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FPS Expands the Scientific Universe
of PDP-11 Appllcatmns :

200 x INCREASE

IN THROUGHPUT "

AR

> FPS MAKES GREAT COMPUTERS BETTER

The FPS AP-120B Array Processor ~ : : y

A great contribution to technology, the
DEC PDP-11*, but it can’t give you the
computational power required for many
scientific applications. That's why FPS
developed the AP-120B Array Processor.

The AP-120B Array Processor gives
economical minicomputer systems the
extraordinary computational power of
large scientific computers. For example,
an AP-120B has been used in a PDP-11/34
system to reconstruct and analyze com-
plex digital images. Without the AP-
120B, the task would take more than two
hours. With the AP-120B, it takes less
than thirty seconds — that's a 240X
improvement!

A PDP-11'70 and AP-120B would offer

evengreater data handling capabilities.
The FPS architecture is no secret. Inter-
nally synchronous operation and seven
parallel data paths provide unequalled
cost/performance, reliability, and pro-
grammability. Programmable I/O units
also enable exceptional features, such
as direct control of disc storage and real
time data flow.

Controlled by simple subroutine calls
from a FORTRAN program in the PDP-11,
or other host computer, FPS Array Pro-
cessors can be programmed by selecting
routines from the extensive FPS Math
Library. by writing new routines
in the relatively simple AP Assembly
Language. or through use of the AP
FORTRAN Compiler.

Hundreds of FPS Array Processors are in
use today by people who want to retain
the hands-on control and affordability of
a minicomputer system, but require the
exceptional throughput of a large main-
frame for their application.

Find out how this new power in comput-
ing (typically under $50K complete) can
benefit your application. For more
information and an FPS Array Processor
brochure, use the reader response
number or coupon below. For immediate
consultation, contact Floating Point
Systems directly.

‘DEC and PDP-11 are registered trademarks of Digital
Equipment Corporation.

The Age of Array Processing Is Here...and FPS Is The Array Processor Company.

CALL TOLL FREE 800-547-9677

P.O. Box 23489, Portland. OR 97223

TLX: 360470 FLOATPOINT PTL

In Europe & UK: Floating Point Systems, SA Ltd.
7 Rue du Marche, 1204 Geneve, Switzerland
022-280453, TLX: 28870 FPSE CH

Floatlng Pomt Systems Inc

Please send me an FPS Array Processor brochure.
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Guaranteed Compatible
S-100 Bus OEM Boards

From SD Systems at reasonable prices

Single Board Computer (SBC-100)
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Flexible Disk Drive Controller (Versaﬂbppy)

64K Random Access Memory (ExpandoRAM)
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Video Display Board (VDB-8024)
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ASSEMBLED TESTED AND FULLY BURNED IN

The search is over for the convenience of S-100 Bus
Computer boards that are really compatible and de-
pendable. State-of-the-Art engineering, outstanding
flexibility, rapid delivery, and low costs make the SD
Systems computer boards the best OEM buy. The SBC-
100 Single Board Computer is based on the Z80 mi-

croprocessor. Up to 8K of 2716 PROM, Serial RS-232

Port, Parallel Input/Output Ports, Software

The ExpandoRAM is available in 16, 32, 48, or 64K
versions using 4116 RAMS. The population can be in-
creased in the field at a future point if requirements
change. Featuring Switch selectable boundaries, Bank
Selectable Write Protect and using less than 5 watts, the
ExpandoRAM is more reliable memory for the money
than any other OEM board. Versafloppy, Flexible Disk
Drive Controller with IBM 3740 soft sector-

programmable baud rate generator, Four
channel counter/timer, and 1K of RAM, all
on-board. VDB-8024 Video Display Board
features an on-board Z80 microprocessor for maximum
flexibility in video control. 80 characters by 24 lines,
displayed with high resolution on a 7x 10 dot matrix.
On-board Keyboard power and interface, 2K memory
and a glich-free display by use of I/O mapped interface
make this board the most superior board on the market.

POST OFFICE BOX 28810 — DALLAS, TEXAS 75228

STSIENS

-ed format compatibility controls up to four
single or double sided disk drives either mini
or standard size. Full Line Software includes
Editor, Z80 Assembler, Linker, C-Basic, Complete Busi-
ness Packages, System Diagnostic and Control Software
and Disk Operating System. PROM Programming Soft-
ware and Hardware also available. Circle the reader
service number for full Technical Data. . . or call toll free to
our Customer Service Department: 800-527-3460.

800-527-3460 — 214-271-4667 — TELEX 73-0151

Circle 2 on Reader Inquiry Card
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Zap!
Your systems
tested.

Test in “real time” up to S megahertz and drastically
cut development time and costs.

With the force of the MicroSystem Analyzer,

are using in product development or in production

developing diagnostics now can be a snap.
Operating in real time at microprocessor speeds
up to 5 MHz, the MicroSystem Ana-

lyzer speeds total development
time, performs hardware/soft-
ware integration, and gets your
prototype into production faster.

A Whole New Way of
Microprocessor System Testing

With the MicroSystem
Analyzer, you now can control
your system with In-Circuit /
Emulation, and find faults with
Signature Analysis, Time and Frequency
measurements.

No other system available combines the
elements to let you control and test at all levels—
system, board, and component—in real time. The
MicroSystem Analyzer lets you discover intermit-
tent problems over a wide range of temperatures,
operate without a built-in test source, and perform
fault detection in multiboard systems. Test pro-
grams are easier and faster to develop, more com-
plete and more accurate.

Universal—Both Today & Tomorrow

The MicroSystem Analyzer plugs directly
into the most common microprocessor sockets
—Z80, 8085A, 6800, 8080, with more to come—
and uses a series of personality cards and probes
to let you thoroughly isolate faults to the subsystem
and component level.

No matter what major microprocessor you

PR R VSR S, ORI USSP W, |

test, the MicroSystem Analyzer is the one universal
and portable instrument for you.

Get Your Products into Production Faster
The MicroSystem Analyzer eliminates the

need for long and expensive test fixture develop-

ment, SO you can move onto the next pro-

ject sooner. Plus, with the diagnostics

developed you have provided total
production, depot repair and field test
support!

Complete the coupon below for details
on the most advanced microprocessor
. test instrument available today.

MILLENNIUM

MILLENNIUM SYSTEMS, INC

19020 Pruneridge Avenue, Cupertino, CA 95014
Phone: (408) 996-9109 TWX: 910-338-0256

A subsidiary of American Microsystems, Inc

Gentlemen

OK, you got my attention. Now I'd like you to prove your Micro-
System Analyzer can shorten my development cycle, test systems
and boards faster than anybody else, and save me a ton of money
in the process
PLEASE
Callme to set up a live demo on my Z80A, 8085A, 6800, or 8080 system
Send me complete information on the MicroSystem Analyzer today!

NAME

COMPANY

CITY STATE ZIP.




GRINNELL SYSTEMS

'

3823 RLARM

from low cost imaging and graphics
to full color image processing

Our modular, solid state systems
can meet your computer display
requirement, easily and econom-
ically.

And, they're intelligent. Every
system has a complete alphanu-
merics and graphics package, and
a powerful instruction set that sim-
plifies programming—no need for
complex macro-instructions and

high order programming languages.

There’s also a choice of standard
resolutions: 256 x 256, 256 x 512,
512 x 512 (30 Hz or 60 Hz refresh)
and 1024 x 1024. Plus plug com-
patible interfaces for most minis.

Options include overlays, func-
tion memories, pseudo-color tables,
zoom and pan, independent cur-
sors with trackball and joystick
controls, split-screen, image tog-
gling, and real time digitizers that
grab and store images and sum
consecutive frames.

Grinnell displays are already
used for tomography, ERTS imag-
ing, process control, image pro-
cessing, animation and much more.
All systems drive standard TV
monitors.

So before you choose a display
system, let our experts show you
how to maximize performance and
minimize cost. For details, and/or
a quote, call or write.

2159 Bering Drive, San Jose, California 95131 (408) 263-9920

Circle 6 on Reader Inquiry Card
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Features

20 Software: Micros vs. Minis
Micros and minis differ appreciably in terms of hardware and software.
Here are the differences.

28 uP Selection: Some Do’s and Don’ts — Part 1
EEs who select a micro that’s not commonly used could be gambling.
In the first half of this two-part series Digital Design compares 8- and
16-bit micros, single-chip and mid-range micros.

38 Capacitance Keyboards: A Look Beyond Microprocessors
Which type of keyboard offers the lowest potential keyboard cost
structure? Although the decision process is straightforward, several
tradeoffs are involved.

62 wuP Application: 6800 Replaces Minicomputers and Controls
Elevators
A microcomputer model, described in this issue, successfully replaced
minicomputers in the control and testing of a four-floor elevator system.

68 Programmable uP-Based System Provides Total Energy
Management

Utilizing the 6800 architecture, this is the first total energy management
system that utilizes a language simple enough to be used by tradesmen.
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MM floppy,
| head OEBY

AED's field-proven 6200 Series floppy disk
system has recently been expanded to
provide the minicomputer user with a wider
choice of disk drive capability. The AED6200
Series now offers double density (MFM)
systems in four configurations: 2 drives with
single head (5%" and 7" cabinets), 4 drives
with single head (10" cabinet), 2 drives with
dual head (7" cabinet) and 4 drives with dual
head (two 7" cabinets). All systems come
complete with formatter, power supply, drive
electronics and CPU interface. Interfaces for
LSI-11, PDP-8 and 11, Nova/Eclipse, Varian,
Interdata and CAl are all available from AED.
Here is a checklist of the AED6200's
outstanding user benefits:
® |low cost, fast access storage
1.2 megabytes/diskette
industry standard 8" media

programmable formatter for ideal
record size

= multiple source drives

= 8 computer interfaces available

= expandable to 4 drives

s CRC and IPL for easier loading

= delivery from stock on all popular models
Get all the facts by calling or writing our

Marketing Manager today.

Advanced Electronics Design, Inc.
COMPUTER PERIPHERALS DIVISION

440 Potrero Ave., Sunnyvale, CA 94086
Phone 408-733-3555, Boston 617-275-6400
Fullerton 714-738-6688. Telex 357498

DGC/BMable

oppy dlisk

AED's low-priced 3100 Series floppy disk drive

unit is fully compatible with Nova/Eclipse and

uNova computers from DGC in addition to
1BM3740/3600 diskettes. AED3100 Séries
drives, which have been field-tested for over
four years, use either side of your diskette for
double capacity storage providing Read/Write
data at less than $18 per megabyte. Program-
mable formatter permits ideal record size
compatible with OEM's operating system. This
economical drive unit can be used as a system

device or for auxiliary storage, and will interface

with one or two CPU's simultaneously. Available
in 4-drive or 2-drive cabinets, the AED3100 is
the ideal answer to reliable, low-cost data
storage problems for DGC users who require
IBM-compatible diskette media.

Check this list of AED3100 user benefits:

= programmable formatter permits ideal record
size compatible with your operating system

used with RDOS, IRIS, BLIS/COBOL, etc.
provides random access data at $18/MB
DMA interface

built-in bootstrap loader

double-sided disk capability

available completely packaged or in kit form
includes diagnostics and documentation
immediate delivery from stock

Advanced Electronics Design, Inc.
COMPUTER PERIPHERALS DIVISION

440 Potrero Ave.. Sunnyvale, CA 94086
Phone 408-733-3555, Boston 617-275-6400
Fullerton 714-738-6688. Telex 357498
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OUR PDP-IT

MAGTAPE CONTROLLER

- |S GOOD AS
- - GOLD

- every two hours of

> every working day
somebody puts
alC130ona

;g PDP-11 computer

5 Here are just a few of the reasons why

4 more people put TC-130’s on their PDP-11
systems than any other magtape
controller:

B Software compatible -embedded
design

B Mixed density - 1600 bpi PE and
800, 556, 200 bpi NRZ

Intermix 9 track and 7 track, up to
8 drives

=
B Fits all PDP-11 Series Computers
=

Dual speed -switch selectable,
12510 125ips

SEND FOR COMPLETE INFORMATION

| Gwestern peripherals
Division of WESPERCORP

(714) 99 8700 * TWX 910 591-1687
Cable/WESPER
l DO Claudina Place, Anaheim, CA 92805
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SPEAKOUT

Paul Snigier, Editor

CAN YOU AFFORD
NOT TO?

As an editor, I miss designing circuits and seeing design
prototypes finally function successfully. Keeping up with the
state-of-the-art took a lot of effort. Although graduate
courses and books available three years ago were mediocre
and of little practical value for shirt-sleeve designers, I found
the magazines were far better; and for a time, the only lucid
and reliable design information on microprocessors came
from electronic magazines.

But electronic magazines can provide you with other
benefits: product information through New Product writeups

e and advertisements from a valuable-but-free editorial service
— Reader Inquiry Cards. Take advantage of it.

Why do I say this? By methodically setting up a deliberate procedure to use electronic
magazines to your advantage and using Reader Inquiry Cards (RICs), you can systematically
build up invaluable and comprehensive subject files. Do this systematically. Before looking at the
table of contents or reading any article, first look at the New Products and product advertisements
and circle the number (on each page) of those you're interested in. Do this as you quickly page
through the magazine from cover to cover. Next, tear out the RIC, go back to the front of this
magazine and flip through the pages, circling the corresponding RIC numbers on the card. Since
you will have already circled the ad numbers on our pages, this procedure will be quick.

So, how should you decide to circle New Product or advertisement numbers? It begins with
your priorities. By setting long and short range design priorities continually, you should already
know what is important to you; and it will then be easy to mentally divide hardware and software
products into the following three categories — A, B or C — depending upon order of importance.
A-Priority Products are products of immediate interest to a present or impending application.
There is no question about A-Priority Products: these attention-getters stand out clearly in
contrast. Since you need an immediate response, call direct to the phone number listed in the
advertisement (or New Product).

B-Priority Products, although of less immediate value to your project, hold a strong interest.
Circle these numbers. When this material arrives, place it into a folder in your files. By
experience, I found duplex-numeric filing (by digits and letters with a card index) best, as it gave
unlimited expansion and cross filing capability without the limitations of alphabetic filing. You
may find another filing system better, so this is an individual matter.

C-Priority Products are of marginal interest. Should you neglect them? No! Here you should
follow an inflexible rule on circling advertisement (and New Product) numbers — ‘“When in
doubt, circle it.”” Why agonize over a decision. Remember, any danger of getting irrelevant
material is far offset by the mere ten seconds that it takes to circle that number. Why gamble?

Do other engineers know something that you don’t? They do if they’re building up reference/
data files and you're not. Can you afford not to?

b A
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With the name
Tandberg you expect
top performance.
Innovation. And
versatility. And being
a little ahead of the
competition in certain
fresh and subtle
ways. Ditto our new
TDI 1050
Synchronous Tape

system. A choice of 7
or 9 track. And IBM

Transport.

When you're a
Johnny-Come-Lately
with a product line
you'd better try
harder. We did!

Your benefit? Greater
reliability,
maintainability, and
programmability as a
result of our microprocessor-based control
logic. With its optional internal formatter, the
10-1/2-inch-reel TDI 1050 makes your inter-
facing task a whole lot easier, giving unprece-
dented flexibility and performance when con-
trolling the reading and writing of data.

With Tandberg’s dual-format tape drive, you
get both 1600 cpi PE and 800 cpi NRZI at
speeds of 12.5 to 45 ips, with rewind speed of
200 ips. And there’s no need for customer
redesign with the industry-wide compatibility
of our interface.

For those who'd like multiple-drive capability
in their system, our interface enables you to
hook up four drives without the need for an
outside power source.

Not only is the TDI 1050 less costly at the
outset, but its built-in microprocessor is likely
to reduce your operating costs. Its attractive
design is another appealing plus for systems
builders.

A few other goodies are our 5,000-hour
MTBF, a dual ceramic-blade tape cleaner,
and our proven microprocessor control

geometry provides
minimal dynamic
skew. Also, a fully
documented
maintenance
manual with all the
data and
schematics
necessary for easy
and economical
upkeep.

Ensuring you get
the performance
we specified for our
drive, we put each
unit through an
exacting series of
computer tests and
burn-in, far tougher
than any challenges it’s likely to encounter on
the job.

Just another tape drive? Yes and no. The task
it performs has been around a while. A lot of
horses ran a mile and a quarter and then
along came Secretariat. Refinements count a
lot, regardless of the track. Check out the TDI
1050. It'll change your ideas about what a
tape transport can do.

CONTACT: Gary Pyles, Sales Manager
Tandberg Data Inc., 4060 Morena Blvd.
San Diego, California 92117
Telephone (714) 270-3990

Also available now as the Model TDI 1050 Binary
Data Logger (BDL), connected typically to
RS-232C communication interfaces. Rugged,
amazingly simple, and featuring sequenced
power-fail recovery, the TDI 1050 BDL from Tand-
berg Data provides highly compact, non-attended
1600 cpi phase-encoded or 800 cpi NRZI digital
data-logging capability suitable for communi-
cations systems activity records.
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Tape Drive
Exerciser

Disk Drive

Exerciser Exerciser

To completely test tape drives, disk drives, floppy disk
drives and other equipment, you can't beat Wilson
exercisers.

These universal Quality Assurance/Service testers are
made to check out every operating function that can go
wrong.
Wilson exercisers put each unit through its paces —
continuously if necessary — to locate even intermittent
errors.

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

Communications
Exerciser

Disk Drive
Exerciser

Disk Drive
Exerciser

Storage Module
Exerciser

Manufacturers, OEM's and Service Engineers rely on
these heavy-duty exercisers to catch problems before
they can go into a system — or to locate malfunctions
that have occurred.

Each standard Wilson exerciser is fully engineered for
the equipment it supports, and every exerciser is porta-
ble, rugged, reasonably priced and ready to go when
you get it. Special needs? We also make custom testers.

Write or Call For Complete Information.

WILSON
Laboratories, Inc.

Circle 8 on Reader Inquiry Card
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TECHNOLOGY

TRENDS

Electro 79: nCs Will Predominate

This year Electro returns to New York
City on Tuesday, Wednesday and
Thursday, April 24-26. Electronics in
the opening years of the 1980’s and its
expected impact on industry and indi-
viduals will be the focus of Electro/79.
The high-technology show and conven-
tion, including three days of exhibits
and technical presentations preceded
by a day long marketing seminar, will
be staged at the New York Coliseum
and the Sheraton Centre (previously
known as the Americana Hotel).

More than 30,000 design engineers,
managers and technical executives are
expected to attend hearing over 100
presentation and visiting exhibits on
three floors of the Coliseum and profes-
sional program sessions in the Sheraton
Center.

The Professional Program, with an
average of four speaker presentations at
each technical session, will delve into
subjects such as communications satel-
lites, memory, fiber-optics, energy
management, LSI, computer imagery
and microprocessing. Microprocessors
will steal the show; more presentations
are on micros than any other topic. The
technical program has been developed
and organized and will be presented by
engineers, scientists and professional
experts. Professional program sessions
will be held at 10 AM and 2 PM Tues-
day through Thursday.

Exhibit booths will total more than
700 with over 400 companies introduc-
ing and displaying products and sys-
tems — from microelectronics, EDP
peripherals, fiber-optics, components,
instrumentation and control systems to
production, packaging and test equip-
ment and mini and microcomputers.

Exhibit show hours will be from 9:30
AM to 6 PM, Tuesday, April 24; 9:30
AM to 7 PM, Wednesday, April 25;
and 9:30 AM to 5 PM, Thursday, April
26.

And if your feet get tired from cover-
ing the exhibits, why not stop by the
Electro Film Theater? Scientific and
engineering motion pictues will be
shown from 10 AM to 4 PM each day of
Electro. The Film Theater offers a

series of motion pictures on technology
— from space to the microprocessor —
which have been produced by electron-
ics companies and selected by a panel
of judges.

The Electro special theme exhibit —
Microprocessor Applications Awards
— will feature winners and finalists in
competition to determine effective us-
age of the wP in industrial and con-
sumer products. The exhibit, on the
third floor of the Coliseum, should
prove interesting; it will display uPs in
a wide range of functions —from office
equipment, automotive use, production
controls, and medical applications to
sports, home appliances, research and
testing, and energy conservation.

Entries are expected in many areas, in-
cluding:

e office equipment and devices

e automotive and motor sport

e process and quality controls

e home computers

e medical applications

e marine, aviation, navigation

e sports and leisure time

e commercial applications

e home appliances and devices

e production controls

e energy conservation applications

e games, toys and recreational

e communications

e research and test instruments

e computer peripherals

e educational and teaching

e software and programs
A panel of judges, drawn from industry
and public life, will select products for
awards of excellence and merit. Cri-
teria includes effectiveness, populari-
ty, state-of-the-art, originality, invent-
iveness and cleverness.

Emphasis will be on the buyer of
electronic products at the Electro Mar-
keting Conference to be held on Mon-

day, April 23, at the Sheraton Centre.
An all-day seminar will explore the
buyer’s role and how he operates with
manufacturers, distributors and repre-
sentatives.

In the morning session, buyers will
explain problems and procedures for
making purchasing decisions. In the
afternoon, presentations by manufac-
turers, distributors and representatives
on their approaches and their methods
of helping their customers will include
examples of when the buyer can better
go directly to the manufacturer and
when he can benefit by working with a
distributor or rep.

Conversely, the Conference will
examine circumstances when a distri-

1o Electro/79

butor or rep should deal with a buying
problem and when the purchasing agent
should be advised to contact the manu-
facturer directly. Participating in the
Marketing Conference will be the
Electronic Representatives Associa-
tion, National Electronic Distributors
Association and the Electronic Industry
Association.

The Conference will begin with a
continental breakfast at 8 AM and the
first seminar session at 9 AM. The
afternoon meeting, starting at 2 PM,
will follow the Electro Keynote
Luncheon, which is included in Mar-
keting Conference registration.

““Shuttle Into the Eighties’ sets the
tone for the Electro All-Industry Re-
ception Tuesday, April 24. The tradi-
tional party, expected to attract 700 to
800 Electro attendees, will feature aer-
ospace equipment, space games and a
robot attuned to the new space pro-
grams of the coming decade. The Sher-
aton Centre’s Imperial Ballroom will
be turned into its own version of a space
shuttle for the 6:30 to 8:30 PM. Recep-
tion which salutes the technology on

APRIL 1979 Diaital Decian 12



TRENDS "

display at Electro. Tickets ($10 each)
will be available at the door.

The Electro sessions will cover quote a
spectrum of topics, from micros to
management. Here is a rundown of the
sessions.

Session 1, ““Keys to Successful En-
gineering Management,”” focuses on
four important topics to the engineer/
manager: The problems of stress, moti-
vating creativity, cost controls, and
management of personnel. The pro-
gram has been prepared for Electro by
the IEEE Engineering Management

Society.
Session 2, A/D LSI, covers a new
type of semiconductor device — one

which combines complex linear and
digital functions on the same chip. One
chip micros with on-board ADC, mi-
croprocessor-compatible A/Ds, and
Codecs are representative of these new
products. This session will ccver pro-
cesses (CMOS, NMOS, IzL, laser trim-
ming) and circuits (A/D, D/A convert-
ers, comparitors, amplifiers). The
speakers will also discuss existing and
future applications, economics consid-
erations, accuracy and performance.
Session 3, Marketing Personal Com-
puters, identifies the potential market,
designing the product to fit the need,
and merchandising high-technology
machines in retail stores represent the
new challenges in personal computing.

Financial, manufacturing and retail ex-
perts offer their insights into a potential
billion-dollar marketing puzzle.

Session 4, Software Manufacturing
in the Distributed Environment — The-
ory and Practice, is based on reasons
why ‘““methods of software generation
will have to change from ‘‘custom-
ized”” or ‘‘packaged’ approaches to
manufactured items’’. Methods of
manufacturing software will be dis-
cussed.

Session 5, Space Surveillance Tech-
nology, describes a major progam test-
ing feasibility of radar operations from
space in a multimission, wide-geo-
graphy surveillance system, including
work in both optical and microwave
technologies.

Session 6, Plastic Packaging for EMI
Shielding, shows how the EMI prob-
lem in electronic devices packaged in
plastic enclosures has become of in-
creasing importance. In many cases, it
is impossible to predict accurately the
working environment to which a device
might be subjected during its lifetime.
A major purpose of this session will be
to provide background informatoin to
enable designers of electronic devices
packaged in plastic cabinets to shield
effectively on the design end, in order
to preclude an EMI problem later.

Special Session: The Electro Interna-
tional Leadership Panel is an Electron-

ics Executive Forum On World-Wide
Problems and Opportunities. Major
electronics executives from the United
States, Germany, Holland, Japan, and
other countries will participate in a
panel session covering state-of-the-art
electronic devcies and systems devel-
opment in their respective countries
and regions.

Session 7 is The Engineer and Public
Policy: Servant, Guardian, or Gadfly?
Most engineers are employees, and
their professional responsibilities lie in
designing products or performing par-
ticular services. How can engineers,
therefore, safeguard the health, safety,
and welfare of the public? How can
they influence policy in these areas?

Session 8 is Advances in Digital Sig-
nal Processing: Hardware and Tech-
niques. In the course of the past three
years a significant migration has begun
from the classical analog techniques of
signal processing to their digital count-
erparts. While the advantages of work-
ing in the digital domain have been
well-known for many years, the scope
of applications has been limited until
very recently when LSI capability
made the concepts physically and
economically viable. This movement
represents a revolution in many fields,
especially telecommunications, radar,
sonar, voice and video processing and
medicine, to name a few.

Electro/79 Sessions at a Glance

Tues., 1. Keysto Success- 2. A/D LSI
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10 a.m.
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Policy Processing
2 p.m.
Wed., 13.Engineering and  14. Logic Analyzers
April 25 Purchasing: as Tools in
P Chaos or Co- Developing Pro-
10 a.m. Existence? cessor Systems
Wed., 19. Corporate 20. Impact of 64K
April 25 Ventrue RAMs on the
Capital Computer Indus.
2 p.m.
Thurs.. 25.Women on the 26. Non-Volatile
April 26 Steps of the Storage for
p Electronics Small Processors
10 a.m. Pyramid
Thurs., 31.Minorities in 32. Testing Bubble
April 26 Engineering Memory Devices
2 p.m.
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TREDS

Session 9, The Personal Computer:
Hobby-Horse or Work-Horse? Sales of
personal computers have gone from
nowhere four years ago to in excess of
200,000 units in 1978. Sales in 1985
are projected to be 5 billion dollars. The
most often asked question today is
““But what are people doing with those
things?”’. That’s what this panel ses-
sion is all about. First there will be a
brief overview of the range of applica-
tions for personal computers and where
they are being used. Next our panel
members will describe what they are
doing with their computers, followed
by questions from the audience.

Session 10, Database Management
Systems on Microcomputers, the
emergence of microcomputers has
brought low-cost dispersed application
to data processing. This session re-
views the impact of microcomputers on
database management systems. Several
research and commercially available
database systems on microcomputers
will be reviewed. The application of
these systems to distributed processing,
front-end/back-end architectures, and
office automation will also be assessed.

Session 11, Adaptive Antennas, dis-
cusses trends and applications of ana-
log, digital, and hybrid array proces-
sing techniques, development of adap-
tive algorithms, circuit and component
design, and implementatin of adaptive
antenna systems.

Session 12 is Non-lonizing Radia-

tion on Man. There is a great deal of
interest and controversy about the ef-
fects of electromagnetic energy on
man. This session will present the facts
on all aspects of the subject.
Session 13, Engineering and Purchas-
ing: Chaos or Coexistence? is a panel,
and the objective of this session is to
develop suggestions for improving
cooperation between the engineering
function and the procurement function
to enable firms to bring to market high
quality products with the best price/de-
livery. Representatives from design
engineering, manufacturing, and pur-
chasing will participate.

Session 14, Use of Logic Analyzer
Tools in Development of Processor
Systems, covers the role of logic ana-
lyzers in the development of processor
systems (from minis to mainframes) in
three case histories — plus a projection
of how logic analyzers will affect both
software and hardware development in

16  Digital Design APRIL 1979

the future.

Session 15 is Desktop Computers.
Demand for low-cost, versatile desktop
computers for small-business and en-
gineering applications is growing al-
most faster than the industry can re-
spond. The burgeoning market, the
technology, and the wide range of ap-
plications are presented in this session.

Session 16, Reducing Risks in Mi-
crocomputer Development, claims that
these risks are getting larger — not
smaller. The problems being addressed
are more difficult: LSI devices are
growing more complex and software
complexities are rival to those of larger
minicomputer  systems! However,
there are ways to manage the risks. This
session will address what some of the
major risks are and offer practical sug-
gestions for minimizing those risks (or,
at least, their impact).

