core Memory Modules

Dataram offers 32KB and 64KB core
memory modules for main memory
expansion which can be used with
Interdata’s Model 50, Model 70, 6/ 16,
7/16, 8/16, 7/32, and 8/32
minicomputers. Dataram’s 32KB and
64K B memory modules are strappable for
750 nsec or 1000 nsec speed, parity or

non-parity operation, at no additional cost.

512KB 7/32 Chassis
Dataram-manufactured 7/32 chassis with
eight 64KB Memory Modules provides
512KB memory expansion for your 7/32
minicomputer. The Memory Bank Interface
board is also available from Dataram.

Interdata Bulk Core

Disk Emulator

And now, Dataram’s BULK CORE is
available for Interdata users who want to
go beyond the normal addressing
boundaries of the host minicomputer.
BULK CORE does it at much higher
speeds and is all-electronic, and that
means no moving parts. And a 153%”
BULK CORE system offers 2.0 megabytes
of peripheral storage.

NOBODY SELLS INTERDATA-COMPATIBLE
MEMORY FOR LESS THAN DATARAM
...NOT EVEN INTERDAIA.

DATARAM

CORPORATION

’GF

PRINCETON-HIGHTSTOWN ROAD CRANBURY, NEW JERSEY 08512

TEL:609-799-0071 TWX:510-685-2542

Canada: Ahern & Soper Ltd., Alberta, British Columbia, Ontario, Quebec ® Finland: Systek OY, 90-737-233 ¢ France: YREL, 956 81 42 e Italy: Mactronics ltalia, 02/35 36 041 e
Netherlands: Technitron b.v., 020-45 87 55  Sweden: M. Stenhardt AB, (08) 739 00 50 ¢ Switzerland: ADCOMP AG, 01/730 48 48 e United Kingdom/Ireland: Sintrom Ellinor Ltd., (0734) 85464
West Germany/Austria: O.E.M.-Elektronik GmbH, 07 11-79 80 47 » Australia/New Zealand: Anderson Digital Equipment, (03) 543 2076  India: Industrial Electronic Instruments, 79281

Israel: K.D.M. Electronics, 921513 e Japan: Matsushita Electric Trading Co., Ltd., 03 (435) 4501 ¢ Taiwan/Republic of China: Syscom Computer Engineering Co.,
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To ourmemory,

we ve never made o
bigger commitment.

Sixty million dollars. Give or take a couple
hundred thousand. That's the size of the
financial commitment we've made to our
MOS technology. You can't expect to make
your mark in the semiconductor business
today unless you're willing to make a
huge commitment. And we've made it by
investing that major sum in three impor-
tant areas. Manpower, facilities and
equipment.

To begin with, we've hired the best
engineers and technicians in the industry.
All are highly trained in MOS technology.

To make it easier for them to get the
job done, we've also made sizeable
investments in our two new modern
facilities, in San Jose, California and
Wappingers Falls, New York. Both are fully
equipped with the latest state-of-the-art
equipment. Machines which allow us to
do all projection printing, E-Beam mask
making, computerized diffusion and com-
plete hi-rel processing. And all of our
products are manufactured using only
the latest technologies. Like Isoplanar
n-channel and next-generation VLSI MOS.

What's also very important is that
while most semiconductor houses are still
using 3" wafers, we're the first one to
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have a complete 4" n-channel capability.

At Fairchild, we understand your
enormous memory requirements. That's
why we've stepped up our production
capabilities. We're already offering twice
as many memory products as last year.
Including the 2708 and our recently
announced 2716 EPROMs, 2114 and 2102
Dynamic RAMs, F16K Dynamic RAMs,
and F264 CCD. As well as a full line of
PMOS products. We're even working on
a 64K Dynamic RAM.

So, from now on, when you need
MQOS products to make your systems more
memorable, there's one name we want
you to remember first. Fairchild. That's
why we put our money where our MOS is.

For more information, call MOS LSI
at (408) 224-7000. Or write Fairchild
Semiconductor Products Group, P.O. Box
880A, Mountain View, California 94042.

FAIRCHILD
T

Callusonit.
(408) 224-7000



Complete Protocol

Signetics 2652 holds

the speed record for
multi-protocol handling.

At 2Mbits/second, nobody beats our 2652 multi-protocol com-
munications controller for operating speed. In fact, nobody even
comes close. And that speed’s important when you’ve got to move
data in time-sensitive environments. Between CPU and terminals.
Or between CPUs.

Speed that cuts transmission costs is one key reason why more
OEMs specify Signetics 2652 over any other protocol controller. But
not the only reason. SDLC. DDCMP. Whatever your synchronous
protocol—bit-oriented or character count—our 2652 can handle it.
Completely. Perfectly.

The 2652 also cuts software development time, because many
critical software routines are handled by its LSI firmware. And that
includes CRC error control and zero
insertion/deletion.

Add up the features. It’s clear
that no other product can
match our powerful proto-
col handler. Even when
speed is not essential.
Suppose you’ve got a




ontrol. Fast!

single protocol system now. Design in the 2652. Then when your
needs change or grow, the 2652 will still be keeping your product
current.

Operating from a single +5V supply, the T'TL-compatible 2652
links to any 8 or 16-bit data bus. That means you can use it with
micros or minis. Line controllers or network processors. And its
super-fast data rate easily meets the demands of dedicated networks
or satellite telelinks.

So when you’ve got to handle protocols “by the book,” specify
the 2652. Its field proven capabilities can put more money in your
pocket. Check the chart below for some of the 2652’s key features.
For full details on
the world’s fastest

KEY FEATURES OF SIGNETICS 2652 prOtOCOl controller,
Rev/Xmt Modes v Synchronous Send us the Coupon.
Protocol Compatibility SDLC, HDLC, ADCCP, DDCMP, BISYNC Slce . .
Baud Rate DC to 2Mbits/sec (lower speed 1Mbits/sec version available) Or VISIt a Slgnetlcs
Baud Rate Generati External sales office or autho-
Data Bus C bility uProcessor/Mi , 8- or 16-bit, tri-state rized distributor.
Error Controls 0dd/Even VRC, CRC-16, CRC-CCITT
Self-test Local Loop Back
Package 40-Pin DIP
Availability Immediate

SRR R Ei_l]lll!tiI}E
Signetics Corporation

PO. Box 9052

811 East Arques Avenue

SRS SRES I AT
Telephone 408/739-7700

To: Signetics Information Services, 811 East Arques Avenue
P.O. Box 9052, Sunnyvale, CA 94086

[ Please send details on the world’s fastest protocol handler.

[0 My need is urgent. Please have a Signetics specialist phone me.
( )

Name Title
Company Division
Address MS

City State Zip

CD/12/79




| CALENDAR

CONFERENCES

JAN 7-10—ATE Seminar/Exhibit and Test
Instruments Conf, Pasadena Convention Ctr,
Pasadena, Calif. INFORMATION: Karen
Knope, ATE Seminar/Exhibit or Test Instru-
ments Conf, 1050 Commonwealth Ave, Bos-
ton, MA 02215. Tel: 617/232-5470

JAN 9-11—AFCEA Western Conf and Expo-
sition, Disneyland Hotel, Anaheim, Calif. IN-
FORMATION: Judith H. Shreve, Armed
Forces Communications and Electronics As-
sociation, One Skyline Plaza, 5205 Leesburg
Pike, Suite 300, Falls Church, VA 22041.
Tel: 703/820-5028

JAN 15 AND FEB 6—Invitational Computer
Conf, Orange County, Calif and Ft Lauder-
dale, Fla. INFORMATION: B. J. Johnson &
Assoc, 2503 Eastbluff Dr, Suite 203, New-
port Beach, CA 92660. Tel: 714/644-6037

JAN 28-30—Communications Network ‘80,
Sheraton Washington Hotel, Washington,
DC. INFORMATION: William Leitch, The
Conference Co, 60 Austin St, Newton, MA
02160. Tel: 617/964-4550

JAN 29-31—Aerospace and Electronic Sys-
tems Winter Convention (WINCON), Sher-
aton Universal Hotel, North Hollywood, Calif.
INFORMATION: Phillip G. Halamandaris,
Gould Inc, Navcom Systems Div, 4323 Arden
Dr, El Monte, CA 91731. Tel: 213/442-0123,
X602

JAN 30-FEB 1—MIMI‘80 Asilomar (Inter-
nat’l Sym on Mini and Microcomputers), Asil-
omar Conf Grounds, Pacific Grove, Calif.
INFORMATION: The Secretary, MIMI‘80
Asilomar, PO Box 2481, Anaheim, CA 92804.
Tel: 714/774-6144

FEB 12-14—Data 80 Data Communications
Conf and Exhibition, Harbour Castle Hilton
Hotel and Convention Ctr, Toronto, Ontario,
Canada. INFORMATION: Whitsed Publish-
ing Ltd, 2 Bloor St W, Suite 2504, Toronto,
Ontario M4W 3E2, Canada

FEB 13-15—Internat’l Solid State Circuits
Conf (ISSCC), Hilton Hotel, San Francisco,
Calif. INFORMATION: Lewis Winner, 301
Almeria Ave, PO Box 343788, Coral Gables,
FL 33134. Tel: 305/446-8193

FEB 19-22—Southwestern Computer Conf,
Myriad Convention Ctr, Oklahoma City,
Okla. INFORMATION: Oklahoma State U
Technical Institute, 900 N Portland, Okla-
homa City, OK 73107. Tel: 405/947-4421

10

FEB 19-21, FEB 26-29, AND MAR 5-7—
TechEx America, Europa, and Asia, Atlantg,
Ga; Copenhagen, Denmark; and Singapore,
Republic of Singapore. INFORMATION: Dr
Dvorkovitz & Assoc, PO Box 1748, Ormond
Beach, FL 32074. Tel: 904/677-7033

FEB 25-28—COMPCON Spring, Jack Tar
Hotel, San Francisco, Calif. INFORMATION:
Harry Hayman, PO Box 639, Silver Spring,
MD 20901. Tel: 301/439-7007

MAR 4-6—Internat’l Zurich Sem on Digital
Communications, Zurich, Switzerland. IN-
FORMATION: Prof P. E. Leuthold, Eidgenos-
siche Technische Hochschule Zurich, Institut
fur Hochfrequenztechnik, Sternwartstrasse
7, Zurich, Switzerland

MAR 14-16—West Coast Computer Faire,
Civic Auditorium and Brooks Hall, San Fran-
cisco, Calif. INFORMATION: Computer
Faire, 333 Swett Rd, Woodside, CA 94062.
Tel: 415/851-7075

MAR 17-19—Industrial Control & Instru-
mentation Applications of Mini & Microcom-
puters (IECI), Sheraton Hotel, Philadelphia,
Pa. INFORMATION: Dr Paul Russo, RCA
Labs, Princeton, NJ 08540. Tel: 609/452-
2700, X3234

MAR 17-20—Interface ‘80, Miami Beach
Convention Ctr, Miami Beach, Fla. INFOR-
MATION: Peter Young, Interface Group, 160
Speen St, Framingham, MA 01701. Tel: 617/
879-4502

MAR 19-21—Design Technology for Com-
puters & Datacomm Systems ‘80, Disneyland
Hotel Convention Ctr, Anaheim, Calif. IN-
FORMATION: Industrial & Scientific Conf
Management, Inc, 222 W Adams St, Chicago,
IL 60606. Tel: 312/263-4866

MAR 24-28—Eurocon’80 (European Conf on
Electrotechnics), Stuttgart, Germany. IN-
FORMATION: Prof Dr W. E. Proebster, IBM
Deutschland GmbH, Postfach 80 08 80,
D-7000 Stuttgart 80, Germany

MAR 31-APR 2—Internat’l Computer Aided
Design Conf and Exhibition, Metropole,
Brighton, England. INFORMATION: The Or-
ganisers, CAD 80, IPC Science and Tech-
nology Press Ltd, PO Box 63, Westbury
House, Bury St, Guildford, Surrey GU2 5BH,
England

APR 16-17—Peripherals 80, Bloomsbury Ctr,
London, England. INFORMATION: lliffe Pro-
motions Ltd, Dorset House, Stamford St,
London SE1 9LU, England

MAY 6-8—Internat’l Sym on Computer Ar-
chitecture, La Baule, France. INFORMA-
TION: Harry Hayman, PO Box 639, Silver
Spring, MD 20901. Tel: 301/439-7007

JUNE 3-5—Networks 80, Bloomsbury Centre
Hotel, London, England. INFORMATION:
Online, Cleveland Rd, Uxbridge UB8 2DD,
England

SHORT COURSES

JAN 8-10—Automatic Test Equipment: How
to Select It—Apply It—Manage It; Introduc-
tion to Digital Testing; AND MAR 6-7—Ad-
vanced ATE Technology and Management,
Pasadena, Calif; and Atlanta, Ga. INFOR-
MATION: Kate Fitzgerald, ATE Courses,
Benwill Publishing Corp, 1050 Commonwealth
Ave, Boston, MA 02215, Tel: 617/232-5470

JAN 16-18—Computer Communication Sys-
tems and Networks, JAN 21-25—Digital
Signal Processing, JAN 28-FEB 1—Structured
Programming and Software Engineering, FEB
6-8—Modular Software Design, AND MAR
10-12—Recent Advances and Current Trends
in Data Networks, George Washington U,
Washington, DC. INFORMATION: Director,
Continuing Engineering Education Program,
George Washington U, Washington, DC
20052. Tel: 202/646-6106

JAN 17-19; FEB 7-9; AND MAR 3-5—
Hands-On Microprocessor Peripherals Work-
shop, Arlington, Va; Jacksonville, Fla; and
Atlanta, Ga. INFORMATION: Paul A. Willis,
Polytechnica Institute, PO Box 29, Arlington,
VA 22210. Tel: 703/533-2826

FEB 4-5, MAR 5-6, AND APR 9-10—Micro-
processors: Hardware, Software, and Appli-
cation, Worcester Polytechnic Institute, Wor-
cester, Mass; Holiday Inn, Boston, Mass; and
Worcester Polytechnic Institute, Worcester,
Mass. INFORMATION: Ginny Bazarian, Of-
fice of Continuing Education, WPI, Wor-
cester, MA 01609. Tel: 617/753-1411

FEB 11—Fundamentals of High Resolution
Lithography, AND FEB 12—Integrated Cir-
cuif Technologies for the 1980s, Palo Alto,
Calif. INFORMATION: Continuing Educa-
tion in Engineering, University of California
Extension, 2223 Fulton St, Berkeley, CA
94720. Tel: 415/642-4151

Announcements intended for pub-
lication in this department of
Computer Design must be re-
ceived at least three months prior
to the date of the event. To en-
sure proper timely coverage of
major events, material preferably
should be received six months
in advance.
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THE DSD 440.
TOTAL DEC RX02
COMPATIBILITY,

AND MORE.

The DSD 440 is the only alternative to the DEC RX02 that’s

100% software, hardware and media compatible with

LSI-11, PDP®-11 and PDP-8 computers, including those
with extended memory. It can be configured as an
RX02 for DEC double density or IBM 3740 single
density recording, or as an RX01 for backward oper-
ating system compatibility.

MORE

A 512-byte hardware bootstrap is built into all
PDP-11 and LSI-11 interfaces. It loads system software

automatically from either single or double density
diskettes. Extensive self-testing is DIP-switch select-
able with the ““Hyperdiagnostics’ that run without being
connected to acomputer. The low profile 5%-inch DSD 440
features write protection and diskette formatting.

FASTER

The optimized DSD 440 microcode increases system throughput
when using the RT-11 foreground/background monitor. In partic-

ular, the DSD 440 with an LSI-11 runs fill and empty buffer opera-

tions 20% faster than an RX02.

FOR LESS

The DSD 440 is the RX02 compat-
ible flexible disk system that combines

: . Data Systems Design, Inc.
high performance and advanced fea 3130 Cord iads Fabe

tures with fast delivery...at a lower price.

For further information, call or write Data 33”220%')3525355%5051
Systems Design today. A data sheet and TWX 910-338-0249
price list will be forwarded to you Eastern Regional Sales:
immediately. _ (617) 329-5730
® Trademark of Digital Equipment Corporation TWX 710-348'0563
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8088: Twin Reality

Intel unveils the ultimate 8-bit CPU. Powerful.
Practical. Beneath the surface, the heart of an 8086.

True beauty is never skin deep.
Such is the case with our new
8088 microprocessor. On first
impression, you'll see a powerful
third generation CPU with the
convenience and practicality of an
8-bit bus. Look closer and you’ll
discover the remarkable 16-bit
internal architecture, megabyte
addressability and advanced
instruction set of our 8086.

The 8088 is both. Therein
lies its ultimate beauty.

When we introduced
the 8086 family more
than 18 months ago we

called it a new begin-
ning, a microcomputer
system architecture so ad-
vanced it would deliver a
dramatic increase in system
sophistication, performance
and expandability. Now

the 8088 delivers the same
performance increase for

8-bit designs.

8088: Designed with
reality in mind.

We built the 8088 to perform
in the type of systems you're
designing today and well into the
future, too.

Advanced arithmetics, in-
cluding 8- and 16-bit multiply
and divide, boost computational
thruput for your most complex
mathematical and control applica-
tions. But the 8088 is much more
than a superb number cruncher.

[ts byte-wide orientation
and extensive string-handling in-
structions give it unprecedented
capabilities—block moves, string
comparisons, data scans and trans-

lations— that make the 8088

the ideal CPU for your business-
oriented applications as well.

The 8088 addresses up to a
megabyte of memory, in 64K byte
segments. Segmentation and effi-
cient register utilization enabled
us to build in the capability for
such minicomputer-like features
as instruction pre-fetch, re-entrant
code, position independent code
and dynamic relocation. And 64K
[/O space and indirect I/O simplify
programming even further.

Make your own reality.
Any way you look at it, the
8088 is a tantalizing prospect. If
you are upgrading your 8080, 8085
or Z80 design, the basic 5SMHz
8088 delivers two to five times

/O
Processors

Muitiple
Processors

Memory
Management

the performance, yet preserves
your entire hardware investment.
And with the CONV-86 code
converter and PL-M/86 compiler,
your software can be easily up-
graded, too.

The 8088’s 100% software
compatibility with its 16-bit twin
ensures the smoothest possible
transition to any future 16-bit
processor needs.

[ts 16-bit internal architecture

CIRCLE 8 ON INQUIRY CARD

and elegant instruction set are
super efficient for implementing
high-level, block-structured
languages such as Pascal or
PL-M/86.

Etched into its HMOS* cir-
cuitry, the 8088 allows compatible
interface to multiprocessing
configurations with the 8086 and
Intel’s new generation of /O pro-
cessors, math processors, memory
managers and distributed intelli-
gence configurations.

For more space—and cost-
sensitive applications, though,
four other readily available Intel®
bus multiplexed peripherals
combine with the 8088 for a
complete 8-bit system of
unprecedented performance.

The future has arrived.
Because the 8088 shares the

instruction set and object code of
her more powerful sister, the same
Intellec® development system

and software package you use for
8086 program development fully
support the 8088, too.

Put some true beauty into
your new designs. You can order
the 8088 support components and
development system from your
local Intel distributor, or with a
single call to your Intel sales office.
Or write: Intel Corporation,

3065 Bowers Avenue, Santa
Clara, CA 95051. Or call (408)
987-8080.

*HMOS is a patented Intel process.

intel delivers.
Europe: Intel International, Brussels, Belgium. Japan:

Intel Japan, Tokyo. United States and Canadian distributors:
Arrow Electronics, Alliance, Almac/Stroum, Component
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial

Components, Pioneer, Wyle/Elmar, Wyle/Liberty,
L.A.Varah and Zentronics.



COMMUNICATION CHANNEL

HARDWARE INTERRUPT STRUCTURE FOR A
DISTRIBUTED PROCESSING SYSTEM

R. J. Gallagher International Business Machines Corporation, Kingston, New York

Efﬁ(-iem management of a system operating in a multi-
programming system environment requires that work be
performed on a priority basis: high priority system error
handling, medium priority V0 device and communication
services, and medium to low priority application programs.
In addition, priorities of many other operating system tasks
vary with the priority of the application program requesting
service. One objective in the design of the 1BM 8100 infor-
mation system'~ was to avoid unnecessary complexity in the
operating system. Therefore, a hardware approach was
undertaken to control priority management tasks. This ap-
proach led to the development of a priority interrupt
mechanism allowing for program, 1/0, and system error
interrupts.

In order to conserve interrupt levels, a mechanism was
also required to allow control to be passed between
operating system and application programs on the same
priority interrupt level. This objective was achieved by us-
ing a dual program status vector facility. Eventually, this
mechanism was also used to pass control between an
operating system dispatcher and other operating system
tasks.

PSV Swap Procedure

Hardware for either of the two available processors in the
information system, the 1500-ns 8130 or the 800-ns 8140,
provides eight priority interrupt levels. Dual program status
vectors are associated with each level. Each program status
vector (PSV) and an associated address control vector (ACV)
define a set of program facilities. With this arrangement,
the operating system can assign two programs to each level.
Typically, one of these programs acts as a dispatcher.

At any given time, only one PSV and its associated ACV are
being used to control the execution of instructions. The re-
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maining PSVs and ACVs are held in reserved areas waiting to
be activated by PSV swap hardware that, activated by either
the priority interrupt mechanism or the dual PSV facility,
causes a PSV swap to take place. To do this,-the processor
suspends execution of the currently activated program and
activates a new program. Hardware saves all parameters re-
quired to resume execution of the suspended program.

PSV swap hardware contains a current priority level (CPL)
vector and a program activation vector (PAV). The CPL vec-
tor contains a 3-bit number that indicates the priority inter-
rupt level of the currently active program. Which of the two
PSVs on a priority interrupt level is to be activated when a
swap takes place is indicated by the 8-bit PAV.

Following suspension of the currently active program,
either the CPL vector or the PAV bit for the current level is
changed by the hardware before an activation takes place
(Fig 1). During activation, the hardware uses the contents of
the CPL vector to find the appropriate PAV bit. Both vectors
are used to find the PSV/IACV registers in either of two save
areas, primary or secondary. Hardware then fetches the
PSVIACV vectors and places them in the active PSV/ACV
registers. This procedure defines all the parameters re-
quired for the program’s execution, such as register set,
condition indicators, address space, and instruction ad-
dress.

This design places save and activate functions completely
in hardware. It not only has the advantages of speed and
programming simplicity, but also provides a mechanism
that prohibits an application program from tampering with
saved PSVs and ACVs.

Dual PSV Facility

Dual PSVs on each interrupt level are called ““primary PSV”’
and “‘secondary PSV.”” Each contains a field that is used to

COMPUTER DESIGN/DECEMBER 1979



730s ACE ALL
COMPETITION!

Centronics gives you every advantage.

Centronics’ new Model 730 miniprinters shatter the
rules of the game. On price, performance, features, and
support, Model 730 is a clear winner—no other mini-
printer can compete! Here’s why it's the newest sensa-
tion of the circuit...

ADVANTAGE: FLEXIBILITY Model 730’s exclusive
three-in-one paper handling system gives you built-in
flexibility. Payroll checks on pre-printed continuous forms.

Inventory listings on fan-fold. Direct mail on company letter-

head. General information on roll paper. The 730 does it all.

ADVANTAGE: QUALITY Model 730 sets new quality
standards for miniprinters. Centronics’ innovative tech-
nology fits high-end features into a compact (10 lbs.),
quiet unit. Its 7 x 7 dot matrix produces clear, clean
characters at 100 cps. Simple operational design ensures
unsurpassed reliability.

ADVANTAGE: LOW COST OF OWNERSHIP Model
730's low total cost of ownership only starts with its
attractive purchase price. It also provides more applica-

CENTRDONICS PRINTERS
...the advantage

tions opportunities with minimum investment. Our
simple design employs fewer parts for higher reliability.
That means maximum uptime, plus easier training and
service requirements.

ADVANTAGE: INTERNATIONAL CAPABILITY
International models of the 730 can print in any of six
languages, and are available in all standard interna-
tional power requirements, so it’s ready for any tour.

ADVANTAGE: CENTRONICS Model 730 is leading
the way to a whole new era in miniprinters. Naturally,
it’s from the leader: Centronics. We pioneered dot matrix
printing and have been ranked #1 ever since. No other
company can match our strong serve in performance,
selection, and value. And our high-volume production
capability means we won't fault on your delivery.

Get the advantage. For more information on products
or employment opportunities, write or call today:
Centronics Data Computer Corporation, Hudson, New

Hampshire 03051, (603) 883-0111.
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PSV/ACV SAVE AREA

PAV
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CPL
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Fig1 PSV activation hardware. Two PSVs for each of eight hardware priority interrupt levels are saved and
activated by hardware. Active PSV defines all program facilities required for execution to begin
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ADDRESS
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ACTIVE PSV/ACV
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specify privilege modes that, in turn, allow programs to be
designated as supervisor or application. A typical operating
system might use secondary PSVs for application programs
and split control functions between primary and secondary
PSVs.

A supervisor program can change the protection mech-
anism. It can also manipulate the contents of the interrupt
structure to dispatch new programs on any interrupt level.
However, the hardware prohibits an application program

from performing these actions. The instruction set that the ap-
plication program can execute excludes those instructions that
could be used to change the protection mechanism and the in-
terrupt structure in general. However, the application program
can force a PSV swap on its own level and thereby activate its
supervisor.

This procedure can be accomplished in two ways. One is to
issue a CALL PSV instruction. That action causes suspension of
the currently active program, changes the PAV bit, and acti-
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New mil-temp
BIFET Op Amps mducted
into National service.

Introducing low cost, high-speed, National Semiconductor invented BIFET mance, these devices soon made themselves
JFET InFuT operational amplifiers with technology backin 1975. And because of indispensable to the industry. Predictably,
internally trimmed input offset voltage. their low bias current and high-speed perfor- the competition copied National’s BIFETs, and

continue toimitate what National developed.

National, however, moves on. From inven-
tion to an 80-plus list of op amps, multi-
plexers, sample and holds, comparators,
switches, and A/Ds.Their latest offering con-
sistsof three new low-cost, high-performance
military temperature range op amps, des-
ignated the LF151A, LF151, and LF153.

The LF151A and LF151 singles.The
LF151A and LF151 were designed fo close the
price/performance gap between National's
LF156H mainstay and their top-of-the-line
model LF156AH. Both of the new models
come complete with a solid, dependable
list of guarantees over the —55¢ 10 125°C
femperature range.

By way of illustration, the LF151A features
a maximum input offset voltage of 2mV
coupledwitha maximum input offset voltage
drift of less than 20,/ °C. In addition, the
minimumslew rate is 10V/usec, and the band-
width is 3MHz minimum.

All these parameters are fully tested
(including temperature drift), and are uncon-
ditionally guaranteed.That means there are
no exceptions, qualifications, asterisks, or
footnotes along with your product.

Two LF151's for the dual minded. If a
dualop amp is what you're looking for, there's
National’s LF1563, nothing more than two
LF151's on the same die.

National guarantees that its input offset
voltage will not exceed 7mV over the full
military temperature range. You also get low
bias current, high-speed, and a very capable
and efficient pair of op amps in a practical-
sized, single 8-pin package.

It is another sensible, timely solution
from the people that invented the BIFET.

On top of everything, they're available
now. In addition fo the attractive features of
these three new op amps, there are two
more appealing aspects: all three are avail-
able now, for as low as $3.25 for the single,
and $6.00 for the dual (100 unit price). For
more information, simply call or write your
local National distributor or sales engineer.
They Il be more than happy to answer any
questions you may have about BIFETs.

Or about anything else in the
semiconductor-related industry, for
that matter. a
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National tests memory components
at the system level,
so the customer doesn't have to.

In addition to the usual
component level processing, MST™
ensures more reliable memory
components through testing in a
system environment.

Thanks to National's Memory System
Test (MST) program, customers specifying
MST can eliminate or greatly reduce their
own board level testing.

That's because the MST manufacturing
flowincludes a lot of benefits. Such as corre-
lated accelerated stress testing equivalent
t0 168 hours at 125°C; inherent sfress integ-
rity in the MST equipment, not found in
conventional burn-in systems currently in use;
and board-level environmental testing over
the ambient temperature range of +25¢ to
+70°C, as well as over all power supply
limit combinations.These tests are performed
in addition to National’s usual final testing
and QA component level processing.

This combination of board level and
component level festing, with its multiple
insertions, results in parts that are significantly
better in quality and reliability.

Separating the good from the bad.
The MST program has been developed by
National over a four-year span, and inves-
tigated extensively in their engineering and
production facilities. The system correlates
fully with standard component test equip-
ment, with some important improvements.

With standard equipment, certain devices
could be intermittent failures, a certain card
in a system environment may fail, or their fail-
ure simply may not be detected.

The MSTsystem also detects units that
experience one or more “soft errors” at any
time during the many hours they are in the
system fest environment. This fype of failure
is usually detected during a board level
system test.

Multiple test patterns, power supply
margin tests, real time error logging, and
hours of continuous testing over the oper-
ating femperature rangein a card-level system
help separate the good units from the bad.

Providing a real memory system envi-
ronment. When National’s customer spec-
ifies MST processing, he receives parts that
have been fested in a true card-level system
environment. MST is a memory system with
built-in testing and diagnostic capabilities.
And it makes use of memory storage cards
operating in a temperature chamber.

The memory storage card is a multilayer
printed circuit board holding 72 units. Each
MST module holds 64 cards operating as a
memory system in a temperature chamber.
Which represents 4608 units operating under
test simultaneously.

The bottom line is that National’s MST
processing is unique fo the entire industry.
And specifying MST may cost a little more,
but it's worth a lot more. a

New
MICRO-DAC
Series is the
easiest way to get
from D to A.

National’s DAC 1000 is the first
of a series of four quadrant multiplying
D/A converters which easily
interface to a uP.

The DAC1000 is the only microprocessor-
compatible 10-bit DAC that is truly pP-
compatible without the need for any support
chips. In fact, it looks like @ memory location
or 1/0 port with all control functions right on
the chip. So you get easy interface with any
8 or 16-bit data bus.

The "Best Straight Line” Myth.The com-
petitions’ linearity spec is based upon a “best
straight line;” which doesn't correspond o real
world applications, and can mean several
adjustments to find the “best straight line”
The competitors benefit by shipping these
lower accuracy devices. You lose.

With National’s “end point” linearity
spec only two adjustments are needed —Zero
and Full Scale; set these, and the linearity
specification is met. Thus, National's linearity
specifications ease calibration of the sys-
tem. In addition, where low reference voltage,
or reference voltage changes are required,
linearity is maintained even with a 10 to
1 reduction.

It fits into a lot of places and takes up
alot less space.The MICRO-DAC1000 Series
is used primarily for building D/A conversion
systems. But these DACs can also be used as
building blocks for digitally controlled ampli-
fiers, alternators, active filters, and even oscil-
lators. They're also more flexible than any
DACs around — 4 quadrant multiplying, dou-
ble buffered, single supply operation from
+5Vto +15V, right or left justified data for-
mat, micro power operation (2mA max.), and
output current mode setting time of 500ns.

In the 20 pin package theyre only .3
wide compared 0 .6; so theyre easily inserted
and use a lof less space.

If you don't need P interfacing,
National's still got you covered.The DAC1020
and DAC1220 are 10 and 12-bit DACs with-
out all the wP interfacing. And they still offer
application flexibility along with improved
linearity.

If you're already using AD7520, AD7521,
AD7530,AD7531, or AD7533, National's
DACs are direct replacements. They're also
priced at least 30% lower and in some
cases as much as 300% lower. These inex-
pensive DACs start at $4.00 at 100 pieces
and because of National’s volume capacity,
no one can sell for less.

The MICRO-DAC Series opens up a whole
new world for design engineers. Because
National's D to As are better fromAtoZ. 2




BLC-8737
simplifies MULTIBUS design.

The new BLC-8737 analog I/0 board is
the newest addition to National’s already
broad line of more than 75 MULTIBUS-
compatible products. It provides easy infer-
face fo the real world of analog, thanks to
its built-in intelligence that handles analog
functions automatically.

The BLC-8737 eliminates the time for-
merly spent writing conversion routines,
because it takes care of the complete analog
conversion and scanning control. So you
save substantial development costs, and get

to the market quicker, too.
The board also comes with a warranty

the competition’s. That's just one more rea-

they're simply better.

of a full 12 months — four times longer than

son why National’s boards aren't just simpler,

Who and what
are practical
wizards?

Practical wizards are people with vision,
vast knowledge, and a desire to help people
through their work.They're not afraid to offer
solutions that are new and different from any-
thing that's been tried before.

They're people likeThomas Edison, the
wizard of Menlo Park, also called the father
of modem electronics. Edison was con-
cemed with improving the human condition,
and he attempted to do so with his insights
info the workings of electronics. He was a
visionary, frue, but practicality was the hall-
mark of everything he did. And ultimately,
it was that human practicality that made his
accomplishments even more profound and
far-reaching.

Just as Edison changed the world with
his ideas, the practical wizards at National
contribute their part through semiconductor
technology. With their expertise, and level-
headed, sensible approach to solving prob-
lems, they are the embodiment of “wizardry
made practical”’ 2
a

National
Semiconductor

The Practical Wizards
of Silicon \ialley.

F-----------q

I What's new from the National archives? I

010 O ROM MM 52132 Data Sheet
011 O ROM MM 52164 Data Sheet
012 [ DAC 1000 Data Sheet

013 I LF 151, 151A, 153 Data Sheet

014 O New Data Acquisition Products
Brochure

015 [ MST Program Brochure

001 O BLC 8737 Data Sheet
002 [ COPS 402 Data Sheet

006 [J Special Functions Data Book
($6.00)

007 O Interface Data Book ($6.00)

008 [ Pressure Transducer Data Book
($3.00)
009 [0 ROM MM 52116 Data Sheet

Enclose check or money order based upon appropriate currency. Make checks pay-
able to National Semiconductor.

NAME

TITLE_

ADDRESS .

CITy _ __STATE ZIP —aa

For desired information, mail coupon to:

National Semiconductor Corporation
2900 Semiconductor Drive

Mail Stop 16250

Santa Clara, California 95051

In Europe, mail coupon to:

National Semiconductor GmbH
Industriestrasse 10

8080 Fuerstenfeldbruck

West Germany

National
Semiconductor

The Practical Wizards
of Silicon \alley.
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vates the other PSV on the same interrupt level. The
application program normally uses this method to call the
supervisor program for system service, such as 1/0, real storage
allocation, or program termination. The CALL PSV instruction is
also generally used by the supervisor program to dispatch new
application programs or to redispatch an application program
that has been awaiting system service.

In the second method, the primary PSV is activated by a
program exception in the program executing under the
secondary PSV. A program exception occurs when there is an
attempt to perform illegal operations, such as an attempt to
access storage outside the program’s protected region, an
attempt to execute an undefined instruction code, or an
application program’s attempt to execute an excluded
instruction.

If a program is executing under a secondary PSV and a
program exception takes place, the program’s execution is
suspended, the PAV bit for that level is changed to
“primary,” and a program activation of the primary PSV
takes place. The program exception can then be handled on
the level at which it occurs. If, however, the program
exception occurs in the primary PSV, a high priority interrupt
is activated. A field in the secondary PSV/ACV save area, which
can be read by the supervisor program executing under the
primary PSV, indicates whether its activation is from a CALL
PSV instruction or a program exception. In the case of a
program exception, the hardware provides additional
information to help identify the type of error that occurred.

An example of the normal passing of control between a
supervisor program and an application program is shown in
Fig 2 (a). The supervisor program determines that an
application program is to be run, sets up the PSV/ACV save
area of the application program, and issues a CALL PSV
instruction. This instruction activates the secondary PSV,
which is the action that dispatches the application program.
Then, that program runs until it requires a system service,
in this case, /0. The application program issues a CALL PSV
instruction, activating the supervisor program at the
instruction address immediately following the supervisor’s
CALL PSV instruction that originally dispatched the
application program. The supervisor program determines
the nature of the request and, when ready, redispatches the
application program with another CALL PSV instruction. In
this case, the application program runs until completion,
and then requests termination.

When the supervisor program receives control, it deter-
mines whether more application programs are ready to be
run on the same level. If true, a new application program is
dispatched. If there is no additional work, the interrupt
request for the level is turned off, and control is relinquished
to another priority level.

In Fig 2 (b), the application program that has been dis-
patched contains an illegal instruction, and a program
exception takes place when the hardware attempts to execute
this instruction. This exception automatically activates the
supervisor program which determines that its activation is
caused by a program exception and takes appropriate action.
Depending on the operating system, the application program
can be terminated, or control can be passed back to the
application progam at an error handling entry point.

_ Small centnfugal Bl; ywers!

CENTRIFUGAL BL! WERS
- Direct Drive—13 to 820
] FASCGoffersmdus  wide

© isalso /nclq”ed
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SUPERVISOR APPLICATION
PROGRAM PROGRAM
PRIMARY PSV ¥ SECONDARY PSV
; DISPATCH NEW APPLICATION
CALL PSV
CALL SUPERVISOR (1/0)
MORE ‘— CALL PSV
WORK? [—> Y
REDISPATCH APPLICATION
CALL PSV
CALL SUPERVISOR (TERMINATE)
BRANCH CALL PSV
@)
SUPERVISOR APPLICATION
PROGRAM PROGRAM
PRIMARY PSV 34 SECONDARY PSV
CALL Psv DISPATCH NEW APPLICATION
MORE PROGRAM EXCEPTION
¢
WORK? I
CALL PSV
BRANCH
(b)
Fig2 Supervisor/application programs. Examples of passing control between supervisor and application
program are shown. In normal operation (a), supervisor program acts as dispatcher. Dual PSV facility allows
both programs to coexist on one interrupt level. In (b), control is passed due to program exception. PSV
field provides information to help identify cause of exception

Priority Interrupt Mechanism

Three sources of interrupt exist within the interrupt structure:
10 interrupt request vector (I0OIRV), program interrupt request
vector (PIRV), and error interrupt request vector (EIRV). Both
I0IRV and PIRV are eight bits long, with each bit corresponding
to a priority interrupt level. EIRV is seven bits long, but creates
an interrupt only on a single level.

I0IRV provides a mechanism through which 1/0 devices
can create interrupts across the 1/0 bus and is used by

18

devices to signal their requirements for service. PIRV allows
programs to create interrupts. It is generally used by super-
visor programs to maintain activation of their own level
following an 1/0 interrupt, or may be used to activate other
interrupt levels for higher or lower priority work.

EIRV creates interrupts only on level 0, the highest prior-
ity level available. This interrupt is created whenever a
hardware system check, a channel exception, or a program
exception in a primary PSV occurs. Different bit settings of
the EIRV indicate the nature of the error.

COMPUTER DESIGN /DECEMBER 1979



In addition to the interrupt sources, the interrupt mech-
anism contains two masks, common and master. In a multilevel
machine, certain code sequences cannot allow interruption by
programs on other levels. An example is a routine that updates
a queue used to communicate between levels. During this up-
date, the program cannot allow interruption by another level
that might also attempt to use the same queue. To handle such
situations, the program masks other levels. The common mask
is eight bits long, each bit corresponding to a priority interrupt
level. It can be used to mask or disable designated interrupt
levels.

In the information system, a program’s execution will not
continue unless its level is enabled with an interrupt pending
or the master mask bit is reset. During execution of instruc-
tions, the hardware examines the interrupt sources and the
common mask to select the highest priority interrupt level that
is enabled and has an interrupt pending. If that level is dif-
ferent from the currently active level, a PSV swap will occur
unless prevented by the master mask. If there is no longer any
enabled level with an interrupt pending, the processor enters a
wait state unless prevented by the master mask. While in the
wait state, instruction execution stops while the processor con-
tinuously examines the interrupt sources for a new interrupt on
an enabled level.

The master mask contains one bit and can be used to pre-
vent entry into the wait state or program suspension by all

other levels except 0. When the master mask is reset, the
currently active program will continue to execute until the
master mask is set or a level 0 interrupt takes place. Inter-
rupts to level O cannot be prevented by the master mask
since this is the level on which the EIRV interrupts. If these
interrupts were masked, system errors could not be im-
mediately detected and system integrity might be jeopar-
dized. For the rare cases when masking of level 0 is
justified, the common mask can be used.

