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Series 9000...

still the class act
in digital tape transports.

Gl e anyor B trol units to simplify
That's what! They still have all the feat 3 electromcs Al popular mini-
i ﬁmu!er mag tape con e. Series 9000's

Kennedy feature, the linear, non-c
sensor requires no lamp source
the life of the machine.

+ Interchangeable electroni
reduce stocking costs

» Front-accessible
threshold scannii
drop-ins or

Subsidiary. Magnetics & Electronics Inc

1600 Shamrock Ave., Monrovia, CA. 91016
(213) 357-8831 TWX 910-585-3249
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The Versatile

Vision One/20 S Y |
YES” Machine

image processing by

COMTAL.

Professional talk about the most sophisticated digital

image exploitation equipment always mentions the leader, COM-

TAL. O YES, and that includes the Vision One/20 with its unique features backed
by the experience gained in developing superior image processing systems.
[ YES, Vision One/20 has an exclusive 12K firmware operating system and up to
48 megabytes of dynamically allocatable refresh image memory and graphics.
O YES, field upgradeability through options such as expandable memory, video
input and output, as well as TV rates for videotaping. COMTAL'’s “YES”’ system
requires a minimum of training for effective utilization. Other options such as mag-
netic tape and disc storage are available. Specialized image processing hardware is available for image arithmetic combination, convolu-
tion, Landsat classification, plus small area color correction, and all function in real-time, in 1/3U second. [J YES, all this—in a system that
can accommodate future growth as application requirements expand. Multiple user capability, up to 4 work stations, offers resource
sharing. [J YES, with COMTAL’s leadership pacing the state-of-the-art, it adds up to flexibility now—and flexibility later. (1 YES, Vision
One/20 image processing systems have dual-ported random access memories starting at 512x512 pixels at multiples of 4 bits of bright-
ness depth, with growth up to 4096x4096-24 bit pixels. ] YES, random access refresh memories are constantly growing in size and
shrinking in cost. Digital image rotation is a reality now. [J YES, a 24 bit x 24 bit color computer is available for image composition, as is
independent arbitrarily shaped small area processing capability in monochrome and color. There’s high resolution digital stereo and
instantaneous— 1/30th second—convolution for filtering. Or, bigger filters exist by recursively iterating and updating kemnels 30 time-
s/sec. 0 YES, Vision One/20 provides stand-alone full feature image processing as well as the ability to interface to numerous host
computers. [ YES, dynamic refresh memory partitioning allows for different applications. [J YES, real-time roaming, with window sizes
512x512 pixels or larger, through the data base, as well as 2X and 4X zooming and 3x3 convolution at 70 MIPS—all implementable in
real-time. Ask about the future of image processing from the company with renowned research experts, hardware experts, firmware
experts and software experts. COMTAL’s field service offices on the East and West coasts are there to help users. (] YES, successful sales
representation worldwide as COMTAL triples its present production capacity in new facilities.

Is all this expensive? (1 NO..... We invite your inquiries—and [] YES, we have the answers.

ROHDE & SCHWARZ

METROLOGIE ENGINEERING AND SALES GMBH
. ’ La Tour d'Asnigres, 4, av. Laurent-Cely, 5000 Koln 1 Postfach 10 15 44
PO. Box 5087, Pasadena, California 91107 92606 Asnitres-France Sedanstrasse 13-17 Germany
(213) 797-1175; TWX 910-588-3256 (1) 791.44.44 Telex: Metrolog 611 448 | Telefon (Koln 0221) 77 22-1 Telex 8 885 417
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By SESCO...

it works/

The Chill-able Computer System

Configure Your Severe Environment System With Our
SECS 80/10A Microcomputer And Support Modules

Buy a few cards or a complete system

Take our ruggedized SECS 80/10A Microcomputer,

a functional counterpart of Intel’s standard iISBC* single
board computer, surround it with our equally ruggedized
support modules, and you have the building blocks you need
to design a system which will operate under the most
severe environments.

This versatile SECS 80 System likes it cold — or hot.
Meets Mil-E-5400, 4158, 16400- and more, making it perfect
for space, missile and other military systems and tough
industrial applications.

A multitude of modules

With these versatile modules, you'll save valuable time
and development costs.
e SECS 80/10A Microcomputer
¢ RAM, ROM & EPROM Memories
e Digital Tape Recorder & Controller
e 1553 Serial I/O Board
e Digital Input/Output Board
e Analog To Digital Converter
e High Speed Arithmetic Unit
e Power Supplies

E Rl sesco

A Subsidiary of Electronic Memories & Magnetics Corporation

20630 Plummer Street « PO. Box 668 « Chatsworth, California 91311
Telephone: (213) 998-9090 - Telex: 69-1404

System packaging

All system modules are mounted on 9" by 6" shock and
vibration resistant boards. A 7.62" by 4.88" 12.62" chassis
(2 ATR) holds up to 6 boards.

Other EMM-SESCO products

We've got core and semiconductor memories for military
and commercial use, a Digital Data Acquisition System for
the 1553 bus, and a compact Digital Tape System with 23
megabit capacity.

When you're faced with
a tough environment —
“Buy SESCO... it works!"

*Trademark of Intel Corporation
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Winchester

users we did it!

We've put a price tag

on your backup dreams.

DEl is happy to announce our
new 10 and 20 MByte high density
streaming carfridge tape drives
The basic 10 MByte is S415, the

20 MByte is $525. And here’s what
you get for the price:

Speed: Transfers data at 5 MByte/
per minute

Capacity: Just what you want. 10 or
20 MBytes. A perfect match for the
8" or 14" Winchester

Reliability: We certify our cartridges
fo provide it for you

Ease of Use: Carfridge operation
is simple enough for a person with-
out any computer fraining fo use

Size: Compact enough to be infer-
changeable with flexible disks.

Streaming Electronics: Optional
formatter and streaming controller
with automatic gain control and
interdispersed resynchronization
Error correction is also available as
an option.

Delivery: Right now!

Now that we've got them, all we
cansayis ‘come and get it’ They're
your backup dreams come true!

Data
Electronics Inc.

10150 Sorrento Valley Road, San Diego, California 92121.
Call (714) 452-7840. Telex 67-5327.

10 MByte Cartridge Tape Drive 20 MByte Cartridge Tape Drive
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Image processing. Your way.

Now, with the Grinnell GMR-270 Image Proc-
essing System, you can have pipeline image
processing tailored to fit your application.

The GMR-270 combines the best features of
our proven GMR-27 line of high speed graphic
display systems with a special package of
sophisticated image processing features. The
result is a modular image processing system
that can be furnished with any or all of the
following:

- Convolution

- Image multiplication and ratioing

- Zoom and pan

- 512 x 512 panning window on a 1024 x 1024
image

- Function memories

- Pseudo-color tables

- Video digitizers with frame averaging

- Split screen and image toggling

- Full graphics and alphanumerics

- Up to four overlay memory planes

- Independent cursors

- Trackballs and joysticks

- External synchronization

- Plug compatible interfaces for most
minicomputers

In addition, the GMR-270 has a display
resolution of 512 x 512 pixels and a video for-
mat that is RS-170 compatible. It is housed in a
rack-mountable chassis and drives standard
TV monitors.

Besides the GMR-270, Grinnell manufactures
two complete lines of graphic television display
systems: the GMR-27 Series and the GMR-37
Series. GMR-27 units are high speed, graphic
and image display systems; GMR-37 units are
low cost graphic display systems. Both are
available with display resolutions from 256 x
512 to 1024 x 1024.

So, whether you want to analyze images
from outer space or monitor a process in a
plant, Grinnell has a system that can do it. For
detailed specifications and/or a quotation, call
or write today.

Photographs provided by Stanford University Department of Applied
Earth Sciences, Palo Alto, California.

GRININELL SYSTEMS

2159 Bering Drive, San Jose, California 95131 (408) 263-9920
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Bank-switching circumvents limited memory woes associated with LSI-11
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To understand where the printer market is going in the early 1980s, it is first
necessary to know where it has been in the latter half of the 1970s. After a
brief discussion of various printing technologies, the article discusses matrix
printing — advantages and disadvantages, and choices and categories.

48 Special Report: Single Board Computers — Some
Do’s and Don’ts
This special report on Single-Board Computers covers the entire field, and
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AIM-65, a single-board microcomputer, pro-
vides keyboard and display and hooks up to a
System 65 or EXORcisor development system,
or can operate in a stand-alone mode. Photo cour-
tesy of Rockwell International. Cover design by

David Bastille.
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NEW' HI-TEMP vinyl masks have
* been used at 400°F (204°C)

FREE catalog and samples.
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HI-TEMP vinyl masks seal out solutions, coatings,
anddirtinmany industrial applications involving
high temperatures. Great for plating, painting, and
dipping, HI-TEMPS are now being used by refriger-
ation, aerospace, electronics, and automotive manu-
facturers. FLEXIBLE vinyl material permits masking
units with unusual shapes. Over 3,000 H/-TEMP sizes
and styles available. Contact us now for free samples
and we’ll send exact sizes you need for testing.
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SAVE SPACE! POWER! MONEY!

We have a full family of plug in modules to expand
your minicomputer system. The kind that will save you
Space. Power. And Money.

Input with our MIP-3/A. The “smart” A/D with contin-
uous 100 KH data acquisition that inputs from as
many as 64 channels.

Process with our MSP-3. The “low-cost” array proces-
sor that's to 50 times faster than your mini.
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cost effective “no- compromlse

SMD disc controller

Maximize your system’s cost performance factor with the full capability
DC-233 Disc Drive Controller. Its unique master-slave bit slice micro-
processor architecture provides total DEC software transparency

with up to eight drives. Use it with the CDC 9762 80mb drive to
emulate DEC’s RM02/03 (67mb of formatted capacity per
drive). Or—use it with the Memorex 677 Series 100/200mb
drives to emulate DEC’s RP05/06 (up to 1776mb of for-
matted capacity per drive). Or—use it with eight
300mb drives for up to 2.1 billion bytes of for-
matted data in non-software compatible mode.

AND THERE’S MORE

= Embedded design fits all PDP-11’s*
* Dual drive porting

» Optional dual unibus porting

= Automatic NPR throttling

» ECC fully implemented

Media compatible

T LI

SEND FOR COMPLETE INFORMATION
=) =) western peripherals

Division of WESPERCORP

o

1P 2reenge

(714) 730-6250 — TWX 910-595-1775
Cable WESPER
14321 Myford Rd., Tustin, Calif. 92680

*Trade name of Digital Equipment Corporation
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Letlters

Lawyers Flood the Market

Dear Editor:

I enjoyed your Speakout, “The Winds
of Change” (Part 1), in the September
issue. But, as a lawyer, I disagree with
criticism No. 7. You said that, ““Read-
ers asked for restrictions on engineer-
ing school enrollment — as done by
the AMA. Doctors, lawyers and dent-
ists through their AMA, ABA and
ADA (and strong political action and
lobbying) strictly control their gradu-
ates. One reader suggested that to cut
medical costs, academics flood the
market with MD graduates (but
pointed out that unlike IEEE, the
AMA has political muscle to stop any
such attempt).”

I disagree! The American Bar Asso-
ciation has no control as to how many
people go to law school, or how many
law school graduates can be admitted
to the bar. Yes, law schools are econ-
omic bonanzas for universities, be-
cause they don’t require large labs and
frequently, a professor can lecture to
100 or more law students at a time.
They’re flooding the market with law-
yers. This encourages many universities
to start law schools, even though no
jobs may exist for the law students
when they graduate. These lawyers
don’t earn much.

State supreme courts regulate bar
exams and admission to the bar. But
most courts make the passing per-
centage high.

Robert Bigelow
Law Offices of Robert P. Bigelow
Woburn, MA

A Welcome Breeze?

Dear Editor:

Your Speakout, “Winds of Change”
(Oct. and Nov.), is a welcome breeze.
I realize that news handouts, press
releases and announcements provide
editors with much material, but there
is no reason that a press release from
Feerst should be the basis for infor-
mation. Here’s why.

Did Feerst “start something that
IBEE could not ignore forever”? No.
Young began the Professional Activi-
ties Committee in the Santa Clara
Section about 7 years ago (before of-
ficial sanction on a national basis) and
worked for the “working EE” for a

8 Digital Design MARCH 1980

long time. Incidentally, is an academic,
high executive or corporate in the
IEEE not “working”? Why not say
“engineering practitioner”’?

But what bothers me most is the
“conspiracy theory.” Do conspiracy
and tales of intrigue have a place in
magazines? Was Young “surrepti-
tiously sponsored by the IEEE hi-
earchy” “to split the reform vote”?
No. I investigated the Board of Direc-
tor’s choice for President, but decided
to back Young. Why? I backed him
because of his record and platform —
not because I “surreptitiously” tried to
split the reform vote.

I hope you continue to exert your
influence for the Institute’s better-
ment.

Alfred H. Barauck, PE
Palo Alto, CA

The Best. . .

Dear Editor:

One of the best issues (August) you’ve
published.

Lloyd J. Frei

Univ. of lowa
Iowa City, IA

Small Size

Dear Editor:

Just a quick note to compliment you
on the September cover; it is one of
the nicest I've seen. The issue was
great, but the address you used for
Computer Devices, Inc., in the same

issue (page 42) changed. The new ad-

dress is:
Computer Devices, Inc.
25 North Avenue
Burlington, MA 01803

By the way, the next time you do an
update on mini-floppies, here’s proof
to BASF’s claim to smallness. After we
enclose their drive in our cabinet, total
weight is 4 Ib. 11 oz. and the dimen-
sions are 9 5/16" x 6 1/2" x 3". I've
enclosed a photo.

Richard Herzfeld
Marketing Communications
Computer Devices, Inc.
Burlington, MA

8" Hard Disks

Dear Editor:
“Guide to 8" Hard Disks” (August) is
excellent. Great information.

Lloyd F. Bazant
Western Instruments
Albany, NY

System Designer’s Guide

Dear Editor:

In your informative article, “System
Designer’s Guide to 8-inch Hard Disk
Drives” (August 1979), you stated
that: “BASF claims this argument for
the 200 mm disks. BASF, which had
been providing 210 mm evaluation
disks to users, discontinued its 210
mm microdisk, which is not listed on
our chart”. This inadvertent typo
juxtaposed the two values, as we
provided 200 mm evaluation units,
but discontinued them, and then de-
cided upon the more stable 210 mm
diameter (as did IBM). Our 210-mm
6170 Fixed Disk Drives are listed cor-
rectly on the chart.

The BASF family of drives offers
capacities of 8 and 24 MB, an average
access time of 42 ms and a transfer
rate of 800 Kb/s. Density is 6542
bpi and 500 tracks/in. We are one of
the first companies to develop such a
drive and expect to ship units in quan-
tity in November.

John B. Saynor
BASF Systems
Bedford, MA

More Printers

Dear Editor:

The article concerning the selection/
purchase of printers was a clear, con-
cise, and useful inclusion. This type of
information and article should be in-
cluded monthly highlighting 12 different
segments of the peripheral industry.
Along with this, it should be contin-
ued on a year to year basis providing
insight as to product advances and new
manufacturers. The ability to send
away for information in an easy, re-
liable fashion enhances this service
greatly. I wish 1 had more room.
Thanks for a fantastic job.

Ted Ross
899 E. Green
Pasadena, CA

Proprietary CAD Systems

Dear Editor:

The article “Design Tools for Multi-
processor Systems” (October 1979) did
not mention that Raytheon’s CAD
system (of which CDL is a small por-
tion) is a propriety product and not
available for non-Raytheon use on any
basis.

F. S. Hembrough
Raytheon Co.
Bedford, MA



power and Delinza Sysiems imaging experlise

VISACOM is a new image graphics concept
that provides enormous flexibility for the user.
Itis powered by a DEC LSI/11 micro-computer
with the ability to address 512K bytes of mem-

VISACOM as a Computer

Addresses 512K Bytes memory
Extended arithmetic operations
DEC LSI-11 compatibility

RT11 Operating System

Fortran IV

Q-Bus compatible peripherals
Dual access MOS RAM memory
User software package

RS 232 and DMA interfaces

ory. The system operates under RT11 and has
all the standard DEC LSI/11 software.

The system can operate off-line with flop-
py disks or interface to a host computer.

VISACOM as a Display System

® 512 X 480 Image Window

@ 16 bits per pixel

® Zoom and Scroll

@ Intensity Transformation units
up to 4096 words

@ Independent A/N and
Cursor Overlays

@ User software package

For further information and a list of satisfied users,
contact DeAnza Systems, Inc., 118 Charcot Ave.,
San Jose, CA., 95131, (408) 263-7155.

De Anza Systems Incorporated
GIVE YOURSELF A BETTER IMAGE
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A SCOPE AND PROBES
CAN TAKE ME All NIGHT

Done properly, fast service is the best. Because it
cuts customer downtime and service charges,
you earn goodwill. And the time saved lets you
make more calls to cover more territory.

A Wilson Exerciser lets you locate problems so
much faster, make adjustments, and perform
preventive maintenance so efficiently that it
guarantees faster, more thorough service calls.

Even intermittent problems don’t require waiting
for access to a computer or programmer to run
diagnostics. Internal programs in the Exerciser
can automatically cycle operation of the unit being
tested until the fault appears.

MY EXERCISER
HAD THE ANSWER
IN MINUTES

Wilson exercisers

You'll like the ruggedness of Wilson Exercisers,
and their weight-saving design makes every one
a pleasure to carry. With a Wilson Exerciser, you
can approach defective systems and equipment
with the sure knowledge that you can fix them
fast and best.

Send For Complete Information

WILSON
Laboratories, Inc.

2237 N. Batavia Street, Orange, Calif. 92665
Telephone (714) 998-1980 Telex 181 598

FULL LINE OF FIELD SERVICE TESTERS

__CXx-500 SX-500 DX-1000 TX-1200
Floppy Disk Disk Drive Tape Drive Communications Storage Module Disk Drive Tape Drive
Exerciser Exerciser Exerciser Exerciser Exerciser Exerciser Exerciser
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Letters

UNIX, TECO, CANDE

Dear Editor:

How about a short write-up explaining what UNIX, TECO,
CANDE, and Programmer’s Workbench are. These were
mentioned on pg. 27, Nov. 1979 Software Design Series. I
bet many readers have never heard of them.

D. Barditch
Baltimore, MD

The author, Dr. Lance Leventhal, responded with this defi-
nition of terms:

1) UNIX is a time-sharing operating system with extensive
file structures that was developed at Bell Telephone
Laboratories. It is now available commercially for
PDP-11sand in modified form for LSI-11s, VAX-11/780,
and Z-80 or 8080/8085-microcomputers. Relevant refer-
ences are D.M. Ritchie and K. Thompson, “The UNIX
Time-Sharing System,” Communications of the ACM,
July 1974, pp. 365-375, K. Thompson and D .M. Ritchie,
“The UNIX Time-Sharing System,” Bell System Tech-
nical Journal, July-August 1978, pp. 1905-1930, and
B.W. Kernighan and PJ. Plauger, Software Tools,
Addison-Wesley, Reading, MA, 1976.

2) TECO is a context-oriented character editor developed
by Digital Equipment Corporation for a variety of their
computers. It is available from DECUS (the DEC User’s
Society), although it is not supported by DEC.

3) CANDE is a time-sharing option for the Burroughs
B6700 computer. It includes a line-oriented editor and
a data entry language. It allows the user to handle files
and run programs interactively.

4) Programmer’s Workbench is an integrated set of software
design and development tools, written in the C language
and running under the UNIX operating system, that has
been developed at Bell Telephone Laboratories. A rele-
vant reference is T.A. Dolotta and J.R. Mashey, “An
Introduction to the Programmer’s Workbench,” Proceed-
ings of the 2nd International Conference on Software
Engineering, pp. 164-168.

Floppy Disk Drives

Dear Editor:

[ liked December’s comments on double-sided floppy disk
drives (“Floppy Disk Drives”, p. 62) by G. Goodman of
Remex and ‘“Magnetic Bubble Memories” (p. 88) by P.
Snigier.

Donald K. Georgi

Teksym Corp.

Wayzata, MN

Likes Bubble Memories

Dear Editor:

December’s “Magnetic Bubble Memories” by P. Snigier on
g. 88 is excellent. Could you cover more on magnetic

bubble controller design comparison?

Dr. HJ. Chen

Bell Telephone Labs
Whippany, NJ

MAGSTRIPE

Readers and Encoders

Model 44
Reader/Encoder

Field proven, economical means
for reading and encoding magnetic stripe
cards, badges and passbooks.

Our Magstripe product line of Readers,
Encoders and Reader/Encoders features:
Reading and encoding to ANSI X 4.16-1976;
tracks 1,2 and 3.
Densities up to 400 BPI, including IBM’s 127.5.
LSl circuitry.
Spatial decoding”; card velocity range 3-100 IPS;
insensitive to acceleration, low amplitude & jitter.
Rugged construction; permits outdoor
installation; virtually maintenance free.
Unique Magstripe™ Heads*

*Patented

Independently

Suspended and Gimbal-Mounted.

Minimum Head and Card Wear. Highest reliability
with Warped and Contaminated Cards.

Proven, world-wide performance in a variety
of applications including:

Airline ticketing ¢« Computer access
terminals devices

Bank terminals Identification

Building access and badges
systems Self-service

Bulk fuel dispensing gas stations
terminals Fare collection

Data input for CRT systems
terminals Time and attendance

POS terminals terminals

For more information, contact:
American Magnetics Corporation

2424 Carson St., Torrance, Calif. 90501
(213) 775-8651, TWX 910-349-6956

SEE US AT NCC ’80 — BOOTH 1101




Speakout

Paul Snigier, Editor

The Time Has Come

Executive magazines still warn their readers to shy away from micro-
computer-based small business computers (SBCs). Charges were
(and are) made that these systems are Mickey Mouse ““toys™ that
suftfer trom poor reliability, inadequate capacity and inability to grow
with the tirm’s (or department’s) needs — not to mention less-than-
desirable service. Some of these businessmen relate horror stories
and tell of hidden costs that wait, like icebergs, to snare the unwary.
Is it true? Unfortunately, much of what these executive publications
said (and say) is the truth.

Small business users aren’t the only ones to experience woes. Our
staft used one of these once-tamous, now-vintage systems up until 14
months ago (for engineering use only), and it was a dog. MBTF was
poor, and service was poorer. It didn’t do what its once-famous
manufacturer so grandly claimed it would; and although we used it
only for engineering and scientific applications, pity those poor small
businessmen who fell for the siren song and used it in critical
applications.

As EEs, don't we all remember the naive microprocessor hoopla of
the past five years? Ot how housewives and truckers would become
wComputerists (as it they had nothing better to do), about how
micros were going to do everything for small businessmen, and all
those numerous cottage shops that sprung up like weeds and
claimed they were going to take over the world. It was a time of
exaggerated claims. But most successful and knowledgeable busi-
nessmen didn’t buy it. But many of those that did, got bitten and told
woetul tales of their bad experiences. One cottage shop (it grew into a
middleweight) placed ads in the Wall Street Journal and in the
financial pages of major newspapers across the nation, but found the
time wasn't ripe for the SBC market. This firm lost money; many
others just died, and their names are mere memories today.

So, the SBC market, a vast market of immense proportions, never
really took otf as predicted. It wasn’t due to ignorance of the potential
customers, but due to the inadequacy of these uC-based systems.

In another closely-related market (one also with explosive growth
potential tor OEMs), electronic office systems also had their share of
bad luck. Poor equipment and a lack of totally integrated or multi-
function otfice systems often brought more curses than blessings.
This wC-based equipment all too often duplicated operational costs
and added redundant hardware and software costs. It was an infant
technology where equipment was outdated so fast that many systems
were cost-ineffective within halt-a-year of use. System designers not
tamiliar enough with the otfice environment created systems that
merely replaced equipment (not functions), created infighting be-
tween DP and WP personnel, upset traditional power structures, and
antogonized users (particularly executives). Worse, system de-
signers all too often created poorly-designed equipment that couldn't
be integrated into an overall system. Benefits were not what was
promised, and once again (just as with the SBC), much of the
equipment for the electronic office fell into disuse. Things are about
to change.

Key to this change is not education of end users, but improvements
made by the electronics, peripheral, semiconductor and microcom-
puter industries. The wC industry has reached the critical threshold
where the original condemnations are no longer valid. Improved
semiconductor devices, new mass storage systems (8- and 5-inch
Winchesters and high-density. dual tloppies). bubbles. lower-cost
and higher-MTBF printers and CRT terminals will soon make their
tull impact. The 16-bit micro-based systems are no longer toys: they
will replace today's 16-bit minis (and the mini makers will move up
into the 32-bit arena). And hidden costs are coming out into the open.
MTBFs are rising and service is improving.

This “"coming of age™ of the SBC and electronic office system has
arrived just in time to meet sudden demand for such systems. Small
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businessmen and otfice managers are faced with major problems that
are growing worse. This includes increased paperwork. overbur-
dened records-retention systems. greater government-mandated red
tape. and inability of many smaller businesses to compete with larger
firms. It's also an area ripe for improvement in efficiency. While
industrial productivity grew 90% in the last decade, managerial and
office productivity grew less than one percent. This sector is coming
to represent a more significant portion of a firm’s operating expense.
Not only that, but corporate executives of all firms are coming to
realize that their managers will need better information and manage-
ment systems to effectively manage their businesses.

Untortunately. the computer brings trouble. It brings with it an
avalanche of hardcopy output—much ot it extraneous and onerous.
Records retention woes, despite microfilming of original documents.
is undesirable for many uses (particularly for SBCs).

Then. there is a far-more fundamental problem than mere records
retention and the paper blizzard. It is something analogous to the
“combinational explosion™ (discussed in November's Speakout.
“Designing For the 1980s: Heuristic Outlooks Needed ™). End users
are being inundated with greater quantities of information; and the
more it grows, the greater are the interrelationships, and the greater
the ditficulty of making sense trom it all. We ve all seen the cartoon
of the manager with his thick copy of computer printout conveniently
near the edge of his desk, just above the wastebasket, waiting for the
next printout so he can nudge this one in over the edge. The ““infor-
mation explosion™ is growing worse. and it can choke a business. not
to mention careers.

The new developments in electronics that [ mentioned above can
solve this in three ways. First, improvements made by CRT terminal
makers and on-line systems is minimizing records retention without
sacrificing accessibility in records research. The SBCs and ottice
information systems ot the 1980s will reduce record file require-
ments. Second. system designers all-too-otten design from an equip-
ment-replacement philosophy — a myopic process ot direct substitu-
tion. The system designer of the early 1980s must. instead. capture
the features of each device or tunction to maximize the benetits of the
total oftice system. In other words. designers must stop the process of
mere equipment substitution and take a functional systems approach.
Third. and most important, SBC and office systems must do more of
the pre-processing ot raw data in decision-making tasks. It is not a
question of how much information that the manager sees. but how
little he sees. With more decision-making functions or algorithms
integrated into systems, the less burdened managers will become, thus
freeing them to concentrate on the trouble spots. Such intelligent
microcomputer-based SBC and electronic oftice systems will force
management-by-exception on workers — whether they realize it or not.

OEMSs will provide end users with managerial work stations in
cach oftice that have direct access to large amounts of data and data
bases. so they can make strategic decisions with up-to-date informa-
tion that has been pre-processed. CRT terminals will become com-
monplace in executive offices. as well as voice data-entry terminals.
With intelligent voice entry expected to eliminate coding, keypunch-
ing and manual data entry throughout the firm. information will be
processed instantly and be available at all levels. Data entry times
will be reduced and productivity increased. The rate of information
flow will be increased several orders ot magnitude.

The market 1s enormous, and not only is there room for traditional
giants like IBM, Xerox. Wang., AT&T and Exxon, but for small
OEMs as well. It the road sounds paved with gold. itisn’t without its
share of bumps and potholes that can knock out the less-wary tirms. It
will require a new breed of systems designer. For those engineers
who are prepared. career opportunities in these fields never looked so
areat.



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.

Career Opportunity Checklist for Engineers

INDUSTRY GROWTH AND STABILITY

No one wants to be “phased out,’ so check for security: YES ? NO
Is the company part of an industry that’s vital, growing, dynamic? ....00 O O
Will the growth continue throughout the 1980s and beyond? ......... JE) SR e

COMPANY HISTORY AND REPUTATION
You can tell a lot about a firm by its track record:
Is the company recognized and respected in the industry? ...........

Have sales and profits increased at a steady rate? . .................
Is it known for its technological innovations? . . ...................
Are its employees motivated and well rewarded? ..................
Does the company seek technological employees on a permanent,
T e S A S S SR R W AR Sl L B
WORKING CONDITIONS AND ENVIRONMENT

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

O
Do employees welcome the challenge of difficult assignments? ... ... &)
a
a
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O

Are creativity and independent thinking encouraged?
Are the company’s engineering goals clear-cut and attainable? .......

THE COMPANY LOCATION

Relocation is a big professional and personal commitment.
[s the company located in an existing or emerging electronics center? . . [J

Are there major universities and other technological resources nearby? .
Will the company assist me inrelocating? .......................
Can I provide my family a comfortable lifestyle in this area? ... ......
Are there cultural and entertainment opportunities? ................
Is there a variety of recreational and leisuretime activities? ..........
Are the climate and surroundings pleasant? ......................

PERSONAL AND PROFESSIONAL GROWTH

Job satisfaction means more than just a paycheck:
Does the company give full recognition to the engineering role? . . .. .. O

Will I be working and interacting with other talented professionals
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O
Will my accomplishments be acknowledged, appreciated, rewarded? . . [J
O
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Will the company pay for advanced training in technology
| ANAdMANAZEMENE? .. . « i s ss iomis o s wsars oo o s s o e s e s & e s

O
Can I pursue my own career goals within the company framework? ...
THE LONG RANGE PICTURE

Where will you be professionally in 5 years? .. .in 10 years?
Are there plenty of opportunities for rapid advancement within

Does the company encourage engineers to assume positions of authority? J O [
Will I be allowed to move into those engineering areas that interest
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Can I choose my own career path—into technological leadership or
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H ~ Racal-Milgo, Inc.
Racal-Milgo & wem. r soie

One Company to Evaluate

At Racal-Milgo, we're looking for capable communica-
tions hardware and software people to join our engi-
neering team. Our success has created needs at every
level, from entry to top management. We have a lot to
offer you.

The mainstream of our business is data communica-
tions—where today'’s action is. We're a pioneer, and a
recognized leader in the field. Our state-of-the-art
product lines include modems, multiplexers, data en-
cryption, and systems for sophisticated network con-
trol and performance assessment.