Session 17, Thomas Edison: Magi-
cian, Electrician or Engineer?, is part
of the Centennial of Light Celebration,
commemorating the 100th anniversary
of Edison’s invention of an electrical
lighting system.

Session 18, Bomb and Weapon De-
tection Technology, should increase
awareness in the technical community
of the requirements, problems, state--
of-the-art and opportunities for innova-
tive products in the areas of bomb and
weapon detection technology. The ses-
sion will present a concise statement of
the requirements followed by sum-
maries of the state-of-the-art in several
areas of current research and develop-
ment.

Session 19 is Corporate Venture
Capital. For a variety of reasons, more
US companies have become active as
risk/venture capitalists in new electron-
ics enterprises. This session explores
the differing motivations for these in-
vestment moves, both from the corpo-
rate manager’s viewpoint and that of
the employed engineer with entre-
preneurial ambitions.

Session 20 is Impact of the 64K Dy-
namic RAM on the Computer Industry.
In the past, density increases in RAMs
have resulted in significant changes in
the computer industry. The resultant
cost decrease and density increase has
broadened the products available as
well as increasing the tasks performed.
This session will discuss the impact of
memory on the evolution of computer
architecture as well as the impact of the

64K generation.

Session 21, The Role of Electronics
in the Graphic Arts, covers the revolu-
tion in the printing industry. Mechanic-
al crafts have been superseded by elec-
tronic typesetting, electronic press con-
trols, with communications used for the
transmission of images to be printed.
This session will provide a detailed
overview of the contemporary printing
industry.

Session 22 is Self-Testing, Check-
ing, and Calibration in Instrumenta-
tion. Self-testing, checking, and calib-
rating instruments offer three basic fea-
tures — economy, confidence and reli-
ability. The first paper will stress the
economy of the self-testing ap-
proach and is followed by three exam-
ples of the implementation (including
both hardware and software).

Session 23, Modern Design and
Concepts for RF Communications, will
impart circuit and concept data of im-
portance to engineers involved in RF
communications design and applica-
tion, both military and civilian. The
material treats modern and future
trends in design and application from
low frequency to the microwave spect-
rum. Visual graphics will be employed
during each paper, illustrating the sub-
ject matter in a clear and persuasive
manner.

Session 24, Environmental Monitor-
ing and Assessment, reviews on-going
work in monitoring and assessment of
airport noise, low-level radiation,
satellite data acquisition, particulates in
the atmosphere, and “‘acid rain”’.

Session 25, Women on the Steps of
the Electronics Pyramid, asks: ‘‘Have
women in electronics really come a
long way?”’ Four accomplished profes-
sionals in electronics engineering,
technical marketing, and product
management will address the many
problems and not-so-many opportuni-
ties in reaching higher levels on the
pyramid. The session is planned for
audience participation. Short papers
will be followed by a panel session.

Session 26, Nonvolatile Storage for
Very Small Processor, deals with the
problem of providing nonvolatile stor-
age for micro- or small miniprocessors
for which total system cost must be
kept low. Topics to be included are
EPROM, NMOS, battery backup of
volatile  semiconductors, bubbles,
minicassettes, and minifloppies.
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TECHNOLOGY
TRENDS

Session 27, Microcomputer Indust-
rial Control Networks, brings to the
forefront some of the problems systems
architects face when designing an in-
dustrial control network now that
microcomputer products are becoming
relatively inexpensive to incorporate
into a network. It is important that

management-level executives be made
cognizant of the wave of network ap-
plications expected in the 1980’s, the
class of problems that might be en-
countered, and the increased product-
ivity envisioned utilizing the network
concepts.

Session 28, Batteries for Modern

}I - |

PDP-11, LSI-11, LSI-11/2 COMPUTER USERS
MEET THE DILOG STORAGE MASTERS

A COMPLETE FAMILY OF CARTRIDGE DISC AND
MAGNETIC TAPE CONTROLLERS CONSTANTLY GROWING
TO MEET YOUR BULK STORAGE NEEDS

LSI-11 DISC CONTROLLER

e

PDP-11 DISC CONTROLLER

critical data base areas.

ALL MEMBERS OF THE DILOG FAMILY ARE COMPLETELY CONTAINED ON
ONE QUAD-SIZE PRINTED CIRCUIT BOARD THAT OCCUPIES ONE LOCATION
IN THE COMPUTER CHASSIS. THE MEMBERS OF THE FAMILY ARE ALL
MICROPROCESSOR BASED PERMITTING THE FOLLOWING BENEFITS
TO BE PROVIDED:

e To aid in isolating system malfunctions, an on-board AUTOMATIC SELF TEST feature mon-
itors the controller for proper operation. A green DIAGNOSTIC indicator on the edge of the
controller board remains lighted as long as the controller is functioning properly. If self-test
fails, the controller has an AUTOMATIC DATA PROTECT feature that stops the CPU from
interacting with the disc or tape, and thus prevents writing erroneous information into

e All controllers are software compatible with DEC* operating systems.

PDP-11 TAPE CONTROLLER

@ Various levels of system support are available — factory integration of customer-supplied
peripherals, complete peripheral subsystems including a DILOG-selected peripheral,
engineer/systems analyst consultation for special applications involving DILOG controllers.

DELIVERY ALL FAMILY MEMBERS IS STOCK TO 30 DAYS

OEM MIX AND MATCH DISCOUNTS FROM LOW UNIT QUANTITY PRICES ARE OFFERED

Come meet the current family members and let us introduce you to the newest arrival at NCC 79

in Booth 351 at the New York Hilton. But don't wait until then to let us hear from you; write or

call SALES MANAGER, Distributed Logic, Inc., 12800G Garden Grove Blvd., Garden Grove,

California 92643. TELEPHONE (714) 534-8950.

*DEC, PDP-11, LSI-11 are registered trademarks of Digital Equipment Corporation.
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Applications, offers useful application
information on portable battery power
from the relatively mature, proven and
well established technology of sealed
nickel-cadmium to a unique and in-
novative approach to lead-acid in the
rechargeable battery field and to the
very recently developed technologies
of zinc-air and lithium batteries for
practical applications.

Session 29 is Interactive Telecom-
munications Systems in Social Uses.
Many efforts have been made to realize
the potential for non-broadcast tele-
communications in business, educa-
tion, health care, and government
services. But there have been more
failures than successes. This session
suggests answers to the key problems
and presents some case-histories.

Session 30 is Engineering and Eco-
nomics: You Can’t Have One Without
the Other. The economic viability of a
product or system is often won or lost
on the design engineering drawing
board. Understanding the axioms and
the tools of economics is an essential
ingredient in career advancement; and
how the engineering dollar is spent can
make or break almost any project. This
session focuses on the essential inter-
facing between engineering and
economics — what every engineer
needs to know and often doesn’t.

Session 31 is Developing Minority
Participation in Electrical Engineering.
Present and emerging plans and pro-
grams for making electrical engineer-
ing education available to promising
minority students, and development of
career opportunities for them after
graduation, will be discussed by com-
pany, foundation, government and
educational specialists in this field.

Session 32, Testing Bubble Memory
Devices, defines problems and solu-
tions. Testing bubble memories pre-
sents very different problems than
those encountered in test procedures for
present-day semiconductor memories.

Session 33 is Advanced Automation.
Programmable systems to assemble
manufactured products, development
of a two-level language as a task-orga-
nizer for manufacturing ‘‘manipulat-
ors™’; work in control automation using
smart sensors; and development of data
structures for sensor-controlled indust-
rial robots, will be covevered in this
session. A color film will be included,

Continued on p. 79
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SOFTWARE:

MICROS VS. MINIS

Ken Schroeder
RCA Laboratories, Princeton, NJ

Designing and implementing software
for the microcomputer and the mini-
computer are significantly different
activities. Underlying the obvious simi-
larities in the primary function of the
software are important differences.
Specifically, these two kinds of soft-
ware are required to run on appreci-
ably different hardware (Table 1).
They are required to perform applica-
tions of considerably different charac-
ter. Also, they are written, edited, and
debugged using different methodolo-
gies. The importance of these differ-
ences is not necessarily obvious to

the uninitiated and the effects can be-
come more or less significant, depend-
ing upon the specific hardware systems
and applications under consideration.
However, it is useful to generalize
about these differences to understand
what one may face when attempting
to program a microcomputer for the
first time after having had experience
in programming minicomputer (or
midi-computer) systems.

llSaansaarars

Hardware differences affect
software

Microcomputers have traded comput-
ing power for economic and size
advantages. Microcomputers are gener-
ally less expensive and smaller hard-
ware systems than minis, and therein
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lies their utility. Micros can bring intel-
ligent control to applications that
either do not need, or cannot justify, a
larger, more expensive minicomputer
(Fig 1). However, this economic and
size advantage is gained at the expense
of computing power and hardware
facility. This sacrifice is reflected in
the microcomputer’s software. A
microcomputer programmer must
often compensate for hardware limita-
tions in software. Often the most sig-
nificant hardware limitation is execu-
tion speed. However, even in applica-
tions requiring only modest computa-
tional speed, many other missing hard-
ware resources must be compensated
for in software, thereby lengthening
and complicating the programming
task.

Micros predominantly have shorter
data words than minis do. A comput-
er’s data-word size is its fundamental
data representation. It specifies the
number of bits that can be stored into
or retrieved from its main memory
during a single memory cycle. (Even
“bit”” manipulations are usually word-
addressed.) Generally, the larger the
data word, the greater the efficiency
and power of a processor’s internal op-
erations.

The majority of microcomputers
have either 4-, 8- or 16-bit data-word
lengths. The 8-bit version presently
dominates both the marketplace in
dollar sales volume and current micro-
processor-based design. This is partial-
ly because a byte (8 bits) is a conven-
ient data representation for many
micro applications. More significantly,
however, the 4-bit versions have very
limited data-handling capabilities and
the 16-bit versions are considerably
more expensive. Sixteen-bit micros are
primarily selected to provide software
compatibility with minicomputers for
which software has already been writ-
ten or for applications in which soft-
ware compatibility with a mini is of
paramount importance. However, as



microcomputer prices continue to
decline, the 16-bit machines will be-
come more competitive and will be-
come more widely used.

The minicomputer is commonly
available in 12-, 16-, 18- and 32-bit
versions. The 16-bit-version mini
dominates the market because it con-
veniently allows a larger data repre-
sentation than the 8-bit micro, yet
allows efficient byte handling when
required by packing two bytes per
data word. Many minis also facilitate
byte addressing of memory to en-
hance their byte-handling capabilities.

Micros characteristically have
smaller instruction sets. Normally, a
machine’s instruction size is a small
multiple (1, 2 or 3) of its data-word
size. The instruction size is a direct
indication of the computational power
and size of a machine’s instruction set.
(This is the set of instructions directly
executed by the hardware.)

The microcomputer, usually having
a smaller data word, thus also has a
smaller instruction size, limiting the
power of its instruction set. The micro
usually has fewer instructions, less
powerful instructions, fewer memory
addressing modes, and fewer data
types that can be handled directly by
the hardware. Thus, the microcomput-
er program requires more assembly-
language instructions than the equiva-
lent program implemented on a mini.
This makes assembly-language pro-
gramming a more tedious, less efficient,
and more error-prone task for the
micro than for the mini.

Memory addressing can be ineffi-
cient with micros. One memory-
addressing limitation problem en-
countered with micros and not with

minis is “out-of-page” reference errors.

A microcomputer often has “paged”
memory, i.e., memory is divided up,
for addressing, into blocks or “pages”
and some of the micro instruction
formats can only reference memory
locations within the same page as the
instruction. This technique of addres-
sing is used to limit the number of bits
required to specify an operand’s ad-
dress. However, when an attempt is
made to reference, within one of these
short instructions, a location outside
the current page of memory, an “out-
of-page” reference error occurs. This
restriction can be avoided by using
indirect addressing or using full-
address instructions. These techniques,
however, create inefficiencies in exe-
cution speed or memory space and
may not be desirable to use through-
out a program. Anticipating and com-

pensating for this addressing restric-
tion complicates the writing of micro
software.

Because micros have fewer gener-
al-purpose registers, intermediate re-
sults must often be swapped back and
forth to memory. Another feature of
microprocessors that limits their com-
putational power in comparison to the
mini is their limited internal register
sets. Normally, the micro has fewer
hardware registers for use as accumu-
lators or index registers. This can nec-
essitate frequent saving and re-storing
register contents into main memory to
save intermediate data results or ad-
dress pointers. This required swapping
of information not only slows down
execution speed, but forces the pro-
grammer to keep track of where
such information is being stored and
determine what allocation of those
registers will minimize that program
overhead.

Since micros have less computa-
tional hardware, more operations must

be done in software. The micro usually
lacks other computational hardware
features that many minis use to speed
execution of complex numerical calcu-
lations. Such hardware includes hard-
ware multiply and divide (single and
double precision) and multiple posi-
tion shift facilities. Also missing are
floating-point hardware facilities. Such
operations must be done in software
and become the responsibility of the
programmer, thereby complicating his
task. This added code can also consid-
erably lengthen the program.

The stack facility available on many
micros is limited, in contrast to the
ones on standard minicomputers. The
micro’s stack often requires the ex-
plicit handling of both the stacking
data and the stack pointer register. A
few micros implement a stack pointer
register. A few micros implement a
stack in a separate small memory space
within an organization that effectively
has an open bottom. Once the stack is
filled, any attempt to push additional
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Fig 1 As tasks become more complex, the most cost-effective means of performing
them changes from hardwired logic to microcontrollers to microprocessors to mini-

computers.

Table 1 Differences in hardware between mini and micro are a major reason behind the

differences in software.

Feature
s Micro 0101100111010100  pini 010110011010110
Data-word size (bits) 4,8,16 12, 16, 18, 32
Execution speed Slow Medium-fast
(cycle time) (500 ns - 10 us) 200 ns - 1 us)
Addressable memory Small-medium Medium-large

(512-64k bytes)
Smaller (30-150 typical)
Tedious, slower

Instruction repertoire size

Assembly-language
programming

Interrupt capability

Single-level static priority

(4k-128k words)
Larger (70-300 typical)
More efficient, faster

Multi-level dynamic priority
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Fig 2 The choice of language level used in
a software system depends on replication
volume of system. Assembly language
generates more efficient code than high-
level languages, and so requires less
memory. Assembly language, however,
requires more programming effort.

data onto the stack will destroy the
first entry on the stack without any
warning or hardware protection. In
this organization, the size of the stack
memory absolutely limits the depth of
the stack. This stack limitation may re-
strict subroutine call nesting or the
permitted level of context switching
that the computer can handle, since
these actions normally require entries
on the stack.

In contrast, minis normally imple-
ment their stacks in main memory,
which gives virtually unlimited stack
depth. On many minis, when an
attempt is made to overflow the per-
mitted stack area, a hardware indica-
tion is generated. This permits soft-
ware to detect such an occurence and
take appropriate action. Many minis
have implicit stack-handling and will
adjust stack pointers automatically.
Some minis have facilities that auto-
matically stack the program state upon
interrupt or other context switching.
Thus, using a stack facility on a micro
generally requires more code and is
more complex to program than on a
mini.

Microcomputers generally have rel-
atively primitive interrupt-handling
structures. Micros commonly only
have a single level of hardware prior-
ity and often lack a vector-generation
capability. In contrast, minis com-
monly have multi-level dynamic prior-
ity-arbitration schemes and also fre-
quently have vector-driven response
systems. When implementing an ap-
plication requiring significant inter-
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rupt-response capability using a micro,
the programmer must make up for this
lack of hardware facilities in software,
thereby complicating his programming
task.

Microcomputer systems usually
need external equipment for debug-
ging. Certain computer hardware fea-
tures are often helpful when debug-
ging software and diagnosing software
failures. One of these is a hardware
“trap” — vectoring the program to a
specific address in memory upon the
occurence of a predefined machine
state. The attempt to execute an il-
legal instruction or address nonexist-
ent memory are examples of “‘trap”-
generating occurences. These “trap”
features are standard on minis but
are lacking on micros. The micro-
computer programmer cannot, how-
ever, really compensate for them in
software, so this function in the debug
phase of software usually must be re-
placed by the use of a logic “analyzer”
or other external debug hardware. The
microcomputer programmer should
become familiar with the use of such
devices.

Application differences affect
software

Attempts to save memory costs often
lead to complicated unstructured pro-
grams. Microcomputers are customar-
ily applied in very cost-sensitive appli-
cations. Typically, these are applica-
tions with moderate-to-high-volume
system-replication requirements,
where small individual economies reap
large total savings. Minis, in contrast,
are more typically used in low-to-
medium-replication-volume applica-
tions, which are not typically as cost-
sensitive.

Approximately 60% of the cost of
the average microcomputer system, in
final application configuration, is
memory cost. Since assembly-language
programming can generate code that is
more memory-efficient than compiler-
generated code, it tends to dominate
micro programming (Fig 2). A deter-
mined effort is usually made to
squeeze the required software into the
minimum amount of memory. This
activity is commonly called “bit-bum-
ming.” However, recent efforts to
bring modern engineering techniques
to the “art” of writing software has
led to the foundation of a new branch
of study called ‘software engineering.”
This new discipline has shown that
“pit-bumming” and other software
techniques that sacrifice code clarity
and structure to minimize program

space have serious side effects in pro-
grams of any significant size. Specific-
ally, such efforts lead to the produc-

tion of unstructured programs, which
are difficult to debug, difficult to un-
derstand. Such programs can create
very expensive support problems and
can only be cost-effective in applica-
tions with very large replication vol-
umes and applications that will remain
very stable and will not be modified or
extended after initial completion.
Since this is the environment in which
many microcomputers are used, “bit-
bumming” is a skill often required by
microcomputer programmers. This is
especially true since saving a few bytes
can potentially reduce the number of
memory chips required (Fig 3). Mem-
ory efficiency is not as crucial in typ-
ical mini applications. Additionally,
memory for minis normally is only
available in 4-k word quantities, so un-
less this increment boundary is
avoided, no cost savings are realized by
reducing memory requirements.

Because microcomputers usually
work in a dedicated task environment,
the programmer must write software
normally handled by the mini’s super-
visory software.

Microcomputers are primarily used
in dedicated single-task programming
applications. Normally, software in
such an environment controls the
base-machine hardware and is not inte-
grated into an existing operating sys-
tem or standardized software monitor.
The microcomputer programmer dir-

A

12}

7]

Q

[&]

{ ot

kel

°

=

©

o

Ql

g Cost of system’s memory

o

'_
[}

Fixed cost of programming

¥ e

System replication volume

Fig 3 Cost to deliver a system depends on
both programming and memory costs.
(Slope of memory costs may vary with
price breaks for volume purchases.)
Since saving a few bytes can potentially
reduce the number of chips required, “bit-
bumming” becomes a necessary evil for
microcomputer programmers.
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Professors For Lease:

Three Experts Will Prepare You for the 1980’s.

Picture this. It's lunchtime. Your top
engineers have assembled in the con-
ference room. In a moment, Hans
Camenzind, the inventor of the 555
timer, will start discussing IC technol-
ogy—linear, NMOS, CMOS, I2L, bipolar
digital—all of the important semicon-
ductor processes. The next day, at the
same time, Jim Feit, a top IC designer
at Motorola and Fairchild, will begin the
first of four lectures on techniques for
designing linear ICs. Then, Mr. Camen-
zind and Mr. Feit will be joined by Derek
Bray, the engineering vice president at
Interdesign and the former head of
consumer IC design at Fairchild and
National. Together, they'll lead your staff
through the digital technologies.
They'll explain processes and show your
engineers how to design digital IC's.
In just two weeks, through a series of
ten 30-minute lectures, your design
team will not just be using IC's. They'll
be designing them!

It must cost a fortune.

We all know that experts are expensive.
Especially electronics experts. Why, Mr.
Camenzind alone commands a consult-
ing fee of $1000 per day. And right now,
Mr. Feit and Mr. Bray are not available
at any price since they're both involved
in million dollar IC development pro-
grams. Fortunately, however, we can
share these experts' years of experience
with you through the magic of the
35mm audio-visual medium. And we
can offer thiscomprehensive IC Lecture
Course, which took more than 12 years
to prepare, at the incredibly low price
of $100 per week. That's right, $100 per
week. Think of it! If five of your engi-
neers participate for two weeks, your
cost is only $200—a mere $40 per
person

What are we leasing?

The Interdesign Lecture Course con-
sists of ten audio visual lectures, each
approximately 30 minutes long. Each
lecture is professionally narrated and
includes about 50 full colorillustrations
You'll also receive a Dukane 35mm
audio visual filmstrip projector so you
won't need to invest in any special
equipment to present the course. Also,
we'll send you five copies of the IC De-
sign Course Text, a bound book which
includes all of the material in the audio
visual presentation. And, we'll send you
three IC Design Kits. One covers Linear
and NMOS; one covers CMOS; and one
covers bipolar digital. What you're leas-
ing is the IC Design Course and the
audio visual filmstrip projector. What

Jim Feit

you keep are the five design texts—a
real value in itself since these books
are priced at $25 each. What you may
want to buy is the design kit which
covers the technology you plan to use
for your own custom engineered IC
(The price for these kits is $59 each
except for CMOS which is priced at
$25.) And what you send back to us are
the 35mm filmstrips, the cassette
audio tapes, the projector, and any de-
sign kit you choose not to buy.

You must be satisfied.

We believe this course can help prepare
your engineers for the 1980's by teach-
ing them how to design custom IC's for
your products. We believe that no other
company or university can provide you
with such specific, practical training
We believe that even if you decide not
to design your own custom IC's, your
engineers will benefit from the years of
experience that went into the writing of
this course and the professional way it
has been prepared. However, if you, for
any reason whatsoever feel dissatisfied
with this course after it has been pre-
sented to your design team, tell us and
we'll promptly and courteously refund
your money. And there will be no
questions asked

A confession.

You may be asking yourself how we
expect to make any money on this deal
We don't. Interdesign is not an educa-
tional organization, a consulting firm,
or a publishing house. What we do
is manufacture semicustom integrated
circuits. We build these specialized cir-
cuits for small companies that are just
getting started and huge concerns that
have already penetrated mass markets
More than 90% of the circuits we pro-
duce are designed by our customers
Our technology benefits them by enab-
ling them to reduce the size and cost of

Derek Bray

Hans Camenzind

their products, to improve product re-
liability and reduce service costs, and
to protect their designs from curious
competitiors. Their design efforts bene-
fit us by generating production business
which, in turn, produces profits. This
enables us to expand our technology
and to produce the educational mate-
rials which will help more engineers
develop the skillstodesignand useIC's.

1980 isn’t going to wait,
why should you?

Lease, without obligation, the Interde-
sign IC Design Course today. We'll send
you the IC Audio Visual Lecture series,
the Dukane projector, the five bound
textbooks, and the three design kits
We'll charge you $100 per week start-
ing the day after you receive the mate-
rial. And, if after you've presented the
course to your engineers, you're not
completely satisfied, send the material
back, and we'll refund your money.

Call today! Start preparing for the
1980’s by letting our experts sharpen
up the IC design skills of your engineer-
ing team

A FERRANTI COMPANY

1255 Reamwood Avenue
Sunnyvale, CA 94087
Phone: Bob Simpson

408-734-8666

Special Note: Large organizations with
extensive training requirements may
find it more economical to purchase
rather than lease the |.C. design course.
The course and all of its associated
materials including the Dukane pro-
jector may be purchasec for $975, FOB,
Sunnyvale, CA
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ectly programs all software functions
normally handled in a mini by such
supervisory software. For example, the
maintenance of the system clock and
the control of all peripheral devices are
the programmer’s responsibility. Nor-
mally, a microcomputer system has
fewer computer peripherals to handle
than a typical mini system; however,
the nature of these peripherals is ap-
preciably different. Typical minicom-
puter interfaces make peripherals ap-
pear logical and time-independent, i.e.,
all the software operations required
are clearly logically related to obvious
functions of the device. Typical micro
devices have simple controllers, which
require more detailed software control
and can impose serious timing con-
straints upon the program in control-
ling the hardware — constraints which,
if violated, can cause serious and diffi-
cult-to-isolate intermittent problems.

Suitable “off-the-shelf application
program packages are not often used
with micros.

Applications involving minis often
use various mathematical and applica-
tion software packages available from
the hardware manufacturer to facili-
tate system implementation. Also,
many mini programmers write general-
purpose software packages for a partic-
ular application area and use them re-
peatedly in subsequent applications to
improve software-development effi-
ciency. In the micro world, such gen-
eralized packages are rarely used in
final product configurations. More
characteristically, concise and efficient
code is written for each application
and is customized for maximum effi-
ciency for the individual case, thus
making programming less efficient and
driving up software development costs.

Programmers have to make sure
that the relatively slow micro systems
are not too slow for the task at hand.

Micros are generally put to work in
applications for the monitoring, analy-
sis, and control of time-dependent
(real-time) processes. Since micros
have slow execution rates, it is often
necessary to write very efficient pro-
grams to meet performance require-
ments. Programming in high-level lan-
guages has been shown to be much
more efficient than programming in
assembly language and so is rapidly
dominating mini software. Assembly
language, however, still dominates
microcomputer programming in order
to meet execution-speed requirements,
since compilers do not yet generate
very efficient code. The attempt to
save execution time has an equivalent
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activity to “bit-bumming’ — using
similar unstructured programming
techniques that minimize the execu-
tion time of programs but at the ex-
pense of clarity. This approach has the
same inherent program-debugging and
product life-cycle support problems as
“bit-bumming’ and thus should only
be a last-ditch attempt to save an ef-
fort about to fail to meet required
speed specifications: Intelligent system
design dictates that a projected 50% of

Development and production cost
Economic crossover volume

System repliation volume

Fig 4 Hardware/Software interface for
microcomputers often has the possibility
of tradeoff. In this example, a serial input-
output port a terminal device can be done
in software (high initial cost) or a USART
chip (increasing cost with volume).

capacity throughput surplus be in-
cluded to both facilitate unexpected
system growth and anticipate through-
put-requirement and load-fluctuation
estimation errors. This philosophy
should preclude the need for such un-
structured code optimization. Com-
promises in these design guidelines
may be necessary in applications with
large replication volumes and corres-
pondingly high cost sensitivities.

System Implementation
differences affect software

Microcomputer programmers have to
be more careful with addressing mem-
ory, which is allocated in disjointed
segments. To gain reliability and cost
efficiency, a microcomputer’s (final-
product) program is held in primary
memory and is not kept in mass-stor-
age peripherals. Primary memory is
normally segmented into a nonvolatile
read-only memory (ROM) program-
storage area and volatile (read/write)
random-access memory (RAM)
scratchpad area. This partitioning of
memory space imposes another con-

straint on the programmer — the pro-
gram must be partitioned into dis-
jointed ROM and RAM sections. Pro-
gramming must not attempt to write
into ROM space nor execute code in
RAM space inadvertently. Addition-
ally, the stack area must be maintained
in RAM. Observing the boundaries of
these memory areas is the program-
mer’s responsibility. This is in contrast
to minicomputer systems, where typ-
ically the program is loaded from some
mass-storage peripheral device into
memory composed uniformly of non-
volatile core memory, in which no
such partitions exist.

The hardware-software interface
is much closer for the microcomputer.
Because microcomputer hardware sys-
tems are custom-made for specific ap-
plications — in contrast to the general
nature of minicomputer system hard-
ware — the two systems have major
differences in the integration of hard-
ware and software. In microcomputer
systems, the hardware/software inter-
face is closely coupled, i.e., one is
often directly traded off for the other.
In contrast, the fundamental hardware
is much more standardized with the
minicomputer, so software is written
to run on that hardware without sub-
stantial change. In the micro’s case,
for example, a serial input-output port
to a terminal device customarily may
either be implemented in software or
done in hardware external to the CPU
by a Universal Synchronous-Asynchro-
nous Receiver Transmitter (USART)
chip. In a mini system, such an inter-
face is almost always performed by a
standardized serial interface board.
The engineer who implements a micro-
computer system must understand
such hardware/software tradeoffs
(Fig 4). Thus, a microcomputer pro-
grammer must be more familiar with
hardware than his minicomputer coun-
terpart.

Software development is harder in
micro systems because of the lack of
peripherals so useful in debugging and
simulation.

Custom microcomputer systems are
very well suited for efficiently per-
forming well-defined relatively-fixed
tasks. Unlike minicomputers, they are
not well suited for generdl-purpose
computation or software
They generally lack three important
system development tools: 1) the large
secondary storage (disks, tape drives,
etc.) required to hold utility programs;
2) language translators (assemblers and
compilers); and 3) high-speed hard-
copy devices (line printers, etc.),
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Table 2 Software development tools are considerably more primitive for the micro. Of
the applicable tools listed here that are used extensively with minis, many are

nonexistent or less powerful with micros.