If a PSV swap to a new level is to take place, the program
executing on the current level is suspended. The new level is
loaded into the current priority level vector and a PSV ac-
tivation takes place.

Summary

The hardware-oriented interrupt system for the 1BM 8100
processors provides efficient handling of the tasks asso-
ciated with distributed processing and facilitates the archi-
tecture of a multiprogramming operating system.

References

1.  “Interactive Communication System Improves Plant Produc-
tivity,”” Computer Design, Dec 1978, p 26

2. E. J. Steubesand, “‘Distributed System Hardware Design
Offers Interchangeable Communications,”” Computer Design,
Sept 1979, pp 14-27

fl.o Profile LED Keyboards

High performance LEDs mounted inside keybutton give visual
indication of function status. 10, 12, or 16 station keyboards
easily mounted from front of panel. Square or round keys, key-
top or overlay decal marking. Universal circuit and pin-outs
interface with most logic. Unlighted keyboards offer same
design advantages but without LED lighting. Low cost, depend-
able, attractive. Wide selection of colors offer custom design at
off-the-shelf prices.

Single station keyswitch modules, LED or unlighted, round or
square, provide inexpensive method of assembling custom
layouts or short-run prototype keyboards. Mount on PC or pre-
punched boards with holes on .100" centers. Optional BCD or
hexadecimal encoder “Adder-Boards” can be added to the Low
Profile Keyboards. Compact packaging minimizes required
space behind the panel.

Get the complete story now. Write for colorful descriptive
catalog covering complete keyboard line.

STACOSWITCH

a STACO, INC. company

1139 BAKER STREET, COSTA MESA, CALIF. 92626
(714) 549-3041 TWX: 910/595-1507

Other STACO Company products: Custom Transformers, STACO,
INCORPORATED, Richmond, Indiana; Variable Transformers, STACO,
INCORPORATED, Dayton, Ohio.
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“THE 8086 HAS

UNSURPASSED SUPPORT!”

By now, you've probably heard a whole lot
about the 8086 and its development system.
Intel’s seen to that.

But there’s one or two tiny, little facts that
could get lost in all the noise:

The 8086 isn't the best 16-bit CPU. It doesn’t
even have the best development system.

The AmZ8000 does.

Our new System 8/8 was designed especially
to support the AmZ8000. It beats Intel’s system
hands down.

System 8/8 can be used as an 8-bit or a 16-bit
system via the Multimaster Bus. Intel’s system
can’t. System 8/8 can translate both 8080/8085

and Z80 programs. Intel’s system can’t. System
8/8 has an optional arithmetic processor, a
PASCAL compiler, and 8080, 8085, Z80 and
AmZ8000 macroassemblers. Intel’s system doesn't.
System 8/8 comes unbundled; you buy just the
pieces you want or need. Intel makes you buy the
entire package whether you need it all or not.

But the best thing about System 8/8 is the
CPU it supports: The AmZ8000.

The AmZ8000 has a more powerful, more
advanced, much more flexible architecture than
the 8086. It also has more addressing modes,
more general-purpose registers, larger address-
ing spaces, better I/0 capability and more




powerful instructions. It can even accommodate
more data types. And the AmZ8000 has a lot
higher throughput using standard NMOS than
the 8086 using HMOS.

To demonstrate the capability of the
AmZ8000, we developed a fully assembled
and tested Evaluation Board with a memory,
an I/0 and a monitor. Ask for it by name:
AMC 96/4016. You can also get a full ASCII
keyboard/display and an assembler.

One last thing: we know it hurts to drop

“The AmZ8000’s
is befter”

Intel for somebody else. We went through it
ourselves. But it’s going to hurt a lot more next
year. By then, your competitors could be so far
ahead of you, you might never catch up.

Call Advanced Micro Devices. We'll send you
all the latest information on the AmZ8000,
System 8/8 and the AMC 96/4016. Or, we'll
line you up for our next 4-day seminar.

When you've looked at all the facts, one fact
is going to come through loud and clear:

The AmZ8000 is better.

Advanced Micro Devices ¢\

901 Thompson Place, Sunnyvale, CA 94086
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[ communicaTION cHANNEL |

Statistical Multiplexer
Prevents Data Loss

A version of the Supermux 480 sta-
tistical multiplexer, available for use
in networks with printers and other
terminals having a “transmit off”
(xoFF) command capability, is
switch-programmable to recognize
that and other stop data commands.
The multiplexer at the terminal end
stops data flow to the terminal when
it sees the xoFfF command, which
many terminals use to signal the host
cpu to stop sending data. However,
the multiplexer will permit the cpu
to continue transmission and will
itself generate the xorFr message if
its own individual channel buffer
reaches 80% of capacity before the
terminal is ready to resume reception
of data. This results in a reduction
of cpu load and elimination of lost
data, according to Infotron Systems
Corp, Cherry Hill Industrial Center,
Cherry Hill, ny 08003.

Both this and the earlier version
of the multiplexer have a common
16k-byte ram buffer for all input
lines. Outages as long as 10 s on a
fully loaded 9600-bit/s line can be
handled.

Up to eight asynchronous input
lines are concentrated over a single
high speed output. Aggregate input
data rate may be up to 38,400 bits/s.
Switch-selectable input speeds for
each channel range from 50 to 9600
bits/s. Input codes may be 5-, 6-, 7-,
or 8-bit, Baudot, Asc1i, or 1BM.

The output line can operate at any
synchronous speed to 9600 bits /s, and
can also be operated at switch-selec-
table isochronous speeds of 300, 1200,
or 1800 bits/s via 103 or 202 modem:s.
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Transmission protocol is compat-
ible with spLc and ccrrr X.25 level
2 framing: flag, zero insertion, and
16-bit crc, with variable block length
of 128 characters maximum. Error
correction is via automatic request
for repetition (ARrQ). Built-in diag-
nostics display system status on seven
front panel LED indicators. The multi-
plexer comes in either 4- or 8-chan-
nel models, with the 4-channel ver-
sion field-expandable.

Circle 400 on Inquiry Card

Satellite Data Link to
Aid Pilot Training

A high speed satellite data link be-
tween the Air Force Command and
Evaluation Center at Hill Air Force
Base, Utah, and Nellis Air Force Base,
Nev, will enable observation, analysis,
and critique of new F-16 fighter pilots
flying simulated combat missions. The
76.8k-bit/s simplex satellite data cir-
cuit will have a 5-m transmit earth
station at Nellis, and a similar re-
ceive station at Hill. Earth stations
will be placed in operation by Amer-
ican Satellite Corp, 20301 Century
Blvd, Germantown, mp 20767, under
terms of a contract with Cubic Corp’s
Defense- Systems Div, prime con-
tractor on the F-16 combat readi-
ness test program. The satellite data
network is scheduled to be oper-
ational by early January 1980.

Part of the program calls for pilots
and crews to fly combat missions out
of the Nellis base. The test environ-
ment is designed to simulate actual
combat conditions, including air-to-
ground attacks, ground radar detec-
tion defenses, and mock air combat
engagements. Data pertaining to these
missions will be collected on a real-
time basis from various sensors and
range instruments.

Circle 401 on Inquiry Card

Independent Telephone
Company Invests in Digital
Communications Firm

Continental Telephone Corp, third
largest u.s. independent telephone
holding company, with operating sub-
sidiaries in 38 states and in several
foreign countries, has acquired an
approximate 20% equity in Tran Tele-
communications Corp, 2500 Walnut
Ave, Marina del Rey, ca 90291. Total
value of the transaction was about
$4.7 million.

Tran, a pioneer in the field of
digital telecommunications, has been
involved in many large scale digital
networks, including Canada’s Data-
route, two South African national net-
works, Pacific Telephone’s Data Ser-
vice for the State of California, and
a large number of private networks.
Tran Chairman Ray Sanders stated
that the association with Continental
and its concomitant financing would
allow a broader application of his
company’s technology in public and
private networks in order to meet
future business market demands for
packet, facsimile, video, and digi-
tally-encoded voice transmission.

Charles Wohlstetter, Continental
Telephone’s board chairman, said that
application of Tran’s digital tech-
nology would directly benefit the op-
erating companies, and give Con-
tinental an advantageous position in
the growing field of digital com-
munications.

Circle 402 on Inquiry Card
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TODAY’S

EDP SYSTEMS
ARE RUNNING
ON TIMES.

SEND FOR OUR NEW CATALOG

CIRCLE 13 ON INQUIRY CARD

Today as cable becomes in-
creasingly critical to the design
of EDP systems, leading com-
panies are doing exactly what
people in the military and CATV
industry are doing. They're
hooking up with Times.

After all, we've got the most
standard designs and the most
experience in custom designs in
the world. Times covers a dozen
categories from which we can
offer design variations that
number in the tens of thousands.
And we're also busy at work
making fiber optics a practical
reality for EDP systems too.

No matter what size, electrical
characteristics or packaging re-
quirements your system calls for,
Times gives you a bigger
choice. For linking your Main-
frame with your Tape Drive,
we've got Multi-conductor
Coax. To connect your Modem
with your Terminals, there’s our
Data Bus and Coaxial Com-
puter Cables. All of which can
be delivered quickly. Because
Times has manufacturing facili-
ties located across the nation.

You'll find it all explained in our
new catalog. Send for it. lt's the
only way to keep abreast of the
newest developments in cable.
Because it's the only catalog that
keeps you up with Times.

Times Wire & Cable, 358 Hall Ave.,
Wallingford, Ct., 06492 203-265-

-|_r

Times Wire & Cable

The #1 Coaxial Cable Company
DIVISION OF TIMES FIBER COMMUNICATIONS, INC
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308 display of
parallel state
data.

Parallel timing

diagram can also
be displayed as a
state table in hex,
binary and octal.

Serial display
includes ASCII
readout in addi-
tion to hex and
binary.

DATA
ANALYZER

Signature dis-
play will hold and
display up to 8
signatures at
once.

The 308 is
lightweight

(3.6 kg/8 Ib) and
portable.



Introducing
the 308
Data Analyzer.

Until now, logic analyzers
have been confined to parallel
state and timing data. Unfortu-
nately; digital problems haven't.
They might originate at a serial
data port. Or appear as a faulty
signature output

So we’ve designed a logic
analyzer that handles all four
data formats: Parallel state.
Parallel timing, Serial state. Sig-
nature analysis. Each with an
impressive array of display and
sampling features. All con-

tained in a single lightweight
(3.6 kg/8 Ib) portable package.
The 308 Data Analyzer, from
Tektronix. A unique instrument.
The first of its kind.

The 308 includes a refer-
ence memory for data compari-
son and word searches. Latch
mode. Word recognition up to
25 bits. Pre- and post-trigger
control. Synchronous and asyn-
chronous sampling. Digital
delay. Tumng and state displays

inary and octal. Plus

 ASCIl an parity error in the se

rial mode. Plus optional acces-

 sories for easy probe connectxon.

And much more. All ina
compact and convenient pack-
age. One that’s cost-effective.
And backed by the unmatched
experience of Tektronix in the
field of digital test instrumenta-
tion and service. Interested?
Contact your local Tektronix
Field Office, or write us.

Tektronix, Inc.

PO. Box 1700

Beaverton, Oregon 97075
(503) 644-0161

Telex: 910-467-8708
Cable: TEKTRONIX

Tektronix International, Inc.
European Marketing Centre
Postbox 827

1180 AV Amstelveen

The Netherlands

Tektronix

COMMITTED TO EXCELLENCE



DIGITAL TECHNOLOGY REVIEW

TECHNOLOGY AND ECONOMICS:
MANUFACTURING COST FOR A
MICROPROGRAMMED SYSTEM

Montgomery Phister, Jr
Systems Consulting
Santa Monica, California

Many of today’s computer systems, large and small, are
microprogrammed. Designers of microprogrammed proces-
sors have certain degrees of freedom, depending on the
components used and the architecture to be realized. Spe-
cifically, they may be able to look at two or more designs
having arithmetic logical units (ALUs) of different complex-
ity and may find that there is a degree of complexity that
minimizes system manufacturing cost.

Microprogram Efficiency

To see how this may happen, consider the cost model pre-
sented in the panel. It assumes we start with a nonmicropro-
grammed system having e logic elements, and that the ith
alternative microprogrammed design contains an ALU with
(1-f,)e logic elements and a control memory containing
bf.e bits. The factor b is the ‘‘microprogram
efficiency’’—that is, the number of bits required to replace
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one logic element. System cost is then simply a function of
e, f,, and b; of the manufacturing cost of a logic element in
the ALU; and of a bit in the control memory. For simplicity,
replace the discrete values f; with the continuous variable f.

The cost model shows that, if b is constant, system cost will
be a minimum either with no microprogramming or with the
maximum possible microprogramming (ie, the minimum
ALU), depending on the value of b relative to the ratio of bit
and logic element costs. However, Husson* suggests that the
power of a microinstruction is a function of the complexity of
the ALU: with a bare-bones ALU it will take many control mem-
ory bits to replace a logic element; with a complex ALU it will
take fewer. Under these circumstances, there may be a value of f

*S. S. Husson, Microprogramming Principles and Practices, Prentice-Hall,
1970, pp 69-72
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The more you dema
the more you sh

Chances are, you'll find that the performance you
need is already there.

At HP, our long experience in developing instru-
ments for engineering and manufacturing has given us a
real good idea of what’s needed in computer systems for
technical applications. That’s why Hewlett-Packard’s family
of computer products can meet your needs so closely in the
lab or on the factory floor.

Matching the computer to the job.

Take our 9800 Series Desktop computers. For
single-station interactive computing, they’re in a class by
themselves. With up to 449K bytes of memory, enhanced
BASIC, graphics capabilities, and a built-in keyboard and
display, you get the power of a minicomputer in one complete,
integrated package. And there’s easy interfacing with HP
instruments and peripherals for jobs like control and testing,
statistical analysis, and even engineering design.

For more complex multi-processing tasks, the
HP 1000 computer has the power and flexibility to meet your
needs. You can choose from a broad range of computation
power to process your data, from the low-cost M-Series to
the high-speed floating point F-Series. All of the configura-
tions use upward-compatible RTE operating systems, so
you don’t have to rewrite your programs when you change

®

jobs or move up to another model. And if you need additional
storage, you can expand the systems to two megabytes of
main memory starting at only $18K/per megabyte.

The HP 1000 system also comes with a number of
applications tools to minimize your programming costs. HP’s
new DATACAP/1000 software, for example, lets you design
a real-time factory data collection system according to your
shop floor needs. And to help you manage vast quantities
of technical data, we developed our powerful IMAGE/1000
data base management system. Just a few simple keystrokes
give you up-to-the-minute information on inventory levels
or instrument check-out status. If you'd like a really clear
picture of your information, HP’s GRAPHICS/1000 will plot
your data in a way you can understand: as a bar graph, pie
chart, logarithmic graph, and more.




nd from a computer,
ould look at HP?

Communication made simple.

General purpose interface cards let you adapt the
HP 1000 to a variety of tasks, including A/D conversion and
multi-point communications. What’s more, with the plug-in
HP-IB (interface bus), you can process and control data from
over 200 sophisticated measurement and testing instruments.

Talking to the computers is easy, too. The HP 1000
uses BASIC and FORTRAN as well as assembly and micro-
code languages. And our powerful communications software,
DS/1000, lets you hook HP 1000 computers together in any
network configuration you want—across your plant
or around the world.

A continuous growth plan.

HP’s family of computer products is constantly
growing to meet your scientific, engineering, and manufactur-
ing needs. Whether it’s instrumentation front ends, CRT ter-
minals, plotters or digitizers, HP’s compatible products let
you add to your system at any time without writing new
software. And of course, you get HP’s full support, service,
training and documentation.

Go ahead and ask your own computer some tough
questions.Then ask ours and see the difference. For a hands-
on demonstration of the HP 1000, just call your nearest HP
sales office listed in the White Pages. Or for more information
write Hewlett-Packard, Attn: Roger Ueltzen, Dept. 1259,
11000 Wolfe Road, Cupertino, CA 95014.

22904HPDS528

()
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Here are just a few of HP’s range of products for manufac-

turers and engineers:

1. HP 9845 Desktop Computer.
2. HP 9825 Desktop Computer.
3. HP 1000 Model 45 Real-time
System with HP 7906 Disc
Drive and HP 2648A
Graphics Terminal.
4-6. HP 1000 F-, E-, and
M-Series Computers.
7. HP 2108 Board Computer.
8. HP 7925 Mass Storage Unit.
9. HP 2240 Measurement &
Control Processor.
10. HP ATS Automatic Test
System.
11. HP 12050 Fiber Optics.
12. HP-IB Link IEEE-488
Standard Interface.
13. HP 2621 CRT Terminal.
14. HP 3075 Data Capture
Terminal.
15. HP 3077 Time Reporting
Terminal.
16. HP 3455 Voltmeter.
17. HP 3495 Scanner.
18. HP 5328A Universal Counter.

HEWLETT
PACKARD

19. HP 5342 Microwave
Frequency Counter.
20. HP 436A Power Meter.
21. HP 4262 LCR Meter.
22. HP 8566A Spectrum
Analyzer.

23. HP 8754A Network
Analyzer.

24. HP 3325A Synthesizer/
Function Generator.

25-6. HP 8660A & HP 8672A
Synthesizer/Signal
Generators.

27-8. HP 9876A & HP 2608A
Printers.

29. HP 2635 Printer.

30. HP 7245A Thermal Plotter/

Printer.

31. HP 7221A Plotter.

32. HP 7225A Graphics Plotter.

33. HP 9872A Programmable

Graphics Plotter.

34. HP 9874A Digitizer.

35. HP keeps it coming.
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which minimizes cost, because if f is too large (ALU is too
simple) the inefficient control memory is too big and
expensive, while with f too small, the ALU itself will be too

complex and expensive. Fig 1 provides a seemingly

reasonable expression relating b and f.

Estimated Manufacturing Costs

To make use of the model, we must estimate values for ¢ and
¢,,» the manufacturing cost of a logic element and of a con-

trol memory bit. The manufacturing cost model which ap-
peared in a recent issue of Computer Design (Sept 1978, p
97) contains data from which these parameters may be com-
puted. The costs given there can be divided into two parts:
one covering the ALU, the other the control memory. Control
memory components consist of the PPROMs plus 14 MSI and
27 ssI ICs for each 64 memory ICs. Power costs are
distributed in proportion to power consumption of the two
parts, and other noncomponent costs are distributed in pro-
portion to number of components. The results of the
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SYSTEM TOTAL COST ($k)

80 —+

60 —+

H
o
I

20 [ COST MODEL $17,000

o — — o, e e it et ot i, e it e e

0.75 PER LOGIC ELEMENT

OPTIMUM SYSTEM $ 11,000

C =3%
Cmp = $0.0017 PER CONTROL MEMORY BIT

Fig 2 System cost vs
microprogram size. Given rela-
tionships shown in cost model
and Fig 1, and cost parameters
given here, system cost
decreases as ALU gets
simpler—ie, as more and more
logic is put in microprogram. In
practice, designer does not
have unlimited flexibility in
choice of ALU size. But with
ROM bits cheaper every year,
he is more and more motivated
to use simple ALUs, if major
goal of design is low cost

02 04 0.6

0.8 1.0

FRACTION OF LOGIC IN THE MICROPROGRAM (f)

DECwriter” GRAPHICS

Graphics II™ converts your
DECwriter® to a plotter . . .

. . . and a whole lot more!!

Vector graphics (automatic  ® Communicate up to

line generator) 1200 BAUD .
1320 x 792 dots per page e 1000 character buffer
Bi-directional line feed with x-on/x-off

Multiple character sets e Easy to install & plug
(includes APL) compatible

Variable character styles * No mechanical changes
Multiple interfaces required

including RS232 * Raster graphics option

e Prints at 40 Characters/ ¢ Software option

second e Time share compatibility

Graphics 1l for the DECwriter 1l does everything
your old DECwriter did . . . and a whole lot more!!

Call or write today for more information

SELANAR Corporation (408) 737-2777
2403 De La Cruz Blvd. Santa Clara, CA 95050

DECwriter is a registered trademark of Digital Equipment Corporation
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analysis are ¢ = $0.75/logic element, and c_ =
$0.0017/control memory bit.

With control memory so cheap (c,, so small compared to
c), the equations given in the cost model indicate that,
assuming b is constant and in the range 20 to 60, the lowest
cost system will have the smallest ALU. If b varies as shown
in Fig 1 there will be an optimum value of f for minimum
manufacturing cost. Fig 2 shows this minimum for the cost
parameters presented in the September article. It indicates
that manufacturing cost could be reduced to $11,000 from
the $17,000 shown there, by simplifying the ALU and using a
bigger control memory.

Conclusions

In practice the designer may not have much freedom in
varying ALU size. Architectural, performance, and
component constraints limit his ability to simplify the ALU
design. However, as control memories get cheaper and
cheaper relative to ALU type logic, the designer must
remember that simple ALUs lead to low cost
systems—especially - important when low manufacturing
cost is a major design goal.

The author solicits comments on the material presented
here, data supporting or contradicting his approach, and
suggestions for topics to be covered in future articles.

— Ed.




PROGRAM Reduce.Software_Costs;
BEGIN
[F Choose_MICROPROCESSOR..PASCAL
THEN CASE (Benefits) OF
: Software_Costs := Lower;
Redesign := Easier;

¢ Design_Crcle i= Shorter;

D

END;

FOR microprocessors TO minicomputers
DC MICROPROCESSUOR.PASCAL ;
END[Harpy] . '

16-Bit_Avail. = Nou;

AT P
The program to reduce software costs.

Microprocessor Pascal System.
New. From Texas Instruments.

Learnability. Transportability.
Maintainability.

The features of Pascal, plus the bene-
fits of TI's learning curve experience,
are offered in the new Microprocessor
Pascal system.

A system designed for microprocessor
applications.

A system developed for the 16-bit
9900 Family, including the TM990
microcomputer modules, and 990
minicomputers.

A system to effectively lower your
software costs today. And keep them
low tomorrow.

At TI, Pascal is the first and only
corporate-wide approved high-level
programming language. For a lot of
good reasons.

Pascal lets you solve your application
without getting involved in the intrica-
cies of machine architecture. And,
Pascal’s block structure results in fewer

programming errors, because the code
is easier to write, read and modify.

TI's Microprocessor Pascal system
consists of six parts and provides the
most Pascal capability ever offered:

e Source Editor — specifically designed
to create/edit Pascal programs and
check program syntax.

® Compiler—compiles conventional Pas-
cal programs as well as TI’s Pascal con-
current extensions into interpretive
code, which can then be executed di-
rectly, or converted into 9900 native
machine code.

e Host Debugger — over fifteen options
for tracing variables and modifying
data.

® Configurator—enables the target sys-
tem to retain only the parts of the run-
time support necessary for program
execution.

e Native-Code Generator — converts

Pascal interpretive code into 9900 na-

tive machine code.
® Run-Time Support—both interpretive

and native-code execution provide a

speed/memory trade-off.

TT’s continuing commitment to inno-
vative, cost-effective 16-bit micropro-
cessor software means an increased
applications capability and decreased
development time for you.

Find out how you can reduce your
present and future software costs. Put
the new TI Microprocessor Pascal sys-
tem to work for you, today.

For more information, call your
nearest T1I field sales office or authorized
distributor, or write to Texas Instru-
ments, P.O. Box 1443, M/S 6404, Hous-
ton, Texas 77001.

TEXAS INSTRUMENTS :
MOVING AHEAD 1
IN MICROCOMPUTERS

TEXAS INSTRUMENTS

(© 1979 Texas Instruments Incorporated

INCORPORATED
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At the head table..

Successful data communications people know largest, most sophisticated data communications
exactly who to look for when they need systems...and in smaller systems on their way up.
equipment. Before they evaluate products they In 1980, Racal-Milgo marks its 25th year.

evaluate manufacturers. They insist on a supplier
who has the integrity and the resources to fully
support his products. With a broad product range,
and the technical expertise to continually develop
and improve those products. That's why so many
of the leading data communication users name
Racal-Milgo as their first choice. And why you'll find
Racal-Milgo equipment in so many of the world’s

Raca I' M i IgO Racal-Milgo Information Systems, Inc. Q@S AL

Data communications has been a significant part of
the company’s business right from the beginning.
Today, that involvement has become a total
dedication toward providing a full range of reliable
products and systems. We think of every one of
our customers—Ilarge or.small—as one of the

data communications leaders.




the word is Racal-Milgo

We'll send you a portfolio of brochures to help

you evaluate our qualifications, and our products.

It brings you up to date on the latest selection

of Racal-Milgo equipment, including network
diagnostic controllers, microprocessor based and
LSI modems, special modems for short-haul
transmission and for loop systems, data security
products, and a line of data terminals.

For a prompt response, fill in and mail the coupon.

Racal-Milgo Information Systems, Inc.
8600 N.W. 41st Street, Miami, Florida 33166
Telephone (305) 592-8600 SEaA
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Send me information on these Racal-Milgo products:

Network Diagnostic Controllers 2400 bps LSI Modems
Microprocessor Series Modems Data Terminals

Short Haul High-Speed Modems Data Encryption

Loop Modems All Products

Name

Organization - == doaeo T E
Address____ i ! Ml S S

City/State/Zip_______
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Large Scale Computer Offering
Includes Evolutional Operating System

Large scale pps 8 computers recog-
nize the trend toward distributing
data outward from a central comput-
er location into end user departments,
and provide total operating system
compatibility from large to small con-
figurations. Included in the announce-
ment by Honeywell United States In-
formation Systems Group, 200 Smith
St, Waltham, ma 02154, are four
large scale computers and evolution-
ary Gcos 8 operating system designed
specifically for the distributed sys-
tems market. With powerful trans-
action processing and communications
capabilities, the systems provide a
systems approach to balancing work-
loads, and offer protection for ap-
plication software investment.

At the top of the line, the single
processor pps 8/70 offers twice the
power of the model 66/80. Available
in multiple processor configurations,
increased power and failsafe backup
are provided by systems with up to
four processors.

The 8/52, based on 8/70 technol-
ogy and field upgradeable to it, offers
60% of the power of the 8/70 and
2.5 times the power of an 8/20. A
midrange system, the 8/44 offers 50%
more power than the 8/20. The 8/20,
designed for use as free standing or
remote host system, offers 33% more
power than a similar 66/10.

All systems make extensive use of
microprocessors, LsI circuit elements,
and enhanced logic packaging tech-
niques at board level. From this they
derive cost and performance advan-
tages over previous large scale sys-
tems. Microprocessor technology is
used in the system’s maintenance/
diagnostic section, and is supported
by Lst circuitry. In addition, the two
smaller systems use bit-slice proces-
sors in certain execution units.

LsI circuits are also used within
the processor’s execution and control
areas as well as in cache, directory,
and control store. A high density
universal (#pu) board allows high
chip density on each board and, in
conjunction with wLsI circuits, reduces
total number of boards in the system.
These technologies offer reduced en-
ergy consumption, heat output, and
floor space requirements.

The communications oriented Gcos
8 operating system provides the sys-
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tems with multidimensional, multi-
programming, and multiprocessing
capabilities. It offers expanded mem-
ory utilization, sophisticated memory
management . capabilities, high
throughput, extensive modularity and
flexibility, advanced transaction pro-
cessing, and privacy and security
capabilities. Multidimensional modes
of system or program operation in-
clude batch processing, remote and
interactive remote job entry, time-
sharing, transaction processing, direct
program access, online document han-
dling, and online test and diagnostics.
All modes operate concurrently.

Architecturally the system allows
full access of all user and system
procedures to all configured resources
of the hardware system with pro-
cedures isolated from one another
through enhanced security capabili-
ties. It also operates . interconnected
with Level 6 computers acting as
remote terminal controllers and/or
satellite processors; and permits in-
terconnection of multiple host sys-
tems via network links between hosts
and/or satellite processors and offers
file transfer facilities for data ex-
changes.

Basis of the system’s memory man-
agement is segmentation; the work-
ing space concept is also basic to
the operating system. Memory man-
agement is controlled by a combina-
tion of hardware and operating sys-
tem software: and is transparent to
applications, programmers, and users.
Maximum physical memory is 64M
bvtes. Theoretical maximum manag-
able logically addressable memory is
8T bytes.

Up to 511 concurrent processes are
supported; 488 of these can be user
processes. Tightly coupled multipro-
cessor configurations may operate un-
der control of one copy of the op-
erating system and associated system
software. This functionality makes
all coupled processors effectively in-
terchangeable and enables them to
share the load being processed. On-
line processor reconfiguration allows
any processor to be deconfigured and
later reconfigured without system in-
terruption or manipulation of hard-
ware switches.

Timesharing capabilities are pro-
vided through hardware extension

features and the operating system
architecture. The entire real storage
minus 0s residence can be used for
timesharing. 400 concurrent users can
be supported. User programs can use
all processors simultaneously and
transparently. Through a multicopy
option, four separate timesharing
worlds can operate concurrently and
simultaneously in multiple processor
configurations.

All systems operate under com-
patible versions of ccos 8 and the
existing Gcos 11 operating systems.
Initial shipments will have ccos 1;
Geos 8 will become available in third
quarter 1980. pps 8/20 will be offered
with ccos 8 only.

A pps 8/20 consists of central sys-
tem packaged in one cabinet and con-
taining cpu, system control unit
(scu), 1M-byte main memory, and
1/0 multiplexer (1om) with 19 chan-
nel function slots. Memory expands
to the 2M- or 4M-byte level, and the
system is field upgradable to the pes
8/44 and can be configured with two
frontend network processors. pps 8/44
is similar in design, packaging, and
memory options, but offers 50% more
performance.

Offering 2.5 times the performance
of an 8/20 the 8/52 is a midrange
system. It consists of free standing
central system composed of cpu, scu,
IM-byte main memory, and 10Mm with
35 channel function slots, expandable
to 54 slots. Memory exmands to 8M
bytes. The 8/52 is capable of sup-
porting two frontend processors and
two system consoles. The system is
field upgradable to an 8/70.

A freestanding pps 8/70 central
system consists of cpu, scu, 1M-byte
main memory, and 35-slot 1oM. Mem-
ory can be expanded to a 16M-byte
maximum; 1/0 expands to 54 chan-
nel function slots; and three addi-
tional cpus, 1oms, and scus can be
configured. Eight frontend processors
and four system consoles can be
supnorted.

Purchase prices for systems in basic
configurations are 8/20—$149,048;
8/44—%$225.500; 8/52—$556,791; and
8/70—%1,156,399. ccos 8 is scheduled
for general release in third quarter
1980; pps 8 systems will be available
for delivery in second quarter of 1980.
Circle 176 on Inquiry Card
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20 million
EPSON

Electric Printers
installed

‘Son of Electric Printer’

TX-80 DOT MATRIX PRINTER

Our Electric Printers are all around you. . .in calculators, Quality High Speed The TX-80 prints 125 characters per
perhaps like the one on your desk...in supermarket electric second, 60 lines of 80 columns per minute.

cash registers...wherever you go. Quality High Visibility Printing High contrast ink ribbon prints
Over half of all the world's Electric Printers bear the EPSON 5x7 dot matrix with 96 ASCII characters and 6x7 with 64
name, and every month 600,000 more join their ranks. standard graphic patterns.

Now comes the Son of Electric Printer. The new TX-80 Dot Quality Graphics Capability Charts and graphs can be made
Matrix Printer is the kind of product you expect from EPSON. automatically using the 64 graphic patterns.

Engineered to provide full features in the small-size package
we know you want, it is built to meet unmatched printer
mass-production standards that are an EPSON tradition.

And the TX-80 is low in cost. In 100 quantities it sells for
25% less than same-size dot matrix printers by other major

manufacturers.
THE TX-80 HAS THE SAME KIND OF QUALITIES AS ! We want to tell you all about the TX-80...s0 when you think of
ITS FORBEARS Dot Matrix Printers, you think of Electric Printer SON.

Quality Very High Reliability The TX-80's dot head is rated for
100 million characters and the tractor-feed printing mechanism,
sold separately to OEM, has a proven MTBF that others envy.

Write or call for
complete information

EPSON AMERICA, INC.
23844 Hawthorne Blvd.
Torrance, California 90505
Telephone (213) 378-2220
TWX 910 344-7390

New York Office

98 Cutter Mill Rd., Room 350,
Great Neck, N.Y. 11021

Telephone (516) 487-0660 | M CIRCLE 50 ON INQUIRY CARD
TWX 510 723-0743




Shugart delivers the lowest cost per
megabyte in an 8-inch Winchester drive.
The company with more experience
in low-cost Winchester technology than
anyone else in the industry has broken
the $1,000 price barrier with its SA1000
series of 8-inch fixed disk drives. Here's
your 5 or 10 megabyte system upgrade
at an affordable price. Here's Winchester per-

{ formance in a compatible floppy-sized package.
Here's an 8-inch drive that will be built in the

guantities that you need for your market-

place, using Shugart's high volume
manufacturing technology. Introducing
the SA1000. Packed with valuable
features. And priced to give you the
competitive edge.

Introducing the
“fixed disk drive

It's easy to upgrade your system. Our design objective for the SA1000
was to create an 8-inch Winchester drive as mechanically and electrically
identical to our floppy disk drives as possible. The result is a drive that has the same
physical dimensions and mounting holes as our 8-inch floppy drives. Also, the SA1000
has a simple “floppy-like” interface and command
structure. And drive control signals use the same pin
_assignments as our SA850/851 floppy drives so
L, you can daisy chain both fixed and floppy
drives from the same controller. Software
development is simple too, because the
SA1000 has the same capacity per track as
the double-density SA850. Even the power
voltages are the same. All this means that
we've made it easy and economical for
you to increase data throughput to 4.3
Mb/sec., average access time to 70 msec.,
and capacity to 5 or 10 Mbytes. Shugart
gives you value where it counts.




Product reliabilty—we're Headstrong about it. The SA1000 has
40% fewer parts than a floppy drive. That means hlgh «
MTBF —8000 power-on hours of typical duty. And
no preventive maintenance is required. Error
rates equal 1 x 101° soft (recoverable), 1x 102
hard (non-recoverable), and 1 x 10° seek.
The belt-driven AC spindle drive motor -
eliminates the need for a separate
power supply. Our new Fasflex™ lll ball 8
bearing-supported actuator provides
more precise head-to-track positioning.
Data reliability? We've eliminated possible *
media contamination and further protected your data by
locating the AC drive and stepper motors outside the
media chamber and by shock-mounting the drive on
three points within its casing. We don't take
shortcuts when it comes to
product reliability.

SA1000.The only
under $1000.

Shugart's Headstrong about product availability. From initial product concept through
manufacturing, Shugart has designed the SA1000 for high volume, highly
mechanized production and backed it with it's own dedicated engineering
and manufacturing organization. This kind of commitment has

made it possible for us to bring you the lowest
cost per function 8-inch fixed disk drive available g
today. We'll be delivering the SA1000 drives in
the first quarter of 1980. Optional controller
and data separator will'also be available. The
new SA1000 from The Headstrong Company.
Contact your nearest sales office. Shugart
headquarters: 435 Oakmead Parkway, Sunny-
vale, CA 94086 (408) 733-0100; West Coast
Sales/Service: (408) 737-9241; Midwest Sales/
Service: (612) 574-9750; East Coast Sales/
Service: (617) 893-0560; Europe Sales/Service:
Paris (1) 686-00-85; Munich (089) 17-60-06.

JA.Shugart

The Headstrong Company
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DIGITAL TECHNOLOGY REVIEW

Single User Workstation
Offers Assets of
Timeshared Mainframe

A personal computer for professionals,
PERQ provides the sophistication of
timesharing systems on a low cost,
single-user workstation. Developed by
Three Rivers Computer Corp, 160 N
Craig St, Pittsburgh, pa 15213, the
system provides a cpu that can exe-
cute 1M instructions/s; has a 0.25M-
byte main memory, 12M-byte disc
capacity, and video display; and ties
into a 10M-bit/s Packet Stream Net-
work for between-system communi-
cations.

System processor is a bipolar micro-
programmed cpu that executes the
highlevel P-code instructions used by
many Pascal compilers at a rate of
IM/s. The processor has a 32-bit
segmented virtual addressing mech-
anism that permits efficient execution
of large programs, and includes in-
structions for operating on 8-, 16-,
and 32-bit data. 256k bytes of ram
with 680-ns average cycle time is
standard; a 1M-byte rAM option is
available. A parity option is offered
for the ram. A 4k writable micro-
store is available; microcycle time is
170 ns.

Vertically oriented, the 8.5 x 11”
(21.6 x 27.9-cm) video display screen
has 768 x 1024 resolution with 60-Hz
noninterlaced black on white refresh.
It displays multiple font, proportional-
ly spaced text as well as complex
flicker free graphics. The display bit
map occupies a part of main memory,
and hardware and microcode in the
cpu facilitate rapid manipulation of
the screen, allowing dragging, smooth
scrolling, and online justification func-
tions on the raster scanned image.

The onscreen cursor is positioned
using a touch tablet. This finger acti-
vated pointing device is used to select
and manipulate items on the display.
Cursor movements track the position
of the finger on the small rectangu-
lar tablet.

A 14” Winchester technology disc
provides 12M bytes of formatted
storage with 97-ms average access
time and 7M-bit/s transfer rate. A
24M-byte capacity is available as an
option; a 1M-byte double-sided,

40

Three Rivers’ single-user PERQ computer offers 32-bit segmented virtual addressing
mechanism, 256k-byte main memory, and 12M-byte online disc storage. System
ties into packet stream network for communication with other similar systems

double-density floppy disc drive is
also offered.

The detachable 60-key solid state
keyboard offers N-key rollover and
auto repeat. A continuously variable
slope Delta modulator used at a 16k-
baud data rate supplies arbitrary
stored speech output. Prerecorded
data are stored on the disc to pro-
vide voice response, audible signal-
ing, and other speech applications.

With full-duplex, multiple protocol
high speed serial data port, the sys-
tem supports asynchronous, bisyn-
chronous, and spLc/HDLC/ADCCP pro-
tocols at speeds to 56k bits/s. All
line and protocol parameters are pro-
grammable and modem control is
standard. A full 1EEE 488-1975 stan-
dard implementation of the criB
offers a simple way of compatibly
interfacing a range of medium speed
peripherals, laboratory facilities, or
test equipment and instrumentation.

A proprietary wide band network
interconnects PERQ Systems on a
single coaxial cable using cable Tv
technology. Up to 64 workstations
can be connected on up to 2000’
(610 m) of cable. Broadcasting pac-
kets of data at 10M bits/s, the net-
work allows one system to access
files on another system. The network
is also used to provide access to

shared resources such as printers and
tape drives, to allow all users to
share resources.

Software facilities for the system
are provided through an operating
system designed to support a single
user. Multiple process capability al-
lows the user to have more than one
context established at one time, pro-
viding rapid switching from editor
to compiler to debugger. Background
1/0 spooling or network access does
not interrupt the user. The distributed
file system features multiple tree
structured directories, linked and
contiguous files, and access to files
on other systems. A display window
manager manipulates screen informa-
tion, partitioning the screen into sep-
arate areas that may be moved, en-
larged, or contracted in two dimen-
sions, scrolled, and clipped under
user control.

A full Pascal compiler included
with the system has optimization al-
gorithms to minimize code size and
execution time. An interactive debug-
ger, editor, and network support pack-
age are also supplied.

Cost of the system is $19,500 for
a single unit; the network option is
priced at $2000, and control store
option at $3000.

Circle 175 on Inquiry Card
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Disk Microcontrol
at 4 million
operations/second.

Signetics’ 8X300 uP speeds

bit-stream management
without bit-slice bother.