We're proud of our growth—$64 million in sales two
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-
sphere of friendly, professional teamwork. We provide
them with one of the nation’s most advanced engi-
neering facilities. Our salaries and benefit programs
are among the best in the business.

We're located in suburban South Florida, one of the
growing new electronics centers in the sunbelt. It's an
international area, gateway to Latin America, blessed
with a pleasant climate year-round. There are excellent
cultural and entertainment opportunities, plus swim-
ming, diving, boating, sport fishing, golf, tennis, and
all the other benefits of a cosmopolitan resort. There's
a wide choice of employee clubs to introduce you and
your family to new activities. And if you're interested
in furthering your professional or business related
education, we'll pay for your coursework at any of the
major universities nearby:.

At Racal-Milgo, we're experiencing dynamic growth,
and we need good people at all levels. The working
conditions are excellent...advancement and rewards
come fast...and our new two-track career program
lets you decide whether to rise to the top on the tech-
nical side or to move into management. (Our presi-
dent and board chairman are both EE’s.)

We're looking for the best. If you are
too, let's get together. I hope to per-
sonally welcome you aboard. Send
me your resume today: no letter re-
quired. You'll receive a prompt reply.

Al Hpers”

Ed Hilpert

Vice-President, Engineering
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Meet two new Printers from Anadex:

Resolutionary!

Introducing two totally new alphanumeric line
printers from Anadex - Models DP-9500 and
DP-9501 - featuring 132/175 or 132/220 columns,
respectively. :

Both models employ a new, Anadex-manu-
factured 9-wire print head with 150 million
character life (optionally, 650 million) that makes
them ideal for high-resolution printing require-
ments including high-density graphics where
print quality and reliability must go hand in hand.

The full standard 96 character ASCII character
set, including descenders and underlining of all
upper and lower case letters, can be printed bi-
directionally on up to 5 crisp copies at speeds
up to 200 CPS. Adjustable-width tractors,
accommodating paper from 1.75 to 15.6 inches
wide, allow the printers to adapt to your
application.

The three ASCII compatible interfaces (Parallel,
RS-232-C, and Current Loop) are standard in
every printer; so interfacing is usually a matter
of “plug it in and print.” With simplified inter-
facing, the printers also feature sophisticated
communications capability including control of
Vertical Spacing (6 or 8 lines/inch), Form Length
and Width, Skip-Over Perforation, Auto Line
Feed, and full point-to-point communications
capability.

Other standard features are a 500 character
FIFO buffer (optional, an additional 2048 char-
acter buffer), shortest distance sensing logic,
self test, and replaceable ribbon cartridge with
6 million character life.

For complete details, attractive OEM pricing,
and a demonstration, contact Anadex today.

Annaclex

ANADEX, INC. » 9825 DeSoto Avenue * Chatsworth, California 91311, U.S.A. e Telephone: (213) 998-8010 « TWX 910-494-2761
ANADEX, LTD. * Dorna House, Guildford Road * West End, Woking, Surrey GU24 9PW, England ¢ Tel: Chobham (09905) 6333 » Telex: 858762 ANADEX G
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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 32K by 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
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Technology

Trends

Computer Graphics Aid Space Shuttle

Computer-driven display systems to
help NASA ground crews plan space
shuttle crewmember’s activities before
each flight, undergo checkout at
NASA’s Lyndon B. Johnson Space
Center, Houston, TX. The Sanders
Associates, Graphic 7 displays are
part of NASA’s Crew Activities Plan-
ning System, a computerized system
for planning crew schedules for
eating, sleeping, exercising and per-
forming experiments. The displays also
depict spacecraft trajectory informa-
tion such as ground track, acquisition
and loss of ground stations and day-
light/darkness cycles. Because the
information is visual and in easily-read-
ble form, it makes it easier for NASA
scientific personnel to solve complex
planning problems in less time than
required previously.

Japanese Develop Josephson Junction Computer

Consider the computer of the future: a
cube 6" x 6" x 6" operating at a switch-
ing speed of 10 ps or less at 4° above
absolute zero — a machine using Joseph-
son technology. It corresponds in per-
formance to today’s big mainframes
occupying a dozen cabinets or more.
Not long ago Fujitsu, Ltd., brought
the practical realization of the Joseph-
son computer a little closer. It devel-

oped a 4-bit logic circuit with Joseph-
son junction elements called “double
junction quantum interference ele-
ments.”

Fujitsu has simplified the device by
requiring only three Josephson junc-
tions elements per 1-bit circuit, com-
pared with the seven Josephson junc-
tion elements used by a competitor.

Fujitsu scientists are now planning

64-bit memories based on the Joseph-
son principle and hope to have them
by next year.

Josephson circuitry, named for its
inventor, Brian Josephson, requires
minimal power so that space-wasting
heat sinks are unnecessary. The cryo-
genic temperatures at which it operates
are achieved through the use of liquid
helium.

Fiber Optic Production Rising

Worldwide production levels of fiber
optic systems will surge dramatically
from $39 million in 1978 to $1.77 bil-
lion in 1990, according to research by
Gnostic Concepts, Inc. of Menlo Park.

By the mid 1980s, optical fiber
communication system production lev-
els will grow, with dropping prices jus-
tifying them as an alternate transmis-
sion media on a strictly cost competi-
tive basis. At this stage, an increase in
production levels of fiber optics will
further reduce prices and continue
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Fiber Optic Cable System Demand

(SM)
1978 1985 1990
Canada 6 40 85
UsS 21 350 889
Japan 2 91 333

Europe 10 178 462
Total $39M $659M §1.77B

penetration of fiber optics into addi-
tional installations.

Total fiber optic cable system de-
mand for Canada, US, Japan, and Eur-
ope will grow from $39 million in 1978
to $659 million in 1985 and to $1.77
billion by 1990, as shown below.

This growth represents an average
annual increase in value of 50% for
1978 through 1985, and 20% annually
between 1985 and 1990. These values
include cable assemblies plus transmit-
ters, receivers, connectors and splices.



He should have

used a CMOS
Monochip:

Here'’s another good idea that didn't
quite make it because the designer
didn’t choose the right technology for
his circuits. If he had used CMOS, he
could have cut the power consumption,
size, and weight of the finished product.

And with Monochip, he could
have had his CMOS prototypes in just
6 weeks for under $5000.

That’s because Monochip’s circuit
components —the first five layers—
are already in place. All you do is tell
us how you want them connected
for your application.

Working from your layout, we'll
etch the sixth layer to produce your
prototype. When you've approved it,
we'll make from 5000 to half a million
parts for you.

Our $59 Monochip Design Kit has
everything you need to lay out your own
CMOSIC. And free help from our CMOS
experts is as near as your phone.

Now you can have the advantages
of custom CMOS IC’s without paying
$50,000 and waiting a year for full-
custom development. Break through
to CMOS technology today with
Monochip, the semi-custom IC.

Call or write today for more infor-
mation. Interdesign, 1255 Reamwood
Avenue, Sunnyvale, CA 94086.

(408) 734-8666.

interdesign

Monochip:™
| the semi-custom IC.

Our $59 Monochip Design Kit has
everything you need to develop your
own CMOS IC. You choose the size —
from 100 to 400 gates.

Interdesign is a Ferranti Company.
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Use of Data Communication Terminals
Will Grow Sixfold By 1990

In 1990, over 15 million data com-
munication terminals will be in use —
up from 2.5 million in 1978 — repre-
senting one terminal for every six
white collar workers. According to
“Data Communication Systems and
Equipment,” (Predicasts, Cleveland,
OH), terminal usage will skyrocket

as computers diffuse rapidly through
all segments of the economy, reflect-
ing both the benefits of computer-
processed information and the de-
clining investment and operating
costs. Shipments of data communi-
cation terminals — remote I/O devices
linked to a computer over a communi-

Item
Data Terminal Shipments

Net Exports
Data Terminal Sales

Net Exports
Autotransaction Terminal Sales

Net Exports
CWP & Facsimile Terminal Sales
TOTAL TERMINAL SHIPMENTS
Net Exports
TOTAL TERMINAL SALES

Autotransaction Terminal Shipments

CWP* & Facsimile Terminal Shipments

Data Transmission Equipment Shipments 19 560 980
TOTAL TERMINAL & EQUIP SHPTS

% Annual Growth

1963 1978

1963 1978 1990 -78 -90
3 1600 6900 52.0 13.0
— 530 1050 - 5.9
3 1070 5350" 480" 152
— 965 1900 - 58
- 10 —-250 —~ —
— 955 2150 — 7.0
5 336- 1340. 324 122
- =12 S — =7.0
5 348 1345 327 11.9
8 2901 10140 48.1 11.0
— 528 795 - 3.5
8 2373 9345 462 12.1
29,3 4L

27 3461 11120 382 10.2

*communicating word processor

cation channel — are projected to grow
from $1.6B in 1978 to nearly $7B in
1990. “Intelligent” terminals, which
are programmable and possess some
degree of processing capability, will be
the fastest growing segment with sales
climbing over 20% annually.

Sales of autotransaction terminals,
which include teller machines, auto-
mated tellers, and retail electronic
funds transfer and POS terminals, will
grow from $995M in 1978 to over $2B
in 1990. Automated teller machines
(ATMs) will experience the fastest
gains at over 7%/year. Twenty-five
thousand ATMs will be used by finan-
cial institutions in 1990, up from
7,000 in 1978, and will relieve their
human counterparts from 625 million
transactions. Although anticipated de-
clines in price will render ATMs more
affordable, the basis for continued
growth is competition among financial
institutions. Since ATMs are a market-
ing tool used to extend service hours
and thereby to increase or maintain
market share, their ability to attract
new business to an institution is pri-
mary justification for installation.

World’s Smallest Experimental Circuit Elements

Scientists at the IBM ThomasJ. Watson
Research Center have controllably fab-
ricated and systematically tested the
smallest experimental electronic cir-
cuit elements ever reported. The de-
vices have widths and thicknesses of
only 100 to 200 atomic diameters —
far smaller than human nerve fibers —
and the research effort that produced
and used them is significant in at least
two regards.

First, it represents a successful ap-
plication of recent advances in elec-
tron-beam lithography, a technology
originally developed for producing
large-scale integrated circuits. Scientific
understanding made advances in the
technology possible. That technology
is now making possible further in-
creases in scientific understanding.

Second, it shows that scientists can
explore superconductivity in electronic
circuit elements even in a size range al-
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Introducing the new BASF 6170 Series 210mm Fixed Disk Drives.

High Performance. Perfect
for multi-user multi-tasking
applications, the BASF 6170
Series drives give you an
average time-to-data of 50
milliseconds. . . four to seven
times faster than standard 8"
floppy drives. ;

Capacity. The BASF Model
6171 provides 8 megabytes
and the Model 6172 provides
24 megabytes of fully usable
unformatted capacity. Unique
BASF circuitry eliminates
user mapping.

Easy System Integration.
BASF’s exclusive SMD
interface option offers cost-
effective and convenient
interface compatibility with
industry-supported control-
lers. Low-cost BASF disk
bus, or intelligent BASF host
bus with integral controller/
formatter also available.

Proven Reliability. BASE
because of its experience in
both magnetic media and
drives, is highly qualified to
develop drives using reliable
3350 Winchester technology.
BASF 6170 drives have a
10,000 hour MTBF and require
no scheduled maintenance

or operator intervention.

Compact Size. Far smaller
than 14" drives, the quiet,
lightweight floppy-sized
BASF 6170 drives are suit-
able for desktop office envi-
ronments.

Competitive Price. Get the
performance, capacity, and
ease of system integration
you need right now...at
prices you'd expect to pay for
far less sophisticated tech-
nology. Write now for com-
petitive OEM prices.

If you need high performance, capacity,
easy system integration, proven reliability,
ina compact size, at a competitive price, right now...

write now.

BASF Systems, OEM Peripheral Sales, Crosby Drive, Bedford, MA 01730

Please send me complete details and specifications on the new BASF

6170 Series 210mm Fixed Disk Drives.

Nomeo — - __* — ___ Title
Company e - . . e e
Address - @@ Telephone
Gty oo . .. .- State. . 7ip
. In a hurry? Call Dave Edwards at (617) 271-4168

BASF

Circle 17 on Reader Inquiry Card




Technol
Trends

most 1/100 of that found in existing
microcircuitry (greater than 1 um, or a
millionth of a meter). Superconductiv-
ity is a phenomenon in which certain
metals and alloys lose all resistance to
electricity at temperatures near abso-
lute zero.

Called nanobridges, the devices fea-
ture thin-film stripes of superconduct-
ing niobium metal as little as 40 nm
wide, 30 nm thick, and 120 nm long.
The work is an outgrowth of IBM’s
recently achieved ability to produce
fine metal lines only 8 nm wide. The
narrowest niobium line made was
only 25 nm wide. Previously, dimen-
sions couldn’t be controlled to this
extent.

The superconducting circuit ele-
ments now being reported were found
to exhibit what are known as Joseph-
son effects. The narrow stripes func-
tion as constrictions or bridges be-
tween larger, micrometer-sized areas
of superconducting niobium thin
films. As such, the bridges are in ef-
fect “weak” superconductors, or as

they are sometimes called, weak links.

In the Josephson effect, a suffi-
ciently small weak link in a super-
conducting circuit can function as if it
were a good superconductor by allow-
ing a supercurrent of electron pairs to
flow between connecting superconduc-
tors with no voltage difference across
the link (dc Josephson effect). Further,

when electromagnetic radiation such
as at microwave frequencies is applied
to a weak link, dc currents are formed
at equally spaced voltage intervals (ac
Josephson effect). What is learned
from the nanobridge studies of super-
conductivity and the Josephson effects
could be of benefit to Josephson tech-
nology research.

Foreign Intrigue And Satellite Spying

Invade Silicon Gulch

Lying south of San Francisco and
stretching between Stanford and San
Jose lies an incredible phenomenon —
Silicon Valley. It is the driving force
behind our world dominancy in elec-
tronic and non-electronic markets.
This modern wonder of the world far
surpasses any assembly of high-tech-
nology companies in any other part of
the world, and this region contains the
world’s largest congregation of semi-
conductor firms, research laboratories,
universities and attendant service or-
ganizations in terms of concentration
that is related to a single technology
and industry.

It’s said that New York is the “spy

capital” of the nation in numbers; but
the amount of Soviet espionage in
Southern California’s electronics, com-
puter and aerospace industries s
frightening,” says the head of the
FBI’s Los Angeles office.

Herbert Clough Jr. warned that
Southern California is an espionage
Mecca because “the goodies are here.”
Half of all classified government con-
tracts are in Southern California —
enough to tempt the Soviets, and now
the PRC (Red Chinese). Although new
FBI programs to alert electronics and
computer firms to the dangers of
espionage and theft of technology has
begun, with the years of strangling of

you a choice:
video out
out
Standard features:
® 256 level grayscale

video

minicomputers.

N\

The CVI 274 Video Frame Store allows
® putvideo in, get either digital or

e put digital in, get digital or video

® resolution to 256x512 pixels
e store a single field or full frame of

And the 274 interfaces easily with most

TV FRAME GRAB! °

Grab it, store it, process it.

Specifications cheerfully sent on request.

Colorado Video Incorporated

Box 928 e Boulder CO 80306 USA e 303/444-3972 ¢ TWX 910-940-3248 (COLO VIDEO BDR)

J

__J
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DON’'T SPEND
ANOTHER DIME

ON A PLOTTER
UNTIL YOU' VE
TALKED WITH US.

r
We've probably
changed more minds
than any other
company.

Frankly, we get most of our business on
the rebound. After others have tried
and failed. But no matter. Because we've
been quietly building the industry’s
finest plotting systems for nearly a
decade now.

From our superb 4 pen desktop model
to the most powerful on-line, off-line
plotting systems you'll find. Backed by a
service support system with no if's, and’s
or but’s.

If you'd like some serious attention given
to your application and service needs,
just write or call The Idea People at

Nicolet Zeta. We'd rather see you sooner,
than later.

Our top of the line 36"
plotter with built-in micro-computer controller.
NOW WITH GPID*
*General Purpose Interface Bus conforms to IEEE standards

488-1975. The industry’s choice for a fast parallel interface.

Circle 20 on Reader Inquiry Card € R

E NICOLET ZETA CORPORATION 2300 Stanwell Drive, Concord, Ca. 24520 Call (415) 671-0600




U
m

Introducing

The Most Complete

Microcomputer :
Available
Today!

TCB-85/
Total Computer Board

One Board Does It All. . . This powerful single-board
microcomputer uses the Intel 8085A CPU and is
capable of supporting CP/M and PASCAL.

Compatible with Intel’s Multibus, the TCB-85, com-
bines an impressive variety of features: 64K Memory,
Dual-Density/Double-Sided Floppy Disk Controller, Pro-
grammable CRT Controller with up to80 ASCII or custom
characters by 25 lines, Serial 1/O Port, Printer Interface
and Strobed or Scanned Keyboard Interface.

A New High

Resolution

Graphics
System.

SVB-80P/
Soft Video Board Prototyping Kit.

Featuring Dual-Board/Stand-Alone capability, this
completely new prototyping package combines
the SVB-80/Soft Video Board and the MIB-85/Memory
Intensive Board in an Intel Multibus configuration. . .

The SVB-80 displays 640 x409 or 576 x455 pixels,
Alphanumeric characters displayed over 80 x40 or
72 x44 lines, Intermix of characters with graphics.

The MIB-85 uses Intels’s 8085A CPU with up to 32K
PROM and 4K Static RAM, Programmable Keyboarc
Interface, Serial 1/O Port, Programmable Interrupt
Controller and Monitor Software to go “On-Line”
immediately.

GET ALL THE DETAILS.
Newman at: (516) 621-6640

DOSC

OENM PRODUCTS DIVISION
175 LU.Willets Road - Albertson, New York 11507

. .Contact Alexander
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US intelligence capability, observers cynically question if
the theft of high technology can be curtailed.

Using small hand transmitters, an estimated 50 Russian
spies are making daily reports on Silicon Valley’s latest
breakthroughs — much of it secret or proprietary com-
pany information. What makes this massive electronics
“theft ring” so incredible — other than the fact that they
cannot be punished if caught! — is that their hand transmit-
ters send report up to a Soviet satellite as it passes over-
head. Obviously, if U.S. electronics firms or engineers tried
to get away with this massive theft of technology, you can
bet they wouldn’t get off on diplomatic immunity.

Soviet spies, with only moderately sophisticated gear,
can listen in on the communications of strategic missile
and space firms and other companies. Furthermore, similar
telephone spying was used by the Russians to get secret
trade information that enabled them to pull off favorable
wheat deals.

The Soviets can copy information with small-but-highly-
directional microwave dishes, receiving the sidelobe
electromagnetic energy of a straightline microwave trans-
mission at a distance of 10 to 20 miles. Russian spies must
first listen at random to thousands of conversations. Final-
ly, when they detect a conversation being carried on a line
leased by an important electronics firm, they monitor this
and all other “dedicated phone lines” leased by the
chosen target companies.

Although the Soviet consulate in San Francisco is not
on a direct line with phone company microwave relays in
the city, its upper floors are loaded with electronic gear.

How many individuals are involved? The FBI estimates
that 50 KBG colonels are based in Silicon Valley. As for
their San Francisco consulate, estimates pinpoint 35 per-
cent of the Soviet personnel there as involved in industrial
espionage.

Will the Peoples Republic of China (PRC or Red China)
establish diplomatic spies, i.e., the equivalent of the U.S.-
based Soviet KGB espionage staff? Perhaps. However, this
may not be so necessary, since the U.S., it appears, is
about to make an all-out effort to supply the PRC with
massive technological assistance and information. The
IEEE will, it seems, play a key role in transferring U.S.
computer and electronics technology to the PRC. Former
IEEE president, Jerome Suran and General Manager Eric
Herz, in a recent trip to the Far EAst, discussed the possi-
bility of opening up an IEEE section on the Chinese main-
land admitting PRC EEs to the IEEE. The Chinese Insti-
tute of Electronics and its president, Lin Yin, said they
also wanted translation right to IEEE publications. As re-
ported in an IEEE newspaper, “The Institute” (Dec. 1979,
pg. 4); “Interest was intense throughout Region 10 to get
mainland China into the IEEE fold, Mr. Suran reported,
adding: ‘The Hong Kong Section could assist the forma-
tion of a new section in mainland China.” Mr. Suran met
in Hong Kong with leaders of that IEEE section to discuss
a possible role.

No time was agreed upon for a decision on the main-
land Chinese section, but Mr. Liu and several representa-
tives are to meet with IEEE leaders in New York during
their current month-long visit to the U.S.



Dataram Corporation, first to offer a 128K x 18 single-board
PDP®-11 ADD-IN, has done it again.

This time with an incredible 128K x 18 semiconductor
ADD-IN for DEC®’s LSI-11/23!
This industry first, the DR-113S, is packaged on a standard DEC
814" x 10” quad board. But more than just being a “first,” the
DR-113S is also a “best,” saving you not only space and money,
but also greatly reducing overhead circuitry, optimizing MTBF,
and minimizing power consumption. And the DR-113S is also
available in 64K and 96K configurations.
From Dataram Corporation, the people who provide everything
you need to make a big thing out of the LSI-11
e PDP-11/03L compatible chassis ® 16K x 18 core ADD-IN

e 32K x I8 semi ADD-IN (dual-size board) ® BULK CORE/SEMI

Disk Emulation Systems ® BULK MINI e Tape and Disk
Controllers ® and even DEC-manufactured LSI-11 and
LSI-11/23 microcomputers and other accessories.

DEC, LSI-11. and PDP are registered trademarks r 1 ]
of Digital Equipment Corporation

DATARAM
CORPORATION

r-------------------1

¢ [0 Please tell me more about Dataram 128K x 18 1

I memory for my LSI-11/23 microcomputer. |
I O Please send me information about your other I
1 LSI-11 compatible products. ]
: [0 Please have a salesman contact me. ]

1
i Name I
' I
i Title Phone [ ]
! [
1 Company §
! I
b Address 1
' I
[ | City State ____Zip 1
1

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 Italia, 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 ¢ 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 e

Israel: K D M Electronics, 921513 » Japan: Matsushita Electric Trading Co., Ltd, 03 (435) 4501 ¢ Taiwan/Republic of China: Syscom Computer Engineering Co . (02) 7022156

Circle 22 on Reader Inquiry Card




Technol
Trends i

From our recent discussions of this
matter with an IEEE official, the atti-
tude conveyed was that the IEEE is
enthusiastic about giving away hard-
earned U.S. electronics and computer
technology to the PRC. When asked
about whether this could antagonize
the Soviets, or eventually create an
economic (due to low wages) or even
military threat, the IEEE spokesman

shrugged it off. From his insight into
the matter and his apparent enthusi-
asm for this upcoming U.S. technol-
ogy transfer, we suspect something is
upcoming. But, we seriously doubt if
the IEEE would independently take
such unilateral action; and, no doubt,
some higher organizations gave them
the go-ahead.

PRC’s armed forces number 4.3
million by far the largest war
machine in the world, with a 115-
division army and 4700 combat air-
craft. Can anyone doubt that the mas-

the
bus?

Do you have a PDP11 that
is overloaded? Or a spe-
cial requirement that your
bus can't handle? If so,
Datafusion Corporation
has a number of devices
that can help. This one is

loads and more.

Tired of
waiting for

the OSB11-A Bus Repeater. It is the functional equivalent of DEC's*
DBI11-A, and is designed to drive at least 19 bus loads and a fifty foot
extension of bus cable. In a test environment it has supported 45

The repeater’s simplicity of design is visually apparent. This is made
possible by a specially designed integrated circuit. Resultant advan-
tages are the speed (about 80 nsec MSYNC to return SSYNC); the
reliability inherent in only 34 operational circuit components; ease
of installation and a price of $1250.

The OSBI1-A is only one of several products available from Data-
fusion Corporation which are designed to enhance the capabilities
of your PDP11 system. Among these are switching devices for auto-
matic bus reconfiguration, a bus splitter and a cable tester.

We also have some ideas for the application of our products which
might not have occurred to you. If you can't get the performance that
you would like from your PDP11 system, maybe we can
help. Telephone our Marketing Manager at (213)

887-9523 or write to Datafusion Corporation, 21031
Ventura Boulevard, Woodland Hills, California 91364.
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sive U.S. transfer of electronics ana
computer technology won’t be used to
improve this war machine’s effective-
ness and increase the chances of it be-
ing used against neighboring nations
like India, Africa, Japan, Pakistan or
Afghanistan?

We believe in the transfer of tech-
nology to nations that have historical-
ly shown a responsible use of it. But, is
giving away technology to those who
would sooner or later misuse it wise?
Is IEEE’s explorative intentions to ad-
mit mainland Chinese engineers to its
membership a responsible action? Or
is this planting the seeds of World War
I11?

Do you agree? Or disagree? Or half-
disagree? If so, or if you have other
points of view, please write us. We
welcome your letters and comments.

R&D Theft
Requires New
Countermeasures

“The exploitation and theft of com-
pany secrets by employees engaged in
R&D is increasing at an alarming rate,”
declared Norman Jaspan, noted author
and president of the New York based
international management engineering
firm bearing his name, before the Elec-
tronic Industries Association. It threat-
ens the industry’s investment in new
technology and products, which are
fundamental for improving productivi-
ty and controlling inflation.

More than one-third of the profits
of most businesses are poured back
into R/D. The stakes are so high that
some of the most respected profes-
sionals in our society — the engineers,
the chemists, the metallurgists, the
professors — are too often willing to
compromise their ethics for quick fi-
nancial gain. “The temptation to steal
ideas, formulae, designs or blueprints
are sometimes overwhelming,” Jaspan
continued.

Unethical researchers can also ob-
struct, sabotage, or delay the develop-
ment of new processes and products
until they can exploit this material to
their own advantage — in a better job;
perhaps an opportunity to go into bus-
iness for themselves; or for outright
sale to others. They are no longer
merely content with professional
recognition.

The rapid increase of mergers and
acquisitions in the electronics field has



‘Tandon Drives.

Heads above the Rest

For years, Tandon Corporation has been
designing and manufacturing read/write
heads for most major flexible disk drive
manufacturers. Their heads are currently in
over 1,000,000 field operable units, and
deliver a standard of reliability that is posi-
tively unmatched.

Tandon now introduces their own
mini-floppy disk drive. The TM-100 family
consists of four models, and offers the
widest range and the highest storage
capacities of any 5%" mini-floppy. What’s
high? Try 250K to 1000K bytes of storage.
With a track-to-track access time of
3 to 5 ms. And a price that is lower than
any other comparable unit.

The TM-100 series design is based on
Tandon’s patented head design and
superior head technology. This guarantees
20,000 hours of wear in media contact,
and at least 4 x 10% passes per track.
Tandon’s unique head finish eliminates
the need for a head load solenoid. The
heads needn’t-be unloaded even if not
reading or writing!

But that’s just the beginning, and we’d
like to tell you more. So call us at
(213) 993-6644. And take the Tandon
challenge. Compare our price, perform-
ance and reliability. Then you’ll discover
what 50,000 floppy disk users already
know. We’re better.

landan

9333 Oso Avenue
Chatsworth, California 91311
(213) 993-6644

Heads above the rest in disk technology.
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compounded the problem of dishones-
ty in the industry. The decentraliza-
tion of operations, computerization
and the displacement of owner-mana-
gers has had a profound effect on
employees.

Mergers amd acquisitions, entered
into to increase sales and profits, and
mass layoffs, may in fact, foster dis-
loyalty and frustrations due to insecur-
ity and unfulfilled expectations. These
feelings are reinforced when conglom-
erates and other companies accelerate
the liquidation of marginal operations.
Although EEs are generally more loyal
than blue-collar workers, or even ex-
ecutives, kickbacks, ventures involving
conflicts of interest, and outright theft
can become irresistible.

The latest studies by the Joint Com-
mittee of Congress and the U.S. Cham-
ber of Commerce revealed that the
overall cost of employee dishonesty is
in excess of $44 billion/year. The mal-
practices that receive the least atten-
tion are those committed by trusted
employees. Their opportunities are
great, their methods less subject to

scrutiny, and they are the last to be
suspected. Data processing personnel
and programmers are most likely to
engage in computer crime (see Senator
Abraham Ribicoff’s “Will Computer
Crime Slow Computer Growth?” in
the August Digital Design).

“Policy statements regarding con-
flicts of interest, kickbacks, price fix-
ing and the integrity of books and rec-
ords are not enough. They must be
supplemented by effective investigative
audits that convert insight into con-
vincing fact,” Jaspan declared. Oppor-
tunists often find it easy to bypass
conventional accounting controls.
When kickbacks, theft of company se-
crets, destruction of records, manipu-
lations or embezzlement are suspected,
unusual skills are necessary. Business
expertise, skills in interviewing and the
application of behavioral sciences in a
confidential and sensitive manner are
essential, the consultant asserted.

Recent court decisions have held
directors, chief executives and other
professionals responsible not for what
they did but for what they failed to
know. They are also being held respon-
sible for failure to exercise greater in-
iative and due diligence in pursuing
dishonesty.

The
Power
Saver

Power Dynamics offers the first in a series of open-frame switching power
supplies for the OEM user. Unencumbered by past ideas and methods,
Power Dynamics offers advanced technology and conservative design to
meet today’s need for higher efficiencies and reliability.

The Model PD100 is a convection-cooled 20 amp supply with a user

specified output of 2 to 48 VDC.

Features Include:

e Dual Range 115/230 VAC
Strappable Inputs

e Undegraded Performance to
50°C

e 30 msec Holdup Time

No Overshoot on Turn-On or
Turn-Off

Fully Protected Output
Designed to Meet UL 478

e Two Year Warranty

The Model PD100 is in stock. Call us for your application:
(213) 767-9640, 875-1012 ¢ TWX: 910-498-4841

POWER DYNAMICS CORP.

B

=N

9421 Telfair Avenue, Sun Valley, CA 91352
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Many employees know about such
abuses but do nothing about them.
They emotionally withdraw from a
distasteful situation that may involve
friends or associates or they are afraid
of being found at fault and criticized.

“The need to know what is really
going on,” said Jaspan, “is highlighted
when our management engineers under-
take investigative audits, systems sur-
veys and inventory control projects. In
more than half of these cases, sizeable
losses have been uncovered. Millions
of dollars have been recovered an-
nually.”

Efforts to protect scientific innova-
tions, trade secrets and confidential in-
formation need to be thoroughly re-
viewed and sensibly strengthened. Will
uniformed guards, locked filing cases,
alarm systems, and other physical de-
vices help? They are necessary but in-
adequate. More sophisticated manage-
ment approaches are necessary.