Text Editor
Assembler
Macro assembler

For composing and modifying program source.
Translates assembly-language programs into machine code.
An assembler that permits the representation of commonly

appearing sequences of instruction with shorthand “macro”

names.
Cross-assembler

An assembler that executes on one (host) computer, but

generates machine code for another (target) computer.

Compiler

Translates a high-level-language program into a language

suitable for a particular computer.

Cross-Compiler

A compiler that executes on one (host) computer, but

generates code for another (target) computer.

Loader

Linking-loader

For loading an executable module from some peripheral de-
vice into memory.

A loader that combines many relocatable object modules into

an executable module. It makes appropriate modification to
each module for resolving change in references between the

modules.

Cross-reference
listing

Debugger

An assembler output that lists all references made to each label
or other symbol in the program.

Permits the testing and verification of a program’s operation by

observing intermediate results at various stages of execution.

Debugger-simulation

A debugger that uses simulation to run on one machine and

facilitate the debugging of a program written to run on another

machine.

which are desirable during program de-
velopment, but are rarely required in a
microprocessor’s final configuration.
These facilities are required in any sig-
nificant software development effort.
Thus, microcomputer software is often
developed, simulated, and initially de-
bugged on alternate computer sys-
tems — timeshared systems, minicom-
puter systems, and specially-config-
ured (typically more expensive) micro-
computer-based development systems.
In these development systems not
based on the micro, the language-trans-
lation programs used to convert pro-
grams into micro machine code are
called “cross-assemblers’ and “cross-
compilers.” These programs run on
one machine, the larger “host” devel-
opment computer, and produce code
for the microcomputer or “target”
machine. Additionally, these “host”
machines often also have “‘simulator-
debuggers,” programs that simulate
the running of the ‘“‘target’ proces-
sor and help debug the machine code
by using the significant resources of
the “host” system. In contrast, most
mini software is developed on the mini
itself. The software tools (Table 2)
available to help develop software for
micros are considerably more primitive
than those available for minicomputer
software development. The text-edit-
ing systems available for micros are
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considerably less powerful. Many
micros lack the availability of macro-

assemblers and linking loader facilities.

Also, few high-level-language proces-
sors generate code for micros. In fact,
many micros have no compiled high-
level languages at all (but this is rapid-
ly changing). Many manufacturers
only provide cross-compilers which
must be run on “host” development
computer systems and have no resi-
dent versions that run on the micro
itself. Resident software is, however,
becoming more common as language
processors and text editors can be
stored on a single chip. The most pop-
ular high-level language in the micro
world at present is BASIC, an inter-
pretive language. This is a reflection
of the efficient use of memory char-
acteristic of interpretive language im-
plementations. Interpreters are, how-
ever, often not acceptable in real-time
applications because they execute pro-
grams slowly, so assembly language
still dominates the programming of
Mmicros.

Conclusions

A large number of contributing factors
makes programming microcomputers
different from programming minicom-
puters. The relatively limited hardware
facilities of the micro requires soft-
ware to perform functions normally

available in hardware on the mini. The
lack of efficient high-level languages
for the micro makes assembly-lan-
guage programming dominate micro
applications, whereas high-level lan-
guages dominate mini applications.
The limited instruction set of the
micro relative to the mini makes as-
sembly-language programming more
tedious and complex on the micro.
The typical area of application of
micros gives these systems higher cost
sensitivity than typical mini applica-
tions. This leads to extensive custom
hardware in micros and also to an in-
creased degree of interaction between
hardware and software design not
found in typical mini systems. The
software tools available for developing
software for the micro are appreciably
different and less powerful, requiring
the programmer to develop different
implementation methodologies. Thus,
aside from the obvious similarities of
the primary function of the software,
devloping software for the micro and
the mini can be appreciably different
activities.
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PART ONE

P SELECTION

Some Do’s and Don’ts

Paul Snigier, Editor

EEs who select a microprocessor that isn’t commonly-used
(less than 10% of the market) better think twice; it’s quite
possible that this lack of use will soon result in less support —
in terms of aids, support chips, boards, documentation and in
terms of sales effort and marketing strategy. Marketing de-
partments will support the superior profit-making micros, to
the detriment of other micros (even if superior). To select
these micros is to bet against the marketplace: you have
everything to lose and nothing to gain. Why risk it?

Despite the rapid entry of the bewildering array of chips,
choosing the future winners is not as difficult as you might
think. To this end, we will first look at a number of well-
known contestants in the wP/uC arena and provide you with
guidelines to follow before you select a micro that is best
suited for your applications.

8-bit versus 16-bit: which is better?
Commonly used micros fall into two general categories by
word length — 8- and 16-bit. The 8-bit class includes the
8080A, 8085, F8, SC/MP, 6800, 6502, 8048 and 3870. In
the 16-bit class are the PACE, TMS9900, TMS9985,
TMS9940, 6809 and 8086. In this article we’ll use these
devices as examples of available device classes.

Should you select an 8- or 16-bit microprocessor? Gener-
ally speaking, the application in which a uP is used deter-
mines whether an 8- or 16-bit micro is called for. Examples

This portion of a fully programmable triac surge tester and monitor-
ing system, designed by the author four years ago, contains 47 SSI/
MSI ICs, but today could be designed more easily with a single-chip
uCs lend themselves to low volume designs with a minimum of hard-
ware/software design effort.
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of 8-bit applications are a triac surge cycle tester, a type-
writer, intelligent CRT terminal, keyboard/printer, process
control functions (such as traffic signals and electronic
scales), POS terminals with barcode scanners. In these appli-
cations, the micro performs basically logic operations (test-
ing the position of a switch or key and setting output switches
such as relays and contactors which control devices such as
valves, motors and lights). Since little data processing is
required, most 8-bit processors can accomplish the results
within the time constraints. This is especially true of process
control applications where physical devices are ex-
tremely slow compared to the computational speed of mod-
€In MiCroprocessors.

Applications which require computation and general data
processing, on the other hand, usually require a 16-bit proc-
essor because they require movement of relatively large
amounts of data from the memory, through the processor’s
ALU and back to memory again. Arrays of data are often
compared, scanned, modified or combined via lengthy algo
rithms. Character strings might be processed to locate a
specific character or string of characters, then groups of
characters read and analyzed, etc. This type of application is
usually given to a 16-bit micro.

But microprocessors sometimes include enough on-chip
memory to perform simple applications. These devices are
called microcomputers because they contain the memory and
I/O circuits as well as the ALU and control. Examples are the
8048, 3870 and TMS9940. So three categories of devices
should be reviewed for any application: the microcomputers,
the 8-bit microprocessors and the 16-bit microprocessors.

Data processing applications, however, involve moving
large amounts of data into the processor’s arithmetic and
logic unit and performing mathematical or logical operations
on that data. An array of data might be entered for summation
or for comparison with still another array of data, and a
number of character strings might be entered into the wP and
each searched for a specific character, etc. Since these data
processing type applications involve processing large
amounts of data, they are better suited for 16-bit micros.

Single-chip nCs promise a revolution

The single-chip microcomputer promises to become the most
popular micro of the 1980s. Even more than the mid-range
class, the single-chip micro is well suited to process control
applications, a fact illustrated in its architecture. One-chip
mCs include all program and data storage on-chip, freeing
pins for I/O control. Except for the 8048, they’re hard to
program. They contain either on-chip ROM or eraserable



EPROM. (Because of on-board memory, the single-chip
device is a uC, not a uP.) Its on-chip programmed memory
reduces components required to implement a control applica-
tion which can be programmed in under 2K-4K bytes of
memory, an important feature for volume producers of uC-
based products. EPROM is well suited for initial prototypes
of applications which require only one version. Despite the
limited amount of on-chip ROM, single-chip uCs accept
external ROM-RAM memory and address up to 64K bytes of
program memory.

Besides the 1024 bytes of program memory on board the
8048 (other versions have 2084 bytes of ROM), there are 64
bytes of RAM, with a 128-byte version also available. Six-
teen bytes of the RAM comprise two banks of 8-bit working
registers. These facilities interrupt processing and afford the
micro much data handling ability. Another 16 bytes of RAM
form an 8-level, 16-bit-wide stack for storing the state of uP
register during interrupt processing or calls to subroutines;
the remaining 32 bytes of RAM are available for temporary
storage of data being processed. The relatively small amount
of program and RAM memory (1024/2048 and 64/128,
respectively) indicates the small program size and small data
quantity handled in a single-chip micro.

Beyond the built-in memory, there are 96 instructions to
handle control type functions. At least 50% of instructions
are one-byte long, with the rest two bytes long. In addition,
within the set, a number of instructions can manipulate
individual bits of a byte, which is particularly useful if your
control-type uC must examine the ON/OFF state of a switch
or indicator and make a decision based on its state. Compli-
menting this capability, a variety of conditional branch in-
structions make decisions based on the condition of individu-
al bits within a word, thus permitting you to more easily
implement a logic flow for a process control function.

Like the 8048, Mostek’s 3870 (second-sourced by Fair-
child and Motorola) is a single-chip micro with a similar
process control type architecture, and also has 64 bytes (or
128 bytes) of RAM and 2K (or 4K) of ROM program mem-
ory, although it has no EPROM versions — a disadvantage
for custom designs. The 3870 instructions have strong
points: many accumulator operations decrease RAM access
times, speeds instruction execution and also performs mem-
ory/accumulator arithmetic and logic operations . However,
designers criticize its instruction set as generally more diffi-
cult to use than that of the 8048.

In the earlier microcomputers, the features of the CPU
were somewhat reduced to make space for additional mem-
ory and I/O. This is not the case with Motorola’s MC6801,
an expandable one-chip version of the 6800, which in addi-
tion to 2K of ROM, 128 bytes of RAM, a 3-function 16-bit
timer, a full duplex, double buffered serial I/O port and 33
I/O lines, provides an enhanced instruction set. The instruc-
tion set is the complete MC6800 instruction with 10 addi-
tional instructions, including an 8-by-8 multiply and eight
16-bit instructions such as Add, Subtract, Load, Store, Shift
and so on. The 6801 can also be expanded to 64 K bytes of
address space. The 6801 expands the range of applications

available to uCs to also include the applications covered by.

the mid-range class of micros. The 6805, a non-expandable
version of the 6800, is stripped down for small chip size and
minimum cost. The simpler CMOS 6805, like the 6801, are
aimed at high volume, high-reliability applications. Both TI
and Motorola have high-volume contracts with the auto
makers.

A delayed late entry into the crowded single-chip, high-
speed controller market, Z8 possesses an architecture similar

to the Z8000. It has on-chip 2K bytes of mask programmable
ROM. Powered by a single 5V supply 8MHz clock, Z8
executes instructions in 1.5-2.25 usec; and is claimed to
have twice 8048’s throughput. It possesses 124 general pur-
pose 8-bit registers, and all are usuable as accumulators,
index registers or pointers. Not only that, but with 6 vectored
interrupts that can be masked in order of priority, Z8 provides
more interrupt capability than other uPs

Also, various control registers and four I/O registers are
mapped into the register file, providing flexibility and easier
interface control.

Z8’s communications capability should suit it to distribut-
ed systems. For example, in a phone it would act as a distant
member or intelligent terminal for a large computer network
system — a factor which could position the Z8 in an explo-
sive market in light of personal computers in the home and
electronic office of the early 1980s.

Present offerings include: 8048, PIC 1650, PPS-4/1, Z8,
8022, 6801/05, 9940, 8070(8060), 3870, 1804, 6500/1, and
on the lower end, one-chip uCs like the popular TMS-1000,
S$2000, COP420 and 1872.

Said to be the most powerful micro available, DEC’s processor board
LS1-11/23 uC incorporates a 16-bit wordlength uP with the function-
ality of a midrange PDP-11 mC. The new processor has 2.5 times the
speed of the entry-level LSI-11/2 uC and incorporates a memory
management chip to permit four times greater memory capacity. An
optional floating-point processor chip permits five times faster oper-
ations than software floating point. The LSI1-11/23 is software com-
patible with other LSI-11 models and with PDP-11 software.

Several drawbacks hold back single-chip uCs. Since the
basic architectures were originally intended for mask-pro-
gram storage, these single-chips uCs require complex off-
chip augmentation for program storage. The 8748, Intel’s
EPROM version of its 8046, makes it easier on low-volume
designers, who will be more concerned with ease of design
and development. Also, more single-chip micros will find
themselves in cost-sensitive products, such as hand-held
drills, blenders and other applications that are economically
absurd today. Examples include vibration signature analysis
in a hand-held drill (and anywhere simple sensors can be used
with the micro applying statistical techniques), speed-torque
control of drills and small power saws, and other unanticipat-
ed applications.

What applications are suited to single-chip uCs? Video
games (such as Fairchild’s F-8-based cartridge game), mi-
crowave ovens and sewing machines — these and other such
high-volume applications will profit best. Most single-chip
micros come with ROM; it must be programmed during
production, which makes if difficult if you're a low volume
designer, although you can program EPROM devices, which
isn’t all that great an advantage here. No doubt, future use of
single-chip uCs will involve elementary applications be-
¢ use of falling costs.
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One additional single chip device is the powerful
TMS9940 which contains 2k bytes of ROM or EPROM and
128 bytes of RAM. The 9940 architecture is quite sophis-
ticated. The 9940 provides the user with the opportunity to
use the 16-bit architecture of the TMS9900 in a format. The
instruction set is the same as the TMS9900 with a few
additions to facilitate BCD arithmetic. Moreover, the multi-
processor I/O feature makes the TMS9940 a natural choice
for systems in which several processors control separate units
yet communication between processors is needed for overall
control.
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¥  Index
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The MC6809 has 16-bit processing capability with 50% more
throughput than its parent, the MC6800. It operates at 2 MHz,
adds 16 new addressing modes, utilizes an expanded instruction
set with high-level language capability, and adds a host of other
refinements while maintaining compatibility with the M6800
Component family.

Mid-range u.Ps offer more flexible architecture

The mid-range uP differs from single-chip uCs in two ways
— by lack of on-board program memory or RAM and more
general-purpose architecture. These mid-range devices ad-
dress up to 64K of either ROM or RAM, and the instruction
set contains more general-purpose instructions to handle both
control-type functions and data processing-type functions.

Examples of mid-range wPs include the 8080A, 8085,
6802, 6800 and others. All have an 8-bit data bus, 16-bit
address bus and accumulator-oriented instruction set. Be-
yond these features, they differ greatly. If we look at the 8080
and 6800, we see the difference is quite pronounced in
several areas.

First, the 8080 has six 8-bit or three 16-bit general purpose
registers, while the 6800 has two 8-bit general purpose regis-
ters used as accumulators and a 16-bit index register. Sec-
ond, the 8080 has six addressing modes and the 6800 has
seven. Third, the 8080 can use specific I/O instructions; the
6800, memory mapped I/O with the I/O device treated like a
memory location.

The consequence of the first two of these differences is
this: the 6800 uses memory to a greater extent than the 8080
during instruction execution, which could make it difficult
for the 6800 to support reentrant code (essential for interrrupt
processing). The ability to support reentrant code means that,
for example, during execution of a multiply subroutine, an
interrupt occurs which halts execution of the present program
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and commences execution of appropriate interrupt routine.
For illustration purpose, suppose that the interrupt routine
also called for execution of the multiply subroutine which
had just been interrupted. A micro which supports reentrant
code would permit the multiply subroutine to be reentered
and reexecuted for the interrupt program without disrupting,
in any way, the operation previously being performed. Thus,
after the multiply subroutine has been reentered and reexe-
cuted and the interrupt program completes, operation of the
multiply subroutine can resume in exactly the same place as
if it was never interrupted. More importantly, the result
produced by the subroutine is the same as though the inter-
ruption never occurred.

Reentrancy in the 6800 is somewhat more difficult be-
cause during program execution the device might be using
memory to hold temporary values, e.g., addresses to be
modified or data to be processed. If a program is interrupted
and later reentered, these temporary values could easily be
overlayed. In the 8080, this problem is avoided, if all the
temporary values will fit in the registers. Both processors can
push onto a memory stack all registers, upon the occurance of
an interrupt, and retrieve them after interrupt processing
concludes to permit unaltered completion of the interrupted
task. The 6800 does this faster; it has less registers to push
and pull from its stack.

The second of the differences deals with how the two
devices process interrupts. The 8080 has a vectored structure
which permits the interrupting device to identify itself and
thereby call its interrupt handling routine into execution.
Thus, for each interrupting device there resides in memory a
handler routine called into execution by its associated device.

In the 6800 there is typically one interrupt routine called
into execution when any of several possible interrupts occur.
The interrupt routine must then identify the device wanting
service by polling the devices or using the 6828 Priority
Interrupt Controller. Thereafter, with other interrupts dis-
abled, the appropriate software is called to service the
device.

The third difference — that the 6800 has seven addressing
modes to the six of the 8080 — provides an extra mode that
adds to the flexibility of the 6800 in addressing memory.
Where this directly impacts the user is in the amount of
assembly language code produced for a given application,
which is usually less for the 6800. Both micros have the
following addressing modes: implied, immediate, register
and direct. Implied addressing means that the instruction op
code also specifies the address to be used; thus, instruction
and address occupy only one memory byte. An immediate
address, on the other hand, requires either two or three bytes
since the operand is located in the first (1-byte immediate
address) or the first and second memory (2-byte immediate
address) locations immediately following the operation
code.

As the name implies, register addressing specifies a regis-
ter, and requires only one byte of memory. Direct addressing
uses three bytes of memory and contains in the two bytes
following the operation code of the instruction the address of
the operand.

Beyond these four modes, the 6800 has three modes: a
modified form of direct addressing, indexed addressing and
relative addressing. In the modified direct address, only one
byte is used to contain the address of the operand, thus
permitting 256 bytes to be addressed while only taking up
two bytes of memory to contain operation code and address.
Flexibility in programming comes with the indexed addres-
sing and relative addressing modes. Indexed addressing
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interface solution
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OF INCREMENTAL AND
ABSOLUTE POSITION ENCODERS

INCREMENTAL
Standard 1-48,000CPT; higher resolutions
available e Quadrature square wave or
direction-sensed pulsed outputs at TTL
levels ¢ 2%, 25%",3%" and 6" OD packages.
Zero reference output optional.

ABSOLUTE POSITION

Standard resolutions to 220 bits per turn e
Special resolutions to 224 bits per turn e
Non-ambiguous code formats e Natural bi-
nary and 8421 BCD outputs at TTL levels
e Single-ended, through, and hollow shaft
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Digital Products Div.
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Little Rock, AR 72203
Tel: (501)372-7351

Industrial Encoder Div.
7230 Hollister Ave.
Goleta, CA 93017
Tel: (805) 968-0782

Exclusive manufacturers of the BALDWIN® encoder

means that the address in the second byte of the instruction is
added to the low order bits of the index register with any carry
propagating into the index register high order bits. The result
then becomes the address to be accessed during instruction
execution. This facility is very useful in handling elements in
arrays and tables. In relative addressing, an offset, contained
in the second byte of the instruction, is added to the program
counter’s low order bits. While this method is used for
program jumps, it finds its greatest appeal in facilitating
relocatable program code, code that can be loaded into any
memory locations and relocated without altering or changing
the code. Besides the four addressing modes it has in com-
mon with the 6800, the 8080 has register indirect; and I/O
addressing. In register indirect addressing, the one-byte
instruction specifies a 16-bit register which contains the
address in memory to be accessed.

The final 8080 addressing mode, I/O addressing, also
points up the fourth difference between the 8080 and 6300:
their respective methods of handling I/O. With the 8080,
there are separate instructions (IN and OUT) which address
I/O device and either sends it, or receives from it a byte of
data. In the 6800, an I/O device is treated as a memory
location, a technique referred to as memory mapped I/O. The
6800 method is more like the large mainframe computers,
such as DEC PDP series machines, than the 8080.

Another member of the 8080 class, Zilog’s Z80 is used a
lot in mid-range data processing applications. Boasting addi-
tional registers, fifty extra instructions (advanced block-
move and block-search ‘‘macros’, etc) over 8080A’s 78
basic instructions, and higher speed for the programmer, Z80
is also attractive to designers because of extras like on-board
refresh logic for dynamic memory subsystems. Although not
pin-for-pin 8080/85 compatable, it can use 8080 software
and peripherals, although to do this doesn’t take advantage of
the Z80’s power (but is done for Z80-to-8080 software trans-
portability).

As I said earlier, the 6800 suffers versus the 8080A elec-
tronically, but its instruction set makes up for this. Moto-
rola’s 6802 alleviates some designer’s objections by
two changes: (1) placing the complex clock circuitry on-chip
and (2) to permit 6802 to use slow memories (without slow-
ing up the clock for everything else), Motorola wisely added
wait logic.

While the 8-bit processors are generally adequate for
logical decisions and simple I/O functions, there is one
additional alternative to consider. An 8-bit version of a 16-bit
processor is available: the TMS 9985 is essentially a TMS
9900 in a 40-pin package with a few minor modifications to
the architecture. Like the TMS 9940, it includes the same
instruction set as the TMS 9900 plus the additional ones for
BCD arithmetic. The user has all the advantages of 16-bit
architecture with the added advantage of the 40-pin package
and the 8-bit data format. The primary advantage of the TMS
9985 over the 8080 and the 6800 is the minicomputer archi-
tecture and instruction set which provide substantially super-
ior computing power, better efficiency of memory usage and
faster execution. The TMS 9985 is software compatible with
the TMS 9900 because it is built with the same 16-bit archi-
tecture.

In the next half of this two-part series, I will discuss the
(dis)advantages of 16-bit micros and provide guidelines for
selecting a micro.

Rate this Article: 2L, 2M or 2H on
Reader Inquiry Card.
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“Performance, Reliability,
and Responsiveness.

That's why

we use the
Xylogics 211.”

The Inforex System 5000 file management sys-
tem features king-size disk storage — up to 1.2
billion bytes. Bringing that much disk capacity to
the market in a profitable package was the job of
Inforex design engineers.

According to Neil Frazer, Principal Engineer,
“When our design group was surveying the
marketplace for disk controllers, we turned to
Xylogics. On paper, there were quite a few disk
controllers that could meet Inforex specifications.
But Xylogics showed us outstanding responsive-
ness in helping us evaluate the 211, a reliable
product that was immediately available to meet
our particular performance specifications.

“Initially, the 211 was used with a PDP-11/05
for all our evaluation work. The reliability of the
211, in conjunction with the responsiveness of
Xylogics, convinced us to incorporate the 200
formatter with an Inforex-designed interface
adapter. We were able to introduce the large
disk option into the System 5000 quickly, easily,
and with confidence.

“We find Xylogics to be an excellent OEM
supplier. They are very accommodating and
responsive to our needs.”

JOIN THE DESIGNERS ACROSS THE
UNITED STATES AND OVERSEAS WHO HAVE
PUT MORE THAN 1,000 XYLOGICS DISK
CONTROLLERS — INCLUDING 400 XYLOGICS
211's — TO WORK IN THEIR SYSTEMS.

CALL OR WRITE. TODAY.

Regional Sales Offices and Representatives: New Jersey ® New York ® Maryland
e Pennsylvania @ Florida ® Alabama ® Georgia ® North Carolina ® Texas
® Colorado e California

International Subsidiary: Xylogics International Ltd., Lynton House, Mill Lane,
Gerrards Cross, SL9 8AY. United Kingdom Tel: (02813)-88287

International Sales Offices: United Kingdom e Australia ® Holland e Italy
e Switzerland ® Germany

Xylogics, Inc., 42 Third Avenue, Burlington, Massachusetts 01803

Neil D. Frazer, Principal Engineer, INFOREX

Xylogics 211 features include:
e Multiple Computer Access
e Dual Port Capability

e Mass Direct Data Transfer

e Unique Direct Access Memory (DMA)
Throttle Control

e Compatible with All Popular “Storage
Module” Disk Drives

(617) 272-8140
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Emulative Systems Co.

Programmable Interface Chips

One problem in the development of
software for microprocessor-based
systems involves the increasing use
of programmable interface chips.
These devices greatly expand the
flexibility and usefulness of the
designed boards, reduce parts count,
and simplify changes and modifica-
tions. However, their lack of stan-
dardization leads to programming
and documentation problems. Fur-
thermore, since their widespread use
in microcomputers does not parallel
application in larger machines, very
little software or hardware support is
available. This discussion presents
the history, justification, typical
characteristics and uses of these
devices, and then describes some of
the problems that designers must
resolve.

When microprocessors were first
introduced, few associated circuits
other than memories were available.
Since users had to implement input/
ouput sections in standard logic, the
cost and complexity of those sec-
tions quickly exceeded the cost of
CPU and memory, except in very
simple applications. The introduc-
tion of 8-bit (or byte-wide) parts,
including latches, buffers, drivers
and registers, simplified I/O sec-
tions somewhat, but still left them
far more complex than the other
parts of the microcomputer. Further-
more, I/O sections implemented in
standard logic contained all the dis-
advantages of logic design, includ-
ing a lack of flexibility, difficulty of
implementing changes and high
parts count. The higher speed of
logic was typically wasted, since the
I/O section could not very well out-
strip the central microprocessor.

When Motorola introduced the
6800 microprocessor in 1975, it also
introduced two compatible MOS
I/O parts — a parallel interface
(called the peripheral interface
adapter or PIA) and a serial interface
(called the asynchronous serial in-
terface adapter or ACIA). These two
parts offered the advantage of pro-
grammability — that is, they had

‘sets of logic connections which the

designer could select by storing a
particular value in a control or
command register. Note that this
kind of programmability differs
from the programmability achieved
by tying pins on I/O ports, timers
and other devices. That kind of pro-
grammability increases the useful-

ness of a particular part, but does not
increase the flexibility of a printed
circuit board, since its wiring is
fixed.

What then does this new kind of
programmability mean? Let us
examine the Motorola 6820 parallel
interface (Fig 1). The part consists
of two 8-bit ports, each of which
includes two associated control lines
and a control register. Typical con-
trol register bits possess the follow-
ing functions:
® Bit 0 determines whether transi-
tions on one of the control lines
enable an interrupt to output.
® Bit 1 determines whether the ac-
tive transition on one control line is
low-to-high (leading edge) or high-
to-low (trailing edge).
® Bit 5 determines whether the other
control line is an input or an output.
The other control register bits have
similar functions which we will not
describe here.

Note the following advantages of
this kind of programmability:
® A circuit board with a PIA can be
used in many applications without
any hardware changes. Having the
program store different values in the
control register during startup im-
plements the minor differences.
® Such changes as incorrectly spec-
ified transitions can be made in soft-
ware rather than in hardware.
® The same part can be used in many
different applications, thus increas-
ing volume and simplifying testing
and other procedures.

Fig 1 Motorola 6820 peripheral interface adaptor (PIA) provides parallel interfacing with

two 8-bit ports.
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A BUCK A SWITCH!

*Qur innovative line of digital Miniswitches puts
it all together. Dependable Digitran quality,
snap-together assembly and minisize — only
$1.01 per module, in OEM quantities, unlighted.

But don't overlook the unique option: LED
lighting that lasts the life of the switches with
no maintenance. Only Digitran thumbwheels
have it. And the cost is about the same as con-
ventional unlighted switches.

Our new Miniswitches are precision
molded from highest quality plastic, quickly
and easily snapped together for complete

design flexibility. No tools, no extra hardware
required. Switches available in three series:
43000, 44000, and 45000, rear mounted or
front mounted. They are interchangeable with
most conventional .500" (12.7 mm) or .315"
(8 mm) digital switches and may be ordered
in most popular codes with direct solder or
optional PC mount (pin) terminations.

In stock at our distributors. For name and
phone number of the one nearest you, call toll-
free 800-528-6050 (in Arizona, 800-352-0452),
Ext. 924, or contact us directly.

DIGITIRIAN

The Digitran Company, a division of Becton, Dickinson and Company

855 South Arroyo Parkway » Pasadena, California 91105 « Phone: (213) 449-3110 « TWX 910-588-3794, TELEX 67-5485

Prepared by Brown Keefe Marine/Bowes —DIG-8122
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Note that the advantage of pro-
gramming makes it possible for
manufacturers to supply flexible
microcomputer boards capable of
reducing the need for expensive
hardware design in low-volume ap-
plications.

How does the user take advantage
of this programmability?
® First, he must determine the con-
trol register values required for a
particular application. Unfortunate-
ly, since no standards for assigning
bit positions or functions in pro-
grammable devices exist, the user is
faced with understanding a set of
arbitrary features.
® Then, he must write a startup
routine that configures the pro-
grammable device correctly. This

trol line might be used as an input in
some applications and as an output
in others, but seldom as both in a
single application.