Our 8X300 brings bit-slice speed to intel- rugged field experience in a wide range of control
ligent I/O control. Without bit-slice burden. applications. When you design it in, look for lower
Because the 8X300’s control-oriented archi- parts count. Its high speed demands less external

tecture streamlines software development. logic to move serial bit
At 4 million operations/second, it’s - G streams.

the world’s fastest bipolar uP. , *@v y : : Check your price/

Much faster than any MOS (i performance goals

for disk microcon-

device. And easy to
trol. Whether for

implement for disk

microcontrol. 5540 cartridge-type drives,
As an IOP, or the latest breed of Winchesters, our 8X300 is

the 8X300’s tough to beat.

got more Fact is, we think you'll find that bit slice, brute-force TTL, and

than three MOS aren'’t really options anymore. The 8X300 is the breakthrough

years of device in a growing LSI family which we’re developing for the disk

controller OEM. Soon new Signetics parts will join it. And that’s going
to mean even greater design ease for microcontrol users.
Let us help you start moving from design to prototype to product,
faster. Our brochure Microcontrol Mastery tells how one 8 X300 user
put a disk microcontroller on a single standard format board. Send

us the coupon today.
. tl
Cinotics

a subsidiary of U.S. Philips Corporation

Signetics Corporation

811 East Arques Avenue
PO. Box 409

Sunnyvale, California 94086
Telephone 408/739-7700

To: Signetics Publication Services MS 27, 1279-8x
811 E. Arques Ave., P.O. Box 409, Sunnyvale, CA 94086

[ Please send Microcontrol Mastery .

Name Title

Company. Division_______
Address MS_
City State Zip.

[J] Please have a Bipolar LSI specialist contact me today at:
{ ) ext
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[DIGITAL TECHNOLOGY REVIEW J

Computer Systems
Serve Distributed
Processing Needs

Small and medium scale computer
systems, subject of two separate an-
nouncements made by Burroughs

Corp, Detroit, m1 48232, extend the
900 family of computers to meet
recognized demands for small sys-
tems in distributed and standalone
processing applications. The B 1905,
1955, and 1985 additions to the 1900
series, do 30% more work in a given

DO YOU HAVE THE WINCHESTER BACKUP BLUES???

We offer DEI 17 megabyte “FUNNEL” cartridge tape interfaces for:

e S-100

e Micro-Nova

¢ General purpose RS-232C
¢ General purpose parallel
Pertec FT-8000 emulation
Ohio scientific C2/C3

e .. and others

ALLOY

ENGINEERING
COMPANY, INC.

e Multibus

* Nova

CGrPUTER PRODUCTS DIVISIGN
908 CONCORDST., FRAMINGHAM, MA 01701

(617)620-1710 .
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time than current machines and oc-
cupy 50 to 65% less floor space. B 91
and 92 models, initial units in the
90 series, operate at speeds two to
five times faster than earlier small
systems.

B 1900 machines incorporate ad-
vances in technology and design that
include dense, fast logic and memory
circuits, more efficient programming
and control software, larger capacity
main memory, and larger, faster
cache memories. The systems use the
company’s variable micrologic archi-
tecture. In this design special sets
of microinstructions act as interpret-
ers, dynamically reconfiguring pro-
cessor logic to optimize performance
from one program to another.

The cpu uses TTL bipolar micro-
circuitry and main memory formed of
16k mos chips. The processor pro-
vides memory addressing to the bit
level, eliminating the need for pre-
defined structures such as words or
bytes, and permitting full use of each
memory position. Cache memory with
8k-byte capacity and a 55-ns access
time is used to store interpreters for
instantaneous retrieval. Processor log-
ic includes simultaneous fetch /execute
to effectively eliminate read access
time from cache.

Entry level B 1905 systems operate
in normal office environments. The
4-MHz central processor has a basic
memory of 131k-bytes that is expand-
able to 512k bytes. A dual-disc drive
provides 65M-bytes capacity, expand-
able to 530M-bytes. Standard on the
system is a 320-line/min printer,
single-line data communications con-
trol, and operator display terminal.
Options include 650-line/min printer
and second communications control.

The B 1955 configuration is based
on a 6-MHz central processor with
512k-byte  memory, expandable to
2.04M bytes. This system uses a 65M-
byte disc drive (expandable to 1G
bytes), 650-line/min printer, 8-line
data communications control, and
operator display terminal.

With dual 6-MHz crus, the B 1985
expands from 512k to 2.04M bytes
of main memory. Its disc drive has
a 130M-byte capacity that can be
expanded to more than 1G bytes. A
650-line/min printer, 8-line communi-
cations control, and operator display
terminal complete the system.

With prices beginning below $18.-
000, B 90 series units combine high
capacity, high speed disc storage with
fast internal speeds and advanced

COMPUTER DESIGN/DECEMBER 1979
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Q - WRAPPING
A Q) TOOL

A © AWG 30 Wire

@ .025” Square Posts

@ Daisy Chain or Point To Point

e No Stripping or Slitting Required
..JUST WRAP ...

@ Built In Cut Off ‘

e Easy Loading of Wire

e Available Wire Colors:
Blue, White, Red & Yellow

U.S.A.,FOREIGN
PATENTS PENDING

P

/ (G ), 2
JUST WRAP TOOL WITH ONE 50 FT. ROLL OF WIRE :
COLOR | PART NO. U.S.LIST PRICE :
BLUE. JW-1B $14.95 ‘
WHITE JW1wW 14.95 5
YELLOW JW1Y 14.95
RED JW1R 14.95
REPLACEMENT ROLL OF WIRE 50 FT.
BLUE RJWB - $ 298
WHITE | RJWW 2.98
YELLOW RJW-Y 2.98
RED RJWR 298
JUST WRAP-UNWRAPPING TOOL
| JUW'1 $ 349

OK MACHINE & TOOL CORPORATION 3455 CONNER ST, §
BRONX, N.Y. 10475 (212) 994-6600/TELEX 125091 :
* *MINIMUM BILLING $ 25.00/ADD SHIPPING CHARGE $ 2.00/NEW YORK CITY/STATE RESIDENTS ADD APPLICABLE TAX. &
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Air Land Systems

Protocol Converter™

Converts ASCII
To 2780 Or 3780

This Protocol Converter Unit,
when connected* to a terminal
sending ASCII asynchronous
character streams, can accept
data and assemble it into blocks
for transmission via modem and
communications line under 2780
or 3780 bisynchronous protocol
The PCU will also receive
EBCDIC coded bisynchronous
traffic, convert it to ASCI|
characters and effect data
communications at selectable
baud rates.

Protocol conversion software
programs for most major
protocols as used with IBM,
BURROUGHS, HONEYWELL,
UNIVAC and NCR terminals are
also available
Dimensions: 2'»" x 12" x 14"
110/120 VAC 220/240 VAC
*RS232 or 20ma current loop

For more information.
AIR LAND SYSTEMS
2820 Dorr Avenue
Fairfax, Va. 22031
(703) 573-1100

ASCII
Terminal

Protocol Converter ™

27/3780 BISYNC

AIR LAND SYSTEMS

Designers of Data Communications

CIRCLE 23 ON INQUIRY CARD
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software. These units incorporate the
variable micrologic design and use a
master control program to govern
system operation to offer virtual
memory efficiency of large scale com-
puters in a minicomputer price range
machine.

Operating with the Super Mini-
Disk 11, a 6M-byte capacity, 157-ms
access time disc drive that stores 3M-
bytes of data on each of two flexible
8” discs, the B 90 can function both
as a standalone data processing sys-
tem or as a remote processor in com-
puter networks. The systems can
control their own network of termi-
nals and simultaneously perform mul-
tiple data processing tasks. Termi-
nals can be used as multiple data
input and programming stations as
well as for entering questions and
displaying answers.

Central processors in series 90
units are formed using Ls1 circuitry
and offer a 2-MHz cycle time. Basic
memory is 128k bytes, expandable to
512k bytes. A 4k-byte memory is

provided for cold start, warm start,
and maintenance test routine. The
cpu also incorporates from 6 to 11
1/0 channels, up to 3 disc controllers,
and up to 4 data communication chan-
nels, as well as onboard diagnostics.

Entry level B 91 systems incorporate
processor, up to 512k-bytes main
memory, display screen, electronic
keyboard, 90-char/s bidirectional
matrix printer, flexible disc storage,
and related controls in a single cabi-
net. Peripherals include a wide line
printer with speeds up to 650 lines/
min; a choice of flexible, removable,
or fixed media disc drives providing
up to 46.8M-bytes online storage;
and up to 11 1/0 channels and 4
data communication channels.

A B 92 processor has the same
basic memory capability but provides
up to 11 1/0 channels, up to 3 disc
controllers, and up to 4 channels for
data communication. Two line print-
ers may be added to this system, as
well as a magnetic tape cassette unit.
Circle 177 on Inquiry Card

Transaction Processing
Software Reduces
Programming Requirements

Pathway, a transaction processing
system developed for use on Non-
Stop™ computer systems, significant-
ly reduces programming requirements
and simplifies development of online
transaction processing applications.
Combining a set of terminal control
processes, screen formatting language,
user controlled application monitor,
and interactive screen definition fa-
cility, the software system takes full
advantage of the multiprocessing ca-
pabilities of the fault tolerant com-
puter systems from Tandem Com-
puters Inc, 19333 Vallco Pkwy, Cuper-
tino, ca 95014.

Other capabilities provided by the
software are ability to access mul-
tiple applications from the same ter-
minal, and to perform online addi-
tion, modification, or deletion of
transaction types, screen definitions,
applications, and terminals. Program-
mers are released from consideration
of terminal characteristics, thereby
increasing productivity.

Further simplification of applica-
tion design and programming is pro-

vided by the system’s division of
terminal control and file manipula-
tion into separate programs. The soft-
ware performs all data checking and
format validation.

With the system, terminal oriented
functions are isolated within termi-
nal control processes (Tce); although
each Tcp can control multiple termi-
nals, each terminal remains logically
independent of the others and main-
tains distinct data areas and control
information. An application monitor
supervises and controls all working
processes. This multiterminal control
program that allows load sharing is
the first to be executed and is re-
sponsible for initiating the rest of the
system. An interactive screen defini-
tion facility supports online design
and modification of screen formats
directly at the terminal.

User application programs can be
written in COBOL, FORTRAN, MUMPS,
or T/TAL (Tandem/Transaction Ap-
plication Language). The software
supports terminals of several differ-
ent types.

Licenses for the software are priced
at $8500, plus a $2000/processor
microcode charge. Deliveries are
scheduled for February.

Circle 178 on Inquiry Card
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Multitasking Computer
Handles Network and
Standalone Processing

SyFa® Jr-200 series business systems
bring power and versatility of larger,
more expensive network processing
systems to a level affordable in small-
er applications. These members of the
Syra family from the Commercial
Systems Div of Computer Automa-
tion, Inc, 2181 Dupont Dr, Irvine, ca
92713, incorporate performance fea-
tures of their larger predecessors at
approximately one-third the cost.

Basically 2- to 4-terminal systems,
the units are compatible with the
SyFA operating system, data com-
munications software, and applica-
tion program development aids. This
provides capability to upgrade to
large systems and to be assimilated
into the Virtual Network™ concept.
The -200 can grow into a full-scale
network processor supporting 32 on-
line terminals, all major communica-
tions protocols, and 2400M bytes of
disc storage.

Designed both for use as a dis-
crete dedicated computer system and
to provide communications with a
central mainframe computer, the
systems use the same programming
language and system software as the
larger Syra systems. This, in addition
to the scaled down hardware con-
figuration, adapts the systems to
standalone applications or for use as
network nodes in remote locations
having moderate workloads.

Four Information Station CRT ter-
minals, local or remote, 32M bytes
of online disc storage, a spooled 150-
char/s bidirectional character print-
er, and RJE capabilities are supported
by Model A which provides 64k of
Mos memory. The B version supports
this configuration but replaces the
character printer with a 600-line/
min printer.

Software for the systems encom-
passes the Syra Concurrent Logic Op-
erating System that incorporates vir-
tual storage techniques, a demand
paging scheme, three file access
methods, and dynamic allocation of
all system resources. Each system
can concurrently perform up to seven
individual tasks, ,one synchronous com-
munications task, and/or one batch
utility program. Applications pro-
grams are written in the Syra Busi-
ness Oriented Language. Utility pro-
grams, programming aids for appli-
cation development, and an 18M 3780
communications emulator are also
included.

Circle 179 on Inquiry Card

KMW Systems Introduces the BAC-3207T Protocol Converter

The KMW Model BAC-3270T allows operation of Tektronix equipment
at high telecommunications data rates, and insures error-free
operation by utilizing the popular IBM binary synchronous
protocol instead of ‘'TWX'' transmission. The KMW Model
BAC-3270T sends and receives EBCDIC data via IBM-3271

binary synchronous protocol, performs all required error-

checking functions, translates the data to ASCII, and

transmits it in serial asynchronous format to and

from most Tektronix 4000 series graphic and

alphanumeric devices.

e fasy attachment to IBM Host System, no
VTAM/TCAM *‘patches’’

e Allows terminal to run up to 9600 Baud
with full error checking

e Allows attachment of multiple devices
on one communications line

® No more *‘TWX support’’
headaches

KMW Systems Corporation, a
producer of protocol converters
for many manufacturers. For more

information, please call or write:

KMW
SYSTEMS
CORPORATION

8307 Highway 71 West e Austin, Texas 78735 ¢ (512) 288-1453
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@Raymond Engineering Inc.

The real world is a tough place
for conventional magnetic tape
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superior digital/audio tape for severe environments —
proven to retain data at +400°F and —65°F

Applications: * Military data systems « Commercial aircraft, shipss Remote or
field recording * Metal-tape replacement ¢ Safe wide-temperature data storage

For further information contact ®
THERMO-465 ~is a registered

trademark of Graham Magnetics
Incorporated and is distributed
exclusively in the U.S.A.

by Raymond Engineering Inc.

217 Smith Street, Middletown, CT 06457
Telephone: (203) 632-1000 « Telex: 9-9394

A subsidiary of Raymond Industries Inc.
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“Take solder baths.

Now that’s what we should

get rid of in our multilayer

boards. But | want something just

as reliable. Something that costs less’’

Some good news. AMP

Expensive solder baths are gone...
along with broaching, rupturing,
distortion, tearing and damage to
plated-through holes. All because you
don’t need solder withan AMP ACTION
PIN Contact. Most important, these
inherently more troublefree contacts
are nowavailable inarange of standard
I/O connectors. Just insert the contacts
and snap on the housings. It's a truly
simple way to fewer rejects and easier
repairs in a smaller amount of space.
The contact’s AMP-engineered
compliant design has proven reliable

in thousands of feed-through post and
mother/daughter card applications.
Choose from subminiature D Type
connectors for RS 232 and 449 applica-
tions, a popular telecommunications
style, or shrouds which quickly

convert feed-through posts to headers
for use with .050" centerline ribbon
cable. In each case, you get a completely
solderless back panel. And repair of
damaged contacts is easily accomplished
without degrading mechanical and
electrical performance.

So take the trouble out of your

panel making. With AMP ACTION PIN
Contacts, 1/0O Connectors and Tooling.
For more details, call the AMP ACTION
PIN Information Desk at (717) 564-0100,
Ext. 8400. Or write AMP Incorporated,
Harrisburg, PA 17105.

AMP has a better way.



Contacts feature
unique compliant
pin design.

hroud Style

Some facts worth knowing about AMP ACTION PIN Contacts

Tooling: Complete range available from prototype to production rates in excess of 10,000 an hour.

Assemblies: Boards preassembled to your specifications with AMP components are available
from panel suppliers. Contact AMP Incorporated for more details.

Environmental Tests:

Subminiature D Style

Test Type Results in Milliohms
Change in Resistance, AR AR Values
Min. Max. Mean Std. Dev. (95%CL)*
Thermal Shock and Gold 3A 0.058 0.281 0.121 0.038 0.301

Vibration: —65° to
+125°C for 5 cycles;
10-200 Hz three Tin press fit 3A —0.002 0.176 0.094 0.046 0.313
planes, 12 hours

High Humidity: 96 Gold 3A —0.043 0.017 0.010 0.017 0.070
hours at 40° £2°C,
90-95% RH Tin press fit 3A —0.066 —0.016 —0.028 0.011 0.026
Salt Spray: 48 hours  Gold 150mA  —0.076 0.034 —0.008 0.022 0.098
at 5% concentration 3A —0.052 0.051 0.013 0.021 0.113
NaCL
Tin press fit 150mA —0.062 0.062 —=0.012 0.028 Q121
3A —0.056 0.049 0.007 0.026 0.129

*Exceeded by fewer than 1/10,000 samples.

Where to telephone: Call the ACTION PIN Information Desk at
(717) 564-0100, Ext. 8400.

Where to write: AMP Incorporated, Harrisburg, PA 17105.

AMP and ACTION PIN are trademarks of AMP Incorporated
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Touch Panel Switches
Are Based On
Membrane Switch Concept

Four groups in the Tie"® (touch in
panel) switch line meet performance
specifications and cost goals of indus-
trial, medical, and appliance users.
By providing both switch and elge-
tronics in an integrated subsystem,
the manufacturer, Oak Technology,
Ine, Switch Div, 100 S Main St, Crys-
tal Lake, 1. 60014, has resolved the
problems encountered when discrete
components are acquired from differ-
ent vendors.

A combination of simple concepts
and complex engineering, the switches
are light, flat, thin, sealed front
panels with graphics, nomenclature,
colors, and pictograms. Although they
operate with a light touch, they can
withstand a heavy hand, are mounted
and interconnected, and have a 10M-
cycle life expectancy. The switch line
includes devices having integral elec-
tronics package, rotary or other
switches, or potentiometers.

The switches consist of (1) sub-
strate with stationary conductors
formed on it that are spaced from
each other, electrically isolated from
each other, and form the two contact
points to be switched; (2) membrane
with flexible movable conductor ap-
plied to its underside; and (3) spacer,
an insulator that is placed such that
the membrane is held several thou-
sandths of an inch above the sub-
strate. These three parts are assem-
bled so that the flexible conductor
on the membrane is spaced from and
immediately above the conductors on
the substrate.

When a finger or other actuator
applies pressure, the flexible mem-
brane is forced through an opening
in the spacer, so that the movable
conductor makes contact with the
fixed conductors on the substrate,
shorting them together and thus clos-
ing the switch. When the actuating
member is removed, resiliency of the
flexible membrane causes it to return
to the normal position.

Formed with conductors on both
sides of the substrate with intercon-
nection between front and rear con-
ductors, Product A provides high
switch and interconnect density and
long life. Switches can be placed
anywhere on the panel as close as

48

P

2
N
\§

N S

=2 £ e
1S e

7

«’

o I N\

Llllllrluraliiiis

V/IIIII////

ANNANNNNN
MEMBRANE
SPACER

(3) GROUND PLANE

(@) FLEXIBLE CONDUCTOR
(8) FIXED CONDUCTORS
(6) PC BOARD

Touch In Panel switches from Oak Technology are based on a membrane
switch concept. Switches consist of substrate with stationary conductors,
membrane with movable conductors, and spacer

GRAPHIC TOUCH-IN-PANEL

SWITCH BACKLIT SWITCH

TIP SWITCH
(NONILLUMINATED)

CONTACT APERTURE

CIRCUIT ISOLATION MASK
Z LIGHT
CIRCUIT PATH

Note: lights can be imbedded in sub-
strate or attached to logic board.

SUBSTRATE
INTERCONNECT PINS**

**Note: Interconnect pins are commonly used when a logic board system is
required.
Interconnect pins, edge connectors or flexible connectors are commonly
used when logic board system is not required.

LOGIC
BOARD
ASSEMBLY

PRINTED WIRING

OMPONENTS
INTERCONNECT PIN RECEPTACLES

Providing both switch and electronics in integrated subsystem, TIP switches
fill needs for high switch and interconnection density with longevity in severe
environments. Concept allows simple components to be mounted, forming
complete assembly
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TODAY MAY BE THE BEST TIME
TO MAKE YOUR CAREER MOVE

But first make sure your new employer measures up.

With all of those prospective employers trying to attract your engineering skills, now is the best time to look
beyond “just a job” and consider your career. Your real objective is to find the perfect combination—challenge,
satisfaction, security, and reward. To assist you, we've prepared a checklist of points to consider when you're
evaluating a new employment possibility. It's a good way to compare the companies seeking your expertise.

A

Career Opportunity Checklist for Engineers One Company to Evaluate

INDUSTRY GROWTH AND STABILITY At Racal-Milgo, we're looking for capable communica-
‘ « ”» Soek itv: YES ? NO tions hardware and software people to join our engi-

No one wants (o.be “phased out)” so.check Jor security: : neering team. Our success has created needs at every

Is the company part of an industry that’s vital, growing, dynamic? ....00 O O leved. from en‘try to top management. We have a lot to

Will the growth continue throughout the 1980s and beyond? ......... Bl EE offer'you. 3 ;

COMPANY HISTORY AND REPUTATION The mainstream of our business is data communica-

You can tell a lot about a firm by its track record: tions—where today’s action is. We're a pioneer, and a

Is the company recognized and respected in the industry? ........... W | recognized leader in the field. Our state-of-the-art

Have sales and profits increased at a steady rate? . ................. ErERE roduct lines include modems, multiplexers, data en-

] P A multip

Is it known for its technological innovations? . .................... B = | cryption, and systems for sophisticated network con-

Are its employees motivated and well rewarded? . ................. s I troland performance assessment.

Does the company seek technological employees on a permanent, We're proud of our growth—$64 million in sales two

ORPTRRERSIST e o i Lo Cafi A0 i sl S REIE i 104 = EE years ago, $80 million last year, and over $100 million

this year—and we're still growing. Applied research and
technology keep us on the leading edge in data commu-
nications; our engineers face some of the industry's
most challenging (and rewarding) responsibilities.

Racal-Milgo is a great place to work. We encourage our
technical people to think creatively, to turn their in-
novative ideas into successful products—in an atmo-
THE COMPANY LOCATION sphere of friendly, professional teamwork. We provide
Relocation is a big professional and personal commitment. them with one of the nations most advanced engi-

WORKING CONDITIONS AND ENVIRONMENT
Look for good people, team spirit, and top-notch facilities:
Is the atmosphere one of loyalty, pride, and achievement? ...........

Do employees welcome the challenge of difficult assignments? ... ...
Are creativity and independent thinking encouraged? ..............
Are the company’s engineering goals clear-cut and attainable? .......

BOO
CFEELE
B A E

Is the company located in an existing or emerging electronics center? . .0 (0 O | Ia]fele;i;%rgactilljnil(;S.stO'lrirtﬁalﬁ”e'snand benefit programs

Are there major universities and other technological resources nearby? .[J [0 OJ (3 Sebest 1 e

Will the company assist me in relocating? oo We're located in suburban South Florida, one of the

: : 2o VRN [0 3 e ISR growing new electronics centers in the sunbelt. It's an

Can I provide my family a comfortable lifestyle in this area? .. ....... (¢ (=0, international area, gateway to Latin America, blessed

Are there cultural and entertainment opportunities? ................ o with a pleasant climate year-round. There are excellent

Is there a variety of recreational and leisuretime activities? .......... L AE] 1 cultural and entertainment opportunities, plus swim-

Are the climate and surroundings pleasant? ...................... ERENE n’lllirlg. di\{]irlgi)boatt_irlg.fsport fishirllg, golf, t;enn'}‘s}‘,l and
all the other benefits of a cosmopolitan resort. There's

PERSONAL AND PROFESSIONAL GROWTH. a wide choice of employee clubs to introduce you and

Job satisfaction means more than just a paycheck: your family to new activities. And if you're interested

Does the company give full recognition to the engineering role? . . . . .. g E in furthering your professional or business related

Will I be working and interacting with other talented professionals education, we'll pay for your coursework at any of the

v s AR e e e R L AL s e i oo s CENE major universities nearby.

Will my accomplishments be acknowledged, appreciated, rewarded? . .(J OJ [J At Racal-Milgo, we're experiencing dynamic growth

Will I be encouraged to seek more challenge and responsibility?. . . ... (EEE and we need good people at all levels. The working

Will the company pay for advanced training in technology conditions are excellent...advancement and rewards

and Management? . .......... ...l goag come fast...and our new two-track career program

Can I pursue my own career goals within the company framework? ...00 O O lets you decide whether to rise to the top on the tech-
nical side or to move into management. (Our presi-

THE LO.NG RANGE PI(.:TURE. ; dent and board chairman are both EE’s.)

Where will you be professionally in 5 years? . ..in 10 years? : :

Are there plenty of opportunities for rapid advancement within We're lczokmg for the best. If you are

BE e DT DARY e .5 Ly s Ry ieh o e STareBagly S LM o e o b | too, let’'s get together. I hope to per-

Does the company encourage engineers to assume positions of authority? ] [ [J sonally welcome you aboard. Send

Will I be allowed to move into those engineering areas that interest meily(:iurY'rﬁ§lT¥;ieti%dag: ll:]orrietttig rle-

IS TNOSE o U B e e e e e A e e e ) ARkligsed (7 € a prompt reply.

&

Can I choose my own career path—into technological leadership or
BXEchlVE IANAREMENTY & i s o s ke e b R e S S EEE g/ : ’/. ;: /

L ] .
~ Racal-Milgo, Inc.
RﬂCﬂ'-M ! |gO 8600 N.W. 41st Street Miami, Fl. 33166 Saniipert

Vice-President, Engineering
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0.5” (1.27 cm) on center. This con-
figuration also permits simple com-
ponents to be mounted. When imple-
mented using a double-sided plated
through hole pc board, it is desig-
nated APC.

Fixed conductors are formed by
pc traces. The membrane is a poly-
ester sheet 0.005 to 0.007” (0.127 to
0.178 mm)- thick with nomenclature,
graphics, and flexible conductor back
printed by silkscreen techniques. The
spacer is made by punching holes in
a polyester sheet. Substrate, spacer,
and membrane are bonded together
to form a complete assembly.

Product B offers a medium or non-
dense switch configuration, nondense
interconnect pattern, and no com-
ponent mounting. This switch has
conductors on one side of the sub-
strate. A BpC unit is formed with
print and etch pc technology; screen-
ing a conductive paint onto a rigid
substrate results in product Bss.

Having the same characteristics of
Product B, Product C uses a non-

rigid polymer film substrate that may
be attached with an adhesive to a
rigid substrate. The flexible substrate
can have an integral interconnect
“tail” when a suitable connection
scheme is provided to attach it to
the customer’s circuit at the other
end. Constructed using a plated cop-
per conductor pcB, these units are
suitable for severe environments.
When a flexible silk screened silver
conductor substrate is used, they
adapt to low cost consumer goods.
Microprocessor systems or other
associated circuitry for logic and tim-
ing functions can be incorporated as
part of the switch substrate or added
as interconnected pc boards. The
switch panel will interface with all
control logic. The panel can be pro-
vided with feed through pins, or
terminals. Flat cable, flexible cable,
or edge connection can be included.
The switching system can be com-
pletely front sealed against liquids,
dust, or other contaminants.
Circle 180 on Inquiry Card

4600 Old Ironsides Drive, Santa Clara. CA 95050
For a Glitchfixer catalog. call Bob Lorentzen
at (408) 988-6800

== GOULD

An Electrical/Electronics Company
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Upgraded Connector
Series Meets MIL-C-38999
Performance Requirements

Super Series I"™ meets stringent per-

formance criteria of MiL-c-38999 Re-
vision G without requiring total re-
placement of existing connectors, by
maintaining  intermateability ~ with
Series 1 connectors. The connector,
introduced by Bunker-Ramo Corp’s
Amphenol North ‘America Div, 2122
York Rd, Oak Brook, . 60521, offers
an alternative in high shock, vibra-
tion, and emi/emp environments.

The “scoop-proof” high density cir-
cular environmental connectors fea-
ture a bayonet coupling mechanism,
self-sealing rear grommet, closed
entry hard front socket inserts, and
rear release crimp removable con-
tacts. Designed and successfully
tested to performance requirements
of mMiL-c-38999 Revision G, the unit
retains the polymer contact retention
construction of earlier Series I con-
nectors, thereby offering up to 115%
greater dielectric separation than
metal clip contact retention systems
used in competitive devices.

Among the major modifications
that distinguish this device from
earlier designs is the coupling design
(patent pending), the use of emi
grounding fingers, and elimination of
bayonet holes. Design of the coupling
eliminates the conventional detent or
locking area on the bayonet track,
and the wear resulting from the high
pressure produced in this area dur-
ing vibration or mating/unmating
operations.

In the upgraded series, the bayonet
track has no detent or locking area;
locking is achieved by use of a stain-
less steel detent ring that is located
at the rear of the coupling ring (see
diagram) and separate from the
coupling track. This detent ring is
keyed to and rotates with the coupling
ring to engage three stainless steel
pins or rollers located in the plug
shell. The resulting stainess steel/
stainless steel detent achieves 500
mating cycles rather than the 250
cycles achieved with the stainless
steel/aluminum detent of Series I
connectors.

Elimination of bayonet holes ex-
cludes possible intrusion of sand,
dust, and moisture into the coupling
area. Emi grounding fingers are in-
corporated in the design to increase



When your 16-bit computer
starts running out of gas...

vou need MAXIBOX

MAXIBOX is a full-scale minicomputer designed to outperform any
16-bit and most 32-bit computers.

Any ofthe 15 slots in its flexible backplane can be used for /O
controllers, CPU options, peripherals interfaces, and up to 1 MByte of
fast, economical MOS memory. Its standard 256 KByte configuration
leaves you with 9 “nondedicated” slots for total design flexibility.

No other mini of any size can offer 26.7 MByte bandwidthon a
computer that requires only a 115Vac utility outlet. With 600 ns ECC
MOS memory for maximum computation speed and a virtually
universal backplane, MAXIBOX is a must for “peripheral intensive”
designs or products where speed, space and power are prime
considerations.

Furthermore, MAXIBOX is fully compatible with the broadest 32-bit
product line in the world. SYSTEMS’ RTM, the most thoroughly
field-proven 32-bit operating system available, is currently installed in
hundreds of SYSTEMS processors.

Writable Control Store allows you to tailor the MAXIBOX to your
product environment. Regional Processing Units let you develop
sophisticated intelligent I/O controllers and give you parallel

processing never before available; it’s like having an independent
processor attached to the MAXIBOX for discreet /O functions.

We feel that for the product OEM concerned with simplified design and
maximum return on investment, MAXIBOX is the best minicomputer
available. To find out more about the MAXIBOX, return the coupon for
additional literature, specifications and pricing information. Or, call
SYSTEMS toll-free.

r-------------------------1
] Have a representative call me.

0 [ Send me a detailed technical summary. | plan to purchase in

B approximately months.

1 NAME

1

78 1

TITLE
g COMPANY
§ ADDRESS

i CITY

Proven COMPUTER Performance

SYSTEMS toll-free product information service 1-800-327-9716
Systems Engineering Laboratories, Inc., 6901 W. Sunrise Blvd., Ft. Lauderdale, FL 33313 - (305) 587-2900
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Multiple Choice Memory

Intel’s new modular Series 90 system
with BXP bus lets OEMs build to suit.

Choose your capacity. Choose
your memory technology. Choose
your speed. Now you can choose
from a wide range of performance
features that precisely match your
product requirements—all with
a single memory system.

Intel’s Series 90 gives designers
a ready-made family of memory
modules and intelligent control-
lers that dramatically simplify and
speed-up OEM memory design.
Better yet, Series 90 eliminates the
cost of designing new memory
interface and control circuits for
each new system and each new
performance or density upgrade.

New bus standard for
memory systems

The key to Series 90’s design
flexibility is our BXP bus. It’s the
first bus standard made exclusively
for memory systems, and it’s
designed to make interfacing easy.
Connect your system directly to
the BXP bus or use our standard
control interface.

Intel’s BXP architecture lets
you build to today’s customer
needs with flexibility for the
future. The BXP bus will accom-
modate vastly increased capacity,
including tomorrow’s higher
density memory technologies as
they arrive. And you won’t have
to redesign even then. Intel’s
BXP bus adds up to more efficient
memory system development and
an extended life cycle for your
entire product line.

Performance to spare
Series 90 memory modules
incorporate Intel’s highest per-
formance semiconductor memory
components to give your systems
the competitive edge. Our static
memory modules use revolu-
tionary HMOS* technology to
provide capacity from 32-64K

bytes each with 100ns cycle times. /

Or build with Series 90 dynamic
memory modules for 128-256K
bytes and cycle speeds of 350ns.
Even better, our BXP bus allows
you to interleave modules or
combine both static and dynamic
memory in the same system.
However you configure, Series 90
lets you achieve the highest speeds
with no performance penalty.

Address up to 2 billion bytes
Series 90 gives you plenty of
memory for today’s applications—

plus wide open capacity for growth.

Our BXP bus can accommodate
word sizes from 16 to 80 bits plus
Error Checking and Correction.

[t can easily address up to sixteen
Series 90 memory modules for a
maximum capacity of 4 megabytes.
Entire Series 90 systems can be
daisy-chained for even greater
capacity.

Whether you're adding more
of today’s memory technology or
upgrading to higher density com-
ponents of the future, our BXP bus
stays with you. It has addressing
space already allotted for up
to 2 billion bytes.

ECC for unimpeachable
data integrity

A primary function of Series
90’s optional control interface is

our ECC feature. With single-bit

error correction and double-bit
error detection, it gives your system
the highest data integrity available.
The controller also supports an
optional error logger and display.

e

J % :
1 /]

Control
Interface

(Optional)

= -

|

1 iy B9

Intel's Series 90 lets you design as many as
16 static and/or dynamic memory modules
totalling 4 Mbytes on the BXP bus. Connect
your system directly to the bus or use our
optional control interface.

Non-stop to market

Series 90 memory modules
and controllers are available now,
so you can start designing today.
For complete information, plus
our convenient Configuration
Guide, contact your local Intel
sales representative. Or write
Intel Corporation, Literature
Dept., 3065 Bowers Avenue,
Santa Clara, CA 95051.

*HMOS is an Intel patented process.
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intal delivers.

Europe: Intel International, Brussels, Belgium, Telex 24814.
Far East: Intel Japan K.K., Telex 781-28426.



’ DIGITAL TECHNOLOGY REVIEW J

emi/emp attentuation to 90 dB at
100 MHz and 65 dB at 10 GHz.
There are 29 insert configurations
in the upgraded connector line and
a choice of 6 shell styles in sizes 9
through 25, including straight plug,
wall mounting, jam nut, and box
mounting receptacle. Connectors may
be ordered in electroless nickel or
olive drab cadmium over nickel fin-

ish. Pertinent technical performance
data include capability of withstand-
ing vibration in excess of 80 G rms,
and shock of 65G with 11-ms dura-
tion.

By retaining intermateability with
standard Series I military connectors,
the units can be substituted for them
by replacement of the readily acces-
sible plug. Receptacles mounted on

black box electronic equipment need
not be changed to attain higher per-
formance standards. The replacement
process is further eased by the inter-
changeability of existing backshell
hardware cable clamps, inplace
crimped contacts rfi adapters, and
contact insertion withdrawal tools be-
tween series. O
Circle 181 on Inquiry Card

DETENT SLOT IN
DETENT RING

DETENT RING

SPRING WAVE WASHER

KEY ON DETENT RING
ENGAGES KEYWAY
ON INSIDE DIAMETER OF

RETAINING RING

PLUG SHELL

COUPLING RING (3 PLACES)\%

BAYONET PIN

COUPLING RING

RECEPTACLE SHELL

ROLLER
(3 PLACES)

SEAL

ROLLER

BAYONET PIN

GROUNDING SPRING

DETENT NOT REQUIRED IN
BAYONET COUPLING RING
GROOVE

INTERNAL COMPONENTS

— GROMMETS

— CONTACT RETENTION DISCS

— PIN AND SOCKET CONTACT INSERTS
— FACE SEAL

ISOMETRIC DRAWING — AMPHENOL® SUPER SERIES | PLUG CONNECTOR

Amphenol’s Super Series | plug connectors meet performance requirements of MIL-C-38999, but are designed to
intermate with existing connectors. Design features include bayonet coupling mechanism, self-sealing rear grommet,
closed entry hard front socket inserts, and rear release crimp removable contacts
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This Dual Floppy/LSI-11 does
everything the 11VO3-L will
do in half the space...

and gives you RX02
software/media
compatibility, too!

The MF-211 Dual Floppy /LSI-11/2 system,
featuring the low-cost CRDS Double
Density Controller, is functionally identical
to the DEC 11V03-L, but uses only 10%2" of
rack space!

PLUS:

e KD11HA, DEC LSI-11/2 central processor
e Dual Shugart Drives

e Double and single density operation

e Complete LSI-11/2 software compatibility
e Over one megabyte of storage per system
® 4 Quad slot or 8 quad slot backplane

e Upgradable to LSI-11/23

e Unique CRDS controller with all interface,
bootstrap loader and formatter electronics
on one dual-height PC card, with complete
RX02 software media/compatibility

. And for RX02 plug-replacement:
The FD-211 is a compact, low-cost, highly reli-
able plug-replacement for RX02 applications in
5%4" low-profile chassis.
PLUS:

e Complete PDP-11,
LSI-11 compatibility

e Switch and photocell
write-protect

e Bootstrap loader

e Self-test and formatter

Charles River Data Systems, Inc.
CRDS—

4 Tech Circle, Natick, MA 01760 Tel. (617) 655-1800 TWX (710) 386-0523 I I
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Lear Siegler brings you

the smart terminals
designed for

easy OEM customizing.

PN R R




At Lear Siegler, you
don't have to decide
among dozens of
smart terminals, each
offering something
slightly different, each
not quite right for you.

We have just two smart
terminals for you to look at.
But they can handle a range
of tasks it takes other manufac-
turers four, five, or even six
models to accomplish.

say that two models
aren't enough to
qualify as a complete line. But we
like it that way.

After all, we want to
make your life simpler, not
more complicated.

THE ADM-31 & ADM-42
WILL LET YOU CHANGE
THEIR MINDS.

When we designed the
ADM-31 and ADM-42, we real-
ized we couldn't second-guess
our customers. Because no mat-
ter what capabilities we gave
them, somebody out there might
want something different. So
we did the next best thing.

We gave each a truly flex-
ible personality by putting the
instruction sets inside their
PROMS. So, unlike the hard-
ware, the firmware is capable
of easy OEM reprogramming,
thanks to the fully-documented
programming instruction man-
ual we provide. And you end up
with a terminal that performs
to your exact specifications.

We even have a special
Application Engineering Staff
to answer any questions you
may have about reprogramming.
Consult with you on interfacing
problems. Help you set the ter-
minals’ personality. Explain the
features and functions. Talk about

oo it ourse we ol DERSONALITY PROMS AND
manufacturers might  [FACTORY ASSISTANCE MAKE
USER-REPROGRAMMING

A SNAP.

special applications. Or even
suggest something you maybe
never thought of.

Feeling your life getting
simpler yet?

THE ADM-31 & ADM-42.
ALL THE TERMINALS YOU'LL
EVER NEED.

Even if you decided not to
reprogram their PROMS, our
two terminals come with all the
standard features you need in
a smart terminal. And then some.

Features like full editing
capabilities. Formatting. Reduced
intensity for identification of
protected fields. Blinking, blank-
ing, and reverse video. High
resolution monitors. Even limited
line drawing capabilities.

What's more, both the
ADM-31 and ADM-42 come
equipped with a micropro-
cessor, making them even more
reliable and easy to use. Because
their design architecture has
a microprocessor with multiple
microprocessor-based control-
lers that tie into the master.

Nor did we forget those
indispensable function keys.
Naturally, both the ADM-31 and
ADM-42 have them.

On the ADM-42 for example,

you get 16 function keys,
shiftable to 32 functions,
and optionally program-
mable to store up to 64
characters. This lets you
store escape code func-

tions (such as personality modi-

fications) to reduce several escape
sequences to one key stroke. And you

can store frequently-used phrases up to

64 characters, which provides you with

impressive time savings.
When you get right
down to it, the ADM-31
and ADM-42 are really
functions of your
imagination.
THE CHOICE IS SIMPLE.
THE CHOICE IS YOURS.
So the ball's in your court.
Choosing your new smart
terminal can go one of two ways.
You could start sifting through
dozens of data sheets, talking to
dozens of salesmen, and look-
ing at dozens of expensive,
slightly different terminals.
Oryou can look at two smart
terminals from Lear Siegler —
the ADM-31 and ADM-42. Com-
plete with user-reprogrammable

" personality, function keys, and

an eager and willing Appli-
cations Engineering Staff to
help you with any problems
you may run into during the
reprogramming.