Non-Impact Printer
Growth Accelerates

World wide shipments of non-impact
printers and page printers will reach
33,600 units in 1983, achieving a
compound annual growth rate of near-
ly 28%. During the same forecast
period, sales of non-impact serial print-
ers will see a somewhat slower unit
growth rate of 22%, according to the
results of a four-volume multiclient
study on the computer printer indus-
try recently released by Creative Stra-
tegies International, a San Jose, Cali-
fornia-based market research firm.

Within the non-impact line and
page printer market, ultra high-speed
printers will be the most dynamic seg-
ment and will account for the largest
dollar value. By 1984, revenues from
this segment will attain a growth rate
of 32.8%, compounded annually.

High-speed page printer usage is
clearly increasing but is not replacing
as many impact printers as might be
expected. The extensive end-user sur-
vey conducted by Creative Strategies
shows that the total cost of the printer
and related supplies is a very signifi-
cant concern.

Xerographic technology will dom-
inate high-speed non-impact page
printers and line printers in the near
future. Further product developments
will results in page printers with higher
throughput at lower end-user prices.



20 million

EPSON

Electric Printers
installed

—Now

‘Son of Electric Printer’

TX-80 DOT MATRIX PRINTER

Our Electric Printers are all around you. ..in calculators,

perhaps like the one on your desk...in supermarket electric

cash registers...wherever you go.

Over half of all the world's Electric Printers bear the EPSON

name, and every month 600,000 more join their ranks.
Now comes the Son of Electric Printer. The new TX-80 Dot

Matrix Printer is the kind of product you expect from EPSON.
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.

THE TX-80 HAS THE SAME KIND OF QUALITIES AS
ITS FORBEARS

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
TWX 510 723-0743

Quality High Speed The TX-80 prints 125 characters per
second, 60 lines of 80 columns per minute.

Quality High Visibility Printing High contrast ink ribbon prints
5x7 dot matrix with 96 ASCII characters and 6x7 with 64
standard graphic patterns.

Quality Graphics Capability Charts and graphs can be made
automatically using the 64 graphic patterns.

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.

We want to tell you all about the'TX-80...s0 when you think of
Dot Matrix. Printers, you think of Electric Printer SON.
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DESIGN SERIES

When microporcessors were first in-
troduced, articles and design on
program optimization described in
great detail how to save a few bytes
of memory or a few microseconds
of execution time. In some applica-
tions, memory and execution time
were at a premium, since the first
micros were slow and memories
were both small and expensive.
Also, this attention came from EEs’
fascination with the intricacies of
this new toy, plus EEs’ failure to
understand lessons learned earlier
with larger computers.

Have things changed? Defi-
nitely, but perhaps not fast
enough. Let’s look at the costs
and benefits of faster and shorter
programs, describe some typical
applications requiring program op-
timization, and show how to op-
timize uC programs in a system-
atic manner.

Costs vs. benefits. . .

You can always shorten programs
and make them faster. Clever pro-
grammers always find ingenious (or
devious) methods that save time,
memory or both. However, do such
optimization benefits exceed costs?
Although tradeoffs vary with ap-
plication, let’s look more closely
at the benefits and costs.

First, what are the benefits of
faster program execution? Four
major benefits exist. (1) The pro-
gram may meet critical real-time
requirements; in such cases, op-
timization may be essential to make
the program work at all. Real-time
requirements are most common in
process control, industrial control,
military /aerospace applications and
communications. (2) You may use
more accurate (and more complex)
methods. Such alternatives often
exist in signal processing, auto
matic control, communications and
simulation. You can always extend
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Dr. Lance A. Leventhal
Emulative Systems Co.
San Diego, CA

Program Optimization: A Waste of Time?

transforms, optimal control algo-
rithms, detection methods and
mathematical models to include
more or higher-order terms. (3)
The system can process more data,
often possible in computing ap-
plications in which more data can
readily be made available. (4) The
system may require less hardware,
because the program may be able
to assume tasks that would
otherwise require additional parts.

Saving memory

The benefits of saving memory are
fivefold.

(1) The system may require
fewer memory chips. Of course,
optimization only produces a real

Fig 1 The 8748 single-chip microcom-
puter includes 1K bytes of EPROM, 64
bytes of RAM, and 27 1/0 lines from
Intel Corp., Santa Clara, CA.

savings if the reduction is suf-
ficiently large or the memory chips
are small. Relatively small chips
are often all that’s available for
applications requiring extremely
high performance, low power con-
sumption or high environmental
tolerance.

(2) The program may fit within
a one- or two-chip uC. Costs may
be greatly reduced if a program can
fit in the on-board memory avail-
able on a one- or two-chip system
(such as the Intel 8048 or the
Mostek 3870). The system is also
easier to package, handle or change.
For example, the Oliver Advanced

Engineering 8748 EPROM Com-
puter Programmer (Fig 1) can
quickly and easily revise, customize
or correct entire systems based on
the 8748.

(3) The system may fit on a
single board or card. Popular boards
or cards (such as Wintek’s Wince
control module) are immediately
available at low cost, if the user can
keep a system within the limits of
the on-board ROM, RAM and /0.

(4) You can add new capabilities
at minimal cost. Even if no chips
are saved, the extra program mem-
ory can enhance the product at
little or no per-unit cost. This en-
hancement can improve a product’s
marketability in competitive ap-
plications such as calculators or
small terminals.

(5) Room for other programs or
data may exist. Extra room is
often important in dp applications,
where a few large programs (such as
operating systems or compilers)
may occupy large amounts of user
memory.

But added costs exist. . .

On the other hand, four added
costs are involved in making pro-
grams run faster or use less mem-
ory.

(1) Additional programming
time required may be the single
largest development cost in many
applications. Costs will worsen as
programming time grows more
expensive in the near/long-term do
to inflation and a shortage of
trained engineers/programmers.

(2) Additional development time
is needed. Trying to make a pro-
gram shorter or faster increases
development time and associated
costs. Early introduction of a
product  such as  Foxboro’s
Spectrum line of wP-based con-
trol systems may be far more im-
portant than a minor cost sav-



ings per unit.

(3) The programs are more
difficult to maintain. The changes
required to make a program shorter
or faster often make it more com-
plex and more difficult to under-
stand; also, a documentation pro-
blem occurs when programs are
changed frequently.

(4) More testing is necessary to
ensure that revised program vers-
sions are functionally equivalent to
the initial working version.

Are the benefits we mentioned
worth the costs? The answer de-
pends upon your application.

Computational applications
require optimization

Faster execution is typical of ap-
plications that perform a large
amount of computation in a limited
amount of time. For example, con-
trol or signal processing applica-
tions fall into this category be-
cause their execution time more
often depends on program speed

Fig 2 For greater speed/lower memory usage, a new micro may be needed, such as the
28000, 68000 or 8086. This system design kit is based on the Intel 8086.

than on data availability or per-
ipheral device speeds. If the sys-
tem can perform extra compu-
tations, you can make the algo-
rithms more accurate, use more
feedback loops and provide greater
precision.

Typical applications that require
reductions in memory usage include
small instruments, calculators and
peripherals that often involve one
or two-chip uCs. A small overrun
may substantially raise costs or
even exceed the micro’s capacity.
The need to save memory is less
critical in larger applications, par-
ticularly as memory costs drop and

increased memory becomes avail-
able in larger single-chip micros.

Most applications fall into nei-
ther of the above categories. Most
instruments, test systems, commun-
ications equipment, business equip-
ment, computer peripherals and
consumer products do not require
real-time operation, do not employ
complex algorithms, and do not
possess the high-volume and low-
processing power of the one- or
two-chip micros. In most micro
applications, the program spends
most of its time waiting for some-
thing to happen: that is, it is 1/O-
bound — not “compute-bound.”
Since a micro gains nothing by
spending a large percentage of its
time waiting, you should simply
produce a working program as
fast as possible. Why improve time
and memory usage? It’s a useless
frill that costs extra.

Seldom can you justify spending
additional development time to op-
timize programs for low-volume ap-

plications. Designers with such ap-
plications are generally better off
using a system such as the Dyna-
byte Basic Controller; such a sys-
tem requires extra memory (for the
Basic interpreter) and extra time,
since it must translate the Basic
program. But it greatly reduces
programming time, since Dyna-
byte’s industrial Basic version is
easy to learn and use and provides
[/O, bit manipulation, communica-
tions capability, mathematical func-
tions and special constructs for con-
trol applications. The controller
may also eliminate the need for an
expensive development system.

Making programs run faster

To make your programs run faster.
(1) identify the most frequently ex-
ecuted loops and optimize them,
(2) use methods, such as lookup ta-
bles, that require fewer instructions
and (3) add more hardware to the
system.

The first approach requires you
to determine which program parts
are executed most frequently; sav-
ings in these parts can multiply the
effect many times over. You can
perform this analysis manually or
with the aid of monitor programs
that are available on some devel-
opment systems. The key point
here is to go where the action is;
changing instructions that are only
being executed once or a few times
is a waste of effort. The prog-
grammer must concentrate on
sequences that are being executed
millions or hundreds of millions of
times in each program iteration.

Once you’ve identified the key
program parts, you should: (1) sim-
plify the processing in inner loops
by preprocessing data, removing
special cases and simplifying oper-
ations and (2) use special features
of a particular computer, such as
special instructions, faster addres-
sing modes, registers and flags
(Ref 1). This approach may often
lead to documentation problems,
since the special features are usually
non-standard and are difficult to
understand. They may also be used
in ways that are unusual and not
what you (or the original manu-
facturer) would expect.

Lookup tables are typical of ap-
proaches that save time at the cost
of extra memory. A lookup table
can replace any function; acces-
sing the table runs much faster than
calculating all but the simplest
functions. Lookup tables also save
programming time, since the table
lookup procedure is usually quite
simple; and the same for any func-
tion. Lookup tables can perform all
the conversions, linearizations and
other procedures required in an
application (such as the Electro
Scientific  Industries  automatic
digital LRC meter). The problems
are that tables may occupy an
excessive amount of memory and
be difficult to understand because
no calculations are performed expli-
citly. This approach is really a spec-
ial case of adding hardware, since
the operations are really being per-
formed in a ROM rather than by
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Avoid Pyramids

Tired of re-inventing the pyramid?
Then turn to our Designer’s Note-
book. If you’re looking for new
software and circuit ideas, then
you’ll find several that may take
the trauma out of your next project.

And in case you have a nifty cir-
cuit or unique routine sitting in
your files (most EEs have several),
why not send it along? All we ask is
that you enclose schematics or
block diagrams, computer printout
or flow chart, detailed captions and
— most important — a one to three
page description. Address it:
Designer’s Notebook Editor,
DIGITAL DESIGN, Benwill Publish-
ing Corp., 1050 Commonwealth
Ave., Boston, MA 02215.

Advertisement

ATTENTION BARGAIN HUNTERS!

Buy, sell or trade all types of computer equip-
ment and software (pre-owned and new)
among 20,000 readers nationwide in the BIG
(11x14") pages of COMPUTER SHOPPER

Subscription: $10 a year/12 issues. Bank cards
accepted. Money back guarantee. P.O. Box
F-11, Titusville, FL 32780. (305) 269-3211.

TTENTION BARGAIN HUNTERS!

>HAhONAN

SINGLE BOARD COMPUTER
$99.50*

with 6800 MPU, 6850 serial 1/0,
2 6820 parallel 1/0 (32 lines),
512 RAM, socket for 2708, 2716,
EROM. Interface modules for
industrial control, data acquisi-
tion, lab instrumentation, on 44
pin 4%"'x6%"” PCB’'s. RAM,
ROM, CMOS RAM/battery,
A/D, D/A, Driver/Sensor, Serial
1/O, Parallel 1/0O, Counter/
Timer, IEEE 488 GPIB, floppy
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*OEM (500 piece) price
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a sequence of instructions.

Many different kinds of hard-
ware can also speed program ex-
ecution; the most common types
include: floating point arithmetic
units (such as the Advanced Micro
Devices 9511); multipliers, such as
the TRW MPY series (Ref 2), cus-
tom or standard ROMs, such as
code converters, character generat-
ors, sine and cosine lookup tables;
programmable I/O devices, such as
interrupt, DMA, peripheral and
communications controllers; and
SSI or MSI logic elements, such as
encoders, decoders, multiplexers,
selectors, arithmetic-logic units and
parity generators. Even relatively
slow hardware, (calculator chips,
UARTs, and USARTs) may actual-
ly increase program speed by remov-
ing some CPU burden.

Some techniques we described
for saving execution time also save
memory. In particular, many micros
provide special capabilities, such as
interrupts, trap instructions, extra
registers and unused flags that can
save both time and memory. Ad-
ditional hardware can often save
memory as well as time, though it
increases total system cost.

What is perhaps the simplest way
to save memory? Eliminate repet-
itive code. Make such code into
subroutines that are called at the
appropriate places. The repeated se-
quences must be long enough so
that the extra instructions required
to transfer program control back
and forth do not consume most of
the savings. Your job is to identify
the repetitive sequences. In all the
techniques that we have mentioned,
a large number of subroutines can
lead to documentation and main-
tenance problems. Each subroutine
requires separate documentation
and frequent transfers of control
make programs difficult to under-
stand or maintain.

Will the techniques that we've de-
scribed create enormous gains? Not
likely. But if you need to increase
speed or reduce memory usage by
20 or 30%, they can do it; on the
other hand, if you need to improve
speed or reduce memory usage by a
factor of 10 or 10,000, these meth-
ods are not too helpful. Instead you
need a major change such as using:
(1) a different CPU with a longer
word or a higher clock rate; and

one of the new generation of CPUs
(such as the Intel 8086 (Fig 2))
may be necessary particularly if the
application involves many arith-
metic calculations (Ref 3), (2) a
microprogrammed emulation of the
CPU in the existing system; such
emulations are most often available
for the 8080 or 6800 processors,
but are quite expensive and time
consuming to use; (3) two or more
CPUs working in parallel; and/or
(4) a new algorithm, particularly if
the task involves sorting, searching
or mathematics (Refs 4-6). When
major surgery is required, cos-
metic changes will not do.

Most uP applications do not re-
quire optimization of memory us-
age or execution time. But the ones
that do wusually involve large
amounts of computation, real-time
constraints or one- or two-chip uCs.
Typical ways to make programs run
faster use simplified frequently exe-
cuted loops, take advantage of spe-
cial computer capabilities, employ
look-up tables and add more hard-
ware. Typical ways to reduce mem-
ory usage: replace repetitive code
with subroutines, eliminate lookup
tables and other memory intensive
operations, and optimize programs
at the assembly or machine language
level. These methods provide some
savings, but, they cannot produce
enormous gains.
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Determining The Spatial Resolution
Required For Real-Time

Graphic Displays

Specifying the spatial resolution of
real time displays used for viewing
digital imagery can be difficult. Unfor-
tunately, the display industry has also
evolved a set of specifications which
are often confusing and difficult to
relate to when attempting to display
digital pictures. In addition, the rela-
tively poor imagery available through
commercial television systems (due
to low signal-to-noise ratios) has created
an underlying prejudice against sys-
tems of 525 lines or less resolution.

Video bandwidth specifications,
coupled with low-resolution vidicon
and shrinking raster tests, are inade-
quate to describe display systems.
Also, graphics monitors, as well as
facsimile, battlefield, cockpit, and
simulator displays, require particu-
lar characteristics that are not neces-
sarily appropriate for the real time
display of digital imagery.

How, then, can you decide which
characteristics are necessary to define
a system of reasonable resolution with-
out sifting through conflicting specifi-
cations? Unfortunately, there is no
single answer. However, to alleviate
the problems when working with digi-
tal data, you can adopt computer and
digital rather than analog monitor
specifications.

The following example should make
the importance of digital specifications
self-evident. If you wish to display a
monochrome image with 1024 x 1024
pixels and 8 bits of brightness (256
grey shades) per pixel, the system
must transmit 8 x 10° bits to the
monitor 30 times per second to avoid
flicker. This requirement implies a (8
x 10%) x (30) = 240 megabits per
second data transfer rate. In a raster
scan system, each pixel should settle
to its true value before switching to the
next pixel value. Therefore, a 40MHz
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Dr. Harry C. Andrews
Vice President and Director of Marketing
Comtal Corporation

More OEMs and end users are looking at
color graphic display terminals.

bandwidth requirement,including hori-
zontal and vertical retrace times as
well as pixel settling times, is not too
conservative.

A 2048 x 2048 display system
would seem to require 4 times the digi-
tal memory and multiplexing costs of
a 1024 X 1024 display system. How-
ever, a performance degradation of a
simple factor of two in horizontal and
vertical resolution can quadruple the
price of a 2048 X 2048 system with
no apparent improvement in display
quality. Thus, you must correctly
specify resolution when configurating
digital image processing facilities.

Let’s examine a system from an
economic viewpoint. Any system with
smaller high-speed refresh memory and
display resolution, but designed around
a user scenario in which zooming, inter-
polation, magnification, minification,
panning, rolling, are provided by an
interactive facility which may be equal
to or more powerful than a higher reso-
lution system.

Sensors and dynamic range

As a rule, digitally-processed images are
more carefully sensed than a simple
stop-framing of a television signal can
produce. In addition, the digital re-

fresh of a display at television rates
provides a far superior signal-to-noise
ratio than traditional commercial ana-
log systems. Consequently, it is useful
to reexamine the need for traditional
525-line displays for digital image
processing.

Sensor technology can now sense
arrays for optical energy at dynamic
ranges far exceeding traditional vidicon
and film devices. Photomultiplier sys-
tems, laser scanners, rectilinear diode
scanners and arrays, CCD arrays and
microdensitometers — all provide po-
tentially low-noise, large-SNR sources
of data for subsequent digital process-
ing purposes. Even low dynamic range
imagery on film offers good noise
properties, if scanned at high SNRs.
In fact, the system should acquire its
data signals at the best SNR possible,
no matter what the dynamic range of
the medium being sensed is, because
subsequently applied digital tech-
niques are powerful enough to exam-
ine the slightest defects in such pic-
tures. It is possible to sense imagery
with signal-to-noise ratios of 64:1 —
even 1024.1 — and requiring 6, 8 or
10 bits of brightness (z-axis intensity
dynamic range).

With such sources of data for image
processing, we can instructively exam-
ine the digital refresh rate generated
by 6 or more bits of dynamic range.
Both  shadowmask (for color) and
conventional high-resolution industrial-
grade CRT monitors operate at digital
refresh rates of up to 240 Mbps. Such
refresh systems are completely digital
up to the DACs at the guns of the
CRT. In addition, sweep circuitry
is digital for horizontal and vertical
signals. The resulting stability in the
x, y and brightness axes of such
systems provides a remarkably high
signal-to-noise ratio output display
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device. No matter how much noise
existed in the original image prior to
digitization, once it is digitized, the
signal and noise become a determin-
istic process.

This deterministic plane of data
is then reproduced on the digital
refresh monitor with a spatial stability
of 8, 9 or 10 bits, depending on
whether you select a 256 x 256, 512
x 512 or 1024 x 1024 array format.
The z-axis brightness SNR and stability
are reproduced to within one point in
64 or 256, depending on whether the
data is displayed at 6 or 8 bits of
brightness.

Once even a terribly noisy contin-
uous-tone image is digitized, it is sta-
bilized in the x, y and z axes and the
randomness of analog display systems
is eliminated. For this reason, you may
wish to reevaluate the usefulness of
low-resolution (256 x 256) versus in-
termediate (512 x 512) and high-reso-
lution (1024 x 1024) monitors. The
stability of a 256 x 256 x 6-bit digitally
refreshed display may appear, in fact,
as good in quality as 525-line analog
commercial television systems. At the
other extreme 1024 x 1024 x 8-bit
digitally refreshed system can provide
quality that appears far superior to four
times the quality of commercial tele-
vision.

Spatial Resolution

It is as difficult to get a true measure
of spatial resolution as it is to get con-
sistent specifications from manufac-
turers throughout the display industry.
Most vendors interpret differently such
quantitative definitions as cycles per
linear distance (c/mm), line pairs per
millimeter, modulation transfer func-
tions and curves, cut-off frequencies.
Linearity across the monitor, depth of
modulation, 3dB down measurements,
horizontal bandwidth, and other quan-
titative specifications suffer from
drawbacks as true specification aids.

Coupled with these inadequacies
are psychovisual responses of the hu-
man vision system. Here such prop-
erties as Mach banding, simultaneous
contrast, Weber’s law, viewing angle
and distance, visual acuity factor, sur-
rounding illumination and minimal de-
tectable resolutions contribute to psy-
chological resolution considerations
which may not correlate with quanti-
tative definitions.

Fortunately, we can minimize some
of these spatial resolution considera-
tions in the area of digitally refreshed
displays. One technique to verify spa-
tial resolution uses computer-generated
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test patterns. They are noise-free (in
digital form) and can generate valid
measurements on the display monitors.
The technique can modulate adjacent
pixels in x and y directions to within
from one up to 64 or 256 parts in 64
or 256 different brightnesses. Visually
detecting such modulations may be
enough for certain applications.

Spot photometers and radiometers
can generate other measurements of a
more quantitative nature from the
monitor. You can quantitatively test
z-axis brightness linearity by placing
computer-generated grey scales in the
image. Finally, spatially-variant mea-
surements can get away from the re-
strictive space-invariant assumptions
implicit in single MTF measurements
or on-axis resolution bandwidth speci-
fications.

Interpolation

Proper interpolation of image data can
considerably improve displayed pic-
tures over what you might originally
expect. Two simple-to-use interpola-
tion techniques consist of two-dimen-
sional replication and bilinear interpo-
lation. Replication simply repeats
pixel values to fill up the display plan
without regard to continuity. Bilinear
interpolation provides interpolated
brightness values between pixel data
points. The interpolation is linear in
both dimensions and guarantees con-
tinuity of the displayed data.

Replication and bilinear interpo-
lation are subsets of a family of inter-
polation functions known as B-splines.
The higher-order, two-dimensional B-
splines guarantee continuity in higher-
order derivatives of the displayed re-
sults. Consequently a cubic B-spline
provides continuity in the interpolated
image in the zeroth, first and second
derivatives.

Replication requires storage of only
a single pixel, whereas bilinear inter-
polation requires storage of four neigh-
boring pixels for interpixel definition.
Consequently it is conceivable that
real-time circuitry could be made avail-
able to display lower-resolution data at
higher-resolution interpolated results.

Each interpolation technique has its
pros and cons. Replication produces
sharper images which, for small mag-
nification factors, provide a false sense
of high frequency due to artificial block
edges. Bilinear interpolation provides
continuity in the image display; for
large magnification factors, it avoids
blockiness of replication techniques.
Thus, zooming applications may more
meaningfully use bilinear techniques.

Examples

Let’s examine the different interpola-
tion techniques for two different il-
lustrated images. The illustrations
present different zoomed images at
various magnification factors (1x, 2x,
4x) on the new COMTAL Vision One/
20. All images were photographed at a
fixed distance from the processing sta-
tion and each represents magnification
via replication. These illustrations
clearly indicate that replication at 4x
becomes a visual limit before blockiness
becomes objectional. All images are
displayed with 512 x 512 pixels on the
monitor.

The Vision Cne/20 is a dual ported
RAM refresh memory system which
affords multiple user access to a com-
mon expandable data base (4096 X
4096 X 8 bit pixel memory images are
available) with dynamic partitioning to
afford a multiplicity of different appli-
cations. Real-time roaming with a win-
dow size of up to 1024 X 1024 pixels
through the data base is possible with
zooming and 3 X 3 convolution all im-
plementable in 1/30 second. With
graphics overlay memories; annota-
tion, labeling, outlining and arbitrarily
shaped multiple small area mono-
chrome or color correction are possi-
ble. Due to the dynamic allocation of
the data base memory, digital loop
movies in real-time are possible as is
left-right, right-left, up-down or down-
up scrolling of new imagery into the
refresh memory and viewing window.
These and other features are expanded
upon herein. Pipeline processors,
freeze frame iterative image array feed-
back, firmware-burned control and in-
struction commands are descriptive of
modern image processing architectures
used in the Vision One/20.

Currently, the state of the art of
digital refresh black and white as well
as color displays seem to be hovering
between 512 X 512 X 8 (X3 for color)
and 1024 X 1024 X 8 (X3 for color)
bits presented to the viewer 30 frames
per second. It appears that constraints
due to flicker and horizontal amplifier
bandwidths will probably not provide
significant breakthroughs above such
resolution in the near future. Yet high
speed RAM memories and clever archi-
tectures in the Vision One/20 now al-
low the user to roam and zoom within
far higher resolution digital images at
TV refresh rates thereby permitting
potential exploitation of a tremendous
amount of data in “real time.” (Here
“real time” refers to the rate at which
a human would want to change his



scene of observation, it not being ex-
pected that he would wish to change
it at a rate greater than 30 times/sec.)

Probably the most significant single
aspect of the Vision One/20 is that of
new architecture designs. The multi-
plexing of data channels, the pipelining
of processors, the availability of high
speed RAM refresh memory chips, the
perfection of very high resolution color
shadow mask and monochrome moni-
tors all have combined to allow the de-
velopment of this highly interactive
image processing exploitation station.
With RAM refresh, it now becomes
possible to roam around a larger data
base memory at will, as well as scroll-
ing, and zooming in a simultaneous
interactive environment. Again cou-
pled with table look up monochromes
and pseudocolor function memories, as
well as the ability to partition a large 8
bit deep monochrome memory into 1/3
the size 24 bit deep true color memory,
one obtains a truly interactive “digital
light table” exploitation system. In ad-
dition to the breakthroughs provided
by larger, cheaper, and random access
memories, pipeline processing technol-
ogy has also contributed to modern
day image processing stations. Typical
3 X 3 arbitrary convolution filters fol-
lowed by both linear and nonlinear
function memory combinations can
process a 512 X 512 X 8 monochrome
image in 1/30 of a second (equivalent
to a TV time frame).

The refresh memory is comprised of
512 X 512 X 1 bit planes cycling at
800 nanoseconds per bit or spatial
position. Four such planes are pack-
aged on a card four deep providing one
million bits of 16K RAM or one half
of an image plane. A full 512 X 512 X
8 monochrome image requires two
cards. Such a configuration defines an
image plane, sixty-four of which repre-
sent a 4096 X 4096 image in refresh at
one time.

Conclusion

An alternative means of evaluating
resolution requirements for real-time
digital image processing display sys-
tems exists. The advantages of digital
systems lie in the potential for large
dynamic range and SNR (brightness)
displays, as well as extreme stability
in the spatial positioning and resolu-
tion of the output imagery. For such
systems, we have presented 256 x
256, 512 x 512, and 1024 x 1024
resolution displays for a common test
image. There is increasing visual satis-
faction in each of the three different
resolution displays (thereby demon-

strating that, for this experiment, you
are not monitor limited).

While the higher resolution displays
are impressive, we still should not ig-
nore the 256 x 256 format, especially
when considering cost, modularity,
LSI techniques for construction, and
those applications (X-ray and biomedi-
cal) where data sources are inherently
lower-resolution anyway. Indeed, sys-
tem costs make it difficult to envision
applications in which you would need
greater than 1024 x 1024 resolution,
especially when coupled with an ef-

fective interactive scenario for panning,
zooming, magnification for handling
larger dimensional arrays.

For more on image interpolation
algorithms, see “Digital Interpolation
of Discrete Images”, by H.C. Andrews
and C.L. Patterson, IEEE Transactions
On Computers, Volume C-25, No. 2,
Page 196-202 (February 1976).
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Bank-Switchable Memory

for LSI-11s

A Method To Improve System Capability

When the present mini generation was
first on the drawing boards, it appeared
no one needed over 32K words of
“core” in such small systems. Steep
RAM costs made it seem sensible to
freeze the internal addressability of
memory to 16 or 18 bits. But as the
price of RAM fell, this architectural
limitation became increasingly disturb-
ing. Although the new generation of
16-bit uCs largely removed the ad-
dressability constraint, it still exists
within the LSI-11 and PDP-11.

A simple technique for skirting this
limitation, “‘bank-switching,” is not a
completely new idea; it’s similar to
“paging.” Although it isn’t a complete
substitute for additional address lines
on the internal bus, it goes a long way
to solving the problem in numerous
applications and is superior to disk

Mel Schwartz
Digital Pathways, Inc.,
Palo Alto, CA

simulators and other non-random semi-
conductor mass storage devices.

Bank-switching systems developed
for LSI-11-based computers make use
of three module types, each fully com-
patible with the DEC Q-bus. These
modules are the RMA-032 (a 32K
word RAM), RMS-016 (a 16K-word
ROM) and BSC-256 (the bank-switch
controller module).

How does bank-switching work?
Imagine we have a total of 1024K
words (2MB) in the system composed
of an arbitrary mixture of RAM and
ROM modules. This memory is logically
subdivided into 256 blocks, each block
containing 42 words. Now, because
only 16 address bits are available, the
memory space is normally limited to
28K words. (4KW are usually reserved
for peripherals.) Think of this memory

Fig 1 The three current members of the Digital Pathways bank-switchable memory family.
From left to right, the RMS-016 ROM board, the BSC-256 Bank-Switch Controller, and the

RMS-032 32K RAM board.
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space as being divided into 7 sectors,
each containing 4KW.

In conventional addressing, the as-
signment of block to sector is imple-
mented in a permanent way. Indeed,
each of the memory boards in the sys-
tem, if used alone, can be operated in
this mode. When bank-switching is im-
plemented through use of the Bank
Switch Controller (BSC-256), then the
assignment of block to sector is made
dynamically variable through a set of
assignment registers in peripheral space.
That is to say, any 7 of the 256 blocks
can be assigned at any given time to
any of the 7 sectors of memory space.

The actual mechanism of assign-
ment is simple. The memory boards
themselves when operated in this
mode derive their addressing from two
sources. The 13 least significant bits
Ay, — A, are taken directly from the
back-plane Q-Bus. The 8 most signifi-
cant bits which do the block selection
are derived from an independent MEM-
BUS which originates at the BSC-256
and is daisy-chained to all the memory
modules in the system. The MEMBUS
address bits are derived from the three
most significant Q-bus address bits
A,s-A;3 by means of a look-up table
on the BSC-256. This look-up table is
either a ROM or RAM depending upon
a particular control bit; actual bank-
switching is accomplished when the
MEMBUS is under RAM control and
assignment registers are overwritten.