At the present time, microcom-
puter boards usually contain many
programmable devices. A PIA
Motorola board, for example, in-
cludes a programmable parallel and
serial interfaces and a program-
mable timer. The Intel iSBC 86/12
board also incorporates a program-
mable interupt controller. Other
programmable forms of available
chips include DMA controllers,
arithmetic devices, keyboard/dis-
play interfaces, CRT controllers,
data link controllers, printer control-
lers and floppy disk controllers.
Board-level configurations like the
Motorola MEX 6821-2 input/out-
put module of Fig 2 include the pro-
grammable devices and interfacing
circuitry in a form suitable for sys-

PAO CB1 PAO CB1
PA7 CB2 PA7 CB2
ACA1|PBO |CA1|PBO
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Fig 2 Motorola MEX6821-2 1/0O module provides four 8-bit 1/O ports for peripheral in-
terfacing, 8 individually controlled interrupt lines, four of which may act as peripheral
control lines. The part also offers a program-controlled capability with each of the two
PlAs addressable as a memory, a switch-selectable base memory for each PIA, a jumper-

selectable user address and up to 2.0 MHz

operation is comparable to picking a
numbered circuit from a designer’s
casebook. Note that most applica-
tions do not require reprogramming
of devices. The devices are pro-
grammable across applications, but
not usually within a single applica-
tion.

Note that in the PIA example a con-

operation.

tem use.

Note some of the problems in-
volved in the use of programmable
devices:
® Each programmable device is un-
ique. The Intel 8255, the parallel
interface equivalent to the PIA for
8080/8085-based systems, contains
entirely different control registers

and options than the Motorola PIA.
® The programming of the device is
arbitrary. Program instructions
merely load a bit pattern into a con-
trol register. Obviously, the system
documentation must describe the
programmable device and the codes
used, since those who must maintain
the system can hardly be expected to
understand a particular device.

® No support for these devices in any
high-level language exists. Most are
programmed with simple, but essen-
tially meaningless, assembly lang-
uage sequences. Also, there are no
models for use with simulation
packages or the equivalent of in-
circuit emulators.

® The device options may be very
difficult to understand and poorly
documented. More recent devices,
such as programmable timers, inter-
rupt controllers, data/link control-
lers, CRT controllers and floppy
disk controllers, often offer hun-
dreds or thousands of possible con-
figurations. For example, the Zilog
S10, an advanced serial interface
with data/link capabilities, incor-
porates eight control registers that
the user must program.

e Initial states and transitional states
may be undefined. Many devices
supply no RESET inputs and come
up in an undefined state. Extra cir-
cuitry is often required to take care
of this problem. Similarly the spe-
cifications seldom consider even a
substantial percentage of the possi-
ble situations. The user may well
need to determine reasonable tests
for the devices.

The programmable devices repre-
sent a distribution of computing
power. The Intel UPI-41 (or univer-
sal peripheral interface) is, in fact,
an entire ROM- or EPROM-based
microcomputer that serves as a cus-
tom programmble interface for more
complex peripherals (Ref 5,6). Pre-
programmed versions of the device
are available as data encryption
units, printer controllers and other
functions. As always, distributed
computing power is a useful catch-
word that is far from fully explored
at the design, development, test and
maintenance levels. Programmable
peripheral devices represent only a
taste of the problems that are to
come in the development of soft-
ware and computer-based electronic
systems.

Rate this Article: 6L, 6M or
6H on Reader Inquiry Card.
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A Beautiful

S0 first
and foremost
concern, to s

design outstan'qin% —
- remote video displays, has
resulted in the development
of the 1Q 140. This unit
reflects exquisite appearance
and performance capabilities
unequaled by others on the market.

With the 1Q 140, the operator

is given full command over data - '
being processed by means of a wide variety
of edit, video, and mode control keys, etc.

The detachable keyboard, with its

complement of 117 keys, is logically

arranged into 6 sections plus main keyboard

to aid in the overall convenience of operation.

For example, a group of 8 keys for cursor control /

14 keys accommodate numeric entry / 16 special function keys
allow access to 32 pre-programmed commands / 8 keys make
up the extensive edit and clear section / 8 keys for video set
up and mode control / and 8 keys control message and print.

Two Pollin% l\cjtptions available: 1) Polling compatible with Lear
Siegler's ADM-2. 2) Polling discipline compatible with Burroughs.

Way To Interface

The SOROC

1Q 120 is the result

. of an industry-

wide demand

for a capable

remote video

display terminal

~ which provides a

multiple of features

at a low affordable price.

The 1Q 120 terminal is a simple
self-contained, operator / computer unit.

The 1Q 120 offers such features as: 1920 character
screen memory, lower case, RS232C extension,
switch selectable transmission rates from 75 to

19,200 bps, cursor control, addressable cursor, erase
functions and protect mode. Expansion options presently
available are: block mode and hard copy capability with
printer interface. The 1Q 120 terminal incorporates a 12-inch,
CRT formatted to display 24 lines with 80 characters per line.

‘ OC 165 FREEDOM AVE., ANAHEIM, CALIF. 92801
TECHNOL

oGY, INC.

(714)992-2860 /7 (B800D)854-0147

nn RKeade nauiry ]




COVER FEATURE

CAPACITANCE KEYBOARDS:

A Look Beyond Microprocessors

In selecting a keyboard, the first design decision is “‘which
type of switch offers the lowest potential keyboard cost
structure?”’ The choice is purely economic. The considera-
tion is trading a relatively fixed electronic cost against the
variable cost of some 70 to 80 switches. The least costly
switches are the non-contacting capacitive or core designs,
followed by contact types, and finally by active device (i.e.,
hall effect) types. However, the circuitry surrounding the
switch matrix is inversely complex. Contact and active
switches use only the simplest decoder/drivers while the
non-contact passive switches require rather sophisticated
drive/sense designs.

The decision process is straight forward. Pick the least
costly switch element (comensarate with reliability require-
ments) at the expense of sophisticated surrounding circuitry.
Material costs are inflationary by nature, while electronic
costs are going down more than enough to offset and de-
crease the cost of surrounding circuitry. With ‘“‘drive and
sense’’ chip-sets such as the one featured later in this article,
indications are that the cost structure of capacitive keyboards
(in particular the non-soldered variety) are significantly
lower than active device designs and approaching the cost of
contact designs. Also, capacitive switch life is equal to the
life of any solid-state designs and 5 to 10 times longer than
the contact varieties. It’s no wonder that capacitive key-
boards are becoming dominant in today’s terminal designs.

Attempts at making capacitive technology work had been

going on for at least a decade when Key Tronic Corporation,
in early 1974, married the foam capacitive pad to a current
sensing detection scheme. The foam pad cured earlier prob-
lems with PCB/switch irregularities, but the real break-
through came with the development of a detection scheme,
insensitive to the stray capacitance characteristic of a dense
s trace and pad layout.
Walter Z._ Davis With g[r)ound)i/ng traces isolating individual sense lines,
Key Tronic shunt capacitance often exceeds switch capacitance. The
goal was a detector which caused little or no voltage change
on the line being sensed (this, rendering the design insensi-
tive to a ‘‘capative-voltage divider’”). Of the six vendors
currently offering capacitive keyboards, at least half of them
possess monolithic detectors.

Once you’ve come to the conclusion that the non-soldered
capacitive switch concept offers the lowest possible key-
board cost structure, the only significant question is: ‘‘Does
the switch work?”’. We were always convinced that the
switch was potentially as good as our life tests indicated, but
the real proof came from the field. Results from over 500,000
keyboards and 5 years, demonstrated the reliability neces-
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the best magnetically coated media

From the introduction of our Type | ; ture. uniformly oriented onto the polyester
Computer Tape in 1967, to our premium | | film, and stringently tested to the highest
Quadronix Tape, to our revolutionary industry standards.
new G-Tape in 1975, Wabash has been
manufacturing the world’'s finest mag-
netic media. Now Wabash has a new
success story...our high performance
flexible disks, designed for the needs
of today's computers.

The root of our success is in the
magnetic coating...precisely for-
mulated with a proprietary mix-

So the next time you're in the market for
highly dependable computer tape or disk-
ettes, think of Wabash. We can cut it. slice it.
punch it, and package it to your specifica-
tions . .. but the bottom line on quality is our

magnetically coated media, and it's the
best there is . ..

...any way you cut it.

Circle 22 on Reader Inquiry Card

FLEXIBLE DISKS

United States Wabash Tape Corporation, 2700 Des Plaines Ave., Des Plaines, |ll. 60018, Tel. (800) 323-9868 Telex 9106511800
Fanards Wakaeh Tane Canada | td 212€ linivareal Drive Micciccaiina Ontarin Canada | AX2FR Tel (418) A25.08312 Talevy NARQAR1348



Design Flexi

Introducing the LSI Logic Sequencer.
Now your complete state diagram can
become hardware with a single chip.

Our new Field Programmable Logic Sequencer (FPLS) is
simply the most sophisticated device in programmable
logic you can put your hands on.

And here’s why: it has LSI arrays of AND gates and OR
gates—all with nichrome-link programmable inter-
connects. This, plus an on-chip state register with an
internal feedback loop, provides everything you need
to implement any synchronous state machine.

We stretch your design freedom even further with a
complement array for generating NAND functions. Which
means you can often incorporate large algo-
rithms—and still have many gates to spare.
Moreover, we've included an independent
output register which lets you send output
commands to downstream logic—regardless of
state transitions.

The Logic Sequencer’s uses are limited only by your imagi-
nation. In control sequencing, waveform generation, hand-
shake protocols, data formatting . . . the new Signetics Logic
Sequencer meets the challenge. 48-Gate

And if you're not already using them, you should meet the AND Arra
other members of the programmable logic family: the FPLA, the Y
Field Programmable Gate Array, and our award-winning ROM
Patch. Within this family, you'll find features like multi-level
programming and editing to maximize your design freedom. All
Signetics devices can be customized with widely available PROM programming equipment.

With greater design flexibility as close as the coupon, don’t wait. Send it today. We’ll rush
you complete information on the new Logic Sequencer as well as the rest of the family. You
may also contact your local Signetics sales office or franchised distributor.

Complement Array |

16 Inputs




Feedback Loop

-Bit
tate
Register

The 82S104/105 is available now in sample quantity directly from Signetics.
For production quantity, contact your local distributor in third quarter, 1979.

*Two models available for each device: Open collector or three-state.

FIELD PROGRAMMABLE LOGIC FAMILY
Device |nputs| Outputs : Speed Power | Mil-Spec ‘ Organization
(ns max) (mW typ) = Versions
Gate Array | 9 AND/NAND
(825102/103)* 16 35 600 Now | gates; programmable
output polarity.
Logic Array | | 48 AND terms;
(825100/101)* 16 50 600 Now programmable OR
array ; programma-
ble output polarity.
ROM Patch | 48 patch words;
(825106/107)* | 16 70 600 mid-79 self-enable output
[ | flag.
S S k.
Logic ‘ 48 transition terms;
Sequencer | 6-bit R/S FF state
(825104/105)* | 16 | 90 600 4th Qtr. | register; 8-bit R/S FF |
; i output register; com-
| | | plement array.

8-Bit
Output Register

Programmable Logic.

SiNDLicS

a subsidiary of U.S. Philips Corporation

Signetics Corporation

PO. Box 9052

811 East Arques Avenue
Sunnyvale, California 94086
Telephone 408/739-7700
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Key Tronic Corporation’s two-chip set capacitive switch interface.

sary to achieve over 40,000 hour MTBFs.

Once past the analog problems of switch detection, valida-
tion and encoding are simply digital processes. It became
evident to Key Tronic engineers over a year ago, that high
volume pricing on the newly emerging single chip processors
(8048 families) would fall below that of dedicated keyboard
encoder chips in the near future. With this in mind, they set
out to design a simple, economic interface between a capaci-
tive-switch matrix and a microprocessor.

The original design (on paper) was a single 40 pin I’L part.
The I’L technology allowed Key Tronic to mix the analog
and digital portions of the design in a single chip. They soon
found out that a lot of people were talking about I’L but not
many were willing to quote full custom programs at the time.
Those that did were a long way from meeting competitive
price and delivery goals.

This led them to the two chip solution. By using two
20-pin parts and a semi-custom design approach they were
able to meet price and performance goals and retain in-house
control over the design and layout of both parts. For those of
you that have been involved in full custom MOS programs
you can understand why this approach was a welcome oppor-
tunity.

Operation

In order to make efficient use of the microprocessor, it is
necessary to be able to interrogate the entire matix very
rapidly. This requires simultaneous examination of more
than one key — ruling out the old method of decoders and
multiplexers using a synchronous one-key-at-a-time interro-
gation system.

Since they were designing a bus-oriented processor inter-
face chip, it made sense to use an 8 bit system. The final
design of the detector chip (Fig. 1) allows examination of 8
keys at a time and provides latched data onto the output bus.
With one pin dedicated to set the threshold current of the
detectors and another for a latch reset/output enable, two for
power and 16 for I/O, they were able to use a standard 20-pin
package. This allows for easy automatic insertion and is
significantly less expensive than 22- or 24-pin packages.

The decoder/drive chip is also packaged as a 20-pin part.
With 4 address lines, one strobe, one latched output (for
hysteresis control), and 2 for power they were left with 12
pins for matix drivers. This results in a 96 position matrix.
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The original design criteria called for an 8 x 14 matrix or up to
112 keys. To make tradeoff decisions regarding 96 vs 112
keys (or 20- vs 22-pin package) they examined the last one
hundred custom keyboard designs that they had done and
found that only 26% had greater than 96-key positions.
About one half of those had over 112 positions and many
were large complex control applications that tend to be
higher cost, low volume designs.

Based on this information and the fact that a second de-
coder driver chip could easily be added for applications
greater than 96 keys they decided that 12 matrix drive lines
and a 20-pin package was the best answer.

Since both chips utilize bipolar technologies they inherent-
ly offer good resistance to static damage. The matrix drive
and sense lines of each device have been designed to exhibit
low impedance to the supply in their normal mode of opera-
tion. Although ground line isolation is stil required between
X and Y lines (to keep the key up capacitance as low as
possible) this low impedance concept reduces the amount of
grounding required and also provides good immunity to
EMI. Care was taken with the design of both arts to eliminate
the requirement for external termination or biasing networks
on the matrix lines that have becr'.1e « common part of most
capacitive switch designs.

A typical interrogation would begin by bringing the strobe
line low. This resets the data latches of the detector chip and
places its output in a passively pulled up state. (The address
lines can be brought in separately as shown in Figure 1 or can
be tied to four of the data lines to provide a true 8 bit
bi-directional bus). A four bit address is set up on A0-A3 to
select a particular matrix drive line. The strobe line is brought
high which latches the address into the decoder driver. The
decoder then selects the appropriate line and drives it to a
logic 1. After an internally created delay has expired the line
driven to logic 0.

This 1 to O transition causes a current pulse on each Y
sense line that has a key closed in common with the driven X
line. The detector senses these current pulses and sets each
corresponding latch output to a logic 0. The status of the 8
keys on the interrogated line can now be read from the data
bus.

Using an Intel 8048 microprocessor, a complete 96-key
interrogation can be accomplished in less than one half milli-
second. This is particularly important if you’re trying to input
or output serial data with routines that cannot be interrupted
for periodic matrix interrogation. It is even more important
when using slower processors like the 8021.

Simple capacitive switch design.



The photograph shows a custom capacitive keyboard — features in-
clude 4 levels of coding, serial output, and LED lighted shift lock
key. Seventy-five to eighty percent of the cost of the assembly is
custom in nature — printed circuit board, metal plate, keytops, and
masked microprocessor. Only the capacitive drive/sense circuitry,
switches and some other parts are common to other designs.

Key Tronic has a standard that requires detection and
validation of ten millisecond minimum key closures. If one
scan requires 0.5 msec, and validation and output of each
new key an additional 0.75 msec, the processor could be
doing something else for 80% of the time. Thus, the key-
board would be scanned every 8 msec for a minimum of one
half and a maximum of 2 msec (assuming only two new keys
down per scan).

The customer can take advantage of this periodic inter-
rogation idea by using a minimum interface keyboard and
connecting it to the use of the processor in his system that is
already handling other duties (the I/O for instance). The
point is that it doesn’t require a dedicated microprocessor to
run the keyboard.

In summary, the most significant aspects of this new chip
set are: (1) a comlete analog keyboard interface has been
realized using two IC’s and only 2 discreet parts (2) a 96 key
capacitive switch fully encoded keyboard with auto repeat
and serial output can be produced using only three IC’s (2)
with annual volumes of 25,000 per year, minimum interface
capacitive switch keyboard pricing rapidly approaches that
of hard contact switch arrays, while offering solid state
reliability.

The primary significance of the ““‘two-chip’” design is that
it allows the terminal designer to decide where the validation
and encoding intelligence resides. In the simplest of ter-
minals, a single processor can easily handle the keyboard in
addition to its other duties. In multiprocessor designs, the
keyboard and other ‘‘peripheral” activities may share a
second, slower processor. Of course, complicated designs
and those featuring detached keyboards, will often specify a
single-chip processor residing on the keyboard. The point is
that the 2-chip set allows the terminal designer the choice.

With capacitive keyboards as simple as a plate, switches,
keytops, two to three chips, and a circuit board, it’s not hard
to understand why the capacitive keyboard is, by far, the
most attractive combination of price and reliability.”’

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

Y tL FOR i tAPF :
CUT TO LENGTH AND PRE-STRIPPED ON BOTH ENDS
AWG 30 (0.25MM) KYNAR"WIRE AWG 28 (0.32MM) KYNAR*WIRE AWG 26 (0.40MM) KYNAR*WIRE
el Bt e R | Bk W | Bt e R O
500 WIRES PER PACKAGE 500 WIRES PER PACKAGE 500 WIRES PER PACKAGE
LENGTH 'L" AITE | VELLOW T PRICE | “WHITE YELLOW BL Tow
INCH PART NO. PART NO. M % PART NO. _M- @ M PART NO PART NO. PER 500
1 0B-010 | 30W-010 | 30Y-010 | $4. 28B-010 | 28W-010 | 28Y-010 [$5.25 | | 26B-010 | 26W-010 | 26Y-010 |$5.75
1.5 0B-015 | 30W-015 | 30Y-015 .19 | | 28B-015 | 28W-015 | 28Y-015 | 5.63 | | 26B-015 | 26W-015 | 26Y-015 %
2 0B-020 | 30W-020 | 30Y-020 .50 | | 28B-020 | 28W-020 | 28Y-020 | 6.00 | | 26B-020 | 26W-020 | 26Y-020 | 6.
2.5 30B-025 | 30W-025 | 30Y-025 | 5.82 | | 28B-025 | 28W-025 | 28Y-025 | 6.38 | | 26B-025 | 26W-025 | 26Y-025 | 7.13
3 | 30B-030 | 30W-030 | 30Y-030 .13 | | 28B-030 | 28W-030 | 28Y-030 | 6.75 | | 26B-030 | 26W-030 | 26Y-030 | 7.60
35 0B-035 | 30W-035 | 30Y-035 .44 | | 28B-035 | 28W-035 | 28Y-035 | 7.13 | | 26B-035 | 26W-035 | 26Y-035 | 8.05
4 0B-040 | 30W-040 | 30Y-040 .75 28B-040 | 28W-040 | 28Y-040 | 7.50 6B-040 | 26W-040 | 26Y-040 | 8.50
45 0B-045 | 30W-045 | 30Y-045 .07 8B-045 | 28W-045 | 28Y-045 |'7.87 | | 26B-045 | 26W-045 | 26Y-045 i
5 308-050 | 30W-050 | 30Y-050 | 7.38 28B-050 | 28W-050 | 28Y-050 | 8.25| | 26B-050 | 26W-050 | 26Y-050 | 9.43
6 30B-060 | 30W-060 | 30Y-060 | 8.00 | | 28B-060 | 28W-060 | 28Y-060 | 9.00 § | 26B-060 | 26W-060 | 26Y-060 [10.35
S 30B-070 | 30W-070 | 30Y-070 | 8.63 | | 28B-070 | 28W-070 | 28Y-070 | 9.75) | 26B-070 | 26W-070 | 26Y-070 [11.25
8 30B-080 | 30W-080 | 30Y-080 | 9.25 | | 28B-080 | 28W-080 | 28Y-080 |10.50 | | 26B-080 | 26W-080 | 26Y-080 |12.18
9 | 308-090 | 30W-090 { 30Y-090 | 8. 28B-090 | 28W-090 | 28Y-090 [11.25| | 26B-090 | 26W-090 | 26V-090 [13.55
2 10 | 30B-100 | 30W-100 | 30Y-100 § 10.50 | | 28B-100 | 28W-100 | 28Y-100 |12.00) | 26B-100 | 26W-100 | 26Y-100 |14.00
] l l ]
700 ft.roll _JR30B-0100 JR30W-0100JR30Y-0100] $3.65 | [R28B-0100 [R28W-0100]R28Y-0100 154.05 | [R26B-0100 JR26W-0100 |R26Y-0100 | $4.35
500 fl.roll_|RA0B-0500 |R30W-0500 [R30Y-0500] 10.40 | [R28B-0500 |R28W-0500|R28Y-0500 [12.85 | [R26B-0500 jR26W-0500 {R26Y-0500 | 13.80
1000 ft.roll JR30B-1000 {R30W-1000 JR30Y-1000§ 16.82 | [R28B-1000 JR28W-1000]R28Y-1000 §21.10 | [R26B-1000 JR26W-1000 |R26Y-1000 | 23.15

MINIMUM BILLING $25.00

ADD SHIPPING CHARGE $1.00,

® KvNAR

PENNWALT

NEW YORK RESIDENTS ADD APPLICABLE TAX

DRPORA

Circle 24 on Reader Inquiry Card
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TOO HOT, TOO COLD,
JUST RIGHT! 221

What type of switch offers
the best overall keyboard
cost structure? Ask the
industry.

Capacitive designs offer
switch cost structures equal to
contact types, but with the
reliability of a solid state
switch. Furthermore, the
economies of a non-soldered
design more than offset
the cost of simple 2-chip “drive
and sense” circuitry.

Key Tronic offersyou a 5 year
record of reliability. With over
500 different designs and
500,000 keyboards in the
field, we have the design
expertise and manufacturing
controls to make your
keyboard selection ‘just right’.

g

key tronic
INTERNATIONAL KEYBOARDS Circle 25 on Reader Inquiry Card

P.O. BOX 14687 — SPOKANE, WASHINGTON 99214 U.S.A. PHONE (509) 928-8000 — TWX 510 773-1885




PRODUCT HIGHLIGHT

New Product Development

Distributed Automatic Test Equipment

A plug-in microprocessor-based communications PCB,
an addition to the family of ‘‘smart” cards for the 53A
ASCII party line system, allows a central computer to
down-load and run BASIC language programs in the 53A
system. This card frees the CPU, while the wP controls
the instrumentation.

Essentially a multiprogrammer or data coupler with a
lot more capability, the S3A system uses a card cage to
house a family of programmable plug-in *‘smart’’ printed
circuit cards. In general, these cards provide D/A convert-
ers, counters, stepping motor controllers, relays, resis-
tance programming and digital data coupling such as

IEEE-488 bus EIA RS-232C or BCD to IEEE-488 bus.

These ‘‘smart’’ cards always communicate with the sys-
tem controller (calculator or computer) via preformatted
ASCII characters using the decimal notation expected by
the user’s application program. Since the individual cards
are smart, a user can add cards to the card cage, delete
them from it or rearrange them in it without writing a new
software driver.

The wP-based communications card allows the 53A
ASCII party line system to act as a stand alone data
acquisition and control system or as an intelligent satellite
in a distributed computer system. When performing as a
remote satellite, the 53A system can be hardwired or
connected via modems for synchronous or asynchronous
operation. When used with modems, the 53A system can
operate on a multi-drop line with up to sixteen intelligent

Communications card in
this CDS 53A ASCII party
line system which uses
smart hardware allows a
CPU to download and run
BASIC programs in distrib-
uted test system equip-
ment.

satellites connected to a single phone circuit.

A comprehensive communication executive in the
firmware package allows the central computer to down-
load and run BASIC language programs in remote satel-
lites. Input and output communication buffers store data
for transfer when the receiver (53A system or central
computer) is not busy. This arrangement prevents the
central computer and the 53A system from delaying each
other.

The design of the communications card meets the spe-
cial requirements imposed on remote satellites in distrib-
uted system. For example, the card provides dual inde-
pendent serial communications ports capable of handling
asynchronous, synchronous and synchronous bit-oriented
protocols such as IBM BiSync, HDLC, SDLC and virtu-
ally any other serial protocol. It can generate CRC codes
in any synchronous mode and can be programmed for any
traditional asynchronous format. The card also supplies
four modem control outputs and four sense inputs.

The Z-80 is supplied with up to 20K bytes of EPROM
and 10K bytes of RAM. The EPROM contains the BASIC
language interpreter and the communication executive.
An optional PROM programmer card makes it easy for
users to add their own assembly language routines that can
be accessed by the BASIC language CALL statement.
Price of $2,900 includes card cage and uP communica-
tions card. Computer Data Systems, Inc., 186-58
Homestead, Morrison, CO 80465, (303) 687-8014.
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NEW PRODUCTS

TRS-80, PET CONTROL SYSTEM

Able to sense up to 24 inputs and drive 16
medium power outputs, the SY-16 is a plug
compatible turnkey control system with all
software and hardware furnished.

The 16 output devices can be any 6 V or

less On/Off mechanism using less than 1/4 A.

Input devices can be TTL gates, or any
form of switch contacts, including thermo-
stats, reed switches, microswitches, joy-
sticks, keyswitches and numeric keypads.
The SY-16 can sense for open or closed con-
dition.

A software timing and control program
(STAC) lets the user specify and execute
complex timing, sensing and control se-
quences without having to program, or lets
him write programs which call STAC as a
soubroutine. $289. Cooper Computing,

Box 16082, Clayton, MO 63105. Circle 126

12-BIT A/D CONVERTER FOR uP

The ICL7109 A/D converter chip features a
three-state output which enables it to be di-
rectly interfaced to virtually any micropro-
cessor data bus which is 8 to 16 bits wide.
The device may also be used for remote ser-
ial data logging applications.

In the byte-organized parallel mode, the
ICL7109 can interface with the data busses
of the Intersil 6100, the Motorola MC6800,
or the Intel 8080 and 8048. There are 14
data output lines, providing 12 magnitude
bits plus polarity and out-of-range bits. The
output lines can be grouped in two 8-bit
bytes, each activated by its own byte-enable
signal, plus a master chip-enable line.

The ICL71009 is available in 40-pin plas-
tic or ceramic dual-in-line packages. $10 and
$19.80 (100) Intersil, Inc., 10710 N. Tantau
Ave., Cupertino, CA 95014. Circle 128

TRS-80 HANDBOOK

The 108-pg. “TRS-80 Microcomputer Tech-
nical Reference Handbook™ gives a practical
knowledge of TRS-80 hardware system op-
eration. This book shows why there are only
7 address inputs to a 4K RAM, shows when
the CPU inputs data from the KB, how the
CRT screen is scrolled and much more. Luc-
id and well written. (But remember, doing
any work on your TRS-80 still voids the
warranty.) Radio Shack, One Fort Worth,
TX 76102. Circle 143
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TELECOMMUNICATION SERVICES

This sourcebook, “Evaluating New Tele-
communications Services,” is intended for
both corporate management and technical
specialists. Edited by Martin Elton, this

798 pg. volume is No. 6 in the NATO Con-
ference Series. It explores theoretical devel-
opments in information systems. Among the
many topics discussed are information re-
trieval, pattern, recognition, software sys-
tems, data base management and data struc-
tures. ISBN 0-306-35134-X, $59.50. Plenum
Publishing Corp., 227 West 17th St., New
York, NY 10011. Circle 142

MULTI-OUTPUT SWITCHING SUPPLY

The Conver 6000 series features PC board
construction and standardized modules,

with 1300 W in 3 independent outputs of
600, 600 and 350 W. A 6 yr. guarantee backs
this multi-output power supply. Conver
Corp., 10631 Bandley Dr., Cupertino, CA
95014. Circle 137

uC-COMPATIBLE ADCs

Two CMOS Hybrid 12-bit successive ap-
proximation analog-to-digital converters of-
fer guaranteed 12-bit accuracy, 8-bit uP
compatibility and TTL or CMOS logic out-
put. Available in both commercial and mili-
tary models, Series 7555 and 7556 ADCs
have 3-state outputs that facilitate a variety
of busing schemes for the data bit outputs,
as well as a serial register output and an end-
of-conversion output. Each data-bit output
is separated into a 4-bit MSB and 8-bit LSB
byte. Each bit grouping has a separate inhib-
it line — Low Byte Inhibit (LBI) for LSB’s
and High Byte Inhibit (HBI) for MSB’s — to
control when each group drives the data
bus. The 7555 provides an A/D building

block that includes a successive approxima-
tion register, switch and clock chip, thin
film ladder network and input scaling resis-
tor, and allows external addition of a com-
parator and any reference between +10 and
-10V. The 7556 is a complete ADC, includ-
ing 7555 circuitry plus a high-speed com-
parator and precision -10V reference. The
7556 provides a full 12-bit conversion in 50
us and consuming 200 mW (typ). 7555,
$26.60; 7556, $54.80 (100). Beckman Instru-
ments, Inc., Technical Information Section,
Adyv. Electro-Prod. Div., 2500 Harbor Blvd.,
Box 3100, Fullerton, CA 92634. Circle 127

4 MHz MICROCOMPUTER BOARDS

Four microcomputer boards designed to op-
erate at 4 MHz are for use in OEM computer
subassemblies and industrial control.