The choice seems pretty
easy to us. But if you want more
information, call or write to us
at Lear Siegler, Inc./Data Prod-
ucts Division, 714 North Brook-
hurst Street, Anaheim, California
92803, (800) 854-3805. We'll be
happy to tell you all about the
ADM-31 and ADM-42.

And show you how you
can make your terminals behave.

m LEAR SIEGLER, INC.
DATA PRODUCTS DIVISION

Lear Siegler, Inc./Data Products Division, 714 N. Brookhurst Street, Anaheim, CA 92803. (800) 854-3805. In California (714) 774-1010. TWX

910-591-1157. Telex: 65-5444. Regional Sales Offices San Francisco (408) 263-0506. Los Angeles (213) 454-9941. Chicago (312) 279-5250.

Houston (713) 780-2585. Philadelphia (215) 968-0112. New York (212) 594-6762. Boston (617) 423-1510. Washington, D.C. (301) 459-1826.
England (4867) 80666.
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Five Minicomputers Control
Entire Wood Processing Plant

All production processes in the A/s Union wood pro-
cessing plant at Skien, Norway are fully supervised and
controlled by a distributed computer system developed
by Noratom Industrial Process Control, Holmenveien 20,
Oslo 3, Norway. Five minicomputers made by Norsk
Data A/s, Lindebergveien nord 20, Oslo- 10, monitor and
control the entire plant, which is said to be the only
one of its kind in Scandinavia.

Set up in a parallel configuration of computer pairs,
the computers are programmed such that under emer-
gency conditions two can take on all duties necessary to
maintain operation with no adverse effects on produc-
tion. As an indication of complete confidence in re-
liability, there is no conventional form of emergency
or standby control. The entire wood processing plant—
6-unit digester, washing and screening, sulphite liquor
evaporation, combustion, and chemical recovery—is
supervised by a configuration based on Noratom’s coNsup
system for control of industrial processes.

Through individual keyboards and trackballs, each of
four operators in a central control room can request
diagrammatic representations of any portions of the
process to appear on a color cRT for study. Modification
in the process or instructions for specific operations can
be ordered in a similar manner from the operator panel
for immediate action and a confirmation report.

Only those portions of the process that require aid
or change need be analyzed. The other parts are auto-
matically controlled without interference from modifi-
cation instructions.

System Description

Developed and designed in cooperation with the oEcp
Halden Reactor Project, a Norwegian nuclear research
center, the coNsuP system is based on use of 'a group
of dedicated but program compatible minicomputers
with a common memory, plus a “background” computer
for program development and data collection. Although
the dedicated computers in the A/s Union plant orig-
inally were Norsk Data NORD-10M OEM versions and the

58

background computer was a NOrRD-12, all are now NORD-
100 single-board minicomputers.

The consup distributed computer system is divided
into four functional blocks (Fig 1): process control,
process data base, operator communications, and back.
ground processor. All parts of the system communicate
through the process data base (PDB), a common memory
for the system that is continuously updated by the
process control units to maintain realtime status of the
process.

Communications units retrieve and process informa-
tion from the ppB for operator review and transfer op-
erator commands back to the pPpB for execution by the
process control units. Intelligent interface controllers in
the PpB control data traffic and reduce the probability
of interference from malfunctioning parts of the system.
Data transfer is through serial interfaces.

Process control units are made up of control pro-
cessors (minicomputers) plus input/output (1/0) cir-
cuits for interface to the process. Each control unit mon-
itors and supervises a portion or all of the process, up-
dates the PDB on process status, and executes programmed
control functions and operator commands.

1/0 signals are made up of both analog current or
voltage 1/0s and digital on/off signals. The process con-
tains 960 standard 4- to 20-mA analog sensors that mea-
sure valve position, temperature, pressure, level, flow,
weight, and motor current. Digital signals consist of
150 control loop inputs and 1000 start/stop and in-
crease/decrease outputs.

Each Norp-100 single-board minicomputer consists of
a 16-bit parallel microprogrammed central processing
unit with bit, byte, single-, double-, and triple-word, and
register file instructions; eight memory addressing
modes; fixed and floating point arithmetic with 48-bit
single precision; 128k bytes of virtual address space
and 32M bytes of main memory; and 16-level priority
interrupt system with each level having a set of eight
central registers. Other features include bootstrap load-
ing in firmware from dises, writable control store, in-
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WHY PUZZLE OVER PIECES?

Sece the whole picture on Sanders’ Graphic 7

Sanders’ Graphic 7 provides the whole picture by drawing bright, crisp vectors and symbols
so rapidly that you see all the data you want. Benchmark tests with actual time measurements
have proven Graphic 7 to be the refreshed cost/performance leader. This performance spells
results for your application.

Convenience? Chances are the Graphic 7 will interface directly to your minicomputer's
parallel DMA channel or connect to your mainframe via an RS-232
time-share link. The Graphic 7 dual microprocessors will handle the
graphics and let your computer do its job more efficiently.

At Sanders we build graphic displays to tough standards and
we support them. The reliability of a solid product backed by a
solid organization helps keep your job on track.

To make sure you get the whole picture of performance,
convenience, and reliability, call us at (603) 885-5280 and let us
arrange a demonstration of the Graphic 7. 2
Sanders Associates, Inc., Information Products SA A
Division, Daniel Webster Highway South,
Nashua, NH 03061. (603) 885-5280; SANDERS
TWX: 710-228-1894. ASSOCIATES, INC
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who sells you
a business computer for
medical analysis needs his
head examined.

At Sperry Univac, we don’t try
to fit your application to our computer.
Because we undoubtedly have the right
computer for your application.

Consider PROMIS Lab at the Univer-
sity of Vermont. They selected our V77
Series minis and terminals from Megadata
Corporation, a terminal manufacturer
located in Bohemia, New York, for a broad
range of medical applications.

Their unique Problem-Oriented
Medical Information System helps them
solve a lot of problems that plague
medical care.

The PROMIS Lab computers aren’t
used just by data processing people.
They're used by doctors, nurses, radiolo-
gists, pharmacists, and even patients.

All paper records in one ward have
been replaced by electronic records
to organize medical information; reduce
dependence on human memory; and
provide feedback for everyday medical
problems. Simply stated, the entire
system is designed with the patient’s
health care in mind.

Our minis make it easier for the
busy medical staff to interface with the
computer system. Cost effectively,
efficiently, and with real-time speed.

The fact is, we cured PROMIS
Lab’s problems quickly and easily.

But hardware is just the beginning.
Our network data base manage-
ment system lets you integrate data into
one or more logical structures for quick

random access.

PRONTO, our mini distributed data
processing program, boosts the efficiency
of your mainframe. By taking care of all
your remote computer needs. And freeing
your host to do the work it does best.

And, when it comes to languages,
we speak yours. Whether it’s English,
FORTRAN, COBOL, or RPG II.

For more information, write to us at
Sperry Univac Mini-Computer Operations,
2722 Michelson Drive, Irvine, California
92713. Or call (714) 833-2400, Marketing
Communications.

In Europe, write Headquarters,
Mini-Computer Operations, London
NW10 8LS, England.

In Canada, write Headquarters,
Mini-Computer Operations, 55 City
Centre Drive, Mississauga, Ontario,
L5B 1M4. ,

Even if you don’t have a medical
application, we think you’ll like our
prescription.

Y=4=UNIVAC

SPERRY UNIVAC IS A DIVISION OF
SPERRY RAND CORPORATION

CIRCLE 33 ON INQUIRY CARD ; 61



DIGITAL CONTROL AND
AUTOMATION SYSTEMS
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equipment and all commands from the operators

Fig 1 CONSUP distributed computer system for control of wood processing plant. Process database (PDB) serves
as common memory for other system units: operator communications, process control, and background processor.
Each of five processors (NORD-100 minicomputers) continuously updates PDB which stores all inputs from process

\

struction prefetch, firmware monitor, optional 2k-byte
cache memory, and optional fast cycle.

Among the peripheral units for a typical minicom-
puter system, as shown in Fig 2, are a display terminal
with color crT and keyboard, rackmounted or freestand-
ing floppy disc drives for up to 308k bytes of memory,
as many as eight hard disc drives for a total of 2304M-
byte capacity, a variety of magnetic tape drives, 160-
char/s matrix printers, 300/600/1000-line/min printers,
and electrostatic printer/plotters. Communications equip-
ment includes synchronous and asynchronous modem
controllers and direct memory access interface.

A microprocessor, operating independent of program
execution, drives the operator’s panel, containing a dig-
ital clock with battery backup and a digital display for
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debugging from the system console. When power returns
after a power failure, the system automatically restarts
and the realtime clock is updated by the digital clock.

Because the pPpB is the only single unit in the system
that might cause total system failure if it malfunctioned,
it is protected from possible disturbances caused by mal-
functioning of other parts of the system. Power supplies
are duplicated and an error correction scheme auto-
matically corrects all 1-bit errors.

Interface controllers detect transmission errors and
protect the memory from them. In order to access data
in the pcB, interfacing units must match a password
assigned to each data element or block.

Operator communications units (Fig 3) are made up
of a console containing a 625-scan line color CRT mon-
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DEAR
DEVELOPMENT

You'll love letting Data 1/0’s System 19 do your
programming while you do the important things.

Once you've developed a PROM packages so your development system can
program on your development system, transmit data to the programmer.
simply download it into a Data I/O System 19 offers all these development

System 19. This frees your development  system object code formats in a single
system for the next person who needs it.  package:

Later, if you discover that a statement RCA Cosmac, Motorola Exorcisor,
has been left out, or you need to edit the  Intel Intellec 8/MDS, Signetics Twin, MOS
program, you can use the System 19 to Technology, Fairchild F'8 Formulator,
make all the necessary changes without  Tektronix 8001, and Zilog MCZ-1.

once interrupting work being done with Best of all, Data [/O System 19 is
the development system. And your priced within just about everyone's budget.
System 19 can program every kind of You haven't shopped around until

bipolar and MOS PROM —not just the you've looked at Data [/O. Let us show you
few MOS PROMs that most development the difference. Circle the reader service
systems program. number or contact Data [/O, PO. Box 308,
The System 19 saves you time by elimi- Issaquah, WA 98027 For answers
nating the need for you to build software  fast, call toll free: 800-426-9016.

DATAI/O

Programming systems for tomorrow...today. .
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

itor, display processor (minicomputer), terminal con-
troller, function and alphanumeric keyboards, cursor
control trackball, and audible alarm. All components in
the console connect to the display processor. The soft-
ware definable function keyboard is configured to meet
the specific requirements of the process being controlled;
the alphanumeric keyboard allows plain language com-
munication.

The background processor, a minicomputer with disc
storage and printer for hardcopy records, is used for
program development and simulation. In addition, it
serves as a storage medium to enable quick restart of
the control and display processors. This processor also
collects and evaluates long-term maintenance data, auto-
mates measurements, generates reports, and performs
general processing of data.

KYNAR"gives you another advantage.

MECHANICAL
STRENGTH.

KYNAR PVDF insulation delivers
high tensile strength and good
elongation, high impact
strength, resistance to fat-
igue, excellent abrasion
and cut-through resistance,
and cold-flow protection.
Get full information. Write
KYNAR, Pennwalt Corporation,
Three Parkway, Philadelphia,
PA 19102. Or call (215) 587-7514.

)= FJENNWALT

CHEMICALS ® EQUIPMENT
HEALTH PRODUCTS

®KYNAR is a registered trademark of Pennwalt Corporation
for its polyvinylidene fluoride.
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Fig 2 Components of typical NORD-100 minicomputer sys-
tem. Single-board 16-bit computer interfaces with color CRT
terminal, floppy and hard disc drives, printers, and magnetic
tape drives

Functional Description

Analog and digital inputs from all process equipment
being monitored, operator instructions, and control
parameters (setpoints, alarm limits, configuration com-
mands) are stored in the ppB. Data from local memory
are transferred to the pPDB at intervals specified for the
type of variable and need for data. However, process
control units routinely maintain control, perform re-
dundancy switchovers, and carry out process procedures
independent of the pDB.

Display processors tie the operator to the ppB by
presenting needed data in the form of mimic or block
diagrams; alphanumeric alarms, status tables, or mea-
surements; bar graphs; or trend curves with variable
time scales. Images requested by the operator are gen-
erated, picture elements are connected to variables or
groups of variables, and images are updated by frequent
access to the PpB. These processors also keep track of
variables not related to the current display in order to
alert the operator when important changes in equip-
ment status occur.

Frequently used diagrams and displays are generated
and stored by the display processor, while others are
stored in the background processor and transferred to
the display processor on request. When process change
signals are detected by the process control unit, a con-
trol processor outputs a signal to change a value in
the ppB. The display processors scan the pbpB to detect
such changes and then convert the changes to the cor-
rect display and position. Irregularities trigger a light
or sound alarm according to priority and specify to
the operator which diagram is involved. On occasion,
the operator may use this capability for noncrisis alarms
by introducing thresholds within normal operating
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Fig 3 Operator communications units at control room. Each
of four consoles contains color CRT display, displdy proces-
sor, terminal controller, function and alphanumeric key-
boards, and trackball. Operator calls for diagrammatic dis-
play through commands on function keyboard and chooses
area for study by moving trackball. Alphanumeric keyboard
enables plain language communication

ranges in order to be notified when those limits are
passed.

Most operator commands are entered through the
function keyboard. An operator presses one or more
buttons to select a required display, uses other buttons
to specify a choice of fixed functions, and manipulates a
third group to choose variable functions. To enter a
command, the operator moves the display cursor to the
appropriate symbol on the screen and presses the asso-
ciated button on the keyboard. However, before that
command is passed to the PDB it is checked for validity
by the display processor.

Software

Operating system SINTRAN III is a general purpose sys-
tem based on a virtual storage concept with additional
features such as output spooling. Each interactive ter-
minal is allotted an equal share of system resources, but
time-slicing provides each operator with the feeling of
total command of the computer.

Operations such as multilingual programming, data
entry and retrieval, and file manipulation are performed
without time lags. Several realtime programs can be
run simultaneously by assigning task priorities. Batch
operations include both multiple local batch streams
and remote batch emulator software. Batch processing
does not interfere with realtime tasks.

DC&AS BRIEFS

Microprocessor Based Data Entry/Display
Terminal Provides Simplified Interface

Communication in serial Ascir with 20-mA current loop
and rs-232-C/V.24 conditioning at up to 1 mi (1.6 km)
from the cpu is enabled by the TM25 Microterminal at a
fraction of the cost of a full-scale cRT and printing
terminal. This 8.5 x 4.5 x 0.6” (21.6 x 11.4 x 1.5-cm)
device from Burr-Brown, po Box 11400, Tucson, Az
85734, contains an 8-digit LED display, seven function
indicators, hexadecimal or numeric keyboard, and seven
function keys on its waterproof front panel.

Buffered data entry permits message verification before
transmission to the cpu and allows the terminal to trans-
mit complete messages at maximum speed. Depressing
a function key generates preprogrammed action by the
user’s cPU. These key functions are defined in cPU soft-
ware and identified on the terminal’s panel. Function
indicators show cPU acceptance of keyboard entries and
can be programmed to initiate operator action. Both
power and signal 1/0 are provided through a single
RS-232 connector. 9|
Circle 160 on Inquiry Card

KYNAR"gives you another advantage.

COST-
SAVINGS.

In many cases, for less cost than
other fluorinated insulations,
KYNAR PVDF gives you
abrasion and cut-through
protection plus excep-
tional compatibility with
wire-wrap equipment., Get
full information. Write KYNAR, é
Pennwalt Corporation,

Three Parkway, Philadelphia, PA -
19102. Or call (215) 587-7514.

)= MENNWALT

CHEMICALS ® EQUIPMENT
HEALTH PRODUCTS

®KYNAR is a registered trademark of Pennwalt Corporation
for its polyvinylidene fluoride.
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Our entryJevel Dual-Board Micro.
It goes places one board wont.

B¢ 28l wal  eE o2 Sn

up to 8Kb PROM, console
interface port, asynchro-
nous serial I/0O, and clock.

You also get the flexi-
bility to configure more
gowerful systems simpl

y replacing the LSI-11/
rocessor board with our

new LSI-11/23.

At Digital, we look at
micros with a systems
understanding. That’s why
we offer our 16-bit micro-
computer family —in
boards, boxes and systems —
with the most powerful,
advanced, and proven
software on the market.
And why we offer hun-
dreds of hardware tools —
memory and interface
boards, complete devel-
opment systems, periph-

erals and terminals.

All backed by over
11,000 support people
worldwide.

It's the total
approach to micros,
only from Digital.

For more informa-
tion, contact Digital
Eﬁuipment Corporation,

-2/M70, One Iron
it B Way, Marlborough, MA

Instead of putting all the capability 01752. Or call toll-free 800-225-9220.
we could on one large board, like other (InMA, HA, AL, and Canada, call
micro companies, we put it on two very 617-481-7400, ext. 5144.) Or contact your
small boards. The result is the best form local Hamilton/Avnet distributor. In
factor you can find in 16-bit entry-level Europe: 12 av. des Morgines, 1213 Petit-
micros. Lancy/Geneva. In Canada: Digital

And for just $826 in 100’s. Equipment of Canada, Ltd.

Ononeb5.2” x8.9” (13.2 cm x 22.8 cm)
board you get the 16-bit LSI-11/2 micro-

It took the minicomputer company

computer, with the PDP-11 instruction to make micros this easy.

set and a 380ns cycle time. On the

other board you get everything else to

implement your system —8Kb RAM

standard (or 32Kb optional), space for
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SEMICONDUCTOR MEMORY
UPDATE—PART 1: ROMS

A comprehensive perspective clarifies the availability of
semiconductor memory types and technologies, beginning with read
only memories, to assist designers in developing reliable, efficient,
and cost-effective computer storage implementations

Eugene R. Hnatek

Monolithic Memories, Incorporated, Sunnyvale, California

‘Availability of semiconductor memories—random ac-
cess, read only, charge-coupled, and magnetic bubble
—offer many memory component combinations that
can meet specific design criteria. This 3-part overview
of the various technology options, along with type of
memory and fabrication process, has been arranged to
help the designer to make the necessary tradeoffs, thus
assuring reliable and cost-effective memory use. Part 1
analyzes ROMs; parts 2 and 3, to be published in con-
secutive months, will present similar in-depth sum-
maries, respectively, of RAMs and higher density
technologies (principally CCDs and magnetic bubbles).

'mprovements in computer system work potential
have been achieved through the realization that pro-
cessor technology could be distributed, software could
be produced to control the resulting network, and
memories could be organized to allow access to local
and global data bases. Vast, low cost memories, hier-
archically organized according to speed and thus cost,
make the data to be processed available to a system
with minimal or no human intervention. In addition to
effecting a possible decrease in systems software over-
head, the provision of direct access to greater volumes

of data improves application speed, freeing more time
for increased processing.

Large, cost-effective memories can also augment sys-
tem usage by providing more space for software. This
factor, in turn, has a significant and positive impact
on the cost of software production and maintenance.
Developments in very large scale integration (visi) will
make megabit storage chips a practical reality in the
early 1980s (eg, the Intel 7110 1M-bit bubble memory).

A single semiconductor chip in 1985 will contain a
relative performance equal to that of an 1BM 370/158
high end mainframe. The 8080 microprocessor has a
performance equivalent to about 1/100 that of the
/158. vLsI technology continues to drive down the cost
of computing, while increasing performance will create
a fundamental reversal from centralized data processing
to dispersal of processing power. However, this reversal
complicates the management of data processing func-
tions. In addition, vLsI combined with low cost hard-
ware will allow the implementation of inexpensive soft-
ware.

Advent of the 4k dynamic n-channel metal oxide
semiconductor (NM0s) random access memory (RAM)
resulted in the adoption and proliferation of semicon-
ductor memories in lieu of ferrite core for bulk storage
applications in the 1973-1974 time frame. This choice
was based on device reliability, performance, cost, and
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TABLE 1
Semiconductor Memory Types and Applications

Application
High Density Bulk Storage

Memory Technology

- 64k NMOS dynamic RAM, magnetic bubble,

MOS ROM

Microprogram Writable Control
Stores

Disc Replacement
(Fixed and Floppy)

High Speed

Byte Organization
(Microprocessor Support)

Magnetic bubble, static
NMOS, ECL, and TTL RAM

16k/64k dynamic RAM, magnetic bubble

Bipolar (TTL/ECL), static NMOS RAM

Static NMOS/CMOS RAM, bipolar P/ROM,
CMOS/NMOS EPROM, programmable

array logic

EPROM Compatible
Low Power

Static NMOS RAM, MOS ROM
CMOS P/ROM-RAM, static and

power shutdown NMOS RAM

Nonvolatility

Bipolar P/ROM, magnetic bubble,

bipolar/MOS ROM, EAROM

Intelligent Terminals
Peripherals

Magnetic bubble, static NMOS RAM
Magnetic bubble, bipolar P/ROM-ROM,

MOS EPROM, EAROM, static RAM

the potential for further dramatic price reduction. The
increased density available with 16k and 64k RAMs,
coupled with increased and unprecedented performance
(high speed, low power, etc) due to circuit design
innovations, reduced memory storage cell sizes and
processing, and masking innovations, has firmly en-
trenched the use of semiconductor memory for computer
applications. In addition, the microprocessor and its
widespread use in computer applications has further
increased the use of semiconductor memory in main-
frame computers.

Technology Background

Different categories of semiconductor memories and
specific data storage applications where they find primary
use provide system designers with a wide range of
options (Table 1). In general, mos electrically pro-
grammable read only memories (EPROMs) and dynamic
RAMs are used extensively in microcomputer and mini-
computer applications, while slow electrically alterable
read only memories (EAROMs) are more suited to periph-
erals, at present. In addition, large volumes of dense
dynamic M0s RAMs are used in small and large main-
frame computers for bulk storage. Bipolar program-
mable read only memories (P/RoMs) provide high
speed microprogram capability to microcomputers, mini-
computers, peripherals, and small and large mainframe
computers. Bipolar RAMs serve as scratchpad and file
memories in minicomputers and small and large main-
frame computers. The most recent category of memory
that is receiving considerable attention is the mMos static
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rRAM, which is challenging the bipolar raM from per-
formance and cost viewpoints, both in buffer and cache
applications and in microcomputer and peripheral ap-
plications. Magnetic bubble memory, charge-coupled de-
vice (ccp) memory, and high density (32k and 64k)
Mos read only memories (rROMs) find extensive appli-
cations as tape, disc, and drum memory replacements
and as bulk storage.

Discussion of the relative merits of semiconductor
memories centers on packaging density (maximizing
the number of bits or cells per chip), speed of the
memory system in terms of access time (the faster
the speed, the shorter the access time), and cost per
bit of storage—a widely used figure of merit to com-
pare various memory technologies. Figs 1 and 2 compare
cost per bit versus access time and price per bit versus
storage capacity, respectively, for several categories of
semiconductor memories. As shown in Fig 1, bipolar
technology has the shortest access time but at the
highest cost per bit, whereas ccps and magnetic bubbles
exhibit both a lower cost per bit and longer access
time. Fig 2 shows that Mos RAMs, ccDs, and magnetic
bubbles have similar storage capacities but at differing
prices. Thus, the particular memories that are ultimately
selected depend on several tradeofl constraints.

A prime distinction between memories is the manner
in which information is stored (written) and accessed
(read). RAMs involve column and row matrices, which
allow information to be stored in any cell and accessed
in approximately the same time. By contrast, serial
access means that information is stored in column
order, and access time depends on where the desired
bit is with respect to the sensing station. Shift registers
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ipolar RAMs have lowest access times (highest

speeds) but also greatest costs. Magnetic bubbles and

are examples of serial access memories. On a larger
scale, ccp and magnetic bubble memories are types
of shift registers that are gaining use in low speed
applications. They are not, however, based on transistor-
cell configurations.

Permanence of information entered is indicated by
the designations of read/write (R/W) memory and
ROM. A R/W memory permits data to be entered or
read out at any time. In contrast, a RoM may have
data entered either permanently or semipermanently,
mainly for readout purposes. Thus, in ROMs, a permanent
program is fixed or unchangeable, while a semipermanent
program is reversible and changeable.

As for process technology, memories employ the
same manufacturing processes and variations as digital
logic systems. These include the bipolar technologies—
transistor to transistor logic (TTL), emitter-coupled
logic (EcL), and such variations as Schottky TTL and
integrated injection logic (11L), plus the Mos tech-
nologies—p-channel M0s (PMo0s), n-channel M0s (NMOS),
complementary Mos (cMo0s), and vertical Mos (vMos).
Performance qualities that distinguish products built
in each of these technologies carry over to their appli-
cations in memory devices. Technologies that permit
fast logic also permit fast memories, those that permit

STORAGE CAPACITY (MEGABITS)
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memories are bipolar ECL and Schottky TTL devices.
Such devices have access times of about 5 to 100 ns;
however, power consumption tends to be higher. Mos
memories have access times that overlap those of bipolar
devices (from about 35 ns to 5 ps), but power drain
is generally lower and supply regulation is less critical.
Presently, most semiconductor memories have shifted
from PMOs to NMoOs because of increased speed and
packing density. cMos devices have lower power con-
sumption, but are more expensive.

Obviously, static and dynamic memory cells differ.
Static memories are internally regenerative; they are
designed to protect against false or ambiguous opera-
tion and come in two varieties: high speed and low
power. Conversely, dynamic memories require refreshing
at periodic intervals and are subject to high current
transients, but they cost less, are simpler, and need less
silicon area.

Important, but confusing, distinctions exist in the
ROM class. These memories are set to yield the same
output at all times unless they are altered to change
the data placed within them. The term RoM generally
refers to a memory programmed during a final mask
step as part of the factory fabrication process. Fac-
tory programmed RoMs are likely to function as de-
coders, translators, or even as libraries of universal or
standard data. Factory programming is most economical
for medium to large quantities of memories with set
patterns and a fixed circuit design. Programs subject
to change or engineering alteration, however, may use
some form of P/RoM. In these devices, permanent changes
in the cell interconnects are produced either by elec-

trically destroying or “burning out” fusible metal links
or by deforming a transistor junction with an over-
voltage.

Bipolar P/ROMs

The majority of bipolar or fusible link P/rROMs use
Schottky TTL technology to achieve address access times
(Tga) of 30 to 90 ns (max), depending on memory
size and organization, typically 32 to 2048 words in
either 4- or 8-bit formats (Table 2). Power supply
currents (I¢c) range from 65 to 180 mA (max).
pP/RoMs with both open-collector and 3-state outputs
are readily available. The 3-state output offers two
major advantages over open-collector types. First, a
low impedance driver is available for driving capaci-
tance on the memory output, resulting in a faster low
to high transition. Second, no pullup resistor is required.
Differences in bipolar P/RoMs occur in fusing tech-
nology and methods for programming p/Roms. Fusible
materials in widespread use are nichrome, polysilicon,
and titanium-tungsten. Nichrome-fused p/rROMs have
been proven reliable, but use high voltage programming
techniques; polysilicon-fused p/rRoMs utilize low voltage
programming techniques. While titanium-tungsten fuses
provide high speed p/RoMs with low programming volt-
ages (high reliability), they do not have high usage
history. The type of fuse that the system designer
selects depends upon the method of programming and
documented reliability. Bipolar p/RoMs from several
manufacturers may be completely pin compatible, al-
though totally different from a programming viewpoint.

TABLE 2
Bipolar P/ROM Speed Summary

Total

Bipolar No of No of
P/ROMS Bits Words

8 bits wide 16k 2k

8k 1k

4k 512

2k 256

512 64

256 32

4 bits wide 16k 4k

8k 2k

4k 1k

2k 512

1k 256

Address Access Times Taa

(ns max)
Low Power

Schottky Schottky
65 to 90 120
45 to 90 175
45 to 75 —_
45 to 70 —

40 —

25 35

70 —
60 to 90 75
50 to 80 65
45 to 70 55

45 to 65 55



Once programmed, bipolar p/RoMs cannot be changed.
Thus, they provide nonvolatile, nonalterable storage
and are useful for prototype systems. Many bipolar
P/ROMs are completely interchangeable (electrically and
pin compatible) with an equivalent rom. In addition,
there is upward compatibility of devices, ie, the ability
to replace a 512 x 8-bit, 24-pin p/rRom with a 1k x
8-bit, 24-pin P/RoM using the same socket, without
redesigning the printed circuit board. This upward
compatibility exists for other devices as well.

High speed bipolar p/RoMs are incorporated in sys-
tems using high performance microprocessors, such as
the Z80, where it is not feasible to use slow speed
MOS memories that require the cPu to wait for memory.
Some bipolar p/rRoMs are designed to replace an Mos
equivalent product; the Signetics 8252708 is a direct,
high speed, bipolar equivalent to the popular Intel
2708 mos EPROM. Other bipolar p/RoMs are pin com-
patible with static Mos RAMs, such as the Monolithic
Memories 6353, Intel 2114, and Texas Instruments
T™s4045, for use as writable control stores in micro-
processor based equipment. However, differences occur
in speed of operation, as well as in power dissipation—
especially since the 2114 and 4045 can be operated
in a power-down (low power dissipation) mode, but
the 6353 cannot. Interchangeability among these three
memories provides the designer with flexibility to change
from an essentially fixed program device (P/ROM) to
a R/W memory device (static RAM).

State of the art in density for bipolar P/ROMs is
16,384 bits, organized as 2048 x 8-bit words. In the
near future, 16,384-bit p/RoMs should become available
in 4096 x 4-bit organizations; in the long term, 32k
P/ROMs in 4096 x 8 and 8192 x 4 configurations and
64k p/roMs in 8192 x 8 configurations (as developed
by Toshiba), will be forthcoming. Two performance

areas are being stressed: high speed (low address access
time) and low power dissipation. Since these two char-
acteristics cannot be obtained concurrently, several
versions of the same organizations will exist—a speed
enhanced version and a low power consumption version
—all with open-collector and 3-state outputs. In addi-
tion, power switched and synchronous/asynchronous
registered P/RoMs will soon be available in both Schottky
and low power Schottky TTL technologies.

Development by Fujitsu of a new bipolar p/ROM
fuse and isolation technology, in conjunction with
Schottky TTL, will cut access times to half of those
available with present devices. The faster access time
results from several isolation techniques and a diffused
eutectic aluminum process (DEAP) that replaces conven-
tional fuse links and reduces cell size to half that of
conventional P/RoMs. Two passive isolation techniques—
shallow V.-groove (sve), which appears to be a bipolar
version of vMos, and isolation by oxide and polysilicon
(1or)—give closer cell spacing. These techniques allow
the fabrication of a 1k x 4-bit p/Rom with a T4 of
25 ns, Ppigs of 450 mW, and one-half of the required
programming energy of present P/ROMs; permit an
increase of P/RomM density to 32k bits; and cut die
sizes in half for 4k and higher density p/Roms. These
new speeds should increase p/ROM usage in high speed
applications. Fujitsu will begin sampling the mB7122
25-ns 1k x 4 °p/roMm, the MB7128 2k x 4 P/ROM, and
the MB7132 1k x 8 P/ROM using DEAP technology in
the first quarter of 1980.

Although bipolar p/RoMs traditionally have been
used for programming writable control stores, this
situation will change in the near future. M0s ROMs
and P/RoMs will become available and will impact this
market. One such device, the Mostek 120-ns, 150-mW,
64k Mos roM, planned to have a T,, of 80 ns, should
be available in 1980.

TABLE 3
Commercially Available Bipolar ROMs*

Organization Manufacturer Part Number  Outputs  Taa (ns, max) lcc (MA, max)
1024 x 8 Monolithic Memories 6280/6281-1 OC/TS 100 180
Monolithic Memories 6280/6281-2 OC/TS 85 180
Monolithic Memories 6282/6283-1 OC/TS 100 180
Advanced Micro Devices - AM27S80/S81 OC/TS 70 to 135 140/170
National Semiconductor DM85529/528 OC/TS ‘90 160
2048 x 8 Monolithic Memories 6275/6276-1 OC/TS 110 190
1024 x 9 Monoiithic Memories 6260/6261-1 OC/TS 100 165
1024 x 10 Monolithic Memories 6255/6256-1 OC/TS 100 165
Notes: .

*Notably absent are ROMs with a density of less than 8192 bits,

as well as Fairchild 934XX and Signetics S25XX devices.
OC = Open Collector
TS = 3-State



Bipolar ROMs

Bipolar roms duplicate M0s ROMs in memory cell array,
X-address decode or row select circuits, and Y-address
or column select circuits. Output drivers provide the
degree of output drive necessary for offchip load circuits.
Since bipolar devices have much lower impedance than
MO0s, more drive capability is required throughout bi-
polar ROM circuits.

Bipolar RoMs are fabricated using Schottky TTL tech-
nology to obtain low access times and low power require-
ments. By eliminating programming circuits, smaller
die size and higher reliability monolithic devices are
obtained. These rRoMs offer a low cost solution to pro-
gram memory for high volume usage. A major deterrent
to their use, however, is their inflexibility to change.
This precludes their use in prototype or very low
quantity production systems. As mentioned, bipolar

ROMs that are interchangeable with bipolar pP/ROMs
are available.

Prior to 1978, bipolar roMs were available with
speeds of 25 to 100 ns and with densities of 256 to
16,384 bits. However, due to the customized nature of
these devices, the general shortage of semiconductor
memories (and of fabrication capacity), and the in-
creased profit margins of other memory device types
subsequent to this time frame, the only available bipolar
ROMs are for densities of 8192 bits and greater from
two suppliers (Table 3).

The near future for bipolar RoMs appears dim. After
both Fairchild and Signetics announced similar type
devices, they decided not to proceed with production.
For the long-term future, bipolar RrRoms, except for
unique devices, should disappear from the marketplace.
The void will be filled by mos EPRoMs and M0s ROMs,
due to their high density and low cost. When speed

TABLE 4
Commercially Available MOS EPROMs (UV Type)

Inter- Power ;

changeable Access Time Supply Maximum Current (mA)
Mfr—Model No ROM Size (ns max) (V) Active Standby
Intel 1702A 1302 2k 1000 5 -9 65 (885 mW) 65
Intel 2704 — 4k 450 12, *5 65 (800 mW) 65
TI TMS2508 —_— 8k 250, 300, 350 5 446 mW 131 mW
Intel 2708 ; 2308 8k 350, 450 12, =5 65 (800 mW) 65
Tl - TMS27L08 _ 8k 450 12, 5 580 mW ——
Intel 2708L : 2308 8k 450 12,5 425 mW _—
Intel 2758 — 8k 450 b 525/132 mW —
Intel 2716 2316E Akl 350 to 450 5 100 (550 mW) 25 (138 mW)
TI TMS2716 k —_— 16k 450 12, =5 45 (720 mW) —_—
Mostek . MK2716T MK31000 16k 350, 390 5 N/A N/A
TI TMS2516 e 16k 350, 450 8 285 (525 mW) 50 < 131 mW
Hitachi - 16k 250 5 330 mW —_
Intel 2732 2332/2364 32k 450 8 150 (788 mW) 30 (158 mW)
Tl TNG2532" TMS4732 32k 450 D 168 (840 mW) 10 (131 mW)
TI TMS25L32 TMS4732 32k 450 5 95 (500 mW) 131 mW
Motorola MCM2532/ MCM68A332 32k 350, 450 8 N/A . —

25A32 '
Motorola MCM68764/ MCM68A364 64k 350, 450 9 500 mW 100 mW
68A764 '

TI. TMS2564 TMS4764 64k 450 5 840 mW 131 mw
Notes:

*Not compatible with 2716 or 2732
N/A = Not available .

Ali UV EPROMs are encased in industfy standard 24-pin DIPs except TMS2564, which fits in a 28-pin DIP.

TMS2532 is not pin compatible with Intel 2732,

MCME68764 will be encased in a 24-pin DIP, depar(tn‘g from industry accepted 28-pin DIP, TMS2564 64k EPROM.



is mandatory, bipolar p/rRoms should fulfill application
requirements,

MOS Ultraviolet EPROMSs

The mos ultraviolet EPROM is both field programmable
and reprogrammable. Commercially available EPROMSs
(Table 4) use floating gate avalanche injection MoOs
(ramo0s). Floating refers to the fact that the gate of
each transistor is left unconnected, or electrically float-
ing in an insulating layer of silicon dioxide. M0S EPROMs
are typically five to ten times slower than bipolar types,
they need multiple power supplies for operation (how-
ever, newer versions such as the Intel 2716 all use single
5-V supplies), and they are volatile to the extent that sun-
light or fluorescent lighting can cause charge loss and
thus erasure. These disadvantages are offset in many
applications by their flexibility (field programming)
and low cost. They can be programmed for a certain
content, used, and then reprogrammed with a different
content. Thus, they are ideal for prototype product
development and applications that have constantly
changing data requirements.

Reprogramming capability is gained by use of a
trapped electronic charge technique for programming,
instead of the destruction of a fusing element as in
bipolar memories. Application of a high voltage across
the transistor causes a “tunneling” of high energy
carriers that open a conducting channel. However, sev-
eral minutes’ exposure of the chip to an intense, low

frequency, ultraviolet light source causes a photo-current
to flow that reverses the process by sweeping the charge
from the floating gate and returns the gate to its float-
ing state. The device may be reprogrammed and erased
indefinitely. Erasure must be performed properly to
ensure programmability and to avoid dropping bits with
age and temperature. There are no reprogrammable
bipolar EPROMs because the trapped charge technique
cannot be implemented easily in bipolar technology.

The industry standard 2708 8k EproM has been re-
placed by the 16k 2716, available from major semi-
conductor manufacturers. Recently introduced 11 TM$2532
and Intel 2732 32k EPROMs are organized as 4k x 8
bits and operate from a single 5-V supply. However,
a pinout problem exists with current 32k Eproms. This
problem, if not solved immediately, will be compounded
with the advent of the 64k EPROM and cause confusion
for designers. Basically, the manufacturers of 32k
EPROMs have aligned themselves into two methodologies
(similar to what happened in 1974 for 4k ~NMoOs
dynamic RAMs). This situation has been prompted by
attempts at predicting future pinouts of 64k EPROMSs
and at adjusting pin compatibility with available 16k
EPROMs, 32k and 64k M0s ROMs, and static RAMs.

Two distinct pinouts for the 32k EPrROM involve the
functions appearing on pins 18, 19, 20, and 21, as
represented by the Intel 2732 and TI T™Ms2532 devices.
The Intel 2732 is functionally and pin compatible with
the 2716 16k EprOoM and its own 32k ROM—a natural
progression of parts. The Fujitsu MB8532 is also pin
compatible with the 2732. The pinout of the T™Ms2532,

/—32k EPROM—

/—— 64k ROM —— — 64k EPROM—

0l 16k EPROM
TMS2564 | INTEL 32k Industry | |NTEL Motorola
64k 2364A EPROM/ INTEL Tl Industry* [ 64k ROM | 2364A TI MCM
EPROM |64k ROM| ROM 2732 | TMS2532 | 32k ROM |(MK36000)| 64k ROM | TMS2564 | 68764
Vpp NC 131 28 Ve Vee
CSy A £ 2 cs, oS,
A, 240 V¢ CS,
As ]2 231 Ag Ag
As[]3 22[1Ag Ag
A4 210 A4 Vep CS,/CS; |A+z Ay A2 A2
As005  20[0OE/Vep|Pp/Pam |CSy/CS; |CE/TCS |OE Po/Pam | CE/Vpp
A6  190Aq A1 A1o A1 A1 A1 A1o
A7  18[CE/Pgm|A11 Aqq Ay CE Aq At
Ap]8 17307 07
0o09 16105 Og
01010 15305 Og
0,011 140, O4
GND 12 13 303 03
No of Pins 24 24 24 24 28 28 24

*Industry standard 32k ROM is supplied by TI, Electronic Arrays,
Motorola, National Semiconductor, NEC, Signetics, and Synertek.