Now that we understand the nature
and procedure of bank-switching, let’s
explore its usefulness. As we said ear-
lier, bank-switching is not a cure-all: if
one has a 200K word program with
frequent jumps from one part of mem-
ory to another, then one had best go
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to another type of computer. But, in
at least three broad areas that follow,
bank-switching is an effective, if not
an elegant, technique . . .

a. Large numbers of independent
programs of conventional size: In this
situation one would normally operate
with a small amount of memory space
(common block) permanently assigned
and containing the linkages between
routines in the various blocks. To call
up a routine one would begin execu-
tion in the common block and then
proceed to make the appropriate en-
tries into the block assignment registers
(after storing their current contents on
the stack). This would switch the ap-
propriate routine into the memory
space and a simple jump will begin exe-
cution. To exit from the routine one
must simply restore the original values
to the block assignment registers and
then return in the conventional way.

b. Manipulation of large data bases:
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Fig 2 Bank-switching is accomplished through use of an independent
8-bit address code which is transmitted along the MEMBUS by the

Bank-Switch Controller.

There are numerous situations where
it’s desirable to manipulate large data
bases with extreme rapidity and flexi-
bility. For example, consider the proc-
essing of a pictorial image. A reason-
able high resolution picture might con-
sist of an array of 512 by 512 pixels
each with up to 16 bits of gray scale
data. The total amount of storage here
is then 256K words. To store this
image on a disc and carry out extensive
overlaying is terribly time consuming.
Using bank-switching, the task becomes
essentially trivial. The entire operation
is carried out at full memory speed
with no need for memory to memory
transfers other than those directly in-
volved in the manipulation.

c. Look-up tables: Inexpensive
memory and bank-switching make it
possible to build extensive look-up
tables to facilitate high-speed mathe-
matical computation. Values of com-
plicated mathematical functions at

large numbers of arguments can be
set into ROM and called up virtually
instantaneously, when needed. This
capability adds orders of magnitude
improvement in the ease of computa-
tion in small systems.

To summarize, it appears that add-
ing bank-switching capability to con-
ventional memory does allow a very
significant improvement in system
capability within a number of rather
important areas. At the very least,
it speeds up operations requiring ex-
tensive overlaying from disks; at the
very most, it adds a completely new
dimension to rapid dp on minis with
the limits determined only by the
programmer’s imagination.

Rate this article: circle 6L, 6M or
6H on Reader Inquiry Card.
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New Trends
In Computer Printers

Engineering Staff Report
Printronix, Inc., Irvine, CA

Improved mechanisms and higher frequencies will mean better and quieter devices

To understand where the printer market is going in the early
1980s, it’s first necessary to know where it’s been. Under
market pressure for lower-cost printers and technological
opportunity offered by low-cost intelligence, the computer
industry is moving toward matrix printers which put more
complexity in the electronics to simplify the mechanism.
The first impact of these forces produced low-cost, low-
speed matrix printers. “Market pressure and technological
advance create Product Change” is a statement applicable
to all industries at any time, but particularly appropriate
to the computer printer industry.

The advent of the mini and puC made economically-
possible small (but complete) data processing systems pro-
grammed for many specific applications. This concept,
named “distributed processing”, is the fastest-growing seg-
ment of the computer business. Recent surveys placed the
annual growth rate at 30% to 40% for this market segment.
Frequently, the printer is the most expensive part of such
small computer systems — creating real market pressure for
low-cost, heavy-duty line printers in the 100 to 300 Ipm
range. Since most of these systems serve business applica-
tions that operate with multi-part forms such as invoices,
purchase orders, and work orders, an essential requirement
is the ability to print multi-part forms, for which impact
printers are the only current satisfactory technology.
Further, 132 columns and tractor feed are important, as
well as the ability to operate in a wide variety of environ-
ments, not just the controlled environment of the large
computer room.

Fifteen years ago it was not commercially feasible to
make a semiconductor ROM capable of storing a 64 char-
acter set defined in a 9 x 7 matrix (about 4000 bits). Most
ROMs at that time were “braided wire” magnetic core
memories costing upward of 10¢/bit. Things have changed.
But, it was this advance which added a new concept to im-
pact line printers.

Increasing shift to intelligence

The major mechanical difference between matrix printers
and conventional line printers is the absence of a drum or
belt of type slugs. This is the primary reason for the funda-
mentally lower cost of matrix printers.
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Further, in a conventional printer, to strike an “M” or
“W” solid character requires 10 to 20 times the hammer
pressure that a single dot requires. For this reason, in the
matrix printer, the design of the hammer and hammer
driver, to strike only dots, can be considerably simplified,
again resulting in a lower cost system.

To print a single character, a drum or belt printer
must sequentially present to each print position all 64
characters from which one is selected. With characters
spaced at 0.1”, this means a total movement of 6” or
7" for each character selected. A matrix printer, how-
ever, with a single hammer, has only to move over all
35 separate dot positions to construct a single 5 x 7
(or 9 x 7, with half dot positions) matrix character.
The dot separation is typically 0.015", making a total
distance moved of about 0.5”. For this reason the
shuttle of a matrix printer moves at about one tenth
the speed with which the surface of the drum or belt
moves in a conventional printer. Smear and misregis-
tration caused by this movement during hammer dwell
time is the principal limitation on print quality of drum and
belt printers — it is not a problem in matrix printers. To
minimize misregistration, conventional printers have indivi-
dual flight time controls on each hammer. The cost and com-
plexity of these adjustments are avoided in matrix printers.

Matrix printing advantages
Matrix printing is capable of giving more precise registration,
more uniform print density, quieter operation, and a larger
character set than conventional printers. A fundamental dif-
ference between conventional printers and matrix printers
is in the method of character selection. Matrix printers
select by electronic random access where conventional
printers select by sequential mechanical access. For this
reason, a drum or chain printer will have to run slower if
a character set larger than the basic 64 characters is re-
quired. With electronic random access there is no slowing
of the matrix printer as the number of characters in the
set is increased.

A matrix printer generates more impacts of much less
energy than a conventional printer; these higher frequencies
are more easily absorbed, making quieter printers possible.
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With matrix printers, the paper is backed up by a solid
platen which does not allow the paper to move at impact,
in contrast to conventional line printers where the paper is
held clear of the drum or chain, and is physically moved by
the hammer to come in contact with the ribbon and char-
acter slug. This lateral sudden movement of the paper each
time a character is printed propagates through the paper in
all directions making a difficult noise suppression problem.
Because of the solid backing of the platen, the matrix
printer does not have this problem.

The full font printer is always faced by the problem of
the widely different hammer energy needed to print an
“M” relative to a period. The “M” is either printed too
lightly, or the period is printed so heavily that the paper
is embossed. Since a matrix printer forms each character
out of a series of dots, the hammer energy can be optimized
for printing only dots, and thereby giving uniform density
of printing.

Choice of matrix

The first matrix printers used a 5 x 7 (5 horizontal, 7
vertical, 35 dots total) dot matrix because this was the mini-
mum number of dots which would adequately present a
character set. Although for many computer applications the
character definition is not acceptable, some printers still
use this matrix.

The next logical choice is a 7 x 9 (7 horizontal, 9 verti-
cal, 63 dots total) dot matrix, with more attractive character
definition, but has the disadvantage that almost twice as
many dots have to be printed, and therefore the character
takes twice as long to print.

The ingenious solution to this problem lay in the obser-
vation that improved character definition was as much a
function of the flexibility of position with which dots could
be placed as it is in the number of dots used. The 5 x 7 mat-
rix was improved in flexibility by allowing the placement
of dots horizontally in half-dot positions (there is also a
rule that no two dots may occupy horizontally adjacent
half-dot positions). Thus the 5 dot positions horizontally
became 9 half-dot positions and the matrix became known
as the 9 x 7 dot matrix, in contrast to the 7 x 9 matrix.
The advantage is that more attractive characters can be
constructed with the same number of dots as a 5 x 7
matrix, and the printer speed is not slowed. Most computer
matrix printers today use the 9 x 7 dot matrix.

Two important additional steps improve the style of the
characters to give it the appearance of a solid font. Because
of this, it has been possible to overlap the dots in both the
vertical and horizontal directions, causing vertical and hori-
zontal lines to have a solid appearance.

Further, with the 9 x 7 matrix it is possible to make a
steeper diagonal slope with the dots closer together. Careful
design of the character using only the steeper diagonals pro-
duced print closely resembling a solid font printer. An ex-
ample of this technique is the letter “K”. The closer spacing
of the dots creates steeper diagonals.

Categories

There are basically two types of matrix printers: those with
a set of hammers arranged vertically, and those with a set of
hammers arranged horizontally.

The Centronics printer is a good example of the first type
of printer. It has a vertical row of hammers, mounted in a
head which traverses the full width of the paper. The ham-
mers are electromechanically actuated at each horizontal
dot position, and when the full line is swept, the paper ad-
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vances a full line spacing and the process repeats.

The Tally and Printronix printers are a different type
of matrix printer, utilizing many more hammers and print
at much faster speeds. These printers have the hammers ar-
ranged in a horizontal row, and the whole hammer assem-
bly is moved a sufficient distance to create a complete hori-
zontal dot row. The paper is then advanced one dot spacing.
After the process has been repeated the requisite number of
times, one complete row of characters has been created.
Note that the Centronics type of printer generates characters
sequentially, and is properly called a serial printer. The
Tally and Printronix printers generate a complete line of
print simultaneously, and are properly called line printers.

The Tally printer has 132 hammers moving in a single
comb structure across 5 dot (9 half-dot) positions and in
front of a fixed electromagnet assembly which retracts and
then releases each hammer at each dot position.

Our printer differs substantially from the Tally in that it
has 44 hammers moving across 18 dot positions, and the
hammers are normally retracted by a permanent magnet
assembly which is part of the moving hammer bank. The
hammers do not have to be retracted at each dot position;
they are already retracted and ready to print, making pos-
sible a faster printer. Moving the magnetic assembly along
with the hammers also solves the problem of crosstalk,
which limits the distance a hammer can move relative to
a fixed magnetics assembly before it comes under the in-
fluence of an adjacent magnetic retraction circuit. A
further value of this arrangement is that not only can full
width characters be printed, but dots can be placed in any
position on the page. In fact, a standard feature is Plot
Mode, which allows individual dots to be programmed,
thus using the printer as a plotter.

More specifically. . .

Let’s look at a typical printer. The hammer is an indi-
vidual, simple leaf spring. Swagged to it, at its center of
percussion, is a hardened steel cylindrical tip. It is retracted
about 0.020” and has high potential energy. This energy is
converted to kinetic energy by the time of impact, produc-
ing excellent print on six-part and NCR forms. It can be
operated at a 1000 cycles/second rate.

The hammer completes a magnetic circuit which in-
cludes a ceramic permanent magnet. The pole pin against
which the hammer is retracted carries a coil of wire. When
current is passed through this coil it cancels the magnetic
field and allows the hammer to fly forward and impact the
paper. When current is removed the hammer is retracted by
the permanent magnet.

The hammer bank is mounted on shafts running in linear
bearings, allowing the assembly to sweep over three char-
acter positions (0.300”). A cam follower, spring loaded
against a two lobe cam, makes two sweeps in each direction
for each full revolution of the cam. A counter balance
weight, running with its cam follower, moves with equal
and opposite motion to cancel reactive forces caused by the
hammer bank shuttling motion. The motion has a trape-
zoidal velocity waveform. While sweeping the print positions
the assembly moves with constant velocity. While reversing
the motion at the end of travel it moves with constant
acceleration.

Driving the cam is a motor, with a flywheel to reduce
speed variations caused by the varying motor load. Attached
to the flywheel is a timing disk, with notches corresponding
to every half-dot position. These notches are sensed mag-
netically, and the hammer circuits triggered at the appro-
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priate time. Due to the mechanical advantage through the
cam, the physical separation of the notches is about ten
times the half-dot separation. This makes magnetic sensing
very simple and accurate.

The paper handling mechanism is particularly simple. A
straight-through path was selected to ensure that even with
heavy or multipart papers there would be no delaminating
due to bending. Further, the tractors engage eight holes
each, making possible the accurate handling of very light-
weight papers, more common today. A digital stepping
motor drive, close coupling of tractors to the platen, and
a paper “‘ironing” device that holds the paper pressed
against the platen at the print station, provide precise con-
trol of paper motion.

The ribbon drive is conventional, with a slanted ribbon
path to utilize the maximum ribbon surface. Contacts woven
into each end of the ribbon provide electrical contacts for
ribbon reversing.

The electronics follow a conventional pattern. A full

line of 132 characters of 7 bits each are received at a time,

and stored in a recirculating shift register. For each dot
positon as indicated by the signal from the timing disc, all
132 characters are presented to the PROM which contains
the font matrix and a determination made as to whether a
dot is required at each hammer position. This data is stored
in 44 latches, and the hammers are fired on receipt of the
signal from the timing wheel which indicates the hammers
are correctly positioned. The logic is contained on two PC
boards measuring 9” by 11”. The 44 hammer drives and
latches are also contained on a9 x 11 PC board.

The design of the magnetic circuit, using a permanent
magnet for retraction, renders the flight time insensitive to

changes in firing current. The current simply creates a mag-
netic field in opposition to the permanent magnet at which
time the hammer is released. For this reason, the hammer
driver circuit can be very simple. It is a saturated Darlington
switch directly driven from the logic.

Current developments in the semiconductor industry
show a definite shift from ROM (read only memory) to
PROM (programmable read only memory) due to several
factors, but primarily due to the semiconductor manufac-
turers’ reluctance to make short runs of custom parts. For
this reason the font matrix information is stored in PROM.
This has many advantages, allowing maximum flexibility
for changes to satisfy customer needs, and even allowing
customers to program their own fonts.

New trends

It has been said that there is no new technology for impact
printing and that future advances will be made by improve-
ment and cost reduction of existing designs. Not so. The
printer industry is undergoing substantial changes due to
the pressures of market requirements and technological
advances in the semiconductor industry. The emergence of
major new companies in the latter half of the 1970s (and
which will continue throughout the 1980s) manufacturing
low-speed printers using technology which did not exist ten
years ago is proof. The matrix printer will continue to pene-
trate most segments of the printer market on the mid and
low end of the applications spectrum.

Rate this article: circle 4L, 4M or 4H
on Reader Inquiry Card.
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Many printers can give you good
print quality on a first copy. The real
challenge is to give you that same
quality, copy after copy, on multi-
part forms. ‘

Obviously, most printers can't. The
further they get from the first copy,
the more their quality fades. But,
as you can see here, the quality of
Printronix’ sixth copy continues sharp
and clear.

This superior quality is achieved
through a simple printing
mechanism quite unlike any
other. It forms characters by
printing one dot row at a time,
overlapping rows vertically and
horizontally, while maintaining
uniform hammer impact eneray.
The result is unequalled print quality
and characters that appear solid.
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requires fewer moving parts,
eliminates most bearing surfaces,
and employs simple hammer drive
circuits. All of which means there’s
less to go wrong. And that'’s why
Printronix can give you a full one-year
warranty, not the 90-day warranty
typical of most other printers.

For more information on the
complete line of Printronix printers,
call: (714) 549-7700. Or write:

Printronix Inc.,
N 17421 Derian Ave.,
PO. BOX 19559,
Irvine, CA 92713.

It’s simple, to be reliable.

REGIONAL SALES OFFICES: WESTERN; 17421 Derian, PO. Box 19559, Irvine, CA 92713. CENTRAL; 414 Plaza Drive, Suite 106,

Westmont, IL 60559. SOUTHERN; 2220 Parklake Drive, Suite 180, At

lanta, GA 30345. EASTERN; 7% Harris Road, Nashua, NH 03060
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COVER FEATURE

Special Report:

Single-Board Computers

and Single-Chip Microcomputers

Some Do’s and Don'’ts

Paul Snigier, Editor

A single board computer (SBC) circumvents certain subsys-
tem tasks (including those of board design, board stuffing
and testing), so the system designer can concentrate on
more efficient SBC use and interfacing, and perhaps most
important of all, concentrate on the software that will be
associated with the board. With the purchase and assembly
of the chassis, peripherals and some additional boards for
A/D conversion, memory expansion, etc., the system de-
signer’s tasks become those of interfacing and software de-
sign, coding and testing. It is the the value-added of soft-
ware that makes your SBC-based product unique.

Some SBC advantages

The SBC is a low-cost and expandable way to microcom-
puterize products while reducing “designer’s trauma”. After
buying an SBC off-the-shelf, you add wires to a standard
bus, to the I/O signal points, add a power supply and soft-
ware. You've let someone else worry about the hardware
headaches associated with design and board-stuffing. Nor
does the OEM need to worry about extra memory and test
equipment. Spare parts inventory (for field replacement) is
minimized. And you’ve hedged yourself against component
and parts shortages. SBCs are a proven design that’s tested
and burned-in. SBCs are easier to maintain, and they’re cer-
tainly likely to require less staff training. Asfor the interfac-
ing and software you’ll be involved with, consider this: it
may be useful in another, related or similar task coming
down the road (or at least it does open up that option if
marketing gives the go-ahead later).

With stand-alone SBC boards that are expandable, add-
ing extra memory, A/D-isolated I/O functions to packaging
hardware enables the rapid modification or upgrading of an
existing product design.

Then, there’s the matter of documentation, a matter not
to be taken lightly. With existing SBCs, detailed documen-
tation may be superior to what your designers can put to-
gether. Some of the SBC documentation we’ve seen was
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truly exceptional; a few (from a couple of smaller SBC
makers), wretched. Unlike the earlier SBCs, today’s SBC
documentation was rated as generally adequate. Most pro-
vided adequately-detailed functional pin descriptions and
bus timing and assignments, troubleshooting guides, instal-
lation information and theory of operation.

In the beginning . . .

Early uP makers sold chips (CPU, clock, interfaces, ROM,
RAM, DMA) separately at first. Next, they sold them asKkits,
with some (like National Semiconductor’s SC/MP) selling in
plastic blister packs. The boards, when assembled, didn’t
work half the time for one reason or other. Instructions
contained errors. In one blatant case from a lesser semicon-
ductor firm (it manufactured a popular 8-bit micro used in
industrial control applications), the kit’s board itself was
layed-out incorrectly (it was Rev. 3), and shorted the power
supply! Pity the poor designers who chose this firm’s kit-
built SBC. On the other hand, the firm which second-sourced
this particular micro offered an assembled SBC (which was
selected by the author); and not only was this SBC more
compact (about half the size), but its maker provided supe-
rior documentation.

But, in the beginning it was another firm that pioneered
SBCs. It started with Intel’s vintage MCS-8 development
system (which antagonized designers and led to the MDS-80).
The MCS-8 could be viewed as an 8080-based SBC with 1k
of RAM and 2k of PROM and some I/O ports. Since the
MDS series used separate CPU, data memory, I/O and pro-
gram storage cards, it wasn’t an SBC. The SBC 80/10 (1-kB
RAM and 4-kB EPROM/ROM) provided 48 programmable
1/0 lines, followed by a souped-up version — the 6.75 x 12"
SBC 80/20, with its 2-kB RAM, increased interrupts, intern-
al timers and, perhaps most significantly, a shared system
bus arrangement.

Other manufacturers dogged Intel’s steps — among them
Motorola, which introduced EXORciser cards. The EXOR-
ciser, with its resident software and hardware emulation,
was Motorola’s system design and development tool. The
cards formed the 6800 Micromodule family. Not to be out-
done, Zilog’s Z80-MCB offered 4-k RAM and double the
speed of the SBC 80/20.

With chip prices falling, and with OEMs preferring as-



Board-level computers are offered
in increasingly diverse ranges of
power and flexibility. Self-con-
tained SBCs, such as this one
from National Semiconductor, in-

clude CPU, system clock, RAM,

ROM, 1/0, serial communications
interface, and bus logic and driv-
ers on one card.

sembled SBCs for lower-volume production runs, the trend
to SBCs accelerated. It was not only a question of OEM de-
mand, but the beginning of an inevitable trend that would
make the semiconductor manufacturers into system houses
— a trend that will continue into the future (as discussed in
January’s Special Report on “Add-In/Add-On Computer
Memories™). With the cost of chips plummeting, vendors
realized that this could not forever be offset by increased
sales. By designing, burning in and testing SBCs, they could
add value to their chips.

When to avoid an SBC

The buy or make decision boils down to several factors. Of
course, the question of cost is foremost. If your firm will
manufacture 300K units, then obviously it makes sense to
design a board; if only 200, then buying an SBC off-the-shelf
is the way to go. In the former case, it may well pay to pro-
gram on the assembly level and optimize code since the de-
velopment, production, burn-in and testing costs will be
amortized over a long run. In the latter case, however, these
costs assume such a significant proportion of system costs
that buying complex subsystems off-the-shelf is the opti-
mum route. This includes SBCs and A/D-D/A boards that
fit inside a computer and designed for that specific SBC.
They are mechanically-compatible to the card guides, bus-
compatible to the backplane electrical pinout; and perhaps
most important, they are software-compatible to that SBC’s
assembly- and higher-level language.

The crossover break-even point varies and must be deter-
mined on an individual basis. It depends on several factors
that vary from OEM-to-OEM and product-to-product. If the
product is for a control engineering application, a less so-
phisticated micro will probably do, and the hardware will
be more direct. Less code will be generated, so development
tools and costs will be lower — even in the several-hundred
volume. But a more sophisticated system is a different story,
and unless you can get other departments to share the de-
velopment tools and aids and their purchase costs, the
crossover point will be significantly higher. Such greater
complexity could push the crossover to 1,000 units annual-
ly or more.

Another factor is the ratio of computer cost to the final
end-product selling price. Although it’s typically in the 15
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to 25% range, it can be less (or more). If less, then it’s better
not to build. A $180,000 product incorporating a $2000
micro has a 1.1% ratio.

Of course, this all assumes you have manufacturing capa-
bility. It involves building prototype boards, debugging soft-
ware and hardware, PC board (PCB) layout and testing,
building production PCBs, testing them and reworking
them. Only then can you assemble and test them in the final
system before shipping and installing them. If you go the
buy-route, debugging software and hardware (and modify-
ing software) will shave months off the development. If get-
ting to market several months earlier can establish more
dominance in the marketplace, increased sales may com-
pensate for increased hardware costs from going outside to
buy an SBC. Conversely, if your firm is a late starter in this
given market, is getting to market later going to make things
any worse? In such cases, it’s usually better to build, not
buy. But as a general rule, if production volumes are great,
manufacturing costs will predominate over development
costs.

SBCs are less flexible, lack functionality and may have
hardware you don’t need. SBCs cannot be everything to
everyone. This means that if you’re lucky, you’ll find an
SBC that meets your needs with little excess hardware, that
is, small mismatch to your application. The smaller the pro-
duction run, the greater significance will the development
costs become; and in such cases, you may be willing to toler-
ate a greater mismatch between the board and your applica-
tion. Conversely, as annual production run figures reach
greater numbers, you will tolerate less mismatch, since pro-
duction costs predominate over development costs.

Consider service when evaluating the build-versus-buy
decision. Five to ten years from now, those boards will be
coming back for service. For example, 4004- and 4040-
based boards are still coming back to their makers and must
be serviced or replaced — perhaps for another decade!

Lecd times are more likely to impact an OEM going the
build-route. Lead times affect total material-related costs.
Vendor lead times determine your replenished stock levels
that are necessary to minimize total cost of stock-outs and
inventory holding costs. With a demand that’s forecastable
and with perfectly predictable supply, precautionary safety
stocks may be kept low.
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If inventory levels are not high enough, late or unreliable
deliveries (a common occurrence in this field) almost guar-
antee excessive stock-outs. To prevent this, it’s necessary to
make a tradeoff, that is, to compare the damage (in cost)
created by potential late deliveries balanced against cost of
increased inventory levels. The latter inventory costs, which
may be calculated reasonably well, depends upon known
variables; the former, late delivery costs to your system, is
often only a rough guestimate. The cost of chips or parts
unavailability is difficult to quantify and even more difficult
to analyze objectively; it depends upon intangibles like the
financial losses incurred by getting to market a month or
two late. Or, of using alternate chips or parts (e.g., 1-k or
4k instead of 16-k RAMs) at the last minute that can make
trouble, or even reworking of boards in worst-case situations
(although the systems designer would have foreseen this
one). Inventory costs include interest charges on money
tied up in stored parts, insurance, deterioration, labor (in
receiving, storekeepers, material control) and floor space.
Taxes on inventory, particularly in California, are a factor.
(To circumvent this, a few California firms ship their inven-
tory to out-of-state warehouses in Nevada and elsewhere
and later return them, and do this each year.) I mention
these factors, since they are among those all too often over-
looked when the buy-versus-make decision is being weighed.
If boards are made in-house, the shortage of just one part
can hold up the entire line. Obviously, with making boards
there is more that can go wrong.

If you go the “roll your own” route, then there are other
much-overlooked factors, such as the added clerical cost per
document. Buying a single SBC can cut this by several orders
of magnitude. Whether you build or buy will be determined
by the design process.

The system design process

Typcially, the OEM will determine the customer objective(s)
and define the solution in terms of its operational specifica-
tion and requirement. After the performance of the product
or system is defined to the customer’s satisfaction, the sys-
tem is defined in terms of size, vibration specs, system sup-

Board

Complex designcomplete . . ...................
Intricate PC board layout complete. . ... .........
High-volume PC board fabrication on-going . ... ...
Parts TAVENTOTY N PlACE., i 5 x xie s s s sine ists s sva sntols s's
Established production capacity . ...............
State of the art testequipment . ... .............
Low incoming-rejectrate. ... ...........c.co0....
Detailed documentation available . . ... ..........
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port, etc. It is here that the system designer must evaluate
the various chip sets and make a preliminary decision on
whether to go the component, SBC, modular or box route.

Define the processes to be controlled. It is the system
designer’s job to understand the processes and determine
what must be maintained and controlled. If a complex pro-
cess, the operational specs may involve considerable effort
and meetings. The system designer will be involved in this
procedure. Unlike data processing and software types (who
all too often live in black boxes) the system designer cannot
divorce himself from the physical reality of the total pic-
ture, and to do so is to court disaster. For example, if paper-
making facilities must be automated, you must gain some
understanding of the raw materials and their characteristics,
flow, and processess and/or equipment (heating, refining,
sizing, loading, forming, calendering and packaging). This
involves study, locating and talking to experts, and visiting
customers’ plants. In this early stage, flow diagrams are
drawn and process I/Os are defined. Voltage, temperature,
pH and other levels, and switch closures are defined. If
front panels are needed, the controls are defined at this
stage. Unfortunately, there are no rules because each sys-
tem application is different. This may include LCD or LED
display of pulp temperatures, manual overide control, dis-
coloration, fountain solution pH, moisture content and re-
lated variables.

Can the uC-based controller be near the process equip-
ment? Probably not. If there is a particulate or chemical
atmosphere, how will this affect packaging constraints?
Must the controller(s) interface with a main computer that
will modify parameters, depending upon product require-
ments and other variables?

At this point, the operational specification is defined to
the satisfaction of both OEM and customer(s), and the sys-
tem operational requirement has defined the system in
terms of its intended use(s).

Next, the actual system design specs are drawn up. How
the system functions meet the functional specs and the way
the subsystem functions fit in are defined at this point. It is
during this process that the initially-chosen chip set may

Component

Lengthy design cycle

Time-consuming layout required

Additional fabrication capacity needed

Varying parts availability

Additional personnel required

High $ capital outlay for testers

Extensive component incoming-inspection required
Functional documentation required

Extensive maintenance /repair procedures needed

Flexible system design concept................. Specialized application

Upward expandable/modular compatibility ....... Limited compatibility

Extensive software available . ... ............... Major software required

Responsive board inventory levels. . .. ........... Long lead-time inventory constraints
Minimum product development time . ........... Unscheduled development delays
Fastest ““product to market” cycle . ............. Long “product-to-market” cycle

Less flexible; mismatch to application. .. ......... Lower cost in high volume applications

More flexible, less (if any) mismatch to application

Single board or multiboard computers offer advantages over OEM- comparison of the Mostek MD Series, holds true with the caveats

designed boards. These advantages, adapted (and modified) from a

mentioned in the text.
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Specific Application

Control for Remote Security System . .............
Television Station Video Tape Controller . ... .......
Test Equipment for Video Disks .. ...............
Test Equipment for Tape Drives and Peripherals. .. . ..

PANbT o) naTo ] nfl e A BT Lo b e o e S SR R

General Application

............ Security Systems
............ Public Broadcast Control
............ Test Equipment
............ Test Equipment

............ Automotive Instrumentation

Control and Monitoring of moisture and humidity during production .Environmental Controls

S At GBI e AL 80l bt o & S IO oo et

............ Computer Peripherals

Camera and Model Controller for Special Effect Movie Camera . ... .. Electronic Photography

Laser Control for Cloud Monitoring Equipment . . . . ..
[ e ) N Lo O B s A R M e IR B e O o
Data Logger for Mass Transit System . .............

Special Card Readers for New York Stock Exchange

OTICE BB ISYSTEMIL | it alardings b Aags 2o st 5 akd s
Automated Pathology Machine (Tissue Tester).......
Production Control of Utility Power Transformers. . . .
Electronic Photographic Processing. .. .............
Automatic Turnpike Control System . .............
Automatic Wagering Terminal. .. .................
Chemical Plant Industrial Control . . ...............
Portable Terminal for Insurance Salesman. . .........
Solar Energy Control System .. .................
Environmental Monitoring Equipment . .. ..........
Rlastic Production Machinenyi. & . o . oo iue s oo o aiats
Data Communications Concentrator...............
Data Communications Line Analyzer . .............
Data Acquisition from Sonic and Nuclear Sensors. . . . .
Communications Front End Processor .............
Security System at High Rise Building .. ...........
Information Processor for Chemical Refinery . .......
Oil Field Data Logging Equipment . .. .............
Check Verification System for Banks . .. ...........
Pipeline Investigation Equipment .. ...............
Movie Camera and Animation Control . ............
Control System for High Speed Printer. . . ... .......
Instructional Terminal for Shop Operation Control . ..