The principal board in the new series is
the Z-80A microprocessor-based board. It
contains four Zilog input/output peripheral

components configured to support a line
printer interface, direct memory access con-
trol, and two independent full-duplex serial
communication channels implemented with
the Z-80A SIO (Serial Input/Output) and
buffered for RS422 or RS423 interface.

The Z80A RAM/ROM memory board is
available with either 16K or 64K bytes of
dynamic RAM memory. It includes sockets
for up to 8K bytes of non-volatile PROM or
EPROM.

The Z-80A IOB, designed to provide the
4 MHz boards with programmable I/O port
capability, has four uncommitted Z-80 PIO
(Parallel Input/Output) circuits to support
64 bi-directional I/O lines. $295. Zilog,
10340 Bubb Rd., Cupertino, CA 95014.

Circle 129

PHASE LOCKED LOOPS

Using TTL and CMOS ICs, this text/work-
book covers PLL operation. In addition,
over 15 experiments demonstrate the con-
cepts presented. Bugbooks, Box 715,
Blacksburg, VA 24060. Circle 140

MULTICOLOR GRAPHICS TERMINAL

512 X 512 pixels, 256 simultaneous colors
from a pallette of over 16 million colors,
ASCII keyboard, programmable function
keys, joystick, cursor, zoom, pan, horizon-
tal and vertical scroll, RS-232C or current
loop interface — all comprise the AED 512
Graphics Terminal. This high resolution
graphics subsystem is intended for OEM’s
with requirements for sophisticated multi-
color or gray scale image processing on com-
puters such as the PDP-11, LSI-11 and
Nova/Eclipse. Fully software compatible as
a B/W terminal with Tektronix Plot 10,
AED 512 utilizes Fortran-callable routines
and software drivers for DEC and Data Gen-
eral OS. A typical configuration with 8 si-
multaneous colors and color monitor sells
for $9,920 (79+). Advanced Electronics De-
sign, 440 Potrero Ave., Sunnyvale, CA
94086. Circle 132
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home programs, programming techniques, buying.guides, product news and
information to help you make your computer a powerful tool for business and h
Second, you can receive these bonuses: .
® Buy more than one subscription (they make great gifts) and you'll pay $2 less per year
for each subscription after the first one. (And each extra subscription earns you a bonus
sue added to your subscription.) ® Prepay your subscription or renewal/extension and
you’ll get another bonus issue per year added to your subscrip-
tion. Prepay your gift subscriptions and each gift subscription
receives the bonus issues, as well. ® For each gift subscription,
we’ll send a gift card in your name. Just check the box on
on the subscription order coupon.

Please [J start [J renew/extend my subscription to

Personal Computing

Name
Address
City State Zip
FIRST [J1year $14 [J Also, send gift subscriptions in my name to:
SUBSCRIPTION [J2vyears $26
-USA []3 years $38 Name
ADDITIONAL SUBSCRIPTIONS — USA Addonck

[ 1 year $12 (Save $2 per subscription)
[J 2 years $22 (Save $4 per subscription) City State Zip
fl3 years $32 (Save $6 per subscription)

ADDITIONAL POSTAGE - per subscription per year: Canada and Name
o~ $4 surface, $8 air; Other Foreign ~ $8 surface, $36 air.

se remit US funds. Address

City State Zip
[1 Please send gift cards in my name.

To order more than two gift subseriptions, please make copies of
this card. We cannot bill for gift subscriptions.

PULING 1050 Commonwealth Ave., Boston, MA 0221



Talk about ‘best sellers™

This is the one new book that
every discriminating design
engineer and buyer should read.

A 40 page review of more than

200 models and their easy availability
through more than 150 locations in
the United States and Europe!

Todays’ Blue Book of quality and
‘va'!ue in standard power supplies!




Get your copy today!

Just call the Adtech Distributor nearest you and get acquainted.

If you prefer, just send the postpaid reply card just above the reader service card of this publication.

Alabama, Birmingham
Newark Electronics
Phaone: (205) 942-4044
Arizona, Phoenix
Cramer/Arizona
Phone: (602) 267-7321
Arizona, Tempe
Newark Electronics
Phone: (602) 968-7441
Arizona, Tucson
Ancrona
Phone: (602) 881-2348
California, Culver City
Ancrona
Phone: (213) 390-3595
California, Foster City
Newark Electronics
Phone: (415) 345-4892
California, Garden Grove
Allied Electronics
Phone: (714) 554-0731
California, Goleta
RPS
Phone: (805) 964-4764
California, Inglewood
Newark Electronics
Phone: (213) 678-0441
California, Long Beach
CTI Data Systems
Phone: (213) 426-7375
California, Los Angeles
PS

R

Phone: (213) 748-1271
California, Oakland
Newark Electronics
Phone: (415) 632-7522

California, Orange
Newark Electronics
Phone: (714) 997-9572
California, Palo Alto
Zack Electronics
Phone: (415) 326-5432
California, Sacramento
Newark Electronics
Phone: (916) 920-3774
California, Szan Diego
Cramer/San Diego
Phone: (714) 565-1881
California, San Diego
Newark Electronics
Phone: (714) 481-1251
California, San Diego
RPS

Phone: (714) 292-5611
California, San Francisco
Zack Electronics
Phone: (415) 626-1444
California, Santa Ana
Ancrona

Phone: (714) 547-8424
California, Santa Clara
Allied Electronics
Phone: (408) 985-2323
California, Sunnyvale
Ancrona Corp

Phone: (408) 243-4121

California, Sunnyvale
Cramer/San Francisco
Phone: (408) 739-3011

Colorado, Arvada
Newark Electronics
Phone: (303) 423-7941

Colorado, Denver
Cramer/Denver
Phone: (303) 758-2100

Colorado, Denver
Electronic Parts
Phone: (303) 744-1992

Colorado, Denver
Newark Electronics
Phone: (303) 757-3351

Connecticut, Bloomfield
Newark Electronics
Phone: (203) 243-1731

Connecticut, North Haven
Cramer/Connecticut
Phone: (203) 239-5641

Florida, Dania
Summit Electronics
Phone: (305) 920-6253

Florida, Fort Lauderdale
Newark Electronics
Phone: (305) 587-2372
Florida, Hollywood
Cramer/Hollywood
Phone: (305) 923-8181
Florida, Orlando
Cramer/Orlando
Phone: (305) 894-1511
Florida, Tampa
Newark Electronics
Phone: (813) 879-7700
Georgia, Atlanta
Ancrona

Phone: (404) 261-7100
Georgia, Atlanta
Newark Electronics
Phone: (404) 321-0413
Georgia, Norcross
Cramer/Atlanta

Phone: (404) 448-3050

Idaho, Boise

Newark Electronics
Phone: (208) 342-4311
Ilinois, Chicago
Newark Electronics
Phorre: (312) 638-4411
Illinois, Elgin

Allied Electronics
Phone: (312) 697-8200
lllirrois, Hickory Hills
Newark Electronics
Phone: (312) 430-3232

Illinois, Mt. Prospect
Cramer/Chicago
Phone: (312) 593-8230
Illinois, Park Ridge
Newark Electronics
Phone: (312) 298-9550
Illinois, Rockford
Mid-West Associated
Phone: (815) 962-8036
Illinois, Rockford
Newark Electronics
Phone: (815) 229-0225
llinois, Springfield
Newark Electronics
Phone: (217) 787-9972

Indiana, Indianapolis
Newark Electronics
Phone: (317) 298-7070
Indiana, Merrillville
Newark Electronics
Phone: (219) 738-2787
lowa, Cedar Rapids
Newark Electronics
Phone: (319) 362-1171

Kansas, Lenexa
Newark Electronics
Phone: (913) 492-6000
Kentucky, Louisville
Newark Electronics
Phone: (502) 423-0280

Louisiana, Alexandria
Ralph's of Lafayette
Phone: (318) 443-4517
Louisiana, Baton Rouge
Ralph's of Lafayette
Phone: (504) 344-3761
Louisiana, Lafayette
Ralph's of Lafayette
Phone: (318) 233-0105

Louisiana, Lake Charles
Ralph's of Lafayette
Phone: (318) 439-2493

Louisiana, Metairie
Newark Electronics
Phone: (504) 888-5174

Louisiana, Morgan City
Ralph's of Lafayette
Phone: (504) 384-9831

Louisiana, New |beria
Ralph's of Lafayette
Phone:*(318) 369-9816
Maryland, Beltsville
Newark Electronics
Phone: (301) 937-5085
Maryland, Ellicott City
Newark Electronics
Phone: (301) 461-2300
Maryland, Gaithersburg
Cramer/Washington
Phone: (301) 948-0110
Maryland, Landover
Allied Electronics
Phone: (301) 773-5050
Massachusetts, Methuen
Newark Electronics
Phone: (617) 688-1837
Massachusetts, Newton
Cramer/Newton

Phone: (617) 964-4000
Massachusetts, Wilmington
Allied Electronics
Phone: (617) 942-0150
Massachusetts, Woburn
Newark Electronics
Phone: (617) 935-8350
Michigan, Grand Rapids
Newark Electronics
Phone: (616) 241-6681
Michigan, Oak Park
Newark Electronics
Phone: (313) 967-0600

Michigan, Royal Oak
George Instruments
Phone: (313) 576-4700
Michigan, Saginaw
Newark Electronics
Phone: (517) 799-0480
Minnesota, Edina
Cramer/Bonn

Phone: (612) 835-7811
Minnesota, Minneapolis
Harry Stark's

Phone: (612) 332-1325

Minnesota, Minneapolis
Newark Electronics
Phone: (612) 331-6350

Minnesota, St Paul
Newark Electronics
Phone: (612) 631-2683

Mississippi, Pascagoula
Ralph's of Lafayette
Phone: (601) 769-1672
Missouri, Hazelwood
Newark Electronics

Phone: (214) 731-1204
Missouri, St. Louis

Olive Industrial Electronics
Phone: (314) 426-4500

Nebraska, Omaha
Newark Electronics
Phone: (402) 392-1221

New Jersey, Cherry Hill
Cramer/Pennsylvania
Phone: (609) 424-5993
New Jersey, Edison
Newark Electronics
Phone: (201) 272-2103
New Jersey, Kenilworth
Newark Electronics
Phone: (201) 272-8410
New Jersey, Little Falls
Cramer/New Jersey
Phone: (201) 785-4300

New Jersey, Moonachie
Cramer/New Jersey
Phone: (201) 935-5600
New Jersey, Pennsauken

Newark Electronics
Phone: (609) 663-9490

New Mexico, Albuguerque
Cramer/New Mexico
Phone: (505) 243-4566

New York, Buffalo
Summit Distributors
Phone: (716) 884-3450
New York, Hauppauge
Cramer/Long Island
Phone: (516) 231-5600
New York, Mineola
Allied Electronics
Phone: (516) 248-2360
New York, Plainview
GLD Electronics

Phone: (516) 694-8200
New York, Rochester
Cramer/Rochester
Phone. (716) 275-0300
New York, Rochester
Newark Electronics
Phone: (716) 473-6600
New York, Rochester
Summit Distributors
Phone: (716) 334-8110
New York, Snyder
Newark Electronics
Phone: (716) 839-5460
New York, Syracuse
Cramer/Syracuse
Phone: (315) 437-6671
New York, Valley Stream
Newark Electronics
Phone: (516) 561-7720
North Carolina, Greensboro
Pioneer/Carolina
Phone: (919) 273-4441
North Carolina, Greensboro
Newark Electronics
Phone: (919) 292-7240
North Carolina, Raleigh
Allied Electronics
Phone: (919) 821-0415
North Carolina, Winston-Salem
Cramer/Winston-Salem
Phone: (919) 725-8711
Ohio, Cincinnati
Newark Electronics
Phone: (513) 771-9700
Ohio, Cleveland
Cramer/Cleveland
Phone: (216) 248-8400
Ohio, Cleveland
Newark Electronics
Phone: (216) 361-4700
Ohio, Toledo

Newark Electronics
Phone: (419) 866-0404
Ohio, Willoughby
Allied Electronics
Phone: (216) 951-0908
Oklahoma, Oklahoma City
Newark Electronics
Phone: (405) 682-4418

Oklahoma, Tulsa
Component Specialties
Phone: (918) 664-2820

Oklahoma, Tulsa
Newark Electronics
Phone: (918) 622-5833

Oregon, Portland
Ancrona
Phone: (503) 254-5541

Oregon, Portland
Newark Electronics
Phone: (503) 620-1614
Pennsylvania, Allentown
Newark Electronics
Phone: (215) 434-7171
Pennsyivania, Horsham
Pioneer/Pennsylvania
Phone: (215) 674-4000

Pennsylvania, Philadelphia
Philadelphia Electronics
Phone: (215) 568-7400

Pennsylvania, Pittsburgh
Newark Electronics
Phone: (412) 787-7740
Rhode Island, Warwick
Newark Electronics
Phone: (401) 738-4010
South Carolina, Greenville
Newark Electronics
Phone: (803) 288-9610
Tennessee, Knoxville
Newark Electronics
Phone: (615) 588-6493
Tennessee, Memphis
Newark Electronics
Phone: (901) 365-8060
Texas, Austin
Component Specialties
Phone: (512) 459-3307
Texas, Austin

Newark Electronics
Phone: (512) 459-3163
Texas, Beaumont
Ralph's of Lafayette .
Phone: (713) 833-9443
Texas, Corpus Christi
Newark Electronics
Phone: (512) 855-3971

Texas, Dallas
Component Specialties
Phone: (214) 357-6511
Texas, Dallas
Cramer/Texas
Phone: (214) 661-9300

Texas, El Paso
Newark Electronics
Phone: (915) 533-2486

Texas, Fort Worth
Allied Electronics
Phone: (817) 336-5401

Texas, Garland
Newark Electronics
Phone: (214) 494-5911
Texas, Houston

Allied Electronics
Phone: (713) 932-7321

Texas, Houston
Ancrona

Phone: (713) 529-3489
Texas, Houston
Component Specialties
Phone: (713) 771-7237
Texas, Houston
Newark Electronics
Phone: (713) 782-4800
Texas, Houston
Ralph's of Lafayette
Phone: (713) 641-0267
Texas, Pasadena
Newark Electronics
Phone: (713) 477-0286
Texas, Port Arthur
Newark Electronics
Phone: (713) 722-9306

Utah, Salt Lake City
Newark Electronics
Phone: (801) 486-1048

Washington, Bellevue
Newark Electronics
Phone: (206) 641-9800
Washington, Tukwila
Cramer/Seattle

Phone: (206) 575-0907

Wisconsin, Brookfield
Newark Electronics
Phone: (414) 781-2450
Wisconsin, Green Bay
Newark Electronics
Phone: (414) 494-1400
Wisconsin, Madison
Newark Electronics
Phone: (608) 221-4738
Wisconsin, Milwaukee
Parts Mart

Phone: (414) 276-1212

ADTECH POWER

DISTRIBUTOR PRODUCTS GROUP

ADTECH POWER, INC.,1621 S.SINCLAIR ST., ANAHEIM, CA 92806 (714) 634-9211 TELEX 68-1498

Wisconsin, Milwaukee
Allied Electronics

Phone: (414) 463-2662
Virginia, Richmond

Newark Electronics

Phone: (804) 283-5671
Canada, Downsview, Ontario
Cramer/Canada

Phone: (416) 661-9222

IN EUROPE

FRANCE

Omnitech
Paris (1) 257-62-80
Paris (1) 874-18-88
Texas Instruments
Le Plessis Robinson
(1) 630-23-43
Grenoble (76) 90-45-74
Toulouse (61) 21-30-32
Rennes (99) 79-54-81
Nice (93) 20-01-01
Toulon (94) 94-85-11
Strasbourg (88) 22-04-07

GERMANY

Neumuller GMBH

Taufkirchen-Munich
089-6118-1

Berlin 030/247212

Dusseldorf 0211/490325

Kornwestheim 07154/23330

Texas Instruments
Freising 08161/801
Munich 089/325011
Stuttgart 0711/547001
Frankfurt-Griesheim
0611/399061

Essen 0201/233551
Hannover 0511/648021
Berlin 030/8927063
Hamburg 040/2296478
BENELUX

De Buizerd Elec. BV
The Hague 070-469509

ITALY

Dott. Ing. G. de Mico S.P.A.
Bologna (051) 555614
Banchette (lvrea)
(0125) 422300
Padua (041) 652909
Rome (06) 316204
Turin (011) 874137
Milan (02) 653131

SCANDINAVIA

E.V.J.

Copenhagen (01) 839022
Electro Power

Oslo, Norway (02) 463253
Noack AB

Stockholm (08) 670820

SWITZERLAND

Seyffer Co. A.G.
Zurich 01/628200

UNITED KINGDOM
Texas Instruments Ltd.
London, Slough 33411
Southampton 0703-27267
Bedford 0234-67466
Stockport 061-432-0645
Edinburgh 031-229-1481

BELGIUM

J. P. Lemaire

Bruxelles 1020 Brussel
478-48-47

ADTECH POWER

ADTECH INTERNATIONAL, Subsidiary of Adtech Power, 46 BD, Roger Salengro, 78200 Mantes La Ville, France. Tel. 4775301+
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NOW AVAILABLE

LSI-11, SBC 80, 6800
16K CORE MEMORIES

MM - 1103/16

NON-VOLATILE. NO
BATTERY BACK-UP

PIN TO PIN COMPATIBILITY.
POWER MONITORING FOR
DATA PROTECTION.*
WRITE PROTECT.*

ONE YEAR WARRANTY ON
PARTS AND LABOR.

ALL UNITS TEMPERATURE
CYCLED AND BURNED IN. 16K X 16

MM - 8080/16 16K X 8

MM - 6800/16 MM - 1103/16

PLUGS DIRECTLY TO DEC LSI-11 AND
PDP 11 - 03 COMPUTER

MM - 8080/16
PLUGS DIRECTLY TO INTEL MDS 800
AND SBC 80/5, 10, 20 COMPUTER

MM - 6800/16
PLUGS DIRECTLY TO MOTOROLA'S
16K X8 EXORCISER AND MICRO MODULES

ALL OF THE ABOVE MODELS ALSO AVAILABLE IN 8K MODULES

* On models MM - 8080/16 and MM - 6800/16

ICro
sEgemonry

9438 Irondale Ave.
M € chatsworth, California 91311
Telephone: (213) 998-0070
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NEW PRODUCTS

TOUCH INPUT DISPLAY PANEL

Unplug your old CRT, plug in a VuePoint,
and have computer communication at your
fingertips. Only 2-1/2” thick, VuePoint’s 12
line by 40 character flat-panel also provides
a unique touch input capability. This ap-
proach permits operator interaction using

menu driven displays. VuePoint’s micropro-
cessor based controller provides all stan-
dard ““smart CRT” features plus the follow-
ing: touch response in matrix or screen echo
modes; multiple display buffers; and alter-
nate character sets. Communication is by
standard 300-19200 BAUD asynchronous
RS 232 protocol. Options include wall, or
rack mount, auxillary printer and 128 char-
acter ASCII keyboard. $3500. General Dig-
ital Corp., 700 Burnside Ave., East Hart-
ford, CT 06108. Circle 130

OPTOELECTRONICS HANDBOOK

Titled “Light Sense,” this 174-pg. handbook
includes chapters on: The Detection Pro-
cess, Integrating Detection, Light Activated
Switches, Photodetectors, Self-Scanned Pho-
todiode Arrays, Camera Systems, Space and
Special Applications and Product Data.
$6.95. Integrated Photomatrix, Inc., (Muir-
head, Inc.), 1101 Bristol Rd., Mountainside,
NJ 07092. Circle 144

FIBEROPTIC DATA LINK

Separately packaged 3712T transmitter
(TTL In/Light Out) and 3712R receivers
(Light In/TTL Out), when used together
with a fiber optic cable, form a low-cost
simplex TTL-to-Light-to-TTL data link.
The link provides 20k bit operation. Max.
link length depends on the type of fiber op-
tic cable used. The units operate witha 107
BER with 28.5dB cable and connector loss




when used with large diameter (40 mil) plas-
tic cable. The link functions properly over
distances in excess of 1.5km when low loss
silica fiber is used. Units are housed in 1.6 X
3.0 X 0.6” metal packages. Seven pins, lo-
cated in the bottom of each unit, are suita-
ble for direct PC board mounting and mate
with 2800MC connectors. 3712T, $32;
3712R, $100; 2800MC connector, $7.35
(1-9). Complete transmitter receiver com-
bination, under $100 (100). Burr-Brown,
Box 11400, Tucson, AZ 85734. Circle 138

LSI 11/2 - COMPATIBLE 1/0 BOARD

For the first time, analog I/O functions have
been combined on a single board compatible
with the DEC LSI 11/2. The RTI-1250 ser-
ies of 12-bit input, I/O and output boards
offers unique capabilities which include the
industry’s first analog input and output
functions for the LSI-11/2 to be combined
on a single card, the first input card to offer
up to 32 single-ended (16 differential) in-
puts, and the first output board which is
user-expandable. The complete 12-bit fam-
ily brings LSI 11/2 users a complete choice

of analog I/O functions on a single card
which needs only to be plugged into the LSI
11/2 card cage. All of the boards include a
compact DC/DC converter and feature con-
venient selection of input ranges and operat-
ing modes by simple wire wrap methods.
RTI-1250, $560; RTI-1251, $695; RTI-
1252, $460 (1 - 9). Analog Devices, Inc.,
Box 280, Norwood, MA 02062. Circle 135

GRAPHIC HARDCOPY MEGRAPHIC 7000

The “Rastorizer” is a vector-to-raster con-
verter and electrostatic printer/plotter inter-
face that produces hardcopy for the Me-
graphic 7000 vector refresh terminal in 10-
15 sec.

There is no need for host computer soft-
ware preparation to order the vectors — the
Rastorizer relieves the host computer of this
burden and, at the same time, accepts non-
order vector lists. The vector-to-raster con-
version proceeds at the maximum output
rate of the electrostatic unit producing the
hardcopy — approximately 10-15 sec. If the
user prefers, the hardware-implemented vec-
tor-to-raster conversion still allows the elec-
trostatic unit to be operated as a software

controlled plotter, with the user-supplied
programs generating the raster bit map. De-
livery:60-90 days, $3k. Megatek Corp.,
3931 Sorrento Valley Blvd., San Diego, CA
92121. Circle 131

TI uP DESIGN MANUAL

The soft-cover 9900 Family Systems De-
sign and Data Book™ offers over 1,000 pages
of both hardware and software information
for both engineers doing advanced uP design
work and beginners. It is a complete refer-

ence book containing basic knowledge and
data a novice needs to become better ac-
quainted with uPs, and carries that know-
ledge through into complete technical and
systems design data needed to use TI’s
9900 family of 16-bit uP/uC circuit boards.
Texas Instruments Inc., Learning Center
Marketing, Mail Station 54, Box 225012,
Dallas, TX 75265. Circle 133

PROGRAMMABLE DATA ACQUISITION
SYSTEM

The Dalogger Plus 6200 series MP data sys-
tem is a hardware and software program-
mable multipurpose data acquisition system
that permits a wide operational latitude in

formatting the data to be outp or record-
ed. Handling both analog and digital inputs,
the M6800-based system provides RS232
and parallel outputs. An on-board tape cas-
sette transport carries programs and records
data. The DataloggerPlus provides 16 chan-
nels, expandable in 16 or 32 channel incre-
ments up to 128 in the basic unit, and 256
additional in each remote unit. Other sig-
nifacant features include 4K memory ex-
pandable to 32K; gain programmable
inputs for each channel; digital calendar
clock; high/low alarm capability for each
channel;and 20 column alphanumeric prin-
ter. Dynatech R/D Company, Microsystems
Dept., Frank M. Kenney, Vice President, 99
Erie Street, Cambridge, MA 02139.
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Manufactured in France
for European users.

Available through these
European distributors:

FRANCE
Omnitech

Paris (1

Par

BENELUX
De Buizerd Elec BV

The Haaue 070-4695(

ITALY
Texas Instruments Dott. Ing. G. de Mico S.P.A.
logna (051) 555614

Le Plessis Robinsor B
3 Ba

Milan (02) 653131

SCANDINAVIA

E.V.J.
GERMANY S
Neumurlfer‘G!‘ABH‘ Electro Power
Tau/t_‘lu on-Muni Gxtor Newa

Noack AB

Stockholm (08) 670820

SWITZERLAND
Seyffer Co. A.G.
Zurich 01/628200
UNITED KINGDOM

Texas Instruments Ltd.
London. Slough 33411
070327267

Texas Instruments
Freis m;m 161/801
0 50

For Application Assistance, Contact

Adtech

Internationa

AHEIM
CALIFORNIA 92806, U S A

46 BD. Roger Salengro, 78200 Mantes
La Ville, France. Telephone: 4775301+
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NEW PRODUCTS

REMOTE INTELLIGENCE 1/0 SYSTEM

1052000, an intelligent I/O system that of-
fers new concepts in distributed I/O sys-
tems, uses its on-board preprogrammed mi-
croprocessor to function remotely as the
sensory center of industrial control and
measurement systems. Fully expandable, it
is transparant to the CPU and operator and
handles all forms of analog and digital 1/O.

52

Made for each other:
Your Data General Computer—
Our Storage Module Controller.

Our 25XX Controller interfaces Data General computers with
Ampex, CalComp, CDC, Hitachi, Okidata, or Microdata storage
module disk drives, and you won’t find anything like it anywhere
else.

For example, it's software transparent—you don’t have to
change programs to use it. Its format program is built into the
firmware. It’s microprocessor-controlled. And it automatically
selects alternates to bad tracks without operational software
intervention.

Optionally, it controls up to four 300-megabyte disk drives.

The Controller consists of a single plug-in circuit board con-
taining four registers:

* Status—16 bits read only

* Memory Address—16 bits read/write

e Command/Cylinder Address—16 bits write only

¢ Disk Address/Sector Counter—16 bits read/write.

The 25XX Controller, configured to your requirements and
complete with necessary cabling and external rack mount level
shifter panel (where required) is available for 30-day delivery from:

O RIANDA

ELEGTRONICS, LT D

2535 Via Palma Ave. ® Anaheim, CA 92801
Telephone: (714) 995-6552
Contact us for all your Data General controller needs.
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Application engineering and software devel-
opment is greatly simplified by the I0S2000
which performs a variety of calibration ad-
justments, signal conditioning and lineariza-
tion functions.

Full capacity of the largest NEMA-4 en-
closure and its card file is 256 digital points
or 128 analog channels in any combination.
Burr-Brown Research Corp., International
Airport Industrial Park, Box 11400, Tucsen,
AZ 85734. (602) 746-1111 Circle 139

DATA ACQUISITION SYSTEM

Guaranteed operation with low level signals
and gains to 2000 are offered by the SDM-
858, a 12-bit Data Acquisition System.
While capable of handling high level inputs,
the unit is designed expressly for very low
level sensor inputs: Thermocouples, RDT’s,
strain gages, etc.; SDM858’s error at G =
100 is only +0.25% FS. Analog inputs can
range from +5mV to +10V and equivalent
digital output resolution from 2.4uV to
4.88mV for this 8- or 16-channel data acqui-
sition system. Accuracy is +0.025% at
throughput rates up to 2000 samples/sec.
SDM8S8 operates trom +15V and +5 V sup-
plies from 0 to 70°C. The metal encased
package, designed for PCB mounting,
measures 4.6 x 3.0 x 0.375.” $170 (100).
Burr-Brown, Box 11400, Tucson, AZ 85734.
Circle 146

uC-COMPATIBLE ANALOG I/O BOARD

This intel SBC80 MULTIBUS compatible
analog I/O system is designed for high and
low level inputs. The plug-in compatible
MP84 18 microperipheral offers 12-bit reso-
lution with 31 channel analog input and 2
channel analog output. A unique option of-
fered on the board is a software program-
mable amplifier offering 11 binary weighted
gains from 1 to 1024V/V. An on-board
RAM — part of the option — allows each
channel’s gain to be set automatically (with-
out use or software involvement) when the
channel is addressed.