Fig 3 ROM and EPROM pinout variations. Differences occur on pins 18, 19, 20, and 21 among device cate-
gories. Ultimate resolution of industry standards will be accomplished by system designers




while not compatible with the 2716, has been chosen
with a view toward the future—easy upgrading of 32k
EPROM systems to 64k systems. The main functional
difference between the Intel and TI devices is the out-
put enable feature of the Intel device, which controls
the output buffer to eliminate bus contention prob-
blems in multiplexed microcomputer systems. The
T™S2532 is compatible with RoMs manufactured by a
variety of suppliers. Motorola’s 64k EPrROM (MCcM68764)
is also fully pin compatible with the TMs2532.

Two package types for 64k Roms are 24 and 28
pins. The 28-pin package allows ROMs to better cope
with the newer higher speed microprocessors and yields
easy upgrading compatibility with the Intel 2732 EPrROM.
The 24-pin device is pin compatible with the industry
standard 32k RoM and the T™s$2532 32k EPROM, also
allowing easy upgrading.

At the next level of integration, 64k EPROMs require
a 28-pin package to handle the extra control pin. The
exception is the Motorola Mcm68764, which will be
encased in a 24-pin pIP for easy upgrading from, and
pin compatibility with, present generation products: the
T™™$2532 32k EPROM and the Mostek 36000 industry
standard 64k rom. The 28-pin approach, as exemplified

by the T1 T™™s2564, allows simple upgrading from the
T™™$2532 EPROM and compatibility with future products,
but it must be adapted for current products. Thus, the
problem facing designers is whether to use a 64k EPrROM
that is immediately compatible with current products,
or to use a device that will be upward compatible
with future generations but requires separate board
design for EPROM and current ROMs. In the meantime,
some manufacturers, including Mostek, Intel, National
Semiconductor, and Synertek, are developing their own
64k EPROM strategies, some with different pinouts.

Although EPROMs present a confusing and frustrating
implementation for systems designers, they will ulti-
mately decide the pinout to be accepted as the industry
standard. This will hopefully lead to a single standard
rather than a dual (32k EPrROM), or even quadruple
(64k EproM) standard. Fig 3 depicts the packages for
the two different 32k-bit EPROMs, in comparison with
the industry standard 32k Rom pinout, the Intel 2464A
and Mostek 36000 64k rROM pinouts, and the T1 TMS2564
and Motorola McM68764 64k EPROM pinouts.

Versatility, ease of use, and low power consumption
should promote new and improved EPROMs. A 64k unit
should appear within the next 12 to 18 months, as should

TABLE 5
Typical Available EAROMs (MNOS)

Mfr EAROM Organization
Nitron NC 7033 21 x 16
Nitron NC 7040 64 x 4
Gl ER 2055 64 x 8
Nitron NC 7055 64 x 8
Nitron NC 7714 256 x 4
Nitron NC 7051 1024 x 1
Nitron NC 7451 1024 x 4
Gl ER 1400 100 x 14
Gl ER 2050/51 32x 16
Gl ER 2401/2402 1024 x 4
Gl ER 3400/01 1024 x 4
Gl ER 2805/2810 2048 x 4
Rockwell 10443 256 x 8
Nitron 7053 128 x 8
Nitron 7810 2048 x 4
Notes:

Gl = General Instruments
N/A = Not available

Max Access Pkg DIP
Time (us) Alterability (Pins)

2 to 5 (serial data) word 8
2 to 5 (parallel data) word ‘ 24
2 word 22

4 word 22

0.9 to 1.5 (parallel date) word 22
2 to 5 (serial data) word 28
2to5 word 22

833 (serial data) word 14

6 to 10 word 28

2 chip 24

0.95 word 22

26 block 24
N/A N/A N/A

1.0 word 24

1.4 chip 24



higher speed and lower power versions of 32k and
64k. Initial 64k EProM samples should appear in early
1980. In addition, 128k- and 256k-bit versions are
expected by 1985. Also, there is a lot of activity in cMo0s
pP/RoMs (both fusible link and ultraviolet types) from
Intersil and Harris because of the need for low power
dissipation in battery applications and ease of use. In-
tersil offers a low power cMO0S EPROM in two versions:
1k x 4 bits (6603) and 512 x 8 bits (6604). Harris
has 512 x 8, 1024 x 8, and 2048 x 8 versions available.

MNOS EAROMs

Metal nitride oxide semiconductor (MNOS) EAROMS
(Table 5) are useful in reduced power applications
where data loss is intolerable, ie, for severe noise en-
vironments or recurring power interruptions. Such
EAROMs permit complete or selective writing of bits
into either state. This means that the memory can be
programmed electrically while it is still in the circuit
and that alterations may be made without wiping out
remaining stored information.

Nitride EAROMs are slow (with read times of 0.95
to 5 us) for most realtime program storage applications,
are costly, and are not widely sourced. However, since

they provide almost infinite store times, they are being
used increasingly as auxiliary memory in applications
where remote systems are inaccessible for routine field
changes and in aerospace (satellite) systems. There is
less design work occurring with EAROMs than with
EPROMs and P/ROMs. A major reason for this situation
is the limited usage for slow devices coupled with the
difficulty of developing a viable, producible silicon
nitride process. However, an increased wave of interest
has centered on the EAROM because of its nonvolatility
advantage.

Floating Gate EEROMs

Floating gate electrically erasable programmable ROMSs
(EEROMs) are similar to ultraviolet EPROMs, where
charge is stored on a floating gate. There is no quartz
lid to allow erasing; however, an electrical gate con-
trols erasing and writing. Devices of this type presently
use special voltages and complex voltage sequencing,
making them impractical for in-circuit programming.
Floating gate EEROMs have access times and data
retention similar to ultraviolet EPROMs; they are usually
removed from the circuit for erasing and reprogramming.
Erase time, however, is much shorter than for ultra-

TABLE 6
EEROM Availability Summary

*2716 UV Replacement

**Pin compatible with 17702A EPROM

TNonvolatile RAM contains both 1024 x 1 static RAM and 1024 x 1 EEROM that shadows RAM bit by bit.
N/A = Not available

Taa Pkg DIP

Manufacturer Part No Organization Voltage (V) (max, ns) (Pins)
SGS-ATES M120 256 x 4 5 450 18
Hitachi 48016* 2048 x 8 S 250 24
RCA 1842 256 x 8 5 250 N/A
RCA 1843 1024 x 8 S5 N/A N/A
NEC upD454** 256 x 8 12.5 800 24
Xicor X2201/2202% 1024 x 1 5 250 18
NEC upD458 1024 x 8 12,:8 450 28
Notes:



TABLE 7
Summary of Selected CMOS ROMs

76

Notes:

Listed limits are guaranteed at 25 °C.
F/L = Fusible Link

All have TTL compatible 1/0 and 3-state outputs.

APin compatible with 2708 NMOS EPROM
BPin compatible with 2716 NMOS EPROM

Mfr Solid State
Memory Size RCA Motorola Harris Intersil Hughes Scientific  Super Tex
256 x 4 MCM14524 HM6611 (P/ROM)
HM6661 (P/ROM)
256 x 8 CDP1842(P/ROM)
512 x 8 CD40032 IM6654(EP) HCMP 1831 SCP 1831
CDP1831 HM6641 (P/ROM) HCMP 1832 SCP 1832
CDP1832
1024 x 4 IM6653(EP)
1024 x 8 CDP1833/34 HM6708 (EP) HCMP 1833/34 SCP 1833
CDP1843*(P/ROM) SCP 1834
1024 x 12 HM6312/A IM6312/A SCM 5316
2048 x 8 HM6716 (EP) IM6316 HCMP 1835/1836
8192 x 8 HM6388 1M6364
HM6389
4096 x 8 CM3200
*Pin compatible with Intel 2758
TABLE 8
Summary of Selected CMOS EPROMs (ROMs)
Power
Part Tan loo Supply DIP Pkg
Number Mfr Organization EPROM ROM (ns max) (A max) (V max) (Pin§L
HM6611 Harris 256 x 4 X (F/L) 250 15/200 12.0 18
HM6661 Harris 256 x 4 X AF/L) 250 15/200 12.0 18
HM6641 Harris 512 x'8 X (F/L) 300 100 5.0 24
IM6654 Intersil 592 %8 X 300, 450, 600 100 5.0 24
IM6653 Intersil 1024 x 4 X 300, 450, 600 100 5.0 24
HM67084 Harris 1024 x 8 X 350 5.0 24
HM6312/A Harris 1024 x 12 X 220 (10 V) 10mA/800 12.0 18
350 (5 V)
IM6312 Intersil 1024 x 12 X 400 100 5.0 18
IM6312A Intersil 1024 x 12 X 200 500 12.0 18
HM6716® Harris 2048 x 8 X 350 100 5.0 24
IM6316 Intersil 2048 x 8 X 350 (typ) 100 5.0 24
SCM5316 SSS 2048 x 8 X 450 7mA/100/10 5.0 24
CM3200 Super Tex 4096 x 8 X 450 20 mA/20 5.0 24
HM6388 Harris 8192 x 8 X 550 100 5.0 24
HM6389 Harris 8192 x 8 X 550 100 5.0 28
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violet EPROMs, typically one minute or less. Floating
gate EEROMs are just becoming commercially available
and do not cover a wide range of devices.

A recent method of achieving nonvolatile storage is
Xicor’s 1k static RAM. Using standard NMos processing
techniques, the X2201/X2202 contains a 1024 x 1 static
RAM with an identical triple silicon floating gate EEROM
array that shadows the RAM on a bit by bit basis. The
floating gate is part of an n-channel transistor where
ability to turn on and off is the basis for the operation
of this memory; when the memory is being programmed,
the floating gate is charged with electrons turning the
transistor off, and during erase, electrons are removed
from the gate turning the transistor on. The floating
element always stores nonvolatile data, regardless of
static RAM contents, which are valid with or without
power. Nonvolatile memory data remain separate from
the contents of the RAM and depend only on the condi-
tion of the programmed floating gate electrode.

Each array location actually consists of a normal
static RAM bit and an overlaid electrically erasable non-
volatile bit for a total of 2048 bits. This memory con-
sists of a normal static RAM bit and an overlaid elec-
trically erasable nonvolatile bit for a total of 2048 bits,
plus a complete duplicate backup rAM.

Data move between the RAM and EErRoOM by means of
two TTL control signals: store and recall. With a store
signal applied, a 1024-bit snapshot of the RAM is copied
into the EEROM for later recall or modification. Anytime
that the recall signal is applied, EERomM data are copied
back into the rRAM.

Automatic array recall occurs when power is ap-
plied. This memory powers up with a copy of the non-
volatile EERomM data and is ready for immediate use.
The Xicor part is encased in an 18-pin pip. The X2201
has total memory array recall, while the X2202 has
single-bit recall. Data contained in this device can be
electrically altered (by writing, reading, or erasing)
without removing them from the circuit. Table 6 sum-
marizes the few commercially available EEROMS.

Increased emphasis on floating gate EEROMs, as well
as EAROMs, should occur. The beginning of 1980 should
see the sampling of the 16k umM48016 EEROM from
Hitachi. This product represents the first of many
EEROMs from most major M0s EPROM manufacturers.

MOS ROMs

High density mos rRoms of 32k and 64k bits have
emerged as critical members of the microprocessor chip
set, expanding the instruction capacity of microprocessor
based systems and holding immediate promise for fixed
programs in larger hierarchies. These memories have

proven popular and are widely sourced. In addition,
high density ROMs are generally viewed as the most
cost-effective of all semiconductor memories and may
well impact tape and disc storage.

Microprocessors—perhaps the high performance 8-bit
and also 16-bit versions—will use rRoM extensively for
software storage. By 1980, 80-ns 64k Roms as well
as 128k and 256k Mos RoMs are expected. Also be-
coming more readily available are low power cMo0s ROMs
and EProMs for battery powered and energy critical
applications (Tables 7 and 8).
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ASSEMBLER STREAMLINES
MICROPROGRAMMING

Microprogram assemblers are structured to manipulate
programmer-generated symbology directly into binary format,
independent of hardware configuration, technology, or applications

Thomas Balph and William Blood

Motorola Semiconductor Products, Incorporated, Mesa, Arizona

With the advent of bit-slice logic devices, such as
the transistor-transistor logic 2900 and emitter-coupled
logic M10800 families, cost-effective high speed micro-
programmable processors are becoming easier to con-
struct. These devices condense system hardware into
bipolar large scale integrated building blocks, making
it feasible to achieve the highly flexible architecture,
variable data widths, emulation of existing instruction
sets, and random logic reduction that microprogramming
provides.

However, the software design effort required to
microprogram the processor remains a time consuming
and therefore costly task. Consequently, microprogram
assemblers, such as the Motorola MACE-Assembler or
the Advanced Micro Devices AMDASM/29 assembler,
have evolved to streamline microprogram writing, check-
ing, and debugging.

Microprogrammed processor development requires in-
terrelated parallel hardware and software design efforts
(Fig 1). Overall system specifications are first resolved
into a hardware design that defines processor word
size, input/output (1/0), bus structure, microprogram

word size, and a microfunction set. Further defining
the microprogram word, this microfunction set is a
central reference point used by the microprogrammer
to write microcode and by the design engineer to de-
velop hardware. Parallel development paths merge when
the system prototype executes microprogram routines
during system checkout. In the figure, note the feed-
back paths for both hardware and software design
efforts. System checkout normally requires several
passes, each with microprogram changes or corrections
and/or hardware modifications.

Microprogram assemblers operate in two successive
phases. After completion of the microfunction set, the
assembler definition phase sets up microprogram word
structure and mnemonic assignments within the assem-
bler. The following assembly phase takes microprogram
source statements expressed in terms established by the
definition program and translates them into processor
compatible bit patterns, similar to a microprocessor or
minicomputer assembler. Many different microprograms
can be developed for a given system after the defini-
tion stage is finished. Similarly, changes to a processor
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INTERACTION

Fig 1 Parallel hardware and soft-
ware design. Successful micropro-
grammed system design requires
combination of hardware and soft-
ware development. Error in either

REPAIR
HARDWARE
DESIGN

REPAIR
MICROPROGRAM
DESIGN

parallel path compromises final sys-
tem design. Bipolar bit-slice circuits
reduce hardware design effort by
incorporating major processor sec-

tions into standard LS| components.
Available microprogram assemblers
simplify microprogram development
with address labels and easily inter-
preted mnemonic codes. Coordina-
tion of microprogram assembler and
development hardware facilitates
system debug and checkout

microfunction set or different processor designs use the
same microprogram assembler by modifying or replac-
ing the definition program.

Efficient design results when a microprogram de-
velopment system and associated microprogram assem-
bler are used early in the processor development cycle,
for example, at the Debug Prototype block in Fig 1.
Both definition and assembly phase programs are en-
tered through a keyboard terminal and are stored on
floppy disc (Fig 2). Assembled microprograms are also
stored on the disc. High speed random access memories
(rRAMs) substitute for the prototype system micropro-
gram memory, with a complete interface for micro-
program address, - data, and control. Microprograms
stored on disc are placed in RAM, and then are used
to verify both microprogram and prototype hardware
operation. Processors designed using programmable
read only memories (P/RoMs) for microprogram storage
benefit from use of the microprogram development sys-
tem because microprogram changes, corrections, or
additions are easily performed through the keyboard
with software editing and assembly rather than pro-
gramming P/ROMs with new binary bit patterns.
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Microprogram Development System

A microprogram development system has three primary
functions.

(1) Provide writable control storage (wcs) for micro-
program memory.

(2) Provide software for microcode development.
(3) Provide system diagnostic help.

For example, the M6800 based EXORcisor system pro-
vides the host or executive processor, metal oxide semi-
conductor (M0s) memory, floppy disc, printer, and
terminal, along with interface hardware and operating
software. Originally developed for Mo0s microprocessor
design support, the EXORcisor concept is extended to
bipolar bit-slice microprogrammable processors through
the MACE 29/800 Microprogram Development System
(Fig 2). The MACE chassis houses high speed bipolar
RAM, address and data interfaces, clock source, and
diagnostic hardware necessary for bit-slice processor
development.

* The MACE-Assembler is a general purpose 2-phase
assembler specifically designed for microprogrammable
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Fig 2 Microprogram development system. CRT terminal
interfaces to floppy disc, printer, and MACE hardware.
which uses M6800 microprocessor to run microprogram assembler. Hardcopy of microprogram source statement in-
puts and assembled program outputs are furnished through line printer. Both microprograms and operating system
software are stored on dual floppy disc. Development system supports both bipolar bit-slice and M6800 MOS micro-
processor families

Microprogrammer

houses 6800 host processor, 32k bytes of MOS RAM, plus
inputs are entered through

processor development.
microword size and format to be established and thus
applied to a particular hardware configuration. During
the definition phase, the designer in effect creates a
unique microassembler for a system. Microprogram word
length, field sizes, operator values, mnemonic assign-
ments, and data entry formats are all defined by the
definition source file. The definition phase reads a
definition source file on disc and creates a definition
table, also on disc. Next, the assembly phase uses the
definition table to convert microprogram source state-
ment files to binary microwords for the writable micro-
program memory. Definition and assembly source files
are built on the floppy disc with a standard MbpOSs
editor. Format definition files, source listings, and object
files are also created by the MACE-Assembler.
Interface to the prototype system is through address
and data probe circuits which handle both emitter-
coupled logic (EcL) 10,000 and transistor-transistor
logic (TTL) compatible signals. Interface to the floppy

Definition

statements permit

Microprogram assembler source statement programs are
written around a given processor design and micro-
function set. Fig 3 shows a small, general purpose
8-bit microprogrammed processor built with EcL large
scale integrated (LsI) circuits. Main capabilities include

disc and keyboard is through the EXORcisor network.
MACE hardware operates in two basic modes as con-
trolled by system commands. Management mode places
the MACE system under control of the Exorcisor M6800
host processor. This mode is used for operator control
of microprogram memory read and write, plus diag-
nostic clock functions. Prototype mode turns memory
control over to the processor under development. In
this mode, the development system becomes transparent
and does not alter microprogrammable processor struc-
ture or basic operation.

Typical Microprogrammable System

terminal,
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Fig 3 Microprogrammable processor. Three main sections of processor are microprogram controller, micro-
program memory, and ALU-I/0. ALU performs all arithmetic and logic operations on data. I/0 transfers
data to and from processor, while register file holds data. All three sections are controlled by bit patterns
in microprogram memory. ALU-1/0 instruction sequence is determined by microprogram controller, which
supplies address to microprogram memory, and uses feedback from microprogram to generate address
combinations required to execute program. Condition code register and branch logic supply ALU status
results to help make microprogram flow decisions. Pipeline register improves processor performance by
allowing faster basic clock rates, and ALU and branch decode logic lower system cost by reducing micro-

word data bit width

a 100-ns microinstruction cycle time and a flexible
microprogram function set. Limitations are the 8-bit
arithmetic logic unit (ALU) word size and a general
purpose 1/0 interface not optimized for a specific
application.

Two ALU-1/0 circuits control all data and address
1/0 interfacing, and work with a 16-location register
file to perform arithmetic and logic operations on data
within the processor. Each ALuU-1/0 is four bits wide,
and several of these parallel circuits can be cascaded
to meet increased system 1/0 word sizes. Microprogram
controller circuits address microprogram memory and
control the instruction sequence that executes a micro-
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program routine. Also 4-bit wide parts, parallel con-
troller circuits can also be cascaded to meet increased
microprogram memory address size requirements. Once
addressed, microprogram memory outputs go to the
various processor sections during a single microinstruc-
tion. The pipeline register minimizes microinstruction
cycle times by temporarily holding microprogram mem-
ory outputs, allowing microinstruction execution and
fetch cycles to be overlapped. Small 32-word x 8-bit
P/ROMs located in branch and Aru-decode blocks reduce
the microprogram word width by expanding small micro-
program fields into a larger number of ALU and branch-
decode logic select lines.
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INSTRUCTION FIELD | ~ BRANCH FIELD - o
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JSR |JUMP TO SUBROUTINE - |BRANCH =1 {LOAD DIN - CR32
JL2 |[JUMP AND LOAD CR2 B | TEST LSB _ |LOAD DIN - CR33

JUMP TO NA 5 | TEST SIGN MSB SET CR32
JUMP & LOAD ADDRESS " | TEST ZERO DETECT 3 [SET CR33
R | BRANCH TO SUBROUTINE TOVF | TEST OVERFLOW CLEAR CR32
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1|ENABLE CR1-0B
2| ENABLE CR2 ~0B

INCREMENT
| RSR | REPEAT SUBROUTINE

JEP [JUMP TO ¢BUS

RTN | RETURN FROM SUBROUTINE

CLMP | CLEAR MP
LNMP| LOAD NA - MP
LDMP| LOAD DB —~ MP
CAR1|CARRY =1
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mwgﬁ@yf
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(9]

~ RFFIELD ACC FIELD ALU FIELD -
HEX |REGISTER| [HEX|ACCUMULATOR| [HEX| MNEM | DESCRIPTION |HEX EM| DESCRIPTION
0 RFO ) ACCO 00 |ADAR |ADD ACC + RF ‘
1 RF1 ACC1 01 |ADAD |ADD ACC + DR
2 RF2 ACC2 02 |[ADARC|ADD ACC + RF +C| 1 ]
3 RF3 ACC3 03 |ADADC|ADD ACC + DR +( 13 [TAR | TRA AR
| 4 RF4 04 [SUAR |SUB ACC - RF NAR |INCAR+1
5 RF5 | 05 [SUAD [SUB ACC - DR 15 |ADRD [ ADD RF + DR
6 RF6 06 |[SUARC [SUB ACC - RF +C| 16 |[ASRR | ASR RF
7 RF7 07 |SUADC [suB AcC - DR +C| 17 |ASRA | ASR AcC
8 RF8 08 [ANAR |AND ACCO RF 18 [LSRR | LSRRF
9 RF9 09 [ANAD |[ANDACCODR |19 |LSRA |LSR ACC
A RFA 0A |ORAR |[OR ACC U RF 1A |RORR | RSR RF
B RFB 0B |ORAD [OR ACC U DR 1B |[RORA | RSR ACC
c RFC 0C [EXAR [EXOR ACC 0 RF R |LSLRF
D RFD 0D [EXAD [EXOR ACC 6 DR | LsLAcC
E RFE OE |[INRF [INCRF +1 |Rs| RSL RF
F RFF OF [DERF [DECRF -1 1F |RSLA |RsSL ACC
'DESTINATION FIELD :
. DESCHIRTION | G
HEX INTERNAL EXTERNAL | cC
0 ALU ~ ACC - 1
1 ALU —~ ACC - 0
2 ALU ~ RF - 1
3 ALU ~ RF — 0
4 ALU — DR - 1
5 / ALU ~ ACC DB —~ DR 1
6 | DBAR - DB —~ AR 0
7 5l peac - DB+ ACC 0
8 | AAR_ ALU ~ AR = 0
9 | AARRF ALU —~ AR,RF - 0
A | AARDC ALU~ AR DB - DR 1
B | AARD ALU ~ AR DB~ DR 0
C | AARDR ALU — AR DB - RF 0
D | AARAD ALU - AR ACC ~ DB 0
E | AARRD ALU~> AR RF - DB 0
F | AARDD ALU ~ AR DR~ DB 0

Fig 4 Microprogram memory fields. Typical 32-bit microprogram word is divided into seven fields, each con-
trolling different processor section. Microprogrammer assigns microfunction set mnemonic codes to various micro-
program field positions. For example, microinstruction BRC 05 TZD: RF,5 ACC 1 ADAR ARF makes
microprogram branch decision, either jumping to address 05 or incrementing, depending on zero detect status. At
same time, register file word 5 is added to accumulator word 1, with results placed back in register file. Micro-
program assembler would take combination of mnemonics, compare with microfunction set definition table, and gen-
erate hexadecimal bit pattern 5051AA03, which could then be put in microprogram memory. Microprogrammer can
select combination of field commands that performs required microprogram instruction or combination of microin-
structions to perform system level instruction
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Fig 5 Microprogram example. Micropro-
gram assembler starts with field definition
file and creates lookup table which defines
microprogram source statement terms to
assembler. This, in effect, configures as-
sembler tailored to microprogrammed
processor under development. Each mne-
monic term is sequentially listed and de-
fined. Definition consists of selecting as-
sociated binary bit pattern codes and
placing coded bits within total micropro-
gram word. Flexibility to completely de-
fine mnemonics and field position allows
for variable field microprogram word struc-
tures, where one field establishes field
structure for remainder of word. Only re-
striction is that each mnemonic term must
be unique and appear only once in defini-
tion file. It is also possible to have mne-
monic terms cover any or all microprogram
bits independent of normal field structure.
For example, NOP mnemonic (line 1270)
identifies bit pattern for 12 *don’t care”
bits (these are | field and NA field), fol-
lowed by a 20-bit instruction that performs
“no operation” processor function



Microprogram word structure and field assignments
(Fig 4) provide insight into processor operation. The
relatively small 32-bit word length possible with ALU
and branch-decode logic is wide enough to control major
system sections in parallel, yet minimize memory size
and cost. Seven independent fields within the 32-bit
word of microprogram memory form the processor micro-
function set that becomes the basis for all micropro-
gramming.

The 4-bit instruction (1) field goes directly to the
microprogram controller and is used for microprogram
address flow. Instruction commands and mnemonics are
an integral part of the microprogram controller, which
decodes and executes each program flow instruction.
An 8-bit next address (NA) field assists program flow
by providing jump and subroutine destinations. Equally
important, NA field can be routed to the ALU-1/0 logic
for ALU constants, bit-pattern masking, and address
vectors. NA is a variable field, which means that the
bit pattern is assigned when writing a microprogram,
rather than being part of a fixed microfunction table.

The 5-bit branch (BR) field covers several indepen-
dent system functions. The first eight branch instruc-
tions (00 to 07) control microprogram flow by routing
different test parameters to the microprogram control-
ler. Instructions 08 to OE control a 4-bit output page
address, giving the 8-bit processor a total of 12 address
lines (Fig 3). Branch instruction OF sets carry to 1
for subtraction and multiprecision arithmetic. Branch
instructions 10 to 17 handle 1/0 interrupts and proces-
sor status lines. Instructions 18 to 1B control micro-
program page address bits which expand microprogram
memory size from 256 to 1024 words. The last two
BR instructions route NA information to the ALU and
1/0 logic. In this processor design, instruction field com-
mands are fixed as defined by the microprogram con-
troller, while the branch field is adaptable to system
application needs and is easily modified by changing
the branch decode p/rROM.

A 4-bit register file (RF) field addresses 1 of 16
register file words. The register file is augmented by
a 2-bit accumulator (Acc) field which addresses one
of four accumulators located within the ALu-1/0 logic.
Selected register file and accumulator words are normal-
ly used as ALU operands.

Thirty-two different ALU functions selected by the
5-bit ALU field perform all logic, arithmetic, and shift
operations on data in the processor. The general purpose
ALU function set can be easily changed to fit specific
system needs by reprogramming ALU decode logic. A
4-bit destination field completes the 32-bit micropro-
gram word. This field is responsible for routing ALU
results to register file, accumulator, and to a data
buffer register or an address register located in the
ALU-1/0 logic. The destination field also controls all
1/0 operations through processor data and address ports.

The 32-bit microprogram word is unique to this par-
ticular processor design and application. The MACE
microprogram assembler works with this microfunction
set, as well as with the wide range of other micro-
program word lengths and field combinations charac-
teristic of bit-slice processors.

Assembler Definition Phase

To use the MACE-Assembler to assemble a micropro-
gram for a particular processor, a definition source
file, which defines total microword size, individual field
sizes, mnemonics, and operator values, must first be
created using the host system editor. Fig 5 lists the
definition source file for the microprogram system ex-
ample given in Fig 3. In Fig 5, the first three program
lines are a title line, which identifies the file as a micro-
program field definition for a particular processor de-
sign, a word size line to define the processor’s 32-bit
microprogram word, and a third line which specifies
an optional output device—a terminal printer in this
case. The remaining program steps define each mnemonic
term using the format

LINE # MNEMONIC FORM VALUE & POSITION

Comments following a semicolon are for programmer
convenience and are ignored by the assembler.

In Fig 5, program lines 0070 through 0220 define
the microprogram instruction (1) field. The first mne-
monic defined, JSR (jump to subroutine), has a word
position, size, and value of 410, 28x. This means that 4
bits are expressed as hexadecimal code “0” (4u0), fol-
lowed by 28 “don’t care” bits (28x), completing the
32-bit microprogram word. The second mnemonic (JL2)
has the same format, except that the first four bits
are expressed as hexadecimal “1”. This sequence con-
tinues a total of 16 times through line 0220, RTN,
which is expressed by hexadecimal code “rF”. This par-
ticular set of instructions and bit values are defined
by the microprogram controller. Although other micro-
program controllers would use different terms and bit
patterns, assembler definitions would be programmed
in a similar manner.

Definition program lines 0260 through 0280 define
the NA field. Since this field is variable, ie, bit values
are established by the microprogram assembly phase,
a full set of mnemonics is not required. Instead, the
three program mnemonic codes assist microcode writing
by identifying the ~NaA field function. The NA mnemonic
designates a next address vector to be used for micro-
program jump destinations. Its format statement 4x,
8VHTFF, 20X means four don’t care bits (4x), which
are already covered by the instruction field; followed
by eight variable bits expressed in hexadecimal notation
(8vi) ; the letter ““r” truncates input information to
the eight least significant bits; and FF is a default
pattern if NA bits are not found in the microprogram.
The eight NA bits are followed by 20 don’t care bits
(20x), completing the 32-bit microprogram word. The
next two mnemonics define next address as an ALU
operand designated by NC (numerical constant), and
as a microprogram cycle counter, cc, for program loops.
The letter “N” in the field definition (8vHNT) auto-
matically generates the 2’s complement (negation) of
the cycle count as required by the microprogram con-
troller.

Thirty branch instructions are programmed in a 5-bit
BR field expressed as hexadecimal 5100 through 5u1p.
This field is physically located after the 12 previously
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defined don’t care bits (12x), and is followed by 15
don’t care bits (15x). Hexadecimal numbers 508
through 5H1B are not shown in Fig 5 since the pattern
repeats for the full list of BR field mnemonics.

Register file address (program line 0650) is a 4-bit
variable field with a default to address 0 (4vuO0).
Don’t care bits before (17x) and after (11Xx) position
the four register file bits within the microprogram word.
Accumulator address (program line 0690) is a 2-bit
variable, default to 0 field (2vQ0), and is structured
like the RF field. The letter “Q” illustrates the assem-
bler’s ability to work with octal data formats in addition
to hexadecimal; binary format is also possible but is
not illustrated in this example.

ALU function field and destination field follow the
same patterns as described for the instruction and
branch fields. Each field mnemonic is assigned a hexa-
decimal bit pattern and a location in the microprogram
word. Various fields can be combined into other more
complex instructions, as illustrated by the Nop (no
operation) instruction, program line 1270. NoP has a
format of 12 don’t care bits (12x) followed by a 4-bit
hexadecimal 0 (4H0), and a 16-bit fixed hexadecimal
pattern 0138 (16H0138). Other higher level commands

are possible and can be used to assist in writing micro-
programs.

Microprogramming Approach

The definition source file given in Fig 5 establishes the
mnemonics to be used for writing microprograms.
Assembly phase source files contain the microprogram
routines that are assembled into system microcode. Fig
6 uses the previously defined mnemonic terms in a
program example.

Performing a largest number task, the microprogram
examines three binary numbers located in register files
RFO, RF1, and RF2, and then moves the largest numer-
ical value to RF3. Basically, the routine compares RFO
and RFl, and places the larger value in Acc3. Then, it
compares AcC3 with RF2 and again places the larger
value in Acc3. The last step transfers Acc3 to RF3.
thereby accomplishing the program objective.

Writing this microprogram starts with a program
title statement, followed by an option (opT) line. The
oPT line selects the definition table to be used, in this
case, sYs800, which is the name of the file in Fig 5.




The output terminal is L=#CN, and the maximum
printed line length is N=80. An optional don’t care
statement (DCARE 1) places logic 1 bits in any micro-
program location not defined by the program.
Originating at word address 000 (orec 000H), the
microprogram is immediately followed by a form state-
ment (FORM 32x) to put 32 don’t care (logic 1) bits
in all defined word locations between 000 and 100.
A new originate statement at hexadecimal 100 (orc
100H) redefines the program starting address and loads
don’t care 1s into words 000 through OFF. This process
is necessary because the processor used for this pro-
gram example has preprogrammed (fixed) micropro-
gram memory (P/ROMs) in the first 256 microprogram
words. This fixed program includes 1/0 overhead, plus
a keyboard interface to enter data, and a 7-segment
LED display to output results. By loading ls into a
microprocessor development system (MDS) writable
microprogram memory, the processor is able to do a
logic AND between P/ROM and RAM at the same micro-
program addresses, and thus have fixed p/rRoM for the
first 256 addresses and microprogram development RAM
for the remaining memory words. Alternate approaches
might merge the operating system into each micropro-

gram routine, or hardware disable development RAM
when addressing the first 256 program locations; how-
ever, the don’t care statement is more convenient be-
cause these outputs are wire-ANDed to the resident
P/ROMS.

The largest number routine starts at microprogram
word hexadecimal 100, and each microinstruction is
entered in field mnemonic terms. Microinstructions
start with an instruction field command (INC or BRC),
followed by next address (nNA), branch (BFl), etc.
Most program lines start with the instruction field
command located two spaces after the line number.
Lines 0180 and 0220 are exceptions in that the pro-
gram line starts with a label identifier (SUBT or MOVE)
one space away from the line number, followed by a
normal microinstruction. As with any assembler, the
use of labels eliminates the need to keep track of
program addresses, and facilitates editing or merging
programs. A 2-word exit program starting at line 0260
jumps the program back into the P/RoM operating
system after the largest number routine is completed.

Taking the programmer understandable program in
Fig 6 the microprogram assembler converts it to pro-
cessor compatible microprogram bit patterns, as shown

anio TITLE LARGEST HUMEBER i
noEn OFT T=SYZ200s L=#CHs N=20
] DCARE 1
DERT] H
nosn i TEEZT RFO:sRF1sRF2 LARGEET TO RFZ
(= H
o7 o OFG 000H
aos0 0000 FFFFFFFF FORM Z2x
noan : ORG 100H
0100 3
u11n b EMTER FRULERM
0120 i
G130 0100 CFFOOF11 IMC MA ER1 RFs1 ACCs3 TRF AAC
0140 0101 CFFO0=44 IMC NA ER1 RFs 0 ACCsZ ZUAR ADRC
0150 0102 CFFESE113 INC MA TCL BF HCC TRF ARF
0160 0103 SO0500138 ERC HHs SUET HOF
0170 0104 CRROOFPLL . INC MA ER1 REsD RECs3 TRF ARC
0180 0105 CFFO1644 SUERT INC HE BR1 BFs2 ACCs3 SUAR RIRC
0120 0108 CFFE8113 INC NE TEL FE RCC TRF HRF
0200 0107 SO0200138 EFC MA»MOYE HOP
0210 0108 CFFO1711 IMC MA BR1 FFs2 ACCs3 TRF AAC
nzen 0109 CFFE1ESS MOYE IMC MA EMCR1 RFs2 ACCs 3 ANAR ARF
G2E0 3
0240 H EXIT FROGRAM
0250 i
02E0 010A CFFCO113 IMC MA CLUP RF ACC TRF ARF
0E70 010E 2BEOGL1ZE JAMP MAs OBEE HOF
nEEn EHD
TOTAL ERRORE 0
Fig 7 Typical assembler output listing. By showing program line number,

microprogram word address, memory contents, labels, and field mnemonics,
microprogram assembler output listing makes satisfactory work sheet for micro-
program corrections. During system debug, simple changes can be made
directly on microprogram development hardware using hexadecimal bit pat-
terns; more extensive changes can be made by correcting microinstruction
\mnemonics and reassembling program. In any case, assembler output makes
pe ent record of microprogram contents. Bottom assembler -output line
shows that there are no program errors, which would prevent assembler from
assigning microprogram-bit_patterns. Most common error results from typing
mistakes, causing mnemonic terms that do not exist in definition lookup table.
Other errors include improper label assignments and source statement combina-
tions that do not equal proper microprogram word length. MASM micropro-
gram assembler checks for and identifies up to 56 error types to help correct
program errors
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0130 ni1on e U EF1 RFs1 RCCy0  HADAR ARFC
9140 0O10E NH:;UB TEL RF HCC TRF HEF
150 i

ninn H EXIT FROGEAM

INC HA CLUP RF RCC TRF ARF
P MHs UEE EMCR1 RFs2 RACC,0 ANAR  ARF

010F CFFCO1
0110 2BEE1 D

|1| -
03 0

i
H

ZUEBROUT INE
Or: 11&H
2 R17001322 ZUE EREM MAs 17 NOF
3 FFFOO9A F RETH MA ER1 EFs1l ‘HCC RORE HEFC
21300170 AMF MHs ZHF ER1 RF ACCy 0 AERA AARCC
S17onog1 JAMP MHs EHA ER1 REsO RCEsO SURR  HFC
21700001 JnP MHA s ZHA ER1 . FEFs0  RACZs 0 HDHP ARLC
21300170 2HA AMF MHAs SHE EF1 RF ACCs 0 ASRA  AACC
ENI
TOTAL ERRORE 0
010 1101000000001 110 auooooolooolouul
o1an 110111111 0000000 00001 00000000010
O10E  oooooooio0ionnll goolooo1o0o1l
O10F  1100111111111100 0000000100010011
oi1n0 nn1u1n111n11111|l' 01 00
0111

a1z U11UHHH1U111UHI| uununnu1ﬂn111nuu
112 11111111111 0000 nunuluni1u1ul‘ll_|1u
o114 001000010011 0000

0115 oolooo0101110000 o

a11e aoiooooioii1o000 oo

0
0117  0010000100110000 0000000101110000

Fig 8 2’s complement multiply routine. Each microprogram field shows what is happening in
a particular section of microprogrammed processor. For example, first instruction, line 0120,
translates as: RSR (microprogram control reads contents of NA field), NC,00 (numerical con-
stant value=00), ENCR1 (transfer NA constant to ALU register file input), RF (not used), and
ACC,0 TRF AAC (transfer register file/next address value through ALU to accumulator word
0). Program line 0250 illustrates programming power of single microinstruction. RTN returns
from subroutine, but also examines cycle count initialized in line 0130. Depending on count
value, it either returns to microprogram address 010E and stays in loop or returns to address
010F, which ends program. Simultaneously, remainder of microinstruction rotates contents of
register file word one bit to right. Each program line is executed in one machine microinstruction
cycle time (100 ns for Fig 3 processor), independent of mnemonic selection
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in the assembler output listing (Fig 7). In addition
to source statements (Fig 6), the assembler adds micro-
program word addresses followed by the 32-bit (8
hexadecimal digit) program data. Program line 0080
shows eight Fs or all binary 1 bits, for don’t care
locations 0000 through OOFF. Unless otherwise directed,
the program follows consecutive word addresses, in
this example 0100 through 010B. The microprogram
assembler also stores the assembled program output
on floppy disc, which can be easily loaded into the
development system RAM for program debug.

A second example, the assembler output of a 2’s
complement multiply microprogram routine (Fig 8),
shows a method of writing and locating subroutines,
and the use of a header statement to format the
assembler output into field-oriented columns. Program
lines 0060 and 0070 provide column heading and
column spacing information. A program starting address
(orc 10cH) allows the program to immediately follow
the assembler output listing (see Fig 7), which ends
at address 010B.

This 8-bit 2’s complement integer multiplication rou-
tine begins with the multiplicand in RFO and the multi-
plier in RFl. Based on Booth’s algorithm, the following
program flow calculates a double-precision product lo-
cated in RF2 and RFI.