............ Laser Control /Meteorological Instruments
............ Avionics

............ Information Feedback Systems
............ Data Sensing Equipment
............ Telephony

............ Medical Electronics
............ Process Controls
............ Process Controls
............ Traffic Control Systems
............ Electronic Gambling
............ Process Controls
............ Remote Computer Peripherals

............ Energy /Environmental Control
............ Energy /Environmental Control
............ Process Controls
............ Data Communications
............ Data Communications Feedback
............ Data Acquisition and Control
............ Data Communications
............ Security Systems
............ Q.C. Control

............ Instrumentation
............ Credit Security

............ Petroleum Industry
............ Electronic Photography
............ Electronic Typesetting
............ Process Controls

These specific and general SBC (and multiboard) application categories, though relating to
the MD Series, are just a few of the prime application categories for off-the-shelf boards.

prove inadequate or unsatisfactory, or the decision to build
versus buy may be altered. The most suitable uP chip is
chosen, and the decision to buy or not buy off-the-shelf
boards, supply and packaging must be made. Such a decision
must be made only in light of the overall picture of the
market and your firm. How much sooner will off-the-shelf
boards get you to market? And, will this advantage pay off?
What is the cost of failure? If time is available to design an
SBC, do you have the hardware and software design know-
how in-house to transform unproven SBC boards, software
and interfaces into a production-ready system within bud-
getry and time constraints? And can you get experienced
individuals assigned to your project? If not, is hiring a con-
sultant or outside firm to assist in the software and/or hard-
ware design worth it? And, if so, will everyone vanish after
the system is fabricated? Does your firm have existing in-
house board-stuffing and test capability?

This structured approach to creating system design specs
proceeds in concurrence with the engineering effort in writ-
ing system support and maintenance specs. This involves a
consideration of reliability, servicing, product acceptance
testing specs, customer training and documentation. Main-
tenance, if preventive, will require that different diagnostics
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and test points be speced than if the system will run to fail-
ure. If to failure, then the less-sophisticated diagnostics and
test will require servicing on the component level more than
if preventive. The problem of designing test facilities for
micros, and that of testing software, are thorny problems;
and, all too often, costs associated with them are overlooked
by the system designer.

Examine alternatives

Rare is the day that our editors don’t receive at least one
SBC product release and accompanying spec sheets. There
are hundreds of boards available from both small-to-large
independents and the semiconductor manufacturers.

In your comparison of SBCs, be sure to examine as
many of the manufacturers’ literature as possible. Among
other things, compare RAM/ROM size, memory expansion,
number of serial and parallel ports, number of interrupt-
priority levels, power supply needs and maximum asynchro-
nous baud rate. Do check board size, languages supported
in PROM, and bus.

As for languages supported, the availability of high-level
languages will continue to affect SBCs. Available in one- or
two-chip ROM or PROM sets, these languages first included
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National’s NIBL (for its SC/MP) and Lawrence Livermore
Lab’s BASIC in 1977, but since then have been expanded
and now include, among them, the following: BASIC, Mini-
BASIC, MicroFORTH, PCROS, PL-65, FANTOM-11,
ASM80, PLM80, ZIBL 2.2 (Z80 Industrial BASIC) and
MACSBUG. Many SBCs we examined offered just assembler
level, or some combination. It was once predicted that
PROM-based high-level languages would quickly eliminate
the need to code SBCs on the assembly level. No such thing
took place. Although the trend is unmistakable, assembly
and high-level languages each have their place.

What about a straightforward thing like board size? If
SBC makers were to standardize to any meaningful degree,
this is an obvious area, or so we would think. No such luck.
Calls for standardization among SBC makers are made from
time to time, but from what we’ve seen, little headway is
being made. If SBC makers can’t agree on this, it’s unlikely
they voluntarily will agree on anything else. Boards come in
the following sizes: 4.5x4.75, 4.5x6.5, 6.75x12, 7.5x11,
1-7x7.5, 8.15x11, 84x11.6, 94x12, 12x6.75, 12x7
14x9.75, 14.8x12.4, 16x8. If anything, there is an in-
creased proliferation of sizes. Functional differences exist,
so before selecting an SBC, choose carefully: once you’ve se-
lected a firm’s SBC, you’re locked into that vendor’s family;
and although it’s true that you can interface different
boards, it’s going to cost in terms of design time and frus-
tration, possibly in system efficiency, and certainly in terms
of hidden costs (such as testing).

Is popularity a criterion?

Board makers were never too eager to provide interchange-
able boards. After all, what vendor wants to encourage
OEM shoppers to buy their CPU boards but someone else’s
memory boards? From a practical point, there are other
difficulties, such as interfacing woes. For better or worse,
this can lock you into one vendor’s family. As a rule, the
semiconductor manufacturers offer more general purpose
boards; independents are more likely to offer boards tail-
ored to more specific applications (and therefore, are less
popular).

System designers who select a board that’s based on a micro
that’s less popular are gambling, increasing the likelihood
that their choice will be provided declining support in the
future.

Which will have a greater chance of surviving in the
microcomputer jungle? Leaders — 8086, 6800, Z8000, Z80
and their variants — will be there, of course, as will be others.
Many less popular micros and SBCs won’t die — just age,
with less and less support.Lock into one of these and you’re
in trouble. We won’t mention some of these: you know
them as well aswe do. In case you’re not sure about an SBC’s
or micro’s future, there is one clear factor that stands out
above all others — its popularity with designers. If users are
scrambling to use it, you can bet it will be around for some
time and support will be there. Still not sure? Check to see
how popular it is with OEMs. And, the micro and its boards
should occupy at least 10% of the market. If the alternate
sources are numerous and large heavyweights, then their
marketing departments have given that micro their vote of
confidence. Conversely, if there is only one, smaller firm
second-sourcing that micro, watch out. Then, too, don’t
neglect to see what exists in terms of development aids
provided by the big semiconductor makers, whose market-
ing departments, once again, give their vote of confidence
for supporting those micros that will survive the best. Of
course the supreme stamp of approval is the Department
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of Defense, which only accepts those micros (6800, 8080A,
2901A) that they anticipate will remain on the scene for a
good while.

Multiboards

SBCs can be inflexible, and the mismatch between board
and product sometimes can be great. With multicard expand-
able board sizes, you select those cards you need and plug
them into a card cage or cabinet. Unlike the SBC, the cards
are functional, that is, one holds the CPU; a second, the
clock and control circuits; a third, RAM/EPROM memory;
a fourth, programmable interfaces and 1/O; a fifth, diagno-
tics; a sixth, customizing kluge (blank) cards; and so on.
These card families are modular sets.

Multiple boards offer semi-customizing flexibility but
cost more than SBCs. Each card is separate, creates a less
reliable system, and requires extra parts to intercommuni-
cate with the other cards. Testing is more costly. Unlike
SBCs, which can be expanded by adding more memory and
I/O with separate cards, multiboard families need a mini-
mum number of cards to be an SBC’s functional equivalent.

Pro-Log takes an engineering approach to uP design.
Using their techniques, engineers do hardwired logic or elec-
tromechanical design without data processing people. If
you don’t want to be tied up with proprietary software or
design aids, and avoid copyrighted mnemonics and other
strings-attached situations, it’s the way to go.

Pro-Log and Mostek jointly created the STD bus to avoid
the overkill of bigger buses. The STD boards are 4.5x6.5"
and interface via inexpensive 56-line edge connectors. For
process control applications in particular, and for design-
ers not interested in drowning in the high-priced world of
complex development systems run by data processing ex-
perts, this approach makes sense. The Pro-Log/Mostek gam-
ble with the STD bus has paid off. Pro-Log makes money
selling its PROM programmers, is well-suited to the less so-
phisticated non-data processing designer and is tailored to
aiding the small OEMers.

Development

Don’t rely on your board to do the development. Some
manufacturers claim their boards come with trace and de-
bug programs and monitors, and some even come with on-
board keypads and LED displays. It’s better to rely on de-
velopment systems, with their editors, relocatable assem-
blers and compilers.True, certain processor systems allegedly
are designed to be used as both development system and
product boards in the final product to provide complete
control of code entry and debugging and other features
“not found elsewhere at these low prices”. So the product
literature says. The boards are toys suited for six-hour
courses and seminars — not serious software development.
With little or no debugging and editing support, these
boards can consume many weeks. Despite warnings from
leading uC experts, hardware-turned-software designers still
fall pray to the illusion of getting something for nothing.

We do not criticize the approach of a local prototyping
board that attaches to the development system when need-
ed. If containing debugging facilities and compatibility with
the development system, and used in less-sophisticated ap-
plications, it can prove adequate. An example is the AIM-65
featured on this month’s cover.

Ingrained attitudes remain. On one hand, a software-
oriented firm, particularly if their expertise is in minicom-
puters, will go the purchase route. Their value-added in
terms of software will offset the added costs of buying
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boards and/or hiring consultants. This makes sense. But
hard-wired designers, used to designing their own circuits,
are more likely to take a build-attitude to the boards —
an ingrained attitude they often carry over (unfortunately)
to the software development.

Hardware vendors generally steer clear of application
software. They’re in business to sell boards; and if an OEM

wants a complete package, he will generally develop the
applications routines himself or with a consultant. It is the
OEM’s development of the software tailored to specific end
users that adds value. If he hires consultants, then he should
expect to work with them, since it is he (the OEM) who
best understands the details of the processes that must be
controlled in the customers’ applications.

For More Information ...

The following firms supplied us with product literature and
information on SBCs. To obtain further information, please

contact them.

Advanced Micro Devices Inc.
901 Thompson PI.

Sunnyvale, CA 94086

(408) 732-2400

Bedford Computer Systems Inc.
3 Preston Ct.

Bedford, MA 01730

(617) 275-0870

Compas Microsystems
224 E 16th St.

Ames, 1A 50010
(515)232-8187
Creative Micro Systems

11642-8 Knott Ave.
Garden Grove, CA 92641

Dynabyte Inc.
Elwell Court

Palo Alto, CA 94303
(415)965-1010

Harris Semiconductor
Products Div.,

Box 883

Melbourne, FL 32901
(305) 724-7000

Heurlkon Corp.
700 W. Badger Rd.
Madison, WI53713.
(608) 255-9075

Intel Corp.
3065 Bowers Ave.

Monolithic Systems Corp.
14 Inverness Dr. East
Englewood, CO 80112
(303) 770-7400

Motorola Semiconductor
Products Inc.

5005 E. McDowell Rd.
Phoenix, AZ 85008

(602) 244-6900

National Semiconductor Corp.
2900 Semiconductor Dr.

Santa Clara, CA 95051

(408) 737-5000

Ohio Scientific

1333 S. Chillicothe Rd.
Aurora, OH 44202
(216) 562-3101

Omnibyte Corp.

245 W. Roosevelt Rd.
Bldg 1-5

Chicago, IL 60185
(312)231-6880

PAIA Electronics Inc.
1020 Wilshire Blvd.
Oklahoma City, OK 73116
(405) 842-5480
Pro-Log Corp.

2411 Garden Rd.
Monterey, CA 93940
(408) 372-4593

Quay Corp.

Box 386

Freehold. NJ 07728
(201) 681-8700

RCI/Data

520 Victor St.

Saddle Brook., NJ 07662
(201) 843-3738

RCA Solid State

20 William St.
Wellesley, MA 02181
(617) 237-7979

Rockwell International
3310 Miraloma Ave.
Anaheim, CA 92803
(714) 632-3729

Smoke Signal Broadcasting
31336 Via Colinas

Westlake Village, CA 91361
(213) 889-9340

Systemathica Consulting
Group Ltd.

4732 Wallingford St.
Pittsburgh, PA 15213
(412) 621-8362

Systems Computers and
Interfaces

223 Crescent St.
Waltham, MA 02154
(617) 899-2359
Wintek Corp.

902 N 9th St.
Latayette, IN 47904
(317) 742-6802
Zilog

10460 Bubb Rd.
Cupertino. CA 95014
(408) 446-4666

(714) 898-9669 Santa Clara, CA 94301
Cybertek (408) 249-8027

Box 3467 Intersil, Inc.
Seminole, FL 33542 10710 N. Tantau Ave.
(813) 392-3467 Cupertino, CA 95014
Data General (408) 996-5000
Westboro, MA 01581 Microproducts
(617)485-9100 2107 Artesia Blvd.
Digital Equipment Corp Redondo Beach, CA 90278
Components Group (213)374-1673

| Iron Way

Marlborough, MA 01752

(617) 481-7400

MC6801 Offers Versatility

James J. Farrell |11
Motorola Semiconductor Products, Inc.

How will single-chip microcomputers affect single-board
computers? Those that are tailored for industrial and sim-
pler control applications will take one route; those others,
the more powerful micros (such as the 6801), will take a
higher-ended toute. Accordingly, we will select the 6801 as
our example. It will not be our intention to examine the
6801 ; this was done in September (pg. 62) and October (pg.
42) issues, which discussed the hardware and software con-
cepts of this particular micro. Instead, we will show the
6801 in its evaluation module for system development.

The MEX6801EVM Microcomputer Evaluation Module
is a completely self-contained uC on a single card, providing
the user with the means of evaluating the 6801. The system
allows the user to easily evaluate the MC6801. As config-
ured, the 6801 may be evaluated in the Single-Chip mode
by attaching an RS-232-compatible terminal to the serial
port of the module. Thus, the minimum functioning system
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consists of only the 6801, 1488 and 1489.

In the Expanded mode, the customer may add an ACIA,
PTM, 4K bytes RAM or 2K EPROM and a programmable
gate array for addressing configuration.

The Evaluation Module provides the user with the ability
to evaluate the 6801 microcomputer using the DEbug mon-
itor via the serial I/O port and RS-232C interface. Suffi-
cient space remains within the on-chip RAM for the user to
write a small I/O program to work in conjunction with the
DEbug monitor. The DEbug monitor program (LILbug)
uses a patch table established within RAM for all I/O. Thus,
the DEbug program’s I/O routines can be readily modified
by the user for the purpose of evaluation. Since the DEbug
monitor uses the timer output and the serial I/O port, these
resources are not available to the user in the Single-Chip
mode. However, by using the Expanded mode, the user has
the choice of adding an ACIA or PTM, thereby freeing
more of the on-chip resources. The Evaluation Module has
provisions for adding 4K bytes of static RAM and a 2K
byte EPROM. This permits the user to develop his programs
if desired. In addition, the Expanded mode allocates 8K
bytes of off-board program space for further programming
flexibility.
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6801 shows basic
functions.

Buffers

A wirewrap area is provided to permit the user to inter-
face other peripheral devices or special interface circuits to
the 6801.

Using the 6801

The MEX6801 Evaluation Module permits the system de-
signer to configure his hardware and develop his software
for his system. In order to simplify the explanation of this
circuit, the block diagram shows the circuit. Let’s examine
the MEX6801 functions in greater detail.

Mode Select. The three switches of the mode select cir-
cuitry, permit selection of one of the eight modes of the
MC6801. The condition of these switches during RESET
determine which mode is selected. The modes are explained
earlier in this article.

XTAL and capacitor. The crystal used in the clock circuitry
determines the internal BAUD rate. If the 4.9152 MHz
is to be used, the higher frequency MC6801-1 (1.25 MHz)
must also be used. The value of the two compensating
capacitors is 39pF.

MC6801. Presently, the 6801 is available in two frequen-
cies— the standard 1.1 MHz MC6801 and the faster, 1.25
MHz MC6801-1.

RS232 port. This RS232 port is directly controlled by the
Serial Communications Interface port on the MC6801.
The MC1488 and MC1489 perform the ouput and input
buffering necessary for this function.

External access. This area of the printed circuit board
(PCB) allows user access to Ports 1 and 2, and also to the
eight data lines and the eight low-order address lines.
Address latch. This latch separates the multiplexed eight
data lines from the lower order 8 address lines when the
MC6801 is used in the Expanded Multiplexer Mode. During
the MCU Phase 1 (01), this port contains the 8 lower order
address lines. During Phase 2 (02), the eight data lines
appear. The Address Strobe (AS) line, from the MC6801,
informs the latch when the address lines are present.
Address Decode. This chip decodes the 6801’s addresses
and enables various and enables various chips occupying
locations in the 6801 memory map.

MCM2716 ROM. This 2K byte, 5-V only, EPROM occupies
memory locations $E800 through $EFFF. This EPROM al-
lows the user to user to developer and correct the 2K byte
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On-Board RAM
and Exorciser Bus

program he will eventually mask oin the 6801°s ROM.
MC6850 ACIA. The Asynchronis Communications Inter-
face (ACIA) occupies memory locations $E010 through
$E91F. The ACIA performs its own Serial Communication
function through its own RS232 port, separate from the
serial port controlled directly by the MC6801.

MC6840 PTM. The Programmable Timer Module occupies
memory locations $E000 through $EOOF. This timer gives
the user three 16-bit timers in addition to the one already
available on the MC6801. It should be noted, however, the
16-bit timer on the MC6801 is an up-counter; the three 16
16-bit timers on the PTM are downcounters. Each of the
three timers on the PTM has its own external clock pin
(CX), external gate control pin (GX) and output pin (OX).
The PTM may also use the MC6801 “E” clock. This is
selectable in software.

Wire-wrap area. This area on the PCB contains the 16
address lines and all the clock, gate and output lines from
the PTM. In addition, an unused area is left for the user to
develop his own circuitry.

MCM6814-3 RAMS. 4K bytes of static RAM are decoded
from §$1000 through $1FFF. The MCM6814-3
chips are organized as 1K by 4 bits. The MEX6801 board
decodes them in pairs, to provide the 8-bit (byte) organiza-
tion.

EXORciser bus. This circuitry buffers the signals interfacing
with the Exorciser bus. The connector on the MEX6801
is compatible with the Exorciser bus.

R/W control. This circuitry insures that no “conflict” of
memory locations will occur between on-board and off-
board memory locations. On-board memory locations
priority, and those locations on the Exorciser bus are dis-
abled. The MEX6801 Evaluation Module, with its many
functions, permits the designer to develop a powerful
Microcomputer system using the 6801.

Software. The 6801 may be purchased with a powerful
monitor on the on-board 2K ROM. This monitor, called
LILBUG, thoroughly exercises the functions of the 6801.
The LILBUG monitor is available as MC6801L1.

Rate this article: circle 1L, 1M or 1H
on Reader Inquiry Card.
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Principles of

Data Acquisition and
Conversion - Part 5

Eugene L. Zuch
Datel-Intersil, Inc.

The previous articles discussed the operation and specifica-
tion of A/D and D/A converters and associated circuits such
as analog multiplexers and sampleholds. These data conver-
sion circuits are used together in a wide variety of applica-
tions in industrial, scientific, and military measurement,
control, and instrumentation systems.

Although the number of different applications is virtually
infinite, a few of the common ones should be mentioned:
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Fig 1 Simple temperature monitoring data acquisition system.

arbitrary waveform generators, motor speed controls, base-
line sweep generators, precision audio delays, X-Y deflection
generators, automatic multichannel data recorders, pro-
grammable operational power supplies, automatic test and
calibration systems, remote digital attenuators, analog data
storage systems, digital video processing systems, PCM
measurement systems, linear temperature programmers, di-
gital phased locked loops, radar target generators, tape con-
trolled positioning systems,and computerized music systems.

A common thread runs through most of these applica-
tions: they are either automatic measurement systems or
automatic feedback control systems. Therefore, most appli-
cations of data converters are for some type of data acquisi-
tion and control system. Some of the most common types
of data acquisition systems will be discussed here.

A simple data acquisition system

Perhaps the simplest type of data acquisition system (Fig 1)
is a basic temperature monitoring system which senses and
displays a desired temperature. It has a temperature sensor
or transducer, amplifier, ADC, decoder-driver and numer-
ical display.
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DILOG

with single quad
board disc and mag-
netic tape controllers
for LSI-11,11/2, 11/23,
and PDP11. Each
reduces your power, space and interface time...
they simply plug into one bus slot of your CPU. ..
and at a low cost too.

Dilog (Distributed Logic Corp.) is now the only
firm offering you all these intelligent hard disc and
magnetic tape products for your CPU on single quad
size boards.

COMMON FEATURES of Dilog products
include @ single quad size board ® no external
power or chassis . . . just a cable to connect to the
drive—you don’t need anything else! The low cost
simple designs employ proprietary sophisticated
bipolar uPs so you benefit with e increased reli-
ability ® automatic self-test including data base
protect feature and indicator.

NEW LSI-11 DUAL DENSITY MAGNETIC TAPE
COUPLER, Model DQ130 interfaces dual density
(NRZI/PE) imbedded formatter tape drives e
handles up to eight drives ® emulates TM-11* e
handles new drive innovations, such as ‘‘streamer’”’
mode ® RT-11/RSX-11* compatible ® 800 CPI NRZI
or 1,600 CPI PE formats ® speeds 12.5 t0 125.ips
¢ transfers data via DMA facility at rates to 200,000
characters per second e buffers data and status
transfers between units.

LSI-11 uP TAPE CONTROLLER, MODEL
DQ120 emulates the TM-11*/TU10* and interfaces
industry standard drives including both .
7 and 9 tract NRZI Y2-inch tape drives
with 7,82 or 102" reels at speeds
upto112.5ips.

"PDP-11 uP TAPE CONTROL-
LER, Model DU120 emulates
TM-11*/TU10* and offers you
30-50% saving when used with
industry standard drives.

*Trademark DIGITAL EQUIPMENT CORP

/I. <

g

WINCHESTER/CMD
DISC CONTROLLER,
Model DQ200 inter-
faces any two

NEW LSI-11SMD/

removable media or Winchester drives with SMD
interface e cost savings over 40% and up to 50%
savings on power and space ® soft sector format
offers 20% more disc storage ® on-board boot-
strap loader provides automatic startup ® controls
industry standard Winchester, SMD (pack), CMD
(cartridge) drives ® mix drive types e drive
capacities to 300 MB.

PDP-11 uP DISC CONTROLLER, Model DU100
is an RK-11*/RK05* emulator that supports all 2.5,
5,10 and 20 MB industry standard cartridge class
disc drives ® expanded addressability to 40 MB.

LSI-11 uP DISC CONTROLLER, Model DQ100
emulates RKV11*/RK0O5* and offers the same
benefits as DU100.

PRICING for Dilog controllers is competitive
or lower than any product you'll find on the market
... either individually or in OEM qtys. Fast delivery
from stock to 30 days A.R.O. and solid warranty.

COMPLETE SYSTEMS including drives also
available.

Write or call for detailed product performance
data on these 6 Low Power, quad DEC-11 products,
or soon to come new products. Distributed Logic
Corp. 12800-G Garden Grove Blvd. Garden Grove, CA
92643 Phone (714) 534-8950

DISTRIBUTED

BILDGIC (ORP

wolo 111

All Dilog uP Products
are Low Power, Quad Size
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Temperature can be sensed by a thermocouple, resis-
tance temperature detector (RTD), thermistor or semicon-
ductor temperature transducer. The output of the temper-
ature transducer must be amplified to the proper level for
the ADC input. In this example, the ADC, decoder driver
and numeric display are contained in a digital panel meter.
By proper scaling and offsetting, the display is calibrated to
read temperature directly in °K, °C or °F.

The digital panel meter (DPM), a low cost device with
either an LED or LCD-type display, consists of an input
amplifier, a dualslope type ADC, a decoder-driver and
display. A line-operated power supply may also be included
in the DPM. Most DPM’s have an internal sampling rate
between 3 and 20 samples/sec. to give continuous updating
of the measurement.

This simple data acquisition system can be used to
monitor a number of different temperatures by using a
switched input to the digital panel meter from several
different sensors and amplifiers. Also, a number of different
parameters can be monitored — such as pressure, flow
position, intensity, etc. The system, though inexpensive and
simple, has a disadvantage: it’s manual and slow.

Automatic data logging systems

A more useful solution to the measurement problem is to
use an automatic data logging system to measure and record
data (Fig 2). An operator is no longer required except when
the system malfunctions or runs out of paper.

This instrument, which is relatively inexpensive, auto-
matically scans up to 10 channels of analog data and prints
out the data for each channel. It can be programmed to
scan all analog channels in sequence or skip certain channels
in the scan; it can also select one-of-three different gain
ranges for each channel in the scan. An internal clock
permits setting the scan interval from zero to 99 min. As
the instrument scans the data, it also indicates the channel
number and the measurement value on its own numeric
display.

This automatic measuring instrument or data logger (Fig
2), is simply a data acquisition system with a digital printer
and numeric display. Analog inputs are scanned by a
differential input analog multiplexer connected to an
instrumentation amplifier for high-impedance inputs. The
amplifier output drives a digital voltmeter which in turn has
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BCD outputs connected to a thermal printer.

The complete system is controlled by a logic sequencer
circuit in conjunction with a scan interval clock and multi-
plexer logic. Completely automated measurement systems
such as this one are commonly used in industrial and
scientific applications.

Another useful automatic data logging (Fig 3)
is a data acquisition system which scans a large num-
ber of analog input channels but then records the data digit-
ally on a cassette tape. The cassette can store up to
120,000 16-bit data samples which can then be read out
and displayed by a separate instrument.

The advantage is obvious: it can be manufactured as a
low-power portable instrument which operates on batteries
and is used for remote, unattended data gathering appli-
cations. Foremost among such applications are environ-
mental monitoring systems. The user can install the system,
program it for the desired data scanning interval and then
leave it unattended in the field until the cassette is filled
with data. The cassette is then exchanged for a fresh one
and the filled cassette is read out and displayed back in the
lab.

This type of data acquisition system can be designed for
low-power consumption by use of CMOS circuitry and a
low-power, electronically-controlled incremental cassette
drive mechanism. The cassette is stepped through the digital
data while recording and then shuts down until the next
data scan is ready.

Data acquisition systems for computer interfacing

By far, the majority of data acquisition systems used today
are required to interface with a computer. Many of them
must not only acquire the data, but also distribute data
from the computer output back to the system being con-
trolled.

Because of widespread minicomputer and microcom-
puter use in industrial processes today, the data acquisition
system has become a widely used and necessary link in the
automatic control process. Several different types of data
acquisition systems are now commonly used: (1) Miniature
data acquisition systems (modular, hybrid, and monolithic
devices), (2) High performance rackmounted or cabinet
type data acquisition systems and (3) Analog I/O board
type data acquisition systems.
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Fig 4 A miniature, high performance data acquisition system for computer interfacing.

Miniature data acquisition system

The computer-interfaceable, miniature data acquisition
system (Fig 4) is a device small enough to be hand held and
scans 16 analog input channels at 250 KHz rate and
converts them into digital form. This permits operation as
an analog front end to a minicomputer or uC. When oper-
ated with a very fast I/O cycle in the computer (<1 usec),
data rates up to 200,000/sec. can be achieved.

This system has a 12-bit binary output and a 4-bit
channel address output which are both latched and gated to
permit gating the output in 4-bit groups. Thus the system
can be used with 4-, 8-, 12- or 16-bit computer data buses.
It also has an internal 16 channel address counter and
analog multiplexer which increments with each A/D con-
version for automatic sequential scanning of channels.

Alternatively, the counter can be used as a fixed register
which is loaded with a 4-bit address from the computer bus.
This mode provides random channel addressing so that
some high activity channels can be sampled more often
than others, under program control.

In addition to the control and output circuitry, the data
aquisition system has an analog multiplexer, a high-speed
sample-hold, and a high-speed 12-bit A/D converter. The
high scanning rate is due to both the high-speed circuitry
and use of overlapped conversion and storage techniques.
This is accomplished by having the analog multiplexer and
sample-hold input stage acquire the next channel and settle
while the previous channel is being converted into digital
form by the A/D. During this time the sample-hold output
is holding the previous analog value. When conversion is

ouT

3
>
&

completed, the data is latched in the output register.

The connection of this data acquisition system to a
minicomputer (Fig 5) is interfaced to a PDP-11, and the
modular data acquisition system is a Datel-Intersil DAS-
250. The interface is shown in simplified form.

External circuit modules are used to perform the inter-
face functions, such as bus transfer gates, address decoder,
status register and interrupt logic. Some (such as address
decoder and interrupt logic) are standard DEC cards which
slide into the computer’s connector block.

Data acquisition system calibration

Proper calibration of a data acquisition system is critical to
system performance. Here is a basic procedure which
applies generally to all data acquisition systems: (1) Con-
nect a pulse generator to the start convert input to the
system and set pulse rate to desired conversion rate for the
system, (2) Set random address inputs for channel 1, (3)
connect a precision voltage reference source to channel 1
input, (4) Connect a set of lamp drivers and lamps to
system data outputs and (5) Apply power to the system.
Unipolar Operation. Set precision voltage reference to zero
+1/2 LSB analog voltage and adjust zero adjustment so that
output code just flickers between 000. . .000 and 000. . .
001. Then set precision voltage reference to +FS —1 1/2
LSB analog voltage and adjust gain adjustment so that out-
put code flickers equally between 111....110 and 111. .
o0 14 B 8
Bipolar Operation. Set precision voltage reference to —FS
Continued on page 66
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Fig 7 Interfacing a high performance data acquisition system with a minicomputer.

Continued from page 63
+1/2 LSB analog voltage and adjust offset adjustment so
that the output digital code flickers equally between 000. .
..000 and 000. . . .001. Then set the precision voltage ref-
erence to +FS —1 1/2 LSB analog voltage and adjust the
gain adjustment so that the output code flickers equally be-
tween I, . . JT0and VLT, . o L1

In units where a serial data output is available, output
code can be observed on an oscilloscope in lieu of display
lamp.

High-Performance data acquisition systems

Another popular type of data acquisition system is the
more expensive high-performance system which comes in a
cabinet or a standard RETMA rack mount. One such sys-
tem features up to 256 single-ended or 128 differential-
input analog channels together with 12-bit resolution and
a 250-kHz scanning rate (Fig 6).

High-performance systems, such as this one, feature
many performance options which can be selected by the
user for a particular application. Using plug-in circuit cards
achieves various options. For example, the number of anal-
og channels can be chosen in 32 channel increments from
32 to 256 channels and, with an additional rack housing,
up to 512 are available.

Simultaneous sample-hold channels permit sampling a
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number of different channels at the same instant for con-
version into digital form. The resultant digitized words then
represent the parameters of a process at a specific instant of
time — a feature that requires one sample-hold/analog chan-
nel and ideal for analyzing realtime dynamic events.

Another useful option in this type of system is up to 32
D/A output analog channels for system control applica-
tions. The system can thus close the loop between a com-
puter and a process which is being controlled.

The system, incorporating convenient front panel con-
trols, gives the user capability of operating either on-line or
off-line. By means of toggle switches and LED lamp indica-
tors, he has access to all data and addresses. In normal
operation, however, the system is controlled by the host
computer, which can externally supply random addressing
commands or operate from internally-sequenced addresses
in the sequential addressing mode.

This data acquisition system employs a high-speed, 12-
bit A/D converter (2 us) together with a fast sample-hold,
analog multiplexer, data output register and gatable buffer.
To achieve the high scanning rate requires not only fast
analog circuits, but also the previously-described overlapped
conversion technique.