MP8418 is memory mapped and easily
programmed. With gain ranges to 1024V/V,
low signal level applications become practi-
cal. Complex amplification and software
steps are eliminated and system costs re-
duced. $450 with resistor programmed gain;
$550, with software programmed gain. Burr-
Brown, Box 11400, Tucson, AZ 85734.

Circle 145



STANDARD REFERENCE

ALIGNMENT CASSETTE

This alignment reference metal cassette is
used in calibrating digital and word proces-
sing equipment. It is prerecorded at 1600
flux changes/inch on an optical alignment

) building block components

solve linear motion problems effectively

at low cost.

recorder which employs precision magnetic

heads. The magnetic tape used is especially Single and Single and Twin
made for the digital reference tape applica- Twin OPEN

tion. $12.50. They are available in several
special configurations, allowing them to be
compatible with most OEM decks. Magnetic
Information Systems, Inc., 415 Howe Ave.,
Shelton, CT 06484. Circle 136

Pillow Blocks

Pillow Blocks

FREE CATALOG OF REPORTS (Schematic)

Information processing professionals can
look to the revised 1979 Datapro report
catalog for compact, objective information
comparing thousands of EDP, word proces-
sing, office and data communications pro-
ducts. Datapro Research Corporation’s free
catalog of $12 reports describes reports on
56 ¢ s of popular equipment and man-
agement methods. Datapro feature reports
contain informative narratives, comparison
charts, prices, specifications and characteris-
tics on currently available information pro-
cessing products and services. User ratings
are included in many reports, adding to
their usefulness as planning and buying
guides. Datapro Research Corp., 1805
Underwood Blvd., Delran, NJ 08075.

Circle 159

ULTRA-LOW POWER CMOS

A new single-chip, ultra-low power (2

Precision linear motion
in every direction with
THOMSON Super Ball Bushings
and building block components.

NEW Self-Aligning
SUPER Ball Bushings*
and Pillow Blocks _~

L

...for smoother lower friction,
3-times-greater load capacity,
OR 27-times-longer travel life

...at lower cost.
‘Patented

MW typical) CMOS 4-bit MC designated
as “MN1450,” is a low-power version of
the previously introduced MN1400. It
comes in a 40-pin plastic dip offering a
number of “on-chip” functions. These
include the ALU, IK x 8 ROM, 64 x 4
RAM with 4 words that are directly ad-
dressable, 8-bit counter/timer, two 4-bit

N 1ASE

parallel input ports and two sense lines,

WAYMOUNTS™

Shaft
Support
RAILS

ROUNDWAY Concave-roller Beariqgé
(Single and Dual-V)

Shafts/Ways

one 4-bit parallel (with latch) output port,
8-bit PLA (programmable logic array), one
12-bit discrete output port. The MN1450
offers a 75-instruction instruction set, a

10 u cycle tiem, and operates from a
single +5 Vdc supply. Its I/O is fully

I'TL compatible. Panasonic, 1 Panasonic

Way, Secaucus, NJ 07094. Circle 198

PROVEN
DEPENDABILITY ’””m”” Dept. W24

: sy MANHASSET
INDUSTRIES, INC. N.Y. 11030

©1979 Thomson Industries, Inc

T

LITERATURE — Complete technical and application information with prices
and name of your local distributor will be mailed promptly on request.

Tel. 516 883-8000
Also Manufacturers of NYLINED Bearings and Template-Controlled MILL-DRILL Tables
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830 = .
impact print mechanism

has something extra
g()lng for 1, The new Model 830 bi-directional

impact print mechanism may be

just what you've been waiting for. It's a low-cost, 80-column
dot-matrix mechanism with a printing speed of 125 CPS and a
continuous-duty 7-wire head with a life expectancy of 100 mil-
lion characters. Its straightforward, simple design makesitboth
highly reliable and cost efficient. In fact, it’s just about the perfect
OEM unit for general purpose computers, communication ter-
minals, data loggers and micro computers. Its sprocket paper-
feed mechanism accepts multi-ply pin feed paper in any width
from 4.5"” to 9.5"”; paper can be loaded from the bottom or rear;
and print line position is readily adjustable. The Model 830 is also
available as a self-contained printer. Furthermore, it’s from
C. Itoh Electronics, Inc. — a name syn-

’
Its frOI l l onymous with excellence in printers.
C I t— h Write for detailed specifications today.

Model 820,

150 cps and

9.5" paper width,
also available.

, 3% C. Itoh Electronics, Inc.

5301 Beethoven Street, Los Angeles, CA 90066
Call: (213) 390-7778 » Telex: WU 65-2451

East Coast

280 Park Avenue, New York, NY 10017

Call: (212) 682-0420 » Telex: WU 12-5059

C. Itoh Electronics is part of the 119-year-old C. Itoh & Co. Ltd., world-wide trading organization.
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NEW PRODUCTS

POLLING TESTER

The Model 1700 is a uP-based unit designed
to test the polling performance of asynch-
ronous and synchronous data modems. It
can be used to test modems over either sim-

ulated or actual switched networks; private
line point-to-point networks; or private line
multidrop networks. The Model 1700 can
distinguish between outbound and inbound
polling message errors and permits the delib-
erate injection of outbound and inbound
polling message errors. $1800. International
Data Sciences, Inc., 7 Wellington Road, Lin-
coln, RI 02865. Circle 165

DISK CARTRIDGE CONTROLLER

The model 2152 Disk Cartridge Control is a
single, quad-height 4-layer PC board that
provides 2.5 to 20 Mbyte storage. Transpar-
ent to the DEC RT-11 and RSX-11S operat-
ing systems, the uC controlled model 152 is
media compatible with RKV11/RKO05 disk
drives. Accommodating 100 or 200 track-
per-inch densities, the model 2152 controls
up to four 1500 rpm drives and requires a
single +5 Vdc power supply. The board per-
forms the basic control and sequencing of
data transfers between a uC and disk drive,
measures 10.5” x 8.9” and mounts into any
available quad LSI-11 Q-bus slot. GEN/
COMP, INC., 6 Algonquin Rd., Canton, MA
02021 Circle 164

FULL PAGE CRT DISPLAY

The VR-800 raster scan monitor is non-in-
interlaced, has a horizontal scan rate of 50
KHz and a video band width of 65 MHz. It
will display 66 lines of 7 x 9 characters

B

on black and white high speed phosphors.
The VR-800 is intended for use in word pro-
cessing, graphics, and other high density,
high resolution applications. Moniterm
Corp., Long Lake, MINN 55356. Circle 163

Put image data on
the Intel Multibus’

Our plug-compatible board
directly couples Reticonimaging

cameras to Intel SBC/Multibus”
systems

Now you can apply computer power for
processing signals from Reticon imaging
cameras to achieve greater control and
flexibility of non-contact inspection and
measurement applications. The RSB-6020
interface boards contain these features.

® Collects data from one or two linear or
matrix array cameras.

® Provides on-board preprocessing of
signal data for faster and easier
computer processing.

® Contains dual RAM memories with
relocatable system address space.

® Provides multiple modes of data
compression to handle high speed
camera scan rates.

Write or call any of the Reticon offices for more
information or application assistance.

Boston (617) 246-2718
Chicago (312) 640-7713
Los Angeles (213) 995-4663
Sunnyvale (408) 738-4266

n pe
EGzG RETICON
b 345 Potrero Avenue

Sunnyvale, California 94086
(408) 738-4266 TWX: 910-339-9343
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PDP-11" interface . ..
from DB

Peripheral Device Controllers = Systems Modules
General Purpose Interface Modules
Communications/Terminal Modules

I/O Cables = Accessory Hardware

When it comes to PDP-11 in-
terface, MDB has it:

[0 Peripheral Device Con-

trollers for most major
manufacturer's
Printers

Card equipment
Paper tape equipment
Plotters

[0 Systems Modules

IEEE instrumentation
bus

DR11B Direct Memory
Access single quad
module

DR11C General Pur-
pose Interface mod-
ule, a direct DEC
equivalent

Digital I/O Module

Unibus Terminator

[0 General Purpose Inter-

faces

11B Direct Memory
Access with 12 IC
positions for user
logic

11C Module with 16 bit
input and 16 bit output
registers; 20 user wire
wrap positions

1710 Bus Foundation
Module with pins for
40 user IC positions
Wire Wrappable Mod-
ule with pins for 70
user IC positions

[0 Communications/

Terminal Modules
MDL-11 Asynchronous

*TM Digital Equipment Corp.

Circle
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61 for IBM;

Serial Line Adapter

MDL-11W Asynchro-
nous Serial Line Adap-
ter with line frequency
clock

MDU-11 Synchronous
Serial Line Adapter

1 Cable Subassemblies
1/O calbe for 20mA
current loop

110 cables for EIA
Asynchronous and
Synchronous

Double-ended jumper
cable

GP 1O 50, 40, 34, 26
and 20 conductor rib-
bon cables

MDB interface products
always equal or exceed the host
manufacturer's specifications
and performance for a similar in-
terface. MDB interfaces are
completely software transparent
to the host computer. MDB pro-
ducts are competitively priced,
delivery is 14 days ARO or
sooner.

MDB places an unconditional
one year warranty on its con-
trollers and tested products.
Replacement boards are ship-
ped by air within twenty-four
hours of notification. Our ser-
vice policy is exchange and
return.

MDB also supplies interface
modules for LSI-11*, IBM
Series/1, Data General and Inter-
data computers. Product liter-
ature kits are complete with pric-

ing.
1995 N. Batavia Street
[Vl D B Orange, California 92665
| 714-998-6900
SYSTEMS INC. TWX:910-593-1339

62 for DG; 63 for Interdata;

NEW PRODUCTS

SINGLE -BOARD nC SYSTEM BY TI

A single-board 16-bit uC system — the TM
990/189M - is designed as a low-cost, com-
pletely assembled learning aid for hands-on
experience plus instruction in uC funda-
mentals, assembly and machine language
and pC interfacing. A user’s guide and de-
tailed applications textbook are included.
The textbook is a self-contained learning
guide. The board is self-contained with 1K
bytes of RAM (expandable on board to 2K)
and 4K bytes ROM (expandable on board to
6K). The 4K of ROM contains the system
monitor (UNIBUG) and a symbolic assemb-
ler. Mass memory storage can be accom-
plished via the audio cassette interface. Built
into the TM990/189M is a 45 key alphanu-
meric keyboard and a 10 digit, seven seg-
ment display. The display has a 32 charac-
ter buffer. It may be shifted right or left to
view any 10 digits of the 32 character buf-
fer. Provisions are on the board to external-
ly add a standard EIA terminal or TTY
interface.

Other features of the TM990/189M in-
clude a series of addressable LED’s and a
piezoelectric speaker. Powering up the uC
not only clears the system, but it also serves
for self-diagnosis. $299; power supply $65.
Texas Instruments Inc.,P.O. Box 1443 M/S
653, (Attn: TM990/189), Houston, TX

77001. Circle 147

HIGH-SPEED BUS CONTROLLER

Using a unique high-speed bus controller de-
sign, the RH-70 emulator provides a capabi-
lity for up to 800 megabytes of disk storage,
with total large system capacity ranging up
to 2,400 megabytes when used in conjunc-
tion with the company’s 9400 disk systems.
In addition, fully transparent software al-
lows the RH-70 to plug directly into an ex-
isting system and go on-line immediately
without additional programming.

The 9400 disk storage system also offers
microdiagnostics capability for automatic
checking of all internal registers. Optional
features include the ability to attach multi-
ple CPUs to a common data base. $35,000
for 300 megabytes of storage, controller and
all associated interfaces and cables. System
Industries, 525 Oakmead Parkway, P.O. Box
9025, Sunnyvale, CA 94086. Circle 134
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THE BOTTOM LINE
ON FORMS ACCESS PRINTERS.

Why can the Teletype™ model 40
printer give you the bottom line when
most other printers can’t?

Because with the Teletype model
40 printer, you can print from the
very top to the very bottom line of
any form, tear it off, and never waste
or destroy the next form.

It saves paper.
We designed our Forms Access
printer with the tractor feed
mechanism mounted below the print
line. The paper is pushed up through
the printer, so you never have to
feed a second form through to get at
the one you just printed.

Theirs. QOurs.

[t makes money.
And, while your customers save
paper, you make money. Teletype
Corporation’s low price on the
remarkable model 40 makes it
extremely cost efficient. Plus our
proven LSI circuitry assures you of
high reliability.

*Teletype is a trademark and service mark of the Teletype Corporation.

And it’s ready to go

to work now.
The model 40 unit includes everything
you need to go on-line right now.
There’s also handsome cabinetry or
modification kits available to make
packaging quick and simple. Plus
technical assistance if you need it.

And that’s the bottom line on the
Forms Access printer. No wonder
we're getting a reputation as the
printer people.

pTE

Teletype Corporation
5555 Touhy Avenue, Dept. 3185, Skokie, 1L 60076.
Telephone (312) 982-2000.
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K Stay with
HOWARD Jounson§
when you visit
California

SANTA CLARA 5405 Stevens Creek Blvd. 95050, (408)
257-8600 « Centrally located in the heart of Northern Cali-
fornia's electronics and information technology manufac-
turing on Stevens Creek Blvd. at Lawrence Expressway
and 1-280. 24 hour Restaurant service. Rum Keg Lounge
Strikingly attractive California architecture. 90 rooms and
6 studio rooms. Fifteen minutes from San Jose Airport

SAN JOSE (AIRPORT) 1755 N. 1st St. 95112, (408) 287-
7535 = Ninety-six spacious rooms in country club setting
on U.S. 101 at First St. One mile from San Jose Airport —
courtesy car. 24 hour Restaurant, excellent meeting facili-
ties, auto rental in lobby, 10 minutes from San Jose State
and University of Santa Clara. Marriott's Great America 3
miles north

REDWOOD CITY 485 Veterans Bivd. 94063, (415) 365-5500
« Conveniently located 12 miles south of the San Francisco
Airport on U.S. 101 at Whipple Avenue. Complimentary
Airport transportation. 129 deluxe rooms and 4 meeting
rooms. 24 hour Restaurant service with Rum Keg Lounge
San Mateo County government offices, recreational facili-
ities and tourist attractions located nearby

3 lodges conveniently
located in the heart
of the Electronic/
Communications
Industry

BAY AREA

Motor Lodges

For toll-free reservations call:

(800) 654-2000
K J
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NEW PRODUCTS

HARD DISK CONTROLLER

The 211 disk controller is now available for
the Control Data Model 9448 cartridge
module drive configured into Digital Equip-
ment Corp. (DEC) system. The controller is
available in 32 Mbyte and 96 Mbyte versions.
Features include: rotational position sens-

ing, automatic position verification, word
transfer to 64K block length, buffer storage
memory to 512 words, and unique director
memory access throttle control. The Xylog-
ics 211 and CDC Model 9448 are available
as subsystems at $12,350 for S211/32MB,
and $16,250 for S211/96MB. Xylogics, Inc.,
42 Third Ave., Burlington, MA 01803.
Circle 153

6500 FAMILY EQUIPMENT

CSB 20 is a RAM/ROM/EPROM card de-
signed for systems based on a CSB processor
card or as an additional memory card to the
System 65 development system. CSB 20 in-
cludes 8K bytes of static RAM provided by
2114 chips, and four sockets are provided
for mounting Intel compatible EPROM/
RAM chips. All memories are switch select-
able for address range and may be disabled
under switch control. RAM addresses are
switchable in banks of 4K bytes. RAM
memory may be write protected. CSB 1 in-
cludes a 6502 processor, 2K bytes static
RAM, four sockets for mounting INTEL
compatible EPROM/ROM chips, two PIA
chips, one VIA chip, connector and three
sockets for 1/O. CSB 1 provides 50 input or

output lines with optional pull-up/pul-
down or pull-up resistors, 10 buffered out-
put lines, two interval timers, a serial to
parallel/parallel to serial shift register and in-
put put latching on peripheral ports.

The MINmic cross assembler for 6500

programs is available for any PDP-11 using
the RT-11 operating system. New features
include: macro expansion, symbolic debug-
ging, a message at end of assembly which
indicates how much free room is left in the
symbol table, support for multiplication, di-
vision and logical AND and OR, parenthetic-
al expressions, and cross reference. CSB 20:
$495? CSB1: $594; MINmic: $600. Com-
pas Microsystems, 224 S_E. 16th St., Ames,
IA 50010. Circle 183

ASCII INTERFACE

The SL111 ASCII interface asynchronously
handshakes between computers, uP’s, Tele-
types, display terminals, and the Sanlab
Series 100 analog scanner line. Data format
is serial ASCII with both RS232C and 20
mA current loop transmission standards
built in and jumper selectable by the user.
Data transmission and reception between
the SL111 and the user’s data port isin a
simple protocol: a “W” prefix writes data to
the unit, a single *‘S” starts an encoding, and
an “R” reads data from the system. Trans-
mitted measurement data is prefixed with a
“D” by the SL111. The SL111°s uC con-
tains a transmission error analysis routine in
nonvolatile memory which tells the host
computer or terminal any command errors
made in writing or starting. It also conducts
a diagnostic subroutine, testing the unit’s
internal circuitry and all external transmis-
sion lines. Onboard jumpers allow user pro-
gramming of word length, parity, and baud
rate. $698. San Diego Instrument Labora-
tory, 7969 Engineer Road, San Diego, CA
92111. Circle 185

BUILDING-BLOCK uC

The MCS uC system features an 8080A-based
single board computer that can be incre-
mentally expanded in simple building-block
fashion to provide only the functions re-
quired. Expandable to 32K of RAM/ROM
in any combination, the basic computer pro-

vides 1K of RAM, sockets for 7K of

ROM (8708 or equivalent), 24 bits of paral-
lel 1/O, 32K of I/O address, and a 2 MHz
crystal controlled oscillator. The MCS sys-
tem needs no card racks, and utilizes ribbon
cabling for all signal and power interconnec-
tions. All chips are socket mounted. Expan-
sion modules include parallel and serial
adaptors, A/D and D/A converters, printers,
keyboards, and displays. Bedford Computer
Systems, Inc., 3 Preston Ct., Bedford, MA
01730. Circle 157



Engineers

Northrop
Engineers =
are Into

state-
_ ofthe-art
iving...and
technology!

You're a professional engineer with a talent for living.
You've got plenty of energy and have always known
where you wanted to apply it — everywhere! You need
freedom and challenge in your professional and per-
sonal lives — in both, your drive is to exce!

COME TO CHICAGO WHERE THE LIVING IS GREAT
AND THERE’S A GROUP OF PROFESSIONALS THAT
SHARE YOUR GOAL — IT'S THE NORTHROP TEAM.

You’ll love the Chicago life, that’s certain. Northrop is
ideally located in the northern suburbs, midway bet-
ween Chicago’s cosmopolitan arena and the multi-
faceted recreational areas of northern lllinois and
southern Wisconsin. You'll have the opportunity to see
the ‘exciting professional sports teams in ac-
tion...plunge into water sports, jogging and other
summer fun at the “most beautiful city lakefront in the
world”...explore winter activities ranging from cross
country skiing to the downhill slopes at nearby Lake
Geneva...and partake to your heart’s content of great
restaurants, films, theater and the nightclub/disco
scene in the famous Rush St. area.

And at Northrop, you'll find exciting career features:
Projects that are challengin? and outstanding com-
pensation packages that will spur you on to great
achievements; an environment that offers the right
combination of freedom and suppport; rapid and stable
growth, built around long term programs, that will give
you more opportunity for advancement.

NORTHROP

Investigate the following opportunities:
SYSTEMS:

Senior Engineers ¢ Project Engineers
Engineers

SOFTWARE:
Engineers  Analysts « Programmers

PRODUCT DESIGN:
Senior Engineers ¢ Project Engineers o
Engineers

PRODUCT ASSURANCE:
Reliability Engineers ¢ Maintainability
Engineers ¢ Quality Assurance Engineers

AUTOMATIC TEST EQUIPMENT:
SYSTEMS: Digital Test « RF Microwave
SOFTWARE: Analog Test * Digital Test
DESIGN: Mechanical * Electrical

The time for state-of-the-art living is NOW. For con-
sideration, forward your resume to:

EMPLOYMENT MANAGER, DEPT. DD479

NORTHROP CORPORATION
Defense Systems Division

600 Hicks Rd., Rolling Meadows, IL 80008
equal opportunity employer m/f
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low cost
printer.

This DC-4004A discharge printer
prints 48 columns at 144 cps. Print-
ing alphanumerics in 5 x 7 matrix
format on 4.72" paper, its MTBF is
144 million characters. Just 2.6" H
X 6.7" W x 5.9" D. it's only $127 in
100 quantity. Interface electronics,
other printers available.

Call or write Hycom 16841 Arm-
strong Ave., Irvine, CA 92714
714/557-5252.

HYCOoMm
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BENWILL
PUBLISHING

The Benwill Magazine Division pub-
lishes the following business and
professional magazines:

Circuits Manufacturing
Digital Design

Electronics Test
Minicomputer News
Personal Computing
Technology Transfer Times

The Benwill Exhibition Group pro-
duces, operates and manages the

ATE SEMINAR/EXHIBITS in the
United States.

Benwill Publishing Corp.
1050 Commonwealth Avenue
Boston, MA 02215
(617) 232-5470
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NEW PRODUCTS

SHEET FEEDER AND FORM TRACTOR

The Model BDT 160 automatic sheet feeder
requires no external interface so it can be
easily installed on existing systems that in-
clude either Qume or Diablo daisy wheel
printers. Up to 250 sheets of 20 pound paper
can be fed automatically from the inter-
changeable 11" and 14” feed trays. A special

chute allows the operator to interupt a con-
tinuous feed operation at any time to insert
a different type of document. Also available
is a type of forms tractor that provides con-
tinuous form feeding in both directions. The
tractors on the BDT Model FT210 engage
the continuous paper on both the in-feed
and out-feed so the paper can be positively
positioned in either direction. Plotting,
graphing and variable insertion are allowed
by the bi-directional features of the FT210.
Continuous forms from four inches to four-
teen inches wide can be handled through the
FT210, and disengagement switch allows
front feeding of cut forms or ledger cards
without removal of the continuous forms.
BBT 160: $1025; FT210: $230, MQI
Computer Products, 2315 So. Otis St., Santa
Ana, CA 92704. Circle 180

wP I/0 MODULE SYSTEMS

An I/O module system with industry-stan-
dard pin configuration includes four optical-
ly coupled, color-coded modules and four
PC module boards (4, 8, 16 or 24 positions).
The 1/O systems can be interfaced with any
5 V logic unit. The two output modules (ac
or dc) will drive a 3 A load, while the two
input modules (ac or dc) translate their
respective load inputs into standard logic
levels. The 8, 16, and 24 position module
boards feature plug compatible logic con-
tacts, while the four position board has
screw-terminal logic connections. Gordos
Arkansas, Inc., 1000 N. Second St., Rogers,
AR 72756. Circle 154

APPLICATIONS LIBRARY

Release 1.0 of the timesharing applications
library is available for users of Honeywell
series 60, level 66 large-scale, computer sys-
tems. The library contains 292 pre-written
problem solving programs and routines. The
library contains such major programs as:

CPM, for project control; TCAST, for time
series forecasting; SMLRP, for stepwise
multiple regression, and GASP IIA, for dis-
crete simulation. The library has programs
dealing with the following categories: math-
ematics, 77; statistics, 70; management sci-
ence and optimization, 37; engineering, 14;
geometry and plotting, 9; demonstration,
12; business and finance, 31, and utility
and miscellaneous, 42. The library is avail-
able for an initial license fee of $2,628, ora
monthly license fee of $60. Honeywell Inc.,
P.O. Box 6000, Phoenix, AZ 85005.

Circle 167

16 MEGABYTE uC

The Mk-16, a new high speed 16 bit uC, fea-
tures. 14 general registers; 23 address modes;
16 Mbyte addressability ; dynamic writable
control store; concurrent Pascal compiler;
and cross and resident software. The system
uses the philosophy of bit slice micropro-
grammability in a single chip processor.
Mikros is offering a Pascal development sys-
tem (PDS-1) which includes a video display
terminal, 56 Kbyte computer system, flop-
py disk, monitor program and Pascal P-Code
software for $12,500. Mikros Systems Corp.
845 Central Ave., Albany, NY 12206.

Circle 160

TELEPRINTER WITH BUFFER

The TermiNet 1232 teleprinter, featuring
132 columns, is designed for use at rates to
1200 baud and includes a 1K buffer. It is
available in Keyboard Send-Receive (KSR),
Receive-Only (RO), Automatic Send-
Receive (paper tape) or Magnetic Send-
Receive (magnetic tape) configurations.

Front or rear paper handling is a standard
feature while six pin tractors handle one to
six part forms. Paper widths from 3 to 15
inches can be accommodated. Horizontal
tab and vertical formatting are standard
with 10 cpi horizontally and six lines per
inch vertically. Operator selectable six or
eight lines per inch is available optionally.
Speeds are switch selectable, 10, 20, 30, and
120 cps. $5155. General Electric Co., Data
Communication Products Business Dept.,
Waynesboro, VA 22980. Circle 159



TEST SET WITH REMOTE READOUTS

A digital transmission test set with remote
readouts, displays frequency and level, or
frequency and noise simulateneously. The
microprocessor-based TTI 1122B drives mul-

}

“dBm |
dBan

tiple remotes at distances up to 600 ft. via a
simple 2-wire cable. The mainframe panel is
1-3/4” high and weighs 7 Ibs. The test set
checks and diagnoses itself in 12 sec under
microprocessor control — testing display
functions, log converter, autoranging, con-
trol circuitry and all major digital functions.
$1395 for the mainframe and $49S5 for each
remote dual display. Telecommunications
Technology, Inc., 555 Del Rey Ave., Sunny-
vale, CA 94086. Circle 181

32K MEMORY BOARD

The model 370 is a 32 Kbyte static RAM
board that operates on the S-100 bus. The
board’s starting address can be selected at
4K boundaries. Memory mapping capability
is included so that more than 64 Kbytes of

memory can be utilized in a system. Proces-
sor Write or Memory Write signals can be
selected for writing data into memory, and
Phantom Line capability is included. Indus-
trial Micro Systems, 628 N. Eckhoff St.,
Orange, CA 92668. Circle 162

GRAPHIC TERMINALS DATA

A new section, designed to provide compre-
hensive coverage of the graphics display ter-
minal market, has been added to the Auer-
bach Business Minicomputer Systems Re-
ports (a monthly updated reference). Con-
tained in the two-volume loose-leaf service,
the graphics display terminal reports include
complete information. As well as the graph-
ics display terminal coverage, additional re-
ports on terminals contain the latest data

on teleprinters, alphanumeric displays, re-
mote batch terminals and intelligent termin-
als. More than 450 models of terminals from
over 130 different manufacturers are includ-
ed in these sections. Auerbach Publishers,
Inc., 6560 North Park Dr., Pennsauken, NJ
08109. Circle 155

HF P MODEM

A programmable Sylvania high-frequency uP
modem employs fast Fourier transform and
digital filtering techniques to form multi-
tone audio signals, and performs digital op-
erations with a minimal amount of logic. It
features large scale integrated circuit TTL
four-bit slice arithmetic and logic units, time
shared under program control, to perform
required arithmetic and logic operations. It
also includes a program memory, data
memory, power supply, A/D and D/A con-
verters, analog interface modules and digital
interface logic. Its internal computational
accuracy is normally 16 bitsalthough double
precision (32 bits) and block floating point
techniques are utilized for certain functions.
General Telephone and Electronics, 1 Stam-
ford Forum, Stamford, CT 06904.