Program Step Program Line (Fig 8)

(1) Zero ACCO and link bit 0120
(2) Set cycle counter to 8 0130
(3) Test RF1 LSB and link bit
(4-way branch) 0240
LSB  Link
0 0 GO TO 4
0 1 GO TO5
1 0 GO TO 6
il 1 GOTO 7
(4) Arithmetic shift right ACCO,
GO TO 8 0260
(5) Subtract ACCO — RF0—~>ACCO,
GO TO 7 0270
(6) Add ACCO + RF0—~ACCO 0280
(7) Arithmetic shift right ACCO 0290
(8) Rotate shift right RF1 02501
(9) Decrement cycle count; Combined
if #0, GO TO 3 0250J :
(10) Transfer ACCO to RF2 0190
(11) Exit 0180, 0190

The program flow in Fig 8 closely follows the pro-
gram steps, although some microinstructions are not
intuitively clear and would require a detailed under-
standing of processor operation. For example, the first
microinstruction, program line 0120, zeros AccO using
instruction RSR, numerical constant (Nc) 00, and branch
ENCR] to generate the constant, put it on the register
file ALU input, then transfer it through the ALU to
the accumulator (Acc). BRM in program line 0240 looks
at the LsB and link bit, tests the results (TLL in line
0140), and does a 4-way branch to microprogram ad-
dresses 0114, 0115, 0116, or 0117, as established by
NA, 17 following the BRM instruction. The multiply
program also uses an originate statement (ORG 112H)
internal to the program to establish the subroutine

starting address. In this manner, a subroutine can be
placed anywhere in microprogram memory for smoother
program continuity.

The bottom section of Fig 8 shows the microprogram
assembler’s binary output listing. Binary data are
especially useful at system checkout since they eliminate
the hexadecimal to binary conversions otherwise re-
quired to look at digital signals. Notice that all Xs
are placed in microprogram word 0111 since the word
is not defined in Fig 8.

Summary

The microprogram examples (Figs 7 and 8) illustrate
the bookkeeping power of microprogram assemblers.
Taking programmer oriented source statements, the
assembler assigns microprogram addresses and digital
bit patterns. When used with microprogram develop-
ment hardware, the assembler allows system checkout
without requiring microcode to be entered in error-
prone binary format. The microprogram examples are
written around a particular processor design and micro-
program word structure. However, the microprogram
assembler, through the definition phase program, adapts
to a wide range of system sizes and architectures.
Being technology independent, the assembler works
with LSI or MSI ECL, TTL, or CMOS microprogrammed
processor designs. Also application independent, the
assembler can be used for peripheral controllers, signal
processors, test equipment, process control, minicom-
puters, or any application taking advantage of micro-
programmable processor performance and flexibility.

Bibliography

1. Motorola, “mAce 29/800 Development System User’s Guide,”
Motorola Semiconductor Products, Phoenix, Ariz, 1978

2. V. M. Powers and J. H. Hernandez, “Microprogram Assem-
blers for Bit-Slice Microprocessors,” Computer, July 1978,
pp 108-119

3. Motorola, The Complete Motorola Microcomputer Data Li-
brary, Series A, Motorola Semiconductor, Phoenix, Ariz, 1978

4. H. S. Stone, Introduction to Computer Architecture, Science
Research Associates, Chicago, Ill, 1975

Currently an engineering section man-
ager in wafer processing for Motorola
Semiconductor Group, Integrated Cir-
cuits Div, Thomas Balph holds a BSEE
from the University of Cincinnati and
an MSEE from Arizona State University.
He was previously involved in technical
support for bit-slice products and mi-
croprogrammed systems.

William Blood is manager of bipolar
LSI system engineering at Motorola In-
tegrated Circuits Div, where his respon-
sibilities include definition and support
- of new bipolar digital LSI circuit tech-

- nologies. He received his BSEE degree
from the University of Florida.

89



Pick a PCC

Pick this Microperipheral® bundle and you can put together a floppy disk sub-system to meet your design needs.

One more example of how we save you development time and money. Because we do all the work for you.
We “bundle” together the ideal sub-systems, provide all the equipment (our own) and service them, too.

Example—the 3812. A full megabyte of microcomputer formatted storage. Two floppy disk drives. Power
supply. Built-in dual-density controller that handles up to four drives.

The 3812 lets you use your current programs because it reads and writes in single- or double-density. You save
on design simplification.

You can use S-100 bus, Intel Multibus™ Motorola Exorcisor™ and other interfaces.

It's IBM format compatible. Its retractable heads are long-lasting ferrite.
You can have an optimal direct memory access data transfer to and from disk.

The 3812 operates under CP/ M1t supports Microsoft's FORTRAN,
COBOL and BASIC.

It's the best sub-system we make. Except for the bundle on the right.

SYSTEMS

PERTEC COMPUTER CORPORATION

© Pertec Computer Corporation 1979, 12910 Culver Boulevard, Los Angeles, California 90066




bundie
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Pick this Microperipheral bundle and you can put together 40MB from one hard disk sub-system.

One more example of how we save you development time and money. Because we do all the work for you.

We “bundle” together the ideal sub-systems, provide all the equipment (our own), software and interfaces.
And we service them, too.

The 4511. We start with 1T0MB—5MB fixed, 5SMB removable. We then include a controller that lets us daisy-
chain three drives to it. Which means it can go all the way up to 40MB.

We also include performance in the bundle. The 4511 has 40 Msec average access time. It transfers data at
2.5MHZ. It has a security controller that's bus-oriented, with key-lock.

It speaks FORTRAN, COBOL and BASIC. It has CP/M®
It's the best sub-system we make. Except for the bundle on the left.

The 4511 and 3812 are products of Pertec Computer Corporation,
an international company that designs, manufactures and services
computers and computer equipment.
Microperipherals® is a registered trademark of
Pertec Computer Corporation.

For more information, write Ray Kristiansen,
Pertec Computer Corporation, 20630 Nordhoff Street,
Chatsworth, California 91311. Or call toll-free 800-331-1001
in the continental U.S. (In Oklahoma, call collect 918-664-8300).
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Let yourLSI-11"break

With our Bank-Switching family

In LOCAL mode our memory is functionally just
like DEC memory. But when you run out of
memory space you're not lost. Add an inex-
pensive Bank-Switch Controller (BSC-256) and
you can go to two megabytes. Add another
and go to four megabytes.
So don’t get boxed in with other brands of
LSI-11* memory. Break free. Join the family:
RMA-032 32Kby 16 bit RAM.  $990
On-board refresh (Single qty.)

RMS-016 16K by 16 bit ROM.  $300

(Intel 2716) (Single qty.)
BSC-256 The Bank-Switch $300
Controller (Single qty.)

Substantial quantity discounts are available. The
RMA-032 is also available without memory chips for $450
(single quantity). For a free copy of our Bank-Switching
manual, call or write on your company letterhead.

Digital Pathways Inc.

4151 Middlefield Road

Palo Alto, CA 94306

(415) 493-5544
*Registered trademark of Digital Equipment Corporation

DIGITAL PATHWAYS
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MILITARY MULTIPLEX STANDARD
DEFINES VERSATILE SERIAL BUS

A bus interface and communication protocol for avionic
digital signal multiplexing, MIL-STD-1553B defines high
speed serial address, command, and signal information
for up to 31 terminals interconnected by a single shielded

twisted pair

David R. Brickner

Sperry Flight Systems, Phoenix, Arizona

A decade ago, military and NASA aircraft electronic
designers visualized an airborne central computer complex
for aircraft systems management. However, the wiring to re-
mote sensors, actuators, and electronics, all converging on
one centralized location, was a significant design obstacle.
Consequently, as the space shuttle system and new military
aircraft design requirements were being conceived in the
late sixties, several industrial committees were formed to
review future data communication needs and to develop a
standard technique for handling digital signal multiplexing.
The military standard that evolved, MIL-STD-1553B!, is now
in its third generation. This standard defines a high speed,
low error rate characteristic using a shielded twisted con-
ductor pair as the transmission medium. Up to 31 terminals
can be tied to the single signal conductor or bus. The stan-
dard differs from most other connection protocols in that all
address data, command data, and signal information are
carried in serial format on the same single bus. Redundant
buses may be used as required by the particular aircraft
mission. The standard also provides capabilities that allow
distributed data processing within the network of terminals.

Background Information

Fig 1 shows an outline of a typical aircraft data terminal
multiplex system installation. Two multiplex buses intercon-
nect data terminals in the forward instrument panel area, in
the overhead control panel, in the midship electronics area,
and in the aft area. As an example, each terminal might con-
nect between 30 and 300 signals to either of the dual data
buses. In this installation, one can appreciate the dramatic
reduction in wiring that is made possible. A maze of wires,
cable clamps, and bulkhead connectors is replaced by a pair of
bus conductors. The only real need for two buses is to provide
redundancy, a reliability level that may not have even existed
for most signals in a conventional aircraft system.

Terminals connected to the bus may be functionally
dedicated to such tasks as air data computing and
gyroscopic sensing, or they may be general purpose units
designed to connect several independent sensors, actuators,
or subsystems to the data bus. Terminals are presently be-
ing designed into radios, navigation systems, flight control
systems, and monitoring instruments. Cathode ray tube
displays are being developed for direct interface to the
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Fig 1 Typical aircraft communication system. Multiple terminals are used to connect
electrical and control signals over two redundant data buses. Any two terminals act as

multiplex bus and will eventually replace conventional
instruments and gauges in the cockpit. Other terminals con-
tain signal conditioning equipment to adapt signals from
conventional equipment for use in new multiplex systems.
In either case, any terminal connected to the bus has access
to every signal on the bus.

A designated bus controller terminal directs data traffic
on the bus. The military standard allows this controller
function to be independent, or colocated with other ter-
minals on the bus. The latest version of the standard pro-
vides for dynamic reassignment of the bus control function.
This allows the concept of a distributed processor system to
be developed within the specifications of the standard for
both avionic and non-avionic applications.

Less wiring, lighter weight, and reduced complexity are
several major benefits of multiplex. Since a broadly ac-
cepted standard exists for the multiplex characteristics,
equipment can be added or changed in the aircraft system
without affecting other major wiring, an outstanding advan-
tage for increased flexibility and virtually unlimited growth.
Another significant advantage is the ability for total system
integration. For instance, aircraft handling characteristics
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may be modified as a function of weapon delivery or change
in mission. This type of integrated approach is possible
because all terminals in the network have access to all data
in the network.

Multiplexing Methods

Two common multiplex techniques are frequency division
multiplex (FDM), where each signal is assigned a different
modulation frequency, and time division multiplex (TDM),
where each signal is assigned a different time slot. The lat-
ter technique, widely applied to data and address bus struc-
tures in microprocessor based systems, has been selected for
aircraft systems integrated to meet the design goals of mini-
mal wiring, light weight, and change and growth flexibility.
Multiplexed signal paths to send and receive terminals in-
volve one or more of the following processes:

Simplex—a terminal sends signals on one conductor and
receives signals on another.

Half duplex—a terminal sends data on the same conductor
over which data are received, but never simultaneously.
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Full duplex—a terminal sends and receives signals
simultaneously over the same conductor.

The half-duplex mode has been incorporated into MIL-
sTD-1553B. If full duplex had been chosen, some form of
FDM would be required to separate the sending and receiv-
ing signals on the bus. On the other hand, selection of a
simplex scheme would require attachment of multiple
conductors to terminals which had to both send and receive
data. Half duplex offers the compromise of a slightly lower
data exchange rate without additional signal conductor
hardware.

Signals on the bus are in Manchester format with a 1-MHz
basic bit rate. The self-clocking Manchester waveform is
prevalent in data encoding schemes for tape or disc
storage.” The key characteristic concerns easy clock syn-
chronization to a received Manchester signal. Once syn-
chronized, data can be selected by examining the transition
of the signal within each clock period. In Fig 2 (a), data con-
sist of a typical random pattern of 1s or 0s. In Figs 2 (b)
and 2 (c), the synchronization characters are included. One
of the two characters is used at the start of each word
transmitted on the bus. Data synchronization distinguishes
data words from command and status words.

Messages on the data bus are in groups of 16-bit words,
where each word is preceded by an appropriate 3-bit time
synchronization, and appended with a parity bit, for a total
of 20 bits. Maximum data transfer rate over the bus is
approximately 48k data words/s, or 768k baud. In most ap-
plications, actual bus utilization is considerably less, with
typical “‘bus loading’’ of from 20 to 60%.

Fig 2 (a) Typical Manchester data. Data are contained in
“mid-bit”" transition, where falling signal indicates logic
one, while rising signal signifies logic zero

}-—— SYNC —4
0 0 1 1 0 1
W TR T

Fig 2 (b) Data word with sync. Waveform which lasts for
1.5 bit times without change is illegal Manchester signal.
Two such illegal signals form synchronizing character for
data words

F*SYNC‘—{
0 0 1 1 0 1
Fig 2 (c) Command or status word with sync. Syn-

chronization for command word is opposite in polarity to
synchronization preceding data words

Bus Controller

The standard assumes the existence of a single bus control-
ler at any given time. However, bus control authority may
be granted from one terminal to another. Each terminal is
assigned an address via hardwiring at the terminal. This ter-
minal address, which designates the message transmitter or
listener, also designates a new controller when a control
transfer is issued.

The bus controller directs signal traffic on the bus by
issuing command words containing the address of the ter-
minal commanded to listen to data on the bus, or to
transmit data on the bus. Four message exchange types are:

Controller to Terminal—called a ‘‘receive command’’; the
terminal may receive up to 32 words and must respond with
a status word.

Terminal to Controller—called a ‘‘transmit command’’; the
terminal must transmit a status word and up to 32 data
words.

Terminal to Terminal—called a ‘‘terminal to terminal
transfer command’’; the controller first designates the
receiver, and issues a second command word to designate
the transmitter. The transmitter responds with a status word
and up to 32 data words. The receiver answers with its own
status word.

Broadcast—the controller issues a receive command to
specific address “*31”", followed by up to 32 data words. All
terminals equipped for broadcast command recognize this
reserved address and receive the data. No status commands
are issued.

Protocol Organization

The command word is made up of a command synchroni-
zation, followed by 17 bits of information; the last bit is
reserved for parity. As shown in Fig 3, the address
designates the terminal to which the command word is
directed. While all terminals must monitor the bus, they can
disregard any command that does not contain their address.
The assumption is that each terminal has some form of

Optional Mode Codes

Mode Code  Function
00000 Dynamic bus control
00001 Synchronize
00010 Transmit status word
00011 Initiate self test
00100 Shut down transmitter
00101 Override transmitter shutdown
00110 Inhibit terminal flag bit
00111 Override inhibit terminal flag bit
01000 Reset remote terminal
10000 Transmit vector word
10001 Synchronize
10010 Transmit last command word
10011 Transmit bit word
10100 Shut down selected transmitter
10101 Override selected transmitter shutdown
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hardwired address to compare with the command word ad-
dress. In most installations, this address is wired into a connec-
tor that mates with a terminal at a given location.

The subaddress/mode code field provides for 32 major
operations in a terminal. Use of the subaddress field is left en-
tirely to the designer of the terminal function. In some ter-
minals, only a single subaddress is required for data transfer.
In others, it may be necessary to use one subaddress to
designate an index code where the message data words provide
subaddress expansion. In such cases, there is no limit to the ad-
dressing possibilities.

The all-zeros content of the subassembly field is reserved to
designate the word count field as a mode code. Normally, this
field is used for the obvious task of designating the number of
words in the message. In the special case of code operations,
the specific mode code designates the operation, and whether
or not a message word is to be exchanged. Mode codes are in-
tended to be reserved for controlling the terminal itself and
have nothing to do with the data exchanged through the ter-
minal. Any words accompanying mode codes are referred to as
message words. In any application, not more than one of these
message words is allowed.

Mode codes are a problem in the standard because they
tend to complicate the machinery needed to operate on the
bus. Designers of the standard had the foresight to make the
use of mode codes optional, as required by the function of the
terminal. Fifteen different mode codes are allowed (see Table).

One mode code adds a special dynamic enhancement to the
standard. This mode is coded with an all-zeros mode control
field and designates a handoff of bus control. One bit of the
status word is designated as an accept bit for this transfer.
Thus, if a system is designed with more than one bus con-
troller, at the option of the terminal in control the control is
passed to any other terminal on the bus using this command.
When the designated terminal responds with the status word
containing the acknowledgment, the transfer is complete.
Multiple controllers of this type are used in multiplex systems
to allow division of the data processing load among several ter-
minals to form a distributed system, and to allow a system to
have redundant controllers for purposes of increasing system
reliability. Both uses are allowed by the standard.

Data words have a simple structure (Fig 4), and there are no
restrictions on the data transmitted. The standard does require
that the most significant data bit be transmitted first and that
any unused bits be transmitted as zeros. Status words are
issued by remote terminals as transmission/acknowledgment
signals. The format shown in Fig 5 is used to signal the con-
troller that the command has been properly received and can
be executed properly. Status bits also inform the controller of
other terminal information, as shown by the specific bits de-
fined in the figure. The designers attempted to allow broad ap-
plications of the standard by defining specific meanings of bits
in the status word, but making the application optional. Only
two bits, message error and parity, must be used.

Message Formats

Three types of messages are shown in Fig 6. In the first
message [Fig 6 (a)], the controller needs to send data to a
remote terminal. The command word selects the terminal
and specifies how many words it is to receive. It is then fol-
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TRANSMIT/RECEIVE BIT PARITY BIT
344|5|6|7|8{9|10/11|12]13|14|15/16/17/18{19

N S N T S
SYNC TERMINAL SUBADDRESS  WORD

ADDRESS OR COUNT OR
FIELD MODE CONTROL MODE CODE
FIELD FIELD

Fig3 Command word. This word is used by bus con-
troller to direct activity on bus. Terminal address
selects terminal that is to react to command. Sub-
address and word count field specify action to be per-
formed by terminal

PARITY BIT

\
UESEEEEBRE iz[s3f141sfie[17ref1s]20]
R/_/\ o _

SYNC DATA FIELD

Fig4 Data word. No restrictions are placed on data
contents. Data may originate at any terminal in
system under command of bus controller. Data are
always transmitted most significant bit first and im-
mediately after sync field

RESERVED
PARITY BIT

2
Tl e[ el idefsbef el

R/—/H’_/
SYNC TERMINAL
ADDRESS

MESSAGE ERROR
INSTRUMENTATION
SERVICE REQUEST
BROADCAST COMMAND RECEIVED
BUSY
SUBSYSTEM FLAG
DYNAMIC BUS CONTROL ACCEPTANCE
TERMINAL FLAG

Fig5 Status word. This word informs controller that
command has been correctly received. Terminal ad-
dress informs controller that correct terminal re-
ceived command. Bits in word are used to indicate
terminal status to controller. Three bits in status
word are reserved for future extensions of standard
and cannot be used at this time
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A
DATA WORDS
(FROM CONTROLLER)
RECEIVE STATUS
COMMAND WORD
(FROM CONTROLLER) (FROM TERMINAL)

Fig 6 (a) Controller

to remote terminal (RT)

transfer. Controller sends command word and up to
16 data words. Terminal receives data and responds

with status word

# 1 Joux| 1

e __J ] #

\

STATUS

WORD
TRANSMIT (FROM TERMINAL)
COMMAND
(FROM CONTROLLER)

DATA WORDS
(FROM TERMINAL)

Fig 6 (b) Remote terminal to controller transfer.
Controller initiates transfer with command word.
Addressed terminal then responds with status word
and appropriate number of data words (up to 16)

RECEIVE

COMMAND (FROM TRANSMITTING TERMINAL)

STATUS WORD

# 2R ] == I i [ #
DATA WORDS
STATUS
TRANSMIT WORD
COMMAND (RECEIVING
(FROM CONTROLLER) TERMINAL)

Fig 6 (c) RT to RT transfer. Data transfer between
terminals is directed by bus controller. Transfer is
initiated by two commands which select sending
and receiving terminals. Message also contains
status word for each commanded terminal

Fig 6 Message formats. Three message formats are
allowed on multiplex bus. ** depicts allowed response
time of from 2 to 10 us; also, # indicates between
message gap which must be at least 2 us

lowed by the number of words specified. The controller waits
until the receiving terminal replies with a status word confirm-
ing that the message was correctly received. In the status word
format, the address of the receiving terminal is contained
within the status word, confirming that the desired terminal is
responding.

The second message [Fig 6 (b)] is similar except that the con-
troller asks the remote terminal to transmit data; the remote
terminal begins with the status word.

The last message [Fig 6 ()] is terminal-to-terminal transfer;
the controller must send two consecutive commnd words to get
the attention of the two terminals. This message also contains
two status words, indicating correct response by both terminals.
Other message formats deal with broadcast data and mode
codes. These formats are detailed in the standard and provide
subtle operations and capabilities beyond the scope of this
article. Presently, the most common systems use only the first
two formats of Fig 6.

Electrical Definitions

The basic intention of the standard is to use a shielded twisted
pair as the signal conductor. Information is impressed on the
signal pair differentially. Cables are terminated in their
characteristic impedance, and all terminals are intended to be
transformer coupled on and off the bus. The general structure
is to use a trunk and stub arrangement; direct connections are
also allowed. Common parameters are voltages and waveforms
on the main trunk; both connections are shown in Fig 7. Total
cable length in the system should not exceed 300 ft (91 m),
according to the standard.

Voltage on the main trunk is expressed as 6 to 9 V peak to
peak in normal operation and is measured between the twisted
lines. This amplitude is usually sufficient; should one terminal
in the network become shorted, communication to other ter-
minals is still possible on the bus system. Thus, there is ade-
quate design margin in the system. In some non-aircraft ap-
plications it may be possible to design systems with greatly re-
duced signal levels. Input impedance is 1.5 k{2 or greater when
the terminal is listening, and drops to near zero when trans-
mitting. Designers must be especially cautious about dc offset
in the transmitter circuit, because dc terms in the transmittal
signal tend to “‘charge’ the transformer coupled lines. This
effect dramatically increases susceptibility to noise and may
preclude any communication.

The airborne environment for which the standard is pri-
marily intended is filled with noise sources, from spurious
transmissions and ground loops to intentional jamming
attempts. Understandably concerned with transmission secur-
ity under such conditions, the standard requires a maximum
word error rate of one part in 10’ when 200 mV rms of white
noise in the 1-kHz to 4-MHz band is added to a valid signal level
of 3 V peak to peak. This requirement places stringent filtering
and decoding requirements on the receiver. However, for non-
aircraft applications, the system can be designed for less noise
rejection.

Applications

Several applications of multiplex were reported at two Air
Force sponsored conferences on multiplex**. The Air Force
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RECEIVER
TRANSMITTER

TERMINAL CONNECTED
ON STUB

trunk are from 6 to 9 V peak to peak, line to line

TRANSMITTER

TERMINAL DIRECTLY
CONNECTED
ON TRUNK

TRANSFORMER TURNS RATIO (N) ~ 1.41
R =0.75Z, (CHARACTERISTIC IMPEDANCE)

Fig 7 Terminal connections to serial data bus. Cable is shielded twisted pair. All connections are made through
signal transformers. Long connections must be made with bus coupler, which reduces reflected stub length and
matches stub impedance to trunk. Transmitter amplitudes must be adjusted so that signals impressed on main

OTHER CONNECTIONS
AS REQUIRED

RECEIVER

uses a system concept called DAIS (digital avionic integra-
tion system) to study future applications of the concept to
fighter aircraft; the Army has a program called ADAS (army
digital avionic system) with a similar goal for tactical
helicopter applications. F-16 and F-18 fighter aircraft and
the advanced attack helicopter designs have successfully
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used multiplex to reduce wiring and to increase flexibility.

The advanced attack helicopter system uses nine remote
terminals and redundant data buses to integrate the fire
control system. This system features dynamic bus control as
part of the redundant bus control concept. The space shut-
tle system has a network of 28 data buses and over 20 ter-
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minals to interconnect all systems on the orbiter and solid
rocket booster. Fig 8 shows a typical terminal for use in space
shuttle payloads. This terminal provides conditioning of sub-
system data signals on the data bus as well as a subsystem con-
trol via a microprocessor.

Fig 8 Space shuttle payload terminal. This terminal couples
payloads carried by space shuttle to orbiter data multiplex
system. Terminal also provides signal conditioning and control
for payload or experiment signals. Modular terminal may be
reconfigured in field

Several semiconductor companies have recently introduced
large scale integrated (LSI) circuits for the bus interface func-
tion of the standard. These circuits provide the address decod-
ing and logic to determine message functions. Terminals use
these LSI functions along with other LSI and hybrid integrated
circuits to achieve both small size and high reliability. Avail-
ability of off-the-shelf terminals and LSI functions is expanding
the implementation of multiplex. Presently, several aerospace
companies are trying various schemes to replace the trunk and
stub array with fiber optics for increased reliability and reduc-
tion of susceptibility to electric and magnetic interference.

The ability to connect up to 31 terminals on a single
shielded twisted pair has applications in many areas other than
aircraft. For non-aircraft applications, the designer may con-
sider other multiplex variations. For instance, for short (a few
feet) runs, it might be practical to use TTL or nonreturn-to-zero
(NRZ) coding, instead of transformers and Manchester coding.
In other applications, modulation of a carrier and communica-
tion over existing power cables might be considered. Broad ap-
plication of this standard will benefit both civilian and military
designers by making a wider range of terminals and LSI func-
tions available at lower cost.

Summary

The United States military has developed a serial data multi-
plex standard for use in aircraft. The standard provides for low
error-rate data transmission in electrically noisy environments.
The data bus can be used to interconnect up to 31 inde-
pendent terminals with data transfer message organized in a
demand-response format. All message traffic is controlled by
the bus controller, whose role is transferable among the
terminals on the data bus network. Electrical format of the
standard is based on transmission of data using Manchester
waveforms over a differential twisted shielded pair. All
terminals are transformer coupled to the bus in a manner that
allows communication to continue on the data bus even in the
event of a faulty terminal in the network. Redundant data bus
networks are allowed in critical applications.
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No!.ris introduces
PrecisionVoltage References
as good as your systems!

Now, Harris Semiconductor gives you a new family of monolithic voltage references that meet the precision
and accuracy requirements of today’s high resolution data systems—over temperature, over time, over load.
The Harris HA-1600, HA-1610, HA-1615 and HA-1620 are laser-trimmed for precise output voltages
within a few millivolts of nominal value. All devices feature outputs buffered by an op amp with an
uncommitted feedback loop for current drive flexibility and stability under load.
The HA-1600, HA-1610 and HA-1615 are +10 V output devices. The HA-1620 is a +5 V reference with
the additional feature that the output can be adjusted =0.5 V.
Accuracies of this line of references go to =1 LSB over full military temperature range for 12-bit systems.
Here's the important bottom line—now you can get a reference that is as good as your system,
with accuracies to better than 1 LSB!
Put a new level of accuracy into your data acquisition system. Specify Harris voltage references.
Prices range from $5.00 for the commercial version of the HA-1615, to $30.00 for the military version
of the HA-1600 (100-999 quantities). Availability from stock.

Call the Harris Hot Line, or write: Harris Semiconductor Products Division, Box 883, Melbourne,
Florida 32901.
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HA-1600 Precision 10 Voit Reference HA-1610/HA-1615 HA-1620 Precision 5 Volt Reference
Temperature Regulated Chip 10 Volit Precision Reference With Adjustable Output

O PRECISION
67 POINT HIGH

NOISE COMPENSATION

Resolution
Output Temperature Max. M. Ma for 1LSB
Accuracy
HAT-1600-2 5510 +1250C 14-Pin Hermetic Dip 12 Bits
HA1-1602-2 —55to +125°C 14-Pin Hermetic Dip 11 Bits
HA1-1605-5 Oto +75° 1 Hermetic Dip 12 Bits
HAZ-1610-2 [¢ —55t0 TO-99 Metal Can 10 Bits
HA2-1610-5 0 0to+75°%C TO-99 Metal Can 8 ) 12 Bits
HA2-1615-2 —55t0 +125°C TO-99 Metal Can z 9 Bits
HA2-1615-5 Oto +75°C TO-99 Metal Can ; ; ; 11 Bits

HA2-1620-2 —55t0 +125°C TO-100 Metal Can i ¥ 12 Bits
HA2-1620-5 0to +75°C TO-100 Metal Can 13 Bits

HARRIS HOT LINE!
1-800-528-6050, Ext. 455

In Arizona: 1-800-352-0458, Ext. 455 Harris Technology

Call toll-free (except Hawaii & Alaska) for phone number wee YOUF COITI,OGT/TIVG Edge SEMICONDUCTOR
of your nearby Harris s: ffice, authorized distributor or PRODUCTS Dlvls | ON

expedited literature service. Or check your IC MASTER
for complete product listing and specifications. A DIVISION OF HARRIS CORPORATION
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Perkin-Elmer introduces
the supermini solution to
your application
megaproblems.

The new 3240 ultra-high
performance supermini.’

*System prices start at $125,500 (OEM quantity 1) which includes 512 KB
of memory, writable control store, floating point processor, battery back-up,
Model 550 console terminal, 80 MB disc, and 75 ips/800 cpi tape.

Prices are U.S. only.

PERKIN-ELMER

| have massive
input/output
requirements.

For tough jobs like simulation, the new 3240 deliv-
ers 40MB/second |I/O bandwidth, four separate

and independent DMA busses, 64MB/second peak
system throughput rate, and multi-level interrupts.
From 8 to 32 DMA ports can be configured on a
3240 system, each port capable of controlling up to
16 devices. This yields extensive on-line storage
capability (up to 115 gigabytes worth) and through-
put. Ask for details. Perkin-Elmer, 2 Crescent Place,
Oceanport, NJ 07757

Name

Title

Company

Street

City State

[J Please have a salesman call.
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| must have instantaneous
response.

For high-performance transaction processing,
such as an on-line reservation system, the power of
the 3240 can be combined with RELIANCE, a software
system that integrates COBOL, data management,
and transaction processing software. Even with a
128-terminal system, you get instantaneous terminal
response. And your data base is protected from

media faults and system failures. Add to this Perkin-
Elmer’s industry-compatible RPG II. Ask for details.
Perkin-Elmer, 2 Crescent Place, Oceanport, NJ 07757.

Name

Title

Company

Street

City. State Zip

[ Please have a salesman call.
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My applications need
big memory space.

For scientific research, such as seismic explora-
tion, the 3240 offers 16MB of directly addressable
MOS memory with our unique hierarchical storage
scheme for fast access. By linking as many as eight
Model 3240s to Perkin-EImer’s industry-pioneering
shared memory system, total memory space can be
increased dramatically. A fully expanded shared
memory system accommodates both processors
and peripherals. Ask for details. Perkin-Elmer,

2 Crescent Place, Oceanport, NJ 07757

Name

Title

Company

Street

City State

[ Please have a salesman call.
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I’'m trying to solve complex
problems no one has
attempted before.

When applied to problems such as command and
control or computer-aided design applications,
the 3240 system really pays off. You benefit from

our user-alterable writable control store (another
pioneering effort from us), which enables you to
tailor your programs with microcode to suit your
application needs. And there's more. You benefit
from our separate FORTRAN VI globally optimizing
compiler by getting assembly language execution
speeds with the efficiency of high-level programming.
Perkin-Elmer, 2 Crescent Place, Oceanport, NJ 07757

Name Tel.

Title

Company

Street

City State Zip

[J Please have a salesman call.
CIRCLE 51 ON INQUIRY CARD

OR CALL 800-631-2154

In New Jersey (201) 229-6800

| don’t want to spend
a fortune on software.

No one does in any application. You start with
Perkin-Elmer’s highly efficient operating system that's
evolved from use in more than 2500 of our 32-bit
computer installations worldwide. Add our Multi-
Terminal Monitor and you can have 32 programmers
doing concurrent development work in any mix of
our high-level languages —ANSI-standard COBOL,
FORTRAN VII (with its separate development and
globally optimizing compilers), and RPG Il. Combine
this with our comprehensive telecommunications
software that supports a wide variety of data com-
munications protocols and work-station emulators.
Perkin-Elmer, 2 Crescent Place, Oceanport, NJ 07757

Name Tel.

Title

Company

Street

City. State

[ Please have a salesman call.
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| need exceptional
accuracy.

In such accuracy-critical applications as satellite
or missile tracking, the 3240, with full 32-bit archi-
tecture, features a single-and double-precision
Floating Point Processor with accuracy unsurpassed
in the minicomputer industry. The accuracy of the
3240 hardware is also complemented by a state-
of-the-art Math Function Library that is part of our
industry-leading FORTRAN VII. Ask for details.
Perkin-Elmer, 2 Crescent Place, Oceanport, NJ 07757

Name

Title

Company

Street
City State Zip

0O Please have a salesman call.
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| DESIGN NOTE

Timing Circuit Generates
Selectable Clock Frequencies

Four switch selectable clock frequencies with flexibility in width,
phase relationship, and cycle time to service a variety of timing
applications are generated from a single time base

F. Chitayat

Canadian Marconi Company, Montreal, Canada

l n the design of a microprocessor
based system, it is sometimes incon-
venient to use a fixed frequency clock
generator, such as that provided by
the microprocessor manufacturer, due
to the dedicated inflexibility of such
a device. Where flexibility is desired,
for instance, to accommodate. a range
of memory speeds while maintaining
microprocessor cycle time at an opti-
mum rate, the timing circuit shown
in Fig 1 generates several cycle times
and corresponding clock signals for
the Motorola 68B00 2-MHz micro-
processor. This circuit can be readily
adapted for use with other micro-
Processors.

Cycle times are switch selectable
among 800, 700, 600, and 500 ns,

104

which correspond to clock frequen-
cies of 1.25, 1.43, 1.67, and 2 MHz,
respectively. For each cycle time, the
two necessary nonoverlapping clock
signals ¢1 and ¢2 are generated for
microprocessor input. Each repeating
pattern of ¢1 and ¢2 can be length-
ened or shortened independently to
suit the application. Also, a number
of special clock signals—data bus
enable (DBE), for example—can be
similarly generated.

Principles of Operation

Logic devices Ul and U2—a pair of
74L.S175 4-bit registers—connect the
output of each internal flipflop to
feed the input of the succeeding flip-
flop, thereby forming a single syn-

chronously clocked 8-bit serial reg-
ister with complementary outputs.
The clock input frequency is 10 MHz.
Each successive flipflop output pre-
sents a delay of one clock period, or
100 ns, with respect to the preceding
output.

To generate the required cycle
times, certain flipflop outputs are
NANDed by gate U6. When all these
outputs are ls, the output of U6 goes
low, thus resetting latch U7 and pre-
senting a 0 input to serial register
Ul/U2. Then, this register proceeds
to successively drop all its outputs
to Os, and the output of NAND gate
U5, which is connected to the corre-
sponding complementary outputs of
Ul/U2, goes low, setting latch U7.

COMPUTER DESIGN /DECEMBER 1979
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Fig 1 Clock circuit schematic diagram. From single 10-MHz timebase, circuit provides four switch selectable
combinations of ¢1 and ¢2 clocks for 6800 microprocessor timing. Four cycle times—500, 600, 700, and 800 ns, are
available

Next, this latch presents a 1 input to
serial register U1/U2, and the entire
operation is similarly repeated.

Only the first five flipflop outputs
of Ul and U2 are fed to U5 and U6
to generate a 500-ns cycle time, as
each output contributes a 100-ns de-
lay. For an 800-ns cycle time, all
eight outputs of Ul and U2 are fed
to U5 and U6. Selection of cycle
times is made by a multiple-section
double-pole single-throw switch (S3
in Fig 1). Poles that are ganged to-
gether are shown connected by a
dotted line. Pullup resistors—con-
nected to the switched inputs of U5
and U6—provide noise immunity
when these gates are opened.

Logic devices U3 and U4 form
another pair of 74LS175s whose in-
puts are connected to the correspond-
ing outputs of Ul and U2, but which

are clocked by the negative-going
edge of the master clock via inverter
U8. Thus, an intermediate 50-ns step
delay is provided, and the resolution
for signal generation is correspond-
ingly increased to 50 ns.

To generate the desired clock sig-
nal, any two outputs and/or comple-
mentary outputs of Ul, U2, U3, and
U4 are selected and exclusively ored
through U9 and/or U10, respectively.
As each cycle time requires a dif-
ferent ¢1 and ¢2 clock width, the
pair of outputs needed to generate
the clock frequency for each cycle
time are fed to a double-pole section
of switches S1 and S2. Thus, S1 pro-
vides the ¢2 clocks necessary for all
four cycle times, and switch S2 sim-
ilarly provides the ¢1 clocks.

A representative timing diagram
(Fig 2) for the 500-ns cycle time

shows the timing relationships of the
various signals. Signal (1) shows the
10-MHz master clock. Signals (2)
through (6) show the first five out-
puts of Ul and U2. Transitions of
these signals are coincident with the
rising edge of the master clock and
are delayed by exactly one clock
period, or 100 ns, with respect to
each other. Signal (7)—the output
of U5 or the SET signal for U7—goes
low when signals (2) through (6)
are low. Signal (8)—the output of
U6 or the RESET signal for U7—goes
low when signals (2) through (6)
are high.

Signals (9) through (13) represent
the first five outputs of U3 and U4.
Transitions of these signals occur
at the falling edge of the master clock
and are delayed by one clock period,
or 100 ns, with respect to each other,
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MICROCOMPUTER BUS

Create powerful new systems
fast and easily with flexible
Motorola Micromodules.

For your next microcomputer development
project, choose from the broadest, most
versatile selection of powerful, ready-to-run
modules. Choose Motorola Micromodule ™
board-level systems.

You can have automatic testing, or control,
processing, diagnostic, analysis, management,
and many other systems easily and fast,
with Micromodules.

All the principal system functions you need
are available now in these 8-bit Micromodules:
CPU, memory (RAM, ROM, EPROM), serial and
parallel I/0 (including GPIB), analog I/O
(high-level and low-level), high-speed math
processor and solid-state relay modules.

And you get software/firmware, high-level
language processors, card cages and even power
supplies — everything you need — from just
one broad-line source: Motorola.

Think of the hassles avoided, and the time
and cost savings possible.

Think of getting to market faster, and with a
competitive edge.

The Micromodule family is designed around
Motorola’'s M6800 microprocessor family,
including the MC6809-based MM19 monoboard
microcomputer, the most powerful 8-bit system-
on-a-board. All Micromodules are fully compatible
with Motorola EXORciser® and EXORterm™
development systems.

For Micromodule information, send to
Motorola Semiconductor Products Inc.,

P.O. Box 20912, Phoenix, AZ 85036 for a copy of
our Micromodule brochure. For more detailed
assistance, contact your Motorola Semiconductor
sales office or authorized distributor.

Whether your needs dictate use of ready-to-run
Micromodule power and performance, or building
the next system from basic components up,
Motorola is committed to supporting your

Innovative systems
through silicon.

@ MOTOROLA INC.
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Motorola’s

Micromodule family.

Ready-to-run power
and performance.