Frequently used with an interface/controller board
which plugs directly into the host computer and interfaces
it to the system, the system can be operated in DMA, inter-
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Fig 8 Microcomputer systems application of an analog 1/0 board.

rupt or program control modes. At the computer interface,
the digital mode commands are latched and the data and
digital status outputs are gatable onto open-collector com-
puter buses. The device-select inputs can be used to share
the system with other devices on a multiplexed computer
data bus. Here, two separate 16-bit 1/O words would
normally be used for data input, address outputs, mode
commands and status inputs.

The interface connection to a PDP-11 (Fig 7) uses an
interface/controller and other plug-in circuit cards.

Analog I/O board data acquisition systems

As a final example of a data acquisition system application,
new systems known as computer analog I1/O boards have be-
come quite popular in the last couple of years. Since the
computer interface to a data acquisition system is always
a major problem, a logical solution is to design the data
acquisition system onto a board that plugs directly into the
minicomputer or uC housing. Thus, such a board contains
all necessary computer interfacing logic.

For many data acquisition system requirements, this is
obviously the most convenient way to go, particularly for
moderate performance systems. Since required interface/
controller logic is taken care of, the user simply selects one
of a number of different 1/O boards which have features
most nearly matching his requirement.

These boards are each dedicated to a specific computer
family and are mechanically compatible with the com-
puter’s circuit board guides, bus compatible with the back-
plane electrical pinout and software-compatible with the
computer’s assembly language and higher-level programs.
Thus, the analog I/O board appears to the computer as
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ATA

COUNTERS, PEN UP/DOWN,
RECORDER WRITE/ERASE,
ETC.

either a register-addressable peripheral 1/O device or as a
reserved portion of memory (memory-mapped periph-
eral).

The concept of placing the ADC and DAC components
“inside” the computer was not practical before the devel-
opment of the modern high-performance, 12-bit hybrid and
monolithic ADCs and DACs. These new miniature devices
make it possible to include ADCs, analog multiplexers,
sample-holds, and DACs together with required interfacing
logic all on a compact circuit card.

This new concept immediately solves two major ap-
plication problems which have hampered low-cost data ac-
quisition designs for years. First, it relieves the user of
risky, tedious interface circuit design by offering a proven
production design. Second, it eliminates the expensive dig-
ital cabling required for connecting to external A/D and
D/A components. Only analog signal cabling is required.

Further, in many cases the analog I/O board comes with
diagnostic software in assembly language on a paper tape,
permitting convenient teletypewriter entry into the com-
puter. This permits the analog input signals to be printed
out on the TTY as soon as the signals are connected and
the diagnostic program is loaded.

An important new application area for such a system is
in distributed processing, whereby on-line factory personnel
using a local control computer can closely monitor and con-
trol the manufacturing process they are responsible for. The
existing central computer can still retain the observation of
all plant processes by communicating through remote inter-
face-controllers at the process site. A uC-operated process
control system is illustrated in Fig 8.

A uC analog 1/O board (Fig 9) data acquisition system,
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Fig 9 Block diagram of a microcomputer analog 1/O board.

designed to directly interface with DEC’s LSI-11 series,
not only incorporates a 32-channel, 12-bit data acquisition
system, but also a 2-channel 12-bit data distribution sys-
tem. By using two additional boards, A/D channels can be
expanded to 64, and additional D/A channels can also be
accommodated.

A unique feature of this system is that it incorporates
either an instrumentation amplifier or programmable-
gain amplifier ahead of the sample-hold and ADC. In the
case of the instrumentation amplifier, desired gain is set
for all analog channels. However, with the programmable-
gain amplifier, gain can be programmed for each individual
channel.

High-channel density is achieved on analog I/O boards
by using high-performance microelectronic ADCs and
DACs together with monolithic analog multiplexers. In one
system (Fig 11), the miniature ADC actually has its own
sample-hold built in. The ADC uses a fast successive-ap-
proximation technique to achieve 12-bit resolution. The
microelectronic DACs used on board incorporate their
own latching input registers and have an external current
loop amplifier for directly driving process control-current
loops of 4 to 20 mA or 1 to 5 mA.

The system incorporates a versatile Pacer clock, inter-
rupt circuit and buffered digital outputs. A 4-bit CPU code
selects one-of-16 Pacer time bases from 1 sec. down to 30.6
us. The sequence of operation is commanded by either
program instructions, on-board or external Pacer clock, or
an interrupt triggered from either the Pacer or an external
command.

The 12-bit, binary-output data is routed through on-
board interface logic and placed on the LSI-11 data bus
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under control processor control. The A/D output briefly
passes through the CPU and is usually sent to memory
according to the stored program. Depending on how the
A/D data will be used, the data may be manipulated arith-
metically and/or sent to a peripheral device such as a
teletypewriter or CRT terminal, magnetic tape, floppy disc
mass storage device, or to a communications link for
transmission to a remote supervisory processor.

After arithmetic, the modified data may also be returned
to the physical process from which it was measured in order
to control that process. If a process activator is used, it is
controlled by an analog voltage or current signal from the
[/O board D/A outputs. In this way the uC acts as a closed-
loop controller using a D/A output dedicated to each A/D
input channel. Analog indicating output devices such as
oscilloscopes, X-Y plotters, chart recorders, and meters can
also be accessed through the D/A outputs.

Most analog 1/O boards incorporate hardware functions
which relieve software requirements for highest speed and
easiest programming. The boards incorporate features such
as autostart, auto-sequencing of channel addressing, on-
board start and DMA clocks, and end of scan/end of
conversion interrupt logic to simplify programming.

The above description is about one specific type of an-
alog 1/0 board. There are currently a large number of these
useful data acquisition boards available from several dif-
ferent manufacturers. They are available for most of the
popular minicomputers and microcomputers.

Rate this article: circle 3L, 3M or 3H
on Reader Inquiry Card.




if the Shugart fits. ..

If you've taken a shine to Shugart,
youre in luck.

Specitying Shugart means youTe also
specifying Remex. WeTe your alternate
source for fast, volume delivery.

Remex single and dual-headed drives,
single or double density, are physically
and electrically compatible to Shugart
SAB850R/851R units. So you can switch over
to Remex without re-design.

Qur drives are also available packaged
two drives to a Remex subsystem, in the
head/density combination you specify and
with their own dc power supply. The
subsystem includes rack-mountable guide
rails. Just slide it into your system, plug it in
and go. Even your operating manuals

remain unchanged.

What's more, Remex has solved
the dual-head media wear problem for
good with a new, improved head and
carriage assembly.

So remember this: If the Shugart fits,
Remex fits, too.

Call today for more details or to get your
order rolling. Ex-Cell-O Corporation, Remex
Division, 1733 East Alton Street, Irvine, CA
92713. (714) 957-0039 TWX: 910-595-1715

Ex-Cell-O Corporation

REMEX DIVISION
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New Products

NEW DIGITAL COLOR PLOTTER
This digital plotter provides graphic

representation with 8 different-color
pens. A Z-80 uP is the center of in-
telligence for Model 281 and controls
the dynamics of the system. Firmware

features include circle interpolation,
character plotting, generation of axes
and grids, various line types, window
plotting and off-scale data handling.
Other features include internal self
testing, character plotting in 5 fonts,
automatic or interactive point digitiz-
ing, programmable offsets and pro-
grammable limits. Access of any point
within the plotting area is reached by
an extrememly high positioning servo
system at speeds up to 1 m/s. Inter-
faces include a choice of serial RS 232
C/V.24 and 20 mA with automatic
generation of offline control signals
and the IEEE 488 interface. Soltec
Corp., 11684 Pendleton St., Sun Val-
ley; CA 91352. Circle 289

MINI-WINI Model D8000 8" Winches-
ter replaces S MB Rt floppy systems.
It is a sealed, screened-environment de-
vice with 2 platters, 4 heads data sep-
arator, company-guaranteed MTBF of
25 khrs, capacity of 20 MB — which
will be increased to 40 MB as thin-
film-technology capabilities double.
It retains the same physical dimen-
sions, same mounting scheme and volt-
age requirements as floppies. With a
6801, it creates a bi-directional bus
interface and allows the drive to per-
form many diagnostic routines w/o the
help of the CPU. Pertec Computer
Corp., 9600 Irondale, Chatsworth, CA
91311, Circle 219

DISK UTILITY PROGRAM transmits
data between PDP-11 and Intel MDS
systems. Operating on PDP-11s and
LSI-11s, Ipex reads and writes single
density diskettes in standard Intel file
and record formats, using DEC RX01
and RXO02 diskette drives. The pro-
gram provides the capabilities to
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transfer files between standard DEC
peripheral and ISIS-format diskette.
Additional capabilities include direc-
tory listing and file deletions. Ipex
facilitates the use of cross assemblers/
compilers operating on PDP-11 sys-
tems. Medium and large scale applica-
tions programs can be assembled or
compiled on an-11 system and the
resulting binaries coupled to diskette
for transfer to an MDS. In addition,
source programs written to Intel
Fortran-77 or PL/M language specifi-
cations can be developed and main-
tained on an-11 system and down-
loaded via diskette for compilation.
Ipex is coded in Macro-11 assembly
language and operates under all
DEC operating systems. Perpetual li-
cense fees are $2500, including docu-
mentation and first year maintenance.
Virtual Systems, Inc., 1500 Newell
Ave., Suite 406, Walnut Creek, CA
94596. Circle 238

80 CHAR. X 25 L. VDT. These low-
cost, uP-controlled CRT visual displays
provide: U&L case characters, with 80
char. x 25 lines, 28 switch-selectable
features, etc. TEC, Inc., 2727 N. Fair-
view Ave., Tucson, AZ 85705.

Circle 212

INTELLIGENT DISK ADAPTER/
SUBSYSTEM New intelligent disk con-
trollers provide up to 5.4 billion bytes
of storage for users of DEC Unibus and
Q-bus families of processors. Model
650 is completely resident on a single
8-1/2" x 15" printed circuit board
which plugs into any available “Hex”
SPC /O slot in the host computer
backplane. Model 550 resides on two
8-1/2" x 10" PC boards. Models 650

and 550 both emulate the RM02/3,
RP04/5/6, RKO06/7, RP02/3, RSO3
and RS04 offered by DEC. The new
models provide total software and
media compatibility when used with
disk drives that have the popular “‘stor-
age module” interface, such as the
CDC 9762. Specifications for Models

650 and 550 include: Full emulation
and media compatibility; transfer to
64K without additional latency; three
sector buffer storage; and ECC error
detection and correction. Capability of
handling overlapped seeks, and dual
port disk drives is the result of bipolar
bit slice microprocessor control. DMA,
throttle control, built-in two drive
control (expandable to eight), power-
up self test, single Unibus and Q-bus
load are all standard. Models 650 and
550 Storage Module Disk Emulating
Adapter are $4,995 each. Delivery is
30-45 days ARO. Xylogics, Inc., 42
Third Ave., Burlington, MA 01803.

Circle 286

LOW-PRICED WIRE WRAPPER The
new BW-2630 is a battery powered
wire-wrapping tool priced at $19.75. It
operates on 2 standard ““C” size NiCad

batteries (not included) and accepts
either of two specially designed bits.
Bit model BT-30 is for wrapping 30
AWG wire onto .025" square pins; BT-
2628 wraps 26-28 AWG wire. Both bits
produce the preferred “modified”
wrap and are priced at $3.95 and $7.95
respectively. Designed for the serious
amateur, BW-2630 includes positive
indexing as well as anti-overwrapping
mechanisms. Pistol grip design. O.K.
Machine and Tool Corp., 3455 Conner
St., Bronx, NY 10475. Circle 298

IMAGE PROCESSING. Model 70 per-
forms, in real-time, arithmetic and
computations at 10 million arithmetic
operations/sec. It processes images at
100 ns/pixel. Intensity manipulation,
scroll, zoom, and roam are integral.
Extensive library of software. Inter-
national Imaging Systems Div., Stan-
ford Technology Corp., 650 N. Mary
Ave., Sunnyvale, CA 94086. Circle 214
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Annual

ATE Automated Testing for
Electronics Manufacturing

SEMINAR/EXHIBIT

June 16-18, 1980
John B. Hynes Veterans Auditorium
Boston, Massachusetts

Sponsored and produced by Electronics Test & Circuits Manufacturing Magazines.

Test Industry Professionals using
instruments and systems for:
field test

pre-production prototype evaluation
production test

engineering measurement
quality assurance

incoming inspection
calibration

product development/design
quality control

Three-day program of workshops, tech-
nical papers and operating test equip-
ment exhibit.
Specific information and application-
oriented guidance from the faculty,
augmented by the opportunity to see
operating test equipment at the large-
scale exhibit, will help you make the right
decisions on investments and imple-
mentation.
In conjunction with the June 16-18, 1980
ATE Seminar/Exhibit, the following
programs will also be offered:
e ATE Courses
Automatic Test Equipment:
How To Select It — Apply It —
Manage It
Introduction to Digital Testing
e Quality Factors in Fabricating
Printed Circuit Boards

Broaden your testing knowledge and update your testing skills, June 16-18, 1980in
Boston, MA. This semi-annual technical conference with specialized workshops and
technical papers covers a variety of test and measurement topics for both sophisti-
cated and new-to-industry users of instruments and systems. The comprehensive-
ness of the programs enables you to attend the sessions best-suited to your
individual requirements. In addition, a large-scale exhibit allows you to view the
latest test and measurement equipment first-hand.

Workshops and Original Technical Paper Sessions on these topics:
e Field Testing e Impedance Measurements
® | ogic Analysis e Economics of Loaded Board Test
e | oaded Board Functional and e Bare Board Testing
In-Circuit Testing e LS| Board Test
® Phase Measurement e Timer/Counter Measurement
e | S| Component Test e Digital Diagnostics
e Microprocessor Bus Fault Isolation e Analog Board Test
e Spectrum Analysis e Waveform Analysis
e Analog Diagnostics ® Bubble Memory Testing
® Burn-In e Electro-Optic Testing
e Instrument Calibration e |EEE 488
® Test Requirements Analysis e Interfacing Devices
e Simulation e Automatic Test Generation
e Signature Analysis e ATE Management
e Systems Support Management e Testability
e ATE Acquisition e ATE Systems Calibration

For more information: call or write Test Conferences Registrar, Benwill Publishing Corp.,
1050 Commonwealth Ave., Boston, MA 02215 (617) 232-5470.
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' Please send further information about the following:

™ [ ] ATE Seminar/Exhibit, June 16-18, 1980, Boston, MA
i ] ATE Courses, June 16-18, 1980, Boston, MA

[Z] Quality Factors in Fabricating Printed Circuit Boards,
June 19, 1980, Boston, MA
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| Return coupon to Test Conferences Registrar, Benwill Publishing Corp.,
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New Products

MULTIPLE PRECISION ARITH-
METIC. Plugging in the MATH-I ROM
provides routines for both 32-bit long
integer and 64-bit floating point add,
subtract, multiply, divide, modulo and
normalize. The code is reentrant and
relocatable so that it can appear any-
where in memory space. MATH-I is
supplied in a 2708 EROM and is in-
tended for use in any of the 16 sockets
on the Wintek 16-byte ROM Module.
Wintek Corp., 902 N. 9th St., Lafay-
ette, IN 47904. Circle 203

DISK CONTROLLERS. This family of
intelligent disk controllers includes:
Model 410 SBC/Multibus Cartridge
Disk Controller, 510 LSI-11 Cartridge
Disk Controller, 610 PDP-11, Cartridge
Disk Controller, 810 Nova/Eclipse
Cartridge Disk Controller, 211 PDP-11
Storage Module Disk Controller, 850
Nova/Eclipse Storage Module Disk
Controller. Xylogics, Inc., 42 Third
Ave., Burlington, MA. Circle 207

GRAPHICS SYSTEM CAT-100 will
digitize inputs in 16.7 ms with 256-
1280 pt/line resolutions. It buffers the
data in its own 32K-byte memory (ex-
pandable to 256K) and displays the
digital image on a standard B&W or
color TV monitor. $1450. Digital
Graphic Systems, 595 Matadero Ave.,
Palo Alto, CA 94306. Circle 208

DIRECT CONNECT MODEM PLUGS
INTO STANDARD TELEPHONE
JACK A direct connect modem (2400
bps) which is both Bell 201B/C and
CCITT compatible is available from
Racal-Vadic. The VA2440 can be

connected to a switched network by
merely plugging into a standard RJ-11C
voice jack, or through programmable

data jacks (RJ-41S and RJ-455). The
VA2440 features a switch-selectable
75 bps and 150 bps reverse channel
which can also operate as an auxiliary
and forward channel. An extensive
interface display coupled with local
(analog) loopback and forced “Request
to Send” (RTS) can isolate a problem
on the network. In addition, Racal-
Vadic operates five regional diagnostic
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centers, staffed by engineers and tech-
nicians trained in modems, terminals,
telephone systems, front ends and
computers. Mounting can be done
from a single channel to 80 channels in
a single cabinet. The VA2440 is $575
in single quantity. OEM discounts are
available. Delivery is 60 to 90 days
ARO. Racal-Vadic 222 Caspian Dr.,
Sunnyvale, CA 94086. Circle 288

IC INSERTION/EXTRACTION KIT
makes it easy and safe to insert/extract
CMOS. The complete kit (WK-7) is
$29.95, but may be purchased indi-
vidually. MOS/CMOS inserters include:
MOS-1416, 14-16 pins; MOS-2428, 24-
28 pins; MOS-40, 36-40 pins (ea. at
$7.95). MOS/CMOS extractors include:
EX-1, 14-16 pins ($1.49) and EX-2, 24-
40 pins ($7.95). OK Machine & Tool
Corp, 3455 Conner St, Bronx, NY
10475. Circle 161

DIGITAL LOGIC PROBE. PRB-I is
compatible with DTL, TTL, CMOS,
MOS and uPs using a 4 to 15V power
supply. Thresholds automatically pro-
grammed. Automatic resetting mem-
ory. No adjustment required. Visual
indication of logic levels, using LED’s
to show high, low, bad level or open
circuit logic and pulses. Sophisticated,
shirt pocket portable (protective tip
cap and removable coil cord). $36.95.
OK Machine & Tool Corp., 3455 Con-
ner St., Bronx, NY 10475. Circle 213

RASTER SCAN GRAPHICS. This sys-
tem offers: full refresh, flicker-free,
raster scan display with (1) up to 1280
x 1024 pixels in 16-levels of gray-
scale, (2) display 1024 simultaneous
colors from color look-up table and
(3) up to 16 bits of intensity or over-
lay data/pixel. It has interfaces for
most minis. As for its Gamma-cor-
rected and composite video output
high-speed, variable image processing,
it offers: (1) pixel update as fast as 45
ns/pixel, (2) random and sequential
update, (3) dynamic memory alloca-
tion, (4) writeable control store. Lexi-
data Corp., 215 Middlesex Tpke., Bur-
lington, MA 01803. Circle 215

APL MANUAL. “SHARP APL Ref-
erence Manual”, by Paul Berry, is the
first complete manual to cover all as-
pects of SHARP APL implementa-
tion a source of information for
casual APL wusers and professional
programmers. Features such as direct
file access, report formatting, batch
APL and even trapping are reviewed
in depth. Topics include: syntax APL,
APL primitive functions & operations,
workspace environment, structure data,
shared variables, event trapping, sys-
tem functions for function definition
and line editing. 349 pgg. $18. 1. P.

Sharp Associates Ltd., 145 King St.
West, Toronto, Ontario MS5SH 1J8,
Canada. Circle 234

TWO NEW TOP-LOADING DISK
CARTRIDGES For specific drive
applications. The 933/1-48 disk
cartridge is designed for Data Point
9374 drives and Wangco T2422 drives
with 48 sectors. The 933/1-24 car-

tridge has 24 sectors and is designed
for Data General 6070 drives. Capacity

per cartridge is 10 mb. Both single-disk
cartridges have 3M’s “‘Crashguard”
protective disk coating, which reduces
the possiblity of damage to disk sur-
face or to read/write heads because of
headcrash. Department DR9-4, 3M,
Box 33600, St. Paul, MN 55133.

Circle 290

THREE NEW POWER SUPPLIES
Three new higher output models of
convection-cooled power supplies are
offered to users with high power re-
quirements. Catalog designations for
the new power supplies mirror the
power ratings of each model. The
MG12-43 is rated at 12 volts, 43 amps;
the MG15-34 is rated at 15 volts, 34
amps; and MG24-21 is rated at 24
volts, 21 amps. Each unit is priced at
$630 in quantities of 1-9 units; volume
discounts available. Output voltage
regulation of all three models is 0.1%
maximum for a worst case combination
of 0-100% load change and £10% line
change. Ripple is rated at 10mV RMS
and 50mV peak-to-peak (30MHz band-
width). Overload protection is con-
stant current, set at 110% 5% full
load. Over-voltage protection is set be-
tween 115% and 125% for the 12 volt
MG12-43 and between 110% and 120%
for the 15 volt MG15-34 and the 24
volt MG24-21. All three models
operate within an ambient tempera-
ture range of —10°€ 1o +70°¢ (derat-
ing from 50°C at 2-1/2%/°C). All
three units meet requirements of
UL478, VDE 0804 and VDE 0875
“N” and can provide 28ms hold-up
(whole cycle) with up to 8% margin
on the input voltage. Gould Inc., Elec-
tronic Power Supply Division, PO Box
6050, El Monte, CA 91731. Circle 125



OVER

100

REASONS

to attend the largest
and most compre-
hensive PRINTED
CIRCUITS TECH-

NICAL PROGRAM
of any show, at any
time, anywhere:

72 papers in
8 seminars
22 technical films
8 workshops
6 mini-courses
4 professional
advancement
courses
1 management
forum

All this and the
most complete

8 seminars

e Circuits for the 80’s

Design Automation

PCB Materials

Quality Control and Testing

PCB Assembly including

Soldering

e PCB Fabrication including Wet
Processing and Etching

e Management

e |maging

8 workshops

e Coating Thickness Measurements
on PCB'’s by Beta Backscatter

e PC Drilling and Routing Produc-
tion Through-put

e Vapor Phase Soldering

e PCB Purchasing Round Table:
Problems and Solutions

e Analyzing Selected Plating Baths
with Differential Pulse

e The PCB industry, EPA and OSHA

e CAD (And Documentation of
Printed Circuit Cards)

e Circuit Pack Systems

6 mini-courses

e Additive Update — Products and
Processes Overview (Part |) and
Key Process Elements (Part Il)

CAD/DA in the PC World
Laminates: their Selection,
Problems and Applications
Soldering Alternatives: When,
Where and Why?

e Design for Testability

4 professional

advancement courses

e Simplify, PCB Hands-on Soldering
Workshop

e Using Interactive Graphics for PC
Artwork Generation and Design

e Volume Manufacturing and
Inspecting — Quality Solder
Joints on PCB

e PCB Design and Processing

22 technical films

Produced by Electronic Industry
Association, Massachusetts Insti-
tute of Technology, and eleven
major companies.

1 management forum

Leading authorities in PC manage-
ment to discuss how economic
and technical developments of the
80’'s will impact on the industry
and the individual.

The Second Annual International
Printed Circuits Conference

| gl

Please send me additional information on PC'80
[] Technical Program [ ] Exhibition [ ] Advance Registration

New York Sheraton Centre — April 8,9,10, 1980
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For Quick Action Phone (212) 340-9780
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Reach the rich

European
market...

Many perceptive marketers get a third of their sales from
Europe. Where U.S. technology is welcome.

There's no better time than now to parlay potential in-
to profits. If you know where to go. And how to get
your message across the Atlantic.

DIGITAL DESIGN gets it there. Talk to our regular U.S.
readers at our normal low cost-per-thousand rates and
you talk to our European readers at the same time.

Not just any Tom, Dick or Guisseppi either. Qualified
prospects, all. Customers whose interests, installations
and buying intentions are catalogued on our own com-

Benwill Publishing Corp., 1050 Commonwealth Ave., Boston, MA 02215
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prehensive qualifications questionnaire. Rifle stuff, not
shotgun.

We're in major international trade shows, too. With
extra distribution. We monitor markets, sense trends,
glean prospects, sift feedback. So that when you ad-

vertise in DIGITAL DESIGN, low cost-per-thousand
isn’t the only name of the game. It's sales.

m-hl
The Magazine of Systems Electronics

the market makers

% West (213) 478-3017 e East (617) 232-5470



Personal Computing
Can Help You

Forecast trends
Retrieve records quickly
[L.earn a language
Control inventory
Improve imvestments
Figure your taxes
Produce flawless documents
Estimate costs
Schedule jobs
Make logical decisions
Have fun with games and
do many other useful projects.

If you’re not afraid to do it yourself (or with a friend)
with a personal computer, this is the magazine for you.
We show you how to use a computer to solve all the
above problems quickly and have fun doing it, not how
to build or repair a computer.

$14 per Y&

e RS SR

Dgrenenn 3=

Each month, our informative, easy-to-read articles
bring you ready-to-use application programs; just type
them in and tell your computer to run. In addition, we
feature tutorial articles showing you how to plan and
write your own programs, using professional methods
and the latest programming techniques.

Introductory Combination Offer
$15 for both

[J Iaccept your combination offer for $15. Check enclosed or charge my: DD380

[] I'wantonly Personal Computing for $14. .
< Ao Y
[] 1 wantonly The Best of Personal Computing for $7.50. D Master Charge D Visa

I

I

Account # l

|

(Please print or type) I

Name Signature _ |
Card Expiration date

Address p |

MC only — |

City __State Zip last four digits above date |

|

|
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New Products

LOW-COST, MULTI-FEATURED
CRT TERMINALS Four smart, uP-
controlled CRT terminals, all in the
$1M range and with added standard
features are being marketed by Tele-
Video. Included as standard in all
models are: u/l case, printer/ex-
tension port, imbedded numeric pad,
remote computer control, selectable
transmission rates from 75-9,600 baud,
and other editing and special functions.
A serial RS232C communications
interface and 20 mA current loop are
also standard. The four terminal models
are 912B, 912C, 920B and 920C. The
920 models offer 11 special function
keys, 6 editing keys, and 2 transmission
keys, all in an additional row on the
keyboard. The keyboards are teletype-
style in the “B” models, and type-
writer-style in the “C” models. A
second page of memory is optional
with all models. The terminals’ non-
glare, 12-inch diagonal CRT screens
provide 12x10 dot matrix resolution
and dual intensity for 1920 characters
A full 96-character ASCII set is dis-
played, in a 24-line by 80-characters/
line format. Other features include
switch-selectable parity (odd, even,

mark, or space) and a 240-character in-
put buffer. The overall design of the
terminals is modular, with separate
modules for the CRT, the video board,
the logic and control board, the key-
and the power supply. The

board,

logic and control module is uP-con-
trolled. Single-quantity prices are
912B, $875; 912C, $950; 920B, $945;
and the 920C, $1030. Optional second
page memory is $80. TeleVideo, Inc.,
3190 Corondo Dr., Santa Clara, CA
95051. Circle 282

DESIGNERS® PR. “Public Relations
for the Design Professional” by Gerre
Jones examines the process from con-
ception and research to planning and
implementation in the electronics and
computer field. 278 pp. $18.50.
McGraw-Hill Book Co., 1221 Ave. of
the Americas, New York, NY 10020.

Circle 294
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NEW SINGLE-BOARD uC The new
MSC 8007 features three serial ports
and one parallel port to meet the
majority of today’s I/O requirements.
The MSC 8007 is a Z80 based micro-
computer designed for applications re-
quiring two or more independent serial
ports. The fully MULTIBUS compat-
ible uC offers OEM designers a flexible
single board computer with extensive
on-board memory capabilities and 1/O
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resources. The new unit can reduce the
number of boards from three or more
to a single board, which has the com-
puting power of the 4 MHz Z80A, en-
hanced by an optional Am9511 or
Am9512 Arithmetic Processing Unit.
Single piece price for an MSC 8007
with 16K bytes dynamic RAM, three
serial 1/O ports, and 24 lines program-
mable parallel 1/O is $1250.00. Mono-
lithic Systems Corp. 14 Inverness Dr.
East, Englewood, CO 80112.

Circle 299

“COMPUTERIST’S DATABOOK/

Dictionary™ (No. 1069) by Clayton
Hallmark includes conversion for-
mulas, octal-decimal tables, no. sys-
tems and codes, logic symbols and en-
gineering units, number related codes,
flow chart symbols, and a dictionary
of the most frequently used terms,
plus explanations of abbreviations and
acronyms. Specific data on MC6800
and 8080A. 96 pgg. $3.95 (paper-
back). Tab Books, Blue Ridge Summit,
PA 17214. Circle 220

NEW GRAPHICS PACKAGE FOR
VAX 11/780. A new software system,
the MGS-7F, supports the use of Meg-
atek’s Whizzard 7000 graphics display
unit with VAX computers operating
under the VMS operating system. The
package has fully buffered DMA trans-
fer capabilities which permit transfer
of graphic data using either pro-
grammed [1/O or DMA modes. Both
methods operate transparently. Greatly
increased speed, is claimed, at which
data can be added to the display
memory of the 7000 unit. The soft-
ware package consists of a series of
FORTRAN callable routines as well as
a set of driver routines programmed in
Assembly language for each computer
and operating system with which the
displays are used. Megatek Corpora-
tion, 3931 Sorrento Valley Blvd., San
Diego, CA 92121. Circle 296

“NET/ALERT” SYSTEM provides op-
erations managers real-time, on-line in-
formation about the performance of
every terminal on every line in their
telecommunications network and
displays it on a large-screen color
graphics CRT. NET/ALERT allows
operations personnel to track current
status of the entire telecommunica-
tions system, a group of applications,
a single application, pinpoint the sta-
tus ot an individual line within a spe-
cific line group, and the status of each
terminal on a single line. Avant-Garde
Computing, Inc., 21 Olney Ave.,
Cherry Hill, NJ 08003. Circle 229

COS/MOS SEMIS. A 440-pg. databook
on “COS/MOS Memories, uPs and
Support Systems,”” SSD-260, includes
technical data on the CDP1800, MWS-
5000, CD4000, CDP18S600 and CDP-
185000 series. $7. RCA Solid State
Division, Box 3200, Somerville, NJ
08876. Circle 295

SPEECH SYNTHESIZER MODULE
The TM990/306 module offers a basic
industrial vocabulary of over 160 words
which can be combined to construct
sentences that have a human but rela-
tively flat inflection. This speech syn-
thesizer module is fully compatible with
other TM990 microcomputer modules
and can be used in industrial control
applications, for example, as a learning
aid to prompt trainees in correct pro-
cedures or to alert operators of condi-
tions requiring maintenance or atten-
tion. An on-board amplifier is capable
of driving an 8-ohm speaker with a 2.5-
watt output. For more output power,
users can connect an external amplifier
to the pre-amplifier output of the
speech synthesizer module. Two modes
of operation are possible. In the polled-
status mode, the host CPU issues
addresses of a word, sets the talk com-
mand, and polls the status bit to deter-
mine when the word has been spoken.
Delays between words and sentences
are inserted by addressing the particular
delay word which is processed as if the
delay was, itself, just another word.