Circle 169

IMAGE ANALYSIS SYSTEM

The Polyprocessor C1285 image analysis
system provides automated analysis of dis-
crete objects in any image which can be
viewed by a video camera. The Polyproces-
sor system analyzes information from images,
using a combination of optical, video, and
computer hardware to measure, analyze and
tabulate height, width, diameter, total area,
inner area, outer area, perimeter, percent
area and location of up to several hundred
discrete objects in each image. Features in-
clude: digital noise reduction, interactive
image editing, image storage, and shading

correction. The C128S5 is easily interfaced

to optical microscopes, macroviewers, film

viewers and other optical systems. An

RS232C printer output allows production

of hard copy. Hamamatsu Systems, Inc.,

332 Second Ave., Waltham, MA 02154.
Circle 166

EPROM-ERASING UV CABINETS

The Spectroline PC-1000 erases up to 72
EPROM chips at one time, while the PC-2000
erases up to 144 chips — each in as little as

7 minutes. Both cabinets feature ultra-high

intensity, ozone-free grid tubes and specially-
designed specular reflectors to provide
broad, intense, uniform UV distribution. A
conductive foam pad holds the chips in
place during exposure and prevents electro-
static build-up, while protecting the chips
from possible static charge. PC-1000: $895;
PC-2000: $1,345. Spectronics Corporation,
956 Brush Hollow Rd., PO Box 483, West-
bury, NY 11590. Circle 158

YOUR NOVA®, ECLIPSE® FLOPPY
DOESN'T HAVE TO BE SLOW.

You can increase . system throughput and have
IBM standard double density format with smart floppy
systems and controllers from SMS.

Send for our free brochure: MORE MINICOMPUTER

THROUGHPUT.

SCIENTIFIC MICRO SYSTEMS
777 E. Middlefield Road
Mountain View, CA 94043
(415) 964-5700
(TWX).910-379-6577
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o

® Trademark of Data General Corp.
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HP APPLICATION

6800 Replaces Minicomputers
and Controls Elevators

Microcomputers and microprocessors
are solutions looking for problems.
Many applications that withstood the
impact of electronics are ripe for solu-
tion. We looked for such an application
and found one — elevator control.

Minicomputers in elevator control
aren’t new. But cost restricted them to
the group control of multi-car elevator
systems in multi-floor buildings. The
mini provides traffic supervisory con-
trol, monitoring the incoming traffic,
selecting the appropriate control algo-
rithm and allocating the elevator cars to
the floor-call requests in the most effi-
cient way.

We felt that we could successfully
employ a micro in the control of com-
mon elevator systems in an economical
way. For this reason, we considered a
single-car four-floors elevator system,
controlled by the Motorola 6800.
Though such an elevator system usual-
ly uses a single button collective con-

RAM 128 Bytes ROM 1024 Bytes

Int 1)
Int 2)
F1 floor indicator 1

C1 -Car stop cabin SW Floor 1

Interrupts

pee F | 2 floOT indicator
:: C2 Car stop cabi‘r;vsw
U2 Up request S
% D2 Down request SW Floor 2

F1 3 Floor indicator 3

C3 Car stop cabin SW Floor 3
f¢——> U3 Up request SW

D3 Down request SW

prmee 14 Floor indicator 4
C4 Car stop SW

o1

Floor 4

D4 Down request SE
Door closed

Start/stop
Up/down

Fig 1 Elevator control microcomputer, PIA
matches 1/0 MPU channels with peripherals.

62 Digital Design APRIL 1979

C. Halatsis and A. Sokos
Computer Center, NRC

Demokritos, Aghia Paraskevi Attikis, Athens

Up/down logic
4

Down \I

4“.._./,%_

Auto

WA +

- Up/down (PB2)

TJWV‘@'OG — s

ica
IC3

Fi3

El2

Eil

D4

[ —> U3

> 03

[¢—P Interrupt

gate

Int 2 CB,4

Control pane! of

IC4 —i

1C3

107 e

IC1 —

e ®] ca
®

oD e 2

[—» C3

.@‘Hm

le— U2
[¢—» D2

Start/stop

-

(PB1)

Interrupt
gate

Int 1 (Cal)

+
Door
closed

Fig 2 Digital model block diagram shows logic involved in elevator car control.



trol, we implemented a directional or
full (two button) collective control in
order to demonstrate that the facilities
and features of a uP-based elevator
control algorithm is mainly limited by
the imagination and ingenuity of the
designer — not economics.

The system operation was first tested
on a simplified elevator digital model.
The model was interfaced to the Mo-
torola Evaluation System and operated
under the control algorithm.

Fig 1 shows the block diagram of the
elevator control microcomputer. It con-
sists of a microprocessor unit (MPU),
a 128 bytes RAM, a 1 k bytes ROM and
a peripheral interface adapter (PIA).
The ROM holds the traffic supervisory
control algorithm. The RAM is used as
working store of the algorithm and as
stack area for subroutine nesting and
interrupts. A single PIA is used to inter-
face the various elevator control signals
to the wC. The various control signals
used are as follows:

FI1 to FI4: Floor indicators for floors
1 to 4, signalling the arrival of the car to
a floor. These signals are generated
from switches located in the shaft of the
elevator and activated by the car as it
passes by.

C1 to C4: Car stop requests for floors
1 to 4, signalling the intention of a
passenger to get off the car. These sig-
nals are generated by push buttons in
the control panel inside the car.

Ul to U3 and D2 to D4: Car call
requests for floors 1 to 4, signalling the
need and the intended direction of
travel. One UP and one DOWN push
button are located at each floor (floor 1
has only an UP switch and floor 4 only a
DOWN switch). A passenger at a floor
calls the car by pressing the appropriate
switch for the intended direction of
travel.

START/STOP and UP/DOWN:
These two lines control the movement
of the car.

LOCK/UNLOCK DOOR and
DOOR CLOSED: These two lines con-
trol the opening and closing of the
elevator’s doors. It is assumed that the
doors are operated manually by the pas-
sengers. The microcomputer merely
locks (0) or unlocks (1) the doors and
checks whether a door is opened or
closed. The LOCK/UNLOCK DOOR
signal unlocks only the door of the floor
at which the car stands. The DOOR
CLOSED signal indicates whether all
doors are closed (0) or one of them is
open (1).

INT 1 and INT 2: These lines carry
external interrupt requests whenever
any UP, DOWN or car stop push but-
tons are pressed.

Bounce
B Eliminator

« |-—.'.'.—-c

LED
driver

«

r4

+5V

# D to PIA data line

+5V

| to interrupt gate

Fig 3 Pushbutton and LED indicator interface circuit.

Fig 2 gives the block diagram of the
digital model of elevator used to test the
performance of the wP-based con-
trol. The main part of the model con-
sists of a 13-stage bi-directional shift-
register used to simulate the elevator
shaft. Four stages of the shift-register
are used for each storey except the last.
A ““1”’ going up and down in the shift
register simulates the car of the eleva-
tor. LED indicators connected at each
stage of the shift register give a visual

indication of the position of the car in
the shaft. Stages 1, 5, 9 and 13 are the
floor levels at which the car is normally
stopped.

Push buttons are provided for the car
stop requests and the car call up and
down requests. Each button is accom-
panied by a LED indicator which is
used by the wP to acknowledge
the request. The interfacing circuit of
the push button to the uC and the LED
drive logic is kept to a minimum by

YOUR 8080 FLOPPY SYSTEM
DOESN'T HAVE TO BE SLOW.

Increase the performance of your 8080, 6800, Z80 with smart

controllers.

IBM single density plus IBM double density.
High performance features add throughput to your system*.
Highest data recovery reliability.

Send for our free brochure: MORE MICROPROCESSOR

THROUGHPUT.

SCIENTIFIC MICRO SYSTEMS
777 E. Middlefield Road
Mountain View, CA 94043
(415) 964-5700

(TWX) 910-379-6577

s T T o e AT
| Gentlemen: Please send me the brochure. |
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| company I
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JOIN THE CLASS OF°79

National Computer Conference June 4-7

A unique and extraordinary learning
experience will be available to you
at the 1979 National Computer Confer-
ence, June 4-7 in New York City. The
combination of more than 150 technical
and professional sessions, a record-
breaking exhibit of 1,700 booths,

16 Professional Development Seminars,
a comprehensive Personal Computing
Festival, plus a wide range of special
events will make NCC '79 an excep-
tional educational offering.

For $60 you can register in advance
for the technical and professional
program, conference exhibits, and the
Personal Computing Festival — a
$15 savings on full-conference registra-
tion on-site. And you can add to this
value by taking advantage of the
one-day Professional Development
Seminars, each available at $50
including complete course material.

The conference program will meet

the needs of commercial and industrial
users through sessions on manage-
ment, marketing, applications, and the
impact of computers on society. Special
“mini-conferences” will cover such
areas as use of computers for financial
transactions, in law and public policy,

in health care, as well as privacy

and security.

Emphasis at the Professional Devel-
opment Seminars will be on data-
base/data communications, mini/
micro technology, the automated office,
and structured methodologies. Specific
topics range from database machines,
implementing a word processing
system, and structured systems design
to computer systems performance,
human engineering in teleprocessing
systems, and an introduction to
microprocessors.

And there's more. At the NCC '79
Personal Computing Festival you'll
learn about the latest developments in
microcomputer systems and services
for personal or business use. The
Festival will feature more than 25
sessions, noncommercial applications
demonstrations, and commercial
exhibits by more than 100 participating
organizations.

Join the NCC class of '79. To pre-
register for the full-conference program
and exhibits...or to obtain additional
information on NCC '79, including
complete details on other registration
categories and housing...use the
coupon below. Whichever registration
category you select, or whether you
attend as a guest of a participating
exhibitor, your badge will be mailed to
you well in advance of the conference.
Deadline for advance registration is
May 15.

E 507
REGI STER Nowz To be part of the picture at NCC '79, return this coupon today.

Or telephone: 201/391-9810.

Name

Send to: NCC '79, c/o American Federation of Information Processing Societies, Inc., 210 Summit Ave., Montvale, N.J. 07645.

O | wish to preregister for the full conference and have enclosed $60.
O Please send me additional information on NCC '79, including housing and registration.
O Please send me information on the Professional Development Seminars.
O Please send me information on the NCC '79 Travel Service.

NCC'79
THE COMPLETE
COMPUTING EXPERIENCE

Title

Company

Street

State

I—City

Zip _I
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Fig. 4 Flow chart for interrupt service
routine.

Fig. 5 Flow chart for main service program begins by initializing the peripheral interface
adapter before bringing the car to level 1. Flow chart is self evident.

exploiting the bi-directional character-
istics of the PIA data lines. Fig 3 shows
the interface circuit.

The operation of the circuit is as fol-
lows. The PIA data line D is initially
programmed as an input line. When
push button B is pressed the D line is
brought to a low state and the LED
lights up temporarily. At the same time
a pulse appears on line 1 which through
an interrupt gate of Fig 2 causes an
external interrupt to the microproces-
sor. The interrupt service routine of the
control program scans the PIA ports,
finds D low and reverts it to a low
output line. This causes the LED to
light up even after the release of the
button, informing the passenger that his
request has been registered for service.
When the request has been serviced the
D line reverts back to an input line. This
exploitation of the PIA not only reduces
the number of lines required to inter-
face the elevator to the microcomputer
but also eliminates the need to provide
the push-button logic with local mem-
ory. Observe also in Fig 3 that, once a
request has been acknowledged, sub-
sequent pressing of the push button —
something which passengers have a
tendency to do — does not cause fur-
ther interrupts.

The movement of the car (‘1) in
the model is controlled by the START/

YOUR PDP11®, LSI11® FLOPPY
DOESN'T HAVE TO BE SLOW.

You can increase yrsystem throughput and have IBM
standard double density format with floppy systems and

controllers from SMS.

Let us show you why SMS systems provide up to twice the

performance of RX02®.

Send for our free brochure: MORE MINICOMPUTER
® Trademark of Digital Equipment Corp.

THROUGHPUT.

SCIENTIFIC MICRO SYSTEMS
777 E. Middlefield Road
Mountain View, CA 94043
(415) 964-5700

(TWX) 910-379-6577
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A Plug-In CASSETTE Interface Board For
Your INTEL SBC 80 or

NATIONAL BLC 80

System....

SR, | | .

$250

The IB 4100 interface card provides:

e All driver subroutines in ROM on the plug-in interface card

* Simple calling sequences for the system operating software

* Read, Write, High Speed Labeled Block Search, Unload and Erase
e 3K of extra PROM space available on the board for user application

¢ Accommodates one or two Interdyne computer grade (not a converted audio
unit) ANSI/ECMA digital tape drives.

Available for use with this card is the Interdyne IC 2500. It provides 1/2 megabyte
per drive and full remote control. Thousands of these high quality drives have been
supplied for program load and data collection applications - medical, process control,
banking, military, etc.

1B 4100 interface boards - $250 each IC 2512-3300-12/40 drives - $589 each Mating cables $20 each

[INTERDYNE]

(213) 787-6800

O1f the shell delivery. Place your order 1od,

14761 Califa Street Van Nuys, California 91411
Circle 46 on Reader Inquiry Card

Fastest EPROM Erasing!

WITH RELIABLE _GPECTROLINE © SYSTEMS

Whether you're erasing one EPROM Automatic

chip or a thousand, you'll want the Timer Chip

latest and most advanced UV erasing System Shut-Off Capacity Price
system available. We have seven high PE-14 No 6 $ 59.50
performance systems to match your PE-14T Yes 6 84.50
specific needs and your pocketbook. PE-24T Yes 9 114.50
Prices start at $59.50. You can erase PR-125T Yes 16 259.00
safely and completely in as little as 7 PR-320T Yes 36 425.00
minutes! And each system is backed PC-1000 Yes 72 895.00
by Spectronics Corporation...leader in PC-2000 Yes 144 1,345.00
ultraviolet technology since 1955.
Write or call for more information and
the name of your nearest authorized
stocking dealer.

SPECTRONICS CORPORATION

r 956 BRUSH HOLLOW ROAD, PO. BOX 483
WESTBURY, NEW YORK 11590
516-333-4840

220 VOLT UNITS AVAILABLE
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Door closed
?

Set on the lock/
unlock door signal

Set off the lock

)
unlock door signal Door : osed

Return

Fig 6 ""Lock door’’ procedure.

STOP logic and the UP/DOWN logic
(see Fig 2). The control signals coming
from the microcomputer control are
combined with manually operated
switches which may override the
microcomputer control, in the event of
a failure, for example. Lastly, a switch
in the model provides the DOOR
CLOSED signal.

The model does not provide any ‘‘car
loaded”” and/or “‘car overloaded’ sig-
nals, as may be found in a real elevator.
However, these signals could be com-
bined with the DOOR CLOSED signal
in a way that the door looks closed
when it is actually closed and the car is
loaded and not overloaded. Another
approach to cope with these signals as
well as other refinements — such as
motor-controlled doors with light
beams — would be to provide separate
I/O lines to the microcomputer control.

The operation of the system is
governed by the control program which
in a real situation will be stored per-
manently in a ROM or EPROM. As
stated in the introduction, the control
program implements a directional col-
lective control algorithm. In this, the
car stops to answer both car stop
requests and car call requests registered
in the car direction of travel, in floor
sequence. When no more requests of
either type are registered in the direc-
tion ahead of the car, the car moves to
the furthest floor at which a car call for
travelling in the opposite direction is
registered, if any, reverses its direction
of travel and starts answering calls in
the new direction. [OD

Rate this article 4L, 4M or 4H
on Reader Inquiry Card.




Audiotronics Model DC-946 Data Display

PAGAGA GRS
AMERICA

530 FIFTH AVENUE NW. NEW BRIGHTON, MN. 55112 - (612) 633-3131

This popular Audiotronics data display is one of
our 48 standard models. We have sold thousands
of them to giants in the industry. Maybe it's perfect
for your requirements. If not, talk to us about your
specifications. We're dedicated to innovative
product design, quality production standards and
complete customer satisfaction. Whatever you
need, we have the experience and talent to
design it, or improve it. Contact us today.
Model DC-946 features:
® modular construction
e 5" cathode ray tube (12.7 cm)
® solid state
e DC operation—12V dc inputs
® choice of signal inputs:

TTL (standard)
Composite video (plug-in module)

e standard 15,750 KHz horizontal scan
frequency

@ 650 lines resolution

Circle 42 on Reader Inquiry Card

AUDIOTRONICS

VIDEO DISPLAY DIVISION




PROGRAMMABLE
MP-BASED SYSTEM

Provides Total Energy Management

Staff Report
Sunkeeper Corp., Andover, MA

There are many potential applications for microprocessors
at today’s hardware prices, but there are not enough pro-
grammers to develop software to handle them. This lack of
trained programmers is a major problem limiting the micro-
processor market. One solution is to shift the programming
burden to the end user by providing computer languages
which can be learned easily. When the customer takes over
the programming, the vendor is not involved in tailoring
systems for specific applications. Furthermore, customers
discover unexpected applications, which greatly expand the
market.

The Sunkeeper controller — the first uP-based, program-
mable system designed for total energy management — is an
excellent example of a uP controller incorporating a special
purpose language. Solar systems require sophisticated con-
trol mechanisms, and control procedures differ from instal-
lation to installation at the whim of the owner. We designed
an M-6800-based energy system controller with 32 analog
inputs, 32 digital inputs and 32 digital output drivers.

If Sunkeeper had written conventional control software,
a programmer would have been required to modify the soft-
ware for each installation, and for each change in the way
the building was run. This would have placed severe restric-
tions on the controller’s marketability. Instead, Sunkeeper
decided to commission a proprietary user-oriented language.

Sunkeeper language concept

The problem was to define a language which was natural
enough to be learned quickly by heating contractors. Also,
to minimize confusion among many engineers working on a
building over a period of time, it was necessary that the lan-
guage constrain its users to write programs which could be
readily understood by others. This “plumbing” language
had not only to be intuitive, it had to prevent its users from
writing programs which were difficult to understand.

After much wrangling, a language based on sequence
drums emerged. Sequence drums have been around for a
long time and, being mechanical devices, are readily under-
stood during training sessions. A sequence drum is built like
a Swiss music box, with a lot of pins stuck in lines of holes
in the drum. As the drum rotates, the pins hit switches,
causing things to happen. Master drums are usually driven
at a constant rate, and slave drums can be started and stop-
ped by switches on master drums.

The drum analogy illustrates one of the most important
aspects of designing a computer language. The language
must have an underlying concept which is easy to under-
stand. User’s questions can usually be answered by referring
back to the fundamental imagery, and deducing how the
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real system would work. This ability to visualize the com-
puter language in terms of a real device helps greatly with
user acceptance.

Choosing an image determines most other aspects of the
language. Training aids, language syntax, debugging aids, er-
ror messages, communication facilities, and all other points
of contact between the user and the language must be im-
plemented in a manner consistent with the idea, in this case,
of sequence drums. It is not easy to choose an image which
is both simple enough to be taught easily and powerful
enough to cover the requirements of real world problems.

Making the hardware act like drums

Although the hardware is nothing at all like a real sequence
drum, a Control Program (CP) was written which acted as if
the microprocessor contained 40 drums of up to 99 lines
each.

Customers were intended to use different drums to con-
trol separate parts of the heating system. For example, one
drum could control a solar collector, another the energy
storage system, and another the air conditioner. It is neces-
sary for information about each subsystem to be available
to control other subsystems, and 64 communication bits

v W»

Analog Inputs Digital Inputs

Gl v v : ¥ ¥

L | J

v v T

Internal

Digital Outputs Memory
i

b

Fig 1 Sunkeeper’s ““drum’’ concept enables input signals to be intro-
duced selectively to any of 100 data lines on eight standard oper-
ations drums and a ninth emergency operations drum. If conditions
are satisfied, the inputs will either be transferred to other data lines
for further processing per internal instructions or exited as output
signals.




The ubiquitous Spectrol dials
and the universal Spectrol pot

Models 15 & 16 Dials/Model 534 Pot

Two of the industry’s most popular turns-counting dials
are Spectrol’s Model 15 digital and Model 16 concentric. And you will
often find these “ubiquitous” dials backed-up behind the panel by Spectrol’s
Model 534 “universal” pot. It’s a winning combination worth looking into-easy
reading dials that look good on everybody’s panel, plus a versatile,
wirewound, precision potentiometer available in so many
standard and special variations it will fit almost
everybody’s application. Call or
send for data sheets.

Spectrol

SPECTROL ELECTRONICS GROUP

UNITED STATES Spectrol Electronics Corporation rP.0. Box 1220, City of Industry, Calif. 91745, U.S.A. « (213) 686-1280 s TWX (910) 584-1314
UNITED KINGDOM Spectrol Reliance Ltd. Drakes Way, Swindon, Wiltshire, England « Swindon 21351 « TELEX: 44692
ITALY SP Elettronica SpA via Carlo Piscane 7, 20016 Pero (Milan) Italy « 35 30 241 « TELEX: 330091
GERMANY Spectrol Electronics GmbH Oberauerstrasse 15, 8000 Munich 70 West Germany s (089) 7145096 « TELEX: 05-213014
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Total Energy
Management

Total energy management — the conservative use of
energy to preserve scarce supplies and to reduce oper-
ating expenses — requires a versatile, manageable con-
trol device capable of performing those functions nec-
essary to supervise and select the best choices. Said to
be the first commercially-available system specifically
designed for user control of conventional energy sour-
ces and integration of all energy sources (including
solar energy) on a cost-effective basis, the 6800-based
Sunkeeper Controller gives users direct, immediate,
personal control over energy consumption. It pro-
vides a means of scheduling and directing energy
usage through the establishment of programmed in-
structions and capability to modify those instructions
instantaneously to meet changing conditions or
achieve further efficiencies.

Building Control

Large Sunkeeper
Commercial Controller Floor Five
Task
] Sunkesper Floor Four
Controller
8 Sunkeeper Floor Three
Controller
Single Floor Two
Cable
Floor One
0 Sunkeeper
Controller
Floor Zero
l——:' Sunkeeper |rLights
Modem 4— _Controller | Switches

|
Printer Controller——I | 1 Panel

LOG Printer

Fig 2 Systems can be configured to virtually any situation,
Here, locations with more critical environmental or function-
al demands are assigned to individual Controllers, while
others are accommodated on a shared-Controller basis.

Demand-limiting and timed duty cycling can be
user programmed both to normal turn on/turn-off re-
quirements and to variations in building usage and
occupancy. Heating, ventilating and air conditioning
can also be regulated automatically in response to
sensor data as well as to pre-set date/time conditions.
Enthalpy control, outdoor re-set, night set-back and
weekend skip are all within the capabilities of the
Sunkeeper.

Process equipment start-up and shut-down, inte-
grated into a total building energy usage program, will
increase power factor efficiency and reduce energy
costs.

This system also permits introduction of supple-
mentary or alternate energy sources at the proper
times without imbalance or interruption. Off-peak
power usage and solar heating usage can be optimized
when included in an overall management system.

The simplicity, low-cost and flexibility of such a
system make it universally adaptable to industrial,
commercial and institutional applications.
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are provided to let the drums communicate with one
another without affecting the output drivers. These bits
are turned ON or OFF or examined by the drums, but
have no direct effect on the external system.

Information flow within the CP is shown in Fig 1. At the
beginning of each control cycle, the CP records the state of
the digital inputs, memory bits, and analog inputs. Then it
processes one line for each drum. Each line specifies set-
tings for output drivers and memory bits, and may define
two sets of conditions for rotating the drum to another line.
After setting the outputs as specified in the line, the CP ex-
amines the conditions for leaving the line. If the conditions
are met, the CP changes the line number for that drum so
that the new line is evaluated during the next control cycle.
Unless the operator manually “rotates” it, a drum remains
on a line until one of its exit conditions is satisfied.

Additional features

In order to successfully utilize the sequence drum concept,
it was necessary to provide features attuned to building
management. Just as a real sequence drum is augmented
with relays, switches, and thermostats in order to be use-
ful, simulated drums need building management facilities
such as a built-in clock and calendar, because buildings fol-
low a daily or weekly cycle. The CP must also be proof
against power failure. This requires battery backup for the
clock and for the memory which holds the customer’s con-
trol sequence. In addition, a telephone interface is provided
to let the customer call up the unit to determine its status
or change the program without visiting the building. This
minimizes service calls. In order to help sell advanced heat-
ing systems, the CP records data and averages them over a
period of time. This log can be printed out over the tele-
phone line, showing how much energy has been saved by
the system.

All quantities are converted from binary into user units
such as degrees Fahrenheit, percentage of the time that a
heater is in use, etc. Such features added significantly to the
complexity and cost of the software, but have had a great
deal to do with the system’s commercial success. Such fa-
cilities are expensive to add not only because of the pro-
gramming involved, but because of the added design time
needed to merge these features into the overall language
philosophy. Because sequence drums do not have calendars,
the sequence drum concept does not provide hints for cal-
endar management. Integrating features which have no real
world analog can be difficult. The only criterion for success
is user acceptance.

Sunkeeper language

Once the overall structure was chosen, the next problem
was to select an operator terminal. Most interaction be-
tween the user and the system takes place via the terminal,
and the choice of terminal strongly affects the ultimate via-
bility of the interface.

Because of its high bandwidth, a CRT makes a much
better human interface than a typing terminal. In addition,
the user could change a control sequence by typing over
drum lines which were to be changed. However, none of
the available CRT terminals were portable enough to make
a plausible addition to a plumber’s tool kit. Small rugged
teletypewriter equivalents were available, and it was re-
luctantly decided to structure the language around a tele-
typewriter. This constrained the human interface to a stim-
ulus-response strategy, where the user types a command,
and the computer responds to it. Placing the initiative on



The socket everyone’s
wrapping about.

Dozens of IC socket manufacturers in
the marketplace are making claim after
claim: better contact, low in cost, wide range
of sizes, and so on. Edge wipe versus face
wipe; this material versus that material,
etcetera.

Our claims concerning wire-wrappable
sockets are facts, and to the point: « Cambion
bodies are high temperature (160°C), flame
retardant, diallyl phthalate « Cambion align-
ment is within =+ .010 of true position for
fully automatic machine wrapping * Cam-
bion replaceable or non-replaceable pins
(phosphor bronze): your option « Cambion
dual leaf spring for redundancy of contacts —
reliability increases as the square of number
of contacts * Cambion contacts wipe on
smooth side of DIP, not on sheared edge

* Cambion three wrap or two wrap: your
option *All popular sizes in tin or gold plat-
ing: 6-pin, 8, 14, 16, 18, 20, 22, 24, 28, 36 and
40 » Millions sold to satisfied customers

* Large inventories for speedy delivery.

Want all the facts, all the specs? Send
for our latest socket brochure, and complete
IC Packaging Catalog 121. They will give you
the straight engineering story.

Stocked at 54 distributors, nationwide
and worldwide. And stocked at Cambion,
too. Cambridge Thermionic Corporation,
445 Concord Avenue, Cambridge, Massachu-
setts 02138. (617) 491-5400.

CamBion
The Right Connection.

Circle 44 on Reader Inquiry Card
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the user makes it much more difficult to achieve an intui-
tive language.

The next difficulty was command names. Long mnemon-
ic names are easier to remember, but are tedious to type. In
addition, storing long names in a command table requires
more memory than storing short names. The language
finally evolved to a set of single letter commands such as
“P* for Print, “O” for ON, and “F” for OFF. These com-
mands are followed by another letter indicating what type
of data the command is to operate on, such as “M” for
drum, “D” for output driver, “B” for communication
bit, and “I"” for digital input. Thus, the command PI
prints the status of the digital inputs while OB 2, 4, 6
turns ON bits 2, 4, and 6.

From the point of view of the processor, these con-
structs can be treated as if they were two character com-
mands, and the internal command table structured accord-
ingly. It is not a coincidence that the architecture of the
M-6800 processor makes it easy to search command tables
of two characters or less.

This illustrates the difference between overall language
concept and details of language implementation. The drum
concept determined the kinds of things which the user
would be able to say and the flavor of the responses from
the controller. The capabilities of the terminal determined
the way in which information would pass between the con-
troller and the user. Finally, the list of commands tells pre-
cisely what the user can say.

Editing drum lines

The most important user activity is specifying a control se-
quence by entering drum lines. It is forbidden to stop the
controller while modifying the control sequence, so the CP
allows changes to parts of a drum line without affecting the
system until the changes are complete. A drum is selected
for change using the select drum (SM) command, and a line
is opened for editing by the OP command. Once the line is
entered, the Close command places the new line in the
drum, replacing the original if there is one. Each of the
three parts of a line — the action field, the first exit, and
the second exit — can be changed separately.

Action field

The action field records a list of commands to be done
when the line is processed. OB 1,4 FB,6 OD 1,4 FD 3,6
turns output drivers 1 and 4 and communications bits 1 and
4 ON, and turns bits 3 and 6 and output drivers 3 and 6
OFF.

Exit field

Exit fields can rotate the drum to another line within that
drum based on multiple tests of analog or digital variables.
An XL field rotates if all of the conditions are met, and an
XY field rotates if any conditions are met. Exit fields test
memory bits, digital inputs and output drivers by using the
“0” and “F” commands and test analog variables by using
algebraic expressions
XL200OI5SOB30OD2A4>72,A5-A7<12

rotates the drum to line 20 if input 5, bit 3 and driver 2 are
all on, and if the temperature on analog input 4 is greater
than 72 degrees, and if the difference between analogs S
and 7 is less than 12 degrees.