Monoboard Microcomputers
M68MMO1

Monoboard Microcomputer 1 (6800)
M68MMOIA

Monoboard Microcomputer 1A (6800)
M68MMO1B

Monoboard Microcomputer 1B (6802)
M68MMO1BIA

Monoboard Microcomputer 1B1A (6802)
M68MMO1D

Monoboard Microcomputer 1D (6800)
M68MM19

Monoboard Microcomputer 19 (6809)
Processor Modules
M68MMO02

6800 CPU Module
M68MM14

Arithmetic Processing Module
Memory Modules
M68MMO0O4

EPROM/ROM Module (16K Max)
M68MMO4A

EPROM/ROM/RAM Module (64K Max)
M68MMO06

2K Static RAM Module
M68MMO9

4K Static CMOS RAM Module w/Battery Backup
MEX6815-3

8K Dynamic RAM Module
MEX6816-1

16K Dynamic RAM Module
MEX6816-1HR

16K Dynamic RAM Module w/Hidden Refresh
MEX68RR

EPROM/RAM Module
Digital I/0 Modules — Parallel
M68MMO03

32/32 1/0 Module
MEX6821

PIA-Based 1/0 Module (40 lines)
M68MM13A

Isolated Relay Output (16 Channel)
M68MM13B

Isolated Relay Output (32 Channel)
M68MM13C

Opto Isolated Input, Voltage (24 Channel)
M68MM 13D

Opto Isolated Input, Contact Closure (24 Channel)
M68MM23

Opto Isolated /0 Module (AC/DC)
Digital 1/0 Modules — Serial
M68MMO7

Quad Communications Module
MEX6850

ACIA Module
M68MMI11

RS-232C to 20 mA Adapter Module
M68MM 12

GPIB Listener/Talker/Controller Module
M68MM12A

GPIB Listener/Talker Module

Analog I/0 Modules
M68MMO5A

12-Bit A/D. High-Level, 8 Channel (Diff)
M68MMO5B

12-Bit A/D. High-Level. 16 Channel (S/E)
M68MM15A

12-Bit A/D. High-Level, 8/16 Channel (Diff-S/E)
M68MMI15A1

12-Bit A/D. High-Level. 16/32 Channel (Diff-S/E)
M68MM 5B, BEX

16-Bit, Low-Level. 1-16 Channel

M68MMO5C

Quad 12-Bit D/A Module
M68MM15CV

Voltage D/A Module (1-4 Channel)
M68MM15CI

Current D/A Module (1-4 Channel)

Packaging and Support Hardware
M68MMCCO05

5-Slot Card Cage
M68MMCC10

10-Slot Card Cage
M68MMSC

5-Slot Rack-Mount Chassis (Top Load)
M68MMLC

10-Slot Rack-Mount Chassis (Top Load)
M68MMFLC

14-Slot Rack-Mount Chassis (Front Load)
M68MPS1-1

Power Supply (+5 V. £12 V)
MEX68WW

Wirewrap Module
MEX68USM

Universal Support Module
MEX68XT

Extender Module
Peripheral Devices and Interfaces
M68MDM 1

5-Inch CRT Display Module
M68DIM2A

Display Interface Module
M68SFDC2

6800 Floppy Disk Controller Module
M6809FDCONT2

6809 Floppy disk Controller Module
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Fig 2 Clock circuit timing diagram. Principal timing signals of circuit
and clock signals ¢1 and ¢2 are all derived from 10-MHz master clock

l—_ (18)

and one-half of a clock period, or
50 ns, with respect to signals (2)
through (6), respectively. Signals
(14) and (15) are two outputs,
which have been selected from among
signals (2) through (6) and (9)
through (13), to feed the inputs of
xor gate U9, the output of which
generates clock ¢2, signal (16).
Clock ¢2 is thus 200 ns wide and
has a 500-ns period. Signals (17)
and (18) similarly feed the inputs to

xorR gate UlO to generate clock ¢1,
signal (19). Clock ¢l is thus also
200 ns wide with a 500-ns period,
and has a 50-ns nonoverlap zone
with ¢2.
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Isn‘tittime
ou put some of your ideas
in motion?

Well now you can. The Terak 8510/a
was built to bring graphics to life.

This unique, completely self-
contained, stand alone, desk top graphics
computer gives you an animation capability
that, until now, could only be obtained with
alarger, more expensive system.

The nerve center, a powerful 16-bit
microcomputer, allows effective animation,
making it ideal for design, simulation,
and modeling.

And an independently controlled 4K
read/write memory allows the creation of
an unlimited number of character sets.

This, coupled with the two ported
main memory, allows the 8510/a to
simultaneously display animated graphics
and text. Until Terak, this capability could
only be found in far more expensive
systems.

What's more, Terak supports U.C.S.D.,
PASCAL, DEC RT-11, BASIC and FORTRAN
IV software.

But the best part is the price. Only
$7,850. That's roughly half the cost of our
nearest competitor's system—with
roughly twice the competitor's capability.

So if you want to make the most of
your ideas, put 'em in motion with a Terak

8510/a— the best priced performer on
the market.

For more information, write Terak
Corporation, 14405 North Scottsdale
Road, Scottsdale, Arizona 85254. Or call
(602) 991-1580.

terak
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© 1979 Terak
Animation by Michael Smith

University of Utah
Computer Alded Instruction Group
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CSC

If you always thought

Systems Software
upstaged
Systems Engineering

at CSC,
just answer this ad...

“Hands-on hardware...turnkey deliverables...big systems engineering.” Lots of
engineers don’'t normally associate this kind of work with CSC. But the world
has changed. And we've proven time and time again that when the best
systems software specialists can collaborate with the best systems engineers,
virtually anything is possible.

Today at the Systems Division of CSC, you'll find some of the world’s
biggest and most sophisticated systems under development. They include
military and non-military systems. And they carry with them some of the finest
professional opportunities available today for computer/communications sys-
tems and equipment engineers experienced in any of these subjects:

Real-Time Systems Communication Systems
Systems Testing Satellite Systems
RF Transmission
Test & Evaluation System Control
Management & Planning Hardware/Software Interface
Software Verification Networking
& Validation System Acquisition
Digital Systems Hardware Requirement Analysis
Proposal Evaluation Quality Assurance
Training: Plans & Evaluation Interoperability

For a prompt response call (703) 533-8877
or (800) 336-3765, Ext. 137, toll free.

Or, mail your resume in full confidence to
the Director of Professional Staffing, MC/218-EC.

WE AGGRESSIVELY SUPPORT EQUAL OPPORTUNITY AND AFFIRMATIVE ACTION

COMPUTER SYSTEMS DIVISION
SCIENCES 6565 Arlington Boulevard Falls Church, VA 22046
CORPORA'I‘ION Major Offices and Facilities Throughout the World.
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TECH BRIEF

Bit-Synchronizer Lock Detector

Simplified circuit indicates phase error between recorded and reconstructed

clock signals

ADD-SUBTRACT HALF-SYMBOL
CLOCK  SIGN

HALF-SYMBOL

LOCK
CONDITION

Recorded (half-symbol) and
reconstructed clock signals
are processed to yield sig-
nal that represents their
phase lock relationship

A circuit that measures the phase
error in a phase locked loop between
the clock signal recorded in data on
magnetic tape and the reconstructed
clock signal presents the error as a
digital word that can be compared
with a predetermined threshold to
indicate lock status.

The lock detector utilizes an early/
late algorithm used in a Nasa bit-
rate synchronizer, but implements it
by treating a half bit time as the
smallest unit of time of interest
(rather than a full bit time). This
renders part of the algorithm re-
dundant and unnecessary and reduces
the amount of hardware required. In
the aerospace application for which
it was designed, the detector requires
seven fewer integrated circuits and
two fewer discrete components.

The circuit operates (see Figure)
by taking the absolute value of two
in-phase half-symbol integrations,
subtracting the sum of the absolute
values of two quadrature half-symbol
integrations, and then summing over
2" symbol times (n being the num-
ber of symbols). The output is a
maximum for either 0° or 180°
phase offset between the recorded
and reconstructed clocks. It is zero
for £45° offset and a negative maxi-
mum for #=90°. The equality of the
output for phase locked and 180°
out-of-phase clocks is a characteristic
of any lock detector operating on a
Manchester encoded signal, which
uses only half-symbol instead of full-
symbol information.

Note

This work was done by Douglas C.
Huey and Benedict A. Itri of Trw,
Inc, for Johnson Space Center. For
further information, write to: John
T. Wheeler, Johnson Space Center,
Code AT3, Houston, Tx 77058.

Patent Status

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to the Patent Counsel, Marvin F. Matthews,
Lyndon B. Johnson Space Center, Mail Code:
AM, Houston, TX 77058. Refer to MSc-16744.
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This document was prepared under the
sponsorship of the National Aeronautics
and Space Administration. Neither the
United States Government nor any person
acting on behalf of the United States Gov-
ernment assumes any liability resulting
from the use of the information contained
in this document, or warrants that such use
will be free from privately owned rights.
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Pack 10 to 120 megabytes
in a unit one-third the size of
conventional disk drives.

D120
IOMB removable
cartriclge

For OEMs and system
builders, the D100 family of
compact disk drives offers a sur-
prising list of advantages. Two
new models, D140 and D160 add
capacity and flexibility to the
proven performance of the D120.
The D140 includes a T0MB fixed
platter in addition to the 10MB
removable cartridge as used with
the D120. The D160 uses a sealed
(non-removable) module which
includes low pressure heads and
carriage.

Small Size: Occupying
approximately one-third the
volume of conventional drives,
models D120 and D160 measure
5.6” X 12.2” x 21.8"”. Model
D140 is slightly taller at 6.7"".

Innovative Cartridge: Both
D120 and D140 models use a
flat, thin (11" square by .9") self-
ventilated cartridge weighing only
2.8 pounds.

D140

10MB removable cartridge
plus

10MB non-removal

le platter

Common Interface: The
same controller handles D120,
D140, D160, or any combination
of the three models. One or more
D160’s in conjunction with a
D120 provide a fixed data base
with a high-throughput-10MB
load-dump yielding twice the
operating flexibility at half the
size of conventional single-
spindle drives.

High Density/Speed: Up to
7300 BPI, 600 TPI; 920 kilobytes/
sec transfer rate.

Accuracy: Data-imbedded
servo-tracking techniques assure
accurate head positioning and full
cartridge interchangeability.

Low Power Consumption:
From 100 to 130 watts depending
on model.

Reliability: Simplified
mechanisms rule out any need
for preventive maintenance. The
spindle-mounted dc motor is
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D160
60, 90, or 120 MB
H(1,"}~{¢'3'Hu\.u!)1’t
|
\f’d‘t‘(} !H(niuhv

brushless. There are no belts or
pulleys, no blower, no transducer,
no thermal compensation device.
And no head allgnment
is required. MTBF
is 5000 hours for
models D120

and D140, 8000
hours for the D160.

Cii Honeywell Bull

For more information, send coupon to: I
Jean-Paul Garodel, Bull Corporation of |
America, 200 Smith Street (MS 430), |
Waltham, Massachusetts 02154. Or call, |
(617) 890-8400, extension 2019.
[In Europe, write Alain Kiffer, Cii Honeywell I
Bull, 6 Avenue des Usines, 90001 Belfort, |
France. Or call, (84) 228200.] |
|
|
|
|
|
|
|

Name
Company
Address
City State Zip
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INTERFACING FUNDAMENTALS:
THE 6801 SINGLE-CHIP MICROCOMPUTER

Andrew C. Staugaard
Jamestown Community College

Christopher A. Titus and Jonathan A. Titus
Tychon, Inc.

David G. Larsen and Peter R. Rony

Virginia Polytechnic Institute and State University

Next step in the discussion of the evolution of the
Motorola 6800 family, summarized in Fig 1, is the 6801
microcomputer on a chip. This microcomputer is important
because of its flexibility. It features software and bus com-
patibility with the 6800, and expands with 6800 peripherals
and memory. For small and dedicated applications, it can
function as a single-chip microcomputer with internal, but
limited, read/write memory, read only memory, and pro-
grammable input/output. Alternatively, it can be expanded
to 65k address bytes for large system applications. This
adaptability has caused the Swiss government to place an
order for 150k 6801 chips to computerize their telephone
system, which amounts to approximately one 6801 for every
43 people. In the United States, a special version of the
microcomputer is being prepared for General Motors and
Ford to use in future automobiles.

Three basic operating modes—single chip, expanded
nonmultiplexed, and expanded multiplexed—are user selec-
table (see Fig 2). Single-chip mode permits the device to
function as a standalone microcomputer. The user must
supply the power and an external crystal to provide the
clock frequency. This mode uses 128 bytes of internal
read/write (R/'W) memory, 2k bytes of internal read only
memory (ROM), three independent programmable 8-bit in-
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put/output (I/0) ports, and access to the internal timer and
serial communications interface via a 5-bit port. Clearly,
this mode of operation suits small dedicated applications
found in appliances, toys, games, and simple process
control.

Expanded nonmultiplexed mode provides access to the
internal data bus and lower eight address lines, thus permit-
ting expansion via the addition of 256 bytes of memory. In
this mode, two 8-bit 1/0 ports are sacrificed; however, one
8-bit 1/0 port, the internal timer, and the serial communica-
tions interface are still available.

Finally, the expanded multiplexed mode provides access
to the 8-bit data bus and the 16-bit address bus. This per-
mits memory expansion to as much as 65k bytes. Since the
data and address buses are multiplexed, the user still has
access to a single 8-bit /0 port, the internal timer, and the
serial communications interface. All of these capabilities
are achieved from a single 40-pin chip since selection of a
particular operating mode configures the individual pins to
specific capabilities.

Functions that the microcomputer combines on a single
chip—R/W memory, ROM, clock timer, several 1/0 ports, and
serial communications interface—previously required
multichip and board-level systems. For example, a compar-
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Now, high-performance graphics
for minicomputer-based systems don’t
have to be expensive.

HP’s 13508 Display System
provides high speed
interaction, brightness and
high resolution. . .

at low cost.

When your minicomputer-based graphics systems require
high-quality, real-time displays — with no price premium —
you'll want the HP 1350S.

With the 13508, you get a high-resolution display system that
generates bright, sharp vectors and alphanumerics at fast
writing speeds. Which means higher speed and 1000 x 1000
addressable resolution at a lower cost than high-resolution raster
graphic systems.

That's because the 13508 offers a choice of high-perform-

g

ORSHNED ¢ OR

HEWLETT
PACKARD

ance random scan graphic displays in a variety of CRT sizes,
plus digital storage and refresh. The bottom line to you is
display flexibility, and an exceptional price/performance value.

Other system features include rapid updating of information
displayed and simultaneous display of different information
on up to three additional CRTs.

For compatibility with a variety of minicomputers, two easy-
to-use interfacing alternatives are available: The serial RS-232C
with baud rates to 57k; and the HP-IB parallel interface.

The HP 13508, priced at $7,500%, provides a cost-
effective graphics solution for computer aided design, data
acquisition, analytical instrumentation, simulation, medicine or
radar — anywhere a high speed, bright and clear graphics
display is required. For more information, write to Hewlett-
Packard, 1507 Page Mill Road, Palo Alto, CA 94304. Or call the
HP regional office nearest you: East (301) 258-2000, West
(714) 870-1000, Midwest (312) 244-9800, South (404)
955-1500, Canada (416) 678-9430.

*Domestic U.S.A. price only

088/10

m HP-IB: Not just IEEE-488, but the hardware, documentation and support that

SYSTEMS

delivers the shortest path to a measurement system.
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LS| 11/23

12" Integrated Computer System
LSI 11/23 CPU
128K Bytes, Memory Management Unit

Dual Floppy Disk Subsystem
Price: $10,635.00

RT 11 «RSX 11M o
Fortran e Pascal ¢ Basic ¢
Development Software

*Q Bus, LSI-11/23 are Trademarks of Digital Equipment Corp.
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Fig 1 Evolution of 6800
microprocessor/micro-
computer family. Ad-
vanced microcomputer
(6801) progressed from
6802 and 6800 micro-
processors; these three
require one, two, and five
chips, respectively, to
configure minimum
system

able 6800 based system requires nine chips to provide the
same system capabilities as a single 6801 chip.

Specifically, the first 64 bytes of the internal R’'W memory
can be retained in a power-down, or standby, situation
through the use of an external battery, which supplies a
maximum current of 8 mA. The internal serial communica-
tions interface, or universal asynchronous receiver/transmit-
ter (UART), is capable of full- and/or half-duplex operation in
standard mark/space format for typical terminal or modem
interfaces, or in bi-phase (fm) format for use between
processors. The UART also contains a programmable bit-rate
generator to provide four software selectable rates covering
a range of from 150 to 76.8k baud, depending upon the
crystal used. The internal timer is, in effect, a 16-bit
freerunning counter. Programming for one of three timing
functions allows the microcomputer to be used in applica-
tions that require very accurate time measurement. The
oscillator/driver associated with the internal clock requires
an external crystal. The clock contains an internal divide by
4 circuit, so that a 4-MHz crystal is used instead of a 1-MHz
crystal. Use of an inexpensive 3.58-MHz color-burst crystal
can provide an oscillator frequency of 0.895 MHz without
seriously sacrificing chip performance. Finally, the 6801 is
completely bus compatible with the 6800 family of micro-
processors, memories, and programmable peripheral
devices.

Architecture of the 6801 is designated in Fig 3; the only
difference between its and the 6800’s architectures is the
addition of 16-bit accumulator D (ACCD) that combines the
contents of the two 8-bit accumulators ACCA and ACCB.
Eleven instructions have been added to the basic 6800 in-
struction set to facilitate the use of this new accumulator



Delivery That’s OEM Responsive

Perkin-Elmer tape and disk drives are avail-
able now. When we saw the demand for our
drives grow, we responded by making the
investments necessary to be responsive to
OEM delivery requirements. Our commitment
to OEMs includes a new 250,000 square foot
manufacturing complex with the production
capacity that can meet today’s requirements.

Our OEM Commitment Our commitment

to the OEM goes beyond new facilities. It's a
multi-faceted corporate commitment that in-
volves a powerful combination of investments
in advanced production and testing equip-
ment, responsive management, financial
strength and competitive products. A commit-
ment that assures product reliability, on-time
delivery, and responsiveness for our OEM
customers. :
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Responsive Products We offer the OEM
tape and disk drives that have become the
industry standards. Our tape drives are avail-
able in sizes from 7 inches to 10%2 inches
with speeds ranging from 12.5 ips to 75 ips
and recording densities up to 1600 cpi.

Our Super Series cartridge disk drives are
available in front-loading and top-loading
configurations. Storage capacities are from
2.5 to 20 megabytes.

Responsive Answers For a responsive
answer to your tape or disk requirements,
write or call today. Then, you'll see what it
means when we say we're OEM responsive.

Perkin-Elmer, Memory Products Division,
7301 Orangewood Avenue, Garden Grove,
CA 92641 (714) 891-3711

PERKIN-ELLMER
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VDD

VDD STANDBY

=— IRQ,
RESET
MC6801 | PORT 3 PORT 3 8 LINES
il “ i 8 DATA LINES MULTIPLEXED
8 /0 LINES 8 /0 LINES r g
"= PORT 3 I/0 STROBES
fwifo i ADDRESS STROBE
PORT 4 PORT 2 PORT 4 PORT 4 8 LINES
8 /0 LINES 5 1/0 LINES TO 8 ADDRESS LINES ADDRESS BUS

Fig2 Summary of operating modes. In single-chip mode (a), microcomputer runs as standalone device. Expanded non-
multiplexed mode (b) accesses internal data bus and lower eight address lines; it expands with 256 bytes of external
memory. Finally, expanded multiplexed mode (c) accesses 8-bit data and 16-bit address buses, with expansion to 65k

bytes

PROGRAM COUNTER

CONDITION CODE REGISTER

CARRY (FROM BIT 7)
' OVERFLOW

ZERO

NEGATIVE

INTERRUPT

HALF CARRY (FROM BIT 3)

7 A 0 U 7 B 8-BIT ACCUMULATOR A AND 8-BIT ACCUMULATOR B
(B W I PR OR 16-BIT DOUBLE ACCUMULATOR D
[15 X 0] XINDEX REGISTER
[15 s 0] s STACK POINTER

Fig 3 Architecture of 6801 micro-
computer. Accumulator D (16 bits)
combines contents of 8-bit accumu-
lators A and B. Further, 11 added in-
structions handle accumulator and
optimize use of index register

and to provide greater use of the index register. The in-
structions are ABX add to index register; ADDD add to ac-
cumulator D; ASLD arithmetic shift left, accumulator D; BNO
branch never; LDD load accumulator D; LSRD logic shift
right, accumulator D; MUL multiply; PSHX push index
register; PULX pull index register; STD store accumulator D;
and SUBD subtract from accumulator D (the 6800 instruc-
tion mnemonics have previously been summarized*). With
the exception of BNO, all of these instructions involve 16-bit

*A. C. Staugaard, et al, “‘Interfacing Fundamentals: The 6800 In-
struction Set,”” Computer Design, Sept 19, pp 142, 144, and 146

operations, thus providing for more efficient program ex-
ecution. In addition, the instruction cycle times of the most
often used 6800 instructions have been reduced to provide
faster execution of a 6801 program.

As a final point, the 6801 is available in two other forms:
the 6803, which is simply a nonROM version, and the 68701,
which is an erasable programmable ROM (EPROM) version.
The 2048-byte EPROM of the 68701 can actually be program-
med with the aid of the internal R’'W memory on the chip.

This article is based, with permission, on a column
appearing in American Laboratory magazine.



THE INDUSTRIAL MACHINE
CONTROLS MARKET

Frost & Sullivan has completed a 343-page report
on the Industrial Machine Controls Market. Analy-
sis and sales forecasts through 1988 are supplied
for more than 31 control products in these cate-
gories: Sensors; Logic Units; Actuators; Packaged
Systems; Interface Units. Market forecasts through
1988 are presented for market segments in these
industries: DISCRETE DURABLES; NON-DIS-
CRETE DURABLES; NON-DURABLES; NON-
MANUFACTURING. An examination is made of
changes in the industry structure including inte-
gration moves, and profiles are supplied on minor
and major suppliers. A forecast is made of techno-
logical changes and factors that will determine
market growth. Product changes are evaluated.
Questionnaire response from suppliers regarding
their competition, and from users regarding their
requirements are tabulated and interpreted.

Price: $800. Send your check or we will bill you.
For free descriptive literature, plus a detailed
Table of Contents, contact:

F FROST & SULLIVAN

106 Fulton Street
New York, New York 10038
(212) 233-1080

THE INDUSTRIAL
ROBOT MARKET

The industrial robot market has yet to exhibit the explo-
sive growth predicted in the 1960's and early 1970's.
The circumstances are changing and the robot market
will have solid growth in the first half of the 1980's.
Industrial robots may be broadly classified as to how
they move, either point to point, or continuous path, and
as to how the movements are controlled, with or without
servo mechanisms. In addition, on the continuous path
robots they may be either tape or solid-state actuated.
Many additional subcategories of industrial robots can
be made and these relate to control complexity and
source of robot power — drum controller vs. micropro-
cessor, hydraulic vs. electric. The advent of the micro-
processor and minicomputer now allow a robot control-
ler to have extensive memory capabilities.

Frost & Sullivan has completed a 250-page report on
The Industrial Robot Market through the 1980's consid-
ering the market prospects by end user industry and
within by type of robot. Detailed product specifications
are provided by supplier for company comparisons.

Price: $800. Send your check or we will bill you. For free
descriptive literature, plus a detailed Table of Contents,

contact:

FROST & SULLIVAN

106 Fulton Street

New York, New York 10038
(212) 233-1080

Available Now

The most widely used Pascal system.
Compilers to complete development
software. For most popular microcom-
puter systems. With full documentation
and support. From one source.

S SR

MICROSYSTEINS

A SUBSIDIARARY OF SOFTECH

9494 Black Mountain Road
San Diego, CA 92126 714/578-6105

UCSD Pascal is a trademark of the Regents
of the University of California.

Find out more. Send this coupon.

O Please send UCSD Pascal description and order
form.

O Please send distributor and volume license
information.

Name.

Title

Company

Address

City/State/Zip

Computer system

Send to: SofTech Microsystems
9494 Black Mountain Road
San Diego, CA 92126
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Assembled Development
Board Utilizes 1M-Bit
Magnetic Bubble Memory

A 7110 bubble memory module, an
8085A based controller, and standard
components comprise the 128k-byte
development board. The single 6.75
x 12”7 (17 x 30-cm) sBc board inter-
faces with murTBUS™ systems; it
plugs into Intellec® Series 1 micro-
computer development systems and
can be used with the 1s1s-11 operating
system. All address, data, and con-
trol signals are TTL and MULTIBUS
compatible.

mB-100 uses transparent redun-
dancy inherent in the 7110 bubble
memory (see Computer Design, July
79, pp 159, 161). Nominal data rate
is 68k bits/s. The device is mounted
in a socket to facilitate system check-
out before applying power. Operation
is from 0 to 50 °C over *=12- and
5-Vdc power supplies.

CPU  communication with an
8085A is through a set of registers on
the board via 1/0 commands. The
microprocessor interprets these reg-
isters and controls timing and analog
circuits to perform bubble memory
accesses. 1/0 commands also pass data
via an onboard Firo.

Software programs for exercising
the development board are contained
on a double-density diskette (single-
density is optional). Intel Magnetics,
3000 Oakmead Village Dr, Santa
Clara, ca 95051, has included six
programs to transfer data between
an internal RaM buffer and either a
standard 1sis-11 device and file, or the
bubble memory.

Circle 410 on Inquiry Card

Adaptable System
Monitor Operates
Standalone Computer/CPU

Dual-purpose sBc/9™ is a 6809 cpu
for use as an upgrade card in ss-50
bus microcomputers or as a stand-
alone control computer. Also included
on the board are 1k of ram, 110-
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to 19.2k-baud clock generator, and
full-duplex rs-232-C serial interface.
An operating system has also been
developed by Percom Data Company,
Inc, 211 N Kirby, Garland, Tx 75042,
in five 1k rom (2708) versions. The
board’s circuitry accommodates either
two 2708 roms or one 2716 RoMm.

The card provides for multi-address,
8-bit bidirectional data lines to inter-
face directly to offcard 1/0 devices
such as a keyboard. The data bus
features multilevel data bus decoding
that allows multiprocessing and bus
multiplexing of other bus masters
under control of a single executive
program.

Extended address line capability
accommodates up to 16M bytes of
memory. All address, control, and
data lines are fully buffered.

psyMoN™, the system monitor, in-
cludes 15 callable utilities and 8
single-letter, monitor-type commands.
It adapts to any hardware environ-
ment because interfacing is accom-
plished with simple, specific device
driver routines.

These routines reference a table
of parameters called a device control
block (pcB), which is independent of
the operating system. Receiving con-
trol, usually from the 6809 power-on
vector, the system initializes its RAM
area, configures its console, and “looks
ahead” for a second rom. If present,
the RoM may contain user written
routines that alter the pointers and
enhance or modify the commands.
Circle 411 on Inquiry Card

System Structure
Houses All Necessary
Elements On One Board

Design philosophy behind the Z80
based vp computer systems maximizes
use of LsI circuitry and simple, direct
bus structures to eliminate the need
for external components such as card
cages, multiple boards, and power
supplies. All normal system elements
are on a single board. This covers
64k of ram and 1k to 8k of EPROM
or rRoM; two serial channels using
SDLC, HDLC, Rs-232, or any protocol,
with dual programmable baud rate

generators; four programmable count-
ers/timers; and 40 bidirectional 1/0
latched and buffered parallel lines.
In addition, Data World, Inc, 7541
Ravensridge Dr, St Louis, Mo 63119,
has supplied a 2-phase clock with 5-
and 12-V drivers, clock and calendar
with battery backup, five program-
mable timers, and a 4-channel pma
controller. A programmable video
generator has separate or composite
video and programmable characters
and fields. A subminiature disc con-
trol system handles up to eight floppy
discs or Winchester drives. An un-
regulated transformer-rectifier or bat-
tery supplies power. Expansion area
accommodates any added equipment.
Choice of a multidisc, cp/M com-
patible operating system includes
CP/M, OASIS, SOS, TEMPOS, and CDOS.
A variety of BAsic interpreters, as
well as ApL are available, along with
DISK BASIC, COBOL, FORTRAN, Pascal,
opus, Basic-E, and C Basic compilers.
Assemblers and macro assemblers
are suited to the 8080 and Z80.
Utilities consist of copy files, linker
loader, Z80 and 8080 disassemblers,
file editor, memory test, program
relocator, and dynamic debug.
Circle 412 on Inquiry Card

Controller Emulates
Hardware and Software
Of Eight Disc Systems

Flexible diskette controller zx-4pp
interfaces one to four full-sized or
miniature disc drives to the Intel
MULTIBUS™, Software costs are re-
duced because the interface is func-
tionally identical to the standard
disc systems used in the mps. The
controller is a bus master with full
master capability for override and
pMA data transfer.

Firmware on the controller allows
emulation of sBc-201, -202, -211, and
-212, as well as mps-2ps, -pps, -710,
and -720. Program jumpers select
full or mini size, single-density 1mBM
3740 fm or double-density 1BM Sys-
tem 34 mfm format.

The 201 mode of operation sets
the controller for direct, media com-
patible running of single-density disc

COMPUTER DESIGN/DECEMBER 1979



With Raytheon new
Beam-Penetration Color
CRT's. Designed specifi-
cally for computer color-
graphic system applica-
tions, Raytheon Beam-
Penetration Color CRT's
offer better color resolution
and better overall system
performance than con-
ventional color tubes and
other beam penetration
CRT's.

Avalilable in 15" to 25"
diagonal rectangular and
10" to 23" dia. round sizes,
Raytheon Beam-Penetra-
tion Color CRT's feature the
unique Raytheon patented
split-anode design. And this
means faster switching, con-
stant focus voltage and good
spot size for all colors.

Such tubes are just one
example of Raytheon'’s wide
choice of versatile, perfor-
mance-proven CRT’s that are
available in a variety of elec-
tron-gun types and phosphors
and in all shapes and sizes 3"
t0 25"

Color it right. Color it with
Raytheon Beam-Penetration
Color CRT's. For complete in-
formation, contact the Marketing
Manager, Raytheon Company,
Industrial Components Opera-
tion, 465 Centre St., Quincy, MA
02169. (617) 479- 5300.

COLORIT ]
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operating systems; the 202 mode al-
lows execution of double-density disc
operating systems after conversion of
media data to mfm recording. Intel
isis-i1 (pDp) systems which are re-
corded in m2fm can be converted
using instructions provided by Zen-
dex Corp, 6398 Dougherty Rd #32,
Dublin, ca 94566.

An 8085A cpu performs intelligent
disc control and data manipulation;
an NEC upD 765 controller provides
for up to four double-sided, double-
density drives. The 201/202 emula-
tion program contained in the sock-
eted 8355/8755A type ROM/EPROM
may be replaced by a custom pro-
gram.

Using one card slot, the intelligent
controller requires 5 V only, and can
be operated from the system’s logic
supply. A hardware user’s manual
accompanies the unit. Software driv-
er routines for the 8080/8085 host
ceu are provided as hardcopy list-
ings, so that previously written or
currently available software for the
Intel development systems can be run.
Circle 413 on Inquiry Card

Microcomputer Systems
Operate In Industrial
Environments

Three RacPac industrial computers
consist of two host/development com-
puter systems and a target/remote
computer, all usable with equipment
that is to be mounted in standard
19” (48-cm) racks or sealed in NEMA
12 cabinets with integral 19” (48-cm)
racks. oEMs and systems integrators
can employ the systems for process
monitoring and control, industrial
equipment control, and testing pro-
cedures in rugged environments.

The 3900A is a Flexibus 11 based,
12-slot, rackmounted, host/develop-
ment microcomputer with modular
expansion. It consists of a dual-floppy
disc assembly and cpu, in addition
to 4k bytes of bootstrap EproM, 60k
bytes of mram, and interfaces to an
optional crT, printer, and EPROM
burner.

The other host/development sys-
tem that Process Computer Systems,
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Inc, 750 N Maple Rd, Saline, M1
48176, has introduced is a Super-
Board based microcomputer with a
cpu and integral 12” (30-cm) CRT,
full function keyboard, and rack-
mounted dual-diskette assembly. The
3905A RacPac features 98k of rawm,
4k of bootstrap EPrOM, interfaces for
an optional printer, EPROM program-
mer, and a 20-mA upload /download
serial channel. Three serial channels
can be added.

Similar software for the two sys-
tems are single-user diskette Basic,
PascalPac operating system, and spps.
The latter provides editors, assem-
blers, linkers, FORTRAN compiler, and
runtime libraries for all three sys-
tems; for target/remote program de-
velopment, the spps offers full up/
download capability. As a freestand-
ing application system, the 3900A
may be equipped with integral Basic,
FORTRAN, and Pascal capabilities.

The third RacPac unit is also a
SuperBoard based microcomputer
packaged with a cpu, integral 12”
(30-cm) crt, power supply, 16k dy-
namic RAM, sockets for up to 8k of
EPROM, one serial 1/0 channel, a crT
controller, and keyboard. The 3945A
system is configured at the time of
purchase with a few field installable
options; it may be ordered with
added memory, serial channels, floppy
disc controller, and parallel inter-
faces. EproM based SpurCom soft-
ware package features virtual con-
sole functions via the crr and key-
board, and built-in debug capability.
It also provides 1/0 drivers for the
FORTRAN runtime library.

Circle 414 on Inquiry Card

High Powered uComputer
Systems Package Disc
Storage With Processor

Performance and functionality of
midrange minicomputers have been
transferred to the microcomputer
level in the form of two ppp-11/23
based systems. Execution speeds of
both are two and one-half times that
of the entry level ppp-11/03 systems.
Thus, the systems from Digital Equip-
ment Corp, Maynard, ma 01754, are

suited to oEM and end user applica-
tions in engineering, scientific, and
commercial environments.

poP-11V23 is housed in a 30” (76-
cm) high cabinet. A standard con-
figuration includes two rx02 floppy
disc drives, a ppp-11/23 with 128k
bytes of memory (expandable to
256k bytes), and either hardcopy or
video terminal. A workstation desk-
top attachment is optional. The rt-11
operating system, programming lan-
guage compilers such as Ans1 standard
FORTRAN 1Iv and Basic, editors, and
utilities comprise the software.

A 40” (102-cm) high enclosure
houses the ppp-11T23, consisting of
the processor and two =®rLOl hard
discs, as well as the choice of hard-
copy or video terminals. In addition
to the software of the -11V23, this
system runs under the rsx-11M multi-
user, multitasking operating system,
allowing more powerful compilers
such as BASIC-PLUS-2, FORTRAN 1IV-
pPLUS, and ppp-11 cosor. The result
is increased analytical power and per-
formance.

Circle 415 on Inquiry Card

Hardware Modules
Implement Interfaces
To IEEE STD 488 Bus

Micromodules™ 12 and 12A are
monoboard systems that create an in-
terface between a microprocessor and
one or more test instruments accord-
ing to the IEEE stpD 488-1978 bus
specification. The units are bus com-
patible with the full Micromodule
family and M6800 Exorciser™ de-
velopment systems (when run at 1
MHz), all of which are available
from Motorola Microsystems, Po Box
20912, Phoenix, Az 85036.
M68MM12A allows the user’s sys-
tem to send/receive data bytes, re-
quest service, and respond to parallel
and serial polls. This provides the
listener /talker function only. With
all of these same capabilities,
M68mMm12 further adds the control-
ler function—the ability to send com-
mands and conduct parallel/serial
polls. It has onboard EpPrROM contain-
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A touch of color can
make all your information

work harder.

Here are five ways
Ramtek can help you
put that touch of

color to work for you
within 30 days.

Choose from Ramtek’s line of raster
scan color graphics systems—the
most complete in the world. And
now, Ramtek can deliver the system
that exactly meets your needs—
within 30 days.

The 9000 Series: High-performance
microprocessor controlled graphics and
imaging systems with many modular
options that allow you to tailor functions
exactly to your needs. Suited for indus-
trial, commercial, medical and aerospace
applications.

The 9050: The most popular features of
the 9000 Series packaged in budget-
priced configurations.

The 6200A Colorgraphic Terminal:
Our general purpose graphics terminal
offers more features for the money than
anything else available on the market
today. It's one of our best sellers.

Ramtek offers more choices in graphic displays and customer
support than anybody. Nationwide field service and technical
support staff. Intensive hardware and software training programs.
Thorough documentation, maintenance programs, product war-

The FS 2500*: A dedicated display gen-
erator designed specifically for process
control applications. Many special
features for easy operator interaction.

ranties and more.When you buy Ramtek, our experience shows.

Ramtek

Our experience shows.

Monitors: Choose from 37 models to
1280 X 1024 resolution. In color or black
and white. Standard or long persistence
phosphor. 13" 19, or 25" CRT sizes.

Want more information on how to add the color touch to your
information? Write: Ramtek, 2211 Lawson Lane, Santa Clara,
CA 95050. Or call your nearest Ramtek office.

*available domestic U.S. only

REGIONAL OFFICES: Santa Clara, CA (408) 988-2211, Newport Beach, CA (714) 979-5351, Seattle, WA (206) 838-5196, Albuquerque, NM (505) 298-2200, Dallas, TX (214) 422-2200, Maitland, FL (305) 645-0780, Huntsville, AL
(205) 837-7000, Chicago, IL (312) 956-8265, Cleveland, OH (216) 464-4053, Dayton, OH (513) 278-9461, Washington, DC (301) 656-0350, Metropolitan NY (201) 238-2090, Boston, MA (617) 862-7720
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GPIB Micromodules. Identical sections of Motorola’s 12 and 12A units are shown, with added parts of MM12 enclosed
in dotted lines. Hardware, supported by optional M6800 software routines, implements interface to IEEE STD 488
for use with Micromodule based systems

ing all interface firmware, and rRAM
for use as a message table and

Power requirements are 5 V at
1.4 A max. The 9.75 x 6.15 x 0.50”

scratchpad area.

Mutual hardware features are 1-

(24.77 x 15.62 x 1.27-cm) module
operates from 0 to 70 °C. criB data

MHz operation, capability for gen-
erating interrupts to speed up cGrIB
operation, and onboard switches for
selection of device address. The on-
board hardware meets all 1EEE sTD
488-1978 signal level requirements
and timing requirements without the
need for microprocessor interrupts.
Address and control bus is TTL volt-
age compatible and the data bus is
3-state TTL voltage compatible.

rate is 50k bytes/s max guaranteed,
with rates up to IM bytes/s possible.

Supporting software to implement
the bus protocol is provided on the
mpos  diskette: M68mm12swm  for
Micromodule 12 and M68MMm12aswMm
for Micromodule 12A. The former
provides the source code for the firm-
ware EPROM, which is used to imple-
ment the GpriB protocol and may be
modified wusing the software. The

122

latter software implements the proto-
col for the cpiB listener/talker inter-
face; it contains source code for a
demonstration program and for the
communication protocol using a local
message table. Both packages include
a training program on how to use
the communication protocol.

“Device driver” software allows
the user to send messages to and
receive them from the interface with-
out getting involved in bus protocol.
The user is free to configure the sys-
tem since interrupts are not required.

Circle 416 on Inquiry Card

COMPUTER DESIGN/DECEMBER 1979



Miproc
power

'« FFSENEEEN

Miproc-16 is the fastest
16-bit microcomputer card
family available and has a compute-

rate of 4 million instructions per second.

INSTRUCTION POWER Up to 170 instructions including multiply/divide and bit
manipulation give Miproc-16 formidable processing capability.

16-BIT POWER  16-bit program words make programming easy. 16-bit data words
maintain high precision in arithmetic operations.

ADDRESSING POWER 16-bit dual memory architecture gives 65k words of
directly addressable program memory and 65k words of data memory with 8 powerful
address modes.

INTERRUPT POWER Multilevel, priority vectored interrupt system handles
context changes in less than 2 microseconds.

I/OPOWER 256 directly addressable I/O channels with data I/O rates of up to 1.7
megabyte/s under program control, and up to 20 megabyte/s for DMA.

HIGH SPEED PROCESSING POWER The unique dual memory architecture
combines with high-speed Schottky T'TL technology to execute most instructions in
a single 250 nanosecond machine cycle.

SOFTWARE POWER [Easy to use cross-assemblers for mainframe or mini-
computer make programming faster, and PL-MIPROC, a super-efficient high level
assembly language. And soon a disk-operating system with PASCAL.

HARDWARE POWER Comprehensive range of processor, memory and interface
cards backed up by sophisticated hardware development aids.

RUGGEDIZED POWER Miproc can be configured to meet any known

military specification.

Now take
your pick of

PLESSEY

MICROSYSTEMS

Miproc-16 can be brought into
action in your application, in
either a standard commercial
format or a full military con-
duction-cooled board system.

The commercial application
system (above left) has room
for three Miproc CPUs, is
smartly styled and equipped
with add-in 13- or 20-slot card
bay modules, fans and power
supply.

The military system,
contained in a 1-ATR size
chassis (above right) provides
up to 3.6 million instructions
per second with conduction-
cooling, compliance with
MIL-E specifications and an
unmatched cost-to-
performance ratio.