©§1,280 in quantities of one. Produc-

tion availability begins in first quarter
1980. Texas Instruments Inc., Inquiry
Answering Service, PO Box 1443, MS-
6404, Houston, TX 77001. Circle 287



NEW VECTOR GENERATOR A fast,
powerful 2-Dimensional Vector Gen-
erator is now available for Aydin’s
Model 5216 Display Computer. This
device permits vector generation at
800 ns per pixel, plus 8 us average set-
up time. In addition to high speed vec-
tor generation, the option permits
hardware window clipping, conversion
from a World Coordinate System with
64K x 64K toa 512 x 512 or 1024 x
1024 pixel screen format, with trans-
lation, rotation and scaling of 2-Di-
mensional data. $S5K. Available:
February 1980. Aydin Controls,
414 Commerce Dr., Fort Washington,
PA 19034. Circle 283

SMALL ALPHANUMERIC PRINTER
PRINTS 21 COLUMNS This new
printer, Model 0533, will print 21
columns of alphanumeric information
on standard 3-7/16" wide plain paper
tape. The bar matrix printer can pro-
duce multiple copies, in two colors. A

snap-in ribbon cartridge permits fast,
easy replacement. The unit measures
13-1/2" x 6-1/2" x 6-7/8". 1t contains
its own power supply and an ASCII
compatible interface controller to per-
form all printer functions. Continuous
print speed is 90 lpm with rapid line
feed control that slews paper up to 10
Ips. A take-up mechanism for rewind-
ing label stock or audit copy is optional.
Typical applications include electronic
scales and weighing systems, POS ter-
minals, receipt printing for fuel dis-
pensing, label printing, and as a printer
option for general instrumentation.
$495. OEM discounts are available.
Delivery, 8-10 weeks ARO. Sodeco
Div., Landis & Gyr, Inc., 4 Westchester
Plaza, Elmsford, NY 10523. Circle 281

A TRIPLE MODEM This new series of
triple modems is specifically designed
for remote terminal use. The VA3450
series includes six switched network
originate/answer models, all of which
have been registered for direct connect
under Part 68 of the FCC Rules. In

addition, there is an originate or an-
swer for leased line applications. A
VA3450 at the remote terminal can
call three different types of modems, a

212A,a 103, or a VA3400, with auto-
matic identification of the called
modem. The VA3450 series incorpo-
rates special diagnostics; such as Idle
Test, Analog Loopback & Busy Out,
Digital Loopback, and Self-Test. In
addition, the modems have a switch-
controlled “Standard Option” mode
which forces the -unit into a standard
configuration to simplify and speed up
diagnostic testing. Prices for the
VA3451 (212A, 103 and VA3400)
start at $900. The VA3452 (212A and
VA3400) is priced at $850. The
VA3453 (103 and VA3400) is $825.
Delivery is 60 days ARO. Racal-Vadic
222 Caspian Dr., Sunnyvale, CA
94086. Circle 297

NEW PROM PROGRAMMING CARD
A program card which fits all Data I/O
PROM programmer Models 1, 2, 3, 5,
7,9, 17 and 19 is now available. Now
only one programming card set is re-
quired for NMOS PROMS — Super-
MOS. The new program card features
on-board CPU including built-in diag-
nostics. The card set easily fits into
existing Data I/O PROM programmers
and provides the latest programming
techniques. Present socket adapters
can be used. Only one Super MOS card
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set is required for all N-channel
EPROMS including the newer 32K
types. Basic operation of the PROM
programmer remains unchanged and
can be used by present operators with
no additional training needed. $895.
E-H International, Inc., 7303 Edge-
water Dr., Oakland, CA 94621.
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Adlech
“Power Miser”
Linear Power
Supplies

(See Ad on preceding pages

Available through these
key distributors:

Allied Electronics

Ancrona Corp.

Cabot Associates Inc.
Classic Components
Component Specialties Inc
CTI Data Systems
Electronic Parts Co.
Electric Control Devices
Fairmont Electronic Sales Corp.
George Instrument Co.
GM I Distributors

Mac Bearing Co.

MS Electronics

Mainline Electronic Supply Inc
Marks' Enterprises
Midwest Associates Inc.
Moe Electronics

Newark Electronics

Qlive Electronics

Parts Mart Corp.
Philadelphia Electronics
Pioneer Electronics

R&S Electronics

Ralph's Electronic Supply
RPS

Stark Electronics

Summit Distributors

Zack Electronics

Just call your nearest
Adtech
Distributor
and get
acquainted.

ADTECH POWER

DISTRIBUTOR PRODUCTS GROUP
ADTECH POWER. INC , 1621'S. SINCLAIR ST
ANAHEIM, CA 92806 (714) 634-9211 TELEX 68-1498
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JOIN RAYGAMCO

Computer Discount Club.
BIG SAVINGS ON EVERY ITEM!

* HARDWARE -+ PRINTERS +BOOKS, MANUALS -« PERIPHERALS
+«SOFTWARE -+MONITORS -DISK DRIVES + ACCESSORIES

All the famous brand names

COMPUTERS ATARI

We stock a complete line of

Computers Hardware Peripherals
and Software -~

T

SOFTWARE!

We have everything from

Games to Business Systems

AT T BUNT NS
E“’:,_.,_\
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Fsumwﬁ"s

RAYGAM, INC. 8008546455 (714) 891-2587

TELEX 182274
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DISK SYSTEMS SAVE
sl | 20%!

JOIN
RAYGAMCO
NOwW!

A shugart SAVINGS ON
PRINTERS EVERY ITEM

XEROX

A, CENTRONICS®
V:ctoa GAPHC

Lear Siegler
Sektor

/ s ANadex

Cromemco
Here’s how to join. NortH STar *

By being a RAYGAMCO Member you receive substantial discounts on every item you purchase,
including all hardware, software, accessories, even books and paper!

Nothing to buy. Simply complete the self-addressed postcard in this magazine with name,
address, and your computer system. You'll receive your personalized RAYGAMCO Computer

Discount Club Membership Card in the mail with information on how to use your card when
ordering for big savings!

ORDERING INFORMATION:

Type or print item(s) you wish to order.

2, If you pay by personal check: please allow 2 weeks for personal check to clear.

3. We accept VISA, BankAmericard, MasterCharge. Please include bank card number,
card expiration date, and your signature. If you pay with bank card: Add 3%

4. Add $1.50 for postage and handling of books, manuals, catalogs, and magazines. Add 4% for shipping,
handling, and insurance for hardware and systems orders.

5. California residents, please add 6% sales tax. 800_854_6455
(714) 891-2587 TOLL FREE, EXCEPT CA

PO.BOX 8310  TELEX 182274
ARG, e FOUNTAIN VALLEY, CA 92708

@ Texas Instruments
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New Products

EPROM WITH 64K AND 24-PINS
The MCM68764, Motorola’s new
EPROM, has 64K, uses single 5V sup-
ply and is in standard 24-pin ROM
package. The use of a 24-pin package
(rather than 28) was made possible by
placing a dual function on pin 20.
During programming it handles the
25V programming pulses and in read
operation it is the chip enable. The
MCM68764 has a 450 ns access time,
will dissipate less than 880 mW in the
active mode and less than 140 mW in
the standby mode. Price of each in
100s is $164. Another EPROM, the
MCM68A764, has 350 ns access time
and is priced at.$196 each in 100s.
Both are available in sample quantities.
Motorola Inc., MOS IC Division, 3501
Ed Bluestein Blvd., Austin, TX 78721.

Circle 280

BOOST IN 8086 uP PERFORMANCE
Two developments by Intel are claimed
to extend the performance range of uPs
by 50 percent or more. The first is a
fast CPU, the 8086-2, for the MCS-86
family. The second is an EPROM, the
2732A, that is twice as fast as previous
EPROMs. The 8 MHz 8086-2 16-bit
uP, utilizes HMOS II technology to
upgrade the performance of the CPU
by 60 percent while maintaining total
software compatibility with existing
applications. Intel expects new appli-
cations to be opened in telecommuni-
cations equipment (such as digital tele-
phone switching), data processing (such
as intelligent terminals), business equip-
ment (such as word processing), and
real-time process control. The new

2732A 32kb EPROM is a fourth-
generation design based on Intel’s
HMOS-E technology. The EPROM

operates at maximum access times
down to 200 ns. In contrast, 450
nanoseconds is the industry standard
speed for high-density EPROMs, which
are generally used to store micropro-
cessor programs. Total system support
is also available for the 8086-2 since all
bipolar bus support, LSI peripheral,
and dynamic and static memory de-
vices usable with the standard S MHz
8086 can also be used with the 8 MHz
version. Additionally, the recently
introduced 8089 I/O processor can be
used in 8086-2 systems to increase the
input-output capabilities significantly.
The 8089 acts as a coprocessor in the
system, executing input-output pro-
grams concurrently with the 8086 exe-
cution of the main program. For pro-
gram storage, the 8086-2 can use the
new 2732A EPROM, the third-genera-
tion 2716 16kb, and 2732 32 kb
EPROMs, and interchangeable mask-
programmed ROMs. At 200 nano-
seconds access time, the 2732A is faster
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than typical 8086-2 applications re-
quire. (Memory devices with 250 ns
access times were used without wait
states in benchmark studies.) However,
the extra speed may be needed in
some large system applications. The
new EPROM can be programmed with
the Intellec system’s universal PROM
programmer and UPP 833 personality
card or with standard PROM pro-
grammers. The 8086-2 is available now
and can be ordered in volume immedi-
ately. $200 ea. in quantities of 100.
The 200 ns 2732A EPROM is $§570. A
250 ns version is offered at $475. These
devices are available in limited quanti-
ties for customer sampling. Intel Corp.,
3065 Bowers Ave., Santa Clara, CA
95051. Circle 279

JUMPER WIRES. New kit contains 20
AWG (0,8mm) RW-50 jumper wires
that are precut and turned 90° at both
ends allowing easy insertion in bread-
boarding modules. Jumpers are Kynar
insulated and prestripped .250" on
each end. These jumper wires replace
cutting, stripping and bending wires
for interconnecting components in

both solderless and soldered proto-

types or laboratory applications.
Offered S50 per package in assorted
lengths from 1/2" to 4". RW-50 is
priced at $2.95. In stock at local elec-
tronics dealers or directly from O.K.
Machine and Tool Corp., 3455 Conner
St., Bronx, NY 10475. Circle 64

PDP-11 MAGTAPE CONTROLLER.
The TC-130 provides mixed density
(1600 bpi PE and 800, 556, 200 bpi
NRZ) and a software-compatible,
embedded design. It permits an inter-
mix of 9- and 7-track, up to 8 drives.
The dual-speed switch-selectable (12.5
to 125 ips) TC-130 fits all PDP-11s.
Wespercorp, 1100 Claudina Pl,
Anaheim, CA 92805. Circle 274

NEW uP CONTROLLED TAPE BACK-
UP A new microprocessor-controlled
one-half-inch reel-to-reel tape trans-
port provides price-compatible back-
up and archival storage for multi-plat-
ter 8-inch and 14-inch Winchester disk
drives. The 6809 Data StreamerTM

Transport by Kennedy operates at 100
ips using IBM and ANSI compatible
1600 cpi phase-encoding techniques.
In streaming mode, the transport stores
or restores 12M bytes of data in 75
seconds and 40M bytes in 250 seconds.
Total unformatted capacity is 46M
bytes on a 10.5 inch reel. The unit also
operates at 12.5 ips in a start/stop
mode to accommodate conventionally-
recorded tapes. The integral formatter
has all logic necessary for reading,
writing and control of 1600 cpi ANSI
and IBM compatible nine-track tape. It
generates preamble, post-amble, file
marks, and identification bursts. All
timing is referenced to a quartz-crystal-
controlled oscillator. In the 100 ips
streaming mode, access time is 295
msec for both read and write; in the
12.5 ips start/stop mode, read access
time is 44 msec and write access is
40 msec. Rewind is accomplished at
200 ips. The Data Streamer Transport
has a MTBF of more than 10,000
hours; mean time to repair is 0.5 hours.
The recoverable read/write errors do
not exceed one-bit in 10'°. Voltage
required is 115V at 60Hz with 100V,
50Hz or 60Hz; 220V, 50Hz; 230V,
60Hz; and, 240V, S0Hz options avail-
able. $2,500 each in OEM quantities.
Delivery 60 to 90 days, ARO. Kennedy
Company 1600 South Shamrock Ave.,
Monrovia, CA 91016. Circle 277

DATA-MONITOR DATA SHEET Hal-
cyon’s new data sheet features their
802A Data Monitor that automatically
monitors and stores data for all lines
up to 56K bps (full duplex), on dis-
play screen or scrolls. The data sheet
illustrates the unit and describes opera-
tion, special features and preliminary
specifications. Copies of this data
sheet and additional information
available from Halcyon, 2121 Zanker
Road, San Jose, California 95131.

Circle 201

BUSINESS GRAPHICS PACKAGE
ZCHART III by Nicolet Zeta Corp.
produces multicolor line, bar and pie
charts created in an interactive session
by the user’s responses to simple, Eng-
lish-language questions. Plot descrip-
tion and data files are stored separate-
ly, allowing the user to run new data
with an existing chart design or the
same data with a different chart
design. Software takes full advantage
of the unique features of Zeta’s
microprocessor based controller. Com-
bined with any Zeta plotter, the con-
troller provides higher throughput and
reduced operating costs. This is due
to the distributed processing per-
formed by the controller. Typically
host CPU time is reduced by 50%.
Available on a 30-day delivery sche-
dule. Nicolet Zeta Corporation, 2300
Stanwell Dr., Concord, CA 94520.
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ON BOARD PROGRAMMER FOR
DEC PDP-11 and LSI-11. PROM Pro-
grammer Modules with On-Board Pro-
grammer capability are designed for use
with the DEC PDP-11 and LSI-11 com-
puters. On-Board Programming permits
system design engineer to blow PROM’s
on-line utilizing the computer in lieu
of an off-line device. Results can be
tested, compared and executed imme-
diately. The MDB-MR-004 module ac-
commodates commercially available

2716 and 2732 UV eraseable PROMs.
The On-Board Programmer is switch
or program selectable. It has a status
register for programming write, inter-
rupt enable, and done. The PROM,
status register and vector addresses are
switch selectable. Bus Request levels
are selectable. The module requires
one quad slot in the PDP-11 chassis.
The MLSI-MRV-004 PROM Program-
mer Module for use with LSI-11 com-
puters accommodates commercially
available 2716 and 2758 UV eraseable
PROMs. The On-Board Programmer is
switch selectable, as are memory area
allocations. It is a dual module requir-
ing one-half quad slot in the chassis.
MDB also offers the MR-005 PROM/
RAM Module for use with PDP-11
computers. It accommodates commer-
cially available 2704, 2708, 2716 and
2732 UV eraseable PROMs and 4118
and 4016 RAMs. Other features are
the same as the LSI module; it requires
one quad slot. The MLSI-MRV-005
PROM/RAM Module is available for
use with LSI-11 computers to accom-
modate 2716 and 2732 UV eraseable
PROMs and 4016 RAMs. PROM and
RAM are mixable but chip addressing
must match; memory allocation is
strappable. It is a dual module. There
are no DEC or other vendor modules
of these types commercially available.
PROM Programmer Module (-004) is
$495 for the LSI-11 and $995 for the
PDP-11. PROM/RAM modules (-005)
are $225 for the LSI-11 and $575 for
the PDP-11. Delivery, 30 days ARO.
MDB SYSTEMS, Inc., 1995 North
Batavia St., Orange, CA 92665.
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BUS CONVERTER BOARD A dual-
purpose bus converter “Qniverter” by
Able can be used two different ways.
It can permit a PDP-11 Unibus system
to access LSI-11 compatible con-

trollers and memories. It can also per-
mit an LSI-11, LSI-11/2, LSI-11/23,
PDP-11/03 or PDP-11/23 system to
access Unibus compatible controllers
and memories. Qniverter supports
many features of the LSI-11/23 in-
cluding four-level interrupt structure,
memory parity and full 256K byte
addressing. It also provides for ex-
tended bus loading by making possible
the addition of 19 Unibus loads to an
LSI-11 system or a Q-bus drive capa-
bility to a Unibus system. The dual-
purpose quad-width converter installs
into a quad slot of the LSI-11 back-
plane and is software transparent to
the host computer. Memories and con-
trollers may reside on both the Unibus
and Q-bus. $750. Delivery, 30 days
ARO. Able Computer, 1751 Langley
Ave., Irvine, CA 92714, Circle 275

BOOKLET ON VOICE READOUT
SYSTEMS A 12-page colorful brochure
describing the capabilities and applica-
tions for Master Specialties seven
products is now available. Design and
operational specifications for the entire
line of Master’s telecommunications
and voice readout systems are included.
Each of the voice reproduction sys-
tems utilizes IC’s instead of mechani-
cal tape, eliminating wear and main-
tenance by eliminating moving parts.
Detailed specifications are written in
diagramatic form. Master Specialties
Company, 1640 Monrovia, Costa Mesa,
CA 926217. Circle 276

6502 ASSEMBLY LANGUAGE
PROGRAMMING is the newest addi-
tion in OSBORNE/McGraw-Hill’s con-
tinuing series of books on micro-
computer assembly languages. This
550-pg. paperback ($9.50) includes:
over 80 programming examples with
standard format, including flowcharts,
source programs, object code and
text; ® each 6502 instruction fully ex-
plained ® 6502 Assembler conven-
tions; ® programming the 6502 inter-
rupt system; and ® 6502 I/O devices
and interfacing methods. Other well-
known uC books by Dr. Leventhal —
780 Assembly Language Programming,
6800 Assy. Lang. Prog., 8080 Assy.
Lang. Prog. (Osborne), etc. — are stan-
dard uC texts, well-known classics
and are widely used throught the elec-

tronics industry.OSBORNE /McGraw-
Hill, 630 Bancroft Way, Berkeley, CA
94710. Circle 127
EPROM WITH 24-PINS AND

5-VOLTS, A 64K EPROM that uses a
single five-volt supply and a standard
24-pin ROM package has been intro-
duced by Motorola. Designated
MCM68764, the new EPROM pre-
serves the ROM/EPROM package and
function interchangeability of Moto-
rola’s 8K to 64K Memory series. The

use of a 24-pin package (rather than
28) was accomplished by placing a
dual function on pin 20. During pro-
gramming it handles the 25V pro-
gramming pulses and in read opera-
tion it is the chip enable. With a 450
ns access time it will dissipate less than
880 mW in the active mode and less
than 140 mW in the standby mode.
Unit price in quantities of 100 is
$164. Another selection, the MCM-
68A764, with a 350 ns access time, is
priced at $196 each in lots of 100.
Both numbers are available in sample
quantities. Motorola Inc., MOS IC
Div., 3501 Ed Bluestein Blvd., Austin,
TX- 78721, Circle 197

MULTIBUS RAM BOARD Electronic
Solutions offers a new 48K RAM
Board product line that is fully com-
patible with Intel’s “iSBC-80 Multi-
bus.” The RAM-048 contains 48K of
Dynamic RAM and has memory access
time of 450 ns. Additionally, the
RAM-048 is burned in at 55°C for 168
hours prior to 16 hours of reliability
testing, and has a 3-year warranty.
Price is $1565 for quantity of 1-9 and
$1410 for 10-24. Delivery is from
stock. Electronic Solutions, Inc., 5780
Chesapeake Ct., San Diego, CA 92123.

Circle 192

FLEXIBLE DISK MEMORY SYSTEM.
Double sided, DEC-compatible. First
system compatible with all DEC and
IBM diskette formats, (including IBM
double density, double sided.) The
DSD 480 system R/W on both sides of
industry-standard 8" diskettes for a
formatted capacity of one megabyte
per diskette, or two megabytes of on-
line storage. Doubles capacity of other

DEC compatible flexible disk systems,
and allows DSD 480 users to conve-
niently transfer data and programs be-
tween DEC and IBM computers. It is
possible to transfer utilities and appli-
cations programs written for IBM ma-
chines directly to DEC computers, or
vice versa. Packaged in a low-profile
5%-inch chassis for easy rack mounting
or tabletop operation. Simple opera-
tion and complete documentation fa-
cilitate system integration. Delivery 30
to 45 days ARO. OEM discounts avail-
able. Data Systems Design, Inc., 3130
Coronado Drive, Santa Clara, CA
95051. Circle 69
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New Products

NEW COMPUTER SYSTEM This
Model 8200 system is designed espe-
cially for small business and profes-
sional office environments. The system
hardware includes: Z-80 microproces-
sor at 4 megahertz, 3 usarts, S6K RAM
memory, 24 x 80 no glare video screen
with inverse video, detached matching
keyboard, dual floppy disk drives with
630K bytes of storage, and typewriter-
quality or high-speed printer with
forms tractor. Hardware options in-
clude: acoustic modem for communi-
cations over phone lines, sheet feeder
for automatic feed of stationery, and
a variety of other standard peripherals.
The system sells for $11,995 with type-
writer quality printer or $10,995 with
high-speed matrix printer. Included in
the price are: one software package,
BASIC and ASSEMBLY languages, a
designer desk, reference manuals,
training, starter supplies and delivery.
Delivery 2-3 wks ARO. Compal, Inc.,
6300 Variel Ave., Woodland Hills, CA
91604. Circle 300

FREE ELECTROSTATIC PLOTTING
SOFTWARE A free utility plotting
package is available from Houston In-
strument. It will support its 8400
series of electrostatic plotters and
plotter/printers when used in conjunc-
tion with EPIC I or II vector to raster
converters. This software package,
written in Fortran, has been specifically
tailored to PDP-11 computers utilizing
the RT-11 operating system. Subrou-
tines supplied are the same as those for
Houston’s COMPLOT® pen plotters.
Compatibility allows existing applica-
tion programs currently running on
the company’s supplied software to
run on an electrostatic plotter with a
minimum of problems. It is easily
adaptable to other computer systems
using Fortran. For details of the soft-
ware package contact Jim Raska,
Houston Instruments, One Houston
Sq., Austin, TX 78753. Circle 278

M6800. The 2nd vol. of the “Practical
Microcomputer Programming’ series
addresses the problems of applications
programming at assembly level. In 16
ch. and more than 100 formal ex-
amples, the fundamental techniques of
assembly level programming are applied
to specific problems. It covers number
base conversion; table lookups; trig;
subroutines and SP usage; multiplica-
tion; div; multiple precision arithmetic;
generation and use of pseudo random
numbers. I/O under both program and
interrupt control are covered, with
complete operating examples, and
use of real time clock interrupt. Pro-
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gram debugging methods and full
source text debug program are in-
cluded. $21.95. Northern Technology
Books, Box 62, Evanston, IL 60204.

Circle 292

NEW FLOPPY-DISK CONTROLLER
This new floppy-disk controller (FDC)
is compatible with the TM990 series of
microcomputer board products. The
board, designated TM990/303, sup-
ports up to 4 double-sided drives and
provides complete floppy disk mass
storage capability. It is programmable
by the CPU for data encoding formats
and number and types of diskette

drives. It can interface to single density
drives or either of the two most popu-
lar dual-density drives (FM or MFM).
The controller is compatible with IBM
3740 and TI disk formats. Data trans-
fer format and steppermotor rates are
both programmable. Other features:
write precompensation, 5" or 8" disk-
ette compatiblity, soft sector com-
patibility, internal phase acquisition
and address mark detection. $845.
Delivery, 4 wks ARO. Texas Instru-
ments Inc., Inquiry Answering Service,
P.O. Box 1433, MS 6406, Houston,
TX 77001. Circle 291

8080/8085 ASSEMBLER. The assem-
bler in this book, “An Editor/Assem-
bler System For 8080/8085-Based
Computers,” follows the rules in
“Practical Microcomputer Program-
ming: The Intel 8080,” by Weller,
Schatzel and Nice. The NTAS80 is
assembled to use the first 1B901g or
705610 locations of memory, with the
source program that is to be assembled
residing in any other region of memory
you like. Your own I/O routines may
reside anywhere else in memory. The
assembler can be used immediately
with an ASR-33 or equivalent that is
connected to port O (status) and port
1 (data). Both books are from Northern
Technology Books, Box 62, Evanston,
IL 60204. Circle 293

" Romankiw,

SMALLER-SIZED IC’S? A new elec-
tro-plating development gives promise
that circuit boards of the near future
may be smaller in size and have more,
closely-packed microcircuits. Scientists
at IBM’s Thomas J. Watson Research
Center have developed an electroplating
method that uses the heat from a laser
in depositing metal over microscopic
areas. This offers a potentially simpler
means of producing the small metal
patterns that form the basis of modern
electronic circuitry. Where this new
approach can be applied, there would
be no need for the overlaid ‘“‘masks”
that are used in conventional photo-
lithographic methods of fabricating
circuits. With conventional electro-
plating, electrons at the cathode com-
bine with positively charged metal ions
in solution to form a metal layer.
Meanwhile, metal from the oppositely
charged anode dissolves and supplies
the solution with fresh metallic ions.
This old process of metallization can
now be combined with photographic
and lithographic methods to define
metallic and nonmetallic structures in
microcircuits. With the new experi-
mental method, a finely focused laser
beam heats a small surface area on
which metallic material is to be de-
posited, and thus enhances deposition
of the metal. The researchers have suc-
ceeded in electroplating regions as
small as four micrometers in diameter
(one micrometer equals about 1/25,000
inch). The initial IBM work on the sys-
tem was done by Robert J. von Gutfeld
and Robert L. Melcher; additional con-
trihutions were made by Lubomyr
Samuel E. Blum, and
Eugene E. Tynan. IBM’s Thomas J.
Watson Research Center,P.O. Box 218,
Yorktown Heights, N.Y. 10598.

VIDEO-SPEED 8-BIT MONOLITHIC
CONVERTER. A mil-temp version of
its 8-bit monolithic video-speed ana-
log-to-digital converter, has been intro-
duced by TRW LSI Products. The new
product (TDC-1007J-M) is a military
version of the commercial TDC-1007]7,
introduced in 1978. The new unit is
guaranteed to operate over a case tem-
perature range of —30 to +125°C. The
TDC-1007J-M is also available tested
to any of the MIL-STD-883B environ-
mental test conditions. Designed to re-
place bulky discrete and hybrid cir-
cuits in high-performance military ra-
dar and image acquisition system, the
TDC-1007J-M performs 30 million
conversions per second while drawing
only 2.5W. It utilizes a fully parallel,
single chip of 20,000 closely matched
bipolar components. The device is
housed in a standard 64-pin DIP and
weighs one-half ounce. R781. Testing
to 883B specs is additional. TRW LSI
Products, PO Box 1125, Redondo
Beach, CA, 90278. Circle 126



GENERAL PURPOSE LOGIC MOD-
ULES include five different modules
tailored for different applications users
are likely to encounter. The MLSI-
1710 is a General Purpose Interface
Module; the MLSI-DRV11P, a Bus
Foundation Module; the MLSI-11B, a
General Purpose Direct Memory Inter-
face; the MLSI-WWBI1, a Universal
Quad Wirewrap Module; sockets
optional; and the MDB-W9501, a Uni-
versal Quad Wirewrap Module. MDB
Systems, Inc, 1995 N. Batavia St.,
Orange, CA 92665. Circle 142

WIRE-WRAPPABLE SOCKETS. What
you always wanted to know about
wire-wrappable sockets — selection
criteria, pros and cons of various con-
structions and other facts — are all in-
cluded in this literature. When is dual-
leaf spring action’s contact redundancy
needed? When should you go with
gold or tin plating? When must new
techniques replace traditional ones?
These and more design tips are covered
in this free socket brochure and IC
packaging manual. Thermionic Corp,
445 Concord Ave, Cambridge, MA
02238. Circle 164

THERMAL PRINTHEADS. For high-
density graphic printing, Series DM
48256/48288/69414 have correspond-
ing dot densities of 88, 91, and 100
dots/in. across 3", 3.3" and 4.3", re-

spectively. High dot density is by an
“interleaved” interconnect arrange-
ment of the dot address lines. Printing
speed: 5 Ips of alphanumeric text, up
to 0.5 ips of graphics. Gulton Indus-
tries, Inc., 212 Durham Ave., Metu-
chen, NJ 08840. Circle 228

PDP-11 MODULE. Plug aUMC-Z80 in-
to a UNIBUS SPC slot and get a total
uC system to increase throughput and
processing capabilities, handle proto-
cols, terminals, network interfaces,
controller emulation, data acquisition,
processing and highspeed DMA trans-
fer. Total software development sys-
tem speeds programming. Memory can

expand to 1M byte and it supports
over 32 serial I/O lines. Associated
Computer Consultants, 228 East Cota
St, Santa Barbara, CA 93101.

Circle 172
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New Products

PLUG-IN DATA MONITOR 802A
accomodates any data rate from 50
bps to 19.2K bps (option to 56K bps)
and has a 7" CRT to display 1024 char.
It has statistical error analysis, storage
capacity of 64X bytes, displaying
ot continuous key contiguration para-
meters, automatic turnaround-time
measurement and transmitting capa-
bility for terminal polling. Halcyon,
2121 Zanker Rd., San Jose, CA 95131.

Circle 221

CRT DISPLAY. With this electron-gun
CRT computer terminal displays won’t
“bloom™ at high-brightness levels. The
high-density electron beam provides
increased brightness up to double
present peakline brightness (w/o a cor-
responding reduction in resolution).
Operated in high-resolution CRT ter-
minals at 60 Ft.-Lamberts w/o bloom-
ing. Screen can be viewed in direct
sunlight. Watkins-Johnson, 3333 Hill-
view Ave., Palo Alto, CA 94304.

Circle 216

PDP-11/LSI-11 CALENDAR CLOCK,
TCU-100 ($495), provides month, day,
hrs, min, and sec and can interrupt on
date/time (or periodic intervals) for
PDP-11. TCU-150 ($430) provides

year, mon, day, hr, min and sec (for
PDP-11), and automatic leap year.
Patches for RSX-11M, RT-11 FB/SJ
VO2, VO3 and UNIX. For the LSI-
11/2, there’s the TCU-50D ($295) to
provide mon, day, min, and sec. Dual-
size board. Patches for RT-11 SJ/FB
VO2, VO3B. Digital Pathways Inc.,
4151 Middlefield Rd., Palo Alto, CA
94306. Circle 217

UNIVERSAL GRAPHICS DISPLAY
G-Box peripheral device used with any
computer adds high density graphics.