XY 20F15 FB3FD2

transfers to line 20 if either input S or bit 3 or driver 2 are
off.
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Timers

Exit specifications can include the length of time a drum
has spent on a line. TS is time in seconds, TM is time in
minutes, TH is time in hours, TD is time in days.

XY40TM =5

transfers to line 40 after the drum has spent 5 minutes on
the line.

Calendar

The calendar caused major discussion. Although people can
identify months of the year by number, it was unrealistic to
number the days of the week. Protracted search failed to
yield a plausible set of two letter abbreviations for the days
of the week. Once the code to search a three character
table had been written, names of the months could be pro-
vided at an additional cost of only 36 bytes, and users
could refer to months and days of the week by name. Since
the values which the calendar variables could take had
grown to three letters, it was necessary to give the variables
three letter names for consistency. Accordingly, OUR is the
hour of the day, DOM is the day of the month, WKD is the
weekday, and MTH is the month of the year.

XL 40 WKD=FRI, DOM=13
rotates to line 40 on Friday the 13th.

An example makes it clear

This example illustrates how these language facilities can be
used. Control sequences for real buildings tend to run to
hundreds of drum lines, and it is necessary to present an
artificial example, in this case, an electric hot water heater.
The following conditions must be met by the control
system.

1. During the interval June through August inclusive, the
water termperature is kept between 175 and 180 degrees.

2. During the rest of the year, the water temperature is kept
between 195 and 200 degrees.

3. Whenever the water level is too low, the heater is shut off,
and a valve opened to restore the water level. A warning
light is lighted while the tank is being re-filled.

4. If the water level is not restored within 5 minutes, an
alarm sounds.

5. The normal control sequence is resumed after the water
level is restored.

6. The alarm and warning light are tested for 10 seconds at
noon of the first day of each month.

Inputs and outputs are wired as follows: Analog input 1
is the temperature of the water scaled to degrees. Digital
input 1 is ON if water must be added to the tank, OFF
otherwise. Digital input 2 is wired to a switch which the
repairman turns ON after fixing an emergency condition.
This restarts the control sequence.

Output driver 3 is driven ON to put water in the tank, OFF
to shut off the valve.

Output driver 4 is driven ON to light the warning light,
OFF otherwise.

Output driver 2 is driven ON to sound the alarm.

Output driver 1 is driven ON to activate the water heater.



The program to do this is shown in Fig 2. The format has
been chosen to make the program logic clear. Drum lines
are shown horizontally, and take as many lines as necessary
to list each of the different things done in each part of each
drum line. The action field comes first, followed by the
first exit, and then the second exit. In the example, line 1
of drum 1 takes two lines, because the action field has
both an “FB” and an ““FD”. Line 2 takes only one line,
because no field names more than one kind of data.

The CP scans lines from left to right, first performing the
action field, then testing the exits one at a time. If the first
exit succeeds, the second is not examined.

SM1 1 FB 1 XL 2 MTH>AUG XL 20 MTH<SEP

FD 24
2 OD 1 XL 3 A1>198 XL 40 Ol1
3 FEBR" 1 XL.1T AIZ196 XL 40 OlI1
20 XL 30 MTH>MAY XL 2 MTH<JUN
300D 1 XL 31 A1>178 XL 40 Ol1
31FD 1 XL 1 A1<176 XL 40 Ol1
40 OD 34XL 1 FI XL 50 T™>4
OB 1 12
(B
50 OD 2 XY 1 FD1
012
SM 2
q XL 2 DAY=12
2 XL 3 CUR=12
FB1
3 OD 24XL 4 TS>9
4 FD 24XL 5
5 XL 1 DAY=2

Fig 2 Drum lines are listed horizontally the action field comes first,
followed by the first exit and the second exit.

Drum one controls the water heater. Lines 1 and 20 de-
termine the appropriate set of temperature limits. When the
heater is turned OFF, lines 2 and 30 return to line 1 to
check the month again. If the water level drops too low, in-
put 1 turns ON, and the second tests on line 2, 3, 30 and 31
force drum one to line 40. Line 40 turns the heater OFF,
turns the refill valve and the warning light ON, and turns
bit 1 ON to indicate that the valve is ON. The first exit of
line 40 rotates back to line 1 if the water level is restored.
The second exit rotates to line 50 after five minutes. Line
50 turns on the alarm.

The only way out of line 50 is for the plumber to restore
the water level or to push the “repair’” button. Either event
transfers back to line 1.

When line 1 gets control, bit 1 is turned OFF, freeing
drum 2. If the low water has not really been corrected,
low water is detected, the light turns ON, and the alarm
sounds again after another five minute interval.

Drum 2 tests the warning light and alarm. Line 1 trans-

fers control to line 2 at midnight on the first of each month.

Line 2 waits for the time to equal noon, and transfers con-
trol to line 3. Bit 1 prevents alarm testing from interfering
with a real emergency. The bit was used only for iliustra-
tion, as Drum 2 could test driver 3 instead. Line 3 drives
the alarm for more than 9 seconds, and transfers control
to line 4, where the alarm is shut off. Line 5 waits until the
end of DAY 1, and rotates back to Line 1.

Debugging aids

No language design can prevent the customer from eventu-

ally realizing that telling a computer what to do is program-
ming. It would have been unrealistic to expect a heating
engineer to cope with the usual frustrations of program de-
bugging, and it was imperative to provide facilities which
would let engineers find and correct bugs without destroy-
ing the heating system.

The drum analogy suggested an approach to debugging.
Traditional sequence drum systems are shaken down by
manual rotation. Critical outputs are disconnected, and
sometimes dummy inputs are supplied. In the Sunkeeper,
the O and F commands are capable of turning things on
and off, but unless the external system is disconnected, it
is unwise to do this carelessly. Plugging and unplugging
wires is an error prone process, so the language provides the
ability to logically disconnect the controller from the sys-
tem, and test the control sequence in splendid isolation.

The “D” command Disables an /O line, and the “E”
command Enables it again. By first disabling an input, the
OI or FI command can set any input to any desired value.
The user generates fake inputs for the drums to see what
they do. Drivers, Bits, and Analogs can be disabled by DD,
DB, or DA commands. The user sets the real output drivers
to some benign state, disables the drivers, and runs the se-
quence to see what the drums would have done if they were
permitted to affect the system.

A plumber installing the controller to monitor the elec-
tric heater discussed in the example prevents damage to the
heating coil by typing
OD 1
DD 1
to turn the driver OFF and then disable it.

DI'1

DA 1

disables the water level input indicator and the temperature
on analog input 1 to 100 degrees.

Once the inputs are faked in this manner, the plumber
changes the values of the inputs and prints the states of the
driver to step through the control sequence. Once the pro-
gram logic works, reenabling the inputs and outputs lets the
controller take over.

As it turned out, the debugging mnemonics were not well
thought out. “Disable” and “enable” are computer buzz-
words, and plumbers would have preferred terms such as
“disconnect” or “unplug”. Also, “ON”’ and “OFF” have no
meaning for analog inputs, and it was necessary to define
the command “A” for “alter” to change the analog inputs.

Fig 3 augments Fig 1 to show the complexity added to
the information flow by the debugging facilities. Two sets
of values are maintained for each type of data. One set re-
flects the state of the external system, and one set the values
seen by the drums. The Disable and Enable commands de-
termine whether the external values are fed through to the
values the drums see. The ON and OFF commands change
the values seen by the drums. If a variable is not disabled,
the external system controls the value.

Summary of strengths and weaknesses

The first version of the CP had 8 drums and about 100 lines.
As any hardware engineer knows, programmers’ appetites are
infinite in all directions, and plumbers are no exception. The
second version had 40 drums and 300 lines, and that is some-
times not enough.

The M6800 is not very fast, and it spends up to half a
second grinding through 40 drums. The system needs exter-
nal registers and counters for handling rapidly changing data.
All applications to date need at least one more input or out-
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The entire PC industry is talking about . ..

International

PRINTED CIRCUITS

Conference

TECHNICAL PROGRAM
PC '79 offers an innovative series of lectures, shirt-sleeve
workshops, forums and seminars. Outstanding exponents
of the latest PC technologies, equipment and materials will
share their knowledge and experience. A preliminary list-
ing of these sessions as of 3/7/79 is shown below.

ADVANCED TECHNOLOGY AND NEW
APPLICATIONS —
Maurice Morin, Chairman
Raytheon
Bedford, MA 01730
1. “Polymer Thick Film Circuits on PCB’s”
Wayne Martin
Methode Development Co.
Chicago, IL 60656
2. “Thick Film Components on a PCB”
Dr. Murray Spector
Alpha Metals
Newark, NJ 07105
3. “Miniature PCB’s Aprlication in Hybrid
Technology by Use of CAM”
Larry Fritz
Microelectronics Technology Corp.
Palo Alto, CA 94303
4. “Robots for PC Assembly”
Lawrence Kamm
Modular Machine Co.
San Diego, CA 92110
5. “‘Automotive Applications Using Polymer Thick
Film on PCB’s’
Gerald Keitel
Methode Development Co.
Chicago, IL 60656

DESIGN AUTOMATION —

Dan Sullivan, Chairman

Redac Interactive Graphics Inc.
Littleton, MA 01460

1. “Minimization of Thru-Holes and Circuit Path of
a PC Board by Computer-Aided Design”
Sam H. Chung
GE, Aircraft Engine Group
Cincinnati, OH 45215
2. “Sprint: A System for Interactive Design of
Printed Circuits”
Dr. W.M. van Cleemput
K.R. Stevens
Stanford Linear Accelerator Center
Menlo Park, CA 94025
3. “Auto-Interactive PCB Design”’
H.G. Marsh
Redac Interactive Graphics Inc.
Littleton, MA 01460
4. “Classification of PCB Types for Cost-Effective
Solutions™
Jerry T. Harvel
Markrevel Inc.
San Diego, CA 92111
5. ‘“CAD/Artwork Service: Problems and Trends”
Dr. M.G. Fassini
European Institute of Printed Circuits
Zurich, Switzerland
6. ‘A Mature Design Automation System for PC
Layout”
Henry Bollinger
Automated Systems Inc.
El Segundo, Ca 90245
7. “Interfacing CAD and Manufacturing”
Richard M. Jennings
Applicon Inc.
Burlington, MA 01803

PCB MATERIALS —
William Jacobi, Chairman
Sheldahl Inc., Materials Div., Northfield, MN 55057

1. “PC Laminates: What and Why”’
Victoria R. Allies

E
Coshocton, OH 43812

2. ““The Effect of Water Incursion on Glass
Reinforced PC Laminates”
D.J. Vaughan
Clark-Schwebel Fiber Glass Corp.
Anderson, SC 29622

3. “Factors Which Influence Dimensional
Stability of Multilayer”
Dr. B.Q. Ballert

GE
Coshocton, OH 43812
4. “Effects of Flame Retardant Additives on
Thru-Hole Plating of FR-4 Laminates
Dr. J.T. Bartholomew

GE
Coshocton, OH 43812
5. “‘Peel Strength After High Temperature Bake”
David A. Crouch
Wellex
Houston, TX 77042
6. “Properties of Copper Foil”
Irving J. Hutkin
Califoil, Inc.
San Diego, Ca 92126
. “Prepreg and its Contribution to the
Performance of Multilayer Laminates”
Paul M. Craven
Lamination Technology Inc.
Santa Ana, CA 92707
8. “Rolled Yeild PC Copper for Flexible Circuit
Application”
Richard J. Slusar
Olin Corp.
Waterbury, CT 06270
9. “Polyester Composite Laminates’’
Jerald Robertson
Cincinnati Milacron
Blanchester, OH 45107
10. “‘Use of Mass Lamination in Fabrication of
PCB’s”
Ronald Tobias
The Mica Corp.
Culver City, CA 90230

IMAGING —
Gerard E. Severin, Chairman
DuPont, Photo Products Dept
Newark, De 19713
1. ““Screen Preparation for Fidelity in Circuit
Printing”
Gene Krupinski
Advance Process Supply Co.
Chicago, IL 60622
2. “‘Recommendations for Printing Fine Line
Images for Circuitry”
Bob Nersesian
Tetko Inc.
Elmsford, NY 10523
3. “Inner Layer Production Using Dry Film
Photoresist’
W.L. Hamilton
DuPont, Photo Products Dept.
Newark, DE 19713
4. “Screen Printing Resists for PC's”
John D. Barbier
Wornow Products — Hysol Div., Dexter Corp.
Industry, CA 91749
5. ““Visually Transparent Actinically Opaque to
Non-Silver Film"
Norman Sweet
Scott Graphics, Inc.
South Hadley, MA 01075
6. “‘Program Your Way to Better Registration™
Michael G. Coady
Delco Electronics
Kokomo, IN 46901

-~

New York Statler Hilton-June 19-21, 1979

The only show devoted

PLATING, ETCHING —
Nicholas J. Spiliotis, Chairman
Allied Chemical Corp., Specialty Chemical Div.
Morristown, NJ 07960
1. ““New Methods of Catalyzing Non-Conductive
Surfaces in Circuit Board Manufacturing’
William Brasch
LeaRonal Inc.
Freeport, NY 11520
2. “Various Aspects of Tin-Lead Plating”
Thomas W. Starinshak
William J. Willis
R.0. Hull & Co., Inc.
Cleveland, OH 44102
3. “Energy Conservation Study of the Plating
Surface Finishing Industry”’
Daniel A. Mazzeo
Engineering Experiment Station, Georgia Institute
of Technology
Atlanta, GA 30332
4. “Localized Metallizing for PCB Repair”
Marvin Rubinstein
Sectrons, Ltd.
New York, NY 10003
5. “‘A New Approach to Etching”
Arthur Steger
Shipley Co., Inc.
Newton, MA 02162
6. “The Use of Dry Gas Plasma in the Fabrication
of Printed Circuits”
Mel Hidalgo
Dionex Corp: Gas Plasma Systems
Hayward, CA 94544
7. ““Continuing Panel Processing”
Charles Eidschun
Micro-Plate
St. Petersburg, FL 33714

PCB FABRICATION & ASSEMBLY —
Nicholas Guarino, Jr., Chairman
Analogic, Wakefield, MA 01880
1. “Pandora’s Box and the Independent Printed
Wire Manufacturer”
Thomas W. Scholl
Philway Products Inc.
Ashland, OH 44805
2. “Microwave Printed Circuits”
Raymond Johnson
Oak Materials Group, Laminates Div.
Franklin, NH 03235
3. “Personnel in PCB Production”
Richard Deschak
Hewlett-Packard
Rockaway, NJ 07866
4. "The Role of PC Associations”
Dr. M.G. Fassini
European Institute of Printed Circuits
Zurich, Switzerland
5. “PCB Backplane Interconnection System: Value
and Use Comparison”
Berg Electronic Div., DuPont
New Cumberland, PA 17070
6. “Incompatible Tolerances of Annular Rings,
Conductor Width and Spacing vs. Registration of
Printed Wiring Boards’’
Thomas Berilla
Department of Defense
Ft. George G. Meade, MD 20755
7. “Sculptured Flex Circuits
Paul C. Lareau
Industrial Reproductions/Buckbee Mears Co.
Nashua, NH 03060



NOW, at last, there is a forum where PC methods and
materials will be the exclusive concern of all exhibitors

and attendees alike.

Produced by CIRCUITS MANUFACTURING magazine,
and co-sponsored by the Japan Printed Circuit
Association, PC '79 has the endorsements of: Circuits
World (Great Britain); European Institute of Printed
Circuits (EIPC); Lead Industries Association; and the Tin

Research Institute.

PC '79 will bring together both manufacturers and
consumers involved in the processing, production,

assembly, inspection and test of printed Circuits.

people ...

Pre-show registration interest points to an anticipated
attendance of 8,000 at the exhibits and more than 1000 at
the Technical Program sessions.

PC '79 is produced and supported by PC people for PC
Don’t miss it!

exclusively to printed circuit technology.

SOLDERING —
éohn A. DeVore, Chairman
E

Syracuse, NY 13201
1. “‘Assembly Operations with Solder Creams’’
Norbet Socolowski
Alpha Metals
Jersey City, NJ 07304
2. “Hot Air Leveling of Circuit Boards™
C.R. Smith
Gyrex Corp.
Santa Barbara, CA 93101
3. “Soldering with Organic Acids and Defluxing
with Aqueous Chemistry”
Stephen F. Caci & W.P. Mikelonis
Raytheon
Norwood, MA 02062
4. “Notes on Fusing-Edge Coverage”
Bernard Costello
Argus International
Hopewell, NJ 08525
5. “Infrared Soldering for Today's Technology”
Bernard Laucius
Argus International
Hopewell, NJ 08525

CLEANING, COATING, CHEMICAL TREATMENT —
Dan Goffredo, Chairman

Chemcut Corp.

State College, PA 16801

1. ““Cleaning, Testing and Reliability of Printed
Circuit Assemblies”
Matthias F. Comerford
Hollis Engineering, Inc.
Nashua, NH 03060

2. “‘Cleaning PC Board Assemblies With a
Nonazeotropic Solvent Mixture”
Francis J. Figiel
Elizabeth Tiffany
Allied Chemical Corp., Specialty Chemicals Div.
Morristown, NJ 07960

3. ““An lonic Contamination Detection System
(ICDS) with Improved Performance for
Quantizing Residual lonic Species”
L.J. Rickabaugh
Bell Laboratories
Allentown, PA 18103

4. “‘Parylene Conformal Coatings For PCB
Applications”
Roger Olson
Nova Tran Corp.
Clear Lake, WI 54005

5. “‘Silicone Protective Coating Material for Printed
Circuits”
Bernard VanWert
Dow Corning Corp.
Midland, MI 48640

6. “‘Precious Metal Scrap Recovery: All The Things
The PC Board Industry Ought to Know, But Is
Afraid To Ask”
Jack Leiner
Refinery for Electronics, Inc.
Jersey City, NJ 07302

7. “‘Removing Contaminants from PC Processing
Solutions”
Konrad Parker
Serfilco Div., Service Filtration Corp.
Glenview, IL 60025

QUALITY CONTROL —

Philip H. Eisenberg, Chairman

Northrop; Electronics Div., Hawthorne, CA 90250

1. ““Quality Control of Coating Thickness on PCB’s”
Jack E. Ritter & Ms. Gerry Bush

UPA Technology, Inc.
Syosset, NY 11791
2. “Microresistance Measurements Provide
Accurate Evaluation of Plated Through Hole
Quality”
Dr. Jacques J. Weinstock
UPA Technology, Inc.
Syosset, NY 11791
3. “Catastrophic Failures in PC Boards: What
Causes Them and How to Prevent Them”
Fred W. Kear
GTE Lenkurt
Albuquerque, NM 87123
4. “'Static Can be Controlled”
H. Allen Schweriner
Simco Co., Inc.
Lansdale, PA 19446
5. “‘Quality Control and Systems Test"
Marvin Larkin
Butler Automatic Inc.
Canton, MA 02021

TESTING —

Ralph Anderson, Chairman

GenRad

Concord, MA 01742

1. A Step-by-Step Procedure for the Testing of
Bare PC Boards”
Paul T. Bonnet
NCR Cor
San Dlego CA 92127

2. ““Automatic Insertion with On-Line Testing: An
Idea Whose Time Has Come”
Donald P. Knaepple
Dyna/Pert, A Div. of USM Corp.
Beverly, MA 01915

3. “Economics of Bare Board Testing”
Arthur Buckland
Teradyne
Boston, MA 02111

4. “Loaded Board Testing: An Overview”
Albert Clift
Alfred Farkas

RCA
Camden, NJ 08102
5. “‘Advances in Bare Board Testing”
Steve Dery
ATEC Corp.
Everett/Charles Co.
Pomona, CA 91767

PAPERS RECEIVED TOO LATE FOR FIRST
CLASSIFICATION
(After 2/6/79)

1. “Aqueous Infrared Fusing”
Steven Angona
Photocircuits Div., Kollmorgen Corp.
Glen Cove, NY 11542
2. “‘Multiwire Circuit Boards”
Charles Gonder
Frank Melaccio
Multiwire Div., Kollmorgen Corp.
Glen Cove, NY 11542
3. “Equipment Parameters for Aqueous Flux
Removal”
Donald Ball
Chemcut
State College, PA 16801
4. “Etching: How it Affects Copper Ammonia
Pollutants”
James Swanzell
Chemcut
State College, PA 16801

PROFESSIONAL ADVANCEMENT COURSES

“Venture Management: Profitable Innovation for
the Firm or Entrepreneur”

John W. Jenkins

Planaflex Co., Inc.

New York, NY 10017

“‘Using Interactive Graphics for PC Artwork
Generation and Design”’

Robert L. Myers

Wayne Branstetter

Omnimation

San Pedro, CA 90732

““Printed Circuit Technology”

Joseph Sylvester

Technology Learning Center

Garden Grove, CA 92641 y
“*Soldering Technology for PCB Production”
Howard H. Manko

Industrial Consultant

Teaneck, NJ 07666

V{ORKSHOPS

15t
16.
178

19:

"“Why Flex Circuits?”’
Bob Poor, Parlex Corp.
“‘Establishing and Conducting a Quality
Assurance Program for PCB
Fabrication/Assembly”’
Barry Billing, Motorola
“‘Solderability Testing for PCB’s and
Components”
Paul Bud, Electrovert
"How to Choose Your Cleaning Solvent and Your
Supplies”
Lyman K. Skory, Dow Chemical
“‘Establishing an In-House Printed Circuit
Prototype Facility”’
John Butkowski, Richard Schneider, Lorain
Products
““New Technology in ngh Speed Electroplating
and Etching for PCB’
Peter Pellegrino, Consultant
‘A Vendor and User Look at CAD for PCB's"
Damel Mullen, Information Displays
“The Care and Feedmg of PCB’s: before, during,
after Wave-Soldering”’
Ralph Woodgate, Electrovert (Canada)
"‘Aspects of International Trade’’
Bernie Kessler, Mica
"*Vapor Phase Soldering”
Don Spigarelli, Hybrid Technology
"*What to do about reliably repairing and
Reworking PCB's"’
Alan Rosenthal, Pace
"‘The Process Engineer: Irrevocably Caught
Between PCB Desngn and Manufacturing
Considerations?"’
Royal T. Wales, Jim Hobbs, Northeastern Tool
“Techniques for Forecasting Markets for the PC
Vendor and User”’
Linda Jardine, Gnostic Concepts
“‘How to Achieve High Density Interconnections’
George Messner, PCK Technology Div.,
Kollmorgen Corp.
‘LPKF System’” (not a final title)
Bill Leonhardt, Automated Production, Concepts
‘The PCB as a Component'” (Not a final title)
Thomas J. Michel, Santek
“‘Solder Joint Ouality" (Not a final title)
John Bihl, Tin Research Institute
""The ABC's of Effective Plating for PCB's, from
Preparation to Post-Plating Care’
Don Hering, M & T Chemical
OSHA & EPA: “'Regulations as they affect the PC
Industry”
Dr. Jehuda Menezel, EPA, Mr. James Marshall,
0OSHA

FILL IN THE BUSINESS REPLY CARD FOR PREREGISTRATION DETAILS (SEE PAGE 69)
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Fig. 3. Two sets of values are maintained for each type of data. One
effects external factors; the others, values seen by the drums.

put than is available.

In spite of these problems, the Sunkeeper language has had
significant commercial success. Although the system was or-
iginally designed as a component of a solar energy system
which was intended to be the main product, the controller
has sold so well by itself that Sunkeeper has renamed itself
Andover Controls. Heating contractors, with no knowledge of
computers have been known to program a building in two or
three days. Some of the reasons the language has been so
quickly accepted by non-programmers are:

e Appropriateness. The language has just about enough fea-
tures in it to control a building, and no more. This minimizes
learning.

e Consistency. I always means “Digital input” whether it is
in a PI, DI, EI, OI or FI command. O always means ON,
whether in an action field, exit test, or in a command to
change a value.

e Few commands. Users can get by with O, I, P, D, E, and X,
except for commands dealing with editing. Editing commands
would have been eliminated with a CRT terminal.

e Reasonableness. The language can be compared with an
existing artifact, the sequence drum. Although it turned out
that few plumbers had ever seen one, drums are sufficiently
concrete to be a great help in getting the idea across.

Considerable effect was expended to develop the language,
and even more to implement it. However, it would have been
much more expensive to write and document individual pro-
grams for all the controllers now in the field. The effort of
designing and implementing the plumbing language has al-
ready paid off in a net reduction in overall programming ef-
fort by the manufacturer. It has also opened a previously un-
suspected market for microprocessor controller.

Rate this Article 5L, 5M or 5H on
Reader Inquiry Card.
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LETTERS

Here Come the pDisks

Dear Editor:

I was quite interested in the two articles
on microdisks in your January issue.
It’s the first I've seen on this latest
development in any electronics maga-
zine.

We investigated the handling of sev-
eral simultaneous users of floppy disk
drives but encountered slow operating
speeds. The long rotational delays and
head positioning times, and increased
cost, don’t lend themselves to increas-
ing file storage demands.

With the 16-bit micros coming into
use, the demand for suitable mass stor-
age should worsen, and the 14-inch
hard disk, despite its storage, is not cost
effective. With initial 8-inch micro-
disks storing 7M bytes unformatted or
5M bytes formatted, the 8-inch micro-
disk should provide adequate data stor-
age for small business microcomputer
systems. Two questions remain. Will it
be cost effective? And, if so, what will
this mean to the future of floppy disk
drives? It could be perilous, or at the
least, not as bright as once predicted.

Sincerely
Robert Lurie
Dallas, TX

The Best of Digital

Dear Editor:

Congratulations on your December is-
sue. The special Review/Preview issue
is one of the best, if not the best, of any
issue in any electronics magazine. Dig-
ital Design has consistently informed
me of developments that others only
come up with later — or never at all.
Keep up the good work.

Christopher G. Warner
IBM
White Plains, NY

Likes Circuit

Dear Editor:

I read with interest the January De-
signer’s Notebook article (p. 70) enti-
tled ‘‘Pulse Time Delay for Digital
Lock-Out’’ by Suinin Wong. This sim-
ple lock-out circuit in a system has only
one central logic system and several
I/O terminals, and this is what we
needed in our situation.

I have only two criticisms of Digital
Design. First, why was Designers’
Notebook omitted for several months
last year? I’m sure other engineers find

these circuits and software programs
useful in their work. Second, I wish
you would publish more microcompu-
ter hardware and software applications
articles (such as the 8086).

David Weissberger
Mississauga, Ontario

pP Program Not Minimum
Dear Editor:
The Designers’ Notebook article

‘““Hex-to-Binary Converter Runs on
8080/6800 (January 1979, p. 68) con-
tains several errors. Mr. Gupta’s pro-
gram assumes that the ASCII character
in the accumulator is alphanumeric
since there is no check made for (A) <
30 or 39 < (A) < 41 (all numbers are
hexadecimal). With this assumption
the program is not minimum as stated
since one instruction can be eliminated
and one other byte saved by making the
following changes as indicated by the
three boxed items (16, 2A, —1) and the
double flowline from the (A) > 9 deci-
sion block.

LABEL OPERATION OPERAND
8080 6800
FIND Sul SUBA# ‘3¢’
CPI CMPA# ‘OA’
JC BCS FOUND
ALPHA CPI CMPA# N
Comment: Compare (A) with ‘17" or ‘20
JNC BCC No HEX
DCRA DECA
FOUND
No HEX

Note: one additional byte is saved by decre-
menting the accumulator rather than adding
an immediate value.

Walter Martynenko
Senior Programmer
Sperry Univac
Blue Bell, PA

TECHNOLOGY
TRENDS

Continued fromp. 18
illustrating work on the Teleoperator
Project at Jet Propulsion Labratories.
Session 34, The Future of Switching
Power Supplies, warns that opportuni-
ties for better performance, smaller size
and less weight, greater reliability and
reduced cost are being challenged by
tighter government regulations and so-
ciety-written safety codes. This session
reports on both the great opportunities
and the tough design problems.
Session 35 is Latest Advances in PC
Board Testing. With new and faster
uPs and proliferation of complex cir-
cuitry, it’s necessary to keep the elec-
tronics industry informed of the latest
PCB test methods and techniques. This
session presents the PCB designer and
manufacturer with the greatest number
of options from the broadest spectrum
of ATE suppliers. It will cover a broad
area of methods from static to dynamic
testing and various board connection
approaches.

International exhibitors honored

A special focal point of Electro for
foreign registrants will be the Interna-
tional Visitors Center at the Coliseum.
The Center will include a hospitality
suite. interpreter services and free r