Plessey Microsystems Inc, 19546 Clubhouse Road, Gaithersburg, Maryland 20760 Telephone:(301)9482791 TWX: 710828 9708
1641 Kaiser Avenue, Irvine, California 92714 Telephone:(714) 5409931 TWX: 910 5951930

France: Paris (01) 776 4334 Holland: Noordwijk 0171919207 Germany: Munich (089) 23 62 270
Japan: Eiji Kitahara, Tokyo 244 3782 UK: Towcester (0327) 50312,
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Adapter/Logic Analyzer
Team Handles Most 8-Bit
uProcessor Applications

An 8-bit microprocessor analysis sys-
tem for such processors as the Intel
8080 and 8085, Zilog Z80, Motorola
6800, mos Technology 6502, and Rrca
1802 is formed through the combina-
tion of the model 2710 logic analyzer
and the 2710 mpu adapter, intro-
duced by Gould Inc, Biomation Div,
4600 Old Ironsides Dr, Santa Clara,
cA 95050. This allows the analyzer
(see Computer Design, Jan 79, p 48)
to be applied to many microprocessors
without losing its performance char-
acteristics.

The system’s universality is en-
hanced by the adapter’'s AnND/oOR
clocking and common address/data
bus demultiplexing features. The
former provides easy -clocking, re-
cording, and simultaneous display of
address and data information that
are read or written at different times.

The adapter pod provides four clock
signals for switch selectable or clock-
ing of data recordings; any combina-
tion of these signals can form a single
master clock signal. Complete or se-
lective recordings of microprocessor
program execution are obtained by
changing switches.

In microcomputers such as the In-
tel 8085, address and data informa-
tion are multiplexed on the same
pins. With the adapter, therefore, it
is possible to demultiplex, record,
and display both data and address
information at the same time.

All signals going through the adap-
ter pod are buffered for minimal
signal loading. The adapter loads sys-
tems under test with one low power
TTL gate. A pushbutton switch added
to the top panel and several unused
gates and buffers built into the pod’s
pc board allow customization of the
adapter by the user. Open board space
can be used to add gates or other
circuitry.

Circle 417 on Inquiry Card

Universal microprocessor adapter (left) connects to Biomation’s 2710 Data Domain
Analyzer (right) to analyze 8-bit microprocessors, using added features of AND/OR
clocking and common address/data bus demultiplexing
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Low Cost Boards Ease
Interface Construction
For Microcomputers

Users may construct special control,
communications, peripheral, or mem-
ory interface circuits, as well as ex-
perimental circuits, with the model
4609. This peripheral interface board
mates directly with Apple 1 and
Superkim microcomputers, and con-
nects to the Commodore PET unit with
the addition of the Expandamem™
adapter.

Three connectors, in addition to
the standard system bus, are avail-
able for 1/0. On the rear of the
board is a 20/40-contact card-edge
cornector that mates with a 3M type
ribbon connector; a right-angle solder-
tail header may be positioned in the
same location. Miniature sip type con-
nectors may be placed on the periph-
ery or in mid-board.

Vector Electronic Co, 12460 Glad-
stone Ave, Sylmar, ca 91342, fabri-
cates the 2.75 x 7.7” (6 99 x 19.6-cm)
board of 0.062” (0.157-cm) thick
epoxy-glass-composite material. An
unclad 1.9-in2 (12.3-cm?2) area holds
mounting relays, switches, indicators,
terminals, or other discrete devices.

pIPS or DIP sockets of 14 to 40 pins
mount in 0.042” (0.107-cm) diameter
holes located on 0.1” (0.3-cm) cen-
ters. At each prp pin position are 2-
hole pads; the first allows tack solder-
ing for component mounting, while
the second accommodates wrapped
wire pins or three 26-gauge wires
for interconnections. Wrapped wire
or soldered power connections are
made with the heavy duty buses on
the wiring side; a third unconnected
bus is located on the component side
for the designer’s use.

Circle 418 on Inquiry Card

Dedicated Microprocessors
Speed Operation of
Compact Microcomputer

Advanced design of the compact
wH89 microcomputer requires mini-
mum space to produce all the func-
tions necessary for small business or
professional tasks. Heath Data Sys-
tems, po Box 167, St Joseph, w1
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49085, developed the 8-bit system
around the wul9 video terminal.
Two Z80 microprocessors, a 72-key
keyboard with 12-key numeric pad,
and 16k of ram were added to this
component. The final addition was a
floppy disc system built into the right
front area of the terminal for high
speed access and mass storage capac-
ity of 100k bytes/disc for programs
and data.

Separate microprocessors for the
video terminal and microcomputer
itself assure that the two units never
share processor power. Broadening
system capabilities, this configuration
also increases operation speeds and
eases operator control.

The 12” (30-cm) diagonal crt
features a wide bandwidth monitor
that produces sharp 0.2” (0.5-cm)
high characters in a 5 x 7 (upper
case) or 5 x 9 (lower case with de-
scenders) dot matrix on the P4 phos-
phor screen. Display format is 25
lines of 80 characters. Graphics char-
acters use an 8 x 10 dot matrix. Dis-
play size is 6.5” (16.5-cm) high by
8.5” (21.6-cm) wide.

Users can control terminal func-
tions from the keyboard or with soft-
ware. Eight user definable keys allow
programming of special functions.
Characters and lines are inserted to
and deleted from anywhere on the
screen through direct cursor address-
ing. Line graphics capability from

Integrated 8-bit microcomputer. Heath
WH89 (with cover removed) contains
keyboard, numeric keypad, floppy disc
system (right front area), WH19 video
terminal, 16k of RAM, and two Z80
microprocessors, ‘all -of which combine
to handle high speed data processing
tasks

the keyboard or computer is also
featured. Keyboard selectable baud
rates range up to 9600.

The single-drive floppy disc system
stores 100k bytes on the 5.25” (13.34-
cm) diskette. Specs include a 30-cm
max track-step time and typical ran-
dom sector access time of less than
250 ms.

Weighing 50 1b (23 kg), the single-
unit system measures 13 x 17 x 20"
(33 x 43 x 51 cm). Suggested list
price is $2295. It requires 120/240 V
at 50/60 Hz, 90 W maximum.

Accessory 2-port serial 1/0 inter-
faces communicate with printers or
timeshare systems via a modem. All
communication is E1A Rs-232 standard.
Two additional chip sets expand rRaM
to full capacity of 48k.

The operating systems software
package consists of extended Benton
Harbor Basic, a 2-pass absolute assem-
bler, text editor to prepare source
code for Basic and other languages,
console debugger, and a set of disc
utility programs for file manipulation.
Dynamic file allocation efficiently uses
available space; a special feature
permits copying and transferring be-
tween discs in a single-drive system.
Programs written in Microsoft™ Basic
and assembler may be run.

Circle 419 on Inquiry Card

Graphics Entry Tablet
CapitalizesOnuComputer's
High Resolution Color

The Graphic Tablet attaches to any
Apple 11 computer, Apple Disk 1, and
TV set or monitor to supply graphics
input capabilities. Connection of the
computer to a printer provides a hard
copy of the graphics. Among the
graphics operations are freehand
drawing, creating original art, digi-
tizing and modifying drawings, trac-
ing an existing design, and producing
color separations by creating a multi-
colored illustration and stripping out
the individual colors. Six colors used
are black, white, magenta, green,
orange, and blue. The tablet processes
100 points/s, with virtually no time
lag between a pen motion on the
tablet and a result on the screen.

Elements of the tablet are an 11 x
11”7 (28 x 28-cm) drawing surface,
coated mylar overlay with menu of
tablet functions, stylus, disc based
software, and pc interface card. The
plug-in interface card contains 2k
bytes of rom firmware to handle
hardware and software utility func-
tions, thereby saving programming
time.

Functions that Apple Computer,
Inc, 10260 Bandley Dr, Cupertino,
ca 95051, has incorporated include
Pen Color, Draw, Frame, Box, Line,
Dot, Window, Distance, Area, and
Clear. In addition, Calibrate maps a
portion of the tablet to the full size
of the monitor screen for enlarging.
A section of an image can be chosen
with the Viewport function; this
area can be modified while protect-
ing the rest of the image. Then, the
Reduce function is implemented to
use the entire surface to work on the
sectioned area.

To select a function, the user
touches the stylus to the appropriate
label on the overlay. To change the
function, the user touches the stylus
to the next selected function. Apple-
soft Basic software routines give the
option of modifying the functions to
user needs. These may alter, elimi-
nate, or add such functions as stan-
dard shapes, symbols, or colors.
Circle 420 on Inquiry Card

ROM Simulator Causes
Microcomputer To Act
As Graphics Terminal

An advanced programming technique
of distributed processing, together
with the plotting resolution of the
Apple 11 computer enables TEKSIM
to offer an affordable graphics dis-
play alternative. The Apple 11/Tek-
tronix 4010 simulator RoM permits
the Apple computer to operate as a
graphics terminal when connected to
a host computer. No modifications to
the host resident program are neces-
sary to display or input graphical
data.

Simulation is of the Tektronix 4010
series terminals. All characteristics of
the 4006 and 4010 are precisely simu-
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Low-cost DC PM motor

only 112" in diameter

Our economy EM-13 motors have
many of the features of our quality
military motors. Torque constant:
2.6 oz. in./amp for 12 v.d.c. ver-
sion. Voltage constant: 1.92V/K
rpm. Available in 6, 12, or 24 v.d.c.
versions. Tooled for high-volume
production.

New gearmotors offer

30 speed reduction ratios

Our EM-13 and EM-15 gearmotors
provide maximum rated torque up
to 1250 oz. in. High-performance,
compact planetary gears. Power
source up to 30 v.d.c. Dimensions
1.25” or 1.50” dia. by 5.15” max.
Life-lubed bearings and geartrain.

New 112" DC servo motor

cuts your driving costs

The new Econo-Mite 15 motor is
designed for economy and high
production. At 12 v.d.c,, its torque
constant is 2.7 oz. in./amp and no
load speed is 5200 rpm. Dimen-
sions 172" dia. by less than 212".
Ceramic magnets tolerate high
pulse currents.

TRW/ GLose moToRs

Dayton, Ohio. (513) 228-3171.
Distributed by Arrow, Hall-Mark,
Hamilton/Avnet, Jaco, Pioneer.
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lated; for the 4012 and 4014, all
features except lower case/variable
size characters and enhanced graphics
are emulated. Graphical resolution of
the Apple is 280 x 192 as compared
to 1024 x 1024 for the Tektronix
terminal, so that TEKsSIM can never
produce as good an image as that
of the Tektronix unit (see Figure).
However, the quality is sufficient for
many applications where cost factors
are involved.

Basic features allow the user to
display graphical output from a pro-
gram residing on a host computer,
to send graphical input to a host us-
ing game paddles or a joystick, and
to issue local commands for erasing
the screen, returning to the Apple
monitor, and sending a break signal.
Minor changes to the host-resident
program produce 6-color graphics
displays. The standard video output
lets any Tv set function as a monitor.

The rom chip and special Apple
adapter unit, marketed by asw Corp,
po Box M 1047, Ann Arbor, M1
48106, piug into the D8 socket in-

'ROM  sim

ulator, available from ABW
Corp, causes Apple’'s microcomputer to
act as graphics display, simulating Tek-
tronix 4010 series terminals. Compari-
son demonstrates differences in quality
due to resolutions; TEKSIM image (on
right) is acceptable in many applica-
tions that have cost restrictions

side the computer. The simulator also
requires an Apple communications
interface card for communicating
with a host computer. RoM supports
operation with Apply’s Disk 11, so
that screen images can be saved
while online, and recalled later in an
offline environment. Disc based ap-
plication packages under development
will support various graphics tablets
and plotters which operate with
Apple’s 1/0 capabilities.

Circle 421 on Inquiry Card

Battery Power Backs Up
Microcomputer MOS
Memory And Refresh Logic

ups-2708A, an uninterruptible dec
power system rated between 5 and
50 W, can power Digital Equipment
Corp’s Ls1-11 M0s memory (Msv1l)
and refresh logic, independent of the
computer’s main power supply. Nor-
mal mode is ac line/dc regulated 5
and 12 Vdc that automatically trans-
fers without interruption to the hold
mode, which offers dec-de regulated
5- and 12-Vdc battery backup power
in the event of an ac line power
outage.

The 8.75” (22.23-cm) high rack
panel package consists of four primary
subassembly modules: an ac/dc linear
conversion subassembly, 40-W bat-
tery charger, 5- and 12-V output
converter module assembly, and bat-

tery protection cutout relay assembly.
The 12-Vdc sealed lead-acid battery
is mneither orientation sensitive nor
prone to leakage. Minimal outgassing
rapidly dissipates into a free air en-
vironment. Battery float life is greater
than 8 years. A cut out relay protects
the battery from damaging discharges
by disconnecting it from the system
at a preset level until ac line power
is restored.

The system, offered by Stevens-
Arnold. Irc, 7 Elkins St. S Boston,
MaA 02127, provides three outputs:
5 Vdc +0.5% at 3 A, 12 Vdc =0.5%
at 1 A,-and 141 Vdc at 3 A (for
the battery charger). Output noise
and ripple are 20 mV pk-pk. Over-
voltage and short circuit protection
are included. Other specs are tempco
of #£0.01% max/°C, voltage stability
of *0.1% max/24 h, and ambient
operating temperature of 0 to 60 °C.
Circle 422 on Inquiry Card

COMPUTER DESIGN/DECEMBER 1979



v get ga
memory in about the same space
as a 1 megabyte drive.

That's right. Until now, the only way you could build up to
6 megabytes of floppy disk memory into your product
was to add on drive after drive.

The new Burroughs MD122 memory unit drives two
8-inch, double-sided floppies, each with a formatted
capacity of 3 megabytes.

Now you can do all these applications that require
more capacity, yet keep the advantages of low cost,
removable media. And your system's performance will
improve, too, due to the MD122’s voice coil actuator with
a 100 ms average access time.

We've already built in an Advanced Microprocessor
Controller (AMC) which performs many of the functions

Presenting the first 6 megabyte floppy drive!

,,,,,—,,V//////‘rr////

/r/f///////””’//’f.“:‘_':‘

:normally required of the hest vs

“host CPU.

We’'ve already interfaced it!
e CRC generation
e Error detect/correct
e Sector relocation
® File search
® Error logging & analysis
e Confidence/diagnostic tests
o Media wear monitoring and warning to host
Now you can expand your memory and save on space
and cost. Call or write today for our low evaluation unit
price and complete specifications.
Burroughs OEM Marketing, Burroughs Place,
Detroit, Ml 48232, (313) 972-8031. In Europe, High
Street, Rickmansworth Hertfordshire, England,
Telephone 09237-70545.

Burroughs

For General Information Circle no. 60

For Detailed Specifcations Circle no. 61




WE HAVE ALL THE RIGHT
INPUT/OUTPUT
CONNECTIONS
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Why pay 8IC
for a Hall effect sensor
when you can ,get one

or $2.21

It all depends on your application.

For 81¢7 you can get a solid state Hall effect sensor
from the people who invented it. Us.

And that may be all you need.

But, if your application requires precision, our fully
engineered $2.21* position sensor may be a better deal.

The Hall effect sensor and magnet are matched
and adjusted to get operate and release points that are
specified to tight tolerances. .

All this can add up to a lot 1f you start out with
the wrong sensor. _

When you come to MICRO SWITCH, you’re dealing
with people who have made over 100 million Hall effect
Sensors. So you (%et experts to help fit each sensor to your
application. And you always get the right sensor for the job.

Which means a $2.21 sensor can turn
out to be a lot better deal than one 1AV
that costs 81¢.

For details, and the loca-
tion of our sales offices and 55 N
distributors around the world, 1=
~ write MICRO SWITCH, The Sensor .z
nsultants. Freeport, Illinois -
32. Or call 815/235-6600.

s andXLSenes devices, respectively. a Honeywe" DiViSim
el CIRCLE 62 ON INQUIRY CARD Ll ‘ e



HEI produced the industry’s first optical switch over a‘
decade ago, and we still specialize in optoelectronic
solutions.

1. Multi-Channel Reader — economical two to 14 channel
optical reader for printer control and other equipment
applications. Up to ten fanouts per channel.
2. Custom Optical Switch — built-in hybtid circuitry with
light source and sensor gives square wave output. No moving
parts, no wear. You specify switch size and gap spacing.
3. Custom refiective sensor — self-contained single-channel
mark sensor. Has TTL-compatible output, good contrast
ratio, and excellent resolution. Useful for a variety of fixed or
movable mark sensing applications.
4. Multi-channel positioning sensor — custom optical switch
with deep aperture. Optical array ideal for determining
position of moving ribbon, paper, or for sensing an encoder.
Built-in electronics for TTL-level digital output.
HEI supplies a wide range of optoelectric devices as well
as hand-fed card readers and a family of light pens. HEI
has optoelectronic solutions for your design needs.

#1 Circle no. 63 . #3 Circle no. 65
#2 Circle no. 64 #4 Circle no. 66

The Optoelectronic Specialists

d HElIinc.

Jonathan Industrial Center ® Chaska, MN 55318 * 612/448-3510
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C Compiler Produces
Faster Code Than Pascal,
With Extensive Facilities

A full C compiler, operating on
8080, 8085, and Z80 computers un-
der cp/m, has 75 functions for per-
forming formatted or direct 1/0,
string manipulations, and storage
allocation in a machine independent
manner. The code is faster than that
of Pascal. Compiler output is in A-
Natural source, translatable to
Microsoft MACRO0-80 assembler
source. The cp/mM package comple-
ments the pop-11 based C Compiler
and 8080 cross compilers already
released by Whitesmiths, Ltd, 127 E
59th St, New York, ~ny 10022, for
use under Rr-11, Rsx-11M, RSTS/E,
1A8, and UNIX.

The A-Natural narrative assem-
bler includes a linking loader, li-
brarian, extensive 8080 subroutine
library in A-Natural relocatable for-
mat, and translators. It facilitates
writing the small amount of low
level support code needed by most
C applications. It can be assembled
to relocatable form for use with the
company’s loader, or translated to
assembler code that is compatible
with either Microsoft or 1sis-1 assem-
blers.

Output from the loader is in cp/m
or 1s1s-11 executable format. Separate
RAM and RoMm load addresses may be
specified. An 1s1s-11 interface is avail-
able; library support exists for 16-
and 32-bit integer arithmetic, as well
as 32- and 64-bit floating point.

Each of three sequential passes of
the compiler produces a file of simi-
lar size to the original C source.
Operating on an 8080 with full
memory, the compiler can replicate
itself and all associated utilities and
libraries. Other available utilities
are a translator from 1sis-i1 execut-
able file format to standard Intel
hexadecimal for communicating be-
tween systems, and a cep/Mm diskette
maintenance program for use on
ppP-11 computers.

Circle 424 on Inquiry Card
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board level. And finally,in the
on-line mode, there’s PCC'’s
superior total check-out
diagnostic system which
also has fault isolation to

the board level.

Besides this unique 3-level
diagnostic capability you get
GCR recording density of
6250 bpi and a transport
speed of 125 ips all in a
19" x24" package.

You also get the simplest
interface in the business.

By far. Direct parallel transfer
16-bit words, all in only
29 lines.

The PCC GCR-the tape
transport system with three
built-in doctors. So there’s
Nno waiting.

The only GCR
tape sub-
system for
minis that
troubleshoots
itself 3 ways.

This GCR tape transport
subsystem gives you three
self-diagnosing systems, each
in a different mode.

First, there's the only
continuous self-circuit-
checking system on the
market. Then, in the off-line
mode, via a built-in key-
board, there’s full fault
isolation right down to the

[E5& PERIPHERALS

PERTEC COMPUTER CORPORATION

For further information, call toll-free 800-528-6050, Ext. 1323
(In Arizona, call 800-352-0458)
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MICRO DATA STACK

COMPUTERS, ELEMENTS, AND SYSTEMS

Software Transforms
Microcomputer Into
Development System

roM based monitor/debugger, disk-
ette based editor/macro assembler,
diskette based relocating loader, disk-
ette utilities package, and a freestand-
ing EPROM programmer with choice
of personality modules for the 2708,
2716, T™s2716, 2732, and TMS2532
comprise the 6502 microprocessor de-
velopment package. It runs on an
Apple 11 computer with 48k bytes of
raM, Apple Disk 1, and Autostart
RoM to produce a software develop-
ment system.

The screen oriented monitor ac-
cesses all operating modes via the
Reset key. As the basis of the op-
erating system, the monitor allows
object code or files to be moved,
relocated, verified, modified, display-
ed, loaded, dumped, disassembled,
and loaded from or burned into
EPROM,

Using the debugger, code can be
traced stepwise, transparently, or
sent to the output printer port. The
debugger supports four software
breakpoints, maintains a 128-step
trace history, and has four possible
external registers. In addition to line,
character, or string oriented editing,
the editor supports user selectable
auto line numbering and renumber-
ing, string searches and replacement,
block moves or deletions, and ap-
pended files.

Fully relocatable diskette based ob-
ject code files are generated by the
macro assembler. It supports macros,
global macros, conditional assembly,
output paging, and printout titling.
Like the relocator feature of the
monitor and complementing similar
assembler capabilities, the relocating
loader supports separate user defined
destination and target addresses in
the process of linking and relocating
object code files.

The Diskette Utilities Package con-
sists of a comprehensive diskette
dump /modify /catalog/copy utility, an
object code print utility, symbolic
disassembler for use with the editor/
macro assembler, and a subroutine
reloecator which traces and relocates
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undocumented object code. Optional-
ly available from Micro Power De-
signs, Inc, 13955 Murphy Rd #112,
Alief, Tx 77411, is e Pac I, engineer-
ing software consisting of active filter
design, 2-dimensional curve fit, 2- to
4-dimensional surface fit, quadratic
solution and simultaneous equations,
Thevenin equivalences, FFT (up to
4096 data points), and Decision, a
weighted comparative analysis pro-
gram.

Circle 425 on Inquiry Card

Software Assembles
Z80/8080 Source Code
On Development Systems

Written in ExXorciser™ compatible
FORTRAN 1v, the Exor 80/xasm as-
sembles Z80 and 8080 source pro-
grams into machine code. The assem-
bler runs on Motorola’s EXORciser
and Exorterm™ 100, 200 Develop-
ment Systems under mMpos 1, 11, and
ur operating systems. This expands
the usage and flexibility for software
development. Object and source re-
main on the development system for
changes and efficient handling.

Phoenix Digital Corp, 3027 N 33rd
Dr, Phoenix, az 85017, offers the
assembler in mpos floppy disc, cas-
sette, and paper tape versions. It
loads in 28k bytes and uses 8k bytes
for tables and other variables. The
only limitation on program size is
by the memory that is available for
the symbol table.

Communication is via COMMAND
FORMAT, file/listing assignments, and
system controls. Down and up loader
routines provide communication to
and from a target system or another
development system; the only re-
quirement is available acra ports.
Editing and p/RoM programming can
be handled with standard ExoRrciser
software. Other features include as-
sembly control, pseudo-operations via
normal Zilog syntax, and an optional
Z80/8080 disassembler.

Circle 426 on Inquiry Card

Interactive Program
Offers Hardcopy
Graphics Capability

Problems of retention and resolution
associated with graphics on micro-
computer crTs are solved by a hard-
copy graphics program for Commo-
dore pET, Radio Shack Trs-80 (Level
m), and Apple m microcomputers
(minimum memory requirements of
16k bytes of Ram). For hardcopy out-
put the computers connect through
an Rrs-232 interface to a Houston In-
struments’ HrpLoT plotter, which fea-
tures eight directions of pen move-
ment under software control.

Written in BasIiC on tape cassette,
CURVE can produce finished graphs
of tabular data and mathematic equa-
tions. Plot capabilities are Cartesian
equations Y = {(X), parametric
equations X = h(T) and Y = g(T),
polar equations R = f(S), data points
entered from the keyboard, and bar
graphs. Although straight-line inter-
polation is used between data points,
the plotter traces out Cartesian equa-
tions accurately to within one plotter
step using an algorithm. Internal
checks prevent overrunning plot re-
gion boundaries; the pen lifts when-
ever the trace attempts to move
beyond defined boundaries.

Combinations of these functions
produce professional graphs and
charts using either of two versions of
the program. The first version, CURVE
PROGRAM, is a keyboard interactive
code which fully guides the wuser
through its operation. It contains
built-in error messages and requires
no programming experience. The
CURVE SUBROUTINE version allows the
user to add customized hardcopy
graphics to existing BASIC programs.

West Coast Consultants, 1775 Lin-
coln Blvd, Tracy, ca 95376, has in-
cluded an alphanumeric character set
(upper case) with software control
of both character size and style. A
bold character font is also provided.
Choice of four colors is available. A
flashing message on the crr and an
audible tone signal when it is time
to change the pen.

Circle 427 on Inquiry Card 5]

COMPUTER DESIGN/DECEMBER 1979



Southwestern: 713/438-1238 [] Australia & New Zealand:
Hawaii: (808)524-8633 [ Hong Kong: 5-771768 ([ India: 234343
Philippines: 89-10-96 [ Singapore: 295-2381-2389 [] Sweden, Norway & Finland: 08/94 04 90 O S

Seven Reasons
Why Line Printer Users Prefer

MDB Interface Products:

1. Superior Performance

NOUlbhWN

Find your reason here!

m LINE PRINTER CONTROLLERS
for these computers:

MLSI-LP11 For DEC LSI*11/2 and 11/23

MDB-LP/LS11 For DEC PDP*11 and VAX-11/780

MDB-LP8 For DEC PDP-8

MBI-49-LPC For IBM Series/1 :

MDB-4034 For Data General**, programmed I/O

MDB-42XX For Data General, data channel
(DMA)

MDB-46-206 For Perkin-Elmer (Interdata)

MDB-49044 For Hewlett-Packard, 2100, 21MX &
1000

m FOR THESE LINE PRINTERS:

+ Centronics » DEC LA180 « Data Printer «
Dataproducts « Printronix.+ CDC » Documation «
Tally » Diablo 2300 «+ GE TermiNetf « Houston
Instruments + and other popular models with
Centronics or Dataproducts interface.

MDB line printer controllers have been in
worldwide use for more than seven years. The
variety of MDB line printer controllers offers user
flexibility in line printer selection with no change
in host system software. Each controller is a
single printed circuit board requiring one chassis
slot and is complete with a standard fifteen foot
cable. Plug in the MDB controller and connect
your printer.

Transparent to the host computer, MDB con-
trollers are completely compatible with diag-

*™ Digital Equipment Corporation TTM General Electric Co.
% *Data General is a computer manufacturer not related to MDB

. Quality Workmanship

. Comprehensive Product Mix
. Competitive Pricing

. Better Delivery

. One-Year Warranty

. Worldwide Sales

nostics, drivers and operating systems. Operation
and programming aresexaetly.as described by the
host computer manufacturer. -

More than one hundred cﬁmputer-io-pnnter
combinations utilizing MDB! controllers are now

‘available. Printers whichy emulate the Centronics

or Dataproducts interface spefclfléaﬁons are fully
compatible with MDB line printer controllers.

Long-line parallel mterface op‘hoas are

available for all computer/prlnter combmatlons

permitting full speed operation up to 3000 feet.

MDB interface products always equal or exceed
the host computer manufacturer’s specifications

- and performance for a similar product. MDB

interfaces are completely hardware compatlble
and software transparent to the host computer.
MDB products: are competitively priced, delivery
is 30 days ARO or sooner. MDB places a limited
one-year warranty on uts controllers a*nd%tested
products. s
MDB also supplies other peripheral device
controllers, general purpose logic modules,
systems modules and communication/terminal
modules for DEC PDP-11 and LSI-11, Data
General, Perkin-Elmer and IBM Series/1
computers. MDB has also announced new
interface modules for use with Intel Multibus

Single Board Computers” Product literature kits

are complete with data sheets, pricing and
discount schedules.

1995 N. Batavia Street
Orange, California 92665
5] 714-998-6900
SYSTEMS INC. TWX:910-593-1339

Northern California 408/733-3950 O Mid-Atlantic: 301/652-2173 [0 New England: 617/444-1800 O Mid-Western: 312/266-1032 [0 Southeastern: 305/254-2511
(03) 543 2077 [ Belgium & Luxembourg: 02-720.90.38 [ Canada: 416/625-1907 [ Greece: 9514.944 9520.589
: 03-437-5371 [0 Malaysia: 944 404 (O Netherlands: 03404-21344

land & Liech in: 01/730 48 48 O W. Germany: 0 89/80 60 61-62
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AROUND THE IC LOOP

8-Bit Slice ECL. Computer Component Family

Paul Chu

Fairchild Camera & Instrument

Mountain View, California

R ecent advances in large scale integration of EcL com-
ponents have provided an opportunity for designers of
ultrafast systems to utilize Ls1 techniques previously avail-
able only in slower systems using NMos or TTL compo-
nents. The use of Lst EcL components, coupled with high
speed bipolar memories, makes system design much
easier, and at the same time provides enhanced perfor-
mance and more economical systems. Microprogram con-
trol is becoming increasingly popular in very high per-
formance systems, offering needed flexibility in the in-
struction set as well as allowing variations in control
word and data path width as required for modular sys-
tem architectures. Implementation of these capabilities
in EcL is now leading tq the development of new bit-
slice architectures.

8-Bit Slice Family
The F100220 8-bit slice family of subnanosecond EcrL parts

134

developed by Fairchild provides flexible logic building
blocks based on the best attainable compromise between
semiconductor processing economics and packaging con-
straints. Table 1 indicates the basic elements of the
family and their functions. An example of a generalized
system configuration utilizing these elements is shown
in Fig 1.

Designed on a bit-slice basis to provide easy modu-
larity and to minimize interconnection problems, while
enhancing high speed performance, the family utilizes
bidirectional capabilities of an Ecr-driven bus to allow
very modular and flexible system architecture. Word
widths may be increased by adding more functional ele-
ments in parallel. Modularity is enhanced through the
capability of connecting many functions on a bus and
communicating among them in either direction. System
reliability is enhanced by generation, storage, and de-
tection of byte parity at the device level.
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CENTRAL PROCESSING UNIT INPUT/OUTPUT 'f
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S

STORAGE PROCESSING UNIT

Fig 1 Generalized computer implementation. Four members of Fairchild’s F100220 8-bit slice family
used here are address and data interface unit (ADIU), dual access stack (DAS), multiple function network
(MFN), and programmable interface unit (PIU)
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Fig 2 ADIU block diagram. Diverse functions include internal ALUs, multiplexers, register, bi-
directional buses, and error correction logic

Address and Data Interface Unit (ADIU)

A prime element in this family, the Apru is designed to
serve multiple functions; for example to operate as an
arithmetic and logic unit (ALU) or as a random access
memory interface. A block diagram of this device is
presented in Fig 2. Three 9-bit buses (8 bits plus
parity) are included. These buses are bidirectional, with
built-in drivers and receivers, and serve as sources for the
ALU operands and also as destinations for the ALu result.
Associated with the C-bus is a latch (C-latch) that func-
tions as temporary data storage for either ALu source
operand or result.

Operation of the Apru is controlled by a single clock
(cp). The state of four instruction lines (I3 to Ig) along

136

with a function modifier and special status line (¥ms) are
decoded at the rising edge of cp to select 1 of 27 possible
instructions. This instruction set (see Table 2) includes
binary and decimal add and subtract (handling Bcp arith-
metic in both packed and unpacked formats), single-bit
left and right shifts, aND, OR, exclusive-or, and bus to
bus transfers.

Source operands are also encoded by the instruction
and can originate from any one of the buses, result
register (R), or the C-latch. The result of an operation
is always strobed into the R-register during the falling
edge of cp. Thus, the active high part of cp is respon-
sible for the decode and execution of an instruction.
The ALU result stored in the R register is made available
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SIEMENS

Take the whole kit & caboodle
or the caboodle alone.

KITAND CABOODLE
(PT80i Terminal)

Freedom of choice is what you get from
Siemens. The choice to select the quiet PT80i Ink-
Jet Printer Terminal in a variety of platen widths,
paper feeds, interfaces and configurations; or just
the “guts” of this remarkably quiet unit, the PT80i
Ink-Jet Printer Module; or, for those of you who
would like to build your own quiet printer, the Ink-
Jet Print Head with support electronics.

Aside from offering choice, the Siemens PT80i
offers a bi-directional printing speed of 270 char-
acters per second with nearly noiseless printing
operation, = 50dB (A) at 270 cps. It also gives you
high quality printing in a variety of type styles on
standard paper.

The technology to do more.

CABOODLE
(PT80i Module)

Extraordinary Speed...Quiet Operation...
Choice...Siemens Quality.

For more information about the PT80i Ink-Jet
Printer, contact us at:

Siemens Corporation
OEM Data Products Division
1440 Allec Street
Anaheim,CA (714)991-9700

District Offices:

Boston, MA (617) 444-6580
Iselin, NJ (201) 494-1000
Chicago, IL (312)671-2810
Dallas, TX (817)461-1673
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TABLE 2
ADIU Functions

I 1z k lo FMS Hex Code ADIU Functions
L [yl SR ﬁ 0 No Operation
Vo SR : 1 C—R, ECC Encode of R>A
I Sz L 15 2 A Minus B—R (Decimal Unpacked)
H A Minus B->R (Decimal Packed)
L N T L 3 A Plus B—R (Decimal Unpacked)
H A Plus B—R (Decimal Packed)
R - 17 e R N 18 ll-l 4 B Minus A->R (Binary)
£ : R¥-Zero—>R
LR b F g R+ECC Decode of A>R
Lo b 6 A Minus B>R (Binary)
Bls A Plus B->R (Binary)
el i oh H ¢ C Plus B»R (Binary)
U g el WA L 8 A Shift Lc_aft-—»R
H A Shift Right=>R
L B Shift Left=R
W ) R | =
H 9 B Shift Right>R
L A—-R
Hee]s — —
H b H A A->R
i A B->R
Hy BN = ANB
H H B AV B->R
5 B—R
[ ] e BN H (@ R
I AV B-R
Rt o H B A AB->R
L C->R
T A e B H E TR
RS E e S 'l_'l F A+~B->R

TIMING CALCULATIONS TYPICAL __MAXIMUM
1) CLKTOP, G 14 23

2) P, G TO.C,z, Cri. Crs ETCa 2.1 3.3

3) Cp TO CLOCK (FALLING EDGE) 6 8.5

22 1ns 34.8 ns

Fig 3 High speed 64-bit addition/subtraction using carry lookahead. Eight address and data instruction units
operate in parallel to achieve system speed of 22.1 ns

1

8
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to all three buses by activating their respective bus enable
inputs (EO,, EOp, EOy). Routing the result register to
its destination and setting up the instruction for the
next operation occurs during the inactive low part of cp.

Used as a memory interface, this component supports
single-bit error correction and double-bit error detection,
with the aid of the multiple function network (mFN).
ApIUs generate the partial parities for the Hamming
matrix on a byte-wide basis and the mFns perform further
XOR to obtain the check and syndrome bits. Upon detect-
ing a single-bit error, the byte-in-error and bit-in-error
information is passed back to the aprus, which correct the
error bit.

The philosophy in maintaining the data integrity can
be illustrated by the three error checking methods of the
ADpIU. Parity is checked for each of the two source op-
erands selected as ALU inputs for every Apru operation.
Moreover, the apiu often serves as a center in the data
path for bus to bus address or data transfer. Instead of
the information being routed around the data path, it can
be routed through the ap1v in the data path. The ap1u in
this case will generate parity on the otherwise unaltered
bus information and will compare the generated parity
with the received parity to perform a check. During
single-bit error correction operations, the apru will check
the incoming encoded bit-in-error information for a fixed
pattern to prevent the accidental inversion of the wrong
data due to multiple or check bit errors.

If an error is found in any of these cases, an error
flip-flop is set at the falling edge of cp. In addition, sev-

eral condition codes, such as binary overflow, invalid
decimal digit, zero result, and carry out, are available
for use as status indication during conditional branching
instructions by the microprogram sequencer.

Fig 3 illustrates the use of eight Ap1u components in
parallel for a high speed 64-bit addition /subtraction sys-
tem using carry lookahead. Typical speed for this system
is 22.1 ns.

Summary

The aprv is a byte-wide slice, which can be used to
interface a memory or to build a processor data path.
As a memory interface device, it can handle address
and data transfers between a memory and a processor.
It is capable of modifying address on the way to memory,
and the validity of memory data transfers can be checked
because it has built-in error correction code logic. The
component has a full spectrum of arithmetic and logical
capabilities and the ability to shift data in either direc-
tion. Properly timed, it can take an argument from a
given bus, operate upon that argument, and return the
result of that operation to the same bus as well as to
the other two buses during the same microcycle.

Arithmetic capabilities of this element may also be
used in conjunction with the mMF~N and pas units of the
family to control main memory and addressing (Fig 1).
In later columns, the capabilities of those and other
members of this modular family will be treated in further
detail. As is seen in the case of the apru, the family as a
whole is characterized by the multiplicity and diversity
of functions available within each component.

" THE PITTMAN LINE OF D-C MOTORS

LO-COG® Servo Motors
3 series: 1.2, 1.6 & 2.0” 0D

Stall torques:

about 1 to 128 oz.-in. gearboxés

Torque limits with
standard gearing:

ATMg 100 & 175 oz.-in.
//// & .“‘\;\\

®
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PITMO® Gearmotors
2 series: 1.38 & 2.00” 0D

Samarium
Cobalt Field

PITMO® Motor-Tachs
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) THE PITTMAN CORPORATION

A Subsidiary of Penn Engineering & Manufacturing Corp.
Harleysville, PA 19438 - 215:256-6601
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Analog Building Block
Acts as ADC Front End

All essential analog elements of a
very accurate dual-slope integrating
A-D converter are provided by a build-
ing block chip, the 1cL8068, produced
by Intersil, Inc, 10710 N Tantau Ave,
Cupertino, ca 95014. Ion implanta-
tion combines bipolar op amps with
JFET input stages to form high im-
pedance unity gain buffer stage, in-
tegrator, and comparator elements.
The device can be used with any
of the digital controller 1cs from the
same manufacturer to provide a 2-
chip abc with precise autozero, auto-
polarity with =0 null indication, true
input integration over a constant
period for maximum emi rejection,
ratiometric operation, over-range in-
dication, and a built-in reference.
These 2-chip pairs allow a manufac-
turer to generate an entire family of
instruments using only one basic pc
board with two or three jumper
points.

This chip is particularly appropri-
ate for situations in which noise fig-

ANALOG
GND

ures (typically below 2 to 3 uV) are
an important consideration or where
the input is a low level signal. An
alternative analog building block, the
1cL8052, offers significantly lower
input leakage currents and may be
found preferable in systems with high
input impedances. However, the de-
vice presented here will give better
performance in noise-critical systems.

A 2-chip set including this building
block and the 1cL7101 digital con-
troller acts as a 3%-digit A-p pair
with parallel Bcp outputs, and is
well suited for data processing ap-
plications or liquid crystal display
interface. The combination provides
4%-digit accuracy in a 3%-digit for-
mat. Typical system performance is
100-pA input leakage, autozero op-
eration to 10 xV with less than 1-uV
offset drift/°C, and linearity to
0.002%.

Combination of the analog chip
with the 1cL7104 cMmos controller re-
sults in a 16-bit binary output Apc
specifically intended for microproces-
sors. The interface capability of the
pair allows it to be used with vir-

tually all microprocessor systems with
buses up to 18 bits wide. Providing
high performance and low noise, the
A-p chip set will operate in either
close-in parallel or handshake mode.
It features not only 16-bit accuracy,
but also full 3-state output to permit
interface with most current 8-, 12-,
or 16-bit microprocessors, along with
UART handshake compatibility. The
cMmos controller section performs the
analog phase switching and all digi-
tal functions of a 16-, 14-, or 12-bit
binary apc, with the companion ana-
log section adding the linear circuits.

Using the byte organized parallel
mode, the pair can interface directly
with the data buses of such micr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>