Video image output is a matrix of
512x240 dot positions with capability
of expansion using larger memories.
Each of the dots can be selectively
set or reset. In addition, many high

level commands for drawing lines and
other graphic actions are automatic-
ally performed by the G-Box. $350-
$2k. Objective Design, Inc., Box
20325, Tallahassee, FL 32304.

Circle 232

“MICROPROCESSOR INTERFAC-
ING TECHNIQUES” (2nd ed), by
Rodney Zaks and Austin Lesea, con-
tains useful information hard to find
elsewhere. Experienced uP users won’t
learn much from it, but newcomers
who do not want to spend a long time
reinventing the pyramid will find it a
useful reference book. Ch. 4 and ch. §,
devoted entirely to D/A-A/D conver-
sion, are the heart of this book; it is on
these chapters that the book should be
judged. There are some surprising omis-
sions — the 6500 and 9900, two of the
most important devices, are not men-
tioned! (6500 users are partly catered
for by references to the 6800). The sec-
tion on D/Ac’s ignores the existence of
Analog Devices’ AD6522 — one of the
best uP-compatible DACs around. But,
these are relatively minor faults, in
what is, on the whole, a useful collec-
tion of circuits, illustrations and de-
scriptions covering all of the important
intertace problems. Ch. 6 covers bus
standards such as S-100, IEEE-488 and
Camac, and topics such as supplies.
Sybex, 2020 Milvia St., Berkeley, CA
94704. Circle 193

Polled Terminal Networks and more.

The Austron 8900 delivers interface
capability for under $3,000.* See us at
Interface '80 Booth # 1050.

* (Quantities of 50 or more.)

Austron Data Systems

NOT JUST ANOTHER
PRETTY INTERFACE.

The Austron Model 8900 Card Set Gives
You On-Line Interface Capabilities.

The new Austron 8900 delivers on-line interface
capability between IBM System Channel and LSI-1 1
with data throughput at transfer rates up to one
megabyte per second. Consisting of three Quad-
height PC cards, and free software emulation
package, the applications of the 8900 are limitless,
including: IBM to DEC interface, High Speed
Interface for Seismic and Graphic Systems,

@AUSTRON .

1915 Kramer Lane, Austin, Texas 78758 (512) 836-3523.
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SYSTEM INTEGRATION. NOVA-
COMPATIBLE tape controllers, more
CRT ports, etc, can be added to your
system. Bytronix puts together a CPU
with 64K bytes of memory, disk con-
troller, 4-port multiplexer, printer con-
troller — a 3-board configuration in a
6-slot chassis. Or just about any other
configuration. All hardware is inte-
grated, thoroughly checked as a sys-
tem and guaranteed by the same single
source. Performance has been proven:
100s of systems are running success-
fully under various OSs (IRIS, BLIS/
COBOL, MICOS, VMOS, FORTH).
Simple systems delivered from stock
(others within 30 days). Bytronix,
2751 E. Chapman Ave., Fullerton, CA
92631. Circle 233

PDP-11V23/PDP-11T23 use floppy-
disk storage and higher-capacity hard-
disk storage, respectively. Each of these
high-end members for DEC’s line of
packaged uC systems has 2.5X the
execution speed of the entry-level
PDP-11/03-based packaged systems.
Both are general-purpose systems.
PDP-11V23 consists of two RXO02
floppy-disk drives, PDP-11/23 process-
or with 128 K bytes expandable to
256 K bytes of memory and either a
hardcopy or VDT. PDP-11T23 em-
ploys a 40" H cabinet for processor
and two RLO1 hard disks. It employs

128 K bytes of memory and has hard-
copy or video terminals. Available
software: RT-11 OS, programming

language compilers, editors and utili-
ties. Compilers include ANSI-standard
FORTRAN 1V, and BASIC. PDP-

11V23, §15,150; PDP-11T23,.$20,750.
Digital Equipment Corp., Maynard,
MA 01754. Circle 223

REMOTE PRINTERS. Serially inter-
faced, high-speed printer systems, are
capable of receiving data from mini-
computers positioned up to 2000 ft
away. Designed and manufactured by
SSI, the SI-22 interface may be used
with the firm’s complete line of high-
speed impact printers, including the

200 lpm impact matrix, 300 and 600
lpm band printers, the SSI 2200 printer
series (300 and 600 Ipm drum) and 600
lpm ChainTrain. EIA/RS-232C, cur-
rent loop, X-ON/X-OFF, ACK/NACK,
modem control signals, baud rates to
19.2K baud and 45 other variables are
available. Southern Systems Inc., 3000
NE 30th Place, Fort Lauderdale, FL
33306. Circle 199

SYSTEM/38 purchasers in a bind can
update their System/3 Model 15Ds
and hook up more terminals in the in-
terim. Are you now operating with
160K — and is your system’s response
to on-line applications creating data
traffic jams? Then, these special pack-
ages can add 32K additional memory,
2 Memorex disk drives (20% faster
than 3340A 2 or B2) and 72 KB tape
drive for more capacity and speed.
Memorex 3015 Daimler St., Santa
Ana, CA 92705. Circle 141

REAL-TIME EXECUTIVE. This
60-pg. paper covers organization,
design concepts, data structures, and
major facilities of the REX-80 Real-
Time Executive for 8080, 8085, Z-80.
Advantages of the real-time executive
approach are discussed, plus several
application examples. $5. Systems and
Software, Inc., 2801 Finley Rd.,
Downers Grove, IL 60515.  Circle 224

MS1-TD

Compact signal generator operating
from 10 to 10.000 bit per sec.-
Suitable for test and measuring in
data or telegraph circuits.

ME1-TD

Disortionmeter for telegraph and data
applications. Operating from 10 to
10.000 bit per sec.-Suitable for test
and measuring in data or telegraph
circuits.

MR
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PME

Line level measuring set-Operates

in range 30Hz to 20.000Hz-Combined
analogue signal generator and receiver
-Inbuilt audio monitor and active

voice adapter.

Do you have problems?

Let us solve them—with our range of

Head Cffice:
A-1040 Wien, Theresianumgasse 11
= 0222/6597 510 Telex 1-31091 A

A
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New Products

FOUR 120-CPS DATA TERMINALS offer a dual-matrix
thermal printhead that prints two 5x7 dot-matrix characters
with each movement across the page. The Model 781 Re-
ceive-Only (RO) Printer, the Model 783 Keyboard Send-Re-
ceive (KSR) Data Terminal, the Model 785 Portable Data

Terminal and the Model 787 Portable Communications
Data Terminal comprise the 780 Series of terminals. Stan-
dard features include bidirectional printing, full duplex op-
eration, a receive buffer for data overflow protection, an-
swerback memory that can store up to 21 characters in
nonvolatile memory for terminal identification to the host;
128-character ASCII set and self-test diagnostics capability.
Prices: 781 RO, $1595; the 783 KSR, $1795; 785 Portable
Data Terminal, $2445; and 787 Portable Communications
Data Terminal, $2895. Texas Instruments, P.O. Box 1444,
M/S 7784, Houston, TX 77001. Circle 242

NEW HORIZONTAL CARD CAGE lets users combine ana-
log and digital circuits within one enclosure. Users can also
mix wire-wrap with stitch-weld and stitch-wire boards or PC
cards. Guide separator locations are optional to permit mix-
ing single, double and triple width boards. The card cage
comes with either a continuous backplane or three separate
backplanes to provide the different voltages and grounds
needed to mix analog and digital boards. All use 96 pin I/O
connectors. Flexible spacing permits users to install up to
four wire-wrap boards or seven stitch-weld boards or a com-
bination of the two. The card cage mounts into standard
19-in. cabinets. Fan is optional. Augat Inc., 33 Perry Ave.,
P.O. Box 779, Attleboro, MA 02703. Circle 241.

MICROLINE 80 PRINTER makes it unnecessary for cus-
tomers to purchase different printers for different forms;
the unit accommodates friction, pin and tractor feed forms
with one model. Its platen handles friction and pin feed and
optional tractors snap in place for tractor feed. Standard 1-,
2- and 3-part paper can be used. The Microline 80 fits in an
attache case and features program-controlled font selection,
MPU-controlled interfaces and a 200M character head war-
ranty. The printer operates continuously at 80 cps with no
duty cycle limitations, producing 9 x 7 uc/lc characters
across an 80-column page. It also prints condensed charac-
ters at 16.5 cpi, accommodating 132-column formats. Line
spacing, at six or eight Ipi, character spacing and font selec-
tion are all under program control. Prices start at $760.
Okidata Corp., 111 Gaither Dr., Mount Laurel, NJ 08054.
Circle 237



DUAL HEADED FLOPPIES. Remex RFD 4000 improved
dual head and carriage assembly treat diskettes gently. The
ceramic bottom head is fixed in a special lightweight car-
riage; the top head is mounted via a movable load arm. It
has 4 times the storage capacity over std. drives. Its band
drive positioning improves data track and reliability. Im-
proved access time of 3 ms track-to-track means an avg.
seek of 91 ms (including settle). It’s physically and electri-
cally compatible with systems designed to use other (Shu-
gart/IBM) popular dual-head drives. Ex-Cell-O Corp., Remex
Div., 1733 E. Alton St., Box C19533, Irvine, CA.

Circle 227

TWO MAGNETIC TAPE SYSTEMS for VAX-11/780s
Model TFS-812 800/1600-bpi and Model 804 GCR 1600/
6250-bpi systems — operate on the Unibus adapter and
comes with software drives compatible with VMS operating
systems. Model TFS-812 consists of a controller, industry-
standard transport and cables. The system throughput re-
quirement can be matched by providing tape transports
at 45, 75 or 125 ips. Up to eight tapes can be daisy-chained
off the same controller. Prices start at $8250. Model 804
reads and writes in IBM and DEC packing formats and also
reads and writes on the fly. The dual-density, 9-track 75-ips
system provides storage in excess of 150 MB on a 2400-ft
reel. Data transfer rate is 470 Kbps. A simultaneous on-the-
fly two-track-error-correction capability enhances data
integrity. Price: $28,200. Optional cabinet with cooling
fans for housing a single tape drive and formatter: $1200.
Suitcase tester: $6500. Aviv Corp., 6 Cummings Park,
Woburn, MA 01801. Circle 246

INTERFACE PRODUCTS FOR MULTIBUS single board
computers include two general purpose Bus Foundation
Modules, one for 16- and one for 8-bit Intel computers,
$295 and $245, respectively. A Universal Wire Wrap Mod-
ule ($145) and Extender Board ($100) require only a single
slot in an Intel chassis. The foundation modules consist of
basic multibus logic elements plus wire wrap positions for

up to 38 IC devices using low-profile sockets or direct
mounting of 14 to 40-pin ICs. The wire wrap module pro-
vides for up to 60 low-profile sockets or ICs in combination
from 14 to 40-pin packages. MDB Systems, Inc., 1995 N.
Batavia St., Orange, CA 92665. Circle 248

REVAMPED SYSTEM: ACCOUNTING AND CHARGE
BACK SYSTEM. Arsap now supports RSX-11M V3.1 and
V3.2, multiple disk device storage accounting, multiple
UFD storage accounting, reformatted and improved
reports, and expanded documentation. In addition, instal-
lation has been shortened to 20 minutes. Arsap’s method of
statistics collection requires no system generation and does
not jeopardize DEC software support. Arsap is a propri-
etary software product that enables PDP-11 system mana-
gers to monitor computer usage, measure system perform-
ance and bill for resource utilization. Licensing fee $2995.
Gejac, Inc., PO Box 188, Riverdale, MD 20840. Circle 236

FREE Catalog

New 4-way relief from problems with
minicomputer supplies and accessories.

1. One-stop shopping.

Inmac (formerly known as
Minicomputer Accessories
Corporation) has a catalog
of over1000 products.Every-
thing from racks and line-
printer paper to connectors
and cables. Each designed
to help keep your minicom-
puter or word processing
system up and running.

2. Hassle-free ordering.

Inmac lets you order by
mail or phone. So keep this free
catalog close. It makes those once-tough tasks like
ordering your magnetic media easy, fast and foolproof.

3. Fast shipment of just the quantity you need.

Inmac ships your order within 24 hours from centers in
California, New Jersey and Texas. In a bind? Call us for the
many special services that can get your products to your
installation even faster, with no minimum-order requirement.
4. Field-proven quality means precision performance.

Inmac guarantees every product in these 70 pages for
at least 45 days. And even some for up to ten years.

Send for your FREE

( I tal /]
8 Inmac it e

P

2465 Augustine Drive, P.O. Box 4780, Santa Clara, CA 95051

© 1979 International Minicomputer Accessories Corporation
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MART, INC.

DO IT YOURSELF

LOW-LOW PRICES

ANADEX Printer, DP 8000 ............. $ 845.00

CENTRONIX 730 Matrix Printer ... .. .. 825.00
(with 4 free zip pack ribbons)

HAZELTINE 1520 .. .. .. L B s 1319.00

NEC Spinwriter 5510 (RO) .. 2643.00

(inc. forms tractor)

SORC 1Q 140 (Assembled) ... .......... 1245.00

Tl 810 Basic (upper & lower case) 1669.00
T1 994 Personal Computer . ........ 1150.00
TEC 511 CRT (upper & lower case) . . . 799.00
LA 34 DEC Writer Teleprinter ... ....... 1195.00
CARTRIDGES « DISKETTES « MAG TAPE

ACCESSORIES

ADDS, CENTRONICS, HAZELTINE, IMSAI, LEAR
SIEGLER, TECHTRAN, Ti, VECTOR GRAPHICS
AND OTHERS

STORE HOURS: 9 A.M.-5:30 P.M. Mon. through Fri.
Call or write for quotes or information.

Disc/3

MART, INC.

1840 LINCOLN BLVD.,
SANTA MONICA, CA 90404
(213) 450-5911
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A True Random Number Generator

Briefly, the 8080 subroutine described
here generates, in software, a true ran-
dom number, based on the length of
time an operator takes to type a re-
sponse to a prompt on an output device
such as a TTY. The subroutine incre-
ments a register pair and checks the
keyboard status flag. If a character is
not waiting, the register pair is incre-
mented and the subroutine continues
to loop.

The subroutine as described can be
used in a system using an Intel 8251
USART, or with minimal modification,
in a system using a UART or parallel
1/O port.

Random number generators are fre-
quently needed in computer programs
for simulations, educational programs,
games, etc. Implementation of a ran-
dom number generator is usually
achieved in one of two ways. The soft-
ware pseudo-random generator is most
often used, because pseudo-random
routines are widely available and are
casy to add to a program. The draw-
back is that, since pseudo-random se-
quences are not truly random, they
will eventually repeat. Hardware gen-
erators are also used, but require hard-
ware system modification —not always
possible.

The subroutine works as follows: A
Listing is truly random because it relys
on operator response time. The only
hardware required for the subroutine
as described is a serial I/O port (an
Intel 8251 is described but not manda-
tory). A parallel I/O port can be used
if a Data Ready flag from the keyboard
is available.

The subroutine works as follows. A
prompt requiring an operator response
is sent to the output device (TTY,
CRT, etc). After the last character has
been sent, the keyboard status flag is
cleared. If it were not cleared, the
operator could begin typing the re-
sponse prior to the end of the prompt,
thereby resulting in a zero response
time. Register pair B&C is used as a
counter in a loop, so the contents are
saved on the stack prior to entering
the count loop. There is no need to
initialize the register pair to a known
value for the random number count
loop. On each pass through the loop,
the keyboard status flag (RxRDY for
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The subroutine RNDNO listing, written in Intel 8080 mnemonics, for a
true software random number generator, is . . .

LABEL  MNEMONIC
* USARTS  EQU 021
* USARTD  EQU 020
* RXRDY  EQU 002
*
RNDNO  IN USARTS
PUSH B
LOOP IN USARTS
ANI RXRDY
INZ SAVENO
INX B
IMP LOOP
SAVENO MOV A,B
STA RN1
MOV £,
STA RN2
POP B
IN USARTD
RET

the 8251) is scanned. If it is a logic
one, a character has been transmitted
from the keyboard, so the loop is
terminated. Before inputting the key-
board character, the contents of reg-
ister pair B&C are saved in memory
at locations RN1 for register B and
RN2 for register C. The results can
be handled as two 8-bit numbers or
one 16-bit number. After the origi-
nal contents of B&C are retrieved
from the stack, the character trans-
mitted from the keyboard is input

COMMENTS

/ status port of 8251 USART
/ data port

| receiver ready flag

/ enter subroutine here

/ clear status flag

|/ save B&C registers

/ get USART status

/ character waiting?

/ yes, exit count loop

/ no, increment count registers
/ and continue to loop

/ save MSByte of random

/ number in location RN1

/ save LSByte of random

/ number in location RN2

/ retrieve original contents of B&C
/ input character waiting

/ return with char. in Accum.

and the subroutine is exited with the
character in the Accumulator. The
value of the random number generated
is a function only of how quickly the
operator responds to the prompt. Gen-
erally, RN2 will be larger than RNI1.

JC. Hassal, H&H Enterprises, 1201
Highland Circle, Blacksburg, VA.

Rate this design: circle 13L, 13M
or 13H on Reader Inquiry Card

Console Message Display

To add to your string of “Console Mes-
sage Display” subroutines (October
1979, pg. 94 and January 1980, pg.
79), here is my version:

MSGXP XTHL
MOV AM
INX H
XTHL
CPI 0
RZ
CALL CO
JMP MSGXP

CO is the single-character output
subroutine; no special assumptions
about it are needed (e.g., subroutine
CO may change the contents of the
accumulator). Any desired message
terminator byte other than 0O can be
readily accommodated by changing
the second byte of the CPI O in-
struction.

The key to this version of the
MSGXP subroutine is the often-
neglected XTHL instruction, which ex-
changes the HL register pair with the
two bytes at the top of the stack. This
instruction allows the “would-be” re-
turn address at the top of the stack to



be incremented by 1 each time the sub-
routine encounters a message character.
When it finds the terminator character,
the return address is then correctly set
to the main program address which
follows the terminator byte.

A nice feature of this MSGXP is
that the HL register pair comes out of
the subroutine unchanged. As a result,
PUSH H and POP H instructions are
not needed before and after each main
program call to MSGXP. This 2-bytes-
per-call saving over the previous ver-
sions of MSGXP is only slightly re-
duced by the one-time 1-byte increased
length of MSGXP (compared with Mr.
Quilici’s 12-byte next-to-final-version
— January 1980, pg. 79). As with the
other versions, another byte can be
saved in MSGXP if you use 00 as the

terminator byte; simply replace CPI O
with ANA A.

An analogous subroutine for the
6800/6801 microprocessor is:

MS2 ISE oD
MSGXP TSX
IBX 00X
LDAA 0.X
TSX
ING . iX
BNE MS4
e %
MS4  CMPA #0
BNE  MS2
RTS

This subroutine, which is entered at
MSGXP, is 20 bytes long. It can also
be modified to work with any desired
terminator byte by changing the 2nd
byte of the CMPA A #0 instruction.
Unfortunately, this subroutine destroys
the contents of the index register, and
so a PSHX .. ..PULX instruction pair
(6801 processor) may be required
around each main program call to
MSGXP. 6800 users will have to save
and restore the index register (when
necessary) in read-write memory.

Robert J. Borrmann, EE Dept.,
Manhattan College, Bronx, NY.

Rate this design: circle 14L, 14M
or 14H on Reader Inquiry Card

A Glitch Detector and Expander

Sometimes it is very difficult to detect
troublesome “glitches” or spikes,
caused by race conditions, in complex
timing signals or signals with low repe-
tition rates. The circuit shown in Fig 1

overcomes this by detecting glitches
(positive- or negative-going), and ex-
panding them, while remaining insensi-
tive to normal timing pulses. The
glitches can be expanded to any de-

sired length so that they can be readily
displayed on a second oscilloscope
channel and compared to the original
data trace to obtain their temporal
displacement. Fig 2(a) shows a typical

45V 45V
+5V
5k6
R1
22pF C1
A 47k R2
2 74500 ok
74504 Zr O ‘ 470pF C2
74500 l_]
74504 T
Input ‘ :—— VRef 74500 Bl a2 Output
Qbue. o
% ‘ et
CLR
15‘\'17’ Q T
+5V
| | | I oV VR
10uF 22pF C1

Glitch 5nS

0.1uF

R1

+5V

Fig 1 This glitch detector circuit is suitable for lab test conditions or
actual environment. It detects spikes occurring in a pulse train and

Glitch 5nS

(a) I
s o

|

4

100mS

v

then provides an output that is adjustable in length.

Timing signal with unobservable
glitches, connected to circuit input

Output of glitch expander

Fig 2 Glitches occurring on a waveform may be too brief to be ob-

served. The detected glitches trigger a monostable that provides an
expanded output easier to detect.
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timing signal with glitches which
would normally be unobservable on a
scope. The output of the circuit is
shown in (b), glitches being at leading
edges.

The circuit operates by triggering
one monostable from each positive-
going edge, and one from each nega-
tive-going edge. The outputs of the
monostables are inhibited by normal

timing pulses of greater than about
70nsec duration (the monostable
period). Short pulses of less than
70nsec duration allow the monostable
outputs through the gating network to
trigger the expander monostable,
which can be set and adjusted to give
any desired expansion to suit the os-
cilloscope time base range being used.
The pulse width discrimination is ad-

justed by the two monostable time
constants controlled by R; and C;
and the displayed pulse width is con-
trolled by R, and C, .

P. Shouler, Stalbridge,
England.

Dorset,

Rate this design: circle 10L, 10M
or 10H on Reader Inquiry Card

Digital Circuitry Controls 4-Phase Stepper Motor

Here’s a four-phase stepper that over-
comes the need of a separate start/stop
switch and inhibit controls. Two inde-
pendent step and jog controls provide
less complexity and save two ICs. Note
that the clock generated by the timer
chip is twice the frequency of the in-
ternal clock (INT CLK) required.

This stepper motor was used in
process control systems as a control
drive. The input signals are direction
control and digital pulses only, there-
by overcoming the need of a DAC and
other analog circuits. A simple 2-line-
to-1-line multiplexer can be inserted
at the dotted line to enable the user to
select either internal or external clock
and direction control merely by means
of the MUX select bit. In such applica-
tions, step and jog controls are used
for initial setting only.

Vikram Manuja, /.1.T., India.

Rate this design: circle 11L, 11M
or 11H on Reader Inquiry Card

Have you designed and bread-
boarded a novel and useful circuit
that would interest other engineers?
Or have you written a unique
microcomputer (or even program-
mable calculator) subroutine or
program? If so, then we invite you
to share your experiences with our
readers.

What if your circuit is simple?
Don’t despair; big is not better, and
circuit complexity doesn’t guaran-
tee a winning entry. What do we
look for in a design entry? Both
simple and complex winning entries
should pass one test — fulfilling a
need. So, if that circuit idea tucked
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NC — normally closed
NO — normally open

To other
windings
> of
stepper
motor

Driver

12v

Winding of
stepper

ECN 149 £

o
Driver

This four-phase stepper motor controller circuit eliminates D/A converters, since input signals

are direction control and digital pulses.

away in your notebook or file is an
ideal “‘cookbook™ circuit, it will be
clipped, saved, referenced to and
used by engineers for years to
come.

When you send in your program
or circuit idea, do include enough
detailed program or circuit descrip-
tion. “Should I worry about gram-
mar?” is a question we’re often
asked. The answer is “No,” since
we will edit it. Include flow dia-
grams, printout, schematics, block
diagrams and a detailed description.
We prefer a typed entry; but, if
typing is not your forte, don’t
let it stop you: hand write it. And

whether hand-written or typed,
leave a space between each line.

When you do submit your entry,
keep a photocopy for yourself. If
the U.S. Mail loses the original, or if
we call for info, that second copy
will be a life saver.

Finally, we ask that all circuits
and software not be previously pub- ‘
lished (house organs and related
publications excepted) and that
your program be debugged and
your circuit bench-tested. Send ‘
your ideas to: Circuits Editor,
Digital Design, Benwill Publishing
Corp., 1050 Commonwealth Ave.,
Boston, MA 02215.




The first 5 layers are standard
forevery custom IC'we make.

With our semi-custom Monochip}* you
can have “custom” IC prototypes in just
6 weeks for $5000 or less.

That'’s because the circuit compo-
nents —the first five layers—are already
in place when you start designing.

All you do is connect them to make the
circuit you need for your application.

Working from your layout, we’ll
etch the sixth layer—the interconnec-
tions—to produce your circuit. Once
you approve the prototypes, we’ll make
production runs from 5000 to half a
million parts.

Our $59. Monochip Design Kit
gives you everything you need to
breadboard and lay out your circuit.
And free help from our IC experts is
as near as your phone.

With Monochip, you can have the
advantages of custom IC’s—smaller
size and greater economy — without
paying $50,000 and waiting a year.

Call or write today for more infor-
mation. Interdesign, 1255 Reamwood
Avenue, Sunnyvale, CA 94086.

(408) 734-8666.

il Monochip™
the semi-custom IC.

Linear Monochips Digital Monochips

Designation Components Designation Logic Cells

MOA 260 MDA —NMOS 224
MOB 300 MCA—-CMOS 100
MOC 110 MCB—CMOS 150
| Monochip Design Kits MOD 209 MCC—CMOS 200
have everything you need MOE 200 MCD-—-CMOS 420
¢ to develop your custom MOF 460 MUA—-ULA 228
| linear, CMOS, NMOS, MOG 310 MUB—ULA 225
or bipolar IC. $59.ea. MOH 374 MUC—ULA 228
MOJ 168
MOL 403

Interdesign is a Ferranti Company.
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8080 Data Transfer By Cycle Stealing

The normal mode of data transfer be-
tween memory and an external device
in an 8080 based system is either by
DMA or 1/O transfer under program or
interrupt control. DMA is inefficient
when the transfer is sporadic and at a
relatively low rate; and so is I/O under
program control. The best way is to
generate interrupts when data transfer
is to be effected. However, interrupt
service routines involve a certain
amount of overhead for saving and re-
storing the accumulator and program
counter contents. Normal program ex-
ecution is also suspended under inter-
rupt-initiated I/0.

One way of improving system per-
formance is to go in for “cycle steal-
ing” whereby the 8080 continues its
normal operations without interrup-
tions. The device gains control of the
system address and data busses during
moments when they are not required
by the 8080 itself. Thus, data transfer
between the memory and the device
takes place while the 8080 is busy
with internal operations. Normal pro-
gram execution is therefore, not sus-
pended or affected in any way. A cycle
steal is not an interrupt and does not
change instruction register contents.

Every instruction cycle in the 8080
consists of up to five machine cycles,
each consisting of three, four or five
states. The first machine cycle of each
instruction cycle has at least four
states. The first three states are used
for fetching an instruction. The data
and address busses are required to be
under 8080 control to achieve this.
The fourth state T4 is the instruction
execution state. Operations during
this state are internal to the 8080 pro-
cessor. Data and address bus levels are
unimportant to the functioning of the
8080. To achieve cycle stealing, T4 is
detected and the address and data buf-
fers consisting of 8212’s are set to the
high impedance state. The busses are
now available for external control. Data
transfer between the device and mem-
ory may be done now, while the 8080
continues with its internal operations.
Note that the transfer is to be achieved
within the T4 duration. Even with a 2
MHz clock, 500 nsec is available for
this and is therefore, easily achieved.
At the end of T4, control of the busses
reverts back to the 8080.

In Fig 1, SYNC denotes the begin-
ning of every machine cycle and is
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Fig 1 In cycle-stealing, the uC operates without interrruptions, using the address and data

buses when unneeded by the CPU.

used to reset counter C. ¢, (TTL),
which is generated by 8224 is fed to C.
C is prevented from counting during
the first two stages by SYNC applied
to CLR of C. After SYNC goes low, C
starts counting. When the count is 2,
T4 is indicated. This count is detected
and is used to set the 8212s to the
high impedance state and to initiate
cycle stealing (Fig 2).

Using this method of cycle stealing,
one data transfer can be effected for
every instruction executed. The 8080
needs anywhere from 4 to 17 clock

T1 12

oF] ___J’—\ r—\

Tw T3 T4

& Bl

cycles to execute an instruction. As-
suming a 2 MHz clock data transfer
ratio of well over 100 Kbytes/sec are
possible.

S. Shankar, Tata Electric India.

Ed. Note: for additional informa-
tion, see “This 6800 System Handles
Clock Stealing” (by B. Ferguson) and
“6800 Clock Primer” (by P. Snigier),
Digital Design, Oct. 1978.

Rate this design: circle 12L, 12M
or 12H on Reader Inquiry Card.

®2(TTL) ¢ L b L
g Unknown
e Unknown
swie /1 L

WAIT

Counter A

Counter B

Fig 2 8080 timing waveforms.




1/OSYSTEMS

Huntington Beach, California . . . Opto 22, originators of
the industry standard 1/O system, announces the second
generation in |/O Systems in both serial and parallel

configurations.

SERIAL ADDRESSABLE RACK (PB 16S1)

Communication with multiple input/output stations.

32 station address capability per serial loop.
Up to 16 power I/O modules per station.

Switch selectable baud rate.

Opto 22 provided firmware includes message protocol,
event counter, self test, watch dog timer and more.

Plug in modules provide choice of:
1. 20 Ma Current Loop.

PB 16P1)

2. RS 422 Balanced Differential Drivers and Receivers.
3. Optically Coupled Drivers and Receivers.
4. RS 232

PARALLEL ADDRESSABLE RACK (PB 16P1)
Bidirectional Communication with input or

output modules.

64 station address capability.

Up to 16 Power Input/Output modules per station.
50 Conductor Daisy-Chain cable connects all racks
to host controller.

On-board station address select switch.

15272 Relay Circle, Huntington Beach, CA 92649
(714) 892-3313

Another Opto 22 product available for immediate shipment.
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Feature-for-feature our smm't CRT
terminals cost less than their dumb
ones. Much less. Compare

[0 ) A— X
195,000 4945 00
§ [ #9559, 008
o0l 11030,08

0 Baud) “y1ion and Corr
* Selftest ,pont Service sh

TeleVideo, Inc., 3190 Coronado Dr.
Santa Clara, California 95051 -
Phone (408) 727-5428 g

ARE PRICE.